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THE S E C R E T A R Y  o f  h e a l t h  a n d  h u m a n  S E R V I C E SmaSMiNûiON O c
MW 3 1988

The Honorable Janes Wright 
Speaker of the House

o f  R e p r e s e n t a t i v e s
Washington, D.C. 20515 

Dear Hr. Speaker:

I am pleased to transmit to the Congress the 1987 Surgeon General’s Report on 
the health consequences of smoking, as mandated by Section 8(a) of the Public 
Health Cigarette Smoking Act of 1969. The Act requires the Secretary of 
Health and Human Services to transmit an annual report to Congress on the 
health consequences of smoking and such recommendations for legislation aa the 
Secretary may deem appropriate.

This report, entitled The Health Consequences of Smoking: Nicotine Addiction, 
examines the scientific evidence that cigarettes and^ther forms of tobacco 
are addicting. The issue of tobacco addiction has been addressed in previous 
Surgeon General's Reports and in the medical literature beginning in the early 
1900s. Because of the recent expansion of research in this area, a thorough 
review of this topic is warranted. Despite the significant health risks of 
tobacco use outlined in previous reports, many smokers have great difficulty 
in quitting. This report concludes that such difficulty is in large part due 
to the addicting properties of nicotine, which is present in all forms of 
tobacco.

The report further concludes that the processes that determine tobacco 
addiction are similar to those that determine addiction to other drugs such as 
heroin and cocaine. Through such understanding, health-care providers may be 
better able to assist tobacco users in quitting.

Private health organizations, health-care providers, community groups, and 
government agencies should initiate or strengthen programs to inform the 
public of the addicting nature of tobacco use. A warning label on the 
addicting nature of tobacco use should be rotated with other health warnings 
now required on cigarette and smokeless tobacco packages and advertisements. 
Preventing the initiation of tobacco use must be a priority because of the 
difficulty in overcoming nicotine addiction once it is firmly established. 
Because most cases of nicotine addiction begin during childhood and 
adolescence, school curricula on the prevention of drug use should also 
include tobacco.

Cigarette smoking, the chief avoidable cause of premature death in this 
country, is responsible for more than 300,000 premature deaths each year. The 
disease impact of smoking justifies placing the problem of tobacco use at the 
top of the public health agenda. The conclusions of this report provide 
another compelling reason for strengthening our efforts to reduce tobacco use 
in our society.

S i n c e r e l y ,

Otis R. Bowen, M.D 
Secretary

Enclosure
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MAY 3 1988

The Honorable George Bush 
President of the Senate 
Washington, D.C. 20515

Dear Mr. President:

I am pleased to transmit to the Congress the 1987 Surgeon General's Report on 
the health consequences of smoking, as mandated by Section 8(a) of- the Public 
Health Cigarette Smoking Act of 1969. The Act requires the Secretary of 
Health and Human Services to transmit an annual report to Congress on the 
health consequences of smoking and such recommendations for legislation as the 
Secretary may deem appropriate.

This report, entitled The Health Consequences of Smoking: Nicotine Addiction, 
examines the scientific evidence that cigarettes and other forms of tobacco 
are addicting. The issue of tobacco addiction has been addressed in previous 
Surgeon General's Reports and In the medical literature beginning In the early 
1900s. Because of the recent expansion of research in this area, a thorough 
review of this topic is warranted. Despite the significant health risks of 
tobacco use outlined in previous reports, many smokers have great difficulty 
in quitting. This report concludes that such difficulty is in large part due 
to the addicting properties of nicotine, which is present In all forms of 
tobacco.

The report further concludes that the processes that determine tobacco 
addiction are similar to those that determine addiction to other drugs such as 
heroin and cocaine. Through such understanding, health-care providers may be 
better able to assist tobacco users in quitting.

Private health organizations, health-care providers, community groups, and 
government agencies should initiate or strengthen programs to inform the 
public of the addicting nature of tobacco use. A warning label on the 
addicting nature of tobacco use should be rotated with other health warnings 
now required on cigarette and smokeless tobacco packages and advertisements. 
Preventing the initiation of tobacco use must be a priority because of the 
difficulty in overcoming nicotine addiction once it is firmly established. 
Because most cases of nicotine addiction begin during childhood and 
adolescence, school curricula on the prevention of drug use should also 
include tobacco.

Cigarette smoking, the chief avoidable cause of premature death in this 
country, Is responsible for more than 300,000 premature deaths each year. The 
disease impact of smoking justifies placing the problem of tobacco use at the 
top of the public health agenda. The conclusions of this report provide 
another compelling reason for strengthening our efforts to reduce tobacco use 
in our society.

Sincerely

Otis R. Bowen, M.D 
Secretary

Enclosure



FOREWORD

This 20th Report of the Surgeon General on the health conse
quences of tobacco use provides an additional im portant piece of 
evidence concerning the serious health  risks associated with using 
tobacco.

The subject of this Report, nicotine addiction, was first mentioned 
in the 1964 Report of the Advisory Committee to the Surgeon 
General, which referred to tobacco use as "habituating .” In the 
landm ark 1979 Report of the Surgeon General, by which tim e 
considerably more research had been conducted, smoking was called 
"the prototypical substance-abuse dependency.” Scientists in the 
field of drug addiction now agree th a t nicotine, the principal 
pharmacologic agent th a t is common to all forms of tobacco, is a 
powerfully addicting drug.

Recognizing tobacco use as an addiction is critical both for treating  
the tobacco user and for understanding why people continue to use 
tobacco despite the known health  risks. Nicotine is a psychoactive 
drug with actions th a t reinforce the use of tobacco. Efforts to reduce 
tobacco use in our society m ust address all the major influences th a t 
encourage continued use, including social, psychological, and phar
macologic factors.

A fter carefully exam ining the available evidence, th is Report 
concludes that:

•  Cigarettes and other forms of tobacco are addicting.
•  Nicotine is the drug in tobacco th a t causes addiction.
•  The pharmacologic and behavioral processes th a t determ ine 

tobacco addiction are sim ilar to those th a t determ ine addiction 
to drugs such as heroin and cocaine.

We m ust recognize both the potential for behavioral and pharm a
cologic trea tm en t of the addicted tobacco user and the problems of 
w ithdrawal. Tobacco use is a disorder which can be remedied 
through medical attention; therefore, it should be approached by 
health  care providers ju st as other substance-use disorders are 
approached: with knowledge, understanding, and persistence. Each 
health  care provider should use every available clinical opportunity 
to encourage or assist smokers to quit and to help former smokers to 
m aintain  abstinence.



To m aintain momentum toward a smoke-free society, we also m ust 
take steps to prevent young people from beginning to smoke. First, 
we m ust insure th a t every child in every school in this country is 
educated as to the health  risks and the addictive n atu re  of tobacco 
use. Most jurisdictions require th a t school curricula include preven
tion of drug use; therefore, education on the prevention of tobacco 
use should be included in this effort. Second, w arning labels 
regarding the addictive natu re  of tobacco use should be required for 
all tobacco packages and advertisem ents. Young people in particu lar 
m ay not be aware of the risk of tobacco addiction. Finally, parents 
and other role models should discourage smoking and other forms of 
tobacco use among young people. P aren ts who quit set an  example 
for the ir children.

Smoking continues to be the chief preventable cause of prem ature 
death in this country. Nicotine has addictive properties which help 
to sustain  widespread tobacco use. It is gratifying to see the  decline 
in reported smoking prevalence and cigarette consumption in the 
United States during the past 25 years. However, we cannot expect 
to see a sustained decline in rates of smoking-related cancers, 
cardiovascular disease, and pulm onary disease w ithout sustained 
public health  efforts against tobacco use.

The Public H ealth  Service is committed to preventing tobacco use 
among youth and to promoting cessation among existing smokers. 
We hope th a t this Report will assist the health  care community, 
voluntary health  agencies, and our N ation’s schools in working with 
us to reduce tobacco use in our society.

Robert E. Windom, M.D.
Assistant Secretary for H ealth



PREFACE

This Report of the Surgeon General is the U.S. Public H ealth  
Service’s 20th Report on the health  consequences of tobacco use and 
the 7th issued during my tenure  as Surgeon General. Eighteen 
Reports have been released previously as part of the health  
consequences of smoking series; a report on the health  consequences 
of using smokeless tobacco was released in 1986.

Previous Reports have reviewed the medical and scientific evi
dence establishing the health  effects of cigarette smoking and other 
forms of tobacco use. Tens of thousands of studies have documented 
th a t smoking causes lung cancer, o ther cancers, chronic obstructive 
lung disease, heart disease, complications of pregnancy, and several 
other adverse health  effects.

Epidemiologic studies have shown th a t cigarette smoking is 
responsible for more than  300,000 deaths each year in the United 
States. As I stated in the Preface to the  1982 Surgeon G eneral’s 
Report, smoking is the chief avoidable cause of death in our society.

From 1964 through 1979, each Surgeon G eneral’s Report ad
dressed the major health  effects of smoking. The 1979 Report 
provided the most comprehensive review of these effects. Following 
the 1979 Report, each subsequent Report has focused on specific 
populations (women in 1980, workers in 1985), specific diseases 
(cancer in 1982, cardiovascular disease in 1983, chronic obstructive 
lung disease in 1984), and specific topics (low-tar. low-nicotine 
cigarettes in 1981, involuntary smoking in 1986).

This Report explores in great detail another specific topic: nicotine 
addiction. Careful exam ination of the data makes it clear th a t 
cigarettes and other forms of tobacco are addicting. An extensive 
body of research has shown th a t nicotine is the drug in tobacco th a t 
causes addiction. Moreover, the  processes th a t determ ine tobacco 
addiction are sim ilar to those th a t determ ine addiction to drugs such 
as heroin and cocaine.

Actions of Nicotine

All tobacco products contain substantial am ounts of nicotine. 
Nicotine is absorbed readily from tobacco smoke in the lungs and 
from smokeless tobacco in the m outh or nose. Levels of nicotine in
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the blood are sim ilar in m agnitude in people using different forms of 
tobacco. Once in the blood stream , nicotine is rapidly distributed 
throughout the body.

Nicotine is a powerful pharmacologic agent th a t acts in a variety 
of ways a t different sites in the body. After reaching the blood 
stream , nicotine enters the brain, in teracts w ith specific receptors in 
brain tissue, and initiates metabolic and electrical activity in the 
brain. In addition, nicotine causes skeletal muscle relaxation and 
has cardiovascular and endocrine (i.e., hormonal) effects.

H um an and anim al studies have shown th a t nicotine is the agent 
in tobacco th a t leads to addiction. The diversity and strength  of its 
actions on the body are consistent with its role in causing addiction.

Tobacco Use as an Addiction

Standard definitions of drug addiction have been adopted by 
various organizations including the World H ealth  Organization and 
the American Psychiatric Association. Although these definitions 
are not identical, they have in common several criteria  for establish
ing a drug as addicting.

The central elem ent among all forms of drug addiction is th a t the 
user’s behavior is largely controlled by a psychoactive substance (i.e., 
a substance th a t produces transien t alterations in mood th a t are 
prim arily mediated by effects in the brain). There is often compul
sive use of the drug despite damage to the individual or to society, 
and drug-seeking behavior can take precedence over o ther im portant 
priorities. The drug is "reinforcing”—th a t is, the pharmacologic 
activity of the drug is sufficiently rewarding to m aintain  self
adm inistration. "Tolerance” is another aspect of drug addiction 
whereby a given dose of a drug produces less effect or increasing 
doses are required to achieve a specified intensity of response. 
Physical dependence on the drug can also occur, and is characterized 
by a w ithdraw al syndrome th a t usually accompanies drug absti
nence. A fter cessation of drug use, there is a strong tendency to 
relapse.

This Report dem onstrates in detail th a t tobacco use and nicotine 
in particular meet all these criteria. The evidence for these findings 
is derived from anim al studies as well as hum an observations. 
Leading national and in ternational organizations, including the 
World H ealth Organization and the American Psychiatric Associa
tion, have recognized chronic tobacco use as a drug addiction.

Some people may have difficulty in accepting the notion th a t 
tobacco is addicting because it is a legal product. The word 
"addiction” is strongly associated with illegal drugs such as cocaine 
and heroin. However, as th is Report shows, the  processes th a t
iv



determ ine tobacco addiction are sim ilar to those th a t determ ine 
addiction to other drugs, including illegal drugs.

In addition, some smokers may not believe th a t tobacco is 
addicting because of a reluctance to adm it th a t one’s behavior is 
largely controlled by a drug. On the other hand, most smokers adm it 
th a t they would like to quit but have been unable to do so. Smokers 
who have repeatedly failed in the ir attem pts to quit probably realize 
th a t smoking is more th an  ju s t a simple habit.

Many smokers have quit on their own ("spontaneous rem ission”) 
and some smokers smoke only occasionally. However, spontaneous 
remission and occasional use also occur with the illicit drugs of 
addiction, and in no way disqualify a drug from being classified as 
addicting. Most narcotics users, for example, never progress beyond 
occasional use, and of those who do, approxim ately 30 percent 
spontaneously rem it. Moreover, it seems plausible th a t spontaneous 
rem itters are  largely those who have either learned to deliver 
effective treatm ents to themselves or for whom environm ental 
circum stances have fortuitously changed in such a way as to support 
drug cessation and abstinence.

Treatment

Like o ther addictions, tobacco use can be effectively treated . A 
wide variety of behavioral interventions have been used for many 
years, including aversion procedures (e.g., satiation, rapid smoking), 
relaxation training, coping skills training, stim ulus control, and 
nicotine fading. In recognition of the im portant role th a t nicotine 
plays in m aintain ing tobacco use, nicotine replacem ent therapy is 
now available. Nicotine polacrilex gum has been shown in controlled 
tria ls to relieve w ithdraw al symptoms. In addition, some (but not all) 
studies have shown th a t nicotine gum, as an  adjunct to behavioral 
interventions, increases smoking abstinence rates. In recent years, 
multicom ponent interventions have been applied successfully to the 
trea tm en t of tobacco addiction.

Public Health Strategies

The conclusion th a t cigarettes and other forms of tobacco are 
addicting has im portant implications for health  professionals, educa
tors, and policy-makers. In trea ting  the tobacco user, health  profes
sionals m ust address the  tenacious hold th a t nicotine has on the 
body. More effective interventions m ust be developed to counteract 
both the psychological and pharmacologic addictions th a t accompa
ny tobacco use. More research is needed to evaluate how best to trea t 
those with the strongest dependence on the drug. T reatm ent of 
tobacco addiction should be more widely available and should be



considered a t least as favorably by th ird-party  payors as trea tm en t of 
alcoholism and illicit drug addiction.

The challenge to health  professionals is complicated by the  array  
of new nicotine delivery systems th a t are being developed and 
introduced in the m arketplace. Some of these products are  produced 
by tobacco m anufacturers; others may be m arketed as devices to aid 
in smoking cessation. These new products may be more toxic and 
more addicting than  the products currently  on the  m arket. New 
nicotine delivery systems should be evaluated for the ir toxic and 
addictive effects; products intended for use in smoking cessation also 
should be evaluated for efficacy.

Public inform ation campaigns should be developed to increase 
com m unity awareness of the addictive n a tu re  of tobacco use. A 
health  w arning on addiction should be rotated w ith the  other 
warnings now required on cigarette and smokeless tobacco packages 
and advertisem ents. Prevention of tobacco use should be included 
along with prevention of illicit drug use in comprehensive school 
health  education curricula. Many children and adolescents who are 
experim enting with cigarettes and other forms of tobacco sta te  th a t 
they do not intend to use tobacco in la te r years. They are  unaw are of, 
or underestim ate, the  strength  of tobacco addiction. Because th is 
addiction alm ost always begins during childhood or adolescence, 
children need to be w arned as early  as possible, and repeatedly 
w arned through the ir teenage years, about the  dangers of exposing 
themselves to nicotine.

This Report shows conclusively th a t cigarettes and other forms of 
tobacco are addicting in the  same sense as are drugs such as heroin 
and cocaine. Most adults view illegal drugs w ith scorn and express 
disapproval (if not outrage) a t the ir sale and use. This N ation has 
mobilized enormous resources to wage a w ar on drugs — illicit drugs. 
We should also give priority to the  one addiction th a t is killing more 
th an  300,000 Americans each year.

We as citizens, in concert w ith our elected officials, civic leaders, 
and public health  officers, should establish appropriate public 
policies for how tobacco products are sold and distributed in our 
society. W ith the evidence th a t tobacco is addicting, is it appropriate 
for tobacco products to be sold through vending machines, which are 
easily accessible to children? Is it appropriate for free samples of 
tobacco products to be sent through the mail or distributed on public 
property, where verification of age is difficult if not impossible? 
Should the  sale of tobacco be treated  less seriously th an  the  sale of 
alcoholic beverages, for which a specific license is required (and 
revoked for repeated sales to minors)?

In the  face of overwhelming evidence th a t tobacco is addicting, 
policy-makers should address these questions w ithout delay. To
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achieve our goal of a smoke-free society, we m ust give th is problem 
the serious attention  it deserves.

C. Everett Koop, M.D., Sc.D. 
Surgeon General
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Introduction

D evelopm ent and O rganization o f th is Report
This Report was developed by the Office on Smoking and H ealth, 

Center for H ealth Promotion and Education, Centers for Disease 
Control, Public H ealth Service of the U.S. D epartm ent of H ealth  and 
Hum an Services as part of the D epartm ent’s responsibility, under 
Public Law 91-222, to report new and curren t inform ation on 
smoking and health  to the United States Congress.

The scientific content of this Report reflects the contributions of 
more than  50 scientists representing a wide variety of relevant 
disciplines. These experts, known for their understanding of and 
work in specific content areas, prepared m anuscripts for incorpora
tion into th is Report. The Office on Smoking and H ealth and its 
consultants edited and consolidated the individual m anuscripts into 
appropriate chapters. These draft chapters were subjected to an 
extensive outside peer review (see Acknowledgments for individuals 
and their affiliations) whereby each chapter was reviewed by up to 
11 experts. Based on the comments of these reviewers, the chapters 
were revised and the en tire  volume was assembled. This revised 
edition of the Report was resubjected to review by 20 distinguished 
scientists inside and outside the Federal Government, both in this 
country and abroad. Parallel to this review, the entire Report was 
also subm itted for review to 12 institutes and agencies w ithin the 
U.S. Public H ealth  Service. The comments from the senior scientific 
reviewers and the agencies were used to prepare the final volume of 
this Report.

This Report contains a Foreword by the A ssistant Secretary for 
H ealth, a Preface by the Surgeon General of the U.S. Public H ealth 
Service, and the following chapters and appendices:

Chapter I. Introduction, Overview, Summary, and Conclu
sions

C hapter II. Nicotine: Pharm acokinetics, Metabolism, and
Pharmacodynamics 

Chapter III. Nicotine: Sites and Mechanisms of Actions
Chapter IV. Tobacco Use as Drug Dependence
Chapter V. Tobacco Use Compared to O ther Drug

Dependencies
Chapter VI. Effects of Nicotine That May Prom ote Tobacco 

Use
Chapter VII. T reatm ent of Tobacco Dependence 
Appendix A. Trends in Tobacco Use in the United States 
Appendix B. Toxicity of Nicotine



Overview

This Report of the Surgeon G eneral on tobacco and health  focuses 
on the pharmacologic basis of tobacco addiction. Previous Surgeon 
G eneral’s Reports have reviewed the medical and scientific evidence 
establishing tha t cigarette smoking and tobacco use in other forms 
are deleterious to health. Several reports emphasized particular 
diseases (e.g., 1982 Report on cancer (US DHHS 1982), 1983 Report 
on cardiovascular disease (US DHHS 1983a), 1984 Report on chronic 
obstructive lung disease (US DHHS 1984a)); some reports concentrat
ed on specific populations (e.g., 1980 Report on women (US DHHS 
1980)); and some reports dealt with particu lar aspects of smoking 
(e.g., 1986 Report on involuntary smoking (US DHHS 1986a)). These 
reports have been im portant because so m any individuals engage in 
a behavior th a t causes morbidity and prem ature m ortality.

The present Report addresses a central issue of the tobacco and 
health  problem: Why do people smoke and in other ways consume 
tobacco products? Specifically, this Report reviews the pharmacolog
ic basis of the disease-producing and life-threatening behavior of 
tobacco use. Psychological and social factors are also im portant 
influences on tobacco use, but a detailed review of these factors is 
beyond the scope of this Report. Reviews of this lite ra tu re  include 
previous reports of the Surgeon G eneral (US DHEW 1979; US DHHS 
1980, 1982, 1983a, 1984a), research monographs from the National 
Institu te  on Drug Abuse (NIDA) (Jarvik et al. 1977; Krasnegor 1978, 
1979a,b,c; Grabowski and Bell 1983), and articles by scientists who 
study tobacco use and nicotine (Russell 1971, 1976; Gritz 1980; 
Henningfield 1984).

This Report reviews evidence th a t tobacco use is addicting and 
th a t nicotine is the active pharmacologic agent of tobacco th a t causes 
this addictive behavior. Previous Surgeon G eneral’s Reports have 
focused on evidence th a t cigarette smoking and tobacco use are 
health hazards. Now th a t those relationships are well-documented 
and well-known, this Report addresses addictive properties of 
cigarette smoking and tobacco use in order to help develop more 
effective prevention and cessation programs.

This Report topic is particularly  timely because of recent advances 
and extensive data gathered in the 1980s relevant to the issue of 
tobacco addiction. Since the early 1900s scientific litera tu re  and 
historical anecdotes have provided evidence th a t tobacco use is a 
form of drug addiction. In the 1970s, however, research efforts 
increased considerably on various aspects of tobacco addiction, 
including nicotine pharmacokinetics, pharmacodynamics, self-ad
m inistration, w ithdrawal, dependence, and tolerance. In addition, 
advances in the neurosciences have begun to reveal effects of 
nicotine in the brain and body th a t may help to explain why tobacco 
use is reinforcing and difficult to give up. These issues are addressed
6



in this Report. Finally, recent developments in the use of nicotine 
replacem ent in smoking cessation emphasize the importance of 
pharmacologic aspects of cigarette smoking.

Concepts of drug addiction or drug dependence are discussed in 
detail in Chapters IV and V. It is useful to begin this Report with a 
brief sum m ary of main points about drug dependence th a t provide 
the foundation for the findings of the Report.

The term s "drug addiction” and "drug dependence” are scientifi
cally equivalent: both term s refer to the behavior of repetitively 
ingesting mood-altering substances by individuals. The term  "drug 
dependence” has been increasingly adopted in the scientific and 
medical lite ra tu re  as a more technical term , whereas the term  ''drug 
addiction” continues to be used by NIDA and other organizations 
when it is im portant to provide information at a more general level. 
Throughout th is Report, both term s are used and they are used 
synonymously.

The main conclusions of the Report are based upon concepts of 
drug dependence th a t have been developed by expert committees of 
the World H ealth  Organization, as well as in publications of NIDA 
and the American Psychiatric Association. These concepts were used 
to develop a set of criteria to determ ine w hether tobacco-delivered 
nicotine is addicting. The criteria  for drug dependence include 
prim ary and additional indices and are summarized below.

CRITERIA FOR DRUG DEPENDENCE
Prim ary Criteria

• Highly controlled or compulsive use
• Psychoactive effects
• Drug-reinforced behavior

Additional Criteria
• Addictive behavior often involves:

-stereotypic patterns of use 
-use despite harm ful effects 
-relapse following abstinence 
-recurrent drug cravings

• Dependence-producing drugs often produce:
-tolerance
-physical dependence 
-pleasant (euphoriant) effects

The prim ary criteria listed above are sufficient to define drug 
dependence. Highly controlled or compulsive use indicates that drug-



seeking and drug-taking behavior is driven by strong, often irresisti
ble urges. It can persist despite a desire to quit or even repeated 
attem pts to quit. Such behavior is also referred to as "hab itua l” 
behavior. To distinguish drug dependence from habitual behaviors 
not involving drugs, it must be dem onstrated th a t a drug with 
psychoactive (mood-altering) effects in the brain enters the blood 
stream . Furtherm ore, drug dependence is defined by the occurrence 
of drug-motivated behavior; therefore, the psychoactive chemical 
must be capable of functioning as a reinforcer th a t can directly 
strengthen behavior leading to fu rther drug ingestion.

Additional criteria are often used to help characterize drug 
dependence. Several are associated with the drug-taking behavior 
itself: (1) the behavior may develop into regular tem poral and 
physical patterns of use (repetitive and stereotypic); (2) drug use may 
persist despite adverse physical, psychological, or social conse
quences; (3) quitting episodes are often followed by resum ption of 
drug use (relapse); (4) urges (cravings) to use the drug may be 
recurren t and persistent, especially during drug abstinence. Sim ilar
ly, several common effects of dependence-producing drugs can 
strengthen their control over behavior and increase the likelihood of 
harm  by contributing to the regularity  and overall level of drug 
intake: (1) diminished responsiveness (tolerance) to the effects of a 
drug occurs, and may be accompanied by increased intake over time; 
(2) abstinence-associated w ithdrawal reactions (due to physical 
dependence) can motivate fu rther drug intake; (3) effects th a t are 
considered pleasant (euphoriant) to the drug user can be provided by 
the drug itself. Dependence-producing drugs can also produce effects 
tha t individuals find useful. For example, many addicting drugs 
have therapeutic uses in medical treatm ents of various disorders. 
Most medically approved drugs th a t are addicting, however, are 
generally only available by prescription. Effects of a drug considered 
by the individual to be useful can promote initiation of drug use, 
strengthen the addiction, and contribute to relapse following cessa
tion of use.

Tobacco and nicotine are considered in the Report in light of the 
above criteria. In brief, the organization of the Report is as follows: 
review of evidence th a t tobacco use is accompanied by orderly 
patterns of uptake of nicotine in the body and brain resulting in the 
development of tolerance (Chapter II); review of how effects of 
nicotine in the brain and the rest of the body are chemically 
mediated (Chapter III); review of the evidence th a t tobacco is 
addicting and tha t nicotine is an addicting drug (Chapter IV); 
comparison of tobacco use with other addictions and of nicotine with 
other addicting drugs (Chapter V); review of possible effects of 
nicotine tha t may promote the use of tobacco and present impedi
ments to quitting smoking (Chapter VI); review of strategies for
8



helping people to achieve and m aintain tobacco abstinence (Chapter 
VII). In addition, appendices are included th a t sum m arize inform a
tion regarding trends in tobacco use (Appendix A) and information 
regarding the toxicity of nicotine itself (Appendix B). A sum m ary of 
the main findings of the Report follows.

Major Conclusions

1. Cigarettes and other forms of tobacco are addicting.
2. N icotine is the drug in tobacco that causes addiction.
3. The pharm acologic and behavioral processes that 

determ ine tobacco addiction are sim ilar to those that 
determ ine addiction to drugs such as heroin and  
cocaine.

Brief History Relevant to this Report

Tobacco products have been used for centuries. The tobacco plant 
was native to the New World. The oldest cited evidence of tobacco 
use appears on a Mayan stone carving dated from 600 to 900 A.D. 
There are reports of tobacco smoking in Christopher Columbus’ 
diary in 1492; reports of tobacco smoking appear in the logs of other 
European explorers of the New World in the 16th century. Since the 
colonial period, tobacco has been an integral part of the American 
economy (Robert 1949).

Tobacco use perm eated the New World and quickly spread 
throughout the rest of the world during the 16th and 17th centuries. 
As use of tobacco products spread, so did controversy over the effects 
of these products. Throughout history, while some persons extolled 
the virtues of tobacco (including num erous alleged medicinal uses), 
others condemned its use. George W ashington is attribu ted  with 
exhorting the home front during the Revolutionary W ar, "If you 
can’t send money, send tobacco.” In contrast, Dr. Benjamin Rush 
condemned tobacco use in his 1798 book Essays. The controversy 
continued into the 19th century with no convincing scientific or 
medical evidence to support either position (Robert 1949).

In 1856-57 the British medical journal Lancet published opinions 
of 50 physicians on tobacco use. Many opponents a ttribu ted  in
creased crime, nervous paralysis, loss of intellectual abilities, and 
visual im pairm ent to tobacco use—all of these claims lacked 
convincing evidence. In restating the main argum ents of the tobacco 
proponents, the Lancet editors wrote th a t tobacco use "...must have 
some good or at least pleasurable effects; that, if its evil effects were
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so dreadful as stated the hum an race would have ceased to exist” 
(Lancet 1857).

While the health-prom oting and health-dam aging effects of tobac
co products were being debated throughout the 17th and 18th 
centuries, scientists were trying to determ ine the chief active 
ingredient in tobacco. In the early 1800s the oily essence of tobacco 
was discovered by Cerioli and by Vauquelin. This active substance 
was named "N icotianine,” after Jean  Nicot, who sent tobacco seeds 
from Portugal to the French court a t the end of the 16th century. In 
1828, Posselt and Reimann a t the U niversity of Heidelberg isolated 
the pure form of N icotianine and renam ed it "N ikotin.” The 
chem ical’s empirical formula, C10H 14N2, was determ ined in the 
1840s, and "nicotine” was synthesized in the 1890s (Robert 1949).

Since the late 1800s, research on the pharmacologic actions of 
nicotine has contributed substantially to basic inform ation about the 
nervous system (Kharkevich 1980; Voile 1980). The classic work by 
Langley and Dickinson (1889) on nicotine’s effects in autonomic 
ganglia led to the postulates th a t chemicals transm it information 
between neurons and th a t there are receptors on cells th a t respond 
functionally to stim ulation by specific chemicals. As early as the 
1920s and 1930s, some investigators were concluding th a t nicotine 
was responsible for the compulsive use of tobacco products (Arm
strong-Jones 1927; Dorsey 1936; Lewin 1931). Johnston (1942) 
concluded that, "smoking tobacco is essentially a means of adm inis
tering nicotine, just as smoking opium is a means of adm inistering 
m orphine.”

Throughout the 20th century, research has continued to investi
gate the role of nicotine in tobacco use. The 1964 Report of the 
Surgeon G eneral’s Advisory Committee on Smoking and H ealth  (US 
PHS 1964) held that: "The habitual use of tobacco is related 
prim arily to psychological and social drives, reinforced and perpetu
ated by the pharmacologic actions of nicotine on the central nervous 
system. Nicotine-free tobacco or other plant m aterials do not satisfy 
the needs of those who acquire the tobacco habit.” The 1964 Report, 
relying upon a distinction (that is no longer made) between 
"hab ituating” and "addicting” drugs, asserted tha t tobacco was 
habituating and not addicting. The distinction in 1964 between 
habituating drugs (including cocaine and am phetam ines) and addict
ing drugs (including opiates and barbiturates) was based on: (1) 
w hether the drug produced clear physical dependence; (2) w hether 
damage was mainly to the individual user (habituating drugs) or to 
society (addicting drugs); and (3) the strength of the habitual 
behavior th a t developed. There was no question a t the tim e of the 
1964 Report tha t nicotine was the critical pharmacologic agent for 
tobacco use, but its role was then considered to be more sim ilar to 
cocaine and am phetam ines than  to opiates and barbiturates. Later
10



in 1964 the World H ealth Organization dropped this sem antic 
distinction between habituating and addicting drugs because it was 
recognized th a t habitual use could be as strongly developed for 
cocaine as for morphine, that social damage generally accompanied 
personal damage, and th a t behavioral characteristics of drug use 
could be sim ilar for the so-called habituating and addicting drugs. In 
an effort to shift the focus to dependent patterns of behavior and 
away from moral and social issues associated with the term  
addiction, the term  dependence was recommended.

It is now clear tha t even by the earlier distinction in nomencla
ture, cigarettes and other forms of tobacco are addicting and actions 
of nicotine provide the pharmacologic basis of tobacco addiction. The 
term  "dependence producing” may also be used to describe cigarettes 
and other forms of tobacco use, analogous to actions of o ther drugs 
(e.g., opiates, cocaine). Since 1964, considerable additional evidence 
has been compiled th a t substantiates these conclusions. The present 
Report reviews this inform ation and the relevant literature.

Previous Surgeon G eneral’s Reports provided curren t reviews of 
the health  consequences of cigarette smoking particularly relevant 
to public health. For example, despite the accum ulating evidence, in 
the early 1960s there  was little recognition by the public of the 
health  hazards of smoking. Each Report examined specific inform a
tion considered to be im portant for public dissemination. A brief 
review of topics addressed in these reports provides the background 
for the present Report.

In the late 1950s, the U.S. Public H ealth Service, the National 
Cancer Institute, the N ational H eart Institute, the American Cancer 
Society, and the American H eart Association appointed a study 
group to exam ine the available evidence on smoking and health. 
This study group concluded th a t excessive cigarette smoking is a 
causative factor in lung cancer.

In 1962, Surgeon General Luther Terry established an advisory 
committee on smoking and health. This committee released its 
Report on Jan u ary  11, 1964, concluding th a t cigarette smoking is a 
cause of lung cancer in men and a suspected cause of lung cancer in 
women, and increased the risk of dying from pulm onary emphysema. 
The next Report was issued in 1967 (US PHS 1968a) and stated th a t 
"the case for cigarette smoking as the principal cause of lung cancer 
is overwhelming.” Further, the 1967 Report concluded that: "There 
is an increasing convergence of many types of evidence . . . which 
strongly suggests th a t cigarette smoking can cause death from 
coronary heart disease.” The 1967 Report also concluded th a t 
"C igarette smoking is the most im portant of the causes of chronic 
non-neoplastic bronchopulm onary disease in the United States.”

The 1968 and 1969 Reports (US PHS 1968b, 1969) strengthened 
the conclusions reached in 1967. The 1971 Report provided a detailed
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review of the evidence to date regarding health  consequences of 
smoking (US DHEW 1971). The subsequent reports (1972 to 1976) 
continued to review the increasing evidence associating cigarette 
smoking with many health  hazards. The 1972 Report also discussed 
involuntary or passive smoking (US DHEW 1972). The 1973 Report 
included some data on the health  hazards of smoking pipes and 
cigars (US PHS 1973). The 1975 Report updated inform ation on the 
health  effects of involuntary or passive smoking (US DHEW 1975). 
The combined 1977-78 Report discussed smoking-related problems 
unique to women (US DHEW 1978).

At the tim e of its release, the 1979 Report was the most 
comprehensive review by a Surgeon G eneral’s Report of the health  
consequences of smoking, smoking behavior, and smoking control. In 
addition to providing a thorough review of the health  consequences 
of smoking, the 1979 Report discussed the health  consequences of 
using forms of tobacco other than  cigarettes (pipes, cigars, and 
smokeless tobacco). Moreover, the 1979 Report expanded the scope of 
the previous reports and examined behavioral, pharmacologic, and 
social factors influencing the initiation, m aintenance, and cessation 
of cigarette smoking. Relevant to the topic of the present Report, the
1979 Report concluded th a t "it is no exaggeration to say th a t 
smoking is the prototypical substance-abuse dependency and th a t 
improved knowledge of this process holds great promise for preven
tion of risk.” Since the release of the 1979 Report, each subsequent 
Report has focused on a specific population or setting (women in
1980 (US DHHS 1980), the workplace in 1985 (US DHHS 1985)), a 
specific topic (health effects of low-tar and low-nicotine cigarettes in
1981 (US DHHS 1981), involuntary smoking in 1986 (US DHHS 
1986a)), or a specific disease (cancer in 1982 (US DHHS 1982), 
cardiovascular diseases in 1983 (US DHHS 1983a), chronic obstruc
tive lung disease in 1984 (US DHHS 1984a)).

In addition to the previous Surgeon G eneral’s Reports, several 
o ther developments and publications provide relevant background 
for the present Report. For example, num erous monographs pre
pared in the 1970s by the National Institu te  on Drug Abuse (NIDA) 
considered tobacco use as a form of drug dependence. In 1980, the 
American Psychiatric Association, in its Diagnostic and Statistical 
M anual of M ental Disorders, included tobacco dependence as a 
substance abuse disorder and tobacco w ithdraw al as an organic 
mental disorder (APA 1980). The 1987 revised edition of this m anual 
(APA 1987), in recognition of the role of nicotine, changed "tobacco 
w ithdraw al” to "nicotine w ithdraw al.” In 1982, the Director of NIDA 
testified to Congress th a t the position of NIDA was th a t tobacco use 
could lead to dependence and th a t nicotine was a prototypic 
dependence-producing drug. In a 1983 publication, "Why People 
Smoke Cigarettes,” the U.S. Public H ealth  Service supported this
12



position of NIDA regarding tobacco and nicotine (US DHHS 1983b). 
In the 1984 NIDA Triennial Report to Congress, nicotine was labeled 
a prototypic dependence-producing drug and the role of nicotine in 
tobacco use was considered to be analogous to the roles of morphine, 
cocaine, and ethanol, in the use of opium, coca-derived products, and 
alcoholic beverages, respectively (US DHHS 1984b). In 1986, a 
consensus conference of the National Institu tes of H ealth and the 
Report of the Advisory Committee to the Surgeon General on the 
health  consequences of using smokeless tobacco concluded tha t 
smokeless tobacco can be addicting and th a t nicotine is a depen
dence-producing (i.e., addicting) drug (US DHHS 1986b).

The present Report is the 20th such report issued by the Public 
H ealth Service on the health  consequences of tobacco use. The 
deleterious effects of cigarette smoking are now well known. 
Therefore, this Report focuses on pharmacologic inform ation to help 
understand why people smoke. Such information will assist health  
professionals in developing effective strategies to prevent initiation 
and to promote cessation. The litera tu re  reviewed in this Report 
indicates th a t tobacco use is an addictive behavior. It is the purpose 
of this Report to thoroughly review the relevant literature.

Chapter Conclusions

In addition to the three overall conclusions of this Report, there 
are many other substantive conclusions. These points are listed 
under the appropriate Chapter and Appendix headings.
Chapter II: Nicotine: Pharm acokinetics, M etabolism , and P har
m acodynam ics

1. All tobacco products contain substantial am ounts of nicotine 
and other alkaloids. Tobaccos from low-yield and high-yield 
cigarettes contain sim ilar am ounts of nicotine.

2. Nicotine is absorbed readily from tobacco smoke in the lungs 
and from smokeless tobacco in the mouth or nose. Levels of 
nicotine in the blood are sim ilar in magnitude in people using 
different forms of tobacco. W ith regular use, levels of nicotine 
accum ulate in the body during the day and persist overnight. 
Thus, daily tobacco users a re  exposed to the effects of nicotine 
for 24 h r each day.

3. Nicotine th a t enters the blood is rapidly distributed to the 
brain. As a result, effects of nicotine on the central nervous 
system occur rapidly after a puff of cigarette smoke or after 
absorption of nicotine from other routes of adm inistration.

4. Acute and chronic tolerance develops to many effects of 
nicotine. Such tolerance is consistent with reports tha t initial
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use of tobacco products, such as in adolescents first beginning 
to smoke, is usually accompanied by a num ber of unpleasant 
symptoms which disappear following chronic tobacco use.

Chapter III: Nicotine: S ites and M echanism s of A ctions
1. Nicotine is a powerful pharmacologic agent th a t acts in the 

brain and throughout the body. Actions include electrocortical 
activation, skeletal muscle relaxation, and cardiovascular and 
endocrine effects. The many biochemical and electrocortical 
effects of nicotine may act in concert to reinforce tobacco use.

2. Nicotine acts on specific binding sites or receptors throughout 
the nervous system. Nicotine readily crosses the blood-brain 
barrier and accum ulates in the brain shortly after it enters the 
body. Once in the brain, it in teracts with specific receptors and 
alters brain energy metabolism in a pattern  consistent with the 
distribution of specific binding sites for the drug.

3. Nicotine and smoking exert effects on nearly all components of 
the endocrine and neuroendocrine systems (including catechol
amines, serotonin, corticosteroids, p itu itary  hormones). Some 
of these endocrine effects are mediated by actions of nicotine 
on brain neuro transm itter systems (e.g., hypothalam 
ic-pitu itary  axis). In addition, nicotine has direct peripherally 
mediated effects (e.g., on the adrenal medulla and the adrenal 
cortex).

Chapter IV: Tobacco Use as Drug D ependence
1. Cigarettes and other forms of tobacco are addicting. P atte rns of 

tobacco use are regular and compulsive, and a withdrawal 
syndrome usually accompanies tobacco abstinence.

2. Nicotine is the drug in tobacco th a t causes addiction. Specifi
cally, nicotine is psychoactive ("mood altering”) and can 
provide pleasurable effects. Nicotine can serve as a reinforcer 
to motivate tobacco-seeking and tobacco-using behavior. Toler
ance develops to actions of nicotine such th a t repeated use 
results in diminished effects and can be accompanied by 
increased intake. Nicotine also causes physical dependence 
characterized by a w ithdrawal syndrome th a t usually accompa
nies nicotine abstinence.

3. The physical characteristics of nicotine delivery systems can 
affect their toxicity and addictiveness. Therefore, new nicotine 
delivery systems should be evaluated for their toxic and 
addictive effects.
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Chapter V: Tobacco Use Compared to Other Drug D ependen
cies

1. The pharmacologic and behavioral processes th a t determ ine 
tobacco addiction are sim ilar to those th a t determ ine addiction 
to drugs such as heroin and cocaine.

2. Environm ental factors including drug-associated stim uli and 
social pressure are im portant influences of initiation, patterns 
of use, quitting, and relapse to use of opioids, alcohol, nicotine, 
and other addicting drugs.

3. Many persons dependent upon opioids, alcohol, nicotine, or 
other drugs are able to give up their drug use outside the 
context of trea tm en t programs; other persons, however, re
quire the assistance of formal cessation programs to achieve 
lasting drug abstinence.

4. Relapse to drug use often occurs among persons who have 
achieved abstinence from opioids, alcohol, nicotine, or other 
drugs.

5. Behavioral and pharmacologic intervention techniques with 
dem onstrated efficacy are available for the trea tm en t of 
addiction to opioids, alcohol, nicotine, and other drugs.

Chapter VI: Effects of N icotine That May Prom ote Tobacco  
D ependence

1. After smoking cigarettes or receiving nicotine, smokers per
form better on some cognitive tasks (including sustained 
attention  and selective attention) than  they do when deprived 
of cigarettes or nicotine. However, smoking and nicotine do not 
improve general learning.

2. Stress increases cigarette consumption among smokers. F u r
ther, stress has been identified as a risk factor for initiation of 
smoking in adolescence.

3. In general, cigarette smokers weigh less (approximately 7 lb 
less on average) than  nonsmokers. Many smokers who quit 
smoking gain weight.

4. Food intake and probably metabolic factors are involved in the 
inverse relationship between smoking and body weight. There 
is evidence th a t nicotine plays an im portant role in the 
relationship between smoking and body weight.

Chapter VII: Treatm ent o f Tobacco D ependence
1. Tobacco dependence can be treated  successfully.
2. Effective interventions include behavioral approaches alone 

and behavioral approaches with adjunctive pharmacologic 
treatm ent.
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3. Behavioral interventions are most effective when they include 
m ultiple components (procedures such as aversive smoking, 
skills training, group support, and self-reward). Inclusion of too 
many trea tm en t procedures can lead to less successful out
come.

4. Nicotine replacem ent can reduce tobacco w ithdraw al symp
toms and may enhance the efficacy of behavioral treatm ent.

A ppendix A: Trends in Tobacco Use in the U nited States
1. An estim ated 32.7 percent of men and 28.3 percent of women 

smoked cigarettes regularly in 1985. The overall prevalence of 
smoking in the United States decreased from 36.7 percent in 
1976 (52.4 million adults) to 30.4 percent in 1985 (51.1 million 
adults).

2. In 1985, the mean reported num ber of cigarettes smoked per 
day was 21.8 for male smokers and 18.1 for female smokers.

3. Smoking is more common in lower socioeconomic categories 
(blue-collar workers or unemployed persons, less educated 
persons, and lower income groups) than  in higher socioeconom
ic categories. For example, the prevalence of smoking in 1985 
among persons w ithout a high school diploma was 35.4 percent, 
compared with 16.5 percent among persons with postgraduate 
college education.

4. An estim ated 18.7 percent of high school seniors reported daily 
use of cigarettes in 1986. The prevalence of daily use of one or 
more cigarettes among high school seniors declined between 
1975 and 1986 by approxim ately 35 percent. Most of the decline 
occurred between 1977 and 1981. Since 1976, the smoking 
prevalence among females has consistently been slightly 
higher than among males.

5. The use of cigars and pipes has declined 80 percent since 1964.
6. Smokeless tobacco use has increased substantially among 

young men and has declined among older men since 1975. An 
estim ated 8.2 percent of 17- to 19-year-old men were users of 
smokeless tobacco products in 1986.

A ppendix B: T oxicity of N icotine
1. At high exposure levels, nicotine is a potent and potentially 

lethal poison. Hum an poisonings occur prim arily as a result of 
accidental ingestion or skin contact with nicotine-containing 
insecticides or, in children, after ingestion of tobacco or tobacco 
juices.

2. Mild nicotine intoxication occurs in first-time smokers, non
smoking workers who harvest tobacco leaves, and people who
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chew excessive am ounts of nicotine polacrilex gum. Tolerance 
to these effects develops rapidly.

3. Nicotine exposure in long-term tobacco users is substantial, 
affecting many organ systems (Chapters II and III). Pharm aco
logic actions of nicotine may contribute to the  pathogenesis of 
smoking-related diseases, although direct causation has not yet 
been determ ined. Of particu lar concern are cardiovascular 
disease, complications of hypertension, reproductive disorders, 
cancer, and gastrointestinal disorders, including peptic ulcer 
disease and gastroesophageal reflux.

4. The risks of short-term  nicotine replacem ent therapy as an aid 
to smoking cessation in healthy people are acceptable and 
substantially outweighed by the risks of cigarette smoking.
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Introduction

Chemicals w ith behavioral and physiological activity are delivered 
to tobacco users when they smoke a cigarette or use other tobacco 
products. W hether these chemicals are absorbed in quantities tha t 
are of biological significance and w hether such absorption is related 
to the behavior of the tobacco user are critical issues in understand
ing the ir role in addictive tobacco use. The scientific study of the 
absorption processes, distribution w ithin the body, and elim ination 
from the body of drugs and chemicals is called pharmacokinetics. 
The study of drug and other chemical actions on the body, over time, 
is called pharmacodynamics.

Pharm acokinetic and pharmacodynamic studies can be done 
separately or together. An example of the la tte r is when a drug is 
adm inistered and its concentrations in the blood and its behavioral 
and physiological actions are m easured over time. Such studies can 
reveal relationships among the dose of a drug, levels in the blood, 
and effects on body functions.

The pharm acokinetics and pharmacodynamics of some tobacco 
smoke constituents, particularly  nicotine and carbon monoxide, have 
been extensively studied. These studies show an orderly relationship 
between the use of tobacco and the absorption of nicotine. Similarly, 
the effects on behavioral and physiological functions, although 
complex, are orderly and related to the pharm acokinetics of nicotine. 
These data will be reviewed in this Section. Research shows th a t 
nicotine is well absorbed from tobacco; th a t it is distributed rapidly 
and in biologically active concentrations to body organs, including 
the brain; and th a t nicotine is the major cause of the predom inant 
behavioral effects of tobacco and some of its physiologic conse
quences.

One effect of nicotine, development of tolerance to its own actions, 
is sim ilar to th a t produced by other addicting drugs. Tolerance refers 
to decreasing responsiveness to a drug or chemical such th a t larger 
doses are  required to produce the  same m agnitude of effect. 
Tolerance to m any actions of nicotine occurs in anim als and hum ans. 
Evidence for tolerance to nicotine and mechanisms of tolerance 
development will be reviewed in this C hapter (see also C hapter VI).

A lthough nicotine has long been considered as the prim ary 
pharmacologic reason for tobacco use, and the source of a num ber of 
the physiological effects of tobacco, thousands of o ther chemicals are 
present in tobacco. Most of these are delivered in such small 
quantities th a t they appear to have little  or no behavioral conse
quence. However, a few chemicals do appear to have behavioral 
effects and there  is a potential for num erous chemical interactions 
th a t conceivably could have behavioral consequences. This Chapter 
will conclude with an exam ination of tobacco smoke constituents
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other than nicotine tha t may contribute to behavioral effects of 
cigarette smoking.

The toxicity of nicotine is discussed in detail in Appendix B.

Nicotine and Other Alkaloids in Various Tobacco Products

Nicotine is a tertiary  am ine composed of a pyridine and a 
pyrrolidine ring (Figure 1). Nicotine may exist in two different three- 
dimensionally structured  shapes, called stereoisomers. Tobacco 
contains only (S)-nicotine (also called 1-nicotine), which is the most 
pharmacologically active form. Tobacco smoke also contains the less 
potent (R)-nicotine (also called d-nicotine) in quantities up to 10 
percent of the total nicotine present (Pool, Godin, Crooks 1985). 
Presum ably some racemization occurs during the combustion pro
cess.

The nicotine yield of cigarettes, as determ ined by standardized 
smoking machine tests, is available for most brands. However, the 
am ount of nicotine in cigarettes or other tobacco products is not 
specified by m anufacturers. Because tobacco is a plant product, there 
are differences in the am ount of nicotine among and w ithin different 
types and strains of tobacco, including variations in different parts of 
the plant, as well as differences related to growing conditions. Table 
1 shows concentrations of nicotine and other alkaloids in several 
different tobacco leaves used in making commercial tobacco prod
ucts. W ithin a tobacco plant, leaves harvested from higher stalk 
positions have higher concentrations of nicotine than  from lower 
stalk positions; rib? and stems of the leaves have the least (Rath
kamp, Tso, Hoffmann 1973!. Combining different varieties of tobacco 
and different parts of the plant is a way to change the nicotine 
concentration of commercial tobacco.

In a study of am ounts of nicotine in the tobacco of 15 American 
cigarette brands of differing m achine-determined yields (Benowitz, 
Hall et al. 1983), tobacco contained on average 1.5 percent nicotine 
by weight. Nicotine yield of the cigarettes, as defined by Federal 
Trade Commission smoking machine tests, was correlated inversely 
with nicotine concentrations in the tobacco. Thus, tobacco of lower- 
yield cigarettes tended to have higher concentrations of nicotine 
than  did tobacco of higher-yield cigarettes. However, lower-yield 
cigarettes also contained less tobacco per cigarette, so the total 
am ount of nicotine contained per cigarette, averaging 8.4 mg, was 
sim ilar in different brands. Thus, low-yield cigarettes are low yield 
not because of lower concentrations of nicotine in the tobacco, but 
because they contain less tobacco and have characteristics which 
remove ta r  and nicotine by filtration or dilution of smoke with air. 
Concentrations of nicotine in commercial tobacco products are 
summarized in Table 2.
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Although the major alkaloid in tobacco is nicotine, there  are  other 
alkaloids in tobacco which may be of pharmacologic importance. 
These include nornicotine, anabasine, myosmine, nicotyrine, and 
anatabine (Figure 1). These substances make up 8 to 12 percent of 
the total alkaloid content of tobacco products (Table 1) (Piade and 
Hoffmann 1980). In some varieties of tobacco, nornicotine concentra
tions exceed those of nicotine (Schmeltz and Hoffmann 1977).

Typical quantities of the m inor alkaloids in the smoke of one 
cigarette are: nornicotine (27 to 88 [ig), cotinine (9 to 50 .̂g), 
anabasine (3 to 12 .̂g), anatabine (4 to 14 .̂g), myosmine (9 t̂g), and 
2,3’ dipyridyl (7 to 27 ^g). N '-m ethylanabasine, nicotyrine, nornicoty- 
rine, and nicotine-N'-oxide have also been identified in cigarette 
smoke (Schmeltz and Hoffmann 1977). Puffing characteristics, 
especially puff frequency, influence the delivery of the component 
alkaloids (Bush, Griinwald, Davis 1972).

27



TABLE 1.—A lkaloid  content o f various tobaccos (m g/kg, 
dry basis)

D a rk  c o m m e rc ia l tobacco
A lk a lo id A B B u rle y B rig h t

N ic o tin e 11,500 10,000 15,400 12,900

N o rn ico t ine 550 200 630 210

A n a ta b in e 360 380 570 600

A n a b a s in e 140 150 90 150

C o tin  i lie 195 140 90 40

M yosm ine 45 50 60 30

2.3 -D ip y n d y l 100 110 30 10

N -F o rm y l-n o r  n ic o tin e 175 210 140 40

SOURCE Piade and H offm ann ' 198HI

TABLE 2.— N icotine content of various tobacco products
N u m b e r  

o f b ra n d s  
P ro d u c t te s te d

C o n c e n tra tio n  
o f n ic o tin e  

(m g /g  tobacco)

T y p ica l 
s in g le  dose  1 
!g to b a c c o '

N ic o tin e  in 
s in g le  dose  1 

im gi

.N icotine in  dose 
ty p ica lly  c o n su m e d  

in  a  day

C ig a r e t t e s ’ 15 15.7 (13 .3 -26 .9 ) 0  54 8.4 168 m g ''2 0  cig^

M oi^t sn u ff- ' ' 8 10.5 ¡6 .]-1 6 .6 i 1.4 14.5 157 m g '1 5  k

C h e w in g  tobacco  ■ 1 2 16.8 (9 l -2 4 .5 i 7.9 133 1,176 m g /7 0  £

Sin.uk '  d o s e  r e f e r s  to  a  c i g a r e t t e  o r  a n  a m o u n t  ol s m o k e l e s s  t o b ac c o  p la c e d  in t h e  m o u t h .
R a n  tit*

S O l ' R C E  ! Henow it/.. H a l l  e t  a l  ■ - K o / l o w s k i  e t  a t . 1 19H2). ’ G r i t  /. e t  a! ' 1 9 8 1 i; 1 B en ; 'w i tz .  P o r e h e t  e l  a l  (in
pre>>'.

Nornicotine and anabasine have pharmacologic activity qualita
tively sim ilar to th a t of nicotine, with potencies of 20 to 75 percent 
compared with th a t of nicotine, depending on the test system and the 
anim al (Clark, Rand, Vanov 1965). In addition to direct activity, 
some of the m inor alkaloids may influence the effects of nicotine. For 
example, nicotyrine inhibits the metabolism of nicotine in anim als 
(Stalhandske and Slanina 1982).

The pharmacology of the m inor tobacco alkaloids is discussed in 
more detail in the last section of this Chapter.
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Pharmacokinetics and Metabolism of Nicotine

A bsorption of N icotine
Nicotine is distilled from burning tobacco and is carried proxim al

ly on ta r droplets (mass median diam eter 0.3 to 0.5 ^m) and probably 
also in the vapor phase (Eudy et al. 1985), which are inhaled. 
Absorption of nicotine across biological m em branes depends on pH 
(Armitage and T urner 1970; Schievelbein et al. 1973). Nicotine is a 
weak base with a pKa (index of ionic dissociation) of 8.0 (aqueous 
solution, 25°C). This means th a t a t pH 8.0, 50 percent of nicotine is 
ionized and 50 percent is nonionized. In its ionized state, such as in 
acidic environm ents, nicotine does not rapidly cross membranes.

The pH of tobacco smoke is im portant in determ ining absorption 
of nicotine from different sites w ithin the body. The pH of individual 
puffs of cigarettes made of flue-cured tobacco, the predom inant 
tobacco in most American cigarettes, is acidic and decreases progres
sively with sequential puffs from pH 6.0 to 5.5 (Brunnem ann and 
Hoffmann 1974). At these pHs, the nicotine is almost completely 
ionized. As a consequence, there is little  buccal absorption of nicotine 
from cigarette smoke, even when it is held in the m outh (Gori, 
Benowitz, Lynch 1986). The smoke from air-cured tobaccos, the 
predom inant tobacco in pipes, cigars, and in a few European 
cigarettes, is alkaline with progressive puffs increasing its pH from 
6.5 to 7.5 or higher (Brunnem an and Hoffmann 1974). At alkaline 
pH, nicotine is largely nonionized and readily crosses membranes. 
Nicotine from products delivering smoke of alkaline pH is well 
absorbed through the m outh (Armitage et al. 1978; Russell, Raw, 
Jarv is 1980).

W hen tobacco smoke reaches the  small airways and alveoli of the 
lung, the  nicotine is rapidly absorbed. The rapid absorption of 
nicotine from cigarette smoke through the lung occurs because of the 
huge surface area of the alveoli and small airways and because of 
dissolution of nicotine a t physiological pH (approximately 7.4), which 
facilitates transfer across cell membranes. Concentrations of nic
otine in blood rise quickly during cigarette smoking and peak a t its 
completion (Figure 2). Arm itage and coworkers (1975), m easuring 
exhalation of radiolabeled nicotine, found th a t four cigarette smok
ers absorbed 82 to 92 percent of the  nicotine in m ainstream  smoke, 
another smoker presum ed to be a noninhaler absorbed 29 percent, 
and three  nonsmokers (who were instructed to smoke as deeply as 
possible) absorbed 30 to 66 percent.

Chewing tobacco, snuff, and nicotine polacrilex gum are of 
alkaline pH as a result of tobacco selection and /o r buffering with 
additives by the m anufacturer. The alkaline pH facilitates absorp
tion of nicotine through mucous membranes. The ra te  of nicotine 
absorption from smokeless tobacco depends on the product and the
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FIGURE 2.—Blood nicotine concentrations during and after 
sm oking cigarettes (1 1/3 cigarettes), u sin g  oral 
snuff (2.5 g), using chew ing tobacco (average, 
7.9 g), and chew ing nicotine gum  (two 2-mg 
pieces)

S O i ’KCK B e m i w o  P o r r l u - t e r a l  l i 'Wi.

route of adm inistration. With fine-ground nasal snuff, blood levels of 
nicotine rise almost as fast as those observed after cigarette smoking
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(Russell et al. 1981). The rate  of nicotine absorption with the use of 
oral snuff and chewing tobacco is more gradual. Nicotine is poorly 
absorbed from the stomach due to the acidity of gastric fluid (Travell 
1960), but is well absorbed in the small intestine (Jenner, Gorrod, 
Beckett 1973), which has a more alkaline pH and a large surface 
area. Bioavailability of nicotine from the gastrointestinal tract (that 
is, swallowed nicotine) is incomplete because of presystemic (first 
pass) metabolism, whereby, after absorption into the portal venous 
circulation, nicotine is metabolized by the liver before it reaches the 
systemic venous circulation. This is in contrast to nicotine absorbed 
through the lungs or oral/nasal mucosa, which reaches the systemic 
circulation w ithout first passing through the liver. Nicotine base can 
be absorbed through the skin, and there have been cases of poisoning 
after skin contact with pesticides containing nicotine (Faulkner 
1933; Benowitz, Lake et al. 1987; Saxena and Scheman 1985). 
Likewise, there  is evidence of cutaneous absorption of and toxicity 
from nicotine in tobacco field workers (Gehlbach et al. 1975).

Because of the complexity of cigarette smoking processes and use 
of smokeless tobacco products, the dose of nicotine cannot be 
predicted from the nicotine content of the tobacco or its absorption 
characteristics. To determ ine the dose, one needs to m easure blood 
levels and know how fast the individual elim inates nicotine. This 
topic, estim ation of systemic doses of nicotine consumed from various 
tobacco products, will be considered in a la ter section after discussion 
of relevant pharm acokinetic issues.
D istribution of N icotine in Body T issues

A fter absorption into the blood, which is at pH 7.4, about 69 
percent of the nicotine is ionized and 31 percent nonionized. Binding 
to plasma proteins is less than  5 percent (Benowitz, Jacob et al.
1982). The drug is distributed extensively to body tissues with a 
steady state volume of distribution averaging 180 liters (2.6 times 
body weight (in kilograms)) (Table 3). This means th a t when nicotine 
concentrations have fully equilibrated, the am ount of nicotine in the 
body tissues is 2.6 tim es the am ount predicted by the product of 
blood concentration and body weight. The pattern  of tissue uptake 
cannot be studied in hum ans, but it has been examined in tissues of 
rabbits by m easuring concentrations of nicotine in various tissues 
after infusion of nicotine to steady state (Table 4). Spleen, liver, 
lungs, and brain have high affinity for nicotine, whereas the affinity 
of adipose tissue is relatively low.

After rapid intravenous (i.v.) injection, concentrations of nicotine 
decline rapidly because of tissue uptake of the drug. Shortly after i.v. 
injection, concentrations in arteria l oiood. lung, and brain are high, 
while concentrations in tissues such as muscle and adipose (major 
storage tissues at steady state) are low. The consequence of this
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TABLE 3.—Human pharm acokinetics o f n icotin e and  
cotin ine

N ic o tin e C o tin in e

H alf-life 120 m in 18 h r

V o lu m e uf d is tr ib u tio n 180 L 88 L

T o ta l c le a ra n c e 1.300 m L /m in 72 m L /m in

R en a l c le a ra n c e 200 m L /m in  
(ac id  u rin e )

12 m L /m in

N o n re n a l c le a ra n c e 1,100 m L /m in 60 m L /m in

SOURCE' Average value* based on da ta  1Vom Benowitz, Jacob  e t al. f1982! and Benowitz, K uyt e t al. (19831.

TABLE 4.— Steady state distribution o f n icotine
T issu e T issu e  to  blood ra tio

Blood 1.0

B ra in 3.0

H e a rt 3.7

M uscle 2.0

A dipos? 0.5

K id n ey 21.6

I.iv er 3.7

L ung 2.0

G a s t ro in te s t in a l  3.5

N O T E  T i - u c -  to  blood n i c o t i n e  c o n c e n t r a t i o n  r a t i o s  b a s e d  o n  2 4 - h r  c o n s t a n t  i.v. i n f u s i o n  o f  n i c o t i n e  in  r a b b i t s .
S O i ' R C K  B e ru m  i t /  • lHSGtv.

distribution pattern  is th a t uptake into the brain  is rapid, occurring 
w ithin 1 or 2 min, and blood levels fall because of peripheral tissue 
uptake for 20 or 30 min after adm inistration. Thereafter, blood 
concentrations decline more slowly, as determ ined by rates of 
elim ination and rates of distribution out of storage tissues.

Rapid nicotine uptake into the brain has been dem onstrated in 
anim al studies. Oldendorf (1974) showed a high degree of nicotine 
uptake from blood in the first pass through the brains of rats. 
Schmiterlôw and colleagues (1967) showed by autoradiographic 
techniques th a t high levels of nicotine were present in the brain  5 
min after i.v. injections in mice and th a t most nicotine had been
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cleared from the brain by 30 min. Stalhandske (1970) showed th a t 
intravenously injected I4C-nicotine is immediately taken up in the 
brains of mice, reaching a maximum concentration w ithin 1 min 
after injection. Sim ilar findings based on positron emission tomogra
phy of the brain were seen after injection of 1 ‘C-nicotine in monkeys 
(Maziere et al. 1976).

Nicotine inhaled in tobacco smoke enters the blood almost as 
rapidly as after rapid i.v. injection except th a t the entry  point into 
the circulation is pulm onary ra th e r than  systemic venous. Because 
of delivery into the lung, peak nicotine levels may be higher and lag 
tim e between smoking and entry  into the brain shorter th an  after 
i.v. injection. A fter smoking, the action of nicotine on the brain  is 
expected to occur quickly. Rapid onset of effects after a puff is 
believed to provide optimal reinforcem ent for the development of 
drug dependence. The effect of nicotine declines as it is distributed to 
other tissues. The distribution half-life, which describes the move
m ent of nicotine from the blood and other rapidly perfused tissues, 
such as the brain, to o ther body tissues, is about 9 min (Feyerabend 
et al. 1985). D istribution kinetics, ra th e r than  elim ination kinetics 
(half-life, about 2 hr), determ ine the tim e course of central nervous 
system (CNS) actions of nicotine after smoking a single cigarette.

Nicotine is secreted into saliva (Russell and Feyerabend 1978). 
Passage of saliva containing nicotine into the stomach, combined 
with the trapping of nicotine in the acidic gastric fluid and 
reabsorption from the small bowel, provides a potential route for 
enteric nicotine recirculation. This recirculation m ay account for 
some of the oscillations in the term inal decline phase of nicotine 
blood levels after i.v. nicotine infusion or cessation of smoking 
(Russell 1976).

Nicotine freely crosses the placenta and has been found in 
amniotic fluid and the umbilical cord blood of neonates (Hibberd, 
O’Connor, Gorrod 1978; Luck et al. 1982; Van Vunakis, Langone, 
M ilunsky 1974). Nicotine is found in breast m ilk and the breast fluid 
of nonlactating women (Petrakis e t al. 1978; Hill and W ynder 1979) 
and in cervical mucous secretions (Sasson et al. 1985). Nicotine is 
also found in the freshly shampooed ha ir of smokers and of 
nonsmokers environm entally exposed to tobacco smoke (Haley and 
Hoffmann 1985).
E lim ination of N icotine

Nicotine is extensively metabolized, prim arily in the liver, but also 
to a small extent in the lung (Turner et al. 1975). Renal excretion of 
unchanged nicotine depends on u rinary  pH and urine flow, and may 
range from 2 to 35 percent, but typically accounts for 5 to 10 percent 
of total elim ination (Benowitz, Kuyt et al. 1983; Rosenberg et al. 
1980).
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Pathways o f Nicotine Metabolism

The prim ary metabolites of nicotine are cotinine and nicotine-N’- 
oxide (Figure 3). Cotinine is formed in the liver in a two-step process, 
the first of which involves oxidation of position 5 of the pyrrolidine 
ring in a cytochrome P-450-mediated process to nicotine-A115 '-imini- 
um ion (Peterson, Trevor, Castagnoli 1987). In the second step the 
iminium ion is metabolized by a cytoplasmic aldehyde oxidase to 
cotinine (Hibberd and Gorrod 1983).

Cotinine itself is also extensively metabolized, with only about 17 
percent excreted unchanged in the urine (Benowitz, Kuyt et al.
1983). Several metabolites of cotinine have been reported, including 
irarcs-3-hydroxycotinine (McKennis, Turnbull et al. 1963), 5'-hydrox- 
ycotinine (Bowman and McKennis 1962), cotinine-N-oxide (Shulgin 
et al. 1987), and cotinine m ethonium  ion (McKennis, Turnbull, 
Bowman 1963) (see Figure 4). Little is known about the quantitative 
im portance of these metabolites. 7Varcs-3'-hydroxycotinine appears 
to be a major metabolite (Jacob, Benowitz, Shulgin 1988; N eurath  et 
al. 1987), with urinary  concentrations exceeding cotinine concentra
tions by twofold to threefold. Cotinine N-oxide is a m inor m etabolite 
in hum ans, accounting for approxim ately 3 percent of ingested 
nicotine (Shulgin et al. 1987). Subsequent oxidative degradation of 
the pyrrolidine ring gives rise to 3-pyridylacetic acid. This compound 
has been identified in hum an urine (McKennis, Schwartz, Bowman 
1964), but no quantitative data are available.
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Nicotine-1'-N-oxide is quantitatively a m inor metabolite of nic
otine. Oxidation of the nitrogen atom of the pyrrolidine ring depends 
on a microsomal flavoprotein system and produces a m ixture of the 
two diasterisom ers, l'-(R)-2'-(S)-cis- and l'-(S)-2'-(S)-irans-nicotine-l'- 
N'-oxide (Booth and Boyland 1970). A fter i.v. injection, 100 percent of 
nicotine-N'-oxide is excreted unchanged in the urine, indicating no 
fu rther metabolism (Beckett, Gorrod, Jenner 1971a). However, after 
oral adm inistration only 30 percent is recovered in the urine as 
nicotine-N'-oxide; the rem ainder is recovered as nicotine and its 
metabolites. To evaluate the possibility of reduction of nicotine-N'- 
oxide in the gastrointestinal tract, rectal adm inistration of nicotine- 
N'-oxide was performed for experim ental purposes. Less th an  10 
percent was recovered in the urine as nicotine-N'-oxide (Beckett, 
Gorrod, Jen n er 1970). These findings indicate reduction of nicotine- 
N'-oxide back to nicotine w ithin the hum an gastrointestinal tract, 
believed to be a consequence of bacterial action.

Experim ents in ra ts  indicate th a t significant am ounts of nicotine- 
N'-oxide are converted to nicotine both in vitro and in vivo (Dajani, 
Gorrod, Beckett 1975a,b). Nicotine and cotinine have been m easured 
in the blood of ra ts adm inistered nicotine-N,N'-dioxide and nicotine- 
N'-oxide in drinking w ater (Sepkovic et al. 1984, 1986). Thus, while 
reduction of nicotine-N'-oxide to nicotine appears to be bacterial in 
hum ans, it may be mediated by endogenous enzymes in other 
species.

Q uantitative aspects of the conversion of nicotine to its m etabo
lites have not been well defined. Studies of cotinine excretion in 
urine collected for 24 h r after i.v. nicotine injection indicate less than  
10 percent of nicotine is excreted as cotinine in nonsmokers 
compared with an average of 25 percent in smokers (Beckett, Gorrod, 
Jen n er 1971b). Another study, comparing 24-hr u rinary  excretion of 
cotinine with nicotine content of cigarette butts after smoking, 
indicated 46 percent recovery as cotinine (Schievelbein 1982). 
However, both of these studies underestim ate the conversion of 
nicotine to cotinine because the urine collection period was too short. 
In cigarette smokers, cotinine has a half-life averaging 18 to 20 h r 
(Benowitz, Kuyt et al. 1983), so th a t in 24 h r only a little more than  
half of cotinine is recovered. U rine collection for a t least 72 h r is 
necessary to recover more than  90 percent of cotinine in most 
subjects. In addition, since only 17 percent of cotinine is excreted 
unchanged (Benowitz, Kuyt et al. 1983), u rinary  recovery analysis 
underestim ates the cotinine generation rate.

At steady state, the ra te  of metabolite excretion reflects the ra te  a t 
which the metabolites are generated. After i.v. dosing, 100 percent of 
nicotine-N'-oxide but only 17 percent of cotinine are excreted 
unchanged in the urine. Based on a ratio of urinary  cotinine to 
nicotine-N'-oxide of 2.9 and based on excretion of th a t 17 percent of
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cotinine and 100 percent of nicotine-N'-oxide unchanged in the 
urine, the relative generation ra te  of cotinine compared w ith th a t of 
nicotine-N'-oxide is calculated to be 17 to 1 (Benowitz 1986b). 
Because 4 percent of nicotine is excreted as nicotine-N'-oxide (Jacob 
et al. 1986; Beckett, Gorrod, Jen n er 1971a), about 70 percent of 
nicotine appears to be converted to cotinine. Q uantitative data on 
other metabolites th a t may have pharmacologic activity, such as 
nicotine isomethonium ion and nornicotine, are not available.
Rate o f Nicotine Metabolism

The ra te  of nicotine metabolism can be determ ined by m easuring 
blood levels after adm inistration of a known nicotine dose. In one 
study, cigarette smokers were given i.v. infusions of nicotine for 30 to 
60 min, and total and renal clearances were computed (Benowitz, 
Jacob et al. 1982). Total clearance (a term  which describes the 
capacity to elim inate a drug) averaged 1,300 m L/m in. N onrenal 
clearance averaged 1,100 m L/m in (Table 3), which represents about 
70 percent of liver blood flow. Because nicotine is metabolized 
mainly by the liver (data in anim als indicate only a small degree of 
metabolism by the lung) (Turner, Sillett, McNicol 1977), this means 
th a t about 70 percent of the drug is extracted from the blood in each 
pass through the liver. On the average, 85 or 90 percent of nicotine is 
metabolized by the liver.
R enal Excretion

Nicotine is excreted by glom erular filtration and tubu lar secretion 
within the kidney. Depending on urinary  pH and urine flow rate, 
variable am ounts of nicotine are reabsorbed by the kidney tubules. 
In acidic urine, where nicotine is mostly ionized and tubular 
reabsorption is minimized, renal clearance of nicotine may be as 
high as 600 m L/m in (urinary pH 4.4) (Benowitz, Kuyt et al. 1983; 
Rosenberg et al. 1980). In alkaline urine, a larger fraction of nicotine 
is not ionized. Tubular reabsorption of nonionized nicotine results in 
lower ra te  of excretion and reduced renal clearances as low as 17 
m L/m in (urine pH 7.0). When urine pH is uncontrolled, averaging 
5.8, renal clearance averages about 100 m L/m in, accounting for the 
elim ination of 10 to 15 percent of the daily nicotine intake.
N icotine and Cotinine Blood L evels D uring Tobacco Use
Nicotine Levels

Plasm a nicotine concentrations (or concentrations in blood, which 
are similar) sampled in the afternoon in smokers generally range 
from 10 to 50 ng/m L. The increm ent in blood nicotine concentration 
after smoking a single cigarette ranges from 5 to 30 ng/m L, 
depending on how the cigarette is smoked (Armitage et al. 1975;
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H erning et al. 1983; Isaac and Rand 1972). Peak blood levels of 
nicotine are sim ilar, although the ra te  of nicotine increase is slower 
for cigar smokers and snuff and chewing tobacco users compared 
with th a t for cigarette smokers (Armitage et al. 1978; Turner, Sillett, 
McNicol 1977; Gritz et al. 1981; Russell, Raw, Jarv is 1980; Russell et 
al. 1981) (Figure 2). Pipe smokers, particularly  those who have 
previously smoked cigarettes and who inhale, may have blood and 
urine levels of nicotine as high as those of cigarette smokers 
(McCusker, McNabb, Bone 1982; Turner, Sillett, McNicol 1977; Wald 
et al. 1984).

The earliest published studies of nicotine elim ination kinetics 
reported half-lives of 20 to 40 min (Armitage et al. 1975; Isaac and 
Rand 1972). In those studies, drug blood levels were followed only for 
30 to 60 min, which is not long enough to determ ine the elim ination 
half-life. Thus, half-lives were based on blood levels which included 
the distribution phase. When blood levels are followed for several 
hours after the end of nicotine infusion, a log-linear decline of blood 
levels w ith a half-life of about 2 h r is observed (Benowitz, Jacob et al. 
1982; Feyerabend, Ings, Russell 1985).

The half-life of a drug is useful in predicting its accum ulation ra te  
in the body with repetitive doses and the tim e course of its decline 
after cessation of dosing. Assuming a half-life of 2 hr, one would 
predict nicotine to accum ulate over 6 to 8 h r (3 to 4 half-lives) of 
regular smoking and persist at significant nicotine levels for 6 to 8 hr 
after cessation of smoking. If a smoker smokes un til bedtime, 
significant nicotine levels should persist all night. Studies of blood 
levels in regular cigarette smokers confirm these predictions (Figure 
5) (Russell and Feyerabend 1978; Benowitz, Kuyt, Jacob 1982). Peaks 
and troughs follow the use of each cigarette, but as the day 
progresses, trough levels rise and the influence of peak levels 
becomes less im portant. Thus, nicotine is not a drug to which people 
are exposed in term itten tly  and th a t is elim inated rapidly from the 
body. To the contrary, smoking represents a m ultiple dosing 
situation with considerable accum ulation during smoking and with 
persistent levels for 24 h r of each day.
Cotinine Levels

Cotinine levels are of particular interest as qualitative m arkers of 
tobacco use and quantitative indicators of nicotine intake. Cotinine 
is present in the blood of smokers in much higher concentrations 
than  nicotine. Cotinine blood levels average about 250 to 300 ng/m L 
in groups of cigarette smokers (Benowitz, Hall et al. 1983; Haley, 
Axelrad, Tilton 1983; Langone, Van Vunakis, Hill 1975; Zeidenberg 
et al. 1977). After stopping smoking, levels decline with a half-life 
averaging 18 to 20 hr (range 11 to 37 hr). But because of the long 
half-life, there is much less fluctuation in cotinine concentrations
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throughout the day than  in nicotine concentrations. As expected, 
there is a gradual increase in cotinine levels during the day, peaking 
a t the end of smoking and persisting in high concentrations 
overnight.
Intake of N icotine
Cigarette Sm oking

Nicotine intake from single cigarettes has been m easured by 
spiking cigarettes with 14C-labeled nicotine (Armitage e t al. 1975). 
T hat study of eight subjects, each smoking a single filter-tipped 
cigarette, indicated an intake range of 0.36 to 2.62 mg. In take was 
higher in smokers th an  in nonsmokers. In take of nicotine from 
smoking a single cigarette or with daily cigarette smoking has been 
estim ated by methods sim ilar to those used in drug bioavailability 
studies (Benowitz and Jacob 1984; Feyerabend, Ings, Russell 1985). 
Metabolic clearance of nicotine was determ ined after i.v. injection. 
Metabolic clearance data  were then used in conjunction with blood 
and u rinary  concentrations of nicotine m easured during a period of 
smoking to determ ine the intake of nicotine. In five subjects, average 
intake of nicotine per cigarette was 1.06 mg (range, 0.58 to 1.49 mg) 
(Feyerabend, Ings, Russell 1985). In 22 cigarette smokers, 13 men 
and 9 women who smoked an average of 36 cigarettes/day (range 20 
to 62), the average daily intake was 37.6 mg, w ith a range from 10.5 
to 78.6 mg (Benowitz and Jacob 1984). Nicotine intake per cigarette 
averaged 1.0 mg (range 0.37 to 1.56 mg). Intake per cigarette did not 
correlate with yields obtained by smoking machine using standard  
Federal Trade Commission methods. This is because smoking 
machines smoke cigarettes in a uniform way, using a fixed puff 
volume (35 mL), flow rate  (over 2 sec), and interval (every minute). 
Smokers smoke cigarettes differently, changing the ir puffing behav
ior to obtain the desired am ount of tobacco smoke and nicotine.
Elim ination R ate as a Determinant o f Nicotine In take by 
Cigarette Sm oking

There is considerable evidence th a t smokers adjust their smoking 
behavior to try  to regulate or m aintain a particu lar level of nicotine 
in the body (Gritz 1980; Russell 1976). For example, when the 
availability of cigarettes is restricted, habitual smokers can increase 
intake of nicotine per cigarette 300 percent compared with the 
intake of unrestricted smoking (Benowitz, Jacob, Koslowski et al. 
1986).

Techniques for m easuring daily intake of nicotine (Benowitz and 
Jacob 1984) have been applied to study the influence of elim ination 
on nicotine intake. The ra te  of renal elim ination of nicotine was 
m anipulated by adm inistration of ammonium chloride or sodium
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bicarbonate to acidify or alkalinize the urine, respectively (Benowitz 
and Jacob 1985). Compared with daily excretion during placebo 
treatm ent (3.9 mg nicotine/day), acid loading increased (to 12 
mg/day) and alkaline loading decreased (to 0.9 mg/day) daily 
excretion of nicotine. The total intake of nicotine averaged 38 
m g/day. Average blood nicotine concentrations were sim ilar in 
placebo and bicarbonate trea tm en t conditions but were 15 percent 
lower during amm onium  chloride treatm ent. Daily intake of nicotine 
was 18 percent higher during acid loading, indicating compensation 
for increased urinary  loss. The compensatory increase in nicotine 
consumption was only partial, replacing about ha lf of the excess 
u rinary  nicotine loss. Bicarbonate treatm ent had no effect on 
nicotine consumption, consistent with the small m agnitude of effect 
on excretions of nicotine in comparison to total daily intake.

These results seem compatible with the suggestion of Schachter 
(1978) th a t emotional stress, which results in more acidic urine, 
m ight accelerate nicotine elim ination from the body and thereby 
increase cigarette smoking. But caution m ust be exercised in 
applying these findings to usual smoking situations. These studies 
were performed under conditions of extrem e urinary  acidification or 
alkalinization, so th a t the changes in renal clearance would be 
maximized. Even with extrem e differences in urinary  pH, differ
ences in overall nicotine elim ination ra te  and smoking behavior 
were modest. This is because renal excretion is a m inor pathway for 
elim ination of nicotine; most is metabolized. Sm aller changes in 
u rinary  pH, such as occur spontaneously throughout the day or th a t 
m ight be related to stressful events, would not be expected to 
substantially  influence nicotine elim ination or smoking behavior.
Biochemical Markers o f Nicotine Intake

Absorption of nicotine from tobacco smoke provides a means of 
verification and quantitation of tobacco consumption. The general 
strategy is to m easure concentrations of nicotine, its metabolites 
(such as cotinine), or other chemicals associated with tobacco smoke 
in biological fluids such as blood, urine, or saliva. Different m easures 
vary in sensitivity, specificity, and difficulty of analysis. Different 
investigators have used blood or u rinary  nicotine concentrations, 
blood or salivary or u rinary  cotinine concentrations, expired carbon 
monoxide or carboxyhemoglobin concentrations, or plasm a or sali
vary thiocyanate (a metabolite of hydrogen cyanide, a vapor phase 
constituent) concentrations as m easures of tobacco smoke consump
tion.

Relationships among daily in take of nicotine, daily exposure to 
nicotine (that is, blood concentrations of nicotine integrated over 24 
hr), various param eters of cigarette consumption, and different 
m easures of nicotine intake have been examined experim entally
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during ad libitum cigarette smoking on a research ward (Benowitz 
and Jacob 1984). The best biochemical correlate to nicotine intake 
and exposure in this study was a random blood nicotine concentra
tion m easured at 4 p.m. This level did not depend on when the last 
cigarette was smoked. This finding is consistent with the observation 
th a t nicotine levels accum ulate throughout the day and plateau in 
the early afternoon (see Figure 5). At steady state, with regular 
smoking throughout the day, there  should be a reasonably good 
correlation between nicotine concentrations and daily intake. Car- 
boxyhemoglobin (COHb) concentrations in the  afternoon were the 
next best m arkers of nicotine intake. Also, m orning (8 a.m.) levels of 
nicotine and COHb correlated with intake, presum ably reflecting 
persistence of nicotine and COHb in the blood from exposure on the 
previous day.

Although cotinine is a highly specific m arker for nicotine expo
sure, blood levels of cotinine across subjects in this study did not 
correlate as closely with nicotine intake as did blood levels of 
nicotine or COHb (Benowitz and Jacob 1984). This is probably due to 
individual variability in fractional conversion of nicotine to cotinine 
and in the elim ination ra te  of cotinine itself.

Because of its relatively long half-life, cotinine levels are less 
sensitive than  nicotine levels to smoking pattern , th a t is, when the 
last cigarette was smoked. For longitudinal within-subject studies, 
the cotinine level would be expected to be a good m arker of changes 
in nicotine intake. Cotinine m easurem ents have become the most 
widely accepted method for assessing the intake of nicotine in long
term  studies of tobacco use (see also C hapter V).

As expected by the known variation in renal clearance due to 
effects of u rinary  flow and pH, urinary  concentrations of nicotine did 
not correlate well with nicotine intake (Benowitz and Jacob 1984). In 
contrast, u rinary  cotinine, which is less influenced by urinary  flow 
or pH, was as good a m arker as blood cotinine concentration. 
Salivary and urinary  cotinine concentrations correlate well (r =  0.8 
to 0.9) with blood cotinine concentrations (Haley, Axelrad, Tilton 
1983; Jarvis et al. 1984). Therefore, salivary or urine cotinine 
concentrations should be almost as useful as blood levels in 
indicating nicotine intake.
A nalytical M ethods for M easuring N icotine and Cotinine in  B iological F luids

Determ ination of nicotine concentrations in biological fluids 
requires a sensitive and specific method, because concentrations of 
nicotine in sm okers’ blood are generally in the low nanogram  per 
m illiliter range and a num ber of metabolites are also present. 
Cotinine concentrations in blood are generally about tenfold greater 
than nicotine concentrations, and as a result, less sensitive analyti-
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cal methodology may be acceptable. Methods with adequate sensitiv
ity for determ ination of nicotine and cotinine in sm okers’ blood 
include gas chrom atography (GC) (Curvall, Kazemi-Vala, Enzell 
1982; Davis 1986; Feyerabend, Levitt, Russell 1975; Hengen and 
Hengen 1978; Jacob, Wilson, Benowitz 1981; Vereby, DePace, Mulé
1982), radioimmunoassay (RIA) (Langone, Gjika, Van V unakis 1973; 
Castro et al. 1979; Knight et al. 1985), enzyme-linked immunosorbent 
assay (ELISA) (Bjercke et al. 1986), high performance liquid chrom a
tography (HPLC) (Machacek and Jiang  1986; Chien, Diana, Crooks, 
in press), and combined gas chromatograph-mass spectrom etry (GC- 
MS) (Dow and H all 1978; Gruenke et al. 1979; Jones et al. 1982; 
Daenens et al. 1985). For reasons of sensitivity, specificity, and 
economy, GC and RIA are the most frequently used methods. GC-MS 
is a highly sensitive and specific technique, but the expense has 
discouraged its routine use. HPLC is less sensitive than  GC for 
nicotine and cotinine determ ination. Although recently reported 
methods (Machacek and Jiang  1986; Chien, Diana, Crooks, in press) 
appear to have adequate sensitivity for determ ining concentrations 
in plasma, relatively large sample volumes are required. Concentra
tions of nicotine and cotinine in urine are tenfold to hundredfold 
greater than  concentrations in plasm a or saliva (Jarvis et al. 1984), 
and a variety of chrom atographic and immunoassay techniques meet 
sensitivity requirem ents.

The choice of a particu lar method depends on the biological fluid 
to be assayed; the need for sensitivity, precision, and accuracy; and 
economic considerations. Chrom atographic methods, particularly  
those utilizing high-resolution capillary columns and specific detec
tors such as nitrogen-phosphorus detectors or a mass spectrometer, 
provide the greatest specificity. On the other hand, immunoassay 
techniques are operationally simpler, generally require sm aller 
samples, and may be less expensive than  chrom atographic methods. 
A drawback to immunoassay methods is the potential for cross
reactivity of the antibody with metabolites or endogenous sub
stances. There is generally a good correlation between results 
obtained by GC and RIA for plasm a cotinine concentrations (r =  0.94) 
(Gritz et al. 1981; Biber et al. 1987). In an in terlaboratory comparison 
study (Biber et al. 1987), cotinine concentrations in sm okers’ urine 
m easured by RIA were generally higher than  concentrations deter
mined by GC, whereas in nonsm okers’ urine spiked w ith cotinine 
RIA and GC values were sim ilar. These results suggest th a t nicotine 
m etabolites cross-react w ith the antibody against cotinine, a t least in 
some of the RIA methods.

Pharmacodynamics of Nicotine
General C onsiderations

This Section will focus on the relationship between nicotine levels 
in the body and their effects on behavior and physiological function
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(pharmacodynamics). These data show how pharm acodynam ic fac
tors determ ine some of the consequences of cigarette smoking. Two 
issues are particularly  relevant in understanding the pharmacody
namics of nicotine: a complex dose-response relationship and the 
level of tolerance th a t is e ither preexisting or is produced by 
adm inistration of nicotine.
D ose-R esponse

The relationship between the dose of nicotine and the resulting 
response (dose-response relationship) is complex and varies w ith the 
specific response th a t is measured. In pharmacology textbooks, 
nicotine is commonly m entioned as an example of a drug which in 
low doses causes ganglionic stim ulation and in high doses causes 
ganglionic blockade following brief stim ulation (Comroe 1960). This 
type of effect pa tte rn  is referred to as "biphasic.” Dose-response 
characteristics in functioning organisms (in vivo) are often biphasic 
as well, although the mechanisms are  far more complex. For 
example, a t very low doses, sim ilar to those seen during cigarette 
smoking, cardiovascular effects appear to be m ediated by the  CNS, 
e ither through activation of chemoreceptor afferent pathways or by 
direct effects on the brain  stem  (Comroe 1960; Su 1982). The net 
result is sym pathetic neural discharge with an increase in blood 
pressure and heart rate. At higher doses, nicotine may act directly 
on the peripheral nervous system, producing ganglionic stim ulation 
and the release of adrenal catecholamines. W ith high doses or rapid 
adm inistration, nicotine produces hypotension and slowing of heart 
rate, mediated either by peripheral vagal activation or by direct 
central depressor effects (Ingenito, B arrett, Procita 1972; Porsius 
and Van Zwieten 1978; Henningfield, Miyasato, Jasinsk i 1985).
Tolerance

A second pharmacologic issue of im portance is development of 
tolerance; th a t is, after repeated doses, a given dose of a drug 
produces less effect or increasing doses are required to achieve a 
specified intensity of response. Functional or pharmacodynamic 
tolerance can be fu rther defined as where a particular drug 
concentration a t a receptor site (in hum ans approxim ated by the 
concentration in blood) produces less effect than  it did after a prior 
exposure. Dispositional or pharm acokinetic tolerance refers to 
accelerated drug elim ination as a mechanism for diminished effect 
after repeated doses of a drug. Behavioral tolerance refers to 
compensatory behaviors th a t reduce the im pact of a drug to 
adversely affect performance. Such tolerance can occur following 
in term itten t exposures to a drug such th a t there  is minimal 
development of functional or dispositional tolerance.
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Most studies of drug tolerance have focused on tolerance which 
develops as a drug is chronically adm inistered. If the  tolerance 
develops w ithin one or two doses, it is referred to as acute tolerance 
or tachyphylaxis. If tolerance develops after more prolonged use, the 
tolerance is referred to as acquired or chronic tolerance. Individual 
differences in sensitivity to the first dose of a drug also frequently 
exist. Those individuals who exhibit a reduced response to a specified 
drug dose or require a greater dose to elicit a specified level of 
response are said to be tolerant to the drug. This form of tolerance is 
referred to as first-dose tolerance, drug sensitivity, or innate drug 
responsiveness. For sake of clarity, this Report will reserve the term  
tolerance to describe reduction in the response to nicotine during the 
course of or following a previous exposure and will use acute drug 
sensitivity to describe responsiveness to an initial dose.

Studies of tolerance to nicotine began in the late 19th century. In a 
series of studies of fundam ental im portance to the understanding of 
the nervous system, as well as to understanding the pharmacology of 
nicotine, Langley (1905) and Dixon and Lee (1912) studied the  effects 
of repeated nicotine adm inistration on a variety of anim al species 
and on in vitro tissue preparations. Several findings emerged which 
have been widely verified and extended to o ther species and 
responses. These include: (1) W ith repeated dosing, responses dim in
ished to nearly negligible levels; (2) After tolerance occurred, 
responsiveness could be restored by increasing the size of the  dose; (3) 
A fter a few hours w ithout nicotine, responsiveness was partially  or 
fully restored.

A fter smoking a cigarette, people who have not smoked before 
("naive sm okers”) usually experience a num ber of effects th a t 
become generally uncommon among experienced smokers. For 
example, retrospective reports by smokers indicate th a t initial 
exposure to tobacco smoke produced dizziness, nausea, vomiting, 
headaches, and dysphoria, effects th a t disappear with continued 
smoking and are rarely reported by chronic smokers (Russell 1976; 
Gritz 1980). Tolerance may also develop to toxic effects, such as 
nausea, vomiting, and pallor, during the course of nicotine poisoning, 
despite persistence of nicotine in the blood in extrem ely high 
concentrations (200 to 300 ng/mL) (Benowitz, Lake e t al. 1987).

A system atic analysis of the various forms of tobacco smoke 
tolerance has not been carried out. There are a few studies 
comparing the  effects elicited by an acute exposure to tobacco in 
nonsmokers and smokers. Clark and Rand (1968) studied the effect of 
smoking cigarettes of varying nicotine content on the knee-jerk 
reflex and reported th a t high-nicotine cigarettes suppressed this 
reflex to a g reater degree than  did low-nicotine cigarettes. This effect 
was more pronounced a t each nicotine dose in nonsmokers and light 
smokers compared to heavy smokers. These findings suggested tha t
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tolerance is due to altered sensitivity to nicotine. Tolerance to 
nicotine is not complete because even the heaviest smokers experi
ence symptoms such as dizziness, nausea, and dysphoria when they 
suddenly increase the ir smoking rates (Danaher 1977). Evidence 
indicates th a t the m ajority of the  psychological actions of tobacco 
smoke result from nicotine (Russell 1976; C hapter VII). Thus, most of 
the tolerance to effects of tobacco smoke th a t occurs following 
chronic tobacco use is due to the development of tolerance to 
nicotine.
A cute Sensitiv ity
H um an Studies

Studies which have indicated th a t individuals differ in response to 
tobacco smoke or nicotine have used smokers as the  experim ental 
subjects. Consequently, w hether individual differences are  due to 
differences in acute sensitivity to nicotine th a t have persisted during 
chronic tobacco use or are due to differences in the  development of 
tolerance is unknown.

N esbitt (1973) and Jones (1986) noted th a t individual smokers 
differ w ith respect to the effects of smoking a standard  cigarette on 
h eart rate, but it is not clear from these studies w hether these 
differences in responsiveness are due to differences in sensitivity to 
nicotine or to differences in the dose and kinetics of nicotine. 
Benowitz and colleagues (1982) observed individual differences in the 
effects of i.v. injections of nicotine on heart rate, blood pressure, and 
fingertip skin tem perature. Differences were not explained by 
differences in blood levels, indicating differential sensitivity to 
nicotine.

A n im a l Studies
Studies using laboratory anim als indicate th a t differences in acute 

sensitivity to nicotine exist. Inbred ra t and mouse strains differ in 
sensitivity to the effects of nicotine on locomotor activity (Garg 1969; 
Battig et al. 1976; Schlatter and Battig 1979; Hatchell and Collins 
1980; M arks, Burch, Collins 1983b). Mouse stra ins also differ in the 
direction of the effect (increased or decreased activity). The mouse 
stra ins th a t differ in sensitivity to the effects of injected nicotine on 
locomotor activity also differ in the m agnitude of response to a 
s tandard  dose of tobacco smoke (Baer, McClearn, Wilson 1980). 
Inbred mouse strains also differ in sensitivity to the  effects of 
nicotine on body tem perature, heart rate, and acoustic startle  
response (Marks, Burch, Collins 1983a; M arks et al. 1985, 1986), as 
well as in sensitivity to nicotine-induced seizures (Tepper, Wilson, 
Schlesinger 1979; Miner, M arks, Collins 1984, 1986). These findings 
indicate th a t genetic factors may influence the sensitivity of ra ts and
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mice to the first dose of nicotine. The importance of genetically 
determ ined differences in hum an sensitivity to the effects of nicotine 
adm inistered in tobacco smoke rem ains to be determined.
M echanisms o f  Differences in Acute Sensitivity

Differences between inbred mouse and rat strains in sensitivity to 
the effects elicited by a single injected dose of nicotine do not appear 
to result from differences in rate  of nicotine metabolism (Petersen, 
Norris, Thompson 1984) or from differences in brain nicotine 
concentration following intraperitoneal injection (Hatchell and 
Collins 1980; Rosecrans 1972; Rosecrans and Schechter 1972). Thus, 
ra t and mouse strains differ in tissue sensitivity to the effects of 
nicotine. Differences among mouse strains in sensitivity to nicotine 
do not appear to be due to differences in the num ber or affinity of 
brain  nicotine receptors tha t are measured via the binding of 3H- 
nicotine (Marks, Burch, Collins, 1983b). Mouse stocks tha t are more 
sensitive to nicotine-induced seizures do have greater num bers of 
hippocampal nicotine receptors th a t bind 125I-bungarotoxin (BTX) 
(Miner, Marks, Collins 1984, 1986). Some of the differences in 
sensitivity to nicotine between genetically defined stocks of anim als 
may be related to differences in the num ber of nicotine receptors in 
specific regions of the brain.
T achyphylaxis (Acute Tolerance)
Hum an Studies

System atic studies of tachyphylaxis or acute tolerance to effects of 
tobacco in nonsmokers have not been reported. There is evidence 
th a t tachyphylaxis does develop to effects of tobacco and nicotine in 
hum ans. Smokers frequently report th a t the first cigarette of the day 
is the best and th a t subsequent cigarettes are "tasteless” (Russell 
1976; Henningfield 1984). Smoking a single standard cigarette after 
24 h r of abstinence increases heart rate, whereas smoking an 
identical cigarette during the course of a norm al day fails to change 
heart ra te  (West and Russell 1987). Fewer standard  puffs were 
required to produce nausea a t the beginning of the day (following 8 
to 10 h r of tobacco abstinence) or from high-nicotine cigarettes than  
a t the end of the day or from low-nicotine cigarettes (Henningfield
1984). Complete tolerance to nausea and vomiting developed over 8 
h r  in a woman in the course of an accidental nicotine poisoning, 
despite persistently toxic blood levels of nicotine (Benowitz, Lake et 
al. 1987). These findings suggest th a t tolerance which is lost and 
regained during short periods of abstinence from tobacco is tolerance 
to nicotine.

Tolerance develops very rapidly to several effects of nicotine. 
Rosenberg and colleagues (1980) studied the effects of i.v. nicotine
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injections on arousal level, heart rate, and blood pressure. In these 
experim ents, six healthy smokers, 21 to 35 years of age, received six 
series of nicotine injections spaced 30 m in apart. Each series of 
injections consisted of 10 2-^ig/kg injections spaced 1 min apart. 
Subjects reported a p leasant sensation after the  first series of 
injections, but this response was not observed thereafter. H eart ra te  
and blood pressure values rem ained above baseline, but there  was 
little  increm ent with successive injections, despite nicotine blood 
level increases which were sim ilar to those observed after the first 
series of injections. In contrast, skin tem perature fell progressively 
during the period of nicotine dosing, gradually re turn ing  to baseline 
a t the end of the study. These data indicated rapid development of 
tolerance to subjective effects and heart ra te  and blood pressure 
responses, but tolerance was not complete because heart ra te  and 
blood pressure rem ained above baseline. Henningfield (1984) also 
assessed subjective responses of hum an subjects after i.v. injections 
with nicotine a t 10-min intervals. The subjective response of "liking” 
the effects of nicotine was lost after five or six injections. Benowitz 
and coworkers (1982) studied the effect of a 30-min infusion of 
nicotine a t a ra te  of 1 to 2 ^.g/kg/min. Shortly after initiation of 
infusion, h ea rt ra te  and blood pressure increased, bu t the  increase 
did not continue even though plasm a nicotine concentrations 
continued to rise during the continuous infusion. M aximal cardiovas
cular changes were seen within 5 to 10 min, whereas maximal 
plasm a nicotine levels were not reached until 30 min. These findings 
indicate th a t tachyphylaxis to the effects of nicotine may develop in 
hum ans w ithin 5 to 10 min, the tim e required to smoke one cigarette. 
In contrast to heart rate, skin tem perature (reflecting cutaneous 
vascular tone) declined and rose in association with changes in blood 
nicotine concentrations, showing no evidence of tolerance.

The above studies indicate rapid development of tolerance to some 
(but not all) actions of nicotine in people. These studies were 
performed with cigarette smokers who had abstained from smoking 
the night before the study. Since significant quantities of nicotine 
persist in the body even after overnight abstinence, there  is probably 
some persistence of tolerance. Experim ental data supporting this 
conclusion were obtained in a study of cardiovascular responses to 
infused nicotine in smokers following either an  overnight or 7-day 
tobacco abstinence (Lee, Benowitz, Jacob 1987). H eart ra te  and blood 
pressure responses were significantly greater a fter more prolonged 
abstinence. However, w ithin 60 to 90 min, the blood concentra- 
tion-effect relationship in subjects after brief abstinence approxi
m ated th a t observed after prolonged abstinence. Thus, a significant 
level of tolerance persists throughout the daily smoking cycle, bu t is 
lost w ith prolonged abstinence. Tolerance, a t least after abstinence 
for one week, is rapidly reestablished with subsequent exposure.
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A n im a l Studies
M any studies dem onstrate th a t acute tolerance or tachyphylaxis 

develops very quickly to actions of nicotine. Barrass and coworkers 
(1969) dem onstrated th a t p retreatm ent of mice with a single i.v. dose 
(0.8 mg/kg) of nicotine resulted in an increase in the LD30 (dose 
which is lethal to 50 percent of animals) for nicotine. M aximal 
protection was seen 5 min after the injection, but th is protection 
diminished steadily over the next hour. Tachyphylaxis develops to 
the effects of nicotine on locomotor activity. Stolerm an, Bunker, and 
Jarv ik  (1974) noted th a t p retreating  ra ts  with a 0.75-mg/kg dose of 
nicotine 2 h r before challenge doses of nicotine (0.25 to 4.0 mg/kg) 
resulted in a shift of the nicotine dose-response curves, indicating 
reduced sensitivity. The ED50 values (doses th a t are effective in 
producing the m easured response in 50 percent of animals) for 
nicotine-induced decreases in locomotor activity were nearly 2.4-fold 
greater in nicotine-pretreated ra ts  than  in saline-pretreated animals. 
Nicotine pretreatm ent also results in tachyphylaxis to the  effects of 
nicotine on body tem perature  (hypothermia) in cats (Hall 1972), 
water-reinforced operant responding in ra ts (Stitzer, Morrison, 
Domino 1970), discharge of lateral geniculate neurons of cats 
(Roppolo, Kawam ura, Domino 1970), repolarization of sartorius 
muscle in frogs (Hancock and H enderson 1972), blood pressure 
elevation in ra ts  (Wenzel, Azmeh, Clark 1971), contraction of aortic 
strips in rabbits (Shibata, H attori, Sanders 1971), respiratory stim u
lation in cats (McCarthy and Borison 1972), and gastrointestinal 
contraction in squid (Wood 1969) and guinea pigs (Hobbiger, Mitchel- 
son, Rand 1969). More recent studies have dem onstrated th a t 
p re trea tm ent with as little  as one dose of nicotine will a ttenuate  
nicotine-induced elevations of plasm a corticosterone (Balfour 1980) 
and adrenocorticotropic horm one (ACTH) (Sharp and Beyer 1986) 
levels in ra ts (see also C hapter III).

The interval between the pretreatm ent and challenge doses of 
nicotine is a critical factor th a t determ ines w hether tachyphylaxis is 
observed. Aceto and coworkers (1986) examined the effect of i.v. 
nicotine infusion on h ea rt ra te  and blood pressure in the rat. 
Tolerance did not develop when the interval between p retreatm ent 
and challenge doses was 30 min; m arked tolerance was detected 
when the interval was reduced to 1 min. However, Stolerm an, Fink, 
and Jarv ik  (1973) observed th a t after a single in traperitoneal dose of 
nicotine to rats, acute tolerance to a second dose did not become 
m axim al until 2 h r after the initial injection.

M echanisms o f  Tachyphylaxis
Although tachyphylaxis has been described for a wide variety of 

nicotine’s effects, very little  is known about mechanisms. A nicotine
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m etabolite may play a role in the development of tachyphylaxis. 
Barrass and colleagues (1969) argued th a t nicotine m etabolites may 
block nicotine receptors and thereby antagonize nicotine’s lethal 
effects. This argum ent was made because pretreatm ent with nic- 
otine-N'-oxide protected mice from the lethal effects of large doses of 
nicotine. LD50 values were increased approxim ately ninefold by 
p retreatm ent with nicotine-N'-oxide. These authors hypothesized 
th a t this protection may involve conversion of nicotine-N'-oxide to 
hydroxynicotine. Their results indicated th a t injection of a reduction 
product of cotinine, believed to be hydroxynicotine, gave im m ediate 
protection, whereas maximum protection was not seen until 40 min 
after injection of nicotine-N'-oxide. Thus it appears th a t metabolism, 
possibly to hydroxynicotine, is required for the  protective action of 
nicotine-N'-oxide.

A nother hypothesis is th a t tachyphylaxis is the result of desensiti
zation of nicotine receptors. Desensitization of the receptor involves 
a conformational change th a t results in increased affinity of the 
nicotinic receptor for agonists coupled with decreased ability of the 
receptor to transport ions (Weiland et al. 1977; Sakm ann, Patlak, 
N eher 1980; Boyd and Cohen 1984). Desensitization of nicotinic 
receptors a t the motor end-plate was first described by Katz and 
Thesleff (1957) and has since been studied by a large num ber of 
investigators, using e ither skeletal muscle or the electric organs of 
the eel. Torpedo californica. A lthough tachyphylaxis has been 
commonly suggested as being due to desensitization of brain 
nicotinic receptors, the role of desensitization in tachyphylaxis to 
specific behavioral effects of nicotine has not been studied. This is 
because concentrations of nicotinic receptors in specific areas of the 
brain corresponding to the behavioral effects being m easured are not 
high enough to use available methods.
Chronic Tolerance
H um an Studies

Chronic tolerance to tobacco and nicotine has not been studied 
system atically in hum an subjects, but it is clear, as noted previously, 
th a t some tolerance does develop. Tolerance is not complete; 
symptoms of nicotine toxicity such as nausea appear when smokers 
increase their norm al tobacco consumption by as little as 50 percent 
(Danaher 1977).

These findings are consistent with the observations th a t smokers 
increase the ir tobacco consumption and intake of nicotine with 
experience. Such escalating dose patterns may be observed for 
several years after initiation of e ither cigarette smoking or smok
eless tobacco use. C igarette smokers may achieve such increases by 
augm enting the num ber of cigarettes smoked and by increasing the 
am ount of nicotine extracted from each cigarette. For users of
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smokeless tobacco, switching to products with greater nicotine 
delivery may also contribute to nicotine dose escalation (US DHHS 
1986).
A nim al Studies

Animal studies have proved useful in establishing the actual 
development of tolerance to nicotine, the m agnitude of such toler
ance, and mechanisms th a t underlie th is tolerance. The m ajority of 
these studies have used the ra t and mouse as experim ental subjects.

Most of the chronic tolerance studies using the ra t have focused on 
the effects of nicotine on locomotor activity. Depression of locomotor 
activity typically occurs following the injection of nicotine in doses 
exceeding 0.2 m g/kg in drug-naive rats. Tolerance to th is depression 
develops following chronic treatm ent (Keenan and Johnson 1972; 
Stolerm an, Fink, Jarv ik  1973; Stolerman, Bunker, Jarv ik  1974). The 
m agnitude of this tolerance is influenced by the dose and dosing 
interval. Tolerance persists for greater than  90 days when nicotine is 
injected chronically. Tolerance to the  effects of injected nicotine on 
depression of locomotor activity could also be produced with nicotine 
adm inistered in the ra ts ’ drinking w ater or through subcutaneously 
im planted reservoirs (Stolerman, Fink, Ja rv ik  1973).

U nder certain experim ental conditions, ra ts  treated  chronically 
w ith nicotine exhibit an increase in locomotor activity following 
nicotine challenge (Morrison and Stephenson 1972; BaA5ttig et al. 
1976; Clarke and K um ar 1983a,b). A careful analysis of the response 
to an acute challenge dose of nicotine dem onstrated th a t soon after 
the first dose of nicotine, depressed locomotor activity was observed; 
after 40 min or more, increased locomotor activity became apparent 
(Clarke and K um ar 1983b). Chronically injected ra ts  exhibited th is 
enhanced activity progressively earlier postinjection. More recently, 
K sir and others (1985, 1987) dem onstrated th a t chronic nicotine 
injections may result in enhanced locomotor activity im m ediately 
after nicotine injection if the  ra ts  were acclimated to the  test 
apparatus for 1 h r before nicotine injection. These findings indicate 
th a t in the  ra t, tolerance develops to the depressant effects of 
nicotine and th a t th is tolerance uncovers a la ten t stim ulatory action.

If mice are  injected chronically w ith nicotine, tolerance develops to 
the  locomotor depressant effects elicited by a challenge dose of 
nicotine (Hatchell and Collins 1977). The degree and ra te  of 
development of tolerance appear to be influenced by the sex, as well 
as the strain , of the anim als. Tolerance development has been 
studied by continuously infusing mice of several inbred stra ins with 
nicotine and assessing tolerance by m easuring locomotor activity, 
body tem perature, respiratory rate, heart rate , and acoustic startle  
response following nicotine challenge. Such studies have demon
strated  that: (1) Tolerance to nicotine increases with the nicotine
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infusion dose (Marks, Burch, Collins 1983a); (2) Tolerance is specific 
for nicotinic cholinergic agonists in th a t nicotine-infused anim als are 
not cross-tolerant to the m uscarinic cholinergic agonist oxotremo- 
rine (Marks and Collins 1985); (3) M aximal tolerance is a ttained 
w ithin 4 days following the initiation of infusion and is lost w ithin 8 
days following the cessation of infusion (Marks, Stitzel, Collins 1985); 
(4) Tolerance development varies between inbred mouse strains, with 
some stra ins exhibiting m arked tolerance and other strains showing 
very little (Marks, Romm et al. 1986); and (5) Mouse strains th a t fail 
to develop tolerance to nicotine are  also relatively insensitive to the 
effects elicited by an acute injection of nicotine (Marks, Stitzel, 
Collins 1986). More recently these investigators compared the effects 
of continuous and pulse infusions of nicotine on tolerance develop
m ent (Marks, Stitzel, Collins 1987). Pulse infusion was used to 
sim ulate the conditions obtained when tobacco is smoked. Although 
the total dose infused was the same in continuously infused and 
pulse-infused anim als, m arked differences in tolerance were seen. 
The pulse-infused anim als exhibited a g reater degree of tolerance. 
The degree of tolerance was most correlated w ith peak nicotine 
concentrations.

Chronic nicotine adm inistration results in tolerance to a num ber 
of other nicotinic effects. Tolerance develops to depression of operant 
responding elicited by high doses of nicotine, such th a t after 
sufficient chronic treatm ent, enhanced ra th e r than  depressed oper
an t responding is seen (Clarke and K um ar 1983c; H endry and 
Rosecrans 1982). A ttenuation of the effects of nicotine on electroen
cephalogram  (EEG) activity is seen in the ra t following chronic 
injection (Hubbard and Gohd 1975). These altered EEG responses 
paralleled the development of tolerance to behavioral effects de
scribed by these authors as "arousal.” In contrast to the findings of 
H ubbard and Gohd (1975), o ther studies indicate th a t chronic 
tolerance does not develop to the behavioral stim ulation effect of 
nicotine (Battig et al. 1976; Morrison and Stephenson 1972; Clarke 
and K um ar 1983a,c). Likewise, little  or no tolerance to nicotine- 
induced prostration after i.v. adm inistration was observed after 
chronic exposure in ra ts  (Abood et al. 1981, 1984).

In addition, tolerance has been reported to develop to nicotine- 
induced increases in plasm a corticosterone, but not adrenal catechol
am ine release in ra ts (Balfour 1980; Van Loon et al. 1987). Anderson 
and colleagues (1985) studied the effects of chronic exposure to 
cigarette smoke on neuroendocrine function of the ra t hypothala
mus. These researchers observed th a t chronic exposure to cigarette 
smoke over a period of 9 days did not result in tolerance to the ability 
of acute in term itten t exposure to cigarette smoke to reduce serum  
levels of prolactin, luteinizing hormone, and follicle stim ulating 
hormone.
52



Mechanisms o f Chronic Tolerance
Chronic tolerance to drugs may be due to an increase in the ra te  of 

drug metabolism or to a decrease in sensitivity of the tissue to the 
drug. Considerable differences exist among hum ans in the ra te  of 
nicotine metabolism (Benowitz et al. 1982). Metabolism is faster 
(shorter half-life) in smokers than in nonsmokers (Schievelbein et al. 
1978; K yerem aten et al. 1982; Kyerem aten, Dvorchik, Vesell 1983). 
The contribution of enhanced nicotine metabolism to the develop
m ent of nicotine tolerance in hum ans is unclear. Studies of ra ts 
which clearly dem onstrate th a t chronic nicotine trea tm en t results in 
tolerance to nicotine also indicate th a t chronic nicotine adm inistra
tion does not increase the ra te  of nicotine metabolism in ra ts 
(Takeuchi, Kurogochi, Yamaoka 1954) or mice (Hatchell and Collins 
1977; M arks, Burch, Collins 1983b). These findings indicate th a t 
tolerance to nicotine prim arily involves reduced sensitivity of target 
tissues.

Chronic tolerance to nicotine may be due to alterations in brain 
nicotinic receptors (see Chapter III for fu rther discussion of nicotine 
receptors). A t least two types of nicotinic receptors exist in rodent 
brain  (Marks and Collins 1982). One of these receptor types may be 
m easured with 3H-nicotine or 3H-acetylcholine (3H~ACh) (Marks, 
Stitzel et al. 1986; Martino-Barrows and K eller 1987), while the  other 
type may be m easured with 125I-bungarotoxin (BTX). The nicotine- 
binding site has higher affinity for nicotine th an  does the  BTX site 
(M arks and Collins 1982). Chronic nicotine injection, once or twice 
daily for approxim ately 7 days, increased the num ber of 3H-nic- 
o tin e /3H-ACh-binding sites in the brain  (Ksir et al. 1985, 1987; 
Morrow, Loy, Creese 1985; Schwartz and K ellar 1983, 1985). This 
increase in nicotine-binding sites appeared to correlate with the 
emergence of nicotine-induced increases in locomotor activity in the 
rat. Studies of tolerance to nicotine in one inbred mouse stra in  (DBA) 
also dem onstrated th a t chronic nicotine trea tm en t elicits an  increase 
in the num ber of brain nicotinic receptors as m easured with both 3H- 
nicotine and BTX as the  ligands (Marks, Burch, Collins 1983a; M arks 
and Collins 1985; M arks et al. 1985, 1986; M arks, Stitzel, Collins 
1985,1986,1987). These studies have also shown that the number of 
3H-nicotine-binding sites increases a t lower doses of nicotine than  do 
the BTX-binding sites. An increase in 3H-nicotine binding (Marks, 
Burch, Collins 1983a) parallels development of tolerance to various 
responses during chronic infusion. In chronically infused DBA mice, 
tolerance acquisition and disappearance parallel the up-regulation 
and re tu rn  to control, respectively, of brain  3H-nicotine binding 
(Marks, Stitzel, Collins 1985). These findings suggest th a t the 
increase in 3H-nicotine binding is related to the development of 
tolerance to nicotine. However, fu rther studies indicate th a t factors 
other th an  receptor num ber must also be considered, because mouse
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strains th a t do not develop tolerance to nicotine also dem onstrate up- 
regulation of nicotinic receptors following chronic infusion (Marks et 
al. 1986; M arks, Stitzel, Collins 1986).

T hat chronic nicotine trea tm en t results in a decrease in response 
to the  drug (tolerance) and an increase in the num ber of nicotinic 
receptors was an unexpected finding. Marks, Burch, and Collins 
(1983a) and Schwartz and K ellar (1985) have suggested th a t chronic 
nicotine trea tm en t results in chronic desensitization of nicotinic 
receptors. Chronic desensitization of the nicotinic receptor is compa
rable to chronic trea tm en t with an antagonist and could be the 
stim ulus for up-regulation of the receptors. According to this 
hypothesis, there  is an increase in num ber of brain  nicotinic 
receptors but a decrease in the absolute num ber of "activatable” 
(nondesensitized) receptors. This would result in a decreased re
sponse to nicotine (tolerance). M arks and coworkers suggest th a t 
inbred mouse strains failing to exhibit tolerance to nicotine, under 
the procedures used by these investigators, have brain nicotinic 
receptors th a t resensitize more rapidly than  do those stra ins th a t do 
exhibit tolerance.

By trea ting  ra ts chronically with the acetylcholinesterase inhibi
tor disulfoton, Costa and M urphy (1983) have found a decrease in ra t 
b rain  3H-nicotine binding. Disulfoton-treated ra ts were also to leran t 
to the antinociceptive effects of nicotine. Thus, tolerance to nicotine 
effects may be seen when the num ber of nicotinic receptors is 
increased or decreased by chronic drug treatm ent. The observation 
th a t tolerance to a t least one effect of nicotine can be obtained by a 
technique th a t decreases brain nicotinic receptor num bers supports 
the idea th a t chronic nicotine trea tm en t results in an  increase in the 
total num ber of receptors but a decrease in those th a t may be 
activated by nicotine; th a t is, a  high fraction of the up-regulated 
receptors are desensitized.

In contrast to the studies reviewed above, some investigators have 
found no change in the num ber or affinity of 3H-nicotine-binding 
sites in the brains of ra ts chronically exposed to nicotine (Abood et 
al. 1984; Benwell and Balfour 1985).

O ther potential neurochemical explanations for tolerance to 
nicotine have been considered. Several reports (Westfall 1974; 
Giorguieff et al. 1977; Arqueros, Naquira, Zunino 1978; Giorguieff- 
Chesselet et al. 1979) indicate th a t nicotine stim ulates dopamine 
release in vitro, and a recent study dem onstrated th a t nicotinic 
agonists are less effective in stim ulating dopamine release in slices of 
stria tum  obtained from rats th a t had been chronically treated  with 
the nicotinic agonist dim ethylphenylpiperazinium  (DMPP) (Westfall 
and P erry  1986). These findings are consistent with the idea th a t 
chronic nicotinic agonist trea tm en t results in a decrease in the 
absolute num ber of receptors th a t can be activated.
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Pharm acodynam ics o f N icotine and Cigarette Sm oking
As the foregoing review has shown, the intensity of nicotine's 

effects is related to the dose given, the tim e since the last dose, and 
the level of preexisting or acquired tolerance. Since nicotine can 
produce effects th a t lead to fu rther use (reinforcing effects) (Hen- 
ningfield and Goldberg 1983) and can also produce effects th a t lim it 
use (aversive effects, usually a t higher dose levels) iD anaher 1977), 
the strength of the effect of a given dose can determ ine w hether 
more or less nicotine will be subsequently taken. Thus, factors such 
as tolerance can affect the m anner in which nicotine controls 
behavior (Chapter IV). Similarly, an individual’s ability to develop 
tolerance to the toxic actions may be critical in determ ining w hether 
smoking will occur and, if smoking is initiated, w hether there will be 
an increase in the num ber of cigarettes consumed each day.

Pharm acodynam ic considerations may help explain the pattern  of 
cigarette smoking throughout the day. Intervals between smoking 
cigarettes may be determ ined a t least in part by the tim e required 
for tolerance to disappear. With regular smoking there is accum ula
tion of nicotine in the body resulting in a greater level of tolerance. 
Transiently high brain levels of nicotine following smoking individu
al cigarettes may partially overcome tolerance. But the effects of 
individual cigarettes tend to lessen throughout the day. Overnight 
abstinence allows considerable resensitization to effects of nicotine, 
and the daily smoking cycle begins again.

Pharm acodynam ic observations with i.v. dosing of nicotine explain 
the patte rn  of cardiovascular changes observed in cigarette smokers. 
That brief infusions of nicotine increase heart ra te  to a maximum 
suggests th a t heart ra te  will increase most with the first few 
cigarettes of the day, but subsequently will not vary in relation to 
the am ount of nicotine consumed. That only partial tolerance 
develops to heart ra te  acceleration due to nicotine suggests th a t 
effects on heart ra te  may persist as long as significant levels of 
nicotine persist, including overnight. These predictions were con
firmed in a study in which volunteer cigarette smokers smoked 
either high- or low-yield nonfilter research cigarettes or abstained 
from smoking (Benowitz, Kuyt, Jacob 1984). Full compensation for 
the low-yield research cigarettes, which contained only small 
am ounts of nicotine, was impossible. R esultant nicotine blood levels 
were different by fourfold. As predicted, heart ra te  (assessed by 
continuous am bulatory electrocardiogram (EKG) monitoring) in 
creased in the morning—more on smoking than  nonsmoking days— 
and the increase occurred with the first few cigarettes of the day. 
Subsequently, heart ra te  followed a norm al circadian pattern , but 
was always higher during smoking than  during abstinence. Also, as 
predicted, heart ra te  was no different during the smoking of low-
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yield or high-yield cigarettes, despite the fourfold difference in blood 
nicotine concentration.

Pharm acodynam ic aspects of the actions of nicotine may explain 
in part how cigarette smoking causes coronary heart disease (US 
DHHS 1983). As noted before, because of the accum ulation of 
nicotine and its dose-response characteristics, heart ra te  is increased 
during cigarette smoking for 24 h r a day. Plasm a catecholamine 
concentrations and u rinary  catecholam ine excretion rem ain in
creased as well (Benowitz 1986c), consistent with the theory th a t 
cigarette smoking produces sym pathetic neural activation 24 h r each 
day. Persistent sym pathetic activation could result in the following 
effects: (1) A lteration in lipid metabolism, resulting in a more 
atherogenic lipid profile; (2) Promotion of platelet aggregation and 
hypercoagulability; (3) Induction of vasoconstriction and coronary 
spasm; and (4) Increased h ea rt ra te  and myocardial contractility, 
thereby an increase in the oxygen demands of the heart and of 
circulating catecholamines, which can promote cardiac arrhythm ias. 
These factors could accelerate atherosclerosis and contribute to 
acute myocardial infarction in a person with preexisting coronary 
atherosclerosis (Benowitz 1986a) (see also Appendix B). There is no 
apparen t correlation between acute coronary events and the tim e at 
which a person smokes a cigarette, perhaps because of the persistent 
effects of nicotine throughout the day.

Constituents of Tobacco Smoke Other Than Nicotine With 
Potential Behavioral Effects

Tobacco smoke contains more than  4,000 constituents, m any of 
which may have biological activity (US DHHS 1983). Although 
nicotine is the major pharmacologic factor which determ ines the use 
of tobacco, o ther constituents may also be involved. The behavioral 
effects of tobacco constituents other than  nicotine are described in 
the Section below and in C hapter IV. This Section focuses more on 
the chemicals th a t may be involved, whereas Chapter IV focuses 
more on cigarette smoking behavior.
M inor Tobacco A lkaloids

Most of the research on the m inor tobacco alkaloids has been 
directed to determ ining physiological effects, such as the effect on 
blood pressure and other cardiovascular responses and toxicological 
effects, ra th e r than  the potential for behavioral effects. The pharm a
cologic effects of alkaloids of the nicotine group have been discussed 
by Bovet and Bovet-Nitti (1948) and Clark, Rand, and Vanov (1965). 
Nornicotine and anabasine were found to have qualitatively sim ilar 
actions but to be less potent than  nicotine. Larson and Haag (1943)
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reported th a t the potency of nornicotine as determ ined by effects on 
blood pressure in dogs was about one-twelfth th a t of nicotine.

Nicotine analogs have been studied for discrim inative stim ulus 
effects by using anim al models (Chance et al. 1978) (see also C hapter 
IV). The only chemical shown to produce a positive response in th a t 
test system was 3-methylpyridylpyrrolidine. Recent research has 
focused on binding a t specific brain receptor sites. M artin  and 
coworkers compared binding characteristics of nicotine-related com
pounds (M artin et al. 1986; Sloan et al. 1985). Lobeline, anabasine, 
and cytisine were evaluated for effects on heart rate, blood pressure, 
respiration rate, m inute volume, and tidal volume (Sloan et al. 1987). 
Lobeline and anabasine bound to low-affinity sites in the brain, 
whereas cytisine bound only a t a high-affinity site. The binding data 
are consistent with the pharmacologic data, indicating th a t lobeline 
and anabasine have different pharmacologic actions than  cytisine. 
Kanne and others (1986) and Abood and Grassi (1986) evaluated two 
nicotine analogs, including a new radioligand, to study brain 
nicotinic receptors. K achur and others (1986) studied the pharm aco
logic effects of a bridged-nicotine analog (m ethylene bridge between 
the m ethyl of the pyrrolidine ring and the a-position of the pyridine 
ring). The m agnitude of pressor effect depended on the  particular 
enantiom er and dosage. These results emphasize th a t compounds 
other than  nicotine may act a t the nicotine receptors; however, there 
may be subpopulations of receptors to which different agonists and 
antagonists bind (Chapter III).

N-M ethylated derivatives of nicotine, including nicotine isometho- 
nium ion (N-methylnicotinium ion, NMN), have been shown to have 
pressor and neurom uscular effects in some species (Shimamoto et al. 
1958). Nicotine isomethonium ion was first reported to be a 
m etabolite of nicotine present in sm okers’ urine by McKennis and 
coworkers in the 1960s, and its presence in sm okers’ urine has been 
recently confirmed (N eurath et al. 1987). Recently Crooks and 
coworkers (Cundy, Godin, Crooks 1985) have shown th a t only the  (R)- 
isomer of nicotine is converted to nicotine isomethonium ion in vitro 
in guinea pig tissue homogenates or in vivo in guinea pigs. 
Consequently, it is uncertain  as to w hether the  nicotine isomethoni
um ion present in sm okers’ urine arrives from the small am ount of 
(RKnicotine present in tobacco smoke, or w hether the hum an enzyme 
systems have different specifications th an  the guinea pig enzymes. 
Because little if any nicotine isomethonium ion penetrates the blood- 
brain barrier (Pool 1987; Aceto et al. 1983), it would appear th a t this 
m etabolite could have behavioral actions only if it were formed in 
the CNS. These findings emphasize the complexity of the pharm acol
ogy of nicotine-related compounds. It can be concluded from research 
on these compounds th a t some do bind to specific brain  receptors and 
may result in centrally mediated physiological changes. However,
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there is inadequate evidence to date th a t any of these compounds 
produces either aversive or rew arding effects in hum an smokers.
"Tar” and Selected  C onstituents of Tobacco Sm oke Which 
Contribute to Taste and Aroma

"T ar” is used to describe the dry particulate m atter without the 
nicotine in tobacco smoke (Pillsbury et al. 1969). The possible role of 
ta r  in the m aintenance of the cigarette smoking habit has been 
considered. Goldfarb and coworkers (1976) studied the effects of the 
ta r  content (determined by cigarette smoking machine testing) on 
the subjective reactions to cigarette smoking. Ratings of strength 
were not related to the ta r  index of the cigarettes. The results were 
interpreted as indicating th a t ta r  did not have a role in the 
m aintenance of cigarette smoking behavior. In a la ter study, Sutton 
and coworkers (1982) found th a t when nicotine yield was held 
constant, smokers of lower-tar cigarettes puffed more smoke and had 
higher drug plasma levels. These results suggested th a t smokers 
were compensating for reduced delivery of ta r  by inhaling a greater 
volume of smoke. Because these two studies used different experi
m ental designs, it is difficult to draw a conclusion as to the role of ta r 
in relation to smoking behavior. However, based on knowledge about 
the taste  and arom a constituents of cigarette smoke, it is likely tha t 
some of the chemicals in the ta r  fraction contribute to tobacco use, if 
only by providing distinct sensory stim uli (Chapter VI). Consistent 
with this possibility, m inim al levels of ta r  are held by tobacco 
m anufacturers to be im portant to the taste  characteristics of tobacco 
smoke.

Several thousand compounds have been isolated from tobacco and 
tobacco smoke (Dube and Green 1982), and many of these may be 
biologically active (IARC 1986). The precursors to the carotenoids 
and diterpeniods, selected nitrogenous and sulfur constituents, 
waxes and lipids, and phenolics and acids contribute to the taste and 
arom a of tobacco (Enzell and W ahlberg 1980; Heckman et al. 1981; 
Davis, Stevens, Ju rd  1976). A num ber of the isoprenoid compounds 
tha t influence the taste and arom a of smoke may be formed by 
sequential oxidation, rearrangem ent, and reduction reactions (Davis, 
Stevens, Ju rd  1976). Enzell and W ahlberg (1980) described several 
norisoprenoid compounds which are derived from the cyclic carot
enoids and are im portant to smoke aroma. The particu lar taste and 
arom a of a cigarette can be influenced by the selection of the grade 
(quality and leaf position on the plant) and type of tobacco used in 
the blend.

Taste and smell receptors in the pharynx, larynx, and nose provide 
the first sensory input to the smoker as he or she lights up, an 
experience which is generally perceived as pleasurable (Rose et al.
1985). The taste and smell of tobacco smoke may be im portant
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reinforcers for tobacco smoking (Jarvik 1977)—at least following 
repeated association with the reinforcing effects of nicotine adm inis
tra tion  (Chapter VI). By such behavioral conditioning, sensory cues 
provided by ta r and flavor additives could come to control the 
tobacco-consuming behavior of the tobacco user. Changes in smoking 
patterns when brands are switched and brand selection may be a 
response in part to the particular flavor and arom a of the product 
(Thornton 19781.
Carbon M onoxide

The m ainstream  and sidestream  carbon monoxide (CO) deliveries 
of cigarettes are influenced by cigarette design and puffing charac
teristics of the smokers. Depending upon these factors, the m ain
stream  delivery usually ranges from 10 to 20 m g/cigarette. In a 
study of 29,000 blood donors in 18 locations around the U nited 
States, smokers were found to have median carboxyhemoglobin 
(COHb) levels ranging from 3.2 to 6.2 percent (Stewart et al. 1974). 
Anderson, Rivera, and Bright (1977) found the COHb levels in 50 
smokers to vary from 3.9 to 14.0 percent, with the  m ean of 8.1 
percent. The mean increm ent in COHb immediately after smoking 1 
cigarette was 0.64 percent. COHb levels gradually decrease in blood 
after cessation of smoking. Carbon monoxide is elim inated in expired 
air. The ra te  of elim ination depends on pulm onary blood flow and 
ventilation. The half-life of COHb is 2 to 4 h r during daytim e hours, 
but as COHb is related to the level of exercise, the  half-life may be as 
long as 8 h r during sleep (Wald et al. 1975). For these reasons, many 
smokers awaken in the morning with substantial levels of COHb, 
despite not smoking overnight (Benowitz, Kuyt, Jacob 1982). Persons 
smoking cigarettes with lower nicotine and CO yields have only 
slightly lower levels of COHb when compared w ith those smoking 
higher-yield products (Wald et al. 1980, 1981; Sutton et al. 1982; Hill, 
Haley, W ynder 1983; Benowitz, Jacob, Yu et al. 1986).

Benowitz and colleagues (1986) studied tar, nicotine, and CO 
exposure in smokers switched from their usual brand to low-, high-, 
and ultra-low-yield cigarettes. This study indicated th a t there  were 
no differences in exposure comparing low- and high-yield, but ta r 
and nicotine exposure were reduced by about 50 percent and CO by 
36 percent while smoking w/ira-low-yield cigarettes. Switching from 
a high to lower yield cigarette does not significantly reduce blood 
COHb although switching to u ltra  low cigarettes has been shown to 
lead to a significant reduction.

The toxic effects of high CO levels are well documented (US DHHS
1983). Some studies have tried to determ ine w hether CO levels in the 
blood sim ilar to those observed in smokers can affect behavior. Beard 
and W ertheim  (1967) and W right, Randell, and Shephard (1973) 
reported performance decrem ents with COHb levels below 5.0
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percent; however, G uillerm an, Radziszewski, and Caille (1978) found 
no psychomotor performance effects a t COHb levels of 7 and 11 
percent. Thus, the data are inconclusive with regard to the possible 
influence of CO on psychomotor performance a t levels norm ally 
encountered in smokers.
A cetaldehyde and Other Sm oke C onstituents

Acetaidehyde is a major constituent of tobacco smoke, with 
m ainstream  smoke levels in commercial cigarettes ranging from 0.5 
to 1.2 m g/cigarette (IARC 1986). The delivery of volatile aldehydes is 
influenced by cigarette design, with reductions achieved by specific 
filtration and a ir dilution techniques. Yields over 5.9 mg have been 
reported for large cigars (Hoffmann and W ynder 1977). Acetalde
hyde is the prim ary m etabolite of ethanol, and its toxic potency is 20 
to 30 times th a t of ethanol. Acetaldelhyde has been suggested to 
have an adverse effect on the heart (James et al. 1970). Acetaldehyde 
and acrolein, another im portant aldehyde in the gas phase of 
cigarette smoke, activate the sym pathetic nervous system (Egle and 
Hudgins 1974). Acetaldehyde, by releasing norepinephrine, results 
in a pressor effect (K irpekar and Furchgott 1972; Green and Egle
1983). Depressor effects occur a t high doses of the  aldehydes in 
guanethidine-pretreated hypertensive rats. Frecker (1983) indicated 
th a t condensation products of acetaldehyde may be active on 
endogenous opioid systems. Torreilles, Guerin, and Previero (1985) 
reviewed the synthesis and biological properties of beta-carbolines, 
the condensation products of tryptophan and indole alkylam ines 
with aldehydes. Beta-carbolines occur as plant constituents, includ
ing m inor constituents in tobacco. For example, harm an (1-methyl-p- 
carboline) has been identified in tobacco and tobacco smoke (Snook 
and Chortyk 1984). Carbolines from other p lan t species have been 
used as hallucinogens. The research conducted to date indicates a 
potential pharmacologic effect of the aldehydes, especially with 
regard to cardiovascular physiology; however, the evidence is 
inadequate to determ ine if these volatile smoke constituents in the 
doses delivered in tobacco smoke contribute to the behavioral effects 
of cigarette smoking.

Summary and Conclusions

1. All tobacco products contain substantial am ounts of nicotine 
and other alkaloids. Tobaccos from low-yield and high-yield 
cigarettes contain sim ilar am ounts of nicotine.

2. Nicotine is absorbed readily from tobacco smoke in the  lungs 
and from smokeless tobacco in the m outh or nose. Levels of 
nicotine in the blood are sim ilar in people using different forms 
of tobacco. W ith regular use, levels of nicotine accum ulate in
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the body during the day and persist overnight. Thus, daily 
tobacco users are exposed to the effects of nicotine for 24 hr 
each day.

3. Nicotine th a t enters the blood is rapidly distributed to the 
brain. As a result, effects of nicotine on the central nervous 
system occur rapidly after a puff of cigarette smoke or after 
absorption of nicotine from other routes of adm inistration.

4. Acute and chronic tolerance develops to many effects of 
nicotine. Such tolerance is consistent w ith reports th a t initial 
use of tobacco products, such as in adolescents first beginning 
to smoke, is usually accompanied by a num ber of unpleasant 
symptoms which disappear following chronic tobacco use.
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Overview

Nicotine, in tobacco smoking concentrations, is a powerful psy
choactive drug (Domino 1973; K um ar and Lader 1981; Balfour 1984). A 
wide variety of stim ulant and depressant effects is observed in 
anim als and hum ans th a t involves the central and peripheral 
nervous, cardiovascular, endocrine, gastrointestinal, and skeletal 
motor systems. These heterogeneous effects, along w ith behavioral 
and psychological variables, result in self-adm inistration of tobacco, 
tobacco dependence, and withdrawal phenom ena with abrupt cessa
tion of tobacco smoking. This Chapter discusses sites and m echan
isms of nicotine actions th a t may help to explain why tobacco 
products are self-administered.

The first Section of this Chapter provides general sum m aries of 
several major effects of nicotine in the body. Following this broad 
overview, the Chapter presents detailed discussions of sites and 
mechanisms of nicotine action th a t may be particularly  im portant to 
understand tobacco use. Tissue distribution of nicotine, cerebral 
metabolic effects, and nicotine receptor binding are reviewed. Next, 
neuroendocrine and endocrine effects of nicotine are discussed. 
Then, electrophysiological effects of nicotine are presented. Finally, 
the effects of smoking on psychophysiological reactivity are  discuss
ed.
Peripheral Effects o f N icotine

Nicotine exerts its action on the cardiovascular, respiratory, 
skeletal motor, and gastrointestinal systems through stim ulation of 
peripheral cholinergic neurons via afferent chemoreceptors and 
ganglia of the  autonomic nervous system (ANS) (Ginzel 1967b). 
Inasm uch as both sym pathetic and parasym pathetic ganglia are 
stim ulated by levels of nicotine derived from tobacco smoking, the 
end resu lt depends on the sum m ation of the effects of autonomic 
ganglion stim ulation and reflex effects. The resulting peripheral 
physiological changes generally resemble sym pathetic nervous sys
tem  (SNS) arousal, but there  are also some effects of nicotine and 
smoking th a t lead to physiological relaxation. For example, there  is 
usually an increase in heart ra te  and blood pressure im m ediately 
following cigarette smoking. In addition, there  is cutaneous vasocon
striction of the distal extrem ities. In contrast, nicotine can relax 
skeletal muscles (e.g., reduce patellar reflex) in hum ans and anim als 
via effects on Renshaw cells (Domino and Von Baum garten 1969; 
Ginzel and Eldred 1972; Ginzel 1987). But it also can enhance tension 
in some muscles (e.g., trapezius muscle) (Fagerstrom and Gotestam 
1977). Nicotine in small doses can enhance respiration through 
stim ulation of peripheral chemoreceptors. Yet, high nicotine doses 
can cause respiratory failure. (See Appendix B for a discussion of
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nicotine toxicity.) The gastrointestinal effects of nicotine are  com
plex, involving an increase in secretions and reduced motility for a 
short period of time.

The peripheral actions of nicotine as a cholinergic agonist have 
made it a valuable pharmacologic tool for studying nicotinic 
cholinergic actions and functioning in m any physiological systems. 
This C hapter focuses on the mechanisms of nicotine’s actions 
relevant to tobacco use. Several peripheral actions of nicotine, for 
instance m uscular relaxation, may contribute to the habitual use of 
tobacco products (see smoking and stress in C hapter VI). However, 
because the central nervous system (CNS) actions of nicotine and 
resulting neurochemical and electrical effects mediate subsequent 
biological and behavioral responses, a review of these actions 
contributes to an  understanding of the  reinforcing effects of nicotine.
Central S ites o f N icotine A ctions

Nicotinic binding sites or receptors in the brain have been 
differentiated as very high, high, and low affinity types (Shimohama 
et al. 1985; Sloan, Todd, M artin  1984; Sloan et al. 1985). In the  ra t 
brain , when cholinergic muscarinic receptors a re  blocked, the 
autoradiographic distribution of 3H-acetylcholine (ACh) and 3H- 
nicotine are essentially identical (Clarke and K um ar 1984; Clarke, 
Pert, P ert 1984). However, these brain binding sites differ from 
peripheral nicotinic receptors in ganglia and skeletal muscle.

Chronic nicotine adm inistration results in up-regulation in region
al r a t  brain  3H-ACh binding sites m easured in the  presence of 
atropine to block the  m uscarinic sites (Schwartz and K ellar 1985). 
Up-regulation of 3H-nicotine binding sites also has been reported 
after continuous nicotine infusions in mice (Marks, Burch, Collins 
1983a). In contrast, most agonists th a t act on receptor sites in the 
body, when given chronically, produce a reduction (or down-regula- 
tion) in the num ber of receptors. Both M arks, Burch, and Collins 
(1983b) and Schwartz and K ellar (1983, 1985) have suggested th a t 
nicotinic cholinergic receptors undergo a functional blockade but 
th a t sufficient recovery would allow enhanced behavioral responses 
to low doses of nicotine to occur w ithin 24 hr, as has been shown 
behaviorally by Clarke and K um ar (1983) and Ksir and coworkers
(1985). This phenomenon may help to explain the tolerance to 
nicotine th a t develops with repeated exposure. However, the tim e 
course of changes in receptor num ber and other biological effects of 
nicotine m ust be carefully compared to determ ine mechanisms 
underlying tolerance. (See C hapter II for additional discussion.)

Several investigators have used in vitro autoradiography to 
identify 3H-nicotine binding sites in the ra t brain. These audioradio
graphic binding studies suggest where nicotine is acting. London, 
Waller, and Wamsley (1985) have found the most intense localization
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of 3H-labeled nicotine in the interpeduncular nucleus and medial 
habenula.

Cerebral metabolism studies also suggest key sites of action. 
London and colleagues (1985) have reported th a t nicotine stim ulated 
local cerebral glucose utilization (LCGU) by 139 percent over th a t of 
the control in the medial habenula and by 50 to 100 percent in the 
superior colliculus and the anteroventral thalam ic and interpedun
cular nuclei. O ther areas of the brain  showed m oderate or no 
significant changes. These effects of nicotine were blocked by 
mecamylamine, a nicotinic receptor antagonist, confirming th a t they 
acted via nicotinic receptors. Furtherm ore, they correlated well with 
the distribution of 3H-nicotine binding in the brain  except in layer 
IV of the neocortex, which showed nicotine binding bu t no change in 
LCGU. Sites th a t show increased glucose utilization after nicotine 
adm inistration are probably functionally im portant loci of nicotinic 
actions. When nicotine binding and increased energy utilization both 
occur a t a given site, it is likely to be involved in nicotine’s actions.
N euroendocrine Effects o f N icotine

Some of the actions of nicotine result from the release of ACh and 
other neurotransm itters, including norepinephrine (NE). Nicotinic 
cholinergic agonists including nicotine, carbachol, and l,l-dimethyl-4- 
phenylpiperazinium  (DMPP) release endogenous ACh from the 
presynaptic cholinergic nerve term inals in addition to stim ulating 
postsynaptic nicotinic receptors (Chiou 1973; Chiou and Long 1969). 
Nicotinic agonists also release ACh from ra t cerebral cortical 
synaptic vesicles and can release newly synthesized 3H-ACh from 
synaptosomes prepared from the m yenteric plexus of guinea pig 
ileum and from mouse cortical synapses (Briggs and Cooper 1982; 
Rowell and W inkler 1984). These effects are Ca2+-dependent and are 
blocked by hexam ethonium , a quarternary  nicotinic receptor antago
nist. In addition, nicotine-induced release of ACh in the  hippocampal 
synaptosomes is blocked by the  ion channel blocker, histrionicotoxin 
(Rapier et al. 1987). There is good evidence th a t nicotine releases 
ACh by a presynaptic mechanism. In contrast, presynaptic musca
rinic receptors, mostly of the  M2-subtype, inhibit ACh release. 
Nicotine adm inistration increases the am ounts of o ther chemicals in 
the blood and brain, including serotonin, endogenous opioid peptides, 
p itu itary  hormones, catecholamines, and vasopressin (Domino 1979; 
Gilman e t al. 1985; M arty and colleagues 1985). These chemicals may 
be involved in reinforcing effects of nicotine (see Chapters IV, VI).
E lectrophysiological Effects of N icotine

Nicotine adm inistration is accompanied by brain  wave or electro
encephalogram (EEG) activation in anim als (Domino 1967). The EEG- 
activating effects of small doses of nicotine occur in intact as well as
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brainstem -transected animals. Nicotine acts prim arily directly on 
brainstem  neuronal circuits to produce these effects (Domino 1967). 
However, stim ulation of peripheral afferents (Ginzel 1987) and 
release of catecholamines and possibly neurotransm itters and modu
lators, such as serotonin or histam ine, may enhance the direct 
central effects of nicotine.

The EEG-activating effects of nicotine result in behavioral arousal 
(Domino, Dren, Yamamoto 1967). In cigarette smokers, nicotine 
produces sedative and stim ulant effects (Kum ar and Lader 1981). 
Aceto and M artin  (1982) have reviewed the large variety of nicotine 
effects on behavior including facilitation of memory, the  increase in 
spontaneous motor activity, nicotine’s antinociceptive properties, 
and its suppression of irritability . These behavioral and psychologi
cal effects are discussed in Chapters IV and VI.

Distribution and Cerebral Metabolic Effects of Nicotine

Nicotine, adm inistered by various routes, rapidly enters the brain  
and also distributes to specific, peripheral organs. Nicotine produces 
a distinct pattern  of stim ulation of cerebral metabolic activity th a t 
suggests where nicotine acts in the brain. This Section reviews 
studies on the distribution of nicotine after its adm inistration to 
experim ental anim als, data  on the relationship between tissue levels 
of nicotine and the drug’s biological effects, and studies on mapping 
the cerebral metabolic effects of nicotine in the ra t brain.
D istribution o f N icotine
Tissue Distribution o f  Nicotine: Time Course and Other 
Considerations

The distribution in the body of exogenously adm inistered nicotine 
has been a topic of in terest for more than  a century and has been 
reviewed several times (Larson, Haag, Silvette 1961; Larson and 
Silvette 1968, 1971). As early as 1851, Orfila described experim ents 
in which he detected nicotine in various organs (e.g., liver, kidney, 
lungs) and in the blood of anim als after nicotine adm inistration. In 
the 1950s the development of radiotracer methods led to a reexam i
nation of nicotine distribution in the body.

W erle and Meyer (1950) found th a t the brain, compared with o ther 
organs, contained the  highest nicotine levels im m ediately after 
injection of a lethal dose in guinea pigs. Tsujimoto and colleagues 
(1955) found a high concentration of nicotine in the brain  after the 
drug was adm inistered to rabbits and dogs. Yamamoto (1955) 
observed th a t 1 h r after a subcutaneous (s.c.) injection of 5 m g/kg in 
the rabbit, the nicotine content was highest in the kidney. The 
pancreas, ileum, ventricular muscle, skeletal muscle, lung, spleen, 
cerebral cortex, omental fat, and liver showed progressively lower
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levels of nicotine a t 1 hr. None of the tissues had detectable levels at 
6 hr. In the dog, the highest level a t 1 h r was in the kidney, followed 
by the pancreas, brain, ileum, liver and om ental fat, spleen, heart, 
muscle, and lung.

Schmiterlow and colleagues used radiolabeled nicotine and whole- 
body autoradiography to study the distribution of nicotine in several 
species (Hansson and Schmiterlow 1962; Appelgren, Hansson, 
Schmiterlow 1962, 1963; Hansson, Hoffman, Schmiterlow 1964; 
Schmiterlow et al. 1965; Schmiterlow e t al. 1967). A fter radiolabeled 
nicotine was adm inistered, radioactivity representing nicotine and 
its metabolites was concentrated in some organs, particularly  the 
brain. Hansson and Schmiterlow (1962) injected (S)-nicotine-methyl- 
14C intram uscularly  or intravenously (i.v.) in mice. W ithin 5 min, 
high concentrations were found in the  brain, adrenal medulla, 
stomach wall, and kidney. Lower concentrations were observed in 
the liver, skeletal muscle, and blood, bu t all concentrations were 
higher in tissue than  in blood. Activity was high in the kidney from 5 
min to 4 h r a fter the nicotine injection, with the highest activity 
occurring w ithin the  first hour. The adrenal m edulla m aintained a 
high concentration a t 1 h r and 4 h r after injection, but little  or no 
activity was observed a t 24 hr. At 30 min, the  levels were high in the 
walls of large blood vessels and in the  bone marrow. Radioactivity 
disappeared rapidly from the brain.

Appelgren, Hansson, and Schmiterlow (1962) prepared whole-body 
autoradiogram s of mice and cats given i.v. injections of 14C-nicotine. 
An initial, heterogeneous accum ulation of radioactivity occurred in 
the  CNS. Fifteen m inutes after the  radiotracer injection, the cat 
brain showed distinctly more intense labeling of grey than  of white 
m atter. Also apparen t was a regional distribution w ithin grey 
m atter areas, particularly  in the  hippocampus. By 30 min, radioac
tivity was reduced. Studies of mice dem onstrated a high concentra
tion of label in the brain  a t 5 min. By 30 min, the  concentration was 
high in salivary glands, stomach contents, liver, and kidneys, while 
the  brain  was alm ost devoid of radioactivity. The sam e group also 
showed the accum ulation of 14C-nicotine in the retina of the eye after 
i.v. adm inistration (Schmiterlow et al. 1965).

Fishm an (1963) reported th a t in ra ts  given random ly labeled I4C- 
nicotine intraperitoneally  (i.p.) and killed 3 h r  later, the kidney 
contained the highest concentration of radioactivity, followed by the 
lung, liver, brain, skeletal muscle, spleen, and heart. In the dog, 
more 14C-nicotine was present in the  stomach wall th an  in any other 
tissue analyzed 3 h r  a fter i.v. injection of radioactive nicotine.

Yamamoto, Inoki, and Iwatsubo (1967) gave mice s.c. injections of 5 
m g/kg m ethyl-14C-nicotine. Five m inutes later, they found 0.5 to 1 
H-g/g (wet weight) of nicotine in various brain regions, including the 
cerebral cortex, superior and inferior portions of the brain stem, and
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the cerebellum. H ighest levels were detected 5 to 10 min after 
injection. M aximum levels in liver and whole blood were observed 2 
and 10 min, respectively, after the injection.

Yamamoto, Inoki, and Iwatsubo (1968) studied penetration of 14C- 
nicotine in ra t tissues in vivo and in vitro. They found th a t 5 mg/kg, 
i.p., in m ale W istar ra ts  produced the following maxim um  tissue-to- 
blood ratios of 14C-nicotine activity after 10 to 20 min: kidney, 8.7; 
liver, 6.7; subm axillary gland, 6.2; cerebral cortex, 3.5; brainstem , 
2.4; and heart, 1.8. W hen they incubated tissue slices with 10'4 M 14C- 
nicotine for 30 min a t 37 °C, the relative uptake of the label was 
similar: kidney cortex, 2.6; liver, 2.1; subm axillary gland, 2.1; and 
cerebral cortex, 2.0. Penetration  in slices was unaffected by uncou
pling oxidative phosphorylation or blocking metabolic pathways, 
indicating th a t th e  uptake was not by active transport. In vivo, 
tissue-to-blood ratios were greater than  slice-to-medium ratios, 
indicating th a t a process other than  passive diffusion was involved.

Because the respiratory trac t is a m ajor route by which nicotine 
from tobacco smoke en ters the  body, Schmiterlow and coworkers 
(1965) sprayed l4C-nicotine solution directly onto the  trachea of mice. 
Autoradiogram s from mice killed a t 2 m in exhibited a high am ount 
of radioactivity in the respiratory trac t and lungs and showed th a t 
nicotine enters the  CNS rapidly by this route as well. At 15 min, 
radioactivity still persisted in the lungs, was reduced in the  brain, 
and appeared in large am ounts in the kidneys and stomach.

U ptake and distribution of nicotine from tobacco smoke have also 
been assessed. H arris and Negroni (1965) exposed mice to cigarette 
smoke and extracted nicotine from the lungs (5 to 25 (xg). M attila and 
A iraksinen (1966) exposed guinea pigs to the smoke of one 4-g cigar 
over a period of 40 min, with in term itten t ventilation with fresh air, 
and found th a t the same tissues which concentrated nicotine 
adm inistered by other routes also showed nicotine uptake from 
smoke. Organ-to-blood ratios were lung, 2.0; spleen, 3.0; intestine, 
2.9; and brain, 1.1.

The use of positron-em itting radiotracers perm its in vivo estim a
tion of nicotine uptake into the brain  and other organs, offering the 
potential of eventually relating nicotine action in the  living hum an 
brain  to behavioral and disease states. Maziere and coworkers (1976) 
prepared (S)-nicotine-methyl-u C, which they adm inistered by i.v. 
injection to mice and rabbits. The tim e course of the radiotracer 
confirmed earlier studies and showed a maximum concentration in 
the 5 min following injection, except in the liver and spleen. Highest 
radioactivity was in kidneys and brain, followed by liver and lungs. 
The brain activity dropped rapidly, whereas the kidney concentra
tion rem ained high (8 percent of injected dose) a t 50 min after the 
injection. External imaging by a y cam era showed considerable
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radioactivity in the head, kidneys, and liver. Brain activity decreased 
sharply over 1 hr, while activity rem ained high in liver and kidneys.

Maziere and coworkers (1979) used 1 ‘C-nicotine and positron 
emission tomography (PET) in baboons and found th a t “ C-nicotine 
readily penetrated into the brain and then dropped sharply with 
time. Radioactivity was high in the tem poral lobe, cerebellum, 
occipital cortex, pons, and m edulla oblongata. There was also a high, 
stable radioactivity level in the retina, consistent w ith the  earlier 
observation th a t radioactivity from 14C-nicotine is found in the 
re tina  after i.v. adm inistration (Schmiterlow et al. 1965).

Heterogeneity o f Nicotine Uptake: Microautoradiographic and  
Subcellular Studies

Appelgren, Hansson, and Schmiterlow (1963) used a m icroautora
diographic method to study the localization of nicotine w ithin the 
superior cervical ganglion of the cat. Most of the radioactivity was 
localized in the ganglion cells, with little  labeling of satellite cells 
and connective tissue.

Schmiterlow and coworkers (1967), using m icroautoradiogram s of 
mouse brains after injection of 14C-nicotine and 3H-nicotine, reported 
th a t nicotine is concentrated in nerve cells. Brain areas with a high 
density of nerve cells, such as the molecular and pyram idal cell 
layers of the hippocampus and the molecular layer of the cerebel
lum, contained high am ounts of radioactivity.

Yamamoto, Inoki, and Iwatsubo (1967) studied accum ulation of 
14C-nicotine into subcellular fractions (nuclear, m itochondrial, nerve 
ending, microsomal, soluble) of mouse brain  after i.p. injection of 5 
m g/kg (20 (j.Ci/kg). Most of the radioactivity was in the soluble 
fraction. Less than  one-tenth of the  radioactivity in the soluble 
fraction was found in microsomes and nerve endings; however, 
radioactivity levels in microsomes were somewhat higher th an  in 
nerve endings.
Effects o f N icotine on Cerebral M etabolism

Following the dem onstration th a t 3H-nicotine binds stereoselec
tively and specifically in preparations of ra t b rain  (Yoshida and 
Im ura 1979; M artin  and Aceto 1981; M arks and Collins 1982), brain 
binding sites were visualized (Clarke, Pert, P ert 1984) and quantified 
(London, W aller, W amsley 1985) by light microscopic autoradiogra
phy. However, mapping nicotinic binding sites or identifying specific 
binding sites for any drug or neuro transm itter does not necessarily 
m ean th a t receptors are  coupled to pharmacologic actions. An 
example of nonfunctional, stereoselective, specific binding is th a t of 
3H-naloxone to glass fiber filters (Hoffman, A ltschuler, Fex 1981). In 
addition, because the brain is a highly interconnected organ, drugs
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may produce effects in brain  regions rem ote from their initial 
receptor interactions. Receptor m aps would show prim ary binding 
sites bu t not sites where im portant secondary actions m ight occur.

Functional m apping procedures, such as the  use of autoradio
graphic techniques to m easure rates of LCGU and regional cerebral 
blood flow, are another way to determ ine the sites of the in vivo 
effects of nicotine in the brain. The 2-deoxy-D-[l-l4C]glucose (2-DG) 
method for m easuring LCGU (Sokoloff et al. 1977) has been used to 
dem onstrate a relationship between local cerebral function and 
glucose utilization under a wide variety of experim ental conditions, 
including pharmacologic treatm ents (Sokoloff 1981; McCulloch 
1982). The effects of acute, s.c. injections of nicotine on LCGU were 
examined by London and colleagues (1985, 1986) and by London, 
Szikszay, and Dam (1986), while Griinwald, Schrock, and Kuschinsky 
(1987) m easured the  effects on LCGU of constant plasm a levels of 
nicotine produced by i.v. infusion.

Subcutaneous injections of nicotine stim ulated LCGU in specific 
b rain  regions (Table 1, Figure 1), including portions of the visual, 
limbic, and motor systems. Effects of nicotine infusion generally 
paralleled those obtained w ith s.c. injections. The greatest increase 
in response to s.c. nicotine occurred in the medial habenula. M arked 
increases in LCGU were noted in the anteroventral thalam ic 
nucleus, in terpeduncular nucleus, and superior colliculus. M oderate 
increases were seen in the  retrosplenial cortex, in teranterom edial 
thalam ic nucleus, la teral geniculate body, and ventral tegm ental 
area. No significant effects were observed in the  frontoparietal 
cortex, la teral habenula, or central grey m atter. LCGU responses to 
s.c. injection of nicotine were completely blocked by mecamylamine, 
indicating the specificity of nicotine effects.

The effects of nicotine on LCGU correlate well w ith the distribu
tions of 3H-nicotine binding sites (Clarke, Pert, P ert 1984; London, 
W aller, W amsley 1985). Areas such as the thalam ic nuclei, the 
interpeduncular nucleus, medial habenula, and the superior collicu
lus, where there  is dense labeling with 3H-nicotine, show m oderate to 
m arked nicotine-induced LCGU increases. Areas with less specific 
binding show sm aller LCGU responses to nicotine, and the central 
grey m atter, which lacks specific 3H-nicotine binding, shows no 
LCGU response. Similarly, nicotine dram atically increases LCGU in 
the medial but not the la teral habenula, reflecting different densities 
of 3H-nicotine binding sites. In general, 3H-nicotine binding sites 
visualized autoradiographically in the ra t brain are functional 
nicotine receptors. However, layer IV of the neocortex displays 
significant 3H-nicotine binding, but lacks an LCGU response.

In most brain  areas, significant LCGU stim ulation was obtained 
with 0.3 m g/kg of nicotine s.c. (London et al. 1986), a dose sim ilar to 
one used successfully in train ing ra ts to distinguish nicotine from
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TABLE 1.—R,S-Nicotine effects on glucose utilization  in  the  
rat brain

Local cerebral glucose utilization 
([imol/100 g tissue/m inu te i

Brain region Saline control N icotine (1.7ò rng/k g ‘

F r o n to p a r ie ta l  c o rte x , la y e r  IV 110 ± 8.1 108 ±  6.5

R e tro s p le n ia l co rte x , la y e r  I 98 ± 6.5 123 It 5.1 1

T h a la m ic  n u c le i
A n te ro v e n tra l 109 - 6.5 201 -  6 .1 '
In te r a n te ro m e d ia l 125 ± 8.6 175 -t. 1 2 .3 '

L a te ra l  g e n ic u la te  body 82 6 8 106 ±  4.4 1

In te r p e d u n c u la r  n u c le u s 99 ± 9.8 182 ±  9.3 1

M ed ia l h a b e n u la 70 ± 5.2 167 ^  3.7 1

S u p e r io r  c o llic u lu s 72 i : 5.2 142 *  4 .6 1

C e n tra l  g re y  m a t te r 66 4.0 77 COT
T

N O T E : R e s u l ts  a r e  e x p re s s e d  a s  t h e  m e a n s  p lu s  o r  m in u s  s t a n d a r d  d e v ia t io n  fo r  f o u r  r a t s  p e r  g ro u p . 
‘ S ig n if ic a n t ly  d if f e r e n t  fro m  s a l in e  c o n tro l  (p<O.U5>.
S O U R C E : L o n d o n  e t  a l '1985>.

FIGURE 1.—Effect o f subcutaneous R ,S-nicotine (1 m g/k g , 2 
m in before 2-deoxyglucose) on  
autoradiographic grain densities, representing  
glucose utilization

N O T E : P h o to g r a p h s  o f x -ra y  film  e x p o s e d  to  2 0 -p m  b ra i n  s e c t io n s  fro m  c o n tro l  r a t  <A> g iv en  0 .9  p e r c e n t  s o d iu m  
c h lo r id e  '1  m L / k g ' a n d  a n o th e r  r a t  (B» g iv en  n ic o t in e ;  n o te  t h e  in c re a s e d  d e n s i ty  in  m e d ia l  h a b e n u la  (m h i a n d  
f a s c ic u lu s  r e t r o f le x u s  i f r '.

S O U R C E : L o n d o n  e t  a i.  (1986),

saline in a T-maze apparatus (0.4 m g/kg, s.c.) (Overton 1969). 
Nicotine-induced stim ulation of LCGU in the ventral tegm ental area
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and the habenular complex (London et al. 1985, 1986) may re la te  to 
the  reinforcing properties of the  drug (see C hapter IV). These regions 
of the  brain have been im plicated in drug- and stimulation-induced 
rew ard systems, respectively (Wise 1980; N akajim a 1984). Additional 
studies, using specific conditions under which nicotine is reinforcing, 
are needed to elucidate the anatom ical loci involved in nicotine- 
induced rew ard and to identify the neurophysiological mechanisms 
by which nicotine acts as a  reinforcer.

Nicotine Receptors

Nicotine exerts diverse pharmacologic effects in both the peripher
al nervous system (PNS) and CNS. The peripheral actions of nicotine 
are im portant, and some may reinforce the self-adm inistration of 
nicotine. For example, stim ulation in the trachea (Rose et al. 1984) 
seems to be involved in some of the pleasurable effects of smoking. 
Skeletal muscle relaxation and electrocortical arousal, both stim u
lated by actions of nicotine in the lung (Ginzel 1967a,b, 1975, 1987), 
may contribute to habitual tobacco use (Chapter VI). However, it is 
generally believed th a t the central actions of nicotine are of prim ary 
im portance in reinforcing tobacco use (Chapter IV). In anim als, the 
neuropsychopharmacologic effects of this drug are, with few if any 
exceptions, mediated through central sites of action. These effects 
are likely to contribute to the drug’s reinforcing properties in 
anim als and hum ans (Clarke 1987b). In addition, the effects of 
nicotinic antagonists on tobacco smoking in hum ans (Stolerman et 
al. 1973) and in rhesus monkeys (Glick, Jarvik, N akam ura 1970) 
suggest a central site of reinforcem ent, but do not rule out a 
peripheral site. To understand these actions, it is im portant to know 
exactly where nicotine acts in the body. This Section discusses 
evidence for nicotine receptors.
Peripheral N icotine Receptors

In the m am m alian PNS, nicotine and m uscarine mimic different 
actions of ACh by acting a t different types of cholinergic receptors. 
Nicotinic cholinergic receptors (nAChRs) have been subdivided 
according to location and sensitivity to nicotinic antagonists. Recep
tors of the C6 or "ganglionic” type are found principally a t 
autonomic ganglia, in the adrenal medulla, and a t sensory nerve 
endings; nicotinic cholinergic transm ission in autonomic ganglia is 
selectively blocked by hexam ethonium  and certain other compounds. 
Receptors of the "neurom uscular” type (sometimes referred to as 
CIO type) are located on the muscle endplate, where transm ission is 
selectively blocked by compounds such as decamethonium and alpha- 
bungarotoxin (a-BTX).



Higher doses of nicotine are required to stim ulate nAChRs in 
skeletal muscle than  a t autonomic ganglia. Ganglionic nAChRs 
appear to be more sensitive th an  the ir neurom uscular counterparts, 
not only to the stim ulant but also to the desensitizing actions of 
nicotine (Paton and Savini 1968). Doses of nicotine obtained by 
smoking cigarettes do not appear to affect the muscle endplate 
directly. Therefore, if the CNS were to possess both types of nAChR, 
doses of nicotine obtained by norm al cigarette smoking m ight affect 
only the C6-receptor population. Accordingly, m any of the  central 
effects of nicotine in vivo and in vitro are reduced or blocked by 
nicotinic antagonists th a t are C6-selective in the  periphery. The 
most widely used C6-selective antagonist is mecamylamine, which 
passes freely into the CNS after systemic adm inistration. Mecamyla
mine antagonizes actions of nicotine in the  brain and spinal cord, as 
revealed by behavioral (Collins et al. 1986; Goldberg, Spealman, 
Goldberg 1981) and electrophysiological experim ents (Ueki, Koketsu, 
Domino 1961) and also by studies of neuro transm itter release (Hery 
et al. 1977; Chesselet 1984). There have been few attem pts to 
determ ine w hether these central nicotinic actions are also blocked 
by neurom uscular antagonists, while several studies support the 
existence of central C6 nAChRs (Aceto, Bentley, Dembinski 1969; 
Brown, Docherty, Halliwell 1983; Caulfield and Higgins 1983; Egan 
and N orth 1986).

The search for putative central a-BTX nAChRs has been hindered 
by several factors, including the central convulsant actions of a-BTX 
antagonists (Cohen, Morley, Snead 1981) and the probable need to 
deliver locally high concentrations of nicotine. Nevertheless, several 
studies have dem onstrated actions of nicotine or cholinergic agonists 
th a t can be reduced or blocked by a-BTX, which acts selectively at 
neurom uscular nAChRs (Zatz and Brownstein 1981; Farley e t al. 
1983; de la Garza et al. 1987a).
R adioligand B inding to P utative N icotine Cholinergic  
R eceptors in M am m alian Brain

Many receptors for neuro transm itters in the brain  have been 
identified through the use of radiolabeled probes (radioligands). 
A ttem pts to label putative brain  nAChRs have used compounds with 
known potency a t peripheral sites (see Table 2).
Agonist B inding

The stereospecific, saturable, and reversible binding of 3H-nicotine 
to rodent brain  is well-described (Romano and Goldstein 1980; M arks 
and Collins 1982; Costa and M urphy 1983; Benwell and Balfour 
1985a; Clarke, Pert, P ert 1984). Most studies have dem onstrated the 
existence of a population of high-affinity binding sites (reflected by a 
dissociation constant in the low nanom olar range) th a t is potently
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TABLE 2.—R adioligands for putative n icotin ic  cholinergic  
receptors in m am m als

A n ta g o n is ts B m d
F u n c tio n a l
a n ta g o n is m S ite s  e x a m in e d A g o n ists

'-■•I-BTX Y es Yes M uscle  e n d p la te lH -n ico tin e
Y es Yes A u to n o m ic  g a n g lia , s p in a l cord
Y es Y es B ra in  (c e r ta in  s ite s  on ly ) 3H -m eth y l-c a rb a c h o l

!J’T -naja  to x in Yes Yes M uscle  e n d p la te 3H -A C h (w ith  excess
Yes N D 1 B ra in m u s c a r in ic  a n ta g o n is t

a n d  A C hE  in h ib ito r!
sH-dTC N D Y es M uscle , s p in a l  co rd , g a n g lia

Y es Y es B ra in

^H -D H B E N D Y es M uscle , a u to n o m ic  g a n g lia
Yes Yes B ra in , s p in a l c o rd

N e o s u ru g a to x in N D No M u scie  e n d p la te
N D Y es A u to n o m ic  g a n g lia
Y es Y es B ra in  ( in h ib its  1H -n ico tin e i

1 N D - n o  d a t a .

inhibited by nicotinic agonists including ACh. In contrast, most 
nicotinic antagonists have very low affinity for th is site. Binding 
with sim ilar characteristics has been reported in ra t brain  tissue 
with 3H-methyl-carbachol (Abood and Grassi 1986; Boksa and 
Quirion 1987) and with 3H-ACh in the presence of excess atropine to 
prevent binding to muscarinic receptor sites (Schwartz, McGee, 
K ellar 1982).

In the presence of atropine, tritia ted  nicotine and 3H-ACh proba
bly bind to the same population of high-affinity sites in ra t brain. 
Thus, the  two radioligands share the same neuroanatom ical distribu
tion of binding (Clarke, Schwartz et al. 1985; M arks et al. 1986; 
Martino-Barrows and K ellar 1987). Binding of both ligands is 
inhibited w'ith sim ilar potency by a range of nicotinic agents, is up- 
regulated by chronic nicotine treatm ent in vivo, is down-regulated by 
chronic treatm ent with acetylcholinesterase inhibitors, and is dim in
ished by disulfide reducing agents in vitro (Marks et al. 1986; 
Martino-Barrows and K ellar 1987; Schwartz and K ellar 1983). 
Although less well studied, it appears th a t sites labeled by 3H- 
methyl-carbachol are the same as those labeled by 3H-ACh and 3H- 
nicotine (Abood and Grassi 1986; Boksa and Quirion 1987). High- 
affinity nicotine binding sites have been found in brain  tissue of mice 
(Marks and Collins 1982), ra ts (Romano and Goldstein 1980), 
monkeys (Friedman et al. 1985), and hum ans (Shimohama et al. 
1985; Flynn and Mash 1986; W hitehouse et al. 1986).

Some investigators have reported a second class of sites which are 
characterized by lower binding affinity and higher capacity for 3H-
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nicotine. With no dem onstrated differential anatom ical distribution 
or stereoselectivity (Romano and Goldstein 1980; M arks and Collins 
1982; Benwell and Balfour 1985b), these low-affinity sites are of 
questionable pharmacologic significance, but may be the result of 
post mortem proteolysis (Lippiello and Fernandes 1986). Careful 
analysis of 3H-nicotine binding conducted in the absence of protease 
inhibitors has revealed the existence of five affinity sites or states 
(Sloan, Todd, M artin 1984). Functional studies (M artin et al. 1986) 
suggest th a t some of these different sites may represent in vivo sites 
of action for nicotine, although it is not clear which if any would be 
activated by nicotine doses obtained from typical cigarette smoking.

Radioligand B inding
Many receptors of different nicotine binding affinities have been 

reported. It is unclear w hether these reflect different conformational 
states or binding sites of a single type of receptor, d istinct receptor 
populations, or a single type of high-affinity site which has under
gone proteolytic degradation. Prelim inary evidence supports the 
existence of distinct receptor subtypes labeled by agonists. Two 
components of high-affinity 3H-nicotine binding, differing in the ir 
affinity for neosurugatoxin, can be distinguished in ra t brain. The 
relative proportion of these two components differs in different 
regions of the ra t brain, suggesting th a t they are physically distinct 
receptors (Yamada et al. 1985).

A ntagonist B inding
Most studies of nicotine binding in m am m alian brain  have used 

radioiodinated a-BTX (125I-BTX), which binds with high affinity and 
in a saturable m anner to sites in m am m alian brain  (Schmidt, H unt, 
Polz-Tejera 1980; Oswald and Freem an 1981). This binding is 
selectively inhibited by nicotinic agents, including nicotine and ACh. 
Cobra (naja) alpha-toxin, like a-BTX, is a selective neurom uscular 
blocker in the m am m al, and appears to label the  same sites as a-BTX 
in m am m alian brain. Binding is potently inhibited by unlabeled a- 
BTX and has a regional distribution resembling th a t of 125I-BTX 
binding (Speth et al. 1977). The antagonist dihydro-beta-erythroidine 
(DHBE) binds to two sites in ra t brain, bu t the regional distribution 
of binding differs from th a t of 125I-BTX (Williams and Robinson
1984). DHBE acts w ith sim ilar potency a t both types of peripheral 
nAChR in vivo. It is not clear w hether 3H-d-tubocurarine binding is 
selectively inhibited by nicotinic agents. In ra t brain, 125I-BTX binds 
to a distinct population of sites th a t are not labeled with high affinity 
(nanomolar kD) by tritia ted  nicotinic agonists. Radioiodinated a- 
BTX sites have a different neuroanatom ical distribution (M arks and 
Collins 1982; Schwartz, McGee, K ellar 1982; Clarke, Schwartz et al.
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1985) and can be physically separated from tritia ted  agonist binding 
sites by affinity chrom atography (Schneider and Betz 1985; Wonna- 
cott 1986). This type of study helps to determ ine the location and 
num bers of nicotine binding sites.
Functional S ignificance o f N icotin ic B inding Sites
H igh-A ffinity Agonist B inding Sites

Brain sites which bind 3H-ACh and 3H-nicotine w ith high affinity 
represent nAChRs th a t respond in some ways like the  C6 type of 
receptor found in the periphery (Clarke 1987a). Studies using the  2- 
DG technique have revealed th a t the neuroanatom ical pa tte rn  of 
cerebral activation following the systemic adm inistration of nicotine 
in ra ts is strikingly sim ilar to the distribution of high-affinity agonist 
binding dem onstrated autoradiographically (London et al. 1985; 
Grunwald, Schrok, Kuschinsky 1987). P re trea tm en t w ith mecamyla- 
mine blocks the effects of nicotine on LCGU, suggesting th a t 
putative ganglionic (C6-type) receptors in the brain are  associated 
w ith high-affinity agonist binding.

Most of nicotine’s actions on central receptors are blocked by the 
C6-selective antagonist mecamylamine. The relevant nAChRs are 
probably those which are labeled w ith high affinity by tritia ted  
agonists. However, the absence of high-affinity agonist binding sites 
in PC12 cells (derived from a pheochromocytoma cell line) known to 
express C6-type receptors (Kemp and Morley 1986) indicates th a t 
although central and ganglionic nAChRs have pharmacologic simi
larities, they may not be identical a t the molecular level.

High-affinity agonist binding sites are relevant to long-term effects 
of hum an tobacco smoking. Recently, Benwell, Balfour, and A nder
son (in press) observed th a t the density of high-affinity 3H-nicotine 
binding in post mortem hum an brain is higher in smokers th an  in 
nonsmokers. The increased density of sites in smokers is consistent 
with studies in anim als th a t show th a t chronic trea tm en t with 
nicotine leads to an increased num ber of nicotinic receptors in the 
b rain  (Schwartz and K ellar 1983; M arks, Burch, Collins 1983b).

Alpha-Bungarotoxin B inding Sites
Although a-BTX does not block nicotinic actions in all areas of the 

CNS (Duggan, Hall, Lee 1976; Egan and N orth 1986), there  are 
several reports of antagonism  (Zatz and Brownstein 1981; Farley et 
al. 1983; de la Garza et al. 1987a). In the ra t cerebellum, locally 
applied nicotine alters single-unit activity in a m anner dependent on 
cell type: nicotine excites in terneurons but inhibits Purkinje cells. 
Both actions are directly postsynaptic (de la Garza et al. 1987, in 
press(b)). The inhibitory effects of nicotine are blocked by hexame-
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thonium  but not by a-BTX, which does block the excitatory effects 
(de la Garza et al., in press(a)).

S train  differences exist in mice in the physiological and behavioral 
effects of nicotine, in the development of tolerance to these effects, 
and in the  regional distribution of 125I-BTX binding density (Marks, 
Burch, Collins 1983a; M arks, Stitzel, Collins 1986). The genetically 
determ ined variation in response is not readily explained by 
differences in brain  nicotinic receptors. However, a classical genetic 
analysis indicates th a t the density of 125I-BTX binding sites in mouse 
hippocampus correlates with susceptibility to seizures induced by 
high doses of nicotine (Miner, M arks, Collins 1984). These and other 
considerations (Clarke 1987a) suggest th a t 125I-BTX may label a 
subtype of nAChR in the brain  and th a t this receptor is pharm aco
logically akin to the nAChR found in muscle.

A lthough 125I-BTX binding sites are found in hum an brain, the 
available evidence suggests th a t nicotine a t doses obtained from 
cigarette smoking does not activate this population of brain nAChRs. 
Rather, the pattern  of neuronal activation th a t follows the in vivo 
adm inistration of nicotine in anim al experim ents, even in doses far 
greater than  those likely to occur during smoking, resembles the 
neuroanatom ical distribution of high-affinity agonist binding sites 
(London et al. 1985; Grunwald, Schrok, Kuschinsky 1987). However, 
this issue is not conclusively resolved, and a potential role for 
bungarotoxin binding receptors in m ediating effects of smoking 
cannot be completely excluded.
Behavioral and Physiological Studies

The effects of mecamylamine on several responses elicited by 
nicotine in mice have been exam ined (Collins e t al. 1986). The 
responses are of two major classes: those blocked by low doses of 
mecamylamine (inhibitory concentrations for 50 percent of mice 
tested (IC50) <0.1 mg/kg) (seizures and sta rtle  response) and those 
blocked by higher doses (IC50 approxim ately 1 mg/kg) (effects on 
respiratory, heart rate, body tem perature, and Y-maze activity). 
S train  differences are also apparen t in the sensitivity to mecamyla
mine blockade. These findings are consistent w ith the existence of a t 
least two types of central nAChR.
The N euroanatom ical D istribution of N icotin ic Binding  
Sites in  the Brain
H igh-A ffinity Agonist B inding Sites
Rodent

A utoradiographic maps of high-affinity nicotinic binding sites in 
ra t brain  are essentially identical for 3H-nicotine, 3H-ACh, and 3H- 
methyl-carbachol (Clarke, Pert, P ert 1984; Clarke, Schwartz et al.
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1985; London, Waller, W amsley 1985; Boksa and Quirion 1987). 
Dense labeling is observed (1) in the medial habenula and interpe- 
duncular nucleus, which appear to belong to a common cholinergic 
system; (2) in the so-called specific motor and sensory nuclei of the 
thalam us and in layers III and IV of cerebral cortex w ith which they 
communicate; (3) in the substantia nigra pars compacta and ventral 
tegm ental area, where labeling is associated with dopaminergic cell 
bodies (Clarke and P ert 1985); and (4) in the molecular layer of the 
dentate gyrus, the presubiculum, and the superficial layers of the 
superior colliculus. Labeling is sparse in the hippocampus and 
hypothalam us.

Monkey

The autoradiographic distribution of high-affinity 3H-nicotine 
binding in rhesus monkey brain  is sim ilar to th a t in the ra t 
(Friedm an et al. 1985). Dense labeling has been noted in the anterior 
thalam ic nuclei and in a band within cerebral cortex layer III. The 
la tte r band is densest and widest in the prim ary sensory areas. 
Several other thalam ic nuclei are moderately labeled, bu t as in the 
ra t, the label is sparse in the midline thalam ic nuclei. In contrast to 
findings for the ra t, the medial habenula appears unlabeled.

Human

High-affinity agonist binding has not been mapped autoradio- 
graphically in hum an brain. However, assays of a few dissected brain 
areas suggest the following pattern: nucleus basalis of M eynert > 
thalam us > putam en > hippocampus, cerebellum, cerebral cortex, 
and caudate nucleus (Shimohama et al. 1985). Two affinity sites for 
3H-nicotine have been detected, and the regional distribution 
observed reflects the presence of both sites.

Alpha-Bungarotoxin B inding Sites
Because 125I-BTX sites may not be relevant to tobacco smoking, 

they will be discussed only briefly here. There are clear differences of 
regional distribution not only between mice and rats, but also 
between different strains of mice (Marks et al. 1986). The autoradio
graphic distribution of 125I-BTX labeling in ra t b rain  is strikingly 
different from the pattern  of 3H-agonist labeling, with highest site 
density in hippocampus, hypothalam us, and superior and inferior 
colliculi (Clarke, Schwartz et al. 1985). An attem pt to map 125I-BTX 
binding in hum an brain was ham pered by a high degree of 
nonspecific binding, with diffuse specific labeling in the hippocam
pus and cerebral cortex (Lang and Henke 1983).
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Molecular Biology
Goldman and colleagues have mapped regions in the brain  which 

contain cell bodies expressing RNA th a t codes for putative nAChRs. 
The RNA identified is homologous to cDNA clones encoding the 
alpha subunits of the muscle nAChR and a putative neuronal 
nAChR (Goldman et al. 1986; Goldman et al. 1987). These and 
related findings show th a t a family of genes exists th a t codes for 
proteins sim ilar to, but not identical with, the muscle nAChR. The 
functional role of these putative nAChR subtypes in the  CNS is not 
clear.
Central N icotin ic Cholinergic Receptors: Pre- or 
Postsynaptic?
Presynaptic Regulation o f  Neurotransmitter Release

The release of ACh from some nerve term inals in the CNS (Rowell 
and W inkler 1984; Beani et al. 1985) and periphery (Briggs and 
Cooper 1982) is increased by activation of presynaptic nicotinic 
"autoreceptors.” P relim inary evidence from lesion experim ents 
suggests th a t some nicotinic autoreceptors in the  brain  may be high- 
affinity 3H-nicotine binding sites (Clarke et al. 1986).

Nicotine also modulates the release of certain other neurotrans
m itters by acting a t receptors located on nerve term inals. This form 
of regulation has been shown for dopaminergic, noradrenergic, and 
serotonergic term inals (Starke 1977; Chesselet 1984). Lesion studies 
suggest th a t these receptors are labeled by 3H-agonists (Schwartz, 
Lehmann, K ellar 1984; Clarke and P ert 1985; Prutsky, Shaw, 
Cynader 1987).
Somatodendritic Postsynaptic Actions

Much of 3H-agonist labeling probably represents nAChRs located 
on neuronal cell bodies or dendrites. For example, nicotine excites 
neurons postsynaptically in the medial habenula, locus coeruleus, 
and in terpeduncular nucleus, all areas of moderate to dense 3H- 
agonist binding (Brown, Docherty, Halliwell 1983; Egan and N orth 
1986; McCormick and Prince 1987).

Neuroendocrine and Endocrine Effects of Nicotine

Nicotine has direct and indirect effects on several neuroendocrine 
and endocrine systems (Balfour 1982; Clarke 1987a; Hall 1982). This 
Section reviews research on the effects of nicotine in anim als and 
hum ans th a t are relevant to understanding cigarette smoking. 
Nicotine effects on cholinergic and noncholinergic nicotinic recep
tors, as well as on the release of catecholamines, monoamines, 
p itu itary  hormones, cortisol, and other neuroendocrine chemicals,
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are discussed. Effects on single neuroregulators are  emphasized, but 
it is im portant to recognize th a t there  are extensive in terre la tion
ships among these substances (Tuomisto and M annisto 1985).

Nicotine has effects on peripheral endocrine as well as on central 
neuroendocrine functions. In the early 1900s researchers discovered 
th a t nicotine stim ulated autonomic ganglia (ganglia were painted 
with tobacco solutions), inducing such effects as the release of 
adrenal catecholamines (Larson, Haag, Silvette 1961). As the health  
consequences of cigarette smoking have become clearer, m any 
investigators have sought to determ ine tobacco’s effects on the 
endocrine system, with the possibility th a t understanding such 
effects may help to explain smoking behavior. Nicotine is regarded 
as the major pharmacologic agent in tobacco and tobacco smoke 
responsible for alterations in endocrine function. However, there  has 
not been a system atic evaluation of the  effects of m etabolites of 
nicotine or constituents of tobacco other than  nicotine on the 
endocrine system.

The functional significance of nicotine-induced perturbations in 
horm onal patterns and the role of neuroregulators in smoking are 
poorly understood. Extensive lite ra tu re  using nicotinic agonists and 
antagonists indicates relationships between cholinergic activity and 
particu lar behavioral effects (Henningfield et al. 1983; Kum ar, 
Reavill, Stolerm an, in press). Sim ilar strategies have been employed 
to explore the contributions of catecholam ines to smoking-related 
behavior. However, the exploration of the im portance of neuroregu
lators in the reinforcem ent of cigarette smoking is still a t an early 
stage.
Cholinergic Effects

Nicotine has cholinergic effects in the PNS and CNS. Nicotine is a 
cholinergic agonist a t peripheral autonomic ganglia and somatic 
neurom uscular junctions a t low doses and becomes an antagonist at 
high doses (Voile and Koelle 1975). Nicotine also releases ACh in the 
cerebral cortex (Armitage, Hall, Morrison 1968; Rowell and W inkler
1984) and in the m yenteric plexus of the peripheral ANS (Briggs and 
Cooper 1982). Balfour (1982) has suggested th a t cortical arousal (see 
Electro physiological Actions of Nicotine for a detailed discussion) is 
mediated by ACh release but th a t behavioral stim ulation (see 
Chapter IV) e ither is not mediated by ACh release or does not 
depend on the action of ACh a t a muscarinic receptor.

Studies involving in tracerebral adm inistration of nicotine have 
been used to determ ine the loci of nicotine’s action (Kammerling et 
al. 1982; Wu and M artin 1983). The injection of nicotine into the 
cerebral ventricles of cats, dogs, and ra ts  produces a variety of effects 
including changes in cardiovascular activity, body tem perature, 
respiration, salivation, muscle reflex tone, and electrocortical indices
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of sleep and arousal; the direction and duration of effects depend on 
dosage and on baseline response param eters (Hall 1982).

Nicotine’s cholinergic actions can affect other neuroregulators in 
the body (Andersson 1985). Nicotine stim ulates NE release in the 
hypothalam us by a Ca- -dependent process th a t can be inhibited by 
prior adm inistration of hexam ethonium  or ACh (Hall and T urner 
1972; Westfall 1974). The mechanism resembles nicotine’s effects on 
peripheral adrenergic nerve term inals (Westfall and Brasted 1972). 
At high dose levels, nicotine stim ulates NE release by displacing it 
from vesicle stores a t sites outside the hypothalam us (Balfour 1982). 
These actions are relevant to understanding the reinforcing effects 
of nicotine. For example, using drug discrim ination procedures, 
Rosecrans (1987) has dem onstrated th a t in tact central NE and 
dopamine (DA) function were required to elicit the cue properties of 
nicotine.

Intravenous adm inistration of nicotine modulates the release of 
both neurohypophyseal and adenohypophyseal hormones (Bisset et 
al. 1975; Hall, Francis, Morrison 1978). Hillhouse, Burden, and Jones 
(1975) found th a t the in vitro application of ACh to the hypophysio- 
tropic area of the ra t caused a significant increase in the basal 
secretion of corticotropin-releasing hormone (as m easured by bioas
say), which in tu rn  controls, via the anterior pituitary, the  release of 
the pro-opiomelanocortin (POMC) group of hormones—(B-endorphin, 
3-lipotropin, m elanocyte-stim ulating hormone-releasing factor, and 
adrenocorticotropic hormone (ACTH) (Meites and Sonntag 1981). 
The hum oral mechanism for the release of vasopressin has been 
traced from the medulla to the paraventricu lar nuclei of the 
hypothalam us (Bisset et al. 1975; Castro de Souza and Rocha e Silva 
1977). Similarly, Risch and colleagues (1980) have dem onstrated a 
cholinergic mechanism for the release of 3-endorphin.
M odulation of C atecholam ine and Serotonin A ctivity

Dale and Laidlaw (1912) found th a t the pressor response of the  cat 
to nicotine was due in part to the release of epinephrine from the 
adrenal glands. Over the past 75 years, a large body of research has 
confirmed and fu rther investigated this phenomenon. S tew art and 
Rogoff (1919) quantified the effect of nicotine on adrenal epinephrine 
release. Kottegoda (1953) observed th a t nicotine releases catechol
am ines from extra-adrenal chromaffin tissues. W atts (1961) demon
stra ted  the  effect of smoking on adrenal secretion of epinephrine. 
Hill and W ynder (1974) reported th a t increasing the nicotine content 
in cigarette smoke progressively increased the serum  concentration 
of epinephrine, but not NE. W internitz and Quillen (1977) found th a t 
the excretion of u rinary  catecholam ines tended to be h igher on 
smoking days than  on nonsmoking days. Several recent studies have 
focused on the role of nicotine and the mechanisms involved in the
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release of catecholamines from cultured chromaffin cells (Forsberg, 
Rojas, Pollard 1986). E arlier experim ents by Douglas and Rubin 
(1961), using denervated perfused cat adrenal glands, indicated th a t 
nicotine augm ents catecholamine release from chromaffin cells by 
promoting an influx of extracellular calcium. Forsberg, Rojas, and 
Pollard (1986) suggested th a t nicotine-induced catecholamine secre
tion may be mediated by phosphoinositide metabolism in bovine 
adrenal chromaffin cells.

The anatom ical localization and im portance of biogenic mono
am ines such as serotonin (5-HT [5-hydroxytryptamine]), DA, and NE 
have been the subject of intense research for the past 30 years. The 
classic studies of Dahlstrom  and Fuxe (1966) revealed th a t neurons 
containing these am ines were localized in specific ascending projec
tion systems; descending monoaminergic neurons have also been 
described. The physiological integrity of these systems was fu rther 
dem onstrated by Aghajanian, Rosecrans, and Sheard (1967), who 
observed th a t stim ulation of 5-HT cell bodies localized in the 
m idbrain raphe nucleus released 5-HT from nerve endings located in 
the more rostral forebrain. The recognition th a t these am ine systems 
constitute a unique interneuronal communication system has played 
a central role in understanding underlying neurochemical and 
behavioral mechanisms.

The cholinergic system has undergone a sim ilar analysis (Fibiger 
1982), but the delineation of specific cholinergic pathways has been 
more difficult because no histochemical method has been available 
for ACh. It does appear, however, th a t the cholinergic system is 
sim ilarly organized and interacts with specific biogenic am ine 
pathways. For example, Robinson (1983) has clearly shown th a t both 
5-HT and DA systems exert tonic inhibitory control over ACh 
turnover in both the hippocampus and frontal cortex regions. 
Lesions of the medial raphe nuclei increase the ACh turnover ra te  in 
hippocampal sites, while lesions of the dorsal raphe elicit a sim ilar 
effect in frontal cortical areas. Evidence of DA control comes from 
the observation th a t the catecholamine neurotoxin, 6-OHDA, when 
injected into the DA-rich septal area, facilitated hippocampal ACh 
turnover. The research of Kellar, Schwartz, and M artino (1987) and 
others also suggests th a t nicotinic receptors may occupy a presynap- 
tic site on select DA and 5-HT nerve endings. Westfall, G rant, and 
Perry (1983), using a tissue slice preparation, have shown th a t the 
DMPP-induced stim ulation of nicotinic receptors in the striatum  will 
facilitate the release of both 5-HT and DA. This preparation is devoid 
of cell bodies or 5-HT- and DA-containing axon term inals, suggesting 
th a t these nicotinic cholinergic receptors are prim arily presynaptic. 
Further, hexamethonium, but not atropine, a ttenuated  nicotine- 
induced am ine release, confirming th a t these effects are nicotinic in 
nature.
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Nicotine may have sim ultaneous actions on many types of 
neurons. Even though only one kind of receptor may be stim ulated, 
e ither activation or inhibition of a particu lar 5-HT, NE, or DA 
neuron may be the ultim ate outcome. Conversely, the activity of 
specific cholinergic neurons may also be controlled by one of these 
biogenic-amine-containing projection systems. Nicotine appears to 
produce its discrim inative stim ulus effect in at least one m ajor brain 
area, the hippocampus. This site is rendered insensitive if DA 
neurons innervating this area  are destroyed (Rosecrans 1987). The 
interrelationships of these am ine pathways are im portant to under
stand nicotine’s effects on behavior and its effects on the neuroendoc
rine system because of the central role th a t these am ine systems 
play in the hypothalam ic control of the pituitary.

Effects on Serotonergic Neurons
Research evaluating the relationship between nicotine and 5-HT 

has involved several different approaches. H endry and Rosecrans 
(1982) compared the effects of nicotine on conditioned and uncondi
tioned behaviors in ra ts  selected for differences in physical activity 
and 5-HT turnover. Balfour, K huller, and Longden (1975) observed 
th a t acute doses of nicotine were capable of attenuating  hippocampal 
5-HT turnover, an  effect specific to the hippocampus. Fuxe and 
colleagues (1987) did not observe any acute changes in 5-HT function 
following acute nicotine dosing but did observe a significant reduc
tion of 5-HT turnover following repeated doses ( 3 x 2  m g/kg/hr). This 
effect, however, was suggested to be due to cotinine, the prim ary 
metabolite of nicotine.

In addition to attem pts to correlate 5-HT function w ith some 
pharmacologic effect of nicotine, investigators have evaluated poten
tial links between 5-HT and neuroendocrine function. Balfour, 
K huller, and Longden (1975) showed a relationship between 5-HT 
and nicotine’s ability to induce the release of plasm a corticosterone, 
presumably by activation of the pituitary-adrenal axis. Following 
acute nicotine injections in the ra t, a reduction in 5-HT turnover 
correlated with an increase in plasma corticosterone. Rats exhibited 
tolerance to p itu itary  activation following repeated nicotine doses, 
but not to the attenuation of hippocampal 5-HT turnover. Stress 
antagonized nicotine-induced reductions of hippocampal 5-HT. Also, 
nicotine was reported to inhibit the adaptive response to adrenocorti
cal stim ulation following chronic stress (Balfour, Graham , Vale
1986). One in terpretation  of these data is th a t nicotine can modify 
how rats adapt to stress, which may be mediated by changes in 
hippocampal 5-HT function. At this point, however, it is difficult to 
draw firm  conclusions concerning how nicotine affects 5-HT neurons 
and w hether this neuro transm itter is involved in any of nicotine’s
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effects on neuroendocrine function. Hippocampal 5-HT turnover 
appears to be selectively a ttenuated  by nicotine.
Effects on Catecholaminergic Neurons

Studies of the effects of nicotine on NE-containing neurons have 
produced mixed results. E arlier work suggested th a t nicotine may 
affect behavior via a NE component, but recent research has not 
supported such claims (Balfour 1982). It has been reported th a t 
nicotine releases DA from brain  tissue (Westfall, G rant, Perry  1983). 
Lichtensteiger and colleagues (1982) observed th a t nicotine releases 
DA through an acceleration of the  firing ra te  of DA cell bodies 
located in substantia nigra zona compacta when nicotine is adm inis
tered  via iontophoretic application or s.c. (0.4 to 1.0 mg/kg). This 
activation was m arked by a significant increase in stria ta l DA 
turnover; DHBE, but not atropine, attenuated  n igrostriatal activa
tion. Evidence th a t nicotine facilitates the firing of DA cell bodies by 
stim ulating nicotinic cholinergic receptors has recently been report
ed by Clarke, Hommer, and coworkers (1985), who showed a specific 
effect of nicotine antagonized by mecamylamine on pars compacta 
cell bodies. Connelly and Littleton (1983) noted th a t DA release from 
synaptosomes lacked stereoselectivity but was blocked by the 
ganglionic-blocking drug pempidine.

Fuxe and coworkers (1986, 1987) have studied nicotine’s effects on 
central catecholam ine neurons in relation to neuroendocrine func
tion. These investigators use quantitative histofluorom etric tech
niques th a t m easure the disappearance of catecholam ine stores by 
adm inistering a tyrosine hydroxylase inhibitor (AMPT) to ra ts 
receiving various doses of nicotine or exposed to tobacco smoke. 
Tissues are then exposed to formaldehyde gas, and histofluorescence 
in AM PT-treated ra ts  is evaluated in comparison to controls.

Nicotine is a potent activator of both DA and NE neuron systems 
located prim arily in the median eminence and in areas of the 
hypothalam us. These effects result from a stim ulation of nicotinic 
cholinergic receptors, generally antagonized by mecamylamine. 
In term itten t nicotine dosing ( 4 x 2  m g/kg, s.c. every 30 min) or 
tobacco smoke exposure (rats were exposed to one to four cigarettes 
with a smoking machine-determined nicotine yield of 2.6 mg; ra ts 
received 8 puffs a t 10-min intervals) results in a decrease of 
prolactin, thyroid-stim ulating hormone (TSH), and luteinizing hor
mone (LH) and an increase of plasma corticosterone levels. Nicotine 
doses of 0.3 m g/kg adm inistered i.v. induce an overall activation of 
the hypothalam ic-pituitary axis, causing an increase of both ACTH 
and prolactin th a t subsides w ithin 60 min. Tolerance to the 
corticosterone response develops after repeated nicotine doses, and 
there  is evidence th a t it develops after a single dose of nicotine 
(Sharp and Beyer 1986; Sharp et al. 1987). R estrain t stress increases
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ACTH, corticosterone, and prolactin levels and decreases DA and NE 
levels in hypothalam ic regions. This stressor a ttenuates nicotine’s 
activation of NE neurons but does not reverse its a ttenuating  effects 
on prolactin.

Nicotine appears to be associated with neuroendocrine activity by 
NE and DA activation (Fuxe et al. 1987). Immunohistochemical 
studies suggest th a t alterations in NE function are more im portant 
for the control of the pituitary-adrenal-axis, while DA turnover 
appears to be crucial for nicotine’s effects on prolactin, LH, and 
follicle-stimulating hormone (FSH). Moreover, these studies indicate 
th a t sim ilar nAChRs are located w ithin both DA mesolimbic and 
neostriatal systems.
Stim ulation o f P itu itary H orm ones

Nicotine adm inistration and cigarette smoking stim ulate the 
release of several an terior and posterior p itu itary  hormones. Seyler 
and coworkers (1986) had hum an subjects smoke two high-nicotine 
(2.87 mg) cigarettes in quick succession. P lasm a levels of prolactin, 
ACTH, (3-endorphin/p-lipoprotein, growth hormone (GH), vasopres
sin, and neurophysin I increased. No change was seen in TSH, LH, or 
FSH. The rapid smoking paradigm used by Seyler and coworkers
(1986) may have contributed to the effects of nicotine. Growth 
horm one levels exhibited a prolonged increase after subjects smoked 
three cigarettes in rapid succession (Sandberg et al. 1973). In 
experim ents conducted by W internitz and Quillen (1977) w ith male 
habitual smokers, GH began to rise after two cigarettes, peaked a t 1 
hr, and then re tu rned  to control levels while smoking continued. 
W ilkins and colleagues (1982) also found th a t smoking increases GH 
levels and presented evidence th a t the effect is nicotine mediated. 
Coiro and coworkers (1984) reported th a t the increase in GH 
produced by clonidine was greatly enhanced by cigarette smoking, 
suggesting th a t nicotinic cholinergic and adrenergic mechanisms 
m ight in teract in the stim ulation of GH secretion.

The TSH plasm a levels were not affected when nicotine was 
adm inistered over a 60-min period to female ra ts  (Blake 1974). In 
studies involving exposure to cigarette smoke, Andersen and col
leagues (1982) reported a lowering of TSH secretion in rats, but as
noted, Seyler and coworkers (1986) found no change in hum an 
subjects. Thus, the  data on the effects of nicotine on TSH release are 
inconclusive a t th is time.

ACTH plasm a levels increased after i.p. injection of nicotine in the 
ra t (Conte-Devolx et al. 1981). In sim ilar experim ents, Cam and 
Bassett (1983b) found th a t elevated ACTH levels peaked and rapidly 
declined to a sustained plateau level. Sharp and Beyer (1986) 
reported th a t the  effects of nicotine on ACTH in ra ts  show a rapid 
and m arked desensitization. Seyler and coworkers (1984) had male
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subjects smoke cigarettes containing 0.48 or 2.87 mg of nicotine. No 
increases in ACTH or cortisol were detected after subjects smoked
0.48-mg-nicotine cigarettes. Cortisol levels rose significantly in 11 of 
15 instances after smoking the high-nicotine cigarettes, but ACTH 
rose in only 5 of the 11 instances when cortisol increased. Each 
ACTH increase occurred in a subject who reported nausea and was 
observed to be pale, sweaty, and tachycardic. Seyler and coworkers 
(1984) studied smokers and concluded th a t ACTH release occurs only 
in smokers who become nauseated.

LH levels were reduced in male ra ts  exposed to unfiltered 
cigarette smoke, while FSH was unchanged (Andersen e t al. 1982). In 
experim ents by W internitz and Quillen (1977), there  were no 
differences in LH and FSH among male cigarette smokers while 
smoking as compared with not smoking. Seyler and colleagues (1986) 
found no change in hum an LH or FSH levels after smoking. There is 
no evidence of gonadotropin release stim ulated by nicotine or 
smoking.

Prolactin plasm a levels were lowered considerably in lactating 
ra ts  injected twice daily with nicotine (Terkel et al. 1973). It was 
suggested th a t failure of prolactin release following chronic nicotine 
adm inistration was responsible for low milk production and starva
tion of pups. Blake and Sawyer (1972) found that, in lactating rats, 
the rapid suckling-induced release of prolactin into the blood is 
inhibited by s.c. injections of nicotine. Ferry, McLean, and Nikitito- 
vich-Winer (1974) reported th a t tobacco smoke inhalation in ra ts  
delays the suckling-induced release of prolactin. Andersen and 
coworkers (1982) found th a t prolactin secretion was reduced in male 
ra ts in a dose-dependent m anner by exposure to unfiltered cigarette 
smoke. However, Sharp and Beyer (1986) reported th a t the effects of 
nicotine on prolactin in ra ts  shows a biphasic effect, first increasing 
and then decreasing. Suppressed prolactin levels were found in 
female smokers who were breast feeding (Andersen et al. 1982). 
These researchers noted th a t smokers weaned their babies signifi
cantly earlier than  nonsmokers. However, W ilkins and coworkers 
(1982) observed an increased level of prolactin in male chronic 
smokers.
Arginine Vasopressin

In addition to its antidiuretic effects, arginine vasopressin acts as a 
vasoconstrictor (Munck, Guyre, Holbrook 1984; W aeber et al. 1984). 
Arginine vasopressin may also act as a neurom odulator in pathways 
th a t affect behavior. It has been shown to promote memory 
consolidation and retrieval in ra ts (Bohus, Kovacs, de Wied 1978) and 
there  are reports of memory enhancem ent following in tranasal 
adm inistration of a vasopressin analog in both norm al and memory- 
deficient hum ans (LeBoeuf, Lodge, Eames 1978; Legros et al. 1978;
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W eingartner et al. 1981). Nicotinic cholinergic receptors in the 
medial basal hypothalam us and muscarinic cholinergic receptors in 
the neurohypophysis (posterior pituitary) have been implicated in 
the release of vasopressin (Gregg 1985). Nicotine has been found to 
stim ulate vasopressin release in a dose-related m anner in anim als 
(Reaves et al. 1981; Siegel et al. 1983) and in hum ans (Dietz et al. 
1984; Pom erleau et al. 1983; Seyler et al. 1986). These observations 
are consistent with the effects of nicotine on cognitive performance 
(Chapter VI).
The Pro-Opiomelanocorticotropin Group o f  Hormones

The POMC hormones are released in response to stress and in 
response to corticotropin-releasing hormone (Munck, Guyre, Hol
brook 1984; K rieger and M artin 1981). ACTH has behavioral effects 
and stim ulates the release of steroids such as cortisol from the 
adrenal cortex. ACTH produces rapid cycling between sleeping and 
waking as w'ell as sexual stim ulation, groom ing/scratching, blocking 
of opiate effects such as analgesia, and the enhancem ent of attention 
and stim ulus discrim ination (Bertolini and Gessa 1981). Endogenous 
opioids, such as 3-endorphin, potentiate vagal reflexes, cause respira
tory depression, lower blood pressure, block the release of catechol
am ines (Beaumont and Hughes 1979; Schwartz 1981), have antinoci
ceptive effects (van Ree and de Wied 1981), and modulate neuro
tran sm itte r systems leading to amnesic effects (Izquierdo et al. 1980; 
Introini and B aratti 1984). It has been suggested th a t the prim ary 
function of the endogenous opioids is metabolic, serving to conserve 
body resources and energy (Amir, Brown, Amit 1980; M argules 1979; 
M illan and Emrich 1981).

Nicotine appears to stim ulate the release of corticotropin-releasing 
hormone from the hypothalam us through a nicotinic cholinergic 
mechanism (Hillhouse, Burden, Jones 1975; Weidenfeld et al. 1983). 
Using an isolated perfused mouse brain preparation, M arty and 
coworkers (1985) dem onstrated th a t nicotine stim ulates secretion of
3-endorphin and ACTH in a dose-related m anner when applied 
directly to the hypothalam us but not when applied to the pituitary. 
The work of Sharp and Beyer (1986) supports th is finding; they 
reported th a t the secretion of ACTH following nicotine was unaffect
ed by adrenalectomy. Nicotine adm inistration to ra ts has also been 
shown to increase the plasm a levels of corticosterone, ACTH, and 3- 
endorphin in a dose-related m anner (Conte-Devolx et al. 1981). 
Term ination of chronic nicotine adm inistration reduced hypotha
lamic p-endorphin levels (Rosecrans, Hendry, Hong 1985). H urlick 
and Corrigal (1987) have also observed th a t the narcotic antagonist 
naltrexone inhibits some nicotine-modulated behavior in mice, 
providing a possible link between nicotine stim ulation of endogenous 
opioid activity and behavioral responses. Acute adm inistration of
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nicotine increases levels of plasma ACTH and corticosterone sharply 
(Cam and Bassett 1983b), while chronic exposure results in complete 
adaptation (Cam and Bassett 1984). M elanocyte-stimulating hor
mone was decreased and p-endorphin was increased by i.p. injections 
of nicotine in the ra t (Conte-Devolx et al. 1981).

Risch and colleagues (1980, 1982) have accum ulated evidence for 
cholinergic control of cortisol, prolactin, and P-endorphin release in 
hum ans. Rapid smoking increases circulating cortisol, p-endorphin, 
and neurophysin I (Pomerleau et al. 1983; Seyler et al. 1984; Novack 
and Allen-Rowlands 1985; Novack, Allen-Rowlands, Gann, in press). 
Moreover, m a study th a t examined the role of endogenous opioid 
mechanisms in smoking, Tobin, Jenouri, and Sackner (1982) ob
served th a t mean inspiratory flow rate  increases during the smoking 
of a cigarette bu t is depressed shortly after smoking. Naloxone had 
no effect on the initial stim ulation of respiration in response to 
smoking but did significantly b lunt the subsequent depression of 
respiration. The significance of these findings for the control of 
cigarette smoking rem ains equivocal (K arras and Kane 1980; 
Nemeth-Coslett and Griffiths 1986; C hapter IV).
Thyroid

Most of the earlier work (1930s through 1950s) assessing the 
effects of nicotine on thyroid function involved histological studies of 
the thyroid glands from anim als treated  chronically with nicotine. 
The findings are inconsistent in th a t some studies suggest elevated 
thyroid activity and others do not (Cam and Bassett 1983a). In a 
more recent study of nicotine’s action on the plasm a levels of the 
thyroid hormones, thyroxine (T4) and triiodothyronine (T3), Cam 
and Bassett (1983a) found th a t a single i.p. injection of 200 |xg/kg did 
not a lte r the level of either hormone, although it did produce an 
increase in plasma corticosterone. As m entioned earlier, nicotine 
does not consistently affect TSH in anim als or hum ans (Blake 1974; 
Seyler et al. 1986).
Adrenal Cortex

Several studies in anim als and hum an subjects have reported th a t 
nicotine and cigarette smoking lead to elevated levels of corticoste
roids. Kershbaum  and colleagues (1968) adm inistered nicotine i.v. to 
anesthetized dogs and found a 64 percent rise in plasma corticoste
roids. In rats, corticosteroid concentrations increased 50 percent 
after i.p. adm inistration of nicotine. Suzuki and coworkers (1973) 
also reported adrenal cortical secretion in response to nicotine in 
conscious and anesthetized dogs. The effects of nicotine on plasma 
corticosteroids in stressed and unstressed ra ts were studied by 
Balfour, Khuller, and Longden (1975). The adm inistration of nicotine 
to unstressed ra ts caused a rise in corticosterone which persisted for
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60 min. Nicotine did not affect plasma corticosterone concentration 
in ra ts stressed by being placed on an elevated platform. O ther 
studies showed increased plasm a corticosteroid levels after nicotine 
adm inistration (Turner 1975; Cam, Bassett, Cairncross 1979; Cam 
and Bassett 1983b). Andersen and colleagues (1982) exposed male 
ra ts to unfiltered cigarette smoke and found a dose-related increase 
in corticosterone secretion. Filtered cigarette smoke was inactive.

Seifert and coworkers (1984) found th a t the chronic adm inistration 
of 0.5 or 1.0 m g/kg of nicotine s.c. twice daily for 8 weeks to ra ts 
produced a marked decrease in plasma aldosterone levels. In this 
study, nicotine had no effect on plasma corticosterone concentration.

Hokfelt (1961) reported increases in plasma cortisol and urinary  
17-hydroxycorticosteroids following cigarette smoking in hum an 
subjects. Kershbaum  and coworkers (1968) reported sim ilar results 
involving elevations of 11-hydroxycorticosteroids. Hill and W ynder 
(1974) found th a t serum  corticosteroids were m arkedly elevated after 
high-nicotine (2.73 mg) cigarettes were smoked. No increase was seen 
with cigarettes containing less nicotine. Cryer and colleagues (1976) 
also found an increase in circulating levels of corticosteroids after 
smoking. W internitz and Quillen (1977) reported a sharp increase in 
circulating cortisol after two cigarettes. The levels were m aintained 
through the smoking period and fell gradually to normal. W ilkins 
and coworkers (1982) also observed increased levels of cortisol after 
2-mg-nicotine cigarettes were smoked. No increases in cortisol were 
detected after smoking 0.48-mg-nicotine cigarettes, but cortisol rose 
significantly in 11 of 15 cases smoking 2.87-mg-nicotine cigarettes 
(Seyler et al. 1984). Consistent with these results is the observation of 
Puddey and colleagues (1984) th a t cessation of smoking is associated 
w ith a significant fall in cortisol levels.

In contrast to these findings, Tucci and Sode (1972) reported intact 
diurnal circadian variations of cortisol and unchanged 24-hr 17- 
hydroxycorticosteroids during smoking. Benowitz, Kuyt, and Jacob 
(1984) studied 10 subjects who either smoked the ir usual brand of 
cigarettes, some of which contained 2.5 mg nicotine, or abstained. 
Plasm a cortisol concentrations throughout the day did not differ 
during smoking or abstaining. Thus, while the majority of hum an 
and anim al data indicates th a t nicotine or smoking elevates cortico
steroid levels, the effects appear to be influenced by dose, time, and 
perhaps o ther factors.

Many investigators cited above have proposed th a t nicotine’s 
effects on corticosteroids are mediated by the release of ACTH. 
Indeed, hypophysectomy abolished the increase in adrenocortical 
secretion following nicotine adm inistration (Suzuki et al. 1973; Cam, 
Bassett, Cairncross 1979) and nicotine-induced increase in plasma 
ACTH precedes the increase in cortisol (Conte-Devolx et al. 1981). 
However, T urner (1975) found th a t b ilateral adrenal demedullation
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abolished the rise in corticosterone in response to nicotine and 
suggested th a t the  effect of nicotine is m ediated via adrenal release 
of catecholamines and th a t centrally mediated stim ulation is not 
significant. In contrast, the work of M atta and associates (1987) 
dem onstrates th a t the effects of nicotine on ACTH secretion are 
centrally  mediated. Rubin and W arner (1975) have also shown th a t 
nicotine directly stim ulates isolated adrenocortical cells of the cat. 
The stim ulant effect was dose-dependent and required the presence 
of calcium. These experim ents also indicated th a t nicotine enhances 
the steroidogenic effect of ACTH.
A ndrogens

In male beagles, chronic smoking of high-nicotine/tar cigarettes 
was associated with decreased activity of 7a-hydroxylase active on 
testosterone (M ittler, Pogach, E rtel 1983). Testicular 60- and 16a- 
hydroxylases were not altered, while the hepatic androgen 6P- 
hydroxylase activity in the testis was stim ulated m arkedly by 
smoking. Serum  testosterone levels were reduced to 54 percent of 
control levels by heavy smoking. It was concluded th a t chronic 
cigarette smoking increased hepatic metabolism of testosterone, 
resulting in lowered serum  testosterone levels. However, it may be 
th a t to tal testosterone is lower while free testosterone is not.
Estrogens

Cigarette smoking is associated with antiestrogenic effects in 
women, including earlier menopause, lower incidence of breast and 
endom etrial cancer, and increased osteoporosis. MacMahon and 
colleagues (1982) reported lower urinary  estrogen levels in premeno
pausal smokers than  in prem enopausal nonsmokers and suggested 
th a t the low estrogen secretion reflected lower estrogen production, 
based on decreased estrone, estradiol, and estriol. However, 2- 
hydroxyestrogens, the major metabolites of estradiol in women, were 
not measured. Jensen, Christiansen, and Rodbro (1985) presented 
evidence for increased hepatic metabolism of estrogens as a result of 
smoking based on an observation of decreased serum  estrogen levels 
in postmenopausal smokers receiving exogenous hormone therapy. 
This study examined 136 women treated  for 1 year with different 
doses of estrogen. Reduction of serum  estrogen was most pronounced 
in the highest estrogen-dose group. There was a significant inverse 
correlation between the num ber of cigarettes smoked daily and 
changes in serum  estrogen. Michnovicz and colleagues (1986) found a 
significant increase in estradiol 2-hydroxylation in prem enopausal 
women who smoked a t least 15 cigarettes/day. They concluded th a t 
smoking exerts a powerful inducing effect on the 2-hydroxylation 
pathway of estradiol metabolism, which is likely to lead to decreased 
bioavailability of hormone a t estrogen targe t tissues.
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Pancreas and Carbohydrate M etabolism
The body weight of smokers is consistently lower than  th a t of 

nonsmokers, and smokers tend to gain weight after cessation of 
smoking (see Chapter VI for a detailed discussion of these relation
ships). These phenom ena are thought to contribute to tobacco use. 
Glauser and coworkers (1970) and H ofstetter and coworkers (1986) 
suggested th a t a change in metabolic ra te  is partially responsible for 
these effects. Schechter and Cook (1976) and Grunberg, Bowen, and 
Morse (1984) showed th a t ra ts which were adm inistered nicotine lost 
body weight w ithout reducing food intake, although the body weight 
changes were not as great as when eating behavior declined as well 
(Grunberg 1982). Grunberg (1986) has pointed out th a t differences in 
body weight between smokers and nonsmokers result from changes 
in energy consumption (via changes in specific food consumption) 
and changes in energy utilization. Recently, G runberg and cowork
ers (1988) have reported reductions of insulin levels accompanying 
nicotine adm inistration in ra ts  which could result in an increase in 
the utilization of fat, protein, and glycogen. This finding is consistent 
w ith work of Tjalve and Popov (1973), using rabbit pancreas pieces, 
and studies by Florey, M ilner, and Miall (1977) of hum an smokers 
versus nonsmokers. G runberg and coworkers (1988) have suggested 
th a t the effects of nicotine on insulin levels also may be involved in 
the nicotine-induced decrease of sweet food preferences.

Electrophysiological Actions of Nicotine

Electrocortical Effects
The brain responds to electrical as well as to chemical stimuli. 

Therefore, m easurem ents of the electrophysiological actions of 
nicotine complement studies of its chemical effects. In addition, 
electrophysiological activity reflects function th a t may relate  to 
sensory and cognitive changes observed in hum ans after smoking 
(see Chapter VI). In anim als, nicotine produces changes ranging 
from subtle latency decreases in the prim ary auditory pathw ay to 
seizures. The electrophysiological actions of nicotine may help to 
relate the anatom ical and receptor data (discussed earlier in th is 
Chapter) w ith sensory and cognitive data (discussed in greater detail 
in C hapter VI).

The hum an studies on electrocortical effects of nicotine have some 
methodological lim itations. Most of the  hum an studies had subjects 
smoke cigarettes and did not m easure blood levels of nicotine. Also, 
most studies were performed on smokers whose im m ediate and long
term  smoking history was determ ined by questionnaires which may 
not accurately reflect tolerance and physical dependence (Chapter 
IV). In some studies the  subjects were deprived of cigarettes, but no 
objective m easures such as expired carbon monoxide or blood
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nicotine levels were collected to verify compliance with the  depriva
tion conditions.
Spontaneous E lectroencephalogram

Historically, nicotine and ACh were used in anim al experim ents to 
study the cholinergic mechanisms in the m idbrain and thalam us 
which produced EEG and behavioral activation (Longo, von Berger, 
Bovet 1954; Rinaldi and Himwich 1955a,b). The adm inistration of 
nicotine produced EEG activation, consisting of desynchronized low- 
voltage, fast activity, and behavioral arousal or alerting. These EEG 
and behavioral responses resembled those produced by electrical 
stim ulation of the m idbrain reticulomesencephalic activating system 
(Moruzzi and Magoun 1949). W ith the discovery by Eccles, Eccles, 
and F a tt (1956) of nicotinic receptors in the  Renshaw cell of the 
spinal cord, other investigators began to study the precise pharm a
cology of the EEG and behavioral alerting produced by nicotine and 
electrical stim ulation of the m idbrain. C igarette smoking in hum ans 
also produced EEG desynchronization (Hauser et al. 1958; W echsler 
1958; Bickford 1960) or EEG desynchronization with an increase in 
alpha frequency (Lambiase and S erra 1957). By the la te  1950s and 
early  1960s it was generally known th a t nicotine or tobacco smoke 
caused EEG and behavioral arousal in anim als and hum ans, but 
several im portant issues were unresolved.

The central effects of nicotine were originally thought to result 
from its action on the cardiovascular system (Heymans, Bouckeart, 
Dautrebande 1931). Early studies found th a t EEG desynchronization 
occurred when the subjects smoked nicotine cigarettes, nicotine-free 
cigarettes, or sucked on glass tubes filled with cotton (Hauser et al. 
1958; W echsler 1958). Schaeppi (1968) injected nicotine into the  
vertebral artery , carotid artery, and th ird  and fourth ventricles of a 
cat’s brain and was able to dissociate the  effects of nicotine on the 
EEG from those on the cardiovascular system. K aw am ura and 
Domino (1969) dem onstrated th a t the EEG changes induced by 
nicotine could be obtained in anim als whose blood pressure increase 
was blocked. Prevention of release of catecholamines in reserpine- 
pretreated  anim als did not interfere with the  EEG desynchroniza
tion produced by nicotine (Knapp and Domino 1962).

Inhaled tobacco smoke (2-mL samples with about 2 p-g/kg of 
nicotine) and 2 .̂g of nicotine injected every 30 sec in a cat encephale 
isolé preparation produced EEG desynchronization. EEG and behav
ioral activation after cigarette smoke inhalation was also observed in 
unanesthetized cats with im planted electrodes (Hudson 1979). Lukas 
and Jasinski (1983) found th a t i.v. doses (0.75 to 3.0 mg) in hum an 
smokers resulted in dose-dependent decreases in alpha (8 to 12 Hz 
EEG activity) power and EEG desynchronization. In an inpatient 
study where nicotine deprivation was carefully controlled and
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monitored by m easurem ent of expired carbon monoxide, the smok
ing of non-nicotine cigarettes did not change the EEG (Herning, 
Jones, Bachman 1983), but EEG changes did occur when subjects 
smoked nicotine-containing cigarettes. These studies confirm th a t 
nicotine has a direct action on the CNS separate from the cardiovas
cular effects and th a t the effects are produced prim arily by the 
nicotine in inhaled tobacco smoke.

As experim ental physiological m anipulations, EEG recording, and 
EEG quantification techniques improved, the specific natu re  of the 
nicotine-induced cortical EEG changes and their relationship to 
behavior were found to be more complex than  originally thought. 
The desynchronization produced by nicotine (20 to 100 ¡ig/kg) in the 
cat was blocked by an terior pontine transections, bu t not by 
midpontine transections (Knapp and Domino 1962). The m idbrain 
reticular activating system was needed for the cortical EEG desyn
chronization produced by nicotine. However, larger doses of nicotine 
injections also produced synchronous slow high-voltage EEG activity 
in the hippocampus (hippocampal theta). Injections of the  m uscarin
ic agonist arecoline (20 to 40 mg/kg) in the anteriorly  transected 
m idbrain preparations still produced the hippocampal the ta  activity 
w ithout the cortical desynchronization. A tropine (1 mg/kg) and 
mecamylamine (1 mg/kg), but not the  ganglionic antagonist trim eth- 
idinium (1 mg/kg) block the nicotine induced EEG desynchroniza
tion in an intact anim al. The convulsions observed after nicotine 
injections (1 to 5 m g/kg in cats; 0.05 to 0.25 ng/g in mice) (Laurence 
and Stacey 1952; Stone, M eckelnburg, Torchiana 1958; Stiimpf, 
Petsche, Gogolak 1962; Stiimpf and Gogolak 1967) appear to be due 
to nicotine’s ability in large doses to stim ulate m uscarinic choliner
gic receptors in the hippocampus. Because a high concentration of 
labeled nicotine binds to hippocampal cells of the cat (Schmiterlow et 
al. 1967) and areas adjacent to the hippocampus in the ra t (Clarke, 
Pert, P ert 1984), the possibility th a t nicotine-induced limbic electri
cal activity contributes to its behavioral effects cannot be discounted.

Nicotine’s alerting effect on the brain  may also involve a peripher
al component. Electrocortical and behavioral arousal occurs in the 
cat w ithin 1 to 2 sec after injection of 10 to 15 |xg/kg into the right 
a trium  of the  heart, originating in vagal pulm onary C fiber afferents 
(Ginzel 1987). The hum an counterpart to th is finding is the 
observation by M urphree, Pfeiffer, and Price (1967) th a t an in itial 
EEG change occurred w ithin 5 sec after cigarette smoke inhalation, 
which is shorter than  a chest-to-head circulation time. A nother input 
from the periphery arises from nicotinic sites in the  a rte ria l tree. 
Injection of sm all am ounts (2 to 4 fig/kg) of nicotine, even as far 
away from the brain  as into the  lower aorta  or femoral artery , causes 
instantaneous arousal from all types of sleep (Ginzel and Lucas 
1980).
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The nicotine-induced release of ACh (Macintosh and Oborin 1953; 
M itchell 1963) may be responsible for the EEG desynchronization in 
anim als (Armitage, Hall, Sellers 1969). The effect does not appear to 
be due to the direct action of nicotine on the cortex because the 
cortical cholinergic receptors are largely m uscarinic (K uhar and 
Y am am ura 1976; R otter et al. 1979). Lower doses of nicotine (20 
|xg/kg/30 sec for 20 min) induced EEG desynchronization and ACh 
release in the cat, whereas higher doses (40 |ig /kg/30 sec for 20 min) 
produced either an increase or decrease in EEG desynchronization 
with corresponding increase or decrease in ACh release (Armitage, 
Hall, Sellers 1969). The effect of nicotine on the EEG was short lived 
relative to the release of ACh. Two separate pathways have been 
proposed to explain these results: an ascending cholinergic pathw ay 
m ediating the cortical desynchronization and a limbic pathw ay 
m ediating the ACh release.

In one stra in  of mice, C57BL, nicotine increased cortical high- 
voltage activity and decreased homovanillic acid (HVA) and 3- 
methoxy-4-hydroxyphenthyleneglycol (MHPG) production in a per
fused brain  preparation (Erwin, Cornell, Towell 1986). The decrease 
in HVA and MHPG levels reflects an increase in brain DA and NE 
levels. In intact C57BL mice, nicotine decreased locomotor activity 
(Marks, Burch, Collins 1983a). Thus, a t least in one stra in  of mice, 
nicotine induces an increase in cortical EEG synchronization, a 
decrease in locomotor activity, and an increase in brain catechol
amines. L ittle evidence relates the cortical desynchronization ob
served in anim als and hum ans to an increase in catecholamine 
changes in the brain.

As trends in neuroscience research have shifted away from 
spontaneous EEG recording in anim als to in tracellu lar recording, 
receptor localization, and binding techniques, the precise quantifica
tion of the nicotine-induced EEG desynchronization and hippocam
pal synchronization has not been done. This type of quantification 
has been done in hum ans by power spectral analysis. This technique 
quantifies the EEG by the distribution and am plitude of brain waves 
a t different frequencies. Alpha power includes EEG activity in the 8- 
to 12-Hz frequency range. Theta power includes EEG activity in the
4- to 7-Hz frequency range. Beta power includes EEG activity in the 
frequency range of 13 Hz and higher.

The comparison of nicotine-induced EEG changes in anim als and 
hum ans is complicated by an im portant methodological difference. 
Animals usually have not previously been given nicotine, while in 
studies of hum ans, the subjects always are experienced tobacco 
smokers. Moreover, in hum an studies th a t included a deprivation 
period, nicotine abstinence may have produced electrophysiological 
changes th a t are reversed by smoking or nicotine.
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EEG desynchronization or increased beta power was observed in 
smokers after smoking a tobacco cigarette (Hauser et al. 1958; 
W echsler 1958; Bickford 1960; U lett and Itil 1969). These findings 
essentially replicated the anim al studies of nicotine. Using power 
spectral analysis, U lett and Itil (1969) also observed a decrease in 
the ta  power and an increase in alpha frequency. The increase in 
alpha frequency was previously noted with visual inspection by 
Lambriase. However, the increase in the ta  was not. The subjects in 
the study by U lett and Itil had smoked one pack or more of 
cigarettes/day and had been deprived of tobacco cigarettes for 24 hr 
when the baseline EEG was recorded. Comparisons of the postsmok
ing EEG were made with this baseline period. Therefore, the 
decrease in alpha frequency and increase in the ta  power relative to 
the data from the postsmoking session may be the result of nicotine 
deprivation (Chapter IV).

K nott and Venables (1978) compared the alpha frequencies of 
nonsmokers, 12-hr nicotine-deprived smokers, and nondeprived 
smokers. They observed a decrease of about 1 Hz in the dom inant 
alpha frequency of the deprived smokers relative to the nonsmokers 
and nondeprived smokers in a passive eyes-closed situation. An 
active behavioral task and other frequencies of the EEG were not 
studied. K nott and Venables hypothesize th a t smokers were consti
tutionally different from nonsmokers. The slower alpha frequency 
was interpreted as an arousal deficit, and smoking as compensation 
to reduce the arousal deficit. K nott and Venables (1978) and U let 
and Itil (1969) both found an attentional deficit during tobacco 
deprivation.

H erning and coworkers (1983) investigated the EEG changes 
related to cigarette smoking in a hospitalized group of healthy 
smokers who smoked at least a pack and a ha lf of tobacco cigarettes 
w ith a machine nicotine delivery of 0.8 mg or more. A serial 
subtraction task  was adm inistered and EEGs were recorded from 
subjects in an eyes-open state. Alpha frequency was not affected by 
periods of smoking and deprivation. However, the ta  and alpha power 
increased during periods of deprivation and decreased after smoking 
tobacco but not placebo cigarettes. The effects were most pronounced 
on the ta  power. Increases in the ta  power occurred as early as 30 min 
after the last cigarette, and were of the same m agnitude as those 
after 10 to 19 h r of nicotine deprivation. The increase in EEG theta  
was interpreted to be a sign of tobacco deprivation (Chapter IV).

An indirect method of observing an increase in cortical activation 
was the m easurem ent of alpha power changes after tobacco smoking. 
A num ber of investigators reported a decrease in alpha power or 
abundance with cigarette smoking (M urphree, Pfeiffer, Price 1967; 
Philips 1971; Caille and Bassano 1974, 1976; M urphree 1979; 
Herning, Jones, Bachman 1983; Cinciripini 1986). with nicotine
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polacrilex gum (Pickworth, Herning, Henningfield 1986, in press), 
and with i.v. doses of nicotine (Lukas and Jasinski 1983). In spite of 
differences in the num ber of cigarettes regularly smoked by the 
subjects, the length of tobacco deprivation, the  type of tobacco 
cigarette smoked during the experim ent, and the route of adm inis
tration, nicotine reduced alpha power.

Brown (1968) m easured the resting EEG for heavy smokers and 
nonsmokers. No cigarettes were smoked. The EEG of the heavy 
smokers had less alpha and more beta activity. Twelve hours of 
nonconfirmed deprivation in the heavy smokers did not change the 
EEG patterns.

The EEG of neonates of m others who smoke is not different from 
th a t of neonates of control m others (Chernick, Childiaeva, Ioffe 
1983). W hether acute periods of smoking may affect the EEG of the 
child before b irth  is not known.

In lim ited anim al and hum an work, individual or species differ
ences in the effects of nicotine on the EEG have been observed. 
Nicotine produced a dose-dependent cortical EEG desynchronization 
in C3H mice and an increase in synchronized EEG sim ilar to 
hippocampal the ta  activity in C57BL mice (Erwin, Cornell, Towell
1986). Both effects have been observed a t different doses in the same 
preparation (Kawam ura and Domino 1969). Lower doses produce 
EEG desynchronization, and higher doses produce hippocampal 
theta. Tobacco cigarette smoking decreased EEG alpha power in 
Type A subjects and increased the ta  power in Type B subjects 
deprived of nicotine for about 4 h r  (Cinciripini 1986). The relation
ship between hippocampal th e ta  in anim als and cortical the ta  in 
hum ans is not yet understood. In nondrugged anim als cortical 
desynchronization and hippocampal the ta  activity often occur sim ul
taneously. Nicotine a t low doses produces cortical desynchronization 
and a t high doses produces both types of EEG activity. Animal data 
indicate th a t nicotine has effects on a t least two systems in the brain: 
a m idbrain area responsible for EEG desynchronization and a limbic 
system generating hippocampal the ta  activity. These findings are 
consistent with the observation tha t some smokers indicate th a t they 
smoke for nicotine’s stim ulating effects and others smoke for its 
sedating effects.
Sensory Event-Related P otentials

In anim als and hum ans, the brainstem  auditory-evoked potential 
technique provides a noninvasive method for studying the effects of 
nicotine on prim ary auditory sensory function. In the rat, nicotine 
reduced the am plitudes of Waves III and IV of the brainstem  
auditory-evoked response (BAER) (Bhargava and McKean 1977; 
Bhargava, Salamy, McKean 1978; Bhargava, Salamy, Shah 1981). 
Serotonergic mechanisms may mediate the nicotine-induced reduc
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tion in latency. Lavernhe-Lemaire and G arand (1985) found essen
tially the opposite. Nicotine increased Waves I-III and did not 
decrease Waves IV and V of BAER.

Auditory event-related potentials (AERPs) recorded directly from 
the cortex of ra t have provided conflicting inform ation about 
nicotine’s effects on auditory transm ission from the inferior collicu- 
lus to the cortical areas. G uha and Pradhan (1976), using pentobarbi
tal anesthesia, found a dose-dependent increase in P I (40 ms) and N1 
(110 ms) of the AERP. Bhargava, Salamy, and McKean (1978), using 
chloralose anesthesia with atropine pretreatm ent, reported no 
nicotine-related change in P I (11 ms), N1 (28 ms), P2 (75 ms), and N2 
(121 ms) of the AERP.

After smoking, the P I (50 ms) of the hum an AERP is increased 
during passive tasks a t all intensity levels and the N1 (110 ms) is 
increased in both passive and active tasks (Knott 1985). The N2 
(about 215 ms) to P2 (about 260 ms) component of the AERP recorded 
during a passive task was reduced after cigarette smoking when 
compared with data from the baseline deprivation test (Friedman 
and Meares 1980). P2 was also reduced by nicotine in the study by 
K nott (1985). These components also increased in am plitude as the 
tobacco deprivation period was lengthened. Any attem pt to relate 
th is finding to results in the anesthetized ra t would be speculative 
because AERPs recorded from the cortex of unanesthetized anim als 
and hum ans are difficult to compare (Wood et al. 1984). A lterations 
in AERP components in the  75- to 150-ms latency range have been 
attribu ted  to change in attention. The decrease in the  la ter N2-P2 
component is more likely to reflect reduced habituation to auditory 
stimuli.

The effects of nicotine on visual event-related potentials (VERPs) 
are more complicated than  those on the AERPs. In unaesthetized 
rabbits, i.v. nicotine (0.025 to 0.500 mg/kg) produced a complex 
VERP change (Sabelli and Giardini 1972). At 2 min, nicotine 
depressed the  P I  (100 ms) and the N1 (250 ms). At 5 min, these 
components were enhanced. A t doses below 0.050 m g/kg, the  N1 was 
again depressed from 10 to 20 min after the  injection. P re trea tm en t 
with catecholam ine inhibitors diminished the nicotine-induced 
VERP changes. The authors suggested th a t the effect of nicotine on 
VERPs was mediated in part by catecholaminergic mechanisms.

The effects of nicotine on the hum an VERP using m ultiple flash 
intensities were the focus of four studies. The studies were designed 
to test Buchsbaum and Silverm an’s (1968) concept of stim ulus 
intensity control and its m odulation by nicotine. According to their 
theory, sensory processing in different individuals varies in a t least 
two ways. Some persons, "augm enters,” are more sensitive to higher 
intensities than  to lower intensities, and others, "reducers,” are 
more sensitive to lower than  to higher intensities. Smokers m ight be
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one particu lar type of stim ulus processer and may smoke to a lter or 
normalize stim ulus intensity. In all studies the comparison was 
between results a fter 12 h r or more of unconfirmed tobacco 
deprivation and those after recent smoking. Components of the 
VERP increased after smoking in three studies (Hall et al. 1973; 
Friedm an and Meares 1980; Woodson et al. 1982) but decreased in 
another study (Knott and Venables 1978). The increases and 
decreases occurred in components of the same latency range (75 to 
250 ms) after flash onset. The fourth study differed only slightly 
from the others in th a t it used a between-subjects and not within- 
subject experim ental design. Using a single flash intensity, Vasquez 
and Toman (1967) also observed a decrease in components IV (140 ms) 
and V (170 ms) of the VERP when compared with results after 36 hr 
of tobacco deprivation. Two studies found a nicotine-induced increase 
a t earlier components (III-IV and IV-V) for the lower intensities only. 
The other study reported an increase in la ter components (V-VI and 
VI-VII) a t the higher flash intensities. K nott and Venables (1978) 
observed the decrease after smoking in the middle components (IV-V 
and V-VI) for the lower intensities. Because of these divergent 
results, it is prem ature to conclude th a t smokers are exclusively 
augm enters or reducers who are attem pting to optim ally adjust 
stim ulus intensity by smoking.
C ognitive Event-Related P otentials

Cognitive event-related potentials reflect neural events which 
appear to be related to different aspects of cognition, such as 
attention  and stim ulus evaluation. They usually follow the sensory 
components of event-related potentials when hum an subjects are 
performing active behavioral tasks. They provide inform ation not 
normally available from performance measures such as reaction 
time. Increases or decreases in these potentials after smoking can aid 
in our understanding the effects of nicotine on performance.

W hen two task-relevant stim uli are separated by a short interval 
(1 to 3 sec), a negative slow wave develops between them . In 
particular, this contingent negative variation (CNV) develops in 
warned or cued reaction times, successive discrim ination, and some 
language processing tasks. The CNV appears to reflect brain 
preparation to process and respond to the second stimulus. Smoked 
tobacco and i.v. nicotine e ither increase or decrease the CNV (Ashton 
et al. 1973, 1974, 1980; Minnie and Comer 1978). Extraverted 
smokers took longer to smoke and nicotine increased the CNV. 
Introverted subjects smoked faster and nicotine decreased the CNV. 
Reaction tim e was inversely correlated with CNV amplitude; th a t is, 
shorter reaction tim e was associated with larger CNV. W ith i.v. 
doses of nicotine (12.5 to 800.0 jig), larger doses produced a decrease 
and small doses produced an increase in the CNV in the  same
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subject. O’Connor (1982) studied the effects of smoking on the 
orienting (O wave) and expectancy (E wave) components of the CNV 
in introverted and extraverted subjects. The O wave was not affected 
by smoking. The E wave, recorded in frontal areas, was increased in 
extraverted subjects after smoking. The E wave has been in terpreted  
by some investigators as cortical preparation for a response. Smok
ing decreased a positive parietal E wave in introverts. N icotine’s 
effect on the E wave suggests the possible enhancem ent of motor 
preparation in the extraverted subjects. The decrease of parietal 
positivity indicates a possible enhancem ent of stimulus-processing 
capacities in the introverts.

Poststim ulus components P2(00) and P3(00) were affected by 
cigarette smoking and nicotine polacrilex gum. P2 is thought to be 
an index of habituation (Hillyard and Picton 1979), and P3 an index 
of stim ulus evaluation (Johnson 1986). Both components were 
reduced in deprived smokers after smoking (Knott 1985; H erning 
and Jones 1979). K nott (1985) in terprets the reduction in P2 as a 
more efficient habituation of sensory screening of relevant stimuli. 
The reduction in P3 am plitude after smoking indicates a poorer 
evaluation of task-relevant stimuli. The P3 latency and reaction tim e 
were reduced only by cigarettes w ith higher machine-tested nicotine 
yields (Edward et al. 1985). Such data indicate faster stim ulus and 
response processing. These authors did not report any P3 am plitude 
changes. If none were present or P3 was reduced, the argum ent for 
enhanced stim ulus processing would be weak. H erning and Pick
worth (1985) reported both dose-dependent increases and decreases 
in P3 am plitude as a function of background noise levels when 
deprived smokers chewed nicotine polacrilex gum (4 mg and 2 mg 
doses). The respective increase or decrease was blocked by mecamy- 
lam ine pretreatm ent. Thus, the effect of nicotine on stim ulus 
evaluation rem ains unclear and is perhaps confounded by cognitive 
deficits after periods of nicotine deprivation.
M otor P otentia ls

O’Connor (1986) investigated the effect of tobacco smoking on 
motor potential and motor performance. Smoking increased the 
motor readiness potential in extraverts, but not in introverts. These 
results are consistent w ith his earlier finding of an increased E wave 
in extraverts after smoking. For introverts, smoking improved task  
performance, but did not increase the motor readiness potential.

Other Peripheral Effects Relevant to Tobacco Use

In addition to vast central and peripheral effects, cigarette 
smoking and nicotine have o ther peripheral effects th a t may 
contribute to tobacco use. These additional factors have received less
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research attention, m ainly because they involve relatively new 
theory or methodological approaches. For example, there  is evidence 
th a t direct stim ulation of the trachea is im portant for cigarettes to 
satisfy smokers (Rose et al. 1984) (Chapter IV). There is also evidence 
th a t nicotine acts directly on the lung to stim ulate afferent neurons 
that, in tu rn , result in skeletal muscle relaxation and electrocortical 
arousal (Ginzel 1987). These effects may contribute to the  relation
ship between smoking and stress (Chapter VI). O ther research 
indicates th a t smoking affects psychophysiological reactivity, an 
integrative mechanism th a t is different from the classic, physiologi
cal approach of exam ining individual systems or pathways. There
fore, psychophysiological reactivity and its relevance to smoking are 
discussed.
P sychophysio logica l R eactiv ity  and Sm oking

Psychophysiological reactivity is emerging as a useful construct in 
smoking research, linking basic biological processes (genetic vulnera
bility, central neurochemical factors) to behavioral coping and other 
psychosocial factors. Psychophysiological reactivity refers to a 
physiological response to a specific stim ulus or as a resu lt of the 
absence of stim ulation. This response can, in some cases, act as a 
stressor. W ithin the broader conceptual fram ework of a stress-coping 
model of smoking addiction (Shiffman and Wills 1985), smoking 
behavior can be viewed both as a potential stim ulus and as a coping 
response th a t modulates psychophysiological reactivity.

Studies of psychophysiological reactivity illustra te  the value of 
controlled laboratory procedures to study person-environm ent in te r
actions. Psychophysiological reactivity reflects an interaction of the 
organism and the environm ent. It is affected by individual differ
ences in m ultiple response modes (physiological, cognitive, behavior
al) and takes into account the genetic and learning history and 
curren t state  of the organism.

This Section reviews two separate but in terrelated  lines of 
psychophysiological reactivity research with hum ans. The first is the 
effect of smoking on psychophysiological reactivity. Related issues 
include identification of mechanisms th a t may help to reveal why 
some individuals smoke and the relationship between smoking and 
coronary heart disease (CHD). The second research line addresses 
the relationship among situational events (general and drug-specif
ic), psychophysiological reactivity, and relapse.

The effects of smoking on the cardiovascular aspects of physiologi
cal reactivity have been well documented and appear to be prim arily 
due to effects of nicotine and carbon monoxide (Suter, Buzzi, Battig 
1983; Koch et al. 1980; Rosenberg et al. 1980). In individuals with no 
cardiovascular disease, some of the typical effects of smoking and 
nicotine are elevated heart ra te  and blood pressure and a fall in
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fingertip tem perature and capillary blood flow (Richardson 1987; 
Ashton et al. 1982; Epstein and Jennings 1986; Henningfield et al. 
1983).

Accompanying cardiovascular reactions to smoking are cognitive 
reactions, including perceptions of relaxation, and anxiolytic, antino
ciceptive, euphoric, stim ulative, and dysphoric effects (Kozlowski, 
Director, Harford 1981). Although there  is consistency in the 
lite ra tu re  w ith regard to the self-reported emotional changes experi
enced as a result of smoking, there  are clear differences in response 
and direction of effects between individuals and w ithin individuals 
over tim e (Best and H ackstian 1978; G ilbert 1979; G ilbert and 
Welser, in press). Smoking can produce physiological changes th a t 
are concurrent with subjective tranquilizing effects (Nesbitt 1973; 
Shiffman and Jarv ik  1984; Gilbert 1979). This phenomenon has led 
investigators to emphasize the im portance of incorporating physio
logical, psychological, and environm ental factors into more biobeha- 
vioral models to better understand the cognitive and physiological 
components of reactivity to smoking (Pomerleau and Pom erleau 
1984; Baum, Grunberg, Singer 1982; Abrams et al. 1987; Grunberg 
and Baum 1985). For example, nicotine has direct and indirect 
actions on central neuroregulatory systems and has biphasic effects 
of both stim ulation and blockade. These factors can help explain 
effects such as the anxiolytic and antinociceptive phenomena 
(Pomerleau 1986) a t a cognitive and neurochemical level, while at 
the same tim e resulting in increased heart ra te  and blood pressure 
and decreased perception of muscle tension (Epstein et al. 1984).

In addition to dosage, biphasic, and physiological factors, the 
influence of setting and expectancy set, the cu rren t state  of the 
individual (smoking, deprived, stressed, not stressed), and individual 
differences in dependence, genetic, demographic, and learning 
history can all influence psychophysiological reactivity. For exam 
ple, smoking a 1.3-mg-nicotine cigarette under conditions of mild 
sensory isolation produced consistent arousal effects (i.e., elevations 
in heart ra te  and skin conductance level w ith decreases in EEG 
alpha waves) in smokers compared with sham  smoking or a 
situational control group. However, under conditions of stress, as 
induced by in term itten t noise bursts, a mixed stim ulant (heart rate) 
and depressant (EEG, skin conductance) response was observed 
(Golding and M angan 1982). Woodson and coworkers (1986) also 
reported th a t during noise, smoking induced cardiovascular stim ula
tion (i.e., h ea rt ra te  acceleration, peripheral vasoconstriction) but 
electroderm al depression (i.e., lowered skin conductance response 
amplitude). These findings are consistent with the conclusions of 
G ilbert and W elser (in press) th a t unidim ensional models are 
inadequate to explain the effects of smoking.
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In addition to research on the impact of smoking on psychological 
and physiological processes, studies have also exam ined the com
bined cardiovascular effects of smoking and stress. In this context 
the  concept of cardiovascular psychophysiological reactivity is used 
to help clarify the relationship among stress, smoking, and CHD 
(Epstein and Jennings 1986). MacDougall and colleagues (1983) 
random ly assigned 51 male smokers to smoking versus sham  
smoking and stress versus no stress conditions in a 2 x 2 factorial 
design. The stressor was a difficult video game performed under 
challenging conditions. Subjects who sham  smoked under no stress 
showed m inim al cardiovascular response. Subjects who smoked 
under no stress or who sham  smoked under stress evidenced sim ilar 
degrees of response of about a 15-bpm increase in h ea rt rate, a 12- 
mmHg increase in systolic blood pressure, and a 9-mmHg increase in 
diastolic blood pressure. Subjects in the combined smoking and stress 
condition had larger increases in all cardiovascular measures. The 
combination of mild stress and smoking produced effects th a t were 
twice those of either condition alone. Smoking and stress combined 
to increase cardiovascular response in men.

In a followup study of women, using the  same 2 x 2  factorial 
design, Dembroski and colleagues (1985) found th a t the combined 
effect of stress and smoking produced blood pressure and h ea rt ra te  
increases th a t exceeded the sum of the individual effects. However, 
because modifications were made in dosage and psychological 
challenge, the two studies were not identical. The gender differences 
noted could therefore reflect methodological differences, uncon
trolled factors, or possibly differences between the sexes in response 
to the stress and smoking stimuli. Indeed, it has been noted th a t 
females may be more likely th an  males to smoke to regulate affect 
(Ikard and Tomkins 1973), are more likely to relapse after quitting 
(Gritz 1986), may differ in biological factors relating to stress 
reactivity/sensitivity  (Abrams et al. 1987), and show greater changes 
in body weight and eating behavior in response to nicotine (Grun- 
berg, Bowen, W inders 1986; Grunberg, Winders, Popp 1987). (See 
C hapter VII for a discussion of trea tm en t implications of these 
possible sex differences.)

In a conceptually related study, the relationship between physio
logical responses to cognitive (mental arithm etic) and physical (cold 
pressor) stressors was examined in female smokers and nonsmokers 
who either used or did not use oral contraceptives (Emmons and 
W eidner, in press). All subjects showed some physiological response 
(heart ra te  and blood pressure responses) to the stressors, but in 
smokers oral contraceptive use significantly enhanced the systolic 
blood pressure response to cognitive stress. This finding may be 
related to the fact th a t smokers who use oral contraceptives are 5.6- 
times more likely to have a myocardial infarction than  are smokers
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who do not use oral contraceptives, 9.7-times more likely than  
nonsmoking users, and 39-times more likely than  nonsmokers who 
do not use oral contraceptives (Shapiro et al. 1979; Ja in  1976; Ory 
1977). *

In studies of psychophysiological reactivity, it is critical to identify, 
measure, and control for factors th a t m ight confound or a lte r the 
intended impact of the independent variables. For instance, tim e 
since last drink and beliefs, expectations, and setting are im portant 
variables to consider in the study of alcohol addiction (Abrams and 
Wilson 1979; Abrams 1983; M arlatt and Rohsenow 1980). The 2 x 2  
balanced placebo design (M arlatt, Demming, Reid 1973), where 
expectancy set (told to expect the drug or told to expect no drug) and 
actual content (drug versus placebo) are fully controlled, has been 
used extensively in the alcohol addiction field to isolate the  separate 
and interactive elem ents of cognitive and pharmacologic effects. 
W ith smoking, little is known about the separate and interactive 
impacts of expectations of cigarettes’ effects versus the ir actual 
pharmacologic effects. This is partially because it is difficult to find a 
method of adm inistration th a t closely resembles smoking but where 
the required m anipulations to achieve a credible balanced placebo 
design can be accomplished.

A nother methodological concern is control over the dosage of 
nicotine absorbed by the smoker. Nicotine is thought to be the most 
im portant tobacco constituent responsible for the acute effects of 
smoking on reactivity, attention  and task  performance, mood, and 
withdrawal following cessation (Perkins et al., in press; Pomerleau, 
Turk, Fertig 1984; Hughes et al. 1984). However, in tobacco smoking, 
nicotine is accompanied by more than  4,000 other compounds (Dube 
and Green 1982) and smokers are known to smoke in individualized 
ways (Epstein et al. 1981) (Chapter IV). The coaching of puff 
frequency and other attem pts to standardize in take of smoke are 
imperfect (Perkins et al., in press). An aerosol nasal spray appears to 
be a promising alternative to smoking in studies of behavioral and 
physiological effects. It allows for rapid uptake through inhalation, 
and a dose-response study indicates patterns of heart rate, blood 
pressure, and serum  nicotine levels th a t are very sim ilar to those 
obtained by smoking cigarettes of equivalent nicotine content 
(Perkins et al., in press).

Perkins and coworkers (in press) studied the separate and in terac
tive effects of nicotine adm inistered by nasal aerosols and stress on 
psychophysiological reactivity. The authors note th a t the previous 
studies (MacDougall et al. 1983; Dembroski et al. 1985) could be 
confounded because smokers usually smoke more under stress and 
therefore they may inhale more nicotine or a lte r the ir smoking in 
other ways when stressed (Mangan and Golding 1978; Rose, Ananda, 
Jarv ik  1983) (Chapter VI). In other words, the additive effects of
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stress and smoking on physiological responses could have resulted 
from uncontrolled changes in smoking pattern  between the smokers 
in the no-stress and stress conditions. Perkins and colleagues (in 
press) studied 12 male smokers in a repeated-m easures design, where 
subjects received all 4 conditions (stress plus nicotine, stress plus 
placebo, rest and nicotine, and rest and placebo) on separate days 
with the order of condition counterbalanced w ithin subjects. Follow
ing the methodology of previous studies of psychophysiological 
reactivity, the researchers used an  active stressor consisting of a 
video game under conditions of competitive challenge. Nicotine was 
adm inistered in m easured 1.0-mg doses by the aerosol nasal method 
(Perkins et al., in press). Consistent w ith observations of MacDougall 
and coworkers (1983), results were additive for h ea rt ra te  reactivity. 
However, effects were less than  additive for systolic and diastolic 
blood pressure.

Taken together, the  studies of the effects of smoking cigarettes and 
of nicotine aerosol stim uli on the physiological responses of adult 
males dem onstrate a consistent effect for the stim uli alone, additive 
in combination with stress on heart rate, and additive or less than  
additive w ith stress on blood pressure. There is some suggestion th a t 
effects may be more than  additive for women, but this finding 
requires replication.
P sych op h ysio log ica l R eactivity, Sm oking Cessation, and  
R elapse

Psychophysiological reactivity also serves as a conceptual fram e
work to study relapse after cessation from smoking (Shiffman 1986b; 
Abrams 1986). Individual differences in psychophysiological reactivi
ty and associated coping responses, as a function of general and 
smoking-specific stressful stim uli, have been hypothesized to medi
ate relapse. For example, smokers who smoke more when stressed 
m ight be particularly  vulnerable to relapse (Pomerleau, Adkins, 
Pertschuck 1978). This idea is consistent with the  observation th a t 
relapse may be triggered by life stress events and other psychosocial 
demands (Ockene et al. 1982) and by high-risk situations including 
negative emotions, social conflicts and pressures, and the  presence of 
alcohol or smoking cues (M arlatt and Gordon 1985; Shiffman 1979, 
1982,1984. 1986a; Abrams et al. 1986). If certain  psychophysiological 
reactivity responses distinguish potential abstainers from relapsers, 
cessation may be better m aintained by identifying "relapse-prone” 
individuals (Chapter VII).

Stressful environm ental demands, sensitivity of the individual to 
these demands, and the repertoire of coping responses are im portant 
factors in relapse (Shiffman and Wills 1985; Abrams et al. 1987). 
These same factors also may contribute to initiation of smoking 
among adolescents. Wills (1985) provides evidence for the stress-
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coping model of smoking in adolescence, relating both stress and 
coping patterns to substance use. Results are consistent w ith other 
findings that, in addition to peer pressure to smoke, adolescents 
actively seek methods of coping with the ir perceptions of stress 
(Wills 1985; Friedm an, Lichtenstein, Biglan 1985; Botvin and 
McAlister 1981). Although these survey studies are consistent with 
the not’on of smoking as a means of coping with psychophysiological 
reactivity to environm ental demands, research has not yet measured 
reactivity in adolescents prior to smoking onset.

Observational and retrospective studies of relapse have identified 
other smoking-specific stressful stim uli and cogni- 
tive/psychophysiological measures of reactivity th a t are relevant to 
relapse. Situations or stim uli th a t cue smoking and are associated 
with relapse include pharmacologic dependence and w ithdraw al 
symptoms (Jarvik 1977; Pom erleau and Pomerleau, in press; Hughes 
et al. 1984), stim uli previously associated with smoking (e.g., coffee 
drinking, alcohol) (Shiffman 1984, 1986a; Best and H akstian 1978), 
and urges to smoke (Myrsten, Elgerot, Edgren 1977). S ituational 
stim uli may or may not have previously been paired with smoking 
and may or may not include smoking cues as a trigger for relapse.

Substance use cues themselves (e.g., the sight and smell of 
cigarettes) also may precipitate relapse, perhaps in combination with 
other stressful stim uli or in a vulnerable individual (Shiffman 1986b; 
Abrams et al. 1987). Models of how substance use cues are related to 
relapse have been proposed on the basis of classical, operant, and 
social learning principles. Reactions may be conditioned to stim uli 
repeatedly paired with smoking, resulting in craving and physiologi
cal reactivity in the ir presence and moderated by dependence, 
tolerance, and nonpharmacologic w ithdraw al (Siegel 1983; Cooney, 
Baker, Pom erleau 1983; Gritz 1980). Psychophysiological reactivity 
to smoking cues could mimic the prior drug response (Wikler 1965), 
result in a drug-opposite (compensatory) response (Siegel 1983), or 
have other effects on psychological processes such as perceived 
anxiety, urges to smoke, and self-efficacy in resisting relapse 
according to a social learning model of relapse (M arlatt and Gordon 
1985).

Abrams and colleagues (1987) studied the  psychophysiological 
reactivity and behavioral coping responses of male and female 
relapsers and quitters in four sim ulated situational contexts: general 
social situations, smoking-specific negative emotional and in terper
sonal role-plays, high-demand social stress, and relaxation. Com
pared to abstainers, relapsers had higher heart rates and higher 
perceived anxiety and were rated as less skillful a t coping in the 
smoking-specific in trapersonal (negative affect) situations. There 
were no differences on any m easures in the high-performance- 
demand general-social-stress procedure. There were some differences
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in heart ra te  and self-reported anxiety in the general social 
situations and in heart ra te  in the relaxation interval, with relapsers 
having higher levels than abstainers. Abstainers and relapsers did 
not differ in heart rate, perceived anxiety, or coping skills in the 
high-demand social anxiety procedure, bu t they did differ in the 
other situations. The results suggest th a t selected situational 
demands prom pt situation-specific psychophysiological changes.

Rickard-Figueroa and Zeichner (1985) used a within-subjects 
design to examine the responses of smokers to a confederate of the 
experim enter lighting and smoking the subject’s preferred brand of 
cigarette behind a glass window. Cigarette paraphernalia  were 
placed adjacent to the subject but smoking was not perm itted until 
after the session. The cue exposure m anipulation resulted in higher 
urges to smoke, increased systolic and diastolic blood pressure, and 
increased heart ra te  variability compared with a no-cue condition. 
Urges were significantly positively correlated with diastolic blood 
pressure, the use of active m astery to cope with urges, and the more 
rapid smoking of a standard  cigarette after the trial.

In a study th a t shows some evidence for a conditioned response, 
Saum et and D ittm ar (1985) m easured finger-pulse amplitude, a 
m easure of peripheral vasoconstrictive activity, while subjects 
placed an unlit cigarette into their m ouths and waited for it to be lit. 
Heavy smokers showed an anticipatory vasoconstrictive response to 
the cigarette compared with light smokers and nonsmokers.

Abrams and colleagues (in press) used smoking cues and a social 
stressor to sim ulate an interpersonal situation with high risk for 
relapse. Relapsers, abstainers, and never smokers were examined for 
psychophysiological reactivity. Compared with controls (never smok
ers), relapsers had significant heart ra te  reactivity, stronger urges to 
smoke, and subjective anxiety. Trained raters, unaw are of subject 
smoking status, judged relapsers as having significantly less effec
tive coping skills to resist smoking. In a second study, the same 
assessment was used prospectively in a trea tm en t outcome context 
to determ ine w hether patterns of psychophysiological reactivity 
could discrim inate between quitters who m aintain abstinence from 
those who do not. Both heart ra te  reactivity and subjective anxiety 
were greater in quitters who relapsed at 6-month followup compared 
with those who continued to abstain. The groups did not differ with 
regard to urges to smoke or behavioral judgm ents of coping skill. 
Thus, the two studies were consistent for heart ra te  and perceived 
anxiety but not for urges or objective ratings of coping effectiveness.

In a reanalysis of the heart ra te  data from Abrams and coworkers 
(in press), N iaura and colleagues (in press) examined beat by beat 
event-related heart ra te  during the period immediately before and 
for the 10 sec following the lighting of a cigarette by a confederate 
(subjects did not smoke throughout). Prospective relapsers showed a
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strong decelerative trend a t the point of lighting, whereas prospec
tive abstainers did not. The results may reflect a conditioned 
compensatory response (Siegel 1983) or some other inform ation 
processing/attentional phenomenon (Sokolov 1963; K nott 1984). In 
another trea tm en t study, Emmons (1987) examined sm okers’ cardio
vascular reactivity to m ental arithm etic or deep knee bends before 
and 6 m onths after smoking cessation. There was no change in 
reactivity (heart rate, systolic and diastolic blood pressure) to either 
stressor before and after quitting. Heightened pretreatm ent heart 
ra te  reactivity significantly discrim inated relapse a t 6-month follow- 
up.

Individual differences in psychophysiological reactivity may influ
ence the likelihood of relapse. This possibility is discussed in Chapter 
VII.

Summary and Conclusions

1. Nicotine is a powerful pharmacologic agent th a t acts in the 
brain and throughout the body. Actions include electrocortical 
activation, skeletal muscle relaxation, and cardiovascular and 
endocrine effects. The many biochemical and electrocortical 
effects of nicotine may act in concert to reinforce tobacco use.

2. Nicotine acts on specific binding sites or receptors throughout 
the nervous system. Nicotine readily crosses the blood-brain 
barrier and accum ulates in the brain shortly after it en ters the 
body. Once in the brain, it interacts w ith specific receptors and 
alters brain  energy metabolism in a pa ttern  consistent w ith the  
distribution of specific binding sites for the drug.

3. Nicotine and smoking exert effects on nearly  all components of 
the endocrine and neuroendocrine systems (including catechol
amines, serotonin, corticosteroids, p itu itary  hormones). Some 
of these endocrine effects are m ediated by actions of nicotine 
on brain neuro transm itter systems (e.g., hypothalam ic-pitu
itary  axis). In addition, nicotine has direct peripherally m ediat
ed effects (e.g., on the adrenal m edulla and the adrenal cortex).
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Introduction

This Chapter reviews the evidence th a t tobacco is a pharmacologi
cally addicting substance and th a t tobacco use can be considered a 
form of drug addiction. Specific criteria  to identify a substance as 
pharmacologically addicting are discussed in Chapters I and V. In 
brief, the criteria  are: (1) th a t highly controlled or compulsive 
patterns of drug taking occur, (2) th a t a psychoactive or mood- 
altering drug is ingested by use of the substance and is involved in 
the resulting patterns of behavior, and (3) th a t the drug is capable of 
functioning as a reinforcer th a t can directly strengthen behavior 
leading to fu rther drug ingestion. Addicting drugs can be character
ized by o ther properties th a t include the following: they can produce 
pleasurable effects in users, they can cause tolerance and physical 
dependence, and they can have adverse or toxic effects. Drawing 
upon data  from studies of tobacco and nicotine, involving both 
hum ans and anim als, the  present C hapter reviews the evidence th a t 
tobacco meets the criteria  as a pharmacologically addicting sub
stance. A specific comparison of tobacco to other pharmacologically 
addicting substances is provided in C hapter V.

Cigarette Smoking: Controlled Drug Self-Administration

Highly controlled or compulsive drug use refers to drug-seeking 
and drug-taking behavior th a t is driven by strong, often irresistible 
urges. It can persist despite a desire to quit or even repeated 
attem pts to quit.

Basic observations and experim ental research indicate th a t ciga
re tte  smoking is not a random  or capricious behavior th a t simply 
occurs a t the  will or pleasure of those who smoke. R ather, smoking is 
the  result of behavioral and pharmacologic factors th a t lead to 
highly controlled or compulsive use of cigarettes. The highly 
consistent patterns of cigarette smoking illustra te  the controlled 
n a tu re  of the behavior. For example, following initiation of smoking 
the individual gradually increases cigarette in take over tim e until 
he or she achieves a level th a t rem ains stable, day after day, during 
the  sm oker’s lifetime (Schuman 1977; US DHHS 1987a). The 
dependent smoker tends to adopt a pattern  in which the initial 
cigarette of the day is smoked soon after waking (Fagerstrom  1978) 
and in which smoking throughout the day is regular from day to day 
(Griffiths and Henningfield 1982; Griffiths, Henningfield, Bigelow 
1982). "Occasional” cigarette smoking (or "chipping”) occurs ju st as 
does occasional use of o ther addicting drugs (see C hapter V); 
however, the 1985 N ational H ealth  Interview Survey showed th a t 
only 10.6 percent of cu rren t smokers smoke 5 or fewer cigarettes/day 
(unpublished data, Office on Smoking and Health; see also Russell 
1976 and US DHHS 1987a).

149



Strong evidence th a t cigarette smoking is a highly controlled or 
compulsive behavior is provided by survey data showing th a t a 
m ajority of smokers have tried to quit or a t least would like to quit. 
For example, several Gallup surveys have shown th a t a large 
m ajority of smokers report a desire to quit smoking; in fact, the 
proportion of smokers who would like to quit increased from 66 
percent in 1977 to 77 percent in 1987 (Gallup 1987), perhaps because 
of a declining social acceptability of smoking and the growing 
awareness of the  health  hazards of smoking. In addition, the  1986 
A dult Use of Tobacco Survey (US DHHS 1987b) showed th a t 65 
percent of cigarette smokers had made a t least one serious attem pt 
to quit; another 21 percent said th a t they would try  to quit "if there  
were an easy way to do so” (Fiore e t al., in press; US DHHS 1986).

The compulsive n atu re  of cigarette smoking is most apparen t in 
extrem e cases: for example, the laryngectomized patien t who, having 
already suffered severe consequences of smoking, continues to smoke 
through a tracheostom y hole. Similarly, 50 percent or more of 
patients recovering from surgery for a smoking-related disease (e.g., 
cancer, cardiovascular disease) resum e smoking while in the hospital 
or shortly after discharge (Burling, Singleton e t al. 1986; West and 
Evans 1986).

In this Section, the behavioral process of cigarette smoking and 
the factors which determ ine the course of the behavior are described. 
Evidence th a t cigarette smoking is repetitious and stereotypic, 
common features of compulsive drug use, is reviewed in th is Section, 
as well as evidence th a t actions of nicotine are responsible for 
patterns of smoking behavior. Initially, however, it is necessary to 
briefly review the methods by which the  behavioral process of 
cigarette smoking is studied, as well as the m ain findings from such 
studies.
M easurem ent of Cigarette Sm oking

Cigarette smoking behavior may be analyzed a t different levels 
ranging from epidemiological surveys to the analysis of cigarette 
puffing. In fact, many thousands of scientific articles have been 
published in which some aspect of cigarette smoking is described. 
Much of this research has been reviewed in the tobacco research 
compendia of Larson and his colleagues (Larson, Haag, Silvette 1961; 
Larson and Silvette 1968, 1971, 1975), a previous report of the 
Surgeon G eneral (US DHEW 1979), several monographs of the 
N ational Institu te  on Drug Abuse (NIDA) (Jarvik e t al. 1977; 
Krasnegor 1978, 1979a,b,c; Grabowski and Bell 1983; Grabowski and 
H all 1985) and in articles by others (Russell 1971, 1976; Gritz 1980; 
Henningfield 1984).

It is characteristic of drug dependence th a t the drug-seeking and 
self-adm inistration behaviors become stereotypical and autom atic in
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Tobacco com prises:

C igarette constituents
•  Organic matter
•  Nicotinic alkyloids
•  Additives 

Pyrolysis products
•  Carbon dioxide
•  Carbon monoxide

Smoke 
production 
by pyrolysis 

(1600 - 1800° F)

Air dilution 
and cooling via 
porous paper

To lungs, where 
absorption occurs

Absorption factors:

•  Inhalation amount
•  Inhalation depth
•  Inhalation duration
•  pH of smoke
•  Absorption characteristics

of individual constituents

FIGURE 1.—Production and fate o f cigarette sm oke  
constituents

N O T E : D e s c r ip tio n  o f c o m p le x ity  o f p ro c e ss  b y  w h ic h  n ic o t in e  is e x t r a c te d  fro m  c ig a r e t t e .  A m o u n t  o f n ic o t in e  
u l t im a te ly  a b s o rb e d  is a s  m u c h  a  fu n c tio n  o f s m o k e r  b e h a v io r  a s  o f c ig a r e t t e  c h a r a c te r is t i c s .

S O U R C E : H e n n in g f ie ld  (1984).

appearance; cigarette smoking is no exception. The behavior of 
lighting, smoking, and extinguishing cigarettes, including puffing 
and inhaling, also becomes regular in smokers over time. The 
m easurem ent techniques th a t perm it such conclusions, however, 
m ust address a complex behavior. There are  m any variables (e.g., 
num ber of puffs, depth of inhalations) th a t m ight change and 
thereby affect the  intake of tobacco smoke and its various constitu
ents (e.g., nicotine, tar, carbon monoxide (CO)). As shown in Figure 1, 
the process of producing cigarette smoke constituents itself is 
complex (see US DHEW 1979; US DHHS 1981, for a more thorough 
discussion of these factors). This complexity emphasizes the impor
tance of the use of careful m easurem ent and m ultiple m easures to 
ensure accurate characterization of cigarette smoking.

Quantification of cigarette smoking behavior has improved with 
the development of autom ated m easurem ent techniques. These 
techniques perm it the m easurem ent of puffing and inhalation both 
in the laboratory (Gust, Pickens, Pechacek 1983; Epstein, Dickson, 
Stiller et al. 1982; Creighton, Noble, Whewell 1978; Herning, H unt,
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Jones 1983; Henningfield and Griffiths 1979; Puustinen et al. 1987) 
and outside the laboratory (Henningfield et al. 1980; Grabowski and 
Bell 1983). Puffing behavior is generally m easured by having 
subjects smoke through cigarette holders th a t m easure a ir flow by 
use of e ither tem perature-sensitive therm istors (Gritz, Rose, Jarv ik  
1983; Fagerstrom  and Bates 1981) or pressure-sensing transducers 
(Henningfield and Griffiths 1979; Gust, Pickens, Pechacek 1983a; 
Rawbone et al. 1978). Inhalation behavior has been m easured by a 
variety of techniques, including m ercury stra in  gauge pneum ogra
phy (Rawbone et al. 1978; H erning e t al. 1983), head- and arms-out 
whole-body plethysmography (Adams e t al. 1983), and impedance 
(Nil, Buzzi, Battig 1986) and inductive plethysm ography (Herning, 
H unt, Jones 1983; Tobin and Sackner 1982; Tobin, Jenouri, Sackner 
1982). O ther methods include the  use of inert gas radiotracers to 
determ ine the  am ount of smoke inhaled (Sheahan et al. 1980; 
Woodman et al. 1986) and a sensor for directly m easuring the 
concentration of smoke particles in the  holder before puffing 
(Jenkins and Gayle 1984).

These procedures have proved to be valuable and reliable methods 
of m easuring smoking behavior (Woodman e t a!. 1984; Herning, 
H unt, Jones 1983). Comparisons of data obtained when simply 
observing smokers to data obtained when using the mechanical 
devices indicate th a t such autom ated m easuring techniques are 
valid. Such comparisons reveal consistent findings on m easures such 
as num ber and duration of puffs and even of patterns of puffing 
w ithin cigarettes (Henningfield and Griffiths 1979; Griffiths and 
Henningfield 1982). However, o ther research suggests th a t the 
devices may a lter certain  characteristics of smoking such as intensi
ty of puffing (Tobin and Sackner 1982; Ashton, Stepney, Thompson 
1978; Ossip-Klein, M artin et al. 1983). In addition, some smoking 
behaviors, such as blocking the  ventilation holes of filters of low- 
yieid cigarettes (which can m arkedly influence nicotine and ta r 
intake from the cigarette) are thw arted by the use of a cigarette 
holder. Nonetheless, such m easurem ents are useful and appear to 
provide valid means of evaluating the effects of specific experim ental 
m anipulations.

M easurem ent of the in take of cigarette smoke constituents may 
also be obtained by analysis of various biological fluids (saliva, urine, 
or blood) and expired air. Chapter II reviewed the methods and 
practical issues of using such specimens to assess resulting levels of 
nicotine, cotinine (a nicotine metabolite), CO, and other tobacco- 
associated compounds (see also Jarv is et al. 1987; Benowitz 1983).

Use of the methods described above has led to a much better 
understanding of how cigarettes are smoked and factors th a t affect 
in take of smoke constituents such as CO and nicotine. In addition, 
these methods perm it conclusions regarding which aspects of smok
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ing are most robust across individuals, which aspects are strongly 
influenced by pharmacologic factors, and which aspects appear to be 
determ ined by other factors. Some of these findings are reviewed in 
subsequent sections.
Characterization of Cigarette Sm oking Behavior

Although the process of smoking a cigarette may appear to be a 
simple behavior, ii is actually a complex series of events; a full 
characterization requires the m easurem ent of a variety of in terde
pendent indices of frequency, duration, and volume. Even the act of 
taking a single puff is complex. Typically, a smoker puffs a volume of 
smoke into the mouth, where it is held for a short period of tim e 
(Guillerm and Radziszewski 1978; Medici, Unger, Riiegger 1985). The 
puff itself can occur a t any point during inhalation, although most 
commonly it occurs toward the  beginning of an inhalation (McBride 
et al. 1984; Guillerm  and Radziszewski 1978). During inhalation, the 
puff is diluted with am bient a ir which may be inhaled through the 
nose, the mouth, or both (Rodenstein and Stanescu 1985; McBride et 
al. 1984; Adams et al. 1983). The postpuff inhalation  is generally 
longer and larger in volume than  norm al inspirations (Rodenstein 
and Stanescu 1985; McBride et al. 1984). After a variable period of 
breath  holding, the smoker exhales, usually through the m outh 
(Rodenstein and Stanescu 1985).

All of the above-mentioned behavioral factors can a lte r nicotine 
absorption. The likely impact of some factors is obvious (e.g., num ber 
of puffs taken) (Kozlowski 1981); others are much more subtle (e.g., 
puff shape, which is a function of the  a ir flow ra te  over time) 
(Creighton and Lewis 1978b). Analogous but distinct from puffing 
factors are inhalation factors (e.g., depth and duration, dilution of 
the puff w ith am bient air) which can also determ ine the  am ount of 
tobacco smoke constituents which are absorbed. Table 1 lists several 
m easures of cigarette smoking th a t have been objectively defined 
and measured.

The relationships among these behavioral m easures have been 
studied. For instance, duration and volume of puffing are generally 
highly correlated although they vary somewhat from smoker to 
smoker (Gust and Pickens 1982; Epstein et al. 1982; Adams et al. 
1983; Nemeth-Coslett and Griffiths 1985; Gust, Pickens, Pechacek 
1983b; Gritz, Rose, Jarv ik  1983). Peak smoke flow rate  has been 
reported to be moderately correlated w ith puff volume and weakly 
correlated with puff duration (Gritz, Rose, Jarv ik  1983). The 
relationship between puff volume and interpuff interval is much 
more variable (Adams et al. 1983; Gust, Pickens, Pechacek 1983b), 
and puffs per cigarette and puff duration have been found to be 
inversely related (Lichtenstein and Antonuccio 1981).
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TABLE 1.—B ehavioral m easures o f cigarette sm oking
Puffing behavior Inhalation  behavior

P uffs/cigarette Inhalation  volume

In te rpu ff in terval Inhalation  duration

P uff duration Breathhold duration

B utt length : w eight' Lung exposure duration

P uff volume Percent of puff inhaled

P uff shape

Puff flow ra te  (puff intensity)

Peak flow ra te  (pressure)

Latency to  peak flow ra te  (pressure)

P ercent puffing tim e

W hen the smoking of individual cigarettes is studied, the  mea
sures of cigarette smoking behavior and the resulting levels of 
biochemical m arkers have also been found to be highly correlated. 
For example, four studies found positive correlations between one or 
more of the behavioral m easures and plasm a nicotine levels (Pomer- 
leau, Pomerleau, Majchrzak 1987; Sutton et al. 1982; Bridges et al. 
1986; H erning et al. 1983). Using another approach, Zacny and 
associates (1987) independently varied three aspects of smoking— 
puff volume, inhalation volume, and lung exposure duration. They 
found th a t increases in puff volume (from 15 to 60 mL) produced 
proportional increases in plasma nicotine level, whereas increases in 
inhalation volume (from 10 or 20 to 60 percent of vital capacity) or 
lung exposure duration (from 5 to 21 sec) had no such effect.

CO intake (measured either from expired air or blood samples) also 
tends to be positively related to m easures of smoking behavior, 
including total puff volume (Gust and Pickens 1982; Guillerm  and 
Radziszewski 1978; Nil, Buzzi, Battig 1984; Woodman et al. 1986) and 
m ean puff volume (Zacny et al. 1987; Zacny and Stitzer 1986). 
McBride and coworkers (1984) found moderate correlations (r =  0.36 
to 0.45) between CO boost and other measures of ventilation (tidal 
volume, m inute ventilation, and prepuff expiratory volume). These 
studies illustrate some of the ways th a t specific aspects of cigarette 
smoking can affect absorption of smoke constituents. These mea
sures have been used to scientifically describe many features of 
cigarette smoking. A sum m ary of findings th a t have emerged from 
such studies is presented in the next Section.
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Patterns o f Puffing and Inhaling
Several studies have characterized the behavior of cigarette 

smoking in and outside the laboratory. The values of the most 
frequently measured variables are shown in Table 2. Despite a wide 
range of variations among studies, including differences in subject 
population (age, gender, smoking history, type of cigarette smoked), 
experim ental setting, method used to collect the m easurem ents, 
apparatus calibration procedures, and operational definitions of the 
m easured variables, the findings among studies are strikingly 
consistent.

Over the course of smoking each cigarette there are striking 
consistencies from cigarette to cigarette, both w ithin and between 
individuals. For example, during the smoking of a single cigarette, 
the duration of each puff tends to decrease and /o r the tim e between 
each puff (interpuff interval) tends to increase (Graham et al. 1963; 
Griffiths and Henningfield 1982; Nemeth-Coslett and Griffiths 1985; 
H erning et al. 1981; Gust, Pickens, Pechacek 1983b; Woodman et al. 
1986; Buzzi, Nil, Battig 1985; Adams et al. 1983; McBride et al. 1984; 
Chait and Griffiths 1982a). These trends were also found in 
nonlaboratory observations by Schulz and Seehofer (1978).

Although these observations reflect a tendency to decrease overall 
intensity of smoking over the course of the cigarette, the specific 
factors which produce such effects rem ain to be fully elucidated. The 
pattern  has been hypothesized to be related to the nicotine dose per 
puff (Rickert et al. 1983; Russell et al. 1975; Cham berlain and 
Higenbottam  1985), because the nicotine concentration of smoke 
increases as the cigarette is smoked (Kozlowski 1981). However, 
experim ental studies suggest th a t w ithin-cigarette changes in puff 
intensity are not a simple function of the nicotine dose per puff 
(Nemeth-Coslett and Griffiths 1984a,b, 1985). Furtherm ore, puff 
volume may not be controlled by the same factors as puff duration 
(Nemeth-Coslett and Griffiths 1985). Thus, the orderliness of the 
behavior may be due to a variety of factors.

Various other aspects of puffing and inhaling during the smoking 
of single cigarettes have been studied and provide fu rther inform a
tion th a t helps to characterize th is complex behavioral process. For 
example, puff shape (puff intensity over time) (McBride et al. 1984), 
latency to peak puff pressure (Buzzi, Nil, Battig 1985), and inhala
tion volume and duration (Adams et al. 1983) did not change over the 
course of smoking single cigarettes. The volume expired from puff to 
puff during and immediately after puffing (before inhalation) was 
lower for early puffs than  for la ter puffs (Adams et al. 1983). 
Woodman and colleagues (1986) reported th a t the am ount of smoke 
actually inhaled (range, 46 to 88 percent of puff volume) decreased 
proportionately with puff volume as cigarettes were smoked. Finally, 
significant changes from cigarette to cigarette in puff volume and
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156 TABLE 2.—Published values o f com m on m easures o f sm oking

Study
N um ber 

of subjects
Puffs/

c igarette

Interpuff
in terval

(sec)

C igarette
duration

(sec)

Puff
duration

(seel

Puff
volume

(mL)

Peak
flow

(mL/sect

Inhalation
volume

(mL!

Rawbone et al. (1978) 12 10 41 1.8
Rawbone et al. (1978) 9 10 35 2.1 43
Woodman et al. (1986) 9 13 18 254 1.9 49 413
Nemeth-Coslett e t al. (1986a) 8 8 64 414 1.8
Nemeth-Coslett e t al. (1986b) 8 8 47 362 1.4
Nil, Woodson, Bättig (1986) 132 13 28 2.2 30 28 560
Jarv ik  et al. (1978) 9 10
Russell e t al. 11980b) 10 11 35
Ashton, Stepney, Thompson (1978) 14 24 1.5
Schulz and Seehofer (1978) 100 11 50 1.4
Schulz and Seehofer (19781 218 12 42 1.3
Henningfield and G riffiths (19811 8 10 39 351 1.0
Stepney (1981) 19 13 400 38
Bättig, Buzzi, Nil (1982) 110 13 26 2.1 40
Epstein e t al. (1982) 63 13 2.4 21
Russell e t al. (1982) 12 15 26 324 2.3 40
Gritz, Rose, Ja rv ik  (1983) 8 9 47 2.2 66 48
Ossip-Klein, M artin et al. (1983) 9 8 351 1.4
Ossip-Klein, M artin  et al. (1983) 9 12 339 1.9
G uillerm  and Radziszewski (1978) 8 12 41 390 1.9 39 35 918
Gust, Pickens, Pechacek (1983b) 8 9 48 393 1.6 44



Study
N um ber 

of subjects
Puffs/

c igarette

In terpu ff
in terval

(sec)

C igarette
duration

(sec)

Puff
duration

(sec)

Puff
volume

(mL)

Peak
flow

(mL/sec)

Inhalation
volume

(mL)

Adams e t al. (1983) 10 26 1.9 44 614
Moody (1984) 517 9 26 232 2.1 44
Nil, Buzzi, Bàttig  (1984) 20 15 26 1.6 40 40
McBride et al. (1984) 9 16 25 352 2.1 42
Medici, Unger, Rilegger (1985) 17 14 19 2.2 43 31
Burling et al. (1985) . 24 12 28 330 1.7
Nil, Buzzi, Bàttig  (1986) 117 13 22 2.1 42 36 4.50
Hughes et al. (1986b) 46 11 1.6
Bridges et al. (1986) 108 11 56
P uustinen et al. (1986) 11 13 22 2.3 44
Hilding (1956) 27 10

Mean 11 34 346 1.8 43 36 591
Median 11 28 351 1.9 42.5 35.5 .560
Range 8-16 18-64 232-414 1.0-2.4 21-66 28-48 413-918

N O T E : D a ta  w e re  t a k e n  f ro m  t h e  b a s e l in e  p h a s e  (o r  p la c e b o  t r e a t m e n t )  o f  s tu d ie s  in v o lv in g  a n  e x p e r im e n ta l  m a n ip u la t io n ,  w i th  a t  l e a s t  e ig h t  s u b je c ts .  V a lu e s  a r e  ro u n d e d  o ff  to  t h e  n e a r e s t  u n i t ,  
a n d  in  s o m e  c a se s , w e re  c a lc u la te d  f ro m  o th e r  v a r i a b le s  o r  e s t im a te d  fro m  d a t a  p re s e n te d  in  f ig u re s ;  m is s in g  v a lu e s  i n d ic a te  t h a t  t h e  v a r i a b le  w a s  n o t  m e a s u re d  o r  w a s  n o t p re s e n te d  in  th e  p u b lis h e d  
s tu d y .



inhalation volume, as well as the ir ratio, were reported for individu
al subjects over the course of a 4-hr smoking session (Herning, H unt, 
Jones 1983).
Dose-R elated D eterm inants of Tobacco Intake

As the preceding m aterial shows, cigarette smoking is a complex 
but orderly behavior; it may be qualitatively and quantitatively  
described. Furtherm ore, the behavioral process of tobacco smoke 
self-adm inistration substantially determ ines the  am ount of smoke 
th a t is actually consumed. Similarly, the behavior of smoking may 
change in response to factors related to the delivered smoke and /o r 
nicotine dose. These interactions are  described in the present section. 
Much of this research has addressed issues concerning the m anipula
tion of some aspect of cigarette and /o r nicotine dose level. Such data 
are relevant to comparing this form of drug self-adm inistration with 
o ther forms of drug self-adm inistration, because one of the  basic 
findings in studies of drug-seeking behavior is th a t the dose may 
affect the behavior. For example, when the dose (quantity) of a 
psychoactive drug is high, fewer doses are  generally taken compared 
to when the dose is very low (Griffiths, Bigelow, Henningfield 1980; 
Chapter V).

W ith regard to cigarette smoking, the control and m easurem ent of 
cigarette dose level is more complex th an  is the case w ith most o ther 
forms of drug delivery. For example, in opioid and alcohol studies, 
the am ount of the morphine injected and volume of alcohol 
consumed can be precisely measured, but cigarette smoke can vary 
in levels of CO, tar, nicotine, and m any other potentially im portant 
constituents (see Figure 2). The total smoke dose is positively related 
to the num ber of puffs taken per cigarette. However, total smoke 
dose might be changed by diluting the smoke w ith a ir or changing 
the num ber of available cigarettes. A lternatively, the smoke concen
trations can be kept constant while changes are made in the 
concentration of nicotine delivered. This Section reviews these and 
several o ther strategies used to investigate some form of tobac
co/nicotine dose m anipulation and the resu ltan t effects on cigarette 
smoking.
Control of N icotine Intake

Among the most robust findings in research on cigarette smoking 
is the stability of nicotine intake th a t occurs from day to day within 
cigarette smokers. Several studies have collected blood samples from 
cigarette smokers while they are smoking the ir own cigarettes 
(Russell, Jarvis et al. 1980; Benowitz et al. 1983; Gori and Lynch 
1985). This research has shown th a t blood levels of nicotine and 
cotinine among different cigarette smokers are stable and are 
relatively independent of the machine-estimated nicotine yield of the
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cigarettes. Similarly, there  are generally only modest correlations 
between the num ber of cigarettes smoked per day and resu ltan t 
blood nicotine levels. This finding occurs because smokers consume 
different am ounts of nicotine from their cigarettes, according to how 
the cigarettes are smoked. Figure 2 presents data from one of these 
studies.

To explain why nicotine intake is not simply determ ined by the 
m achine-estim ated nicotine yield of the cigarettes or the num ber of 
cigarettes smoked, many other aspects of smoking have been 
measured. This research is described in the rem ainder of this 
Section.
Smoke Concentration

The concentration of tobacco smoke delivered to the lung can be 
changed by dilution with air. Such dilution is an im portant means by 
which the low smoking-machine-estimated ratings (e.g., Federal 
Trade Commission ratings) of ta r  and nicotine are achieved in the so- 
called "ligh t” or "u ltra  light” cigarettes (Kozlowski 1981, 1982, 1986,
1987). One way to study the possible effects of smoke dilution is to 
use the ventilated cigarette holders which have been m arketed for 
persons who are  trying to quit smoking. In principle, the smoker 
gradually reduces his or her level of dependence to nicotine by using 
holders of gradually increasing ventilation level. Three laboratory 
studies have evaluated the effects of such holders on cigarette 
smoking behavior (Henningfield and Griffiths 1980; Sutton e t al. 
1978; M artin  et al. 1980). The results of all th ree  were consistent: 
smoking was more intense a t lower smoke concentrations and less 
intense a t the highest concentration. In fact, in one of the studies, 
expired a ir CO levels were sim ilar a t all four concentration levels, 
indicating th a t the  changes in smoking intensity were sufficient to 
defeat the  holders’ intended purpose of reducing the dose taken 
(Henningfield and Griffiths 1980). Using a somewhat different 
strategy, Zacny, Stitzer, and Yingling (1986) studied cigarette 
smoking with commercially available ventilated cigarettes. When 
the experim enter system atically blocked the filter vents of "u ltra” 
low-yield cigarettes, there  were decreases in puffs per cigarette, puff 
volume, and puff flow rate, and increases in interpuff interval.

These laboratory findings are consistent w ith findings obtained 
outside the  laboratory when the cigarette butts of vented cigarettes 
are examined following smoking. Kozlowski, Rickert, Pope, and 
Robinson (1982) found th a t the cigarette bu tts taken from people 
who blocked the ventilation holes (often inadvertently) were more 
stained by ta r  and nicotine, reflecting less effective dilution and 
hence greater am ounts of smoke delivery to the smoker. D ata from a 
laboratory study suggest th a t 40 percent or more of smokers may 
inadvertently block the holes (Kozlowski, Rickert, Pope, Robinson,
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FIGURE 2.—Afternoon blood cotin ine concentrations,
com pared by regression analysis w ith  num ber  
of cigarettes sm oked /day (A) and w ith  U.S. 
Federal Trade Com m ission (FTC)-determined 
nicotine yield  (B)

N O T E : T h e  g ro u p e d  s m o k e rs ' v a lu e s  (o b s e rv a tio n s  2 - 4 ) w e re  so  s im i la r  to  in d iv id u a l  v a lu e s  t h a t  p lo ts  
o v e r la p p e d .  T o ta l  n u m b e r  o f s u b je c ts  in  B is  lo w e r  b e c a u s e  d a t a  f o r  a  few  s u b je c ts  w e re  in c o m p le te .  M o rn in g  b lo o d  
c o t in in e  c o n c e n t r a t io n s  (n o t  s h o w n ) w e re  o n  a v e r a g e  s l ig h t ly  lo w e r , b u t  h a d  s im i la r  c o r r e la t io n s  w i th  n u m b e r  o f  
c ig a r e t t e s  ( r  =  0 .4 5 ) a n d  F T C  y ie ld  ( r  =  0 .06).

S O U R C E : B e n o w itz  e t  a l. (1983).
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Frecker 1982). These findings imply th a t there  is much greater 
exposure to cigarette smoke in the general population th an  one 
would expect based solely on the m arket share of ventilated 
cigarettes (US DHHS 1981; Kozlowski 1987).

Cigarette Length
When cigarettes are shorter, people smoke more of them  (Ashton, 

Stepney, Thompson 1978; Goldfarb and Jarv ik  1972; Gritz, Baer- 
Weiss, Jarv ik  1976; Jarv ik  et al. 1978; Chait and Griffiths 1982b). 
C igarette length may also affect how people smoke each cigarette. 
Ashton, Stepney, and Thompson (1978) found th a t smokers short
ened the ir intervals between puffs and spent a greater proportion of 
tim e puffing on two-thirds-length cigarettes compared w ith full- 
length cigarettes. Russell, Sutton, and associates (1980) reported th a t 
smokers took relatively more puffs and left shorter bu tts when 
smoking shortened cigarettes. In another study, subjects smoking 
half-length cigarettes shortened the interval between puffs, but did 
not spend more tim e puffing on these cigarettes relative to full- 
length cigarettes (Chait and Griffiths 1982b). Puff duration and puff 
volume were inversely proportional to the length of the tobacco rod, 
even for the first puff of the  cigarette (Chait and G riffiths 1982a; 
Nemeth-Coslett and Griffiths 1984a,b, 1985).

Cigarette Brand
Numerous studies have examined the effects of cigarette brand 

m anipulations on cigarette smoking, and several reviews are avail
able (Gritz 1980; Moss and Prue 1982; McMorrow and Foxx 1983). 
Such studies are of practical im portance because smokers often 
switch to lower tar/n ico tine  yielding cigarette brands in an effort to 
reduce this exposure to toxins and to reduce their level of nicotine 
dependence (see Chapter VII). One finding of these studies is th a t the 
num ber of cigarettes smoked per day is only slightly increased when 
lower nicotine-yield brands are used. For this reason, it has been 
suggested th a t smokers switch to lower yield cigarette brands (1) to 
reduce exposure to smoke constituents and (2) to help them  
gradually reduce the ir dependence on nicotine (see discussion of 
these issues in US DHHS 1981 and in C hapter VII (nicotine fading)). 
However, as discussed earlier, several other studies indicate that 
there  is little correlation between the nicotine rating  of a cigarette 
and the plasm a nicotine level of the smoker (Russell, Jarv is e t al. 
1980; Benowitz et al. 1983; Gori and Lynch 1985). Kozlowski (1981, 
1982) has observed th a t increases of only one or two puffs per 
cigarette and possibly o ther more subtle changes in cigarette 
smoking (e.g., blocking ventilation holes and taking deeper inhala-
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tionst may defeat the intended purpose of the brand-switching 
procedure.

Laboratory studies have provided inform ation on the specific 
changes in smoking behavior tha t may reduce the intended impact of 
switching to lower yield brands of cigarettes. One confounding factor 
in such studies is th a t m achine-estim ated nicotine, tar, and CO yields 
do not necessarily change to the same degree or even in the same 
direction from one cigarette brand to the next (Tobacco Reporter
1985); thus, no definitive conclusions can be draw n about which 
specific smoke component was responsible for observed changes in 
smoking behavior. Nonetheless, some orderly and consistent findings 
emerge from a review of this literature. Several measures suggest 
th a t when tobacco smoke constituent ratings decline, smoking is 
more intense so th a t more smoke is delivered per cigarette; 
conversely, when tobacco smoke constituent ratings are higher, 
cigarette smoking becomes less intense (Frith  1971; Ashton, Stepney, 
Thompson 1979; Stepney 1981; Guillerm and Radziszewski 1978; 
Rawbone et al. 1978; Adams 1978; Creighton and Lewis 1978a; Ossip- 
Klein, Epstein et al. 1983; Russell et al. 1982; Ashton and Watson 
1970; Epstein et al. 1981; Russell, Epstein, Dickson 1983; Tobin and 
Sackner 1982; Fagerstrom  and Bates 1981; Woodman et al. 1987).

The consensus of the foregoing studies is th a t smokers tend to 
smoke in ways th a t minimize the effect of attem pted reductions in 
nicotine intake; however, brand preferences can modulate nicotine 
intake. One study employing biochemical m easures of smoke intake 
illustrated both of these phenom ena (Benowitz and Jacob 1984). 
Subjects were perm itted to smoke under each of th ree  cigarette 
conditions: using their regular cigarette, using a higher nicotine- 
yield brand, and using a lower nicotine-yield brand. Subjects 
m aintained significant nicotine intake under all three conditions, 
but the highest intakes of nicotine were with the subject’s preferred 
brand. Nicotine intake from the lower nicotine-yield brands was 
somewhat lower than  intake from the higher yield brands. Taken 
together, these studies indicate th a t brand switching may resu lt in 
somewhat decreased levels of intake of nicotine and other constitu
ents of tobacco smoke. However, because of compensatory changes in 
how cigarettes are smoked and in the num ber of cigarettes smoked, 
the decreases are substantially less than  would have been predicted 
on the basis of the machine-estimated yield of the cigarettes.
Cigarette Yield o f Nicotine

Research cigarettes which vary m ainly in machine-estimated 
nicotine yield ratings but little in the yield of other constituents (e.g., 
ta r, CO) have also been used in laboratory and nonlaboratory studies 
of cigarette smoking. This litera tu re  has been extensively reviewed 
(Russell 1971, 1976; Gritz 1980; Henningfield 1984; US DHEW 1979;
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US DHHS 1981). The consensus of the lite ra tu re  indicates th a t as 
nicotine yield increases, the num ber of cigarettes smoked per day 
tends to decrease, although the converse relationship is not as robust 
(Russell 1979). Because few of these studies employed m easures of 
smoking other than  num ber of cigarettes smoked per day, the degree 
to which overall cigarette smoking behavior actually varied as a 
function of such m anipulations may have been underestim ated 
(Henningfield 1984).

Laboratory studies in which m ultiple behavioral measures of 
cigarette smoking were employed indicate th a t smoking is sensitive 
to nicotine dose m anipulations. When cigarettes with higher nicotine 
yield ratings are smoked, there are decreases in m easures such as 
puffs per cigarette, puff duration and puff volume, num ber of 
cigarettes, and expired a ir CO; and increases in interpuff and 
intercigarette in terval (the specific m easures were not identical for 
the th ree  studies summarized) (Herning et al. 1981; Gust and 
Pickens 1982; McBride et al. 1984). These changes in smoking are 
consistent with the in terpretation  th a t intensity of smoking is 
inversely related to nicotine dose, indicating th a t compensatory 
changes in smoking could be affected by nicotine itself.

Urine p H
Because some nicotine is norm ally elim inated in the urine, 

m anipulations of the ra te  of nicotine excretion m ight be expected to 
change cigarette smoking behavior (see Chapter II). Rate of renal 
excretion is partially  determ ined by the acidity of the urine: lower 
pH values (higher acidity) increase the rate  of nicotine excretion. 
One study showed th a t acidification of the urine of cigarette smokers 
resulted in sm all increases in cigarettes smoked per day, and 
alkalinization of urine was accompanied by only very sm all de
creases in smoking (Schachter, Kozlowski, Silverstein 1977). A 
subsequent study in which urine pH was varied showed no change in 
cigarette smoking measures (Cherek, M auroner, Brauchi 1982); 
another showed sm all but significant effects on nicotine intake in 
the expected direction (Benowitz and Jacob 1985).

The fact th a t there  is a direct albeit weak relationship between 
ra te  of nicotine excretion and cigarette smoking has suggested to 
some th a t alkaline diets m ight be useful for persons trying to 
decrease their cigarette smoking (Fix and Daughton 1981; Fix et al. 
1983; Grunberg and Kozlowski 1986). However, the  relatively small 
am ount of systemic nicotine which is elim inated by this route 
(approximately 2 percent in alkaline urine, 10 percent in urine 
without controlled pH) (Rosenberg et al. 1980; Benowitz and Jacob 
1985; C hapter II) weakens its practical significance as a determ inant 
of cigarette smoking behavior. The results of clinical studies suggest
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th a t such therapies are not useful in the cessation of smoking (see 
also G runberg and Kozlowski 1986; Schwartz 1987).
Tobacco A dm inistration and Deprivation

W hen tobacco smoke itself is given or withheld, the  tendency to 
smoke, as well as the way cigarettes are smoked, may be affected. 
K um ar and colleagues (1977) reported th a t p retreating  smokers with 
a varying num ber of uniform puffs of tobacco smoke produced dose- 
related reductions in the subsequent num ber of puffs taken, volume 
per puff, and total puff volume during a 40-min period of smoking ad 
libitum. In a  study of sim ilar design, Chait, Russ, and Griffiths (1985) 
found th a t an increasing num ber of uniform pre trea tm ent puffs 
decreased subsequent puffs per cigarette, cigarette duration, and 
to tal puff duration. Analogously, when the num ber of puffs available 
during any period of smoking (smoking "bout”) during a given day 
was varied by the  experim enter from 1 to 12 while the  smokers were 
free to vary the interbout interval, the  intervals between each 
smoking bout were directly related to the num ber of puffs th a t had 
been given (Griffiths, Henningfield, Bigelow 1982). These studies 
show th a t cigarette smoke intake is a function of tim e since the last 
cigarette or the smoke dose given a t any smoking opportunity.

W hereas smoke pretreatm ent decreases several m easures of 
cigarette smoke intake, other studies have found th a t deprivation for 
ju st 1 h r increases the tendency to smoke and elevates several 
m easures of tobacco smoke intake (Henningfield and Griffiths 1979); 
furtherm ore, these effects were not due to "anticipation” by the 
subjects of the periods of smoke deprivation (Griffiths and H enning
field 1982). Several additional studies have confirmed th a t smoke 
deprivation increases one or more m easures of cigarette smoking 
(Karanci 1985; Griffiths and Henningfield 1982; Zacny and Stitzer 
1985; Epstein e t al. 1981). Sutton and coworkers (1982) found a small, 
but statistically  significant, positive correlation between tim e since 
the last cigarette and total puff volume on the subsequent cigarette. 
Similarily, when the interval between each smoking opportunity was 
varied from 7.5 to 120 min and subjects were free to take as many 
puffs per smoking bout as they pleased, the num ber of puffs per bout 
was directly related to the duration of the preceding interbout 
in terval (Griffiths, Henningfield, Bigelow 1982). Restricting the 
num ber of cigarettes th a t may be smoked is ano ther way to study 
tobacco deprivation. W hen smokers who on average smoked 37 
cigarettes/day were perm itted to smoke only 5 cigarettes/day, they 
consumed three  times as much nicotine per cigarette compared with 
unrestricted smoking (Benowitz et al. 1986).

The results of studies of the  effects of tobacco adm inistration and 
deprivation on subsequent rates and patterns of cigarette smoking 
show th a t tobacco smoke can function as do other prim ary reinforc
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ers such as food, water, and dependence-producing drugs (Thompson 
and Schuster 1964). Such studies in themselves, however, do not 
reveal which of the many tobacco smoke constituents are critical. 
The next two sections will examine evidence th a t specific m anipula
tions of nicotine and nicotine antagonists can produce analogous 
changes in cigarette smoking.
Nicotine Pretreatments

One of the basic ways to dem onstrate th a t a psychoactive drug is 
controlling behavior is to determ ine if p retreatm ent w ith the  drug 
leads to decreases in the am ount subsequently taken. Such findings 
have been obtained w ith a variety of dependence-producing drugs 
(e.g., Griffiths, Bigelow, Henningfield 1980; C hapter V), and the 
strategy has been used to study the role of nicotine in cigarette 
smoking. These studies have shown th a t nicotine pretreatm ent by a 
variety of routes decreases the am ount an d /o r intensity of subse
quent cigarette smoking although the specific m easures th a t have 
been reportedly affected vary across studies. It is possible th a t 
differences across studies reflect variations in sensitivity of measure
m ent techniques and in the m easures used.

Cigarette smokers may be pretreated  with nicotine by giving them  
nicotine polacrilex gum to chew. The gum is available in sim ilar 
tasting  nicotine dose levels of 2 or 4 mg/piece. A sim ilar tasting 
placebo preparation with no nicotine is also available. (In the  United 
States, the placebo and 4-mg dose are only available for research.) 
W ith various combinations of nicotine gum doses it is possible to 
provide a wide range of dose levels. In one study, the  chewing of 
nicotine polacrilex gum produced a dose-related (dose range =  0 to 8 
mg nicotine) decrease in cigarette consumption during subsequent 
90-min cigarette smoking sessions: Total puffs, to tal cigarettes, and 
expired-air CO levels were inversely related to nicotine dose; desire 
to smoke was also inversely related to dose bu t th is effect varied 
considerably and was not statistically reliable (Nemeth-Coslett et al. 
1987). Comparable findings have been obtained in several other 
studies, although dose m anipulations were not as extensive as in the 
form er study (Kozlowski, Jarvik, Gritz 1975; Nemeth-Coslett and 
Henningfield 1986; B rantm ark, Ohlin, W estling 1973; Russell et al. 
1976; Herning, Jones, Fischm an 1985). A nother study showed th a t 
nicotine given in capsule form also reduced subsequent cigarette 
smoking (Jarvik, Glick, N akam ura 1970), although the low dose and 
poor systemic absorption of nicotine given by th is route (see Chapter 
II) required th a t much higher dose levels be given (10 mg).

Two studies have also dem onstrated th a t intravenous (i.v.) adm in
istration of nicotine decreases cigarette smoking (Lucchesi, Schuster, 
Emley 1967; Henningfield, Miyasato, Jasinski 1983). A nother study 
found no change in smoking following i.v. nicotine infusions (Kumar
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et al. 1977); however, the dose (equivalent to about 1.7 mg, given in 
10 divided doses over 10 min) was probably inadequate, as suggested 
by results of other studies (Nemeth-Coslett et al. 1987). The finding 
th a t even i.v.-delivered nicotine can reduce subsequent cigarette 
smoking confirms th a t neither the tobacco vehicle nor the 
ora l/resp ira tory  route is necessary for nicotine to control behavior. 
The overall consistency of findings using a variety of forms of 
nicotine p re trea tm ent is evidence for a specific effect of nicotine as a 
determ inant of cigarette smoking.

Nicotine Antagonist Pretreatments
Another way to evaluate the  specific role of nicotine as a 

determ inant of ra te  and pattern  of cigarette smoking is to adm inis
te r drugs th a t block the effects of nicotine on the nervous system. 
Nicotine antagonists (ganglionic blockers) are  available as drugs 
(e.g., pentolinium  and hexam ethonium ) th a t do not readily en ter the 
brain  but are active in the peripheral nervous system, and as drugs 
(e.g., mecamylamine) th a t do en ter the  brain  and thus work in both 
the peripheral and central nervous system (CNS) (Taylor 1985b). In 
theory, such drug adm inistration should produce effects th a t are 
analogous to those th a t would be expected if the nicotine dose of 
cigarettes was decreased: th a t is, smoke in take should increase. 
Moreover, if smoke intake increases, but only when the centrally 
acting antagonist is given, such data would suggest the critical 
involvement of the effects of nicotine in the brain.

Three studies showed th a t p retreatm ent of smokers with mecamyl
am ine produced increases in cigarette smoking th a t resembled those 
expected if the nicotine dose of the cigarettes had been decreased 
(Stolerman et al. 1973; Nemeth-Coslett et al. 1986a; Pomerleau, 
Pomerleau, M ajchrzak 1987). In each of these studies, the short-term  
effect of the nicotine antagonists was studied. Similarly, mecamyl
am ine pretreatm ent increased the preference for high nicotine-yield 
cigarette smoke (apparently by reducing its nicotinic effects) when 
subjects were tested with a device which blends smoke from high and 
low nicotine-yield cigarettes (Rose, Sampson, Henningfield 1985). 
The role of nicotine action in the brain  was dem onstrated in the 
study by Stolerm an and colleagues (1973) in which a nicotine blocker 
(pentolinium) th a t does not readily en ter the brain produced no 
effects on cigarette smoking.
Effects o f N onnicotin ic Drugs on Cigarette Sm oking

In addition to nicotine and nicotine antagonists, the effects of 
o ther psychoactive drugs on cigarette smoking have been studied in 
the laboratory. Such studies are im portant insofar as they constitute 
drug-interaction studies whereby it may be determ ined if the
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behavioral and physiological actions of nicotine are altered as a 
function of p retreatm ent with other drugs. In addition, studies of 
interactions of nicotine with other dependence-producing drugs are 
im portant because tobacco use generally precedes and accompanies 
use of many other dependence-producing drugs (Chapter V). Several 
classes of psychoactive drugs have been adm inistered in studies in 
which cigarette smoking was specifically measured. In general, the 
results perm it a categorization of these drugs into two groups: (1) 
those drugs th a t produce increases in smoking under standard test 
conditions, and (2) those drugs th a t produce little reliable effect on 
cigarette smoking under standard test conditions.

Sedatives, opioid agonists, and psychomotor stim ulants have been 
shown capable of producing robust and dose-related increases in 
cigarette smoking. Specifically, alcohol (ethanol) has been shown to 
increase cigarette smoke intake (Griffiths, Bigelow, Liebson 1976; 
Henningfield, Chait, Griffiths 1984; Nil, Buzzi, Bàttig 1984; Mintz et 
al. 1985; Mello et al. 1980b). In a study in which alcohol was found to 
increase smoking in all of five alcoholic subjects tested, pentobarbital 
(a depressant) was found to increase smoking in the two subjects 
with extensive histories of barb iturate  use (Henningfield, Chait, 
Griffiths 1984). The effects of alcohol and pentobarbital were most 
robust in heavier drinkers and alcoholics (Henningfield, Chait, 
Griffiths 1983, 1984). The opioid agonists, heroin and methadone, 
increase cigarette smoking in opioid users (Mello et al. 1980a; Chait 
and Griffiths 1984). M ethadone produced dose-related increases in 
num ber of cigarettes and puffs, and in puff duration in methadone- 
m aintained smokers (Chait and Griffiths 1984). Analogously, num 
ber of cigarettes smoked per day gradually decreased as methadone- 
m aintained clients had the ir daily m ethadone doses decreased over 
several weeks (Bigelow et al. 1981). Finally, the psychomotor 
s tim ulant (¿-amphetamine increases a variety of measures of ciga
re tte  smoking (Henningfield and Griffiths 1981; Chait and Griffiths
1983).

Three other drugs have been studied and found to produce little 
reliable effect on cigarette smoking. Caffeine is of interest because it 
m ight be predicted to either increase smoking by its general 
s tim ulant (amphetamine-like) effects (Rail 1985J or to decrease 
smoking by serving as a substitute for some of nicotine’s stim ulant 
effects (Kozlowski 1976). Laboratory studies, however, have found 
the effects of caffeine adm inistration on cigarette smoking to be 
weak and inconsistent: two studies showed no reliable effect (Chait 
and Griffiths 1983; Nil, Buzzi, Bâttig 1984), another showed weak 
decreases in smoking (Kozlowski 1976), and a fourth showed weak 
increases in smoking following caffeine adm inistration (Ossip and 
Epstein 1981).
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The opioid antagonist naloxone (naloxone blocks effects of heroin
like opioids) is another drug of in terest because of the possible role of 
endogenous opioids as m ediators of some of the effects of nicotine 
(Chapter III; Pom erleau and Pom erleau 1984). In a test paradigm  in 
which several drugs have been shown to produce orderly effects on 
cigarette smoking (Griffiths and Henningfield 1982), naloxone 
produced no consistent changes in cigarette smoking over a wide 
range of dose levels (Nemeth-Coslett and Griffiths 1986). Another 
study of the effect of naloxone which employed a single dose found a 
reduction in smoking (K arras and Kane 1980). No clear reconcilia
tion of these disparate findings is evident. Finally, m arijuana 
pretreatm ent was found to produce no reliable effect on tobacco 
intake (Mello et al. 1980b; Nemeth-Coslett et al. 1986b) or on the way 
cigarettes were smoked (Nemeth-Coslett et al. 1986b).
Effects of N onnicotine C onstituents o f Tobacco Sm oke and  
Citric A cid Aerosol

Chemicals presumed to act prim arily in the respiratory trac t and 
not in the central nervous system may also affect smoking. The 
region of the trachea ju st below the larynx is assumed to be a  site of 
some cigarette smoke related sensations (Cain 1980). This site 
corresponds to the region 2 cm below the narrow opening of the 
larynx where particles entering the trachea change direction (Chan 
and Schreck 1980).

The components of cigarette ta r  and volatile gases in smoke 
contribute to the taste, olfactory, and tracheobronchial sensations 
elicited by cigarette smoke. In fact, m inim al levels of ta r  are held by 
tobacco m anufacturers to be im portant to m aintain  product satisfac
tion in smokers (Tobacco Reporter 1985; Gori 1980). Besides its 
causal role in lung cancer and other diseases (US DHHS 1982, 1983,
1984), ta r  may function to m ask the harshness and irrita tion  of 
nicotine (Herskovic, Rose, Jarv ik  1986). Consistent with this hypoth
esis, nicotine aerosols delivering doses of nicotine sim ilar to those in 
m ainstream  cigarette smoke are rated  as extrem ely harsh  and 
irrita ting  by cigarette smokers (Russell 1986). Similarly, some 
gaseous components of smoke, such as acrolein and formaldehyde, 
are irrita ting  and could also contribute to the tracheobronchial 
sensations elicited by smoke (Lundberg e t al. 1983).

Levels of ta r  and other constituents may also contribute to brand 
preference and, conversely, to the difficulty in finding readily 
acceptable substitutes for the cigarettes norm ally smoked by individ
uals. For example, a nonm entholated cigarette may not be a 
desirable substitute for a m entholated one. Moreover, when given 
cigarettes made of lettuce or cocoa leaves, smokers complain about 
the unpleasant smell and taste  (Goldfarb, Jarvik, Glick 1970; 
Herskovic, Rose, Jarv ik  1986). Tobacco research cigarettes are often
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found to be less palatable than  commercial brands (Benowitz, Kuyt, 
Jacob 1982), indicating the importance of specific tobacco blends 
an d /o r additives in determ ining taste  and brand preferences.

The precise natu re  of the sensations critical to smoking satisfac
tion has not been elucidated, and the relative roles of taste, olfaction, 
and tracheobronchial sensations are not clear. One way to assess the 
im portance of local respiratory sensations in the subjective response 
to cigarette smoke is to block these sensations with a short-acting 
topical anesthetic. Two studies have used inhalation of a 4-percent 
lidocaine aerosol and m outh rinses and gargling with lidocaine 
solutions to assess the importance of airway sensations to cigarette 
smokers (Rose et al. 1984, 1985). In both studies, the desirability of 
puffs was decreased by local anesthesia of the respiratory tract. 
Additionally, the decline in reported craving for cigarettes th a t 
usually occurs after smoking was diminished by local anesthesia.

A study was also conducted in which smokers inhaled a refined 
tobacco smoke condensate (Rose and Behm, in press). The condensate 
produced a low overall nicotine yield (about 0.2 m g /10 puffs), while 
m aintaining a higher ratio of nicotine to ta r  and a larger particle 
size than  th a t of conventional cigarette smoke. Smoke generated in 
this fashion was rated as stronger and harsher than  smoke of 
equivalent nicotine content delivered by smoking a conventional 
low-tar and low-nicotine cigarette (Rose and Behm 1987). The 
subjects also reported significantly g reater satisfaction and dim in
ished desire to smoke additional cigarettes after inhaling puffs of 
refined smoke compared with conventional low-nicotine cigarette 
smoke (Rose and Behm 1987). These studies dem onstrate th a t local 
sensory effects of smoke may influence the short-term  subjective 
responses to smoking.

The inhalation of aerosols containing citric acid is a standard 
m ethod of eliciting coughing in hum an subjects (Pounsford and 
Saunders 1985). One study found th a t smokers inhaling puffs of a 
nebulized 15 percent aqueous solution of citric acid reported 
sensations of strength  and harshness comparable to those produced 
by the ir own cigarette brand and considerably stronger than  those 
elicited by an "u ltra ” low-tar, low-nicotine cigarette (Rose and 
Hickm an 1987). Moreover, some pleasure was reported to be 
associated with these sensations, and desire for cigarettes was 
decreased, suggesting th a t mild irrita tion  of the respiratory airways 
may be involved in satiation of smoking behavior and may have a 
role in smoking cessation efforts (Henningfield 1987c; Chapter VII).

Nicotine: Psychoactivity, Reinforcing and Related Behavioral 
Mechanisms of Nicotine Dependence

As the preceding sections have shown, cigarette smoking is an 
orderly behavioral and pharmacologic process clearly involving
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m aintenance of the desired levels of nicotine in the body. These data 
are sufficient to label tobacco use as a form of drug self-adm inistra
tion in which the role of nicotine in controlling tobacco self
adm inistration functions as do morphine, ethanol, and cocaine in the 
use of opium-derived products, alcoholic beverages, and coca-derived 
products, respectively. However, the question may be asked w hether 
the behavior-controlling pharmacologic properties of nicotine are 
sim ilar to those of prototypic dependence-producing drugs when 
evaluated in standard laboratory tests. More specifically, the  scien
tific question is w hether nicotine itself shares critical dependence- 
producing properties with drugs such as morphine, cocaine, and 
alcohol. Standardized testing procedures can be used in both anim al 
and hum an studies to objectively determ ine if a drug is dependence 
producing. These procedures, as well as a review of how addicting 
drugs control behavior, is presented in Chapter V. Chapter V also 
presents data obtained when drugs such as morphine, cocaine, and 
alcohol are tested by identical procedures.

In brief, four general kinds of behavior-modifying drug effects can 
be differentiated on the basis of the test procedure used. These drug 
effects are discussed in Chapter V and include the  following: (1) 
Drugs may produce interoceptive stim ulus effects; th a t is, they can 
produce effects th a t a person or anim al can distinguish from the 
nondrug state. Although not identical in meaning, the following 
term s are often used to designate interoceptive drug effects: "psy
choactive,” "discrim inative,” "subjective,” "self-reported.” (2) Drugs 
may serve as positive reinforcers or rewards, the  presentation of 
which produces repetition and strengthening of the behaviors which 
led to their presentation, i.e., "drug self-adm inistration” or "drug 
seeking.” (3) Drugs can serve as unconditioned stim uli, in which case 
they may directly elicit various responses; these responses may 
subsequently be elicited by stim uli which are associated with the 
drug (i.e., conditioned stimuli), including the presence of environ
m ental, or even internal, cues. (4) Drug adm inistration or abstinence 
can also function as "punishers” or aversive stim uli.

This Section will present data from studies of nicotine with each of 
the four testing procedures mentioned above. The convergence of 
findings from several distinct approaches provides compelling evi
dence th a t nicotine is a drug th a t can effectively control behavior, 
including behavior leading to its own ingestion (i.e., dependence or 
addiction).
Interoceptive, D iscrim inative, and Subjective Effects o f  
N icotine

Ingested chemicals can serve as stim uli by actions on either 
peripheral or centrally located receptors or by indirect effects 
mediated through the release of various biochemicals or neurohor
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mones. In general, the term  "psychoactive” is reserved for those 
drugs whose discrim inative effects are known to result from their 
actions in the brain. As described by Lewin (1931) and others 
(Thompson and U nna 1977) it is, in part, the natu re  of the 
discrim inative stim ulus effects of a drug w ithin the body th a t sets 
the dependence-producing drugs ap art from other non-nutritive 
substances. As shown in Chapter II, all commonly used forms of 
tobacco are  effective means of delivering nicotine to the blood from 
which it is rapidly transported to the brain. Research with anim als 
has shown th a t nicotine produces distinct effects in the central 
nervous system (CNS). In addition, nicotine has diverse peripheral 
and horm onal actions th a t could serve to intensify its CNS stim ulus 
properties. The biochemical mechanisms of these effects are discuss
ed in Chapter III.

Three procedurally distinct methods have been used to character
ize the stim ulus properties of nicotine and will be discussed in the 
following sequence: (1) discrim ination testing in anim als and hu
mans, (2) assessing subjective effects in hum ans, and (3) testing for 
state-dependent learning effects in hum ans. Each method has been 
used to help characterize the stim ulus properties of a variety of 
drugs including nicotine (Chapter V).
Drug D iscrim ination T esting in  Anim als

Animal studies of nicotine discrim ination show th a t nicotine 
produces reliable effects th a t are readily identified by the subjects. 
Such studies indicate th a t fundam ental biobehavioral mechanisms 
m ediate the psychoactive properties of nicotine in hum ans, and th a t 
such effects are not unique to hum an psychological processes. These 
data also have implications for understanding and treating  tobacco 
dependence and are  sum m arized below.

Specificity o f  the Nicotine S tim ulus
Although dependence-producing drugs may overlap, to some 

degree, in the natu re  of the ir effects on mood and feeling, each drug 
class and sometimes drugs w ithin ’a class produce unique effects. As 
th is Section shows, nicotine also produces some effects th a t perm it it 
to be distinguished from most o ther psychoactive drugs. These 
studies are  also useful for testing new drugs th a t a re  thought to 
produce nicotine-like effects.

Rats can learn  to accurately discrim inate nicotine from placebo 
regardless of the route of adm inistration as long as the nicotine 
reaches the brain. Most researchers have utilized the subcutaneous 
(s.c.) route of adm inistration (Rosecrans and Meltzer 1981); however, 
more recent studies have incorporated other routes of nicotine 
adm inistration and have found th a t ra ts could learn  to discrim inate
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nicotine when given nicotine by gavage (oral tube) in a dose of 0.5 
m g/kg (Howard and Craft 1987). Oral nicotine-trained ra ts general
ized to nicotine adm inistered via either the  s.c. or transderm al 
routes (nicotine solution was applied to a 1.5-cm circular area on the 
shaved back of the rat). There was little difference in dose potency 
between th e  oral and s.c. routes; however, th e  transderm al route was 
much less potent and required eight tim es the  oral dose to establish 
equivalent response patterns. Taken together, the  results of these 
studies showed th a t nicotine given by a variety of routes produces 
time- and dose-related discrim inative effects.

Several studies have compared nicotine w ith a variety of drugs by 
these drug discrim ination testing procedures (Rosecrans and Meltzer 
1981; Stolerm an et al. 1987). Early research involved testing a wide 
variety of chemicals. These studies showed th a t nicotine-trained ra ts 
did not generalize to drugs of o ther classes such as the  opioids, 
barbiturates, or hallucinogens (Rosecrans and M eltzer 1981). Of 
special in terest was the prototypical stim ulant d-am phetam ine, 
because nicotine also has a variety of stim ulant-like actions (Rail
1985). W hen nicotine-trained ra ts were tested w ith am phetam ine, 
however, they only partially  generalized to nicotine. In another 
study, Schechter (1981) observed higher levels of am phetam ine 
generalization to nicotine in a group of ra ts trained to discrim inate 
am phetam ine from pentobarbital. Thus, nicotine may have some 
am phetam ine-like effects which are unm asked under certain condi
tions.

Oxotremorine and arecoline are agonists of the cholinergic ner
vous system, but these drugs activate muscarinic, and not nicotinic, 
cholinergic receptors (Gilman et al. 1985). Consistent w ith the 
mechanisms of action of these cholinergic drugs are the findings th a t 
neither oxotremorine nor arecoline generalized to nicotine in 
nicotine-trained anim als (Rosecrans and M eltzer 1981).

Nicotine analogs and metabolites have also been studied w ith the 
discrim ination paradigm  (Rosecrans and Chance 1977; Stolerm an et 
al. 1987). Such research can help reveal the  extent, if any, of the  role 
of these nicotine-related or nicotine-derived chemicals in determ in
ing the natu re  of the discrim inative effects th a t follow nicotine 
adm inistration. In ra ts  tra ined  to discrim inate 100 jxg/kg of nicotine, 
the analogs cytisine and anabasine generalized to nicotine. The 
alkaloid nornicotine generalized partially to nicotine. Cotinine, the 
major metabolite of nicotine, was observed to generalize to nicotine 
only when the cotinine was given intraventricularly  in relatively 
high doses to ra ts  trained to discrim inate relatively low dose levels 
(100 jig/kg) of nicotine. These data show th a t although metabolites of 
nicotine may share some stim ulus properties with nicotine, the 
degree of generalization is weak, suggesting th a t the discrim inative
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stim ulus effects of nicotine are m ainly due to nicotine itself and not 
to the metabolites.

Synthetic analogs of nicotine have also been evaluated for their 
possible nicotine-like properties in discrim ination studies (Rose- 
crans, Kallm an, Glennon 1978; Rosecrans et al. 1978). Of the several 
compounds tested, only one, 3-methyl-pyridylpyrollidine, a chemical 
isomer of nicotine, was observed to generalize to the nicotine 
stim ulus in nicotine-trained rats. This compound was observed to be 
8 to 10 times less potent than  nicotine. Its effects were significantly 
antagonized (reduced or blocked) by mecamylamine, which also 
antagonizes the stim ulus generated by both S- and R-nicotine; the 
naturally  occurring tobacco constituent, S-nicotine, is also 8 to 10 
times more potent as a stim ulus than R-nicotine. The results of 
these investigations indicate th a t the stim ulus properties of nicotine 
are  highly specific.

A finding relevant to pharmacologic trea tm en t efforts (see Chap
te r VII) involved discrim ination studies with lobeline (a constituent 
in several over-the-counter aids for quitting smoking). Lobeline is an 
alkaloid with some nicotine-like ganglionic effects in the peripheral 
nervous system (Gilman et al. 1985). Rosecrans and Chance (1977) 
found th a t lobeline was neither discrim inated as nicotine nor did it 
block nicotine discrim ination in nicotine-trained rats. These results 
do not support the  use of lobeline-containing compounds as tre a t
m ent aids for cigarette smoking (see also Schwartz 1987; Chapter 
VII).
Peripheral Versus Central D iscriminative S tim ulus Effects o f  
Nicotine

The degree to which the stim ulus is generated via peripheral 
ra th e r th an  central nervous system (CNS or brain) actions is also 
im portant in understanding the natu re  of the nicotine stim ulus. As 
discussed in C hapter III, nicotine has m any peripheral autonomic 
nervous system (ANS) effects which m ight feed back to the  CNS, 
thereby indirectly generating or contributing to stim ulus effects. 
Thus, changes in blood pressure, heart rate, body temperature, and 
hormone release could be potential m ediators of the  effects. Several 
approaches have been utilized to address the role of peripheral 
actions of nicotine in the  generation of the  discrim inative stimulus. 
One approach is to attem pt to block nicotine w ith an antagonist not 
able to enter the CNS.

In one study, anim als were trained to discrim inate a dose of 
nicotine (Rosecrans and Chance 1977). Then they were pretreated  
with a series of nicotinic cholinergic antagonists and with m uscarin
ic cholinergic antagonists. After p retreatm ent with an antagonist, 
the anim als were retested with the tra in ing  dose of nicotine. 
Mecamylamine, a centrally and peripherally acting nicotine antago
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nist, was the only drug observed to completely block the nicotine 
stimulus. As the dose of this antagonist was increased, percent 
correct responses on the nicotine-correct lever, after the injection of 
200 or 400 |xg./kg of nicotine, decreased to placebo response levels, 
indicating a complete antagonism  of the nicotine stimulus. In a 
sim ilar study, Stolerm an, P ra tt, and Garcha (1982) increased the 
nicotine dose in an attem pt to overcome the actions of mecamyla- 
mine: the blockade was not overcome by any dose of nicotine. Thus, 
these data suggest th a t mecamylamine is not a competitive antago
nist (blocking a t the receptor itself) but ra th e r may functionally 
antagonize nicotine’s effects through another mechanism (Stolerman 
et al. 1987).

In o ther studies, a 331 jj-g/kg dose of mecamylamine antagonized 
the  stim ulus effects of 200 jig/kg of nicotine, while 835 |ig /kg was 
required for sim ilar antagonism  of the 400 ng/kg dose of nicotine 
(Rosecrans and M eltzer 1981). All such studies found th a t the 
peripherally acting nicotinic antagonist, hexam ethonium , did not 
affect nicotine discriminations. The muscarinic antagonist, atropine, 
was also w ithout effect. The possible relationships of the nicotine 
stim ulus to brain norepinephrine and 5-hydroxytryptam ine (seroto
nin or 5-HT) systems were also investigated through the use of the 
appropriate antagonists/agonists. Similarly, a quaternary  analog of 
nicotine, which does not en ter the brain, was evaluated and found to 
produce no evidence of generalization in nicotine-trained ra ts 
(Rosecrans et al. 1978). Such studies do not support the involvement 
of peripheral systems in the  generation of the nicotine stimulus.

A nother strategy used to investigate the central na tu re  of the 
nicotine stim ulus compared concentrations of nicotine in the brain 
with the  resulting stim ulus effects of nicotine (Rosecrans and Chance 
1977). It was assumed th a t if nicotine’s stim ulus effects are  mediated 
in the brain, then such effects should be related to brain levels of 
nicotine. This hypothesis was confirmed. In fact, it was found th a t 
before nicotine functions as a stimulus, it m ust achieve a m inim al 
drug level in the brain. In addition to relating drug level in the brain 
to the stim ulus effect induced by nicotine, Rosecrans and Chance
(1977) showed th a t systemically adm inistered nicotine generalized to 
nicotine adm inistered in traventricularly . Taken together, the  fore
going studies show th a t the nicotine-generated discrim inative stim u
lus is dependent on the actions of nicotine a t central nicotine 
receptors in the brain.

Drug discrim ination research has also examined the stim ulus 
properties of the muscarinic cholinergic agonist, arecoline. Arecoline 
is a constituent of the betel nu t m ixtures commonly chewed in the 
E ast Indies (Taylor 1985a). Three approaches have been utilized to 
investigate the stim ulus properties of arecoline. In the first study, 
arecoline served as a discrim inative stim ulus and thereby assumed
174



control of behavior (Rosecrans and Meltzer 1981). These effects of 
arecoline were blocked by p retreatm ent with the muscarinic antago
nist, atropine, while the quaternary  compound, methyl atropine 
(which does not readily cross the blood-brain barrier), was ineffec
tive. These results indicate th a t the stim ulus can also be exerted via 
muscarinic stim ulation and confirm th a t the discrim inative stim ulus 
properties of muscarinic agonists, like those of nicotinic agonists, are 
centrally mediated. Additional studies indicated th a t mecamylamine 
was not able to antagonize the stim ulus effects of arecoline (Rose
crans and Meltzer 1981). Finally, it was found tha t ra ts  could be 
trained to discrim inate between the muscarinic and nicotinic 
agonists, arecoline and nicotine. Thus, there appear to be two 
independent central cholinergic receptor systems (muscarinic and 
nicotinic), each of which can exert stim ulus control over behavior 
when appropriately stim ulated. These findings have been confirmed 
by Stolerm an and colleagues (1987).

Interactions w ith Noncholinergic Neurons
In a prelim inary study (Takada et al., 1988) two nicotine-trained 

squirrel monkeys recognized beta-carboline as nicotine. Beta-carbo- 
line induces symptoms resembling anxiety in animals; these symp
toms can be reduced by adm inistration of the anxiolytic, diazepam 
(Shephard 1986). In addition to this observation, Colpaert (1977) 
reported th a t nicotine can antagonize the diazepam cue, and H eath, 
Porter, and Rosecrans (1985) noted th a t nicotine antagonized the 
effects of diazepam on punished responding in rats. M ecamylamine 
was also found to a ttenuate  the nicotine-induced antagonism  of 
diazepam’s antianxiety effect. H arris and coworkers (1986) found 
th a t metrazol (a convulsant) partially  generalized (35 percent) to 
nicotine when tested in the discrim ination paradigm in nicotine- 
trained anim als. A greater degree of generalization of the metrazol 
cue to nicotine (50 percent) was observed 48 h r after the cessation of 
a 21-day chronic nicotine regimen in ra ts trained to discrim inate 
metrazol (5 mg/kg) from saline; these generalizations were not 
antagonized by mecamylamine. H arris and colleagues (1986) suggest
ed th a t the generalization of metrazol to nicotine was a function of a 
nicotine abstinence-induced w ithdrawal syndrome resembling anxie
ty. These studies suggest th a t nicotine may act a t central receptors 
capable of eliciting a stim ulus cluster which induces anxiety 
(Chapter III).
Subjective Effects of N icotine in Hum ans

The extensive am ount of nicotine discrim ination research using a 
variety of anim al species and several routes of adm inistration 
confirms th a t nicotine is a potent drug that can induce alterations in
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nervous system function th a t are distinct and readily identifiable. In 
addition, the  sim ilar findings observed in studies using different 
routes of nicotine adm inistration are consistent with the hypothesis 
th a t the tobacco vehicle is not necessary to produce nicotine-associ
ated changes of mood and feeling. The next Section examines data 
from analogous studies in which hum ans served as research subjects.
Psychoactivity o f Nicotine

The anim al research described above indicates th a t nicotine’s 
psychoactivity is a result of basic biological actions. H um an research 
on nicotine corroborates the validity of the anim al research. Results 
from studies of the interoceptive effects of nicotine in hum ans are 
analogous to those obtained in animal studies described above.

One of the  first hum an studies th a t used drug discrim ination 
procedures, as had been developed w ith anim al subjects, was a  study 
of nicotine discrimination. The study involved the system atic 
m anipulation of nicotine dose levels w ith research cigarettes which 
varied prim arily in the am ount of nicotine delivered (Kallm an e t al.
1982). This study dem onstrated th a t nicotine, as delivered by the 
inhalation of tobacco smoke, produces discrim inative stim ulus 
effects. The degree and ra te  of acquisition of the discrim ination 
appeared to be dose dependent. The ability of the subjects to make 
the discrim inations did not appear to be related to e ither autonomic 
(e.g., heart rate) effects of nicotine or to nicotine’s effects on other 
self-reported measures (e.g., taste  of the  cigarette).

The data  from K allm an and associates (1982) are consistent w ith 
those of several other studies which have found th a t  hum an 
volunteers can differentiate among cigarettes which vary m ainly in 
the  am ount of nicotine which they deliver (Goldfarb, Jarvik, Glick 
1970; Goldfarb et al. 1976; Herskovic, Rose, Ja rv ik  1986; Rose 1984; 
Griffiths, Bigelow, Henningfield 1980; Henningfield, Miyasato, John
son, Jasinski 1985). Furtherm ore, the  conclusion th a t centrally 
mediated effects of nicotine are im portant in such responsivity is 
supported by findings th a t p retreatm ent w ith mecamylamine re
duced responsivity to nicotine dose levels of the  cigarette (Stolerman 
et al. 1973; Nemeth-Coslett et al. 1986a; Pom erleau et al. 1987). The 
study by Stolerm an and associates (1973) also showed th a t such 
antagonism  of nicotine’s effects was not obtained when peripherally 
acting pentolinium  was given.

O ther research has confirmed th a t the  tobacco vehicle is not 
necessary to enable the  interoceptive effects of nicotine. Several 
studies involving i.v. adm inistration of nicotine in hum an subjects 
have found th a t hum ans readily differentiate among nicotine dose 
levels given intravenously. In the  earliest of these studies, i.v. 
injections of nicotine were given to 35 volunteers, most of whom 
were cigarette smokers (Johnston 1942). The conclusions of Johnston
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TABLE 3.—Sum m ary o f early observations regarding  
psychoactiv ity  of in travenously delivered  
nicotine in  hum ans

l. "Psychic” effects a re  d irectly  rela ted  to nicotine dose; nonsm okers are  
m uch more sensitive to toxic symptom s (e.g., nausea) th an  smokers

2. Effect of nicotine is "specific and readily d istinguished from  th a t of 
cocaine or codeine” *

3. N icotine injections a re  "p leasan t” to smokers, and a re  p referred  by some 
over c igarette  smoking

4. O rally given nicotine (dissolved in w ater) also had "psychic” action, but 
appeared m uch less potent than  in travenously  adm inistered  nicotine: 
delayed onset of effect

5. — 1-3 mg doses appeared tolerable and equivalent to smoking single 
cigarette; ~  0.11 mg doses appeared to  produce "subjective sensation” 
equivalent to  one "deep” c igarette  smoke inhalation

'M o r e  r e c e n t  r e s e a r c h  in d ic a te s  t h a t  h ig h e r  d o se  le v e ls  o f n ic o t in e  c a n  p ro d u c e  c o c a in e - l ik e  e ffe c ts  
( H e n n in g f ie ld ,  M iy a s a to ,  J a s in s k i  1985).

S O U R C E : J o h n s to n  (1942).

th a t are especially relevant to characterization of the  psychoactivity 
of nicotine are shown in Table 3.

Johnston’s findings (Table 3) have been generally confirmed. 
Jones, Farrell, and H erning (1978) and Rosenberg and colleagues 
(1980) also found th a t hum an volunteers could differentiate i.v. 
nicotine a t dose levels sim ilar to those obtained by smoking 
cigarettes. In another study which extended the findings of Johnston 
(1942), both i.v. nicotine and nicotine inhaled from research ciga
rettes across a  range of doses were adm inistered to hum an volun
teers w ith histories of using a variety of dependence-producing drugs 
(Henningfield, Miyasato, Jasinski 1985). Subjects clearly distin
guished nicotine from a placebo, and the dose strength  estim ates 
were directly related to th e  nicotine dose level. A subsequent study 
showed th a t the  im m ediate subjective effects of nicotine were 
diminished by p re trea tm ent of subjects with mecamylamine (Hen
ningfield e t al. 1983).

In a study by Henningfield, Miyasato, Jasinski (1985), m easures 
used to qualitatively describe the  n a tu re  of the drug stim ulus 
indicated th a t nicotine m et criteria  as a euphoriant. At higher doses 
nicotine was sometimes identified as a stim ulant (cocaine or 
amphetam ine); it elevated scores on the  M orphine Benzedrine Group 
("Euphoria” or "MBG”) scale of the  Addiction Research Center 
Inventory (ARCI) (Haertzen and Hickey 1987); and it produced dose- 
related  increases in scores on a drug-liking scale. The high-dose 
cocaine/am phetam ine identifications found in the study by H en
ningfield, Miyasato, and Jasinski (1985) were not observed by

177



Johnston, but such sim ilarities between nicotine and cocaine may 
only be clearly identifiable by subjects experienced with both cocaine 
and nicotine.

Nicotine given in the polacrilex gum form has been evaluated with 
sim ilar measures as described above. These studies involved giving 
various combinations of 2-mg- and 4-mg-nicotine pieces of polacrilex 
gum and placebo to cigarette smokers. H um an volunteers were given 
the  polacrilex gum to chew in doses ranging from 0 to 4 mg in one 
study (Nemeth-Coslett and Henningfield 1986) and 0 to 8 mg in 
another study (Nemeth-Coslett et al. 1987). Both studies showed th a t 
subject ratings of several effects (including "dose streng th”) were 
directly related to the total dose of nicotine th a t was given. In 
addition, sim ilarity of the stim ulus effects to those produced by 
cigarettes was a direct function of dose level. In these studies 
"liking” or "positive” effect scores were inversely related to dose 
level, suggesting th a t this nicotine delivery system has low potential 
for causing dependence when compared with th a t of cigarettes 
(Chapter VII). The role of centrally mediated nicotinic actions in the  
ability of hum ans to differentiate among polacrilex gum-delivered 
nicotine doses was confirmed in a study by Pickworth, Herning, and 
Henningfield (in press). These researchers found th a t mecamyla- 
mine pretreatm ent of hum an volunteers reduced both the EEG and 
subjective effects of nicotine polacrilex gum adm inistration.

Like many other psychoactive drugs (Chapter V), nicotine can also 
produce unpleasant or dysphoric subjective effects th a t are related to 
the dose given and the route of adm inistration. Such effects can be 
quantified by a psychological scale of the ARCI th a t is sometimes 
referred to as the  "dysphoria” scale (Jasinski, Johnson, Henningfield 
1984) or the "LSD” scale because it was constructed from items 
found to be elevated when lysergic acid diethylam ide (LSD) was 
given to volunteers (Haertzen 1966, 1974).

In one study, Henningfield, Miyasato, and Jasinski (1985) found 
th a t both inhaled (research cigarette smoke) and i.v. nicotine 
produced dose-related increases in LSD scale scores. In two other 
studies, nicotine polacrilex gum was tested (Nemeth-Coslett and 
Henningfield 1986; Nemeth-Coslett et al. 1987). LSD scale scores 
were at least slightly increased in both studies and were significantly 
increased in the  study by Nemeth-Coslett and Henningfield (1986). 
These results with nicotine polacrilex gum, combined with no 
increases in MBG scale scores, are consistent with the observations 
described earlier suggesting a low overall dependence potential for 
this formulation.
Sensory Effects o f Nicotine

As discussed earlier in this Chapter, nonnicotine constituents of 
tobacco smoke can produce functional sensory effects. Nicotine, too,
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can produce peripherally mediated sensory effects which could 
contribute to the taste  of the cigarette. Although not generally 
term ed "psychoactive” drug effects, such effects could contribute to 
the control over behavior as they provide discrete cues which may be 
associated w ith centrally mediated nicotinic effects. For example, 
nicotine has a b itter taste, elicits burning sensations when placed on 
the tongue, and is irrita ting  to the oral and respiratory mucosa 
(Windholz et al. 1976). Increasing the nicotine delivery of cigarettes 
while holding ta r  delivery constant leads to an increase in perceived 
strength  and harshness. The possible effects of nicotine in the upper 
respiratory tract on subject ratings cannot be excluded in these 
studies. Nicotine also stim ulates m echanoreceptors sensitive to 
pressure and stretch  (Taylor 1985b), and th is local action of nicotine 
may also contribute to the sensory characteristics of inhaled 
cigarette smoke.

H exam ethonium  (the nicotine receptor antagonist th a t only acts 
peripherally) has been shown to block cigarette smoke-induced 
edema in the tracheobronchial mucosa of ra ts  (Lundberg, Saria, 
M artling 1982). A nother study showed th a t mecamylamine produced 
dose-related decreases in harshness ratings of individual puffs of 
cigarette smoke (Rose, Sampson, Henningfield 1985). In this study, 
subjects were asked to ra te  their preference a t different nicotine 
concentrations of the smoke: mecamylamine pretreatm ent shifted 
preferences to higher smoke concentrations for individual puffs.

A nother method of producing a t least some of the nicotine-related 
sensations of cigarette smoke is to present nicotine in vapor or 
aerosol form without any components of tar. Nicotine vapor is likely 
to be deposited mainly in the m outh and pharynx (Russell 1986); 
thus it would be difficult to adm inister a pharmacologically effective 
dose of nicotine w ithout producing excessive local irrita tion  and bad 
taste. However, a low dose of nicotine delivered in th is fashion m ight 
sim ulate the  sensory effects of smoking, even if the pharmacologic 
effects are minimal. A low-dose nicotine aerosol delivering droplets 1 
to 5 |i,m in size would be expected to provide respiratory sensations 
even more sim ilar to cigarette smoking, as particles of th is size 
would im pact m ainly in the tracheobronchial region.

Three studies have evaluated the effects of a commercially 
m arketed nicotine vapor delivery system in hum an subjects. The 
delivery system was a version of th a t originally described by 
Jacobson, Jacobson, and Ray (1979); it was m arketed as a "tobacco 
product” through February 1987, when the Food and Drug Adminis
tra tion  (FDA) required verification of "safety and efficacy” for 
continued m arketing as a "nicotine delivery system ” (see C hapter 
VII). It consisted of a cigarette-size plastic tube with a nicotine- 
containing polymer in the end distal from the user’s mouth. It was 
used by sucking a ir through the tube and inhaling in a m anner
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sim ilar to th a t when smoking cigarettes. When the system was used 
in th is fashion, two studies found th a t plasma nicotine levels were 
not significantly elevated (Sepkovic et al. 1986; Henningfield 1986b). 
A th ird  study found significant elevations in plasm a nicotine 
following use of the nicotine tube (Russell et al. 1987). However, in 
the la tte r  study subjects used w hat may be described as a heroic 
puffing procedure: they were instructed to puff 1 nicotine tube 10 
times, a t intervals of 40 sec; after a 4-min pause, subjects then 
"puffed and inhaled as hard  and as frequently as possible, continous- 
ly for the next 20 min, with changes every 5 min to fresh cigarette 
[nicotine tube].” Symptoms typical of those associated with higher 
levels of nicotine adm inistration were observed, i.e., dizziness, 
lightheadedness, and in a few subject s, nausea (Russell et al. 1987).

In another study of the  nicotine vapor inhaler, four tubes in which 
none, one, two, or four contained nicotine (the others being denico- 
tinized) were sim ultaneously puffed on by volunteers through a 
specially designed cigarette holder (Henningfield 1986b, 1987a). In 
th is study, despite the fact th a t m easurable changes in plasma 
nicotine levels did not occur, several responses often associated w ith 
nicotine delivery were observed: (1) subject ratings of "harshness” 
were directly related to dose (number of nicotine-containing tubes);
(2) post-puffing increases in heart rate occurred as a function of dose;
(3) subjective effects were directly related to dose; and (4) desire to 
smoke tobacco cigarettes was inversely related to nicotine dose level. 
Taken together, these results show than  even with negligible 
systemic levels, nicotine can induce feelings of satisfaction and can 
reduce urges to smoke when it produces tobacco-like sensations of 
th roa t burn and harshness (Chapter VII).

Some of the short-term  satisfaction derived from inhaling nicotine 
may explain the apparent short-term  efficacy of the vapor inhaler in 
reducing desire to smoke despite negligible plasm a nicotine levels. 
This is in contrast to findings obtained when nicotine is given either 
intravenously or in the polacrilex gum (Henningfield, Miyasato, 
Jasinski 1983; Nemeth-Coslett et al. 1987). W hether the effects of the 
nicotine vapor inhaler are conditioned responses, peripheral nicotin
ic actions, or both, it rem ains to be determ ined if such effects would 
provide long-term efficacy as tobacco replacem ent in the nicotine- 
dependent tobacco user (Chapter VII). Such effects may not be 
satisfactory for long-term trea tm en t (i.e., they may not satisfactorily 
alleviate tobacco withdrawal), although they may prove im portant in 
providing sources of pleasure and reduction of urges in people trying 
to quit smoking (Henningfield 1987b).
State-D ependent Learning

The potential of nicotine to induce state-dependent learning 
effects as well as how such effects are studied are discussed in
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C hapter VI. In the present Section, findings are sum m arized in so far 
as they are relevant to assessing the dependence potential of 
nicotine. In brief, state-dependent learning refers to the phenome
non whereby behavior learned in one set of cues or stim ulus 
conditions (context) is most reliably performed when subsequently 
attem pted in the  same context and /o r is adversely affected when 
attem pted in a novel context (Chapter VI). Psychoactive drugs can 
produce state-dependent learning effects, apparently  by providing a 
recognizable context based on the interoceptive stim ulus cues 
provided by the drug (see also C hapter V). Several studies have 
shown th a t nicotine exposure can lead to state-dependent learning 
effects. For example, a series of studies conducted by Andersson and 
colleagues (Andersson 1975; Andersson and Hockey 1977; Andersson 
and Post 1974) and by others (Peters and McGee 1982; W arburton et 
al. 1986) showed th a t nicotine exposure in the form of tobacco smoke 
could induce state-dependent learning effects in hum ans. In a study 
by Lowe (1985), nicotine’s part in the  sta te  complex produced by 
alcohol and nicotine together was also evaluated.

There are two implications of the  above findings regarding the 
dependence potential of nicotine. The first is th a t state-dependent 
learning could contribute to the dependence potential of cigarettes, 
in th a t optim al cognitive/behavioral performance may come to 
depend upon the continued self-adm inistration of tobacco. These 
actions m ight also contribute to the strength  of the  reinforcing 
effects of nicotine by producing effects on learning and /o r perfor
m ance (see also C hapter VI).
N icotine as a P ositive R einforcer

The prim ary biobehavioral mechanism by which dependence-pro
ducing drugs m aintain  drug seeking is by functioning as positive 
reinforcers (Thompson and U nna 1977; Thompson and Schuster 
1968). That is, drugs can serve as stim uli th a t strengthen behavior 
leading to the ir own presentation (Skinner 1953; Thompson and 
Schuster 1968). As discussed in C hapter V, studies in the 1960s used 
the drug self-adm inistration techniques developed to study m orphine 
and other dependence-producing drugs in anim als (Weeks 1962; 
Thompson and Schuster 1964; C hapter V). In th e  first such study 
with nicotine, Deneau and Inoki (1967) found th a t monkeys would 
also self-administer nicotine intravenously. However, some investi
gators considered these findings equivocal (Russell 1979; Griffiths, 
Brady, Bradford 1979). In 1981, Goldberg, Spealman, and Goldberg 
showed conclusively th a t nicotine itself could function as an 
efficacious positive reinforcer for anim als, although the range of 
conditions under which it was effective was somewhat more limited 
than  for drugs such as cocaine and am phetam ine. Analagous studies 
w ith hum ans in the  1980s (e.g., Henningfield, Miyasato, Jasinski
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1983) dem onstrated th a t intravenously adm inistered nicotine is a 
reinforcer. The results leading to the foregoing conclusions are 
sum m arized in the present Section.
A n im a l Studies o f  Nicotine as a Reinforcer

W hether a drug functions as a reinforcer can depend critically on 
the  dose of drug, the  previous exposure of the subject to th a t or other 
drugs, th e  behavioral history of the subject, and perhaps most 
im portantly, the  im m ediate contingencies relating responses and 
subsequent injections of drug (contingencies are  often referred to as 
schedules of reinforcem ent) (B arrett and W itkin 1986; Chapter V). 
Nicotine differs from some dependence-producing drugs (e.g., co
caine) (Griffiths, Brady, Bradford 1979) in th a t for anim als, the 
conditions under which it m aintains high rates of self-adm inistration 
behavior appear to be more limited; however, there are other 
dependence-producing drugs which also serve as reinforcers under a 
fairly lim ited range of conditions (e.g., alcohol) (Mello 1973; Meisch 
1977).

Table 4 (modified from Henningfield and Goldberg 1983b) is a 
sum m ary of the  early studies th a t found i.v. nicotine injection to be 
ineffective or m arginally effective as a reinforcer as well as more 
recent studies th a t conclusively dem onstrated the capacity of 
nicotine to function as a positive reinforcer. The studies listed in this 
Table employed a variety of species (ranging from ra ts  to hum an 
volunteers), different types and param eters of drug injection sched
ules, a variety of tra in ing  histories, and a wide range of nicotine 
doses. Much of the research has been reviewed in greater detail 
elsewhere (Goldberg and Henningfield, 1988; Swedberg, H enning
field, Goldberg, in press). The present Section only reviews some of 
the more recent studies th a t have experim entally evaluated nic
otine’s reinforcing effects.

U ntil 1981, most experim ents of nicotine self-adm inistration 
involved continuous reinforcem ent schedules in which each response 
by an  individual subject resulted in the i.v. injection of nicotine 
(Table 4). U nder these continuous reinforcem ent schedules, (1) rates 
of responding were very low, ranging from about 0.008 to 0.0005 
responses/sec in different studies; (2) changes in nicotine dose 
produced only small and inconsistent changes in rates of responding;
(3) the differences in rates of responding m aintained by nicotine 
compared with saline were generally small; and (4) m arked intersub
ject differences in self-adm inistration of nicotine were often report
ed. In one series of studies (Lang et al. 1977; Singer, Simpson, Lang 
1978; Latiff, Smith, Lang 1980; Smith and Lang 1980) a concurrent 
schedule of periodic deliveries of food pellets to food-deprived rats 
was found to increase rates of nicotine self-adm inistration respond
ing (Chapter V). The concurrent food reinforcem ent schedule ap-
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TABLE 4.—Summary of reports in w hich  n icotine w as availab le under intravenous drug self
adm inistration (S-A) procedures

Study Species Reinforcem ent schedule M ain findings Comments

Deneau and Inoki 
(1967)

Rhesus m onkey FR 1; several nicotine doses 
tested

Two monkeys in itia ted  S-A; 
o thers required prim ing 
procedure

C urrently  accepted reinforcing 
efficacy assessm ent c rite ria  not 
achieved

Clark
(1969)

Hooded rat FR 1; several nicotine doses and 
saline tested

Nicotine a  reinforcer relative to 
saline

No q uan tita tive  data 
(from study abstract)

Y anagita
(1977)

Rhesus m onkey Experim ent 1: FR 1; several 
nicotine, caffeine, and saline 
doses substituted  for SPA

N icotine and caffeine not 
reinforcers, com pared w ith 
saline or SPA

(prelim inary  report, Y anagita et 
al. (1974) studies)

E xperim ent 2: FR 1; several 
nicotine doses continuously 
available

Nicotine S-A rates stable in 
most subjects, b u t not clearly 
dose related

No direct reinforcing efficacy 
test

Experim ent 3: PR procedures; 
two nicotine doses, saline, and 
th ree  cocaine doses tested

0.2 m g/kg nicotine and lowest 
cocaine dose (0.03 m g/kg) 
m ain tained  sim ilar response 
rates, which slightly exceeded 
rates  m aintained by saline

N icotine m arginally  reinforcing 
com pared w ith saline and higher 
cocaine doses

Lang, Latiff, McQueen, 
Singer
(1977)

Hooded ra t FR 1; nicotine and saline tested 
in food-sated and  food-deprived 
rats

In food-deprived (not food-sated) 
rats, nicotine a  reinforcer, 
com pared w ith saline

Singer, Simpson, Lang
(1978)

Hooded ra t CONC [(FR l:nicotineXFT 1 
min:food pellet)] in food-deprived 
rate; ra ts  subsequently food-sated

Food satiation  decreased nicotine 
S-A ra te , b u t nicotine a 
reinforcer in both conditions

Results sim ilar to ethanol 
testing  results



184 TABLE 4.—Continued
Study Species Reinforcem ent schedule Main findings Comments

G riffiths, Brady, 
Bradford
(1979)

Baboon FR 160 followed by 3-hr 
timeout; several nicotine doses 
and saline substituted  for 
cocaine

N um ber of nicotine 
injections/day did not exceed 
saline

Caffeine, ephedrine, and various 
o ther sim ilarly  tested s tim u lan ts  
were reinforcers relative to 
saline

H ansen, Ivester, Moreton
(1979)

Albino rat FR 1; several nicotine doses and 
saline tested

M ecamylam ine (centrally  acting 
antagonist), not pentolinium  
(peripherally acting antagonist), 
a lte red  S-A behavior

G roup d ata  suggest nicotine as 
a reinforcer; no clear dose-effect 
curve

Latiff, Sm ith, Lang 
(1980)

Hooded rat CONC [(FR LinjectionXFT 1 
min:food pellet)]; several nicotine 
doses and saline tested

Nicotine a reinforcer, relative to 
saline; mild effects of u rine  pH 
m anipulations on S-A ra te  only 
during  initial nicotine exposure

S-A ra te  inversely dose related 
during in itia l nicotine S-A 
behavior acquisition, not a fte r 
establishm ent

Sm ith and Lang
(1980)

Hooded rat FR 1; one nicotine dose and 
saline tested

Nicotine a  reinforcer w ith and 
w ithout CONC food delivery 
schedule in food-deprived, but 
not food-sated, rats

Goldberg, Spealman, 
Goldberg
(1981)

Squirrel monkey Second-order schedule FI 1 or 2 
min (FR 10:stimulus), followed 
by 3-min tim eout; one nicotine 
dose and saline tested

Nicotine m ain tained  high rates 
of responding; rates decreased 
m arkedly w hen (1) saline 
replaced nicotine, (2) brief 
stim uli om itted, (3) subjects 
m ecam ylam ine p retreated

D em onstrated im portance of 
ancillary  environm ental stim uli 
in m ain tain ing  high rates of 
responding
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Dougherty, M iller, Todd,
K ostenbauder
(1981)

Rhesus monkey FI 16 and second-order FI 1 min 
(FR 4:stimulus); several nicotine 
doses and saline tested

Nicotine m aintained h igher S-A 
rates  than  saline under FI and 
second-order schedules, but only 
a  m arginally  effective reinforcer 
w hen continuously available

Establishing nicotine as 
reinforcer required several 
months, using procedures th a t 
establish cocaine or codeine as 
reinforcers in few days

Goldberg and Spealm an
(1982)

Squirrel monkey FI 5 min followed by 1-min 
tim eout; several nicotine and 
cocaine doses and saline tested

Nicotine and cocaine 
qualitatively  sim ilar reinforcers, 
compared w ith saline; cocaine 
m aintained h igher rates  of 
responding in 1 of 2 monkeys; 
m ecam ylam ine p re trea tm en t 
reduced nicotine S-A rates

Showed nicotine can be 
punisher, sim ilar to electric 
shock

Singer, W allace, Hall
(1982)

Long-Evans ra t CONC [(FR l:nicotineXFT 1 
min:food pellet)]; one nicotine 
dose tested

Lower nicotine S-A rates  in ra t 
group with 6-OHDA lesions in 
nucleus accumbens th an  in 
sham -lesions group

Range of lesion-inhibited 
scheduled-induced behaviors 
extended

Spealm an and Goldberg
(1982)

Squirrel monkey Second-order FI 1, 2, or 5 min 
(FR 10:stimulus) and FI 5-min 
schedules tested; several nicotine 
and cocaine doses and saline 
tested

Nicotine and cocaine m aintained 
sim ilar rates  of responding and 
patterns; nicotine, not cocaine, 
S-A decreased to saline-like 
rates  w hen m ecamylam ine 
pretreated

U nder both schedules, nicotine 
and cocaine reinforcing efficacy 
com parable
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Ator and G riffiths 
(1983)

Baboon E xperim ent 1: FR 2 followed by 
15-sec tim eout; several nicotine 
doses, cocaine, and saline tested

Nicotine m arginally  reinforcing, 
com pared w ith saline across 
narrow  dose range

Inverted  U-shaped in itia l dose- 
response curve; flat final curve 
(earlier abstract, A tor and 
G riffiths (1981))

E xperim ent 2: FI 5 min followed 
by 1-min tim eout; several 
nicotine and cocaine doses and 
saline tested; FI dura tion  varied 
1-11 m in

Nicotine m ain tained  h igher 
rates of responding th an  saline, 
b ut m uch lower th an  cocaine or
food

Nicotine and injections/session 
responding ra tes  little  changed 
w ith varied FI dura tion

Goldberg and 
Henningfieid
(1983a, b)

H um an and 
squirrel monkey

FR 10 followed by 1-min 
tim eout; several nicotine doses 
and saline tested

Monkey and  hum an  patte rns of 
responding qualitatively  sim ilar; 
nicotine injection num ber 
exceeded saline injection num ber 
in 3 of 4 of both hum ans and 
monkeys

In both hum ans and monkeys, 
evidence of nicotine having both 
reinforcing and  punishing effects 
(from study abstracts)

H enningfieid, Miyasato,
Jasinski
(1983)

H um an FR 10 followed by 1-min 
tim eout; several nicotine doses 
and saline tested

Nicotine injection num ber 
generally  exceeded saline 
injection num ber; nicotine 
injection num ber inversely 
related  to nicotine dose; nicotine 
suppressed postsession cigarette  
smoking

Nicotine and  intravenous 
cocaine subjective effects sim ilar; 
nicotine had both reinforcing 
effects and punishing effects
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Risner and Goldberg
11983)

Beagle dog FR 15 followed by 4-min 
tim eout; several nicotine, 
cocaine, and  saline doses tested; 
PR schedule also used

N icotine and cocaine m aintained 
qualitatively  sim ilar patte rns of 
responding and were reinforcers 
relative to saline; m ecamylam ine 
p re trea tm en t reduced nicotine, 
not cocaine. S-A

S ubstantially  g rea ter response 
rates m aintained with cocaine 
than  nicotine

Cox. Goldstein. Nelson 
(19841

W istar rat FR 1; several nicotine doses and 
saline tested; a second inactive 
lever available to assess 
nonspecific activity-increasing 
nicotine effects

Nicotine S-A rates h igher than 
saline, but result in part of 
nonspecific activity increases

Active lever responding rates 
low ( MO responses- 12 h rs '. only 
about twice as high as inactive 
lever rates

P rada  and Goldberg
H985)

Squirrel monkey FR 30 followed by 4-min or 10- 
sec tim eout; one nicotine dose 
tested

At 4-min tim eout, overall 
nicotine-m aintained response 
ra te  range 0.3-2.4 responses/sec; 
a t 10-sec tim eout, responding 
poorly m aintained

Nicotine iv injections and food 
pellet delivery m aintained 
sim ilar high response rates 
(from study abstract)

Slif’er and Baister
(1985)

Rhesus monkey E xperim ent 1: FR 1 and CONC 
[(FR linicotineKFT 5-min:food 
pellet)]; several nicotine doses 
and saline tested
E xperim ent 2: FR 10; saline and 
several nicotine doses 
substitu ted  for cocaine

At CONC condition, nicotine S-A 
a t ra te  h igher than  saline; at 
FR 1 condition, nicotine S-A 
w ithout CONC food
Nicotine a reinforcer relative to 
saline, but response rates low 
relative to single cocaine dose 
tested

At some doses, nicotine 
m aintained h igher S-A rates 
than  at FR 1 condition saline 
(prelim inary  report. Slifer <1983)1
Nicotine dose changes produced 
only sm all response rate  
changes
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Goldberg and 
Henningfieid 
(1986)

H um an and 
squirrel monkey

Monkeys: FR 10-200, w ith 1-, 2-, 
or 4-min tim eouts 
H um ans: FR 10-800, w ith 1-, 5-, 
10-, or 20-min tim eouts

Nicotine m ain tained  about 
1.0/sec overall ra te  of FR 
respondjng a t high FR and tim eout, 
in both hum ans and monkeys

(from text of talk)

N aruse, Asami, Ikeda. 
Oh m ura
(1986)

Rat FR 1, FR 4, FR 8; several 
nicotine doses and saline tested

H igher nicotine injection doses 
(10 and 30 jig/kg) m aintained 
responding above saline control 
levels

Nicotine a relatively weak 
reinforcer afte r 15-day 
availability

De la G arza and 
Johanson
(1987)

Rhesus monkeys FR 10; saline and several 
nicotine, d-am phetam ine, 
diazepam, and perphenazine 
doses substitu ted  for cocaine

Nicotine a  reinforcer relative to 
saline, but response rates  very 
low relative to cocaine and d- 
am phetam ine

Food deprivation significantly- 
increased response ra te  for low 
nicotine dose in  only 1 of 3 
monkeys

N O T E :  KK. f ix ed  r a t io ;  S P A ,  1-2 d : p h e n y ! - l  - d i m f ' t h y l - a m i n n p t h a n e - H O I :  P R .  p ro g re s s iv e  ra t io ;  FT ,  f ix e d  t im e ;  FI ,  f ix e d  i n te r v a l ;  C O N C ,  c o n c u r r e n t .



peared to hasten acquisition of the nicotine self-adm inistration 
(Smith and Lang 1980).

Since 1981, methodology for studying the reinforcing effects of 
nicotine has shifted away from continuous reinforcem ent schedules 
and toward schedules of self-administration in which responses are 
only in term itten tly  reinforced by nicotine injection (Goldberg et al.
1983). Such in term itten t schedules appear to more closely approxi
m ate the patterns of hum an cigarette smoking behavior in which 
nicotine is taken in in term itten t small doses (puffs) and with even 
greater intervals between dosing resulting from periods of tim e 
between cigarettes (Henningfield 1984). On a variety of in term itten t 
schedules, i.v. nicotine was shown to function as an effective 
reinforcer, m aintaining overall rates of responding ranging from 0.1 
to more than  1 response/sec (Table 4). These increases in behavioral 
responses m aintained by nicotine were obtained without the use of 
food deprivation or concurrent inducing schedules of food delivery.

In one series of experim ents with squirrel monkeys, Goldberg and 
Spealman (1982) and Spealman and Goldberg (1982) utilized a fixed- 
interval schedule in which the first response to occur after a 5-min 
interval elapsed produced an i.v. injection of nicotine followed by a 1- 
min period of drug nonavailability ("tim eout”). Responses during the 
5-min intervals had no specified consequences, and daily sessions 
ended after 10 intervals or 2 hr. U nder these conditions, nicotine 
functioned as an effective reinforcer: (1) peak rates of responding 
m aintained by nicotine ranged from 0.1 to 0.3 response/sec and were 
sim ilar to those m aintained by cocaine; (2) as nicotine dose per 
injection was increased from 3 to 300 m g/kg, rates of responding first 
increased and then decreased; (3) rates of responding m aintained by 
nicotine were about fourfold to eightfold higher than  those m ain
tained during saline substitution; and (4) daily intram uscular 
trea tm en t with 1 m g/kg of mecamylamine reduced rates of respond
ing m aintained by nicotine to saline-control levels but had no effect 
on responding m aintained by cocaine. Thus, nicotine satisfied all the 
criteria  discussed in Chapter V as an effective reinforcer. P articu la r
ly striking was the finding th a t although injection doses of nicotine 
above 30 m g/kg produced vomiting during the session, one or more 
of these higher doses continued to be m aintained near m axim al rates 
of responding in four of the six monkeys studied.

The results of Goldberg, Spealman, and Goldberg (1981) showing 
nicotine to be an effective reinforcer have been extended in 
subsequent studies. For example, high rates of responding were 
m aintained on reinforcem ent schedules of nicotine injection in 
which the num ber of responses per injection was fixed a t some 
interm ediate level (e.g., 1 injection/15 responses; such contingencies 
are term ed fixed-ratio schedules). Risner and Goldberg (1983) used a 
15-response fixed-ratio schedule of nicotine injection with 4-min
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tim eout periods following each injection in beagle dogs. Nicotine was 
an effective reinforcer in all dogs: (1) peak rates of responding were 
about 0.3 response/sec, but higher rates of responding were m ain
tained by cocaine; (2) as the injection dose of nicotine increased from 
10 to 100 m g/kg, response rates first increased and then decreased a t 
the highest dose; (3) peak rates of responding m aintained by nicotine 
were about fifteenfold greater th an  those m aintained by saline; and
(4) rates of responding m aintained by nicotine but not by cocaine 
were reduced to saline levels by presession trea tm en t w ith mecamy- 
lamine. Although cocaine m aintained higher rates of responding 
than  nicotine in the  dog, fixed-ratio patterns of responding m ain
tained by nicotine and cocaine were similar: a pause in responding at 
the  sta rt of each fixed ratio  was followed by a change to steady 
responding a t a high ra te  until nicotine or cocaine was injected.

In o ther studies Goldberg and Henningfield (1983a,b, 1986) used 
10- to 30-response fixed-ratio schedules of i.v. nicotine injection in 
squirrel monkeys. W hen a 1-min tim eout followed each injection, 
nicotine m aintained rates of responding higher than  did saline, 
although overall ra tes of responding were very low. W hen the 
tim eout value was increased to 4 min (Prada and Goldberg 1985; 
Goldberg and Henningfield 1986) m aking maxim um  frequency of 
nicotine injection comparable to th a t of earlier studies by Goldberg 
and colleagues, nicotine m aintained high rates of responding th a t 
ranged from 0.3 to 2.4 responses/sec in different monkeys.

Differences between nicotine and cocaine in their overall efficacy 
as intravenously delivered reinforcers have been found when the 
drugs are compared on progressive-ratio schedules. Risner and 
Goldberg (1983) studied beagles under a schedule in which the fixed- 
ratio requirem ent was increased daily until responding was no 
longer m aintained. Cocaine m aintained higher fixed-ratio values 
than  did nicotine on this progressive-ratio schedule, although 
m axim al fixed-ratio values for nicotine were well above those for 
saline. Y anagita (1977) obtained sim ilar findings on a progressive- 
ratio schedule of i.v. nicotine or cocaine injection in rhesus monkeys 
(Chapter V).

Nicotine was also studied in the baboon using an in term itten t 
schedule of reinforcem ent and was found to be a weak reinforcer. 
Ator and Griffiths (1983) used a 5-min fixed-interval schedule of i.v. 
nicotine injection in baboons with 1-min tim eout periods. Peak rates 
of responding were higher than  rates m aintained during saline 
substitution. However, rates of responding m aintained by nicotine 
were much lower than  those m aintained by i.v. injection of cocaine. 
In addition, as the injection dose of nicotine was increased from 10 to 
560 m g/kg, rates of responding first increased and then decreased a t 
the highest doses in one baboon. W ith the o ther two baboons, rates of 
responding either showed little change or decreased as injection dose
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was increased. These variable dose-response data were consistent 
with the conclusion th a t nicotine was only a weak reinforcer in the 
baboons.

W hen cigarettes are smoked, a variety of environm ental stim uli 
are in term itten tly  associated with the pharmacologic actions of 
nicotine (e.g., pleasure and relief from withdrawal). These stim uli 
themselves appear im portant in controlling and strengthening 
repetitive cigarette smoking (e.g., removal of the sight and smell of 
cigarette smoking) (Gritz 1978). An experim ental model for investi
gating the role of drug-associated stim uli is the second-order 
schedule of drug reinforcem ent. Second-order schedules of reinforce
m ent involve the in term itten t pairing or association of an environ
m ental stim ulus with the  prim ary reinforcer; these stim uli are used 
as "secondary” or "conditioned” reinforcers to m aintain chains of 
behavior leading eventually to the delivery of the prim ary reinforcer 
(Goldberg, Kelleher, Morse 1975; Katz and Goldberg, in press). These 
schedules add an additional component of relevance to the study of 
cigarette smoking: cigarette smoking involves the pairing of many 
such environm ental stim uli (visual, olfactory, taste, and tactile) with 
the effects of nicotine adm inistration.

Studies of i.v. nicotine on second-order schedules of reinforcem ent 
have shown th a t (1) nicotine can establish previously neu tra l stim uli 
(e.g., colored lights) as conditioned reinforcers when injections are 
paired with light presentations, (2) such schedules can result in high 
and persistent rates of drug-seeking behavior, and (3) the presenta
tion of the  stim uli themselves (in the absence of nicotine injections) 
could sustain substantial am ounts of drug-seeking behavior. Gold
berg, Spealman, and Goldberg (1981) and Spealm an and Goldberg 
(1982) used a second-order schedule of nicotine injection in which 
completion of each 10-response fixed ratio during a 2-, 3-, or 5-min 
interval produced a brief visual stimulus; the  first fixed ratio 
completed after the specified fixed interval elapsed produced both 
the  visual stim ulus and i.v. injection of drug. In these studies, 
nicotine functioned as a powerful reinforcer: (1) peak rates of 
responding m aintained by nicotine ranged from 0.8 to 1.7 respons
es/sec and were sim ilar to those m aintained by cocaine; (2) as 
nicotine dose increased from 3 to 100 m g/kg, rates of responding first 
increased and then decreased; (3) rates of responding m aintained by 
nicotine were twofold to eightfold greater than  those m aintained 
during saline substitution; and (4) rates of responding m aintained by 
nicotine, but not by cocaine, were reduced to saline control levels by 
presession adm inistration of 1 m g/kg of mecamylamine; (5) the brief 
visual stim uli functioned as conditioned reinforcers, as dem onstrated 
by the finding th a t rates of responding fell m arkedly when they were 
omitted during the intervals.
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Taken together, the results of the studies described in th is Section 
confirm th a t nicotine is self-administered in several anim al species 
and in the absence of either tobacco or unique hum an cultural 
factors. It appears to be most effective as a reinforcer when 
in term itten tly  available and when environm ental stim uli are  paired 
with nicotine delivery. U nder these conditions, nicotine injections 
functioned to m otivate behavior as did cocaine injections; however, 
cocaine injections m aintained more total work output th an  did 
nicotine. Finally, studies w ith nicotine antagonists fu rther con
firmed th a t effects of nicotine in the brain were necessary to 
m aintain its reinforcing actions.

H um an Studies o f  Nicotine as a Reinforcer
The methods developed in anim al studies have also been used to 

dem onstrate the reinforcing effects of i.v. nicotine injections in 
hum an volunteers (Henningfield, Miyasato, Jasinski 1983; Henning- 
field and Goldberg 1983a; Goldberg and Henningfield 1983a,b, 1986). 
In these studies all subjects had histories of tobacco use and subjects 
were not allowed to smoke 1 h r before or during 3-hr sessions: 
During test sessions every 10th lever press produced an i.v. injection 
of either nicotine or saline followed by a 1-min timeout. In one study 
(Henningfield, Miyasato, Jasinski 1983), nicotine was available on 
some days, while saline was available on o ther days. In other studies 
(Henningfield and Goldberg 1983a; Goldberg and Henningfield 
1983a,b), nicotine and saline were concurrently available for re
sponding on a lternate  levers. W ith both approaches, all of the 
subjects in itiated self-adm inistration of nicotine. Nicotine injections 
were regularly spaced throughout each session, and the  ra te  of self
adm inistration was inversely related to dose. W hen saline was 
substituted for nicotine, rates of responding usually decreased; 
responding th a t did occur for saline occurred predom inantly a t the  
s ta r t of each session and was erratic  in tem poral patterns.

In another study, the fixed-ratio value was then  increased to 100; 
following each injection, subjects then had to w ait 20 min before 
another injection could be obtained (Swedberg, Henningfield, Gold
berg, in press). U nder these conditions rates of responding increased 
and ranged from 0.4 to 2 responses/sec, sim ilar to those seen with 
squirrel monkeys and dogs in the studies previously described. These 
studies of i.v. nicotine self-adm inistration dem onstrated conclusively 
th a t nicotine itself can serve as an effective reinforcer in hum ans.
N icotine as an A versive Stim ulus

Even dependence-producing drugs do not have invariant positive 
reinforcing effects; they may be aversive under some conditions (see 
Chapter V). Furtherm ore, aversive effects are an additional m echan
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ism by which drugs can modify behavior and may be im portant in 
gradually increasing the total am ount of control which is exerted by 
the drug over the individual. Such effects of nicotine could be 
im portant in lim iting the total am ount of cigarette smoking or even 
in determ ining when the cigarette is discarded.

The potential effects of nicotine to produce severe discomfort and 
thereby lim it fu rther in take have been part of the history of nicotine 
which has developed over the centuries (Lewin 1931; Dixon and Lee 
1912). Two types of laboratory studies have been conducted to assess 
possible aversive effects of nicotine. The studies, involving anim als 
and /o r hum ans, showed th a t nicotine (at high levels) can serve as a 
punisher to suppress behavior leading to the delivery of another 
reinforcer, and as an aversive stim ulus or negative reinforcer to 
m aintain  behavior th a t e ither term inates or prevents injections of 
nicotine.

In one series of studies (Goldberg and Spealman 1982, 1983), 
squirrel monkeys responded on a two-component fixed-ratio schedule 
of food presentation. In both components, every 30th lever press 
produced a food pellet. In the  punishm ent component, which was 
signaled by a red light, the first response in each fixed ratio produced 
an i.v. injection of nicotine. W hen responding produced 10- or 30
m g/kg injections of nicotine during the punishm ent component, 
responding was selectively suppressed in th a t component in a dose- 
related m anner. When saline was injected, however, rates of 
responding for food were no longer suppressed. Sim ilar findings were 
obtained when electric shock was compared with nicotine in the 
same studies. A dm inistration of mecamylamine, but not hexametho- 
nium, reduced the punishing effects of the nicotine, showing th a t the 
effects were centrally  mediated. Futherm ore, these antagonists did 
not reduce the aversive effects of the electric shock, confirming th a t 
the effects of nicotine were due to nicotine actions a t nicotinic 
receptors and not to more general possible effects of nicotine.

The potential aversive effects of nicotine have been experim ental
ly dem onstrated in hum an subjects in a prelim inary experim ent by 
Henningfield and Goldberg (1983a). H um an volunteers who had 
been recruited for studies of i.v. nicotine self-adm inistration and who 
did not self-administer nicotine during initial sessions were tested 
under a concurrent schedule of nicotine avoidance and nicotine self
adm inistration. Two levers were present, and injections of nicotine 
were programmed to occur every 15 or 30 min. Pressing the  left lever 
10 tim es avoided the impending injection, while pressing the  right 
lever 10 tim es produced an injection. H igher doses of nicotine (1.5 to 
4 m g/injection given over 10 sec) resulted in increased rates of 
pressing on the  left lever, and fewer injections occurred. Subjects 
never completed the 10 responses on the a lternate  lever required to 
produce an injection. W hen saline was substituted for nicotine,
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responding decreased and the num ber of injections received m arked
ly increased. Analogously, in these same subjects scores on a visual 
line analog scale for rating "negative or undesirable” effects were 
directly related to nicotine dose, and declined to zero when saline 
was substituted for nicotine.
N icotine as an U nconditioned Stim ulus

The preceding studies have largely evaluated the effects of 
nicotine adm inistration on some behavior which was associated with 
the drug by a specific behavioral contingency. But drugs can also 
directly elicit responses which then m ight become conditioned to 
occur in the presence of w hatever stim uli were associated with those 
effects. The effects may be seen as positive or negative and may be 
associated with either increasing or declining drug levels in the  body 
(i.e., drug taking or drug withdrawal).

Two general conditioning paradigms are used to evaluate the 
unconditioned stim ulus effects of drugs and have been used to test 
nicotine: the conditioned place preference and aversion paradigm, 
and the conditioned taste  aversion paradigm. In addition to a 
discussion of these paradigms, data obtained from the practical 
application of such findings in the trea tm en t of tobacco dependence 
will be summarized.

Conditioned Place Preference and Aversion
The place preference and aversion paradigm has been increasingly 

used to evaluate the potential of drugs to produce dependence 
(Bozarth 1983). It may be used to assess the positive and negative 
subjective states induced by drugs and other chemicals. In the place- 
conditioning procedure, an anim al is exposed to the effects of a drug 
in a novel, distinctive environm ent. Another environm ent is paired 
with the adm inistration of the drug vehicle (e.g., saline). Subsequent
ly, the subject is given a free choice of both environm ents while not 
under the influence of the drug. It is currently  hypothesized th a t the 
form ation of place preferences or place aversions depends on the 
association of the interoceptive drug effect w ith an external stim ulus 
(e.g., the particular environm ental context of the place-conditioning 
apparatus). Nicotine has been shown to condition both positive and 
negative effects in this paradigm.

The first published study of the place-conditioning effects of 
nicotine (Fudala, Teoh, Iwamoto 1985) indicated th a t nicotine, a t 
doses from 0.1 to 1.2 mg/'kg adm inistered s.c. to rats, produced both a 
place preference and place aversion depending upon the dose. As 
discussed in Chapter V, the ability to condition both place prefer
ences as well as place aversions is characteristic of several depen
dence-producing drugs. A dose of 0.8 m g/kg was found to condition a
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place preference for previously nicotine-paired environm ental cues 
in the greatest proportion of animals. At the lowest effective place- 
conditioning dose of nicotine, 0.1 m g/kg, an almost equal proportion 
of anim als exhibited place preferences and place aversions. This 
investigation also indicated th a t mecamylamine, but not hexametho- 
nium, blocked the place preference-producing effects of nicotine, 
suggesting th a t this nicotine-induced effect was centrally mediated.

Subsequent studies have extended the findings of Fudala, Teoh, 
and Iwamoto (1985) discussed above. Using a more conservative 
classification method in categorizing their subjects, Fudala and 
Iwamoto (1986) observed th a t nicotine produced a conditioned place 
preference only w ithin the dose range previously tested. F u rth e r
more, nicotine conditioned a place preference when the drug was 
adm inistered immediately prior to conditioning sessions, but not 
when adm inistered from 20 to 120 min prior to conditioning. 
Depending on the tim ing of nicotine adm inistration, either place 
preferences or place aversions may be produced. For example, a t 
doses between 0.2 and 0.8 m g/kg, a dose-dependent place aversion 
was induced when nicotine was adm inistered 5 min or less following 
an anim al’s exposure to the conditioning environm ent (Fudala and 
Iwamoto 1987). One other group of investigators, Clarke and Fibiger 
(1987), using the same dose range of nicotine as in the two 
aforementioned studies, found no nicotine-induced conditioned place 
preference in rats. However, the two investigative groups used 
experim ental methods th a t differed considerably, including differ
ences in apparatus design, olfactory cues, num ber of conditioning 
tria ls performed, and tim e of conditioning relative to nicotine 
adm inistration. The finding th a t nicotine adm inistration can lead to 
conditioned responses in anim als provides additional evidence of 
nicotine’s potential to control behavior by th is basic learning process 
(i.e., Pavlovian or classical conditioning, see Chapter V).
Conditioned Taste Aversion and R apid Sm oking

During conditioned taste aversion experim ents, the presentation 
of an aversive stim ulus after the consumption of a distinctively 
flavored solution causes rejection of the solution when it is presented 
a t a la ter tim e (Palmerino, Rusiniak, Garcia 1980; Chapter V). A 
variety of dependence-producing drugs have been found to be 
effective a t inducing taste aversions (for example, Wise, Yokel, 
DeWit 1976; Suzuki et al. 1983; H unt and Amit 1987; Chapter V). 
Findings specific to nicotine are presented here.

Etscorn (1980) reported th a t a large intraperitoneal (i.p.) dose of 
nicotine, 2 m g/kg, conditioned taste aversions to 20 percent (weight 
per volume) sucrose in Swiss-Webster mice with the two-bottle choice 
test paradigm. Etscorn and colleagues (1986) also reported th a t i.p. 
injections of 1, 3, and 9 m g/kg of nicotine in golden Syrian ham sters
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induced dose-related conditioned taste aversions to 0.1 percent 
sodium saccharin solutions with a single-bottle choice paradigm.

K um ar, P ra tt, and Stolerm an (1983) reported th a t s.c. injections of 
nicotine b ita rtra te  could condition taste aversions to e ither 0.1 
percent sodium saccharin or 0.9 percent sodium chloride solutions at 
doses as low as 0.08 m g/kg in Lister hooded ra ts  w ith a two-bottle 
choice paradigm. The conditioned taste  aversion was induced by 
nicotine in a dose-related m anner; stronger taste  aversions were 
induced by nicotine after four conditioning tria ls than  after one or 
two trials. The S-nicotine (the nicotine form norm ally delivered in 
cigarette smoke) was approxim ately five tim es as potent as its 
stereoisomer in conditioning taste aversions. Mecamylamine, 0.1 to 2 
m g/kg adm inistered before each conditioning trial, blocked the 
development of taste  aversions produced by 0.4 m g/kg of nicotine; 
hexam ethonium , 1 to 10 m g/kg, had no effect.

O ther studies have confirmed the pharmacologic specificity of 
nicotine-induced taste aversions; th a t is, Iwamoto and W illiamson
(1984) also found th a t the development of nicotine-conditioned taste  
aversions could be prevented in ra ts by pretreatm ent w ith mecamy
lamine, 3 m g/kg, but not with 1 m g/kg of hexam ethonium . In an 
analogous study, the pharmacologic specificity of apomorphine- 
(dopamine agonist chemically derived from morphine) conditioned 
taste aversions was investigated in ra ts by establishing the response 
to both apomorphine and nicotine following pretreatm ent of the 
anim als w ith pimozide (Kumar, P ra tt, Stolerm an 1983). Pimozide is 
a dopamine antagonist th a t blocks many of the effects of apomor
phine. Pimozide pretreatm ent reduced the strength  of the  condi
tioned test aversions to apomorphine but not to nicotine, confirming 
a certain  degree of pharmacologic specificity of the  conditioning 
effects of these two chemicals. Finally, an in traventricu lar m icroin
jection of 5 m g/kg of the quaternary  nicotinic cholinergic ganglionic 
antagonist, chlorisondamine, in hooded Lister ra ts  blocked the 
development of conditioned taste  aversions to 0.1 percent sodium 
saccharin or 0.9 percent sodium chloride induced by nicotine injected 
9 to 16 days after the  chlorisondamine (Reavill et al. 1986).

These data indicate th a t nicotine, like some other drugs, is capable 
of conditioning taste  aversions in a dose-related m anner in rodents 
(see Chapter V). Because mecamylamine, but not hexam ethonium , 
blocks nicotine-conditioned taste  aversions, the mechanism by which 
nicotine conditions taste  aversions appears to be centrally mediated. 
Conditioned taste aversion studies in which various combinations of 
nicotinic agonists and antagonists are given have also been useful in 
helping to identify specific brain mechanisms of nicotine’s behavior 
modifying properties (see review by Stolerm an, in press; also see 
Chapters III and V).
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The fact th a t nicotine can be used to elicit aversive effects has 
been put to practical application in the trea tm en t of cigarette 
smoking (Chapter V), generally to associate aversive effects of high 
doses of nicotine with the taste, smell, and inhalation of cigarette 
smoke. V ariations on this procedure have been term ed "rap id” 
smoking or "aversive” smoking procedures; the clinical results of 
these procedures have been mixed (see C hapter VII).

Nicotine: Withdrawal Reactions (Physical Dependence)

The preceding Sections have shown th a t cigarette smoking is an 
orderly form of drug self-administration. The role of nicotine in 
controlling th is behavior is sim ilar to the role of other psychoactive 
drugs in the determ ination of other forms of drug dependence (see 
Chapter V). Nicotine can serve as a highly effective positive 
reinforcer, and deprivation of cigarette smoking and presum ably of 
nicotine itself can increase the reinforcing efficacy of cigarettes 
(Henningfield and Griffiths 1979). If longer periods of deprivation 
are associated with a discomforting w ithdraw al syndrome, this 
would constitute an additional mechanism by which the reinforcing 
efficacy of nicotine would be fu rther increased. The drug effect 
which enables such discomforting w ithdraw al is physical depen
dence. Physical dependence refers to physiological and behavioral 
alterations th a t become increasingly m anifest after repeated expo
sure to a pharmacologic agent. The prim ary indication of physical 
dependence is an  abstinence-associated w ithdraw al syndrome, al
though tolerance is a frequent concomitant (K alant 1978; Cochin 
1970; K alant, LeBlanc, Gibbons 1971; Eddy 1973; Clouet and 
Iwatsubo 1975; Y anagita 1977). Physical dependence and tolerance 
are discussed in g reater detail in C hapter V.

Tolerance to nicotine has been studied since the 19th century and 
is well documented (Langley 1905; Dixon and Lee 1912; Gillman et 
al. 1985). As reviewed in Chapters II and V, nicotine produces 
tolerance to a variety of behavioral and physiological responses. 
U ntil the  1970s, however, physical dependence on tobacco was not 
rigorously studied, although there  was evidence for a syndrome of
withdrawal that could accompany abstinence from chronic cigarette 
smoking (Lewin 1931; Weybrew and S tark 1967) and th a t was 
significantly involved in attem pts to quit smoking (Dorsey 1936). The 
clinical significance of the  tobacco w ithdraw al syndrome has also 
been formally recognized by professional organizations such as the 
Am erican Psychiatric Association (APA) (1980, 1987) and the 
American College of Physicians (1986). These observations, along 
w ith the  evidence th a t nicotine produces tolerance (Chapter II), led 
to the  conclusion th a t nicotine exposure produced physical depen
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dence (Jaffe 1985; Jaffe and Jarv ik  1978; US DHHS 1986b; APA 
1980).

Conclusions th a t nicotine exposure produced physical dependence 
were also consistent with early data which suggested th a t i.v. 
nicotine delivery seemed to relieve w ithdraw al from cigarettes and 
may have produced physical dependence in a nonsmoker (Johnston 
1942). O ther supporting observations included the finding th a t 
abrupt reduction of the nicotine in cigarettes (i.e., low nicotine-yield 
cigarettes) resulted in behavioral and physiological w ithdraw al signs 
including discomfort and the seeking of regular cigarettes (Finnegan, 
Larson, H aag 1945; Knapp, Bliss, Wells 1963). However, the rigorous 
scientific methods of the kind th a t were developed to evaluate 
w ithdraw al from opioids and sedatives (Himmelsbach 1942; Isbell 
1948; Isbell et al. 1955; C hapter V) were not applied to the study of 
the tobacco w ithdrawal syndrome until the late 1970s. Therefore, the 
data available a t the tim e of the 1964 Report of the  Surgeon 
G eneral’s Advisory Committee on Smoking and H ealth  were not 
considered conclusive (US DHEW 1964). The present Section reviews 
characteristics of physical dependence on nicotine, including the 
relationship of nicotine intake to the m agnitude of w ithdraw al signs 
and symptoms, and the role of both environm ental and pharmacolog
ic factors which influence the course of the w ithdraw al syndrome.
Criteria for P h ysica l D ependence on N icotine and C linical 
C haracteristics of the W ithdrawal Syndrom e

Sim ilar kinds of phenom ena characterize w ithdraw al syndromes 
from all drugs th a t produce physical dependence. If physical 
dependence on nicotine occurs, these same phenom ena should be 
observed (see Chapter V; M artin 1977; Thompson and U nna 1977; 
Woods, Katz, Winger 1987). Based on these phenomena, criteria  for 
establishing th a t physical dependence on nicotine occurs include the 
following: (1) Term ination of cigarette smoking should be accompa
nied by changes in mood, behavior, and physical functioning. (2) 
Some of these changes should be in a direction which is opposite to 
those produced by cigarette smoking and should re tu rn  to the 
baseline levels observed during chronic tobacco adm inistration 
("rebound effects”). (3) Physiological w ithdraw al effects should be 
reversible by nicotine adm inistration.

The tobacco w ithdrawal syndrome as described by the APA in the 
revised Diagnostic and Statistical M anual (DSM III-R) (APA 1987), 
provides a clinical description (Table 5). Several of the symptoms of 
the nicotine w ithdrawal syndrome correspond to effects of nicotine 
th a t are either known or suspected to promote tobacco dependence 
as discussed in Chapter VI. It should be noted th a t the sequelae of 
tobacco abstinence include a range of responses which do not share 
the same underlying mechanisms. For example, some symptoms are
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transien t responses which are opposite those produced when nicotine 
is given and which subside within a few days or weeks of nicotine 
abstinence; such responses are presumed to reflect a physiological 
rebound occurring in the absence of chronic drug exposure. O ther 
responses are also opposite those produced by nicotine adm inistra
tion but appear to prim arily reflect the removal of nicotine exposure, 
and which may occur w hether or not sufficient nicotine had been 
taken to produce physical dependence. An example of the la tte r type 
of response is body weight. Nicotine can directly suppress appetite 
and body weight, often below the value a t which it would have been 
had nicotine not been taken; removal of nicotine is then accompa
nied by a stable increase in body weight.

Various lines of scientific evidence are available to characterize 
physical dependence on tobacco and to evaluate the specific role of 
nicotine. These data include surveys, trea tm en t studies, and experi
m ental laboratory studies and are briefly reviewed in this Section.
R etrospective Survey Data

Retrospective studies have been conducted with ex-smokers who 
were participating in major surveys (Wynder, Kaufman, Lesser 1967; 
Hughes, Gust, Pechacek 1987) or who were patients w ith chronic 
respiratory problems (Burns 1969; M ausner 1970). O ther studies 
were conducted using subjects who responded to advertisem ents in 
newspapers (Pederson and Lefcoe 1976) or were contacted by word of 
m outh (Trahir 1967). The subjects in these studies had either quit 
smoking recently, had quit smoking for more than  1 year, or had a t 
least one episode of rem aining abstinent for 24 hr. Although the 
reliability of these data is lim ited because they are from retrospec
tive self-reports, they provide inform ation on the prevalence and 
natu re  of symptoms which may be experienced by smoke-deprived 
persons and acutely abstinent smokers.

Symptoms reported by significant num bers of ex-smokers includ
ed: "craving” for tobacco (Hughes, Gust, Pechacek 1987; T rah ir 1967; 
Burns 1969; M ausner 1970; Pederson and Lefcoe 1976); restlessness, 
nervousness, or irritability  (Trahir 1967; Wynder, Kaufman, Lesser 
1967; Burns 1969; M ausner 1970; Hughes, Gust, Pechacek 1987); 
anxiety (Hughes, Gust, Pechacek 1987); im patience (Hughes, Gust, 
Pechacek 1987); difficulty concentrating (Trahir 1967; Wynder, 
Kaufman, Lesser 1967; Hughes, Gust, Pechacek 1987); somatic or 
physical complaints (Hughes, Gust, Pechacek 1987; Pederson and 
Lefcoe 1976); increased appetite (Wynder, Kaufman, Lesser 1967; 
Hughes, Gust, Pechacek 1987); increased food intake (Wynder, 
Kaufman, Lesser 1967); and weight gain (Trahir 1967; Wynder, 
Kaufman, Lesser 1967; M ausner 1970; Pederson and Lefcoe 1976).

M easures of the incidence and m agnitude of signs and symptoms 
vary across studies, a t least partly  because of the diversity of the
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TABLE 5.—D iagnostic categorization and criteria for 
n icotine w ithdraw al

N 'k o t i r e - in d u c e d  o rg an i c  m e n t a l  d i s o rd e r

292.00  N ic o t in e  W i th d r a w a l
T h e  e s s e n t ia l  f e a i u i v  ot th 'S  d i s o rd e r  is a  c h a r a c t e r i s t i c  w i th d r a w a l  

syndrom e- d u e  to  t h e  a b r u p t  ce ssa t ion  of or re d u c t i o n  in t h e  use  o f  m co ti ne-  
c o n t a i n m g  - u b s ta n c e s  ‘e.g. , c ig a re t t e s .  c igars ,  a n d  pipes,  c h e w in g  toba cco,  or 
n ic o t i n e  gum -  t h a t  h a s  beer,  a t  le ast  m o d e r a r e in d u r a t i o n  a n d  a m o u n t .  T he  
s y n d r o m e  inc lu des  c r a v in g  io r ni cot ine : i r r i t a b i l i ty ,  f r u s t r a t i o n ,  o r  a n g e r ;  
a n x i e t y  di f fi cu lty  c o n c e n t r a t i n g ;  r e s t l e s sne ss ,  d e c re a se d  h e a r t  ra te ;  a n d  
in c re a s e d  a p p e t i t e  o r  w e igh t  ga in .

i n  m a n y  h e a v y  c ig a r e t t e  s m o k e r s ,  c h a n g e s  in mood a n d  ¡> erformance t h a t  
a r e  r e l a t e d  to w i t h d r a w a l  c a n  be d e te c te d  w i th i n  2 h o u r s  a f t e r  t h e  la s t  tobacco 
use.  T h e  s en se  oi' c r a v in g  a p p e a r s  to  r e a c h  a  p e a k  w i th i n  t h e  fi rs t  24 h o u r s  
a f t e r  c e ssa t ion  of to bacco  use,  a n d  g r a d u a l l y  de c line s  t h e r e a f t e r  ove r  a  few d a y s  
to se v e r a l  weeks.  In  a n y  g iv e n  case  i t  is ditficul) to d i s t i n g u i s h  a  w i t h d r a w a l  
e ffect  fr om t h e  e m e r g e n c e  o f  psyc ho logica l t r a i t s  t h a t  w e re  s u p p re s se d ,  
c on tr o ll e d ,  o r  a l t e r e d  by t h e  e ffec ts  of  n ic o t in e  o r  f rom  a  b e h a v io r a l  re a c t io n  
ie.g.. f r u s t r a t i o n !  to  t h e  loss of a  re in forc e r.

Mild  s y m p to m s  o f  w i t h d r a w a l  m a y  oc c u r  a f t e r  s w i t c h in g  to  lowr t a r ^ n i c o t i n e  
c i g a r e t t e s  a n d  a f t e r  s t o p p in g  t h e  u s e  of s m o k e le s s  ichewing* to bacco  o r  n ic o t i ne  
gum .

T h e  d ia g n o s i s  of \ i c o i i n e  W i t h d r a w a l  is u s u a l ly  se lf -eviden t f r o m  th e  
p e rs o n 's  h is to ry ,  a n d  d i s a p p e a r a n c e  oi' t h e  s y m p to m s  if s m o k in g  is r e s u m e d  is 
c o n f i rm a to r y .  H ow e ve r ,  w i t h d r a w a l  fr om o t h e r  p s yc hoa c t ive  s u b s t a n c e s  m a y  t a k e  
p la ce  s im u l t a n e o u s ly ,  a n d  p ro duc e  s im i l a r  sym p to m s .

D ia gnos ti c  C r i t e r i a  for  N ic o t in e  W i th d r a w a l
A. D a ily  u s e  o f  n ic o ti ne  for  a t  le ast  s evera l weeks
B. A b ru p t  c e ss a t io n  of n ic o t i ne  use .  or r e d u c t i o n  in  t h e  a m o u n t  o f  nico ti ne  

us ed,  followed w i th i n  24 h o u r s  b \  a t  le ast  four of t h e  fo llow ing signs:
C ra v in g  for  nico ti ne

¡2) I r r i t a b i l i ty ,  f r u s t r a t i o n ,  o r  a n g e r
i3) A nx ie ty
i4i Di ff icul ty  c o n c e n t r a t i n g
1 5 ! R e s tl es sness
.6) D e c re a se d  h e a r t  r a t e
7i In c r e a s e d  a p p e t i t e  o r  we ig h t g a m

S O U R C E  C o n d e n s e d  f ro m  t h e  A m e i -;<\in P . - \ c h i a t r i c  A s s o c i u n u n  'IVJmT i.

m easuring instrum ents and techniques used, questions asked, and 
populations examined. Collectively, the results of m any such studies 
suggest th a t most nicotine-deprived cigarette smokers experience at 
least one symptom of the tobacco w ithdraw al syndrome, th a t 
between one-fourth and one-half show significant w ithdrawal, and 
th a t about one-fourth report no withdrawal a t all (Pederson and 
Lefcoe 1976; Wynder, Kaufman, Lesser 1967; Hughes, Gust, Pecha- 
cek 1987; Gritz 1980; Henningfield 1984). Of those persons who 
retrospectively report experiencing no w ithdrawal symptoms, it is 
unclear w hether they were not physically dependent, w hether the 
assessm ent instrum ents were not sufficiently sensitive, or w hether
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some persons are less impaired or discomforted by withdrawal 
symptoms.
P rospective Data from Laboratory and N onlaboratory  
Studies

Cigarette smokers have been studied both in laboratory and 
nonlaboratory settings using a variety of self- and observer-adminis
tered tests m easuring subjective, behavioral, and physiological signs 
and symptoms th a t accompany tobacco deprivation. The studies have 
examined changes in functioning resulting after periods of tobacco 
deprivation ranging from 1 h r to 21 days. Most studies have obtained 
both baseline and deprivation measures; a few studies have incorpo
rated a control group of continuing smokers or nonsmokers; and a 
few have obtained data after smokers resumed smoking or were 
given nicotine polacrilex gum. The studies included ones which were 
conducted while the subjects were residing on a research ward, were 
living in their usual environm ent, or were paying occasional visits to 
a clinic for smoking cessation treatm ent. The symptoms reported in 
these studies were sim ilar to those obtained from the retrospective 
studies, dem onstrating generality across method and setting. These 
symptoms included the following: "craving” for tobacco (Gritz and 
Jarv ik  1973; H atsukam i et al. 1984; G ilbert and Pope 1982; Shiffman 
and Ja rv ik  1976; Cummings et al. 1985; Hughes and H atsukam i
1986), irritability  or anger (Myrsten, Elgerot, Edgren 1977; Elgerot 
1978; Weybrew and Stark 1967; Hughes and H atsukam i 1986), 
anxiety and tension (Mrysten, Elgerot, Edgren 1977; Hughes and 
H atsukam i 1986), restlessness (Hughes and H atsukam i 1986), im pa
tience (Hughes and H atsukam i 1986), depression (H atsukam i et al.
1984), problems with concentration (H atsukam i et al. 1984; Weybrew 
and S tark  1967; M yrsten, Elgerot, Edgren 1977; F rankenhaeuser et 
al. 1971; Hughes and H atsukam i 1986), drowsiness or fatigue 
(Weybrew and S tark  1967), sleep disturbances (H atsukam i et al. 
1984; Larson, Haag, Silvette 1961; Weybrew and S tark  1967; 
M yrsten, Elgerot, Edgren 1977; Hughes and H atsukam i 1986), and 
increased hunger or appetite (Myrsten, Elgerot, Edgren 1977; 
Hughes and H atsukam i 1986).

In one study (Hughes and H atsukam i 1986), each subject had a 
spouse, relative, or friend ra te  some of the symptoms of w ithdrawal 
to verify self-report. These observer ratings of irritability , anxiety, 
restlessness, drowsiness, fatigue, impatience, and somatic complaints 
were all significantly related to the ir respective subject’s ratings, 
thus adding to the validity of reports of these symptoms. These 
researchers found th a t the most common self-report symptoms were 
increased irritability  (80 percent), anxiety (87 percent), difficulty 
concentrating (73 percent), restlessness (71 percent), im patience (76 
percent), insomnia (84 percent), and craving for tobacco (62 percent).

201



Seventy-eight percent of the subjects reported four or more DSM-III 
criteria. This degree of prevalence was higher than  th a t found in a 
retrospective study conducted by Hughes, Gust, and Pechacek (1987), 
possibly reflecting differences in the m easuring instrum ents or the 
populations themselves.

The physiological changes which have been found to occur after 
cigarette deprivation include decreased heart ra te  (Knapp, Bliss, 
Wells 1963; M urphee and Schultz 1968; Parsons, Avery et al. 1975; 
Benowitz, Kuyt, Jacob 1984; H atsukam i et al. 1984; Weybrew and 
S tark 1967; Gilbert and Pope 1982; Hughes and H atsukam i 1986; 
West and Russell 1987; Elgerot 1978; West, Jarv is et al. 1984; 
Henningfield 1987a) and decreased cortical arousal as evidenced by 
decreases in peak alpha frequency and increases in low frequency 
activity which appear to be associated with drowsiness and decreased 
vigilance (Knott and Venables 1977, 1979; U lett and Itil 1969; 
Herning, Jones, Bachm an 1983; H erning 1987). K nott and Venables
(1978) have also found th a t the visual evoked response in tobacco- 
deprived smokers showed faster latencies and larger am plitudes for 
low-stimulus intensities th an  among nondeprived smokers and 
nonsmokers. They concluded th a t deprived smokers experience CNS 
hypersensitivity and, as a result, may experience visual stim ulus 
input more easily and strongly. H all and colleagues (1973) reported 
reduced auditory evoked response (AER) am plitudes during tobacco 
withdrawal. Blood pressure (Benowitz, Kuyt, Jacob 1984; M urphee 
and Schultz 1968; Knapp, Bliss, Wells 1963) and respiratory ra te  
(Parsons et al. 1976) have also been found to decrease during 
abstinence. Studies have also reported an increase in skin tem pera
tu re  among tobacco-deprived smokers (Gilbert and Pope 1982; 
Myrsten, Elgerot, Edgren 1977) or no change (West and Russell
1987), and either a decrease (Fagerstrom  1978) or no significant 
change (Hatsukam i et al. 1984) in body tem perature among those 
who are classified as more dependent. Although some studies have 
reported insomnia and sleep disturbance following tobacco depriva
tion, tobacco-deprived sm okers’ to tal sleep tim e may be longer 
during w ithdraw al (Soldatos e t al. 1980). Reported changes in sleep 
pattern  include decreased latency to rapid-eye-movement (REM) 
sleep (Kales et al. 1970), decreased latency to light (delta electroen
cephalogram  (EEG) wave) sleep onset (Parsons, L uttrell et al. 1975; 
Parsons and Hamme 1976), and increased total REM sleep tim e 
(Soldatos et al. 1980; Kales et al. 1970; Parsons, Avery e t al. 1975).

A nother physical change found among tobacco-deprived smokers is 
an increase in weight (Grunberg 1986; see also C hapter VI). Weight 
increase has also been found among those who quit smoking in a 
num ber of longitudinal survey studies (Bosse, Garvey, Costa 1980). 
This increase in weight has been attributed  to increased caloric 
in take (H atsukam i et al. 1984; G runberg 1982; M yrsten, Elgerot,
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Edgren 1977; Burse et al. 1975; Gilbert and Pope 1982; Wack and 
Rodin 1982), decreased basal metabolism (Glauser et al. 1970; Wack 
and Rodin 1982), decreased energy expenditure (Hofstetter et al.
1986), or increased activity of lipoprotein lipase (Carney and 
Goldberg 1984) (see also Chapter VI).

Several studies have examined the effects of cigarette deprivation 
and adm inistration on reaction tim e and psychomotor performance. 
These are reviewed in detail in Chapter VI and are only briefly 
summarized here. Two early studies each found considerable across- 
subject variability, w ith some subjects showing distinct deprivation- 
induced perform ance im pairm ents which were reversed by tobacco 
adm inistration, and other subjects showing im pairm ents under the 
tobacco adm inistration conditions (Bates 1922; Carver 1922). Since 
the  studies by Bates and Carver, investigators have developed 
increasingly sophisticated methods of perform ance assessment 
which have led to a clearer understanding of the performance- 
related effects of nicotine adm inistration and deprivation (see details 
in Chapter VI). For example, H eim stra, Bancroft, and DeKock (1967) 
used a sim ulated driving task and found th a t deprived smokers made 
significantly more errors on tracking and vigilance tasks than  did 
nondeprived smokers or nonsmokers, who did not significantly differ 
from each other. O ther research has dem onstrated th a t smokers who 
were allowed to smoke cigarettes during the experim ental session 
exhibited e ither no decrease or an improvement in speed and 
accuracy in reaction time, cognitive tests, and /o r vigilance perfor
mance tasks, whereas deprived smokers most frequently show some 
im pairm ent in perform ance tasks (Myrsten et al. 1972; Franken- 
haeuser et al. 1971; Elgerot 1978; Kleinman, Vaughn, Christ 1973; 
Andersson 1975; Wesnes and W arburton 1984; Edwards et al. 1985; 
Snyder and Henningfield, in press; Henningfield 1986a, 1987a).

A recent study using a computerized battery  of such tasks found 
clear im pairm ents beginning w ithin 8 h r of the last cigarette and 
improving only somewhat across 10 consecutive days of tobacco 
deprivation; resum ption of smoking was accompanied by complete 
restoration of performance (Henningfield 1987a). The specificity of 
these performance effects of nicotine was confirmed by the findings 
th a t adm inistration of nicotine in the polacrilex gum form produced 
a dose-related reversal of all performance im pairm ents (Snyder and 
Henningfield, in press; Henningfield 1987a); this effect was not 
related to satisfaction or reduction of "craving” because the gum 
produced dose-related decreases in "liking” scores and produced no 
reliable decrease in "desire to smoke” (Henningfield 1987a).

O ther changes occurring in tobacco-deprived cigarette smokers 
include increases in aggression scores on the Buss aggression 
m achine (Schechter and Rand 1974) and increases in frequency of 
spontaneous jaw contractions (a putative analog of aggression)
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(Hutchinson and Emley 1973). Analogously, monkeys w ithdrawn 
from chronic oral nicotine exposure (nicotine was placed in their 
drinking water) exhibited an  increase in frequency of post-shock 
biting (Hutchinson and Emley 1973).

The m agnitude of tobacco w ithdraw al is related to the environ
m ental context (see C hapter V for a comparison to other dependence- 
producing drugs). For example, H atsukam i, Hughes, and Pickens
(1985) reported th a t smokers who were deprived of cigarettes on an 
outpatient basis experienced more w ithdraw al symptoms than  those 
who underw ent w ithdraw al on a clinical research ward. These 
findings are  consistent w ith those of Suedfeld and Ikard (1974), who 
found th a t deprivation of norm al sensory stim ulation reduced 
tobacco abstinence-associated discomfort. It has also been observed 
th a t the d iurnal variation of w ithdraw al discomfort found among 
abstinent smokers (greater discomfort in the  evenings) appears to be 
associated with diurnal variation in the social environm ent (e.g., 
meals, departure from work, or social contact) (Shiffman 1979).
Time Course o f R esponses to N icotine A bstinence

Drug w ithdraw al syndromes generally include some signs and 
symptoms which are opposite those produced by adm inistration of 
the drug and which then re tu rn  to approxim ately the same values 
observed when drug intake was stable (rebound phenomena). The 
tim e course of different responses varies (Chapter V). The most 
recent studies show th a t several signs and symptoms of w ithdraw al 
appear to rebound w ithin the first few days following cigarette 
abstinence; these signs and symptoms include increases in the  urge 
to use tobacco, anxiety, problems with concentration, increased 
caloric intake, sleep disturbance, performance im pairm ent, and 
general subjective distress (Hatsukam i et al. 1984; Hughes and 
H atsukam i 1986; Schneider and Jarv ik  1984; Cummings et al. 1985; 
Henningfield 1987a). H eart ra te  has been found to decrease to levels 
found among nonsmokers (Weybrew and S tark  1967) and may 
include some rebound, re tu rn ing  to stable levels between those 
m aintained during norm al cigarette smoking and those recorded 
during the first week of abstinence (Henningfield 1987a). The P300 
response, a cognitive evoked potential component which is related to 
the ability to evaluate auditory stim uli (i.e., differentiate one sound 
from another by counting only certain sounds), showed a rebound 
(decrease in amplitude), w ith values return ing  to preabstinence 
(cigarette smoking) levels after about 3 to 5 days (Herning 1987). 
West, Russel, Jarvis, Pizzey, and Kadam (1984) reported th a t u rinary  
epinephrine concentrations rebounded with a significant decrease 
during the first 3 days of abstinence followed by a significant 
increase. Finally, in the squirrel monkey study of nicotine absti
nence-associated biting, Hutchinson and Emley (1973) found a
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distinct rebound pattern  in some subjects with biting levels sharply 
increasing and then re turn ing  to the levels observed during chronic 
oral nicotine adm inistration.

O ther signs and symptoms associated with tobacco abstinence do 
not re tu rn  to levels observed during cigarette smoking. For example, 
weight gain has persisted for long periods of tim e (Blitzer, Rimm, 
Giefer 1977) and has also been reported to approach levels of 
nonsmokers (Khosla and Lowe 1971; Lincoln 1969; C hapter VI). In 
addition, some levels of performance im pairm ent and associated 
reduction of a cognitive evoked cortical potential (N100), which is 
related to attention, persist a t least 10 days and may last longer 
(Henningfield 1987a; H erning 1987).

As the preceding studies suggest, the duration of w ithdraw al 
reactions varies among studies and as a function of the m easure 
(Shiffman 1979; West 1984). Urges to smoke cigarettes among ex
smokers have been reported to occur interm ittently , although 
sometimes with great intensity, for up to 9 years after cessation of 
cigarette smoking. These reported symptoms may represent condi
tioned responses to environm ental stim uli associated with either 
cigarette smoking or deprivation, may represent a protracted 
physiological phase of w ithdrawal, or both (e.g., W ikler 1965; 
Jasinski 1981; C hapter V).
A lleviation  o f W ithdrawal Sym ptom s by Cigarette Sm oking

Several studies have dem onstrated th a t the signs and symptoms 
resulting from cigarette deprivation are alleviated by the  resum p
tion of cigarette smoking. These signs and symptoms include heart 
ra te  (Murphee and Schultz 1968; Weybrew and S tark 1967; H enning
field 1987a), blood pressure (Murphee and Schultz 1968), skin 
tem perature (Myrsten, Elgerot, Edgren 1977), epinephrine and 
norepinephrine levels (Myrsten, Elgerot, Edgren 1977), EEG changes 
(Ulett and Itil 1969; H erning 1987), weight (Noppa and Bengtsson
1986), desire for food (Burse et al. 1975), hand trem or (Myrsten, 
Elgerot, Edgren 1977), desire to smoke (Gritz and Jarv ik  1973), and 
fatigue, irritation , sleeplessness, problems with alertness and con
centration (Weybrew and S tark  1967), and perform ance (Henning
field 1987a).

Hughes, H atsukam i, Pickens, and Svikis (1984) examined the 
consistency of tobacco w ithdraw al signs and symptoms using an 
experim ental design in which periods of cigarette smoking and 
abstinence were alternated  in the same subjects. This study demon
strated  both the consistency of the w ithdraw al symptomology within 
subjects as well as the  efficacy of resumed smoking in reversing it. 
The most consistent w ithdraw al effects across subjects were supine 
h ea rt ra te  changes, insomnia, caloric intake, irritability , rest
lessness, drowsiness, general mood disturbance (measured by the
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Profile of Mood States), and w ithdraw al discomfort. Furtherm ore, 
the intensities of the w ithdraw al discomfort of subjects during the 
two deprivation periods were similar. Similarly, a study a t the 
Addiction Research Center (Baltimore, M aryland) showed th a t 
resum ption of cigarette smoking after 10 days of tobacco abstinence 
was accompanied by a re tu rn  to preabstinence levels of all m easures 
including EEG, evoked cortical electrical potentials, heart rate, 
behavioral performance, and measures of mood (Henningfield 1987a; 
H erning 1987).
R elationsh ip  B etw een P reabstinence N icotine Intake and  
M agnitude of W ithdrawal Syndrom e

The observation th a t the m agnitude of tobacco w ithdraw al reac
tions is directly related  to preabstinence levels of nicotine intake 
provides specific evidence th a t nicotine is the pharmacologic cause of 
the physical dependence. The clinical significance of these relation
ships is th a t both the m agnitude of the tobacco w ithdraw al syndrome 
and difficulty in quitting smoking are directly related to the daily 
levels of nicotine th a t were being ingested. The relationship has not 
always been observed, however, when only crude indices of nicotine 
dosing were used. For example, correlations between num ber of 
cigarettes smoked per day (a poor m arker of nicotine intake) 
(Benowitz 1983; Abrams et al. 1987; C hapter II) and w ithdraw al 
reaction severity are mixed across studies. Some investigators have 
observed a positive correlation between the num ber of cigarettes 
smoked per day and w ithdraw al severity (Wynder, Kaufman, Lesser 
1967; Shiffman 1979; Burns 1969; Hall, Ginsburg, Jones 1986). 
O thers have reported no differences in severity of craving or other 
m easures of w ithdraw al between light and heavy smokers or as a 
function of num ber of cigarettes smoked (Gritz and Jarv ik  1973; 
Shiffman and Jarv ik  1976; M yrsten, Elgerot, Edgren 1977; M ausner 
1970). Cummings and coworkers (1985) reported th a t although heavy 
smokers reported more w ithdrawal symptoms than  light smokers, 
differences between heavy and light smokers were statistically 
significant only with respect to irritability .

The most reliable m easure of day-to-day nicotine exposure appears 
to be cotinine in biological specimens or nicotine itself (Benowitz 
1983; Chapter II). Recent studies using such m easures have found 
significant relationships between either nicotine or cotinine levels 
and severity of w ithdrawal reactions. Pomerleau, Fertig, and Shan- 
han (1983) divided subjects by their baseline plasm a cotinine levels 
(high or low quartiles). They found th a t subjects in the low-cotinine 
quartile exhibited less w ithdrawal change on the Shiffman Craving 
and Perception of Physical Signs subscales compared with subjects in 
the  high-cotinine quartile. They also found a significant correlation 
between preabstinence baseline plasma cotinine levels and absti
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nence-associated craving for cigarettes. H atsukam i, Hughes, and 
Pickens (1985) established a sim ilar significant correlation between 
craving for tobacco and plasma nicotine level, as well as nicotine 
boost. Zeidenberg and associates (1977) found th a t preabstinence 
serum  cotinine was correlated significantly with the degree of 
difficulty in smoking cessation among males but not females. 
Finally, West and Russell (1985b > determ ined th a t whereas preabsti
nence plasma nicotine levels significantly predicted craving, hunger, 
restlessness, inability to concentrate, and overall w ithdrawal severi
ty, preabstinence rates of daily cigarette consumption did not 
significantly predict any withdrawal effects.
Sm okeless Tobacco W ithdrawal Syndrom e

A study of w ithdrawal reactions accompanying abstinence from 
smokeless tobacco products helped to determ ine th a t the syndrome 
did not require inhalation of smoke and its constituents, which are 
not present in smokeless tobacco (e.g., ta r  and CO.). This study 
showed th a t signs and symptoms of smokeless tobacco deprivation 
are sim ilar to those occurring in smokers after cigarette deprivation 
(Hatsukami, Gust, Keenan 1987). In persons who had been using a 
high nicotine containing brand of chewing tobacco, H atsukam i, Gust, 
and Keenan (1987) measured a num ber of potential w ithdraw al signs 
and symptoms over a 6-day period. Baseline data were collected 
during 3 days of regular smokeless tobaco use. The significant 
changes which occurred during smokeless tobacco deprivation re la
tive to the baseline included decreased heart ra te  and an increase in 
craving for tobacco, confusion, eating, num ber of awakenings, and 
total scores on a w ithdraw al symptom checklist for both self-rated 
and observer-rated measures. These changes were sim ilar to those 
found among cigarette smokers who underw ent a sim ilar experim en
tal protocol, although the smokeless tobacco w ithdraw al syndrome 
appeared to be less severe than  the cigarette w ithdraw al syndrome 
(Hatsukami, Gust, Keenan 1987).
N icotine P olacrilex  Gum: Treatm ent and P hysical 
D ependence

Nicotine polacrilex gum has been used to evaluate the specific role 
of nicotine in tobacco dependence. Experim ental research and 
clinical observations of the ability of nicotine in the polacrilex gum 
form to alleviate tobacco w ithdrawal symptomatology provide con
clusive evidence th a t the tobacco w ithdraw al syndrome is pharm aco
logically determ ined by physical dependence on nicotine. To the 
extent th a t the  tobacco withdrawal nhenom ena described above are 
specific to nicotine and not characteristic of the delivery system (e.g., 
cigarette smoke), a lternate  forms of nicotine delivery should be able 
to sustain the physical dependence. This would be evidenced by (1)
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blockade of signs and symptoms of w ithdraw al by nicotine delivery 
and (2) subsequent emergence of a tobacco withdrawal-like syndrome 
upon abrupt abstinence from nontobacco-delivered nicotine.
Treatment o f  W ithdrawal Symptoms

Clinical tria ls and experim ental studies in which nicotine polacri- 
lex gum is evaluated as a means tu alleviate signs and symptoms of 
tobacco w ithdraw al are of relevance to the trea tm en t of tobacco 
dependence (Chapter VII). In addition, however, such data are 
analogous to data from the classic "substitution” study methodology 
used to help determ ine the pharmacologic specificity of w ithdraw al 
reactions following use of opioids, sedatives, and alcohol (described in 
C hapter V). In brief, however, the objective is to determ ine if the 
w ithdraw al reaction from the prim ary substance upon which the 
person is dependent can be alleviated by adm inistration of a  test 
drug.

Several studies have examined the effects of nicotine polacrilex 
gum on tobacco w ithdraw al (Jarvis et al. 1982; Schneider, Jarvik , 
Forsythe 1984; West, Jarv is et al. 1984; Hughes, H atsukam i, 
Pickens, K rahn et al. 1984; Snyder and Henningfield, in press; 
Henningfield 1987a). These studies have examined two groups of 
cigarette smokers who were assigned in a double-blind fashion (with 
the exception of West, Jarvis, and colleagues (1984), who used a 
single-blind design) to receive 2-mg polacrilex gum or placebo. The 
duration of cigarette deprivation during which the polacrilex gum 
(or placebo) was used varied from 24 h r to 6 weeks. In general, the 
results consistently showed an a ttenuation  of w ithdraw al signs and 
symptoms. For example, nicotine polacrilex gum significantly re
duced irritability  (Jarvis et al. 1982; Hughes, H atsukam i, Pickens, 
K rahn  et al. 1984; West, Jarv is et al. 1984), total w ithdraw al 
discomfort (Schneider, Jarvik , Forsythe 1984; Hughes, H atsukam i, 
Pickens, K rahn et al. 1984), somatic complaints (Hughes, H atsuka
mi, Pickens, K rahn et al. 1984), sleepiness (Jarvis et al. 1982), 
unsociability (West, Jarv is et al. 1984), cognitive performance 
deficits (Snyder and Henningfield, in press; Henningfield 1987a), 
heart ra te  decreases (Schneider, Jarv ik , Forsythe 1984; West, Jarvis 
et al. 1984; Henningfield 1987a), and EEG effects including changes 
in cortical evoked potentials (Herning 1987; Pickworth, Herning, 
Henningfield, 1988).

O ther measures were less reliably alleviated; these included 
depression (Jarvis et al. 1982; West, Jarv is et al. 1984), anxie
ty /tension  (Jarvis e t al. 1982; Hughes, H atsukam i, Pickens, K rahn et 
al. 1984), difficulty concentrating (Hughes, H atsukam i, Pickens, 
K rahn et al. 1984; West, Jarvis et al. 1984), and restlessness (Hughes, 
H atsukam i, Pickens, K rahn et al. 1984; West, Jarv is et al. 1984). The 
urge to smoke cigarettes has not been found to be reliably alleviated
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by nicotine polacrilex gum adm inistration (West and Schneider 
1987; West 1984; Henningfield 1987a; Hughes, H atsukam i, Pickens, 
Svikis 1984) except possibly a t high dose levels (Nemeth-Coslett, 
Henningfield, O’Keefe, Griffiths 1987). In terpretation  of such data is 
complicated by the  diverse strategies used to m easure the  urge to 
smoke or "craving” as discussed fu rther in this Section.

Of these studies, two showed nonsignificant effects of nicotine 
polacrilex gum on hunger (Hughes, H atsukam i, Pickens, K rahn et 
al. 1984; West, Jarv is et al. 1984) and one showed significant effects 
in decreasing hunger (Jarvis e t al. 1982). More recent research shows 
th a t the anorectic effect of nicotine polacrilex gum during tobacco 
abstinence is directly related to the dose level (i.e., num ber of doses 
taken per day) (Stitzer and Gross 1988; Fagerstrôm  1987; C hapter 
VI). The dose-response relationship may explain the diversity in 
results when studies are  compared; in some of these studies, dosing 
was e ither poorly controlled or not reported, or there  was no 
verification of subject compliance w ith a dose regimen.

As would be expected, depending on the  dose adm inistered, the 
efficacy of nicotine polacrilex gum for most measures of w ithdraw al 
symptomology ranges from complete reversal of w ithdraw al to no 
effect. In a study in which periods of tobacco abstinence (3 days) were 
alternated  w ith periods of cigarette smoking (4 days), subjects were 
given either 0-, 2-, or 4-mg-nicotine-containing pieces of the  polacri
lex gum (Henningfield 1987a). The subjects were given the  polacrilex 
gum a t 1-hr intervals (for 12 hr), and they chewed under the 
direction of research staff. Blood nicotine and cotinine levels 
confirmed th a t th is procedure resulted in dose-related nicotine 
adm inistration; plasm a cotinine and nicotine levels a t 4 mg were 
sim ilar to those obtained during cigarette smoking (ad libitum  
smoking); plasm a levels a t 2 mg were between those a t 4 and 0 mg. 
M easures included cognitive performance, heart rate, EEG, and self
reported symptomology. A t 4 mg, all signs and symptoms of 
w ithdraw al were reduced or completely reversed except th e  desire to 
smoke. The 2-mg dose produced partia l reversal of w ithdraw al 
effects.
M aintenance o f  Physical Dependence

Two studies have examined w ithdraw al effects a fter deprivation of 
nicotine polacrilex gum. W est and Russell (1985a) conducted a  study 
in which they examined w ithdraw al symptoms in six people who 
used nicotine polacrilex gum for a t least 1 year. Baseline m easures of 
possible w ithdraw al effects were collected during days th a t the 
subjects were chewing 2-mg pieces of nicotine polacrilex gum. These 
days were the first and th ird  days of a 4-day experim ent. On the 
second and fourth days, subjects were given either 0.5 mg unbuffered 
polacrilex gum (nicotine absorption is negligible in the  unbuffered

209



formulation) to chew or no polacrilex gum. West and Russell (1985a) 
found significant changes for m easures of w ithdraw al symptomology 
including irritability , ability to concentrate, and heart ra te  and for 
composite subjective w ithdrawal scores. W ithdraw al reaction m agni
tude was slightly, but not significantly, less in the unbuffered gum 
than  in the  no gum condition.

Hughes, H atsukam i. and Skoog (1986) extended the findings of 
West and Russell (1985a) with a longer period of observation (1 week) 
and a double-blind, placebo-controlled design. In th e  study by 
Hughes, H atsukam i, and Skoog (1986), eight former smokers who 
had been using nicotine polacrilex gum for a t least 1 m onth 
participated. The main finding was th a t when the m aintenance dose 
levels (2-mg polacrilex gum) were replaced w ith placebo, reliable 
symptoms of w ithdrawal were produced. The effects included 
"craving” for tobacco, irritability /hostility , anxiety, depression, 
restlessness, impatience, difficulty concentrating, hunger, and total 
w ithdraw al discomfort; reports from observers verified several of the 
effects (i.e., observer estim ates of irritability , anxiety, restlessness, 
impatience, and total w ithdraw al discomfort). The scales used to 
m easure w ithdraw al discomfort in the study by Hughes and col
leagues were sim ilar to those used in a previous study of cigarette 
w ithdraw al conducted by the same investigators (Hughes and 
H atsukam i 1986), thus enabling an across-study comparison between 
abstinence from cigarettes and abstinence from nicotine in the 
polacrilex gum form. Intensities and num bers of w ithdraw al symp
toms, except heart ra te  and insomnia, were similar.

Taken together, the results of the above-described studies with 
nicotine polacrilex gum have helped to confirm th a t tobacco 
w ithdrawal is pharmacologically caused by physical dependence on 
nicotine. Furtherm ore, the results of such work are of clinical 
significance because they indicate th a t much of tobacco w ithdraw al 
symptomology can be treated  with nicotine polacrilex gum. Two 
studies show th a t nicotine polacrilex gum can m aintain  physical 
dependence; this emphasizes the  im portance of gradually  giving up 
use of the gum to minimize the abruptness and severity of 
w ithdraw al symptoms (see Chapter VII).
Tobacco Craving

The m easurem ent of self-reported craving for tobacco and in ter
pretation of resulting data are among the more complicated issues in 
tobacco research. Findings discussed in this Chapter th a t nicotine 
polacrilex gum adm inistration can suppress cigarette smoking and 
alleviate physical signs of tobacco w ithdraw al while having little 
effect on the urge to smoke indicate th a t such urges are not solely 
determ ined by nicotine deprivation. Sim ilar observations regarding 
urges to use other dependence-producing drugs are discussed in
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Chapter V (see also Childress et al., in press). The elicitation and 
alleviation of the urge to use tobacco, as for other dependence- 
producing substances, can be effected by a variety of pharmacologic 
and other environm ental stim uli as well as changes in the physiolog
ical and /o r behavioral state  of the person (Chapter V).

Conclusions regarding the m easurem ent and trea tm en t of urges to 
use drugs are complicated because the questions about urges have 
been worded differently among studies. For example, subjects are 
somtimes asked to report the ir "craving.” U nfortunately, subjects 
vary widely in their in terpretations of the word "craving” and in 
their answers to questions about it (Kozlowski and W ilkinson 1987; 
Ludwig and S tark  1974). In addition, results concerning "craving” 
are sometimes discussed when the word was not even used in study 
questionnaires, and sometimes craving was inferred from other 
observations (e.g., self-reported discomfort or drug abstinence) (Koz
lowski and W ilkinson 1987). These and other problematic issues 
have been discussed in several recent papers (Kozlowski and 
W ilkinson 1987; Shiffman 1987; W est 1987; Hughes 1987; M arla tt 
1987; Stockwell 1987; Henningfield 1987b; Henningfield and Brown 
1987; W est and Schneider 1987). One consensus th a t seems to 
emerge is th a t the term  "craving” be replaced with "urge” or 
"desire” to smoke, and th a t subjects be asked to report the 
"streng th” of such responses and not simply w hether or not the 
response occurred (Kozlowski and W ilkinson 1987; Henningfield 
1987b).

In consideration of the above reports and com m entaries and the 
data reviewed in the present Chapter, the following conclusions may 
be draw n regarding the urge to smoke. M any m eans of m easuring 
urges are reliably associated with early abstinence from tobacco; 
however, urges can also be elicited by a variety of other stim uli 
including cigarette smoking itself, tobacco-associated stim uli (e.g., 
sight, smell, advertisements), consumption of other psychoactive 
drugs, food deprivation, and mood changes. Furtherm ore, although 
urges are reliably associated w ith tobacco abstinence, the  levels to 
which plasm a nicotine m ust fall to produce it are unclear; for 
example, West, Russell, Jarvis, and Feyerbend (1984) found th a t 
smokers who switched to a low-nicotine cigarette reported only slight 
craving for the ir usual brand in spite of a drop in nicotine in take of 
around 60 percent. In addition, as discussed earlier, some sensory 
stim uli are effective a t eliciting urges, whereas o ther sensory cues 
accompanying the inhalation of cigarette smoke may be effective a t 
dim inishing such urges (Rose et al. 1985). C hapter V provides a 
discussion of these issues in the  context of analogous observations 
which have been made with other dependence-producing drugs and 
C hapter VII discusses the implications for replacem ent therapy used 
in treating  tobacco dependence.
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Alternate Nicotine Delivery Systems

C ertain effects of nicotine depend little upon the specific type of 
delivery system th a t is used (see also Chapters, II, III, and VI). For 
instance, it appears likely th a t all forms of nicotine delivery 
resulting in systemic absorption are capable of producing tolerance 
and m aintaining physical dependence (see also Chapter II). Sim ilar
ly, it follows th a t a variety of nicotine delivery systems have 
potential u tility  in the trea tm en t of cigarette smoking by the 
alleviation of w ithdraw al symptoms. However, the safety, including 
the potential to produce dependence, may vary considerably as a 
function of characteristics of the nicotine delivery system itself.
K inds o f N icotine D elivery System s

Because nicotine is well absorbed through the common routes of 
drug delivery and because the commonly used tobacco vehicle is not 
necessary to efficaciously deliver nicotine, nicotine can potentially 
be placed in a variety of vehicles and adm inistered via a variety of 
delivery systems (Chapter II; Benowitz 1986; Jarv ik  and Henning- 
field, 1988). The nicotine delivery systems thus far discussed in this 
C hapter are tobacco smoke, nicotine polacrilex gum, i.v. nicotine, 
transderm al nicotine, and a nicotine vapor inhaler. O ther potential 
therapeutic nicotine delivering systems under development include a 
nasal spray (Perkins et al. 1986) and nasal nicotine solutions given in 
droplet form (Russell, Jarvis, Feyerabend, Ferno 1983), both of which 
have been discussed by Russell (1988). Two other nicotine delivery 
systems are a chewable food product (Tobacco In ternational 1987) 
and a "toothpaste” form ulation which contains ground tobacco. 
O ther nicotine delivering systems (in which the tobacco may be 
incidental and not necessary for nicotine delivery) are under 
development or consideration for over-the-counter retail m arketing 
(R.J. Reynolds "Smokeless C igarette” European P aten t Application 
1985, 1986; Cleghorn 1987; M intz 1987).

As noted earlier, the nicotine vapor inhaler was removed from the 
retail m arket in February of 1987 by the FDA because it was a 
"nicotine delivery system intended to satisfy nicotine dependence” 
which had not been tested for safety and efficacy (Slade and Connolly
1987). At least through the end of 1987, the toothpaste-like form ula
tion was available as an over-the-counter product but was under 
review by the FDA (FDA letter to Congressman Waxman); this 
form ulation is distributed in Indian food stores. The chewable 
nicotine delivering product m arketed by Pinkerton Inc. was test
m arketed as a "tobacco product” for approxim ately 6 m onths during 
1987. The FDA removed it from the m arket ruling th a t it was a "food 
product” ["chewing gum ”] which was "unlike traditional smokeless 
tobacco products,” and contained a "food additive [tobacco] deemed
212



unsafe” for hum an consumption (FDA le tter to Congressman 
Waxman).
Safety o f A lternate N icotine D elivery System s

A lternate nicotine delivery systems may be evaluated with respect 
to a t least th ree  categories of safety issues. These are: (1) short- and 
long-term toxic effects resulting from use of the system; (2) the ease 
and convenience of using the system; and (3) the dependence po
ten tia l of the system. All of these factors can affect initiation and 
m aintenance of nicotine dependence.

The first safety issue is related to the direct behavioral and 
physiological toxicity of the preparation itself. In the moderate 
nicotine doses th a t each of these and previously m arketed systems 
deliver, acute nicotine toxicity would not appear to be a significant 
health  risk. However, adverse health  effects from chronic exposure 
to nicotine may occur (see Appendix B), and other potentially 
absorbed constituents of the  system (e.g., tar) are m arkedly toxic.

Existing nicotine delivery systems vary widely in the ir potential 
overall toxicity. One product was found to m eet FDA criteria  for 
safety as well as efficacy (i.e., nicotine polacrilex gum). On the other 
hand, cigarette smoking is a cause of lung cancer and other cancers, 
emphysema, heart disease, and a variety of other diseases; smokeless 
tobacco use causes oral cancer and other forms of gum  and mouth 
disease (US DHEW 1979; US DHHS 1982, 1983, 1984; US DHHS 
1986b).

Traditional tobacco products have historically been considered by 
the FDA to be outside its regulatory purview (Action on Smoking 
and H ealth  vs. H arris 1980). New products, which contain either 
small am ounts of tobacco (e.g., tobacco-containing food products) or 
which appear to contain possibly nonessential am ounts of tobacco 
(e.g., possibly the case w ith the  R.J. Reynolds smokeless cigarette 
(European P aten t Application 1985, 1986)) and which are not 
regarded as traditional tobacco products, may not be exempt from 
such review.

The second safety issue is the  potential for the  product to actually 
sustain tobacco use by alternating  use of the substitu te w ith use of 
the traditional tobacco product. This is analogous to the  nonmedical- 
ly approved use of methadone by opioid-dependent individuals when 
their drug of choice (e.g., heroin) is not available, and they are not 
involved in trea tm en t for opioid dependence. The use of non-tobacco 
nicotine products to sustain tobacco use is, sim ilarly, medically 
contraindicated and hence a form of nicotine abuse (Slade 1986; 
Richards 1987). W hile any alternative nicotine delivery system can 
theoretically be used for this purpose, two commercial products (the 
chewable nicotine-delivering "food” product and the nicotine vapor 
inhaler) were m arketed specifically as tem porary substitutes for
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cigarettes when it was inconvenient to smoke (Bosy 1986; Tobacco 
In ternational 1987). In contrast, the instructions for use of nicotine 
polacrilex gum clearly specify th a t th is preparation should not be 
used along with cigarettes (Physicians’ Desk Reference 1988). In 
addition to product design and form ulation, factors such as labeling, 
packaging, m arketing, retail distribution, and regulatory oversight 
m ight influence the degree to which any particu lar preparation is 
associated with an individual’s continued use of the  nicotine delivery 
system.

The th ird  potential safety concern is related to the  dependence 
potential of the system. As shown in C hapter V, the potential of a 
drug to addict users is associated with its effects on mood, feeling, 
and behavior; such effects are related to the bioavailability of the 
drug. Systems with a controlled ra te  of bioavailability or a lesser ra te  
of absorption than  is obtained from conventional tobacco products 
may have a lesser dependence potential than  tobacco products. 
O ther factors related to availability of the preparation and cost (both 
economic and behavioral) may also affect the  likelihood th a t 
dependence will develop in users. For example, nicotine polacrilex 
gum is available by prescription only, and use of the  gum is 
recommended as a tem porary trea tm en t aid. Active chewing is 
required to extract the nicotine, and swallowing the nicotine too 
quickly reduces the am ount absorbed. These factors appear relevant 
to the observation th a t less than  10 percent of all subjects entering 
smoking trea tm en t tria ls continue to use nicotine polacrilex gum 
after 1 year (Tonnesen et al. 1988; Jarv is et al. 1982). Among people 
who have used the polacrilex gum to quit smoking and who have 
m aintained the ir tobacco abstinence for 1 year or more, a higher 
percentage of polacrilex gum use has been reported (13 to 38 
percent); however, it is not clear to w hat degree such use may be 
necessary for some people to avoid relapse to tobacco use (see fu rther 
discussion of these issues in Hughes 1988; Jasinski and Henningfield 
1988; Hall et al. 1985; Tonnesen et al. 1988; C hapter VII). In contrast 
to nicotine polacrilex gum, smokeless tobacco products (particularly 
one in which finely ground snuff is placed in a small tea  bag-like 
pouch) readily lend themselves to initiating as well as to m aintaining 
nicotine dependence (US DHHS 1986b).

Table 6 compares nicotine polacrilex gum and cigarettes on a 
num ber of dimensions, most of which have been reviewed in either 
Chapters II, V, or VII. As shown in the Table, there is considerable 
disparity between these two delivery systems: the polacrilex gum 
provides a generally safe and medically beneficial form of nicotine 
delivery; cigarettes are a known cause of substantial am ounts of 
death and disease each year (Chapter I; US DHEW 1979; US DHHS 
1981, 1982, 1983, 1984, 1985). Such a disparity in potential safety
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TABLE 6.—Com parison o f tobacco cigarettes and n icotine  
polacrilex gum  on indices related  to safety, 
including potentia l to cause dependence

C haracteristic Tobacco cigarettes Nicotine polacrilex gum

Proven carcinogen Yes No

Availability Widely available consumer 
product, including vending 
m achine availability

Prescription only

Taste Carefully form ulated with 
flavor enhancers

Not form ulated to provide 
desirable taste

Ease of nicotine extraction Readily available w ith little  
effort

Much effort required

Nicotine kinetics Rapid uptake Slow uptake

Initiation  of dependence Highly effective No reported problem

Psvchoactivity Dose-related "liking" Dose-related "dislik ing”

Reinforcing effects Powerful W eak

W ithdraw al symptom s 
associated with abstinence

Yes Yes

Social factors Often used in social 
settings as p art of social 
in teractions

Used for specific 
therapeu tic  benefit

P rim ary  regulatory  
oversight

U.S. B ureau of Alcohol, 
Tobacco, and  F irearm s

U.S. Food and  D rug 
A dm inistration

across systems would suggest th a t any new system be subm itted to 
evaluations of safety including dependence-potential testing.

Conclusions

1. Cigarettes and other forms of tobacco are addicting. P atte rns of 
tobacco use are regular and compulsive, and a w ithdraw al 
syndrome usually accompanies tobacco abstinence.

2. Nicotine is the drug in tobacco th a t causes addiction. Specifi
cally, nicotine is psychoactive ("mood altering”) and can 
provide pleasurable effects. Nicotine can serve as a reinforcer 
to m otivate tobacco-seeking and tobacco-using behavior. Toler
ance develops to actions of nicotine such th a t repeated use 
results in diminished effects and can be accompanied by 
increased intake. Nicotine also causes physical dependence 
characterized by a w ithdraw al syndrome th a t usually accompa
nies nicotine abstinence.
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3. The physical characteristics of nicotine delivery systems can 
affect their toxicity and addictiveness. Therefore, new nicotine 
delivery systems should be evaluated for the ir toxic and 
addictive effects.
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Introduction

The present Chapter compares cigarette smoking and nicotine 
with other forms of drug dependence and addicting drugs. Other 
chapters in this Report describe the behavior of cigarette smoking, 
the known biobehavioral mechanisms and modulators of nicotine’s 
actions, and techniques for achieving abstinence from smoking. As is 
evident from this Report, cigarette smoking is most usefully ex
plained and characterized as a drug dependence process in which 
nicotine is the identified drug of dependence. It is also evident that 
by either the World Health Organization (WHO) definition of "drug 
addiction” that was issued in the 1950s (WHO 1952) or by the 
definitions of "drug dependence” issued since the 1960s (WHO 1964, 
1969, 1981), nicotine is appropriately categorized as an addicting or 
dependence-producing drug. Its designation as a drug is also consis
tent with the definitions provided by the WHO (1981) and the Food 
and Drug Administration (FDA) (1987). Nicotine-delivering tobacco 
preparations (which include all currently marketed tobacco prepara
tions) could, therefore, be appropriately categorized as addicting or 
dependence-producing drugs. In addition to evaluating nicotine with 
respect to definitions of dependence-producing drugs, it is also useful 
to compare features of tobacco dependence and the pharmacologic 
properties of nicotine to other drug addictions and addicting drugs, 
respectively. This comparison is the purpose of the present Chapter.

Two of the most widely studied drug addictions provide standards 
to which other addictions may be compared. They are the addictions 
to the opium-derived or related substances ("opioids,” e.g., morphine, 
heroin, methadone, codeine) and to alcohol. For nearly a century, it 
has been widely accepted that use of these substances could lead to 
addictive behavior and to adverse effects. Moreover, such conse
quences of use develop in a sufficient number of persons that there 
have been recurrent regulatory efforts to restrict access and 
conditions of use. Cocaine and related psychomotor stimulants (e.g., 
amphetamine) provide an additional important standard by which to 
judge suspected and known addicting chemicals. These stimulants 
have been accepted as standards by which to evaluate the addicting 
potential of other stimulants since the 1950s.

It is beyond the scope of the present Chapter to review all aspects 
of drug dependence in detail. Rather, this Chapter summarizes 
primarily the pharmacologic aspects of drug dependence. In particu
lar, the Chapter provides information that permits a comparison of 
the pharmacologic basis of tobacco dependence, as described in the 
other Chapters, with the pharmacologic basis of other forms of drug 
dependence. More extensive reviews of the topics to be discussed 
have emerged from various review panels sponsored by the National 
Institute on Drug Abuse (NIDA) (Krasnegor 1978, 1979a,b,c; Thomp
son and Johanson 1981; Grabowski, Stitzer, Henningfield 1984;
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Sharp 1984) and the National Academy of Sciences (Levison, 
Gerstein, Maloff 1983); other reviews have been held under the 
auspices of professional scientific societies (Goldberg and Hoffmeis
ter 1973; Thompson and Unna 1977; Balster and Harris 1982; Taylor 
and Taylor 1984; Seiden and Balster 1985). Other important 
determinants and consequences of drug dependence are more 
thoroughly described elsewhere (Blaine and Julius 1977; Manatt 
1983; Tims and Ludford 1984; Petersen 1978; Bell and Battjes 1985; 
Richards and Blevens 1977; Dupont, Goldstein, O’Donnell, Brown 
1979; Lettieri, Sayers, Pearson 1980; Crowley and Rhine 1985).

Clinical Characteristics of Drug Dependence 

Drug D ependence D efined
Before the 1960s it was fairly common to invoke factors such as 

"criminality,” "character deficit,” "immorality,” and "weakness of 
will” in the clinical diagnosis of "drug addiction.” In addition, these 
factors often included various social connotations. In part, it was 
because these attributes were not objective or scientifically based 
that the WHO in 1964 recommended that the term "addiction” be 
replaced with "drug dependence” in an effort to be more precise and 
descriptive in definition (WHO 1964, 1981).

According to current conceptualizations, the central and common 
element across all forms of drug dependence is that a psychoactive 
drug has come to control behavior to an extent that is considered 
detrimental to the individual or society (WHO 1981; APA 1987). 
Although the precise wording varies, the central concept of drug- 
dependence definitions refers to the behavior of the individual who 
has come under the control of a psychoactive drug, and this concept 
has provided the cornerstone of most definitions of depen
dence/addiction for at least a century (Berridge 1985) and arguably 
for several centuries (Murray et al. 1933; Austin 1979; Levine 1978). 
The involvement of a psychoactive drug is the critical feature that 
distinguishes drug addictions from other habitual behaviors.

In principle, the term "drug dependence” might be used to 
characterize any form of drug ingestion; however, the term is 
generally reserved for use when the chemical meets criteria as a 
"psychoactive” drug. These criteria are based on drug-induced 
changes in brain function; such changes may involve alterations in 
mood, feeling, thinking, perception, and other behavior. In this 
Chapter the term "drug dependence” or "drug addiction” refers to 
self-administration of a psychoactive drug in a manner that demon
strates that the drug controls or strongly influences behavior. In 
other words, the individual is no longer entirely free to use or not use 
the substance. Often times, this reduction in the degree to which use
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TABLE 1.—D iagnostic criteria for psychoactive substance  
dependence

A. At least th ree  of th e  following:
t l i  Substance often taken  in la rger am ounts or over a  longer period than  the person

intended
(2i P ersisten t desire or one or m ere unsuccessful efforts to  cut down or control substance

use
(3) A great deal of tim e spent in activ ities necessary to get th e  substance (e.g., theft), to 

take the substance (e.g., chain smoking), or to recover from its effects
(4) Frequen t intoxication or w ithdraw al sym ptom s when expected to fulfill m ajor role 

obligations a t work, school, or home (e.g., does not go to work because of hangover, 
goes to school or work "high,” intoxicated while tak in g  care of own children), or when 
substance use is physically hazardous (e.g., drives w hen intoxicated)

(5> Im portan t social, occupational, or recreational activ ities given up o r reduced because of
substance use

(6) Continued substance use despite knowledge of having a persis ten t or recu rren t social, 
psychological, or physical problem  th a t  is caused o r exacerbated by th e  use of the 
substance (e.g., continuing heroin use despite family a rgum ents about it, cocaine-induced 
depression, or ulcer m ade worse by drink ing

(7) M arked tolerance: need for m arkedly  increased am ounts of th e  substance (i.e., a t least 
a 50 percent increase) to achieve in toxication or desired effect, or m arkedly  dim inished 
effect w ith continued use of th e  sam e am ount
(Note: T he following item s may not apply to cannabis, hallucinogens, o r PCP)

(8) C haracteristic  w ithdraw al sym ptom s (see specific w ithdraw al syndrom es under 
Psychoactive Substance-Induced O rganic M ental Disorders)

(9) Substance often taken  to relieve or avoid w ithdraw al sym ptom s

B. Some symptom s of th e  d isturbance persisten t for a t  least 1 m onth, or occurren t repeatedly
over longer period of tim e

S O U R C E : A m e r ic a n  P s y c h ia t r i c  A s s o c ia t io n  (1987).

is considered "voluntary” is described as "habitual” or "compulsive” 
drug use.
D iagnostic Criteria for Drug D ependence

The Diagnostic and Statistical Manual (DSM-III-R) of the Ameri
can Psychiatric Association (APA 1987) provides a useful example of 
the objective criteria currently used to define drug dependence. As 
stated in DSM Ill-Revised: "The essential feature of this disorder is a 
cluster of cognitive, behavioral, and physiological symptoms that 
indicate that the person has impaired control of psychoactive 
substance use and continues use of the substance despite adverse 
consequences.” Specific diagnostic criteria for psychoactive sub
stance dependence are shown in Table 1.

The APA designated 10 classes of psychoactive substance for 
which use may lead to dependence: alcohol; amphetamine or 
similarly acting sympathomimetics; cannabis; cocaine; hallucino
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gens; inhalants; nicotine; opioids; phencyclidine (PCP) or similarly 
acting arylcyclohexylamines; and sedatives, hypnotics, or anxiolyt
ics. The fact that dependence criteria are the same for all classes of 
drug use highlights the assumption that dependence processes are 
functionally similar across substances with different pharmacologic 
profiles.
F eatures o f Drug D ependence

Behavior that leads to drug ingestion, as well as the various 
behavioral and physiological sequelae resulting from the ingestion, 
are determined by both drug (pharmacologic or agent) and nondrug 
(behavioral or environmental) factors which will be discussed in this 
Chapter. The nondrug determinants include characteristics of the 
individual ("host” characteristics) such as age, genotype, and person
ality.
Highly Controlled or Compulsive Drug Use

Highly controlled or compulsive drug use indicates that drug- 
seeking and drug-taking behavior is driven by strong, often irresisti
ble urges. It can persist despite a desire to quit or even repeated 
attempts to quit. Compulsive drug use may take precedence over 
other important priorities.

The extent to which compulsive behavior is apparent varies across 
individuals and is most easily detected in extreme cases. For 
example, to maintain daily drug intake laryngectomized patients 
may smoke cigarettes through their tracheostomy hole, cocaine 
users may take cocaine at the risk of loss of family and job, and 
prostitution has been observed to occur in exchange for a variety of 
drugs for which availability was low or price was high.

The drug-seeking behavior itself ranges from the routine and licit 
procurement of cigarettes or alcohol, to the possibly more extensive 
behavioral repertoire necessary to obtain prescriptions for certain 
drugs, to the highly intricate chains of behavior required to procure 
many illicit drugs. Drug-seeking behavior is not determined entirely 
by the specific pharmacologic properties of a particular drug, 
however. For instance, when alcohol or tobacco has been prohibited, 
procurement has at times involved as much risk and involvement as 
the procurement of illicit drugs in the 1980s (Austin 1979; Brecher
1972).

A drug may be taken to avoid withdrawal symptoms and other 
undesirable sequelae of drug abstinence. This factor may contribute 
to the level of compulsivity which develops. Addicting drugs often 
provide some therapeutic benefit or otherwise useful effect (Chapter 
VI); these effects may also contribute to the compulsive nature of 
drug use. Whether or not such benefits are considered to be more



important than the adverse effects of drug taking, this factor is 
important because it may have been prominent in initial exposure to 
the drug, it may have strengthened the control of the drug over 
behavior, and it may constitute a potential cause for relapse.
Physical Dependence and Tolerance

The observation of a withdrawal syndrome that accompanies 
abstinence from chronic drug exposure is the primary index of 
physical dependence induced by the drug (Martin 1965; Kalant 
1978). Drug withdrawal syndromes are behavioral and physiological 
sequelae of abstinence from chronic drug administration. Tolerance 
refers to the diminished responsiveness to successive administration 
of a drug; it may occur independently of physical dependence but is a 
frequent concomitant (Kalant 1978). The magnitude of tolerance and 
physical dependence is directly related to the frequency and 
magnitude of the drug-dosing regimen; thus, low or infrequent drug 
dosing may not produce measurable levels of tolerance or physical 
dependence. Tolerance may develop in the absence of physical 
dependence; for example, infrequent dose administration may result 
in decreased responsiveness even though no measurable withdrawal 
reaction accompanies drug abstinence.

Whereas initial drug exposure may have caused marked behavior
al and physiological disruption, the development of physical depen
dence implies that a relatively normal appearing behavioral and 
physiological functioning requires continued drug administration 
and that disruption will occur when the drug is withdrawn. For 
example, at certain doses, opioids, sedatives (including alcohol), and 
nicotine can produce marked intoxication in nontolerant individuals. 
As tolerance develops, these same dose levels may produce no readily 
observable signs of intoxication, and in the case of opioids and 
nicotine only extremely high doses or sudden abstinence are 
accompanied by disruption of ongoing behavior.

The development of tolerance to repeated drug exposure and of the 
onset of a withdrawal syndrome may be observed following a period 
of repeated drug exposure and drug abstinence, respectively, but
these factors do not in themselves define a drug dependence 
syndrome requiring intervention to prevent relapse to drug use. It is 
possible to establish tolerance and physical dependence by repeated 
drug administration even when the animal or human never actually 
self-administered the drug. In animals, this is often done in 
experimental studies; human patients requiring pain relief may 
become tolerant to and physically dependent on opioid analgesics in 
hospital settings. Such animals and humans do not necessarily 
exhibit drug-seeking behavior when drug administration is terminat
ed. Another such instance is the fetal opioid syndrome, in which 
treatment of the withdrawal reaction might be indicated but no
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drug-seeking behavior would be present for which an intervention 
would be needed (Weinberger et al. 1986). Although not always 
essential for the occurrence of addictive drug-seeking behavior, 
tolerance and withdrawal phenomena are important in principle 
because they can serve to strengthen the control of the drug over 
behavior. Specifically, tolerance development can result in increased 
drug intake in an attempt to maintain the desired drug effects, and 
the onset of a drug withdrawal syndrome may constitute an aversive 
state which is alleviated by drug taking.
Harmful Effects

The concept that some sort of harm or disadvantage to the 
individual or society is a consequence of drug use is another element 
in most definitions of drug dependence. This concept is complex and 
socially determined, however. For example, drug seeking may result 
in illicit production and trafficking as currently occurs for illicit 
drugs (Drug Abuse Policy Office 1984), and had occurred for tobacco 
at various times when it was banned (Austin 1979; see also Warner 
1982 for a discussion of recent cigarette-smuggling issues). Adminis
tration of drugs, or abstinence in the physically dependent person, 
may directly produce adverse behavioral and psychiatric effects 
("psychotoxicity”). Finally, toxicity may also be a direct physiological 
effect of the addicting drug itself (e.g., liver damage caused by 
alcohol) or to associated toxins (e.g., transmission of the human 
immunodeficiency virus by needle sharing among i.v. drug users, or 
carcinogens delivered by tobacco smoke).

These forms of drug-associated damage can result in a variety of 
societal costs such as health care of drug users (including cigarette 
smokers), lost productivity of the work force (including tobacco-use- 
associated losses in productivity), and criminal justice system  
burdens associated with illicit drug use. Such adverse effects of drug 
use constitute the "liability” of drug use and may also be factors in 
the determination that drug use constituted "drug abuse” (Yanagita
1987). These societal aspects of drug dependence frequently invoke 
debates which pit the "right” to self-damage against the "right” of 
society to protect itself from the direct damage or costs incurred as a 
consequence of the individual’s behavior. A historical appraisal of 
psychoactive substance use reveals that societies have often moved 
cautiously to restrict the use of drugs when there was little 
assumption of drug-use-associated damage.
Course o f Drug Dependence

The chronic nature of drug ingestion in the severely dependent 
individual suggests that drug dependence processes themselves may 
be long lasting and resistant to termination. In contrast, the direct
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effects of psychoactive drugs are generally limited to a few hours or 
days at most. Peak physical withdrawal signs and symptoms from 
opioids, sedatives, alcohol, and tobacco appear to last for about 1 to 2 
weeks. However, at least for the opioids, a secondary stage of 
withdrawal may last for 1 year or more; this has been termed 
protracted withdrawal (Martin 1965; Jasinski 1981). As discussed in 
Chapters III and VI, an analogous protracted abstinence syndrome 
appears to exist in tobacco dependence and to be of importance for 
treatment efforts. Therefore, despite the relatively short-term dura
tion of the effects of drug administration or withdrawal, the 
clinically relevant duration of drug dependence is much longer.

A major implication of post-1960s definitions of drug dependence is 
that drug dependence is not an absolute phenomenon, but rather 
may vary in degree (Jaffe 1965, 1985; Miller 1979). Often, within an 
individual the level of severity increases over time ("progressive” 
characteristic). The course may be quite variable, however. For 
example, an initially rapidly developed high level of use may be 
followed by long-term or transient remissions, while some individu
als never progress at all beyond levels of use of a given drug that are 
sometimes considered safe and acceptable (Vaillant 1970, 1982). 
Such low or intermittent levels of drug use are sometimes referred to 
as "occasional,” "controlled,” "recreational” or "social” drug use or 
"chipping”; such use may still be problematic because there may be 
acute adverse consequences (e.g., auto accidents following drinking), 
as well as a transition to chronic drug use (as is characteristic 
following occasional tobacco use) and the possibility that any use 
involves illicit behavior (e.g., procurement of alcohol and tobacco by 
minors or possession of marijuana).

There are differences among drugs in the relative incidence of 
occasional users compared to regular daily users who meet criteria 
for dependence. For example, it is generally estimated that less than 
15 percent of those who consume alcoholic beverages are dependent 
(Miller 1979). Analysis of opioid data are more problematic (Zinberg 
and Jacobson 1976); however, observations such as those made of 
Vietnam veterans show that opioid chipping is not only a well- 
documented phenomenon but may also be common in some social 
and environmental settings. Robins and colleagues found (1) that
opioid chipping was a common occurrence among enlisted men in 
Vietnam, (2) that 88 percent of heroin-addicted Vietnam veterans 
used heroin occasionally upon their return to the United States, and
(3) that most (approximately 90 percent) were able to avoid readdic
tion (Robins et al. 1977; Robins and Helzer 1975; Robins, Helzer, 
Davis 1975; Robins, Davis, Goodwin 1974; Robins, Davis, Nurco 1974; 
see also Zinberg 1972, 1980). In contrast, however, chipping appears 
relatively rare among tobacco users: the 1985 National Health 
Interview Survey showed that 10.6 percent of current smokers
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smoke 5 or fewer cigarettes/day (unpublished data, Office on 
Smoking and Health; see also Russell 1976 and US DHHS 1987).
Polydrug Dependence and M ultiple Psychiatric Diagnosis

Another feature of drug dependence is the common use of multiple 
substances, including tobacco, by dependent individuals. In fact, the 
most consistent feature of such multiple drug use is the high rate of 
co-occurrence of tobacco dependence along with dependence on 
opioids, alcohol, stimulants, and even gambling (Taylor and Taylor
1984). In addition, drugs used by individuals may sometimes vary 
and be interchanged as price and availability vary (e.g., cocaine is 
preferred by many but individuals may use opioids, or even 
sedatives, when cocaine is unavailable) (Kliner and Pickens 1982). 
Several drugs may also be taken simultaneously; for instance, heavy 
consumption of nicotine, alcohol, and marijuana is common. Finally, 
most surveys indicate that use of drugs such as cocaine, alcohol, 
opioids, and marijuana is accompanied (and usually preceded) by use 
of nicotine (US DHHS 1987).

Tobacco use concurrent with other drug dependencies is so 
prevalent that it is not generally considered to be of diagnostic 
significance or considered as a basis of multiple drug dependence 
diagnosis. Recently, the possible interactive nature of co-dependen
cies to nicotine and other drugs has been given increasing attention 
in drug treatment programs (Taylor and Taylor 1984; Kozlowski et 
al. 1984). These data are discussed later in this Chapter, as well as 
the issue of whether nicotine serves as a "gateway” to the use of 
illicit drugs.

Also of clinical significance is the concurrence of drug dependence 
and some other psychiatric disorder. This phenomenon is termed 
multiple or dual diagnosis (Meyer 1986; McLellan, Woody, O’Brien 
1979; Allen and Frances 1986; Rounsaville and Kleber 1986; Jaffe 
and Ciraulo 1986). In general, dependence on opioids, alcohol, 
cocaine, and nicotine is often associated with elevated rates and 
levels of antisocial tendencies and extraversión, but such trends are 
not generally regarded as multiple diagnoses (for a review of several 
forms of multiple diagnosis, see Taylor and Taylor 1984). The 
designation of multiple diagnosis is reserved for the concurrent 
appearance of a clinically significant psychiatric disorder and drug 
dependence; the most common of such disorders would appear to be 
depression, anxiety, and antisocial personality (McLellan, Woody, 
O’Brien 1979; Rounsaville et al. 1982; Woody, McLellan, O’Brien
1984).
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Spontaneous Remission
It is characteristic of drug dependence that some persons discon

tinue use of the drug while not engaged in a formal treatment 
program (i.e., "on their own”) although they may have participated 
in a treatment program at some earlier point in time (Stall and 
Biernacki 1986). Spontaneous remission refers to intentional and 
unintentional cessation of drug use, variously referred to as "natural 
recovery,” "maturing out,” "burning out,” or "self-quitting,” but 
most frequently in current literature as "spontaneous remission.” 
Such quitting is sometimes reported to be due to "will power” or 
"just deciding to quit.” However, follow-up studies have revealed 
that significant environmental events are often associated with such 
quitting (for example, Vaillant 1970,1982). Such data have suggested 
to some that the terms such as "self-quitting,” "self-help,” and 
"spontaneous remission” are misnomers (Fisher 1986; Fisher et al.
1988); nonetheless, because the term spontaneous remission is extant 
in the scientific literature, it will be used here. This Section provides 
a brief summary of available information comparing alcohol, opioids 
and tobacco with regard to their rates of spontaneous remission and 
of factors associated with remission from drug use.

In studies of spontaneous remission, a minimum criterion for 
abstinence, such as 1 year, is often imposed. Although the recorded 
history of drug dependence acknowledges that some people can 
achieve abstinence without benefit of formal intervention programs, 
there was little systematic study of spontaneous remission until the 
1970s. Major motivations for the current interest in this phenome
non are to determine if the so-called spontaneous remitters differ in 
behavioral or physiological parameters from other drug-dependent 
persons, to identify factors which may be systematically applied in 
treatment settings, and to better understand the process of drug 
dependence itself.

The percentage of such spontaneous remitters reported in any 
given study appears to vary more as a function of population and 
study variables than as a function of drug class. For instance, data 
averaged across 10 studies show that approximately 30 percent of 
opioid-dependent persons spontaneously remit (Anglin et al. 1986) 
although estimates of remission rates vary from 2 percent to 65 
percent (Harrington and Cox 1979; Winick 1962). On the other hand, 
approximately 90 percent of people who have quit smoking report 
that they quit without the aid of formal treatment programs or 
smoking cessation devices (Fiore et al., in press; see discussion of 
related issues in Fisher et al. 1988).

Deriving precise quantitative comparisons of rates of spontaneous 
remission across the various drug dependencies is problematic due to 
the differing criteria used to identify those who are spontaneous 
remitters. For example, in tobacco surveys, rates of spontaneous
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remission are often estimated by retrospective self-reports from a 
sample of former smokers, whereas surveys of opioid and alcohol 
users generally include only those who were dependent enough to be 
involved in formal treatment programs at some time.

The factors which are associated with spontaneous remission 
appear to be similar across dependencies on alcohol, opioids, and 
tobacco (Stall and Biernacki 1986). Table 2 is a summary of findings 
which have been reported on factors related to spontaneous remis
sion. As shown in the Table, influences such as health problems 
associated with use of the drug and social pressures are frequent 
précipitants of spontaneous remission among persons who were 
dependent on alcohol, opioids, or tobacco. Similarly, spontaneous 
remitters have often learned to better manage their drug "cravings” 
and to provide contingent reinforcement for quitting to themselves, 
and may even undergo significant lifestyle changes (Stall and 
Biernacki 1986).

These data regarding spontaneous remission support the conclu
sion, discussed earlier, that it is somewhat misleading to infer that 
spontaneous remitters are truly spontaneous or that they were not 
"really dependent” as is sometimes assumed (Fisher 1986; Fisher et 
al. 1988; US DHHS 1982). Rather, it seems more plausible that 
spontaneous remitters are largely those who have either learned to 
deliver effective treatments to themselves or for whom environmen
tal circumstances have fortuitously changed in such a way as to 
provide a therapeutic situation (Fisher 1986; Stall and Biernacki 
1986; Vaillant 1982, 1970). In addition, persons most likely to quit 
use of tobacco and opioids without benefit of formal intervention do 
tend to have shorter histories of use and/or be at lower levels of 
dependence (US DHHS 1987). Such issues, relating specifically to 
cigarette smoking, have been reviewed in considerable detail in a 
previous report of the Surgeon General (US DHHS 1982).
Chem ical D etection  M easures

Although drug dependence is not reliably diagnosed simply on the 
basis of amount of drug intake (Crowley and Rhine 1985; Jaffe 1985), 
it can be useful to determine whether or not a person has ingested a 
significant amount of a drug. For example, as is discussed later in 
this Chapter, many treatment programs require objective verifica
tion of drug-free patient status.

A potentially useful adjunct for objectively assessing exposure to 
drugs is to test for the presence of the drug in biological specimens 
(Walsh and Yohay 1987; Hawks and Chiang 1986). For instance, 
blood, urine, saliva, expired air, and other biological samples can be 
assayed for residual drug or drug-specific markers (e.g., metabolites). 
Such testing aids in determining that presumed drug-related effects 
were not actually symptoms of some other organic or mental
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TABLE 2.—Studies concerning spontaneous rem ission behavior, by drug and com m only m entioned  
factors im portant to rem ission

Factor Alcohol Tobacco Heroin

H ealth  problem s

Social sanctions

Significant o thers

Financial problems

C ahalan (1970), Goodwin e t al.
(1971), K nupfer (1972), Lem ere (1953), 
Saunders e t al. (1979), S tall (1983), 
Tuchfeld (1981)

Cahalan (1970), Edw ards e t al. (1977), 
Goodwin et al. (1971), K nupfer
(1972), Stall (1983), Thorpe and 
P erre t (1959), Tuchfeld (1981),
V aillant (1982)

Edwards e t al. (1977), Goodwin et al. 
(1971), K nupfer (1972), Saunders e t 
al. (1979), S tall (1983), Tuchfeld 
(1981), V aillan t (1982)

Cahalan (1970), S aunders et al.
(1979), S tall (1983), Thorpe and 
P erre t (1959), Tuchfeld (1981)

Significant accidents 

M anagem ent of cravings Stall (1983)

Knupfer (1972), S tall (1983), Tuchfeld 
(1981)

H echt (1978), Pederson and  Lefcoe 
(1976)

P erri e t al. (1977)

DiClem ente and Prochaska (1979), 
H echt (1978), Pederson and  Lefcoe 
(1976), P erri e t  al. (1977)

H echt (1978)

P erri e t al. (1977)

B aer e t al. (1977), DiClemente and 
P rochaska (1979), H echt (1978), 
Pederson and  Lefcoe (1976), P err i e t 
al. (1977)

B iernacki (1983)

B iernacki (1983), Schasre (1966), 
V aillan t (1966a,b, 1970)

B iernacki (1983), W aldorf and
B iernacki (1979), V aillan t (1964, 
1970)

B iernacki (1983)

B iernacki (1983), Jorquez (1983), 
W aldorf and  B iernacki (1981)

B iernacki (1983), Jorquez (1983)



g  TABLE 2.—Continued
Factor Alcohol Tobacco Heroin

Positive reinforcem ent 
for quitting

Edwards et al. (1977), Stall (1983; Baer e t ai. (1977), D iClemente and 
P rochaska (1979), Pederson and 
Lefcoe (1976)

B iernacki (1983)

In te rna l psychic 
change/ m otivation

Edwards et al. (1977), K nupfer 
(19721, Saunders e t al. (1979), 
Tuchfeld (1981)

Baer e t al. (1977), Hecht (1978) Biernacki (1983', Schasre (1966), 
W aldorf and  Biernacki (1981)

Change in lifestyle Edwards et al. (1977), K nupfer 
(1972), Saunders e t al. (1979), 
Tuchfeld (1981)

DiClemente and Prochaska < 1979), 
Hecht (1978)

Biernacki <1983), Jorquez (1983), 
Schasre (1966), W aldorf and 
B iernacki (1981)

S O U R C fi: M o d ified  f ro m  S ta l l  a n d  B ie rn a c k i  (1986).



disorder. One problem with such verification is that the drug level 
measured reflects recency as well as amount of drug use and thus 
may lead to either underestimation or overestimation of the typical 
level of drug use. Furthermore, absolute level of use does not 
necessarily determine whether use is pathological or detrimental. 
Another problem is that biochemical drug tests vary widely in both 
their specificity (correct drug identification) and sensitivity (mini
mum amount of drug detected) (see Grabowski and Lasagna 1987 
and Walsh and Yohay 1987 for general reviews of such issues; and 
Benowitz 1983 and Muranaka et al. 1988 for a tobacco-related 
review; also see Chapter II).

Presently, verification of drug dependence is based largely on the 
behavioral factors as described below. The most useful application of 
testing for drug levels in the body remains the verification of 
compliance with treatment regimens in which drug abstinence is the 
goal. These and other issues regarding the methodologies and 
applications of chemical detection measures have been reviewed by a 
committee of the American Society for Clinical Pharmacology and 
Therapeutics (in press).

Patterns in the Development of Drug Dependence

When the relationships among drug dependencies have been 
studied in major epidemiological surveys (e.g., NIDA’s National 
Household Survey (NHS) (US DHHS 1987)), two findings consistent
ly emerge: persons who use dependence-producing drugs are often 
cigarette smokers, and cigarette smoking precedes and may be 
predictive of illicit drug use. Some of the data which have led to 
these conclusions are summarized in this Section.
Current U se o f C igarettes and Other Drugs

The association of current use of one drug with current use of 
other drugs has been studied extensively. One such study is the NHS 
conducted by NIDA (US DHHS 1987). The Eighth NHS, conducted in 
1985, involved personal interviews with 8,038 persons 12 years of age 
and older, representative of the household population of the conti
nental United States. Questions were asked about the age of 
respondents when they first tried a cigarette and age when they first 
started smoking daily. This distinction may be important when 
comparing cigarette use with the use of other drugs. Persons who do 
not make the transition from trying cigarettes to daily use may be 
less likely to use other drugs than those who do make this transition. 
A similar format was used with alcohol (i.e., age at which respondent 
first tried alcohol, not including childhood sips, and age of first using 
alcohol once a month or more). Questions about age at the onset of 
other drug use were limited to age at first use. In the NHS studies,
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TABLE 3.—Current use o f alcohol, m arijuana, and cocaine  
am ong "current” cigarette sm okers and  
nonsm okers by age group (percentages)

"C u rren t1’ c igarette  use
Age group,
c u rren t drug use No Yes

Alcohol
12-17 23.5 74.2
18-25 64.7 82.6
26-34 62.5 81.0
>35 52.5 68.6

M arijuana
12-17 5.8 47.3
18-25 13.7 35.4
26-34 10.6 26.0
>35 1.7 3.5

Cocaine
12-17 0.4 8.8
18-25 3.9 13.9
26-34 4.1 9.2
>35 0.4 0.6

N O T E : C u r r e n t  u se  is  a n y  u s e  r e p o r te d  in  t h e  3 0  d a y s  p r io r  to  th e  in te rv ie w .
S O U R C E : N a t io n a l  H o u s e h o ld  S u rv e y  o n  D ru g  A b u se . 1985. ( in  p re p a r a t io n )

current drug use is defined as any use of the drug during the 30 days 
preceding the interview.

Based on data from the 1985 NHS on Drug Abuse, Table 3 shows 
associations among use of various psychoactive substances. As shown 
in the table, rates of current use (i.e., during the past 30 days) of 
marijuana, alcohol, and cocaine are much higher among "current” 
cigarette smokers than among others. For example, among 12- to 17- 
year-olds, almost three-fourths of "current” smokers were current 
alcohol users compared with less than one-fourth of the youths who 
were not "current” smokers. Approximately 47 percent of the 
"current” cigarette smokers report being current marijuana users 
compared with 5.8 percent of the youths who were not "current” 
smokers.

Differences as large as those shown in Table 3 represent very 
strong correlations between use of cigarettes and use of other drugs. 
The strength of the correlation between use of cigarettes and use of 
other drugs, licit and illicit, suggests the potential importance of 
directing prevention efforts to the early gateway drugs: cigarettes 
and alcohol (Kandel and Yamaguchi 1985; Clayton 1986; Clayton 
and Ritter 1985).
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E pidem iological Studies o f the P rogression o f Drug U se
Tobacco use has been found to play a pivotal role in the 

development of other drug dependencies. The classic descriptive 
model for initiation patterns of drug use was developed by Kandel 
(1975), who first divided drugs into two groups of availability: licit 
and illicit. Kandel concluded that virtually all persons who ever used 
illicit drugs such as marijuana and cocaine had previously used licit 
drugs such as cigarettes and alcohol. Kandel’s developmental stages 
model is based on the assumption that there are relatively invariant 
patterns of onset of use. The stages are:

(1) No Use of Any Drugs
(2) Use of Beer or Wine
(3) Use of Cigarettes and/or Hard Liquor
(4) Use of Marijuana
(5) Use of Other Illicit Drugs

Although Kandel’s model addresses the initiation or onset of drug 
use, it does not account for patterns of early use (e.g., frequency of 
occasions or quantity per occasion). Nonetheless, there is general 
agreement that the model accurately characterizes the drug initia
tion process in the United States as one that begins with use of licit 
drugs (tobacco and alcohol) and, if progression occurs, involves 
greater use of these substances (Kandel, Marguilies, Davies 1978; 
Huba, Wingard, Bentler 1981; O’Donnell and Clayton 1982). This 
pattern has also been observed in France and Israel (Adler and 
Kandel 1981).

In a longitudinal study of the progression of drug use, Yamaguchi 
and Kandel (1984a) gathered baseline data in 1971 from subjects in 
the 10th and 11th grade in New York State. This representative 
sample was followed up in 1981 when the average age was 24.7 years. 
The order of onset identified by Yamaguchi and Kandel (1984a) was 
alcohol, cigarettes, marijuana, illicit use of psychoactive or prescrip
tive drugs, and other illicit drugs. Among persons who had used both 
alcohol and cigarettes 10 times or more, alcohol use preceded 
cigarette use in 70 percent of the cases for males and 55 percent of 
the cases for females. Among persons who had used cigarettes and 
marijuana 10 or more times, 67 percent of the males and 72 percent 
of the females reported using cigarettes first.

Using a sophisticated statistical analysis, Yamaguchi and Kandel 
(1984a) derived several additional conclusions including the follow
ing:

(1) For men, the pattern of progression was one in which the use 
of alcohol preceded marijuana; alcohol and marijuana preced
ed other illicit drugs; and alcohol, cigarettes, and marijuana 
preceded the illicit use of other psychoactive drugs. Eighty- 
seven percent of the men were characterized by this pattern.
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(2) For women, the pattern of progression was one in which either 
alcohol or cigarettes preceded marijuana; alcohol, cigarettes, 
and marijuana preceded other illicit drugs; and alcohol and 
either cigarettes or marijuana preceded the illicit use of 
psychoactive drugs. Eighty-six percent of women shared this 
pattern.

Tobacco Use as a Predictor o f  Other Drug Use
In an analysis of nationwide data from the high school senior class 

of 1980, Clayton and Ritter (1985) found that alcohol drinking and 
cigarette smoking were the most powerful predictors of the extent of 
marijuana use for both males and females. Cigarette use was a 
stronger predictor of marijuana use among females. Moreover, this 
role of cigarette smoking was especially pronounced when it had 
been initiated at age 17 or earlier. Similarly, data from the 
longitudinal study by Yamaguchi and Kandel (1984a,b) revealed 
that, among persons with some history of alcohol use, cigarette 
smoking was a powerful predictor of marijuana use.

Consistent with the above described findings regarding cigarette 
smoking, smokeless tobacco use has also been shown to be a predictor 
of other drug use, including cigarette smoking (Ary, Lichtenstein, 
Severson 1987). More than 3,000 male adolescents were interviewed 
twice, at an approximately 9-month interval, to determine their 
rates and levels of use of various psychoactive substances. The main 
findings were that (1) users of smokeless tobacco were significantly 
more likely to use cigarettes, marijuana, or alcohol than nonusers;
(2) users of smokeless tobacco were significantly more likely to take 
up use of cigarettes, marijuana, or alcohol than nonusers; (3) 
smokeless tobacco users who were using these other substances at 
the time of the first interview showed substantially greater increases 
in levels of use of these other substances over the 6-month interval 
than did nonusers of smokeless tobacco; and (4) 71 percent of those 
who had been using smokeless tobacco at the first interview 
remained users at the second interview.

Cigarette smoking is also a predictor of cocaine use. White and 
colleagues (US DHHS 1987) began with a large sample of 12-, 15-, 
and 18-year-old adolescents in New Jersey and reinterviewed them  
at 3-year intervals. As reported in NIDA’s Triennial Report to 
Congress (US DHHS 1987), White and coworkers found that there 
were several predictors of cocaine use in 18-year-olds who had been 
interviewed 3 years earlier: prior use of cigarettes, alcohol, and 
marijuana. Furthermore, at the time of the second interview (of the 
18-year-olds), the cocaine users used cigarettes, alcohol, marijuana, 
and other drugs more often than did nonusers of cocaine.

Although alcohol use frequently precedes tobacco use, the use of 
alcohol only progresses to dependence (alcoholism) in about 10 to 15
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percent of all drinkers (Miller 1979). Use of cigarettes, by contrast, 
almost inevitably escalates to a level characterized as dependent use 
(Russell 1976; US DHHS 1987). This is consistent with the observa
tion that although some use of alcohol may precede tobacco use, it is 
prior use of tobacco and not alcohol that emerges in the above-cited 
studies as the stronger predictor of illict drug use.

The 1985 High School Senior Survey by NIDA (US DHHS 1987) 
showed that the first dependence-producing drug tried among users 
of alcohol and illicit drugs was often tobacco. For example, among all 
respondents 12 years of age and older, first use of tobacco and alcohol 
occurred in the same year for 18 percent of the sample; cigarettes 
were used first by 62 percent of the sample, and alcohol was used 
first by 20 percent. Among those who tried both cigarettes and 
marijuana, 14 percent first tried these drugs in the same year, 75 
percent tried cigarettes first, and 11 percent tried marijuana first. 
Among those who tried both cigarettes and cocaine, 95 percent used 
cigarettes first, 3 percent used them first the same year, and only 2 
percent used cocaine before cigarettes. These observations show that 
when cigarettes and another of these dependence-producing drugs 
have been used by the same individual, cigarette use usually is the 
first of the two drugs used. One difference between cigarette smoking 
and the use of other common substances (e.g., milk, sugar, or aspirin) 
that may also precede the use of illicit drugs is that nicotine itself is 
a drug that produces the tolerance, physical dependence, and drug- 
seeking behavior that meet the criteria of a drug-dependence 
syndrome.
Frequency o f U se of C igarettes and Other Drugs

Measures of frequency of drug use also yield important findings. 
The data presented in Table 4 show the percentage of persons in 
three groups (never smoked, tried cigarettes but never used them 
daily, used cigarettes on a daily basis) who report use of alcohol, 
marijuana, and cocaine. The criterion for alcohol use is 5 or more 
consecutive drinks during at least 1 day in the past 30 days; criteria 
for marijuana and cocaine use involve previous use of these drugs 
more than 10 times during the respondent’s lifetime. These criteria 
were used to eliminate those who merely tried the drug on a few 
occasions ("experimental” use). The percentages are presented 
separately for four age groups.

The main finding shown in Table 4 is that those who become daily 
cigarette smokers are considerably more likely than others to report 
use of these other drugs, regardless of age group. For example, 
among the 12- to 17-year-olds, less than 0.5 percent of the never 
smokers report using marijuana more than 10 times compared with 
3.3 percent of those who tried but never used cigarettes daily and 
22.7 percent of those who have used cigarettes daily. These data
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TABLE 4.—U se o f  alcohol, m arijuana, and cocaine am ong  
"never” cigarette sm okers, "occasional” 
cigarette sm okers, and daily cigarette sm okers, 
b y age group (percentages)

C igarette  use p a tte rn
Age group. N ever Tried, never Smoked
drug use smoked used daily daily

A lcohol1
12-17 2.7 15.9 38.5
18-25 12.3 31.9 49.6
26-34 9.8 23.0 41.3
>35 5.6 9.2 20.1

M arijuan a2
12-17 0.2 3.3 22.7
18-25 3.3 8.3 37.4
26-34 2.8 12.9 30.3
>35 0.6 1.8 3.8

C ocaine3
12-17 0.2 0.8 6.4
18-25 1.3 4.5 14.2
26-34 1.8 7.2 15.6
>35 0.2 0.3 1.9

1 D r a n k  fiv e  o r  m o re  d r i n k s  in  a  ro w  on a t  le a s t  1 d a y  in  p a s t  3 0  d a y s .
2 U se d  m a r i j u a n a  m o re  t h a n  10 t im e s .
'U s e d  c o c a in e  m o re  t h a n  10 tu n e s .
S O U R C E : N a t io n a l  H o u se h o ld  S u rv e y  u n  D ru g  A b u se . 1985. ( in  p r e p a r a t io n )

extend those presented in Table 3: associations exist between 
cigarette smoking and other drug use when considering "current” 
use (any use in the past 30 days) (Table 3) or measures of frequency 
of drug use (Table 4). Similarly, a study of alcohol drinking and 
cigarette smoking among students in grades 7 to 12 in New York 
State showed a positive correlation between the frequency of 
consuming alcoholic beverages and both the likelihood of smoking 
cigarettes and daily cigarette consumption (Welte and Barnes 1987).
In itiation  o f Drug Use

Initiation of drug use often occurs through social contacts, 
independent of the pharmacologic actions of the drug. Drug seeking 
is then sustained and modulated through combined social and 
pharmacologic factors. With the possible exception of stimulants 
such as cocaine and amphetamine, initial exposure to many psy
choactive drugs (including opioids, alcohol, and nicotine) is often 
associated with aversive consequences (Haertzen, Hooks, Ross 1981; 
Haertzen, Kocher, Miyasato 1983). For example, opioids may pro
duce nausea; alcohol and nicotine not only produce nausea but may
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produce initially aversive sensory effects in some preparations (e.g., 
high-concentration alcoholic beverages may taste "bad” and ciga
rette smoke may be "harsh”). As a consequence, lengthy periods of 
occasional ("experimental” or "social”'! drug use frequently precede 
the development of daily drug use.

These observations imply that nondrug factors are important in 
the initiation and maintenance of drug intake until dependence 
upon the drug itself develops (Crowley and Rhine 1985; Vaillant 
1970, 1982; Marlatt and Baer 1988; Brown and Mills 1987). As 
discussed elsewhere in this Chapter, such factors can also modulate 
level of drug use as well as influence the frequency of quitting 
attempts and their likelihood of success (see also Chapters IV and 
VII in this volume and earlier Reports of the Surgeon General). The 
specific factors that have been identified and accepted as prominent 
in helping to establish initial exposure to drugs (Crowley and Rhine
1985) include availability of the drug, cost of the drug, social 
acceptability of the drug, and other environmental sources of 
pressure to use drugs.

The acceptability of the drug preparation itself can be manipulat
ed by controlling the dose of the drug and increasing its sensory 
palatability. For example, the utility of some of the newer smokeless 
tobacco formulations as "starter” products for youth is held to be due 
in part to the lower concentrations of nicotine, formulations that 
facilitate use (e.g., snuff in pouches), as well as nontobacco flavorings 
(e.g., mint or cinnamon) (Henningfield and Nemeth-Coslett 1988; US 
DHHS 1986, 1987; Connolly et al. 1986). Such strategies of "starter 
product” manipulation are analogous to those used to initiate drug 
seeking in laboratory animals, described later in this Chapter. Such 
product acceptability factors, combined with the ready availability, 
peer pressure to use, perceptions that the products were safe, and 
marketing strategies aimed at increasing the social desirability of 
smokeless tobacco use, appear to have been largely responsible for 
the marked rise in use of smokeless tobacco by youth in the 1970s 
(Ary, Lichtenstein, Severson 1987; Christen and Glover 1987; Con
nolly et al. 1986; Connolly, Blum, Richards 1987; Glover et al. 1986; 
Guggenheimer et al. 1987; Kirn 1987; Kozlowski et al. 1982; Marty et 
al. 1986; Negin 1985; Silvis and Perry 1987; US DHHS 1979; 
Appendix A).
V ulnerability  to D rug D ependence: Individual and  
Environm ental Factors

Despite the complexity of the issues, it is useful to identify factors 
that differentiate individuals who appear more susceptible to drug 
dependence. These factors may collectively be termed vulnerability 
factors. Vulnerability factors are diverse, varying among individuals 
and within individuals at different times (Radouco-Thomas et al.
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1980; Marlatt and Baer 1988; Brown and Mills 1987). Vulnerability 
may arise from genetic variation or from environmental sources 
including learning (Jones and Battjes 1985). Vulnerability factors 
are such that they do not necessarily compel a person to use a drug; 
in fact, they might be undetected in a person never exposed to a 
dependence-producing drug. Nonetheless, the presence of several 
vulnerability factors can increase the likelihood of the development 
of drug dependence, including cigarette smoking.

The concept of a predisposition to drug dependence arose from the 
observation that not all people are equally prone to becoming 
behaviorally dependent upon drugs (Mann et al. 1985; Radouco- 
Thomas et al. 1980; Jaffe 1985; M.N. Hesselbrock 1986; V.M. 
Hesselbrock 1986; Mirin, Weiss, Michael 1986). The multiple sources 
of differences in predisposition or vulnerability to drug dependence 
are not mutually exclusive. One is a genetic predisposition, shared by 
family members by virtue of their common biological heritage. 
Another is an experiential predisposition, shared by family members 
by virtue of their shared life experiences. For instance, children with 
parents who are dependent on drugs are at elevated risk of becoming 
dependent (Hawkins, Lishner, Catalano 1986; Begletier et al. 1984; 
Kumpfer 1987). For tobacco, the magnitude of the effect is greater 
when both parents smoke than when only one parent smokes 
(Borland and Rudolf 1975; Green 1979). Other types of vulnerability 
factors are physiologic (e.g., pain, sleep deprivation) and psychiatric 
(e.g., anxiety, depression) conditions that may constitute undesirable 
states for which relief is sought by use of a drug (Crowley and Rhine
1985). Finally, as discussed earlier in this Chapter, a variety of 
nonpharmacologic factors are important in the initiation and 
development of drug dependence (e.g., price, availability); such 
factors may be considered vulnerability factors in their own right.

A recent area under active investigation is the identification of 
specific vulnerability factors in youth (Brown and Mills 1987). For 
example, cigarette smoking has long been associated with juvenile 
behavior problems (Armstrong-Jones 1927; Welte and Barnes 1987; 
Kumpfer 1987); more recently, scientific data have confirmed the 
statistical association of increased rates of cigarette smoking among 
juveniles with a conduct disorder diagnosis (i.e., adolescent deviance) 
(Sutker 1984). A related observation is that children with conduct 
disorders are at elevated risk of using opioids, cocaine, alcohol, 
tobacco, and other psychoactive drugs (Baumrind 1985). In fact, 
Kellam, Ensminger, and Simon (1980) found that certain indices of 
mental health identified in first graders were highly predictive of 
the use of various psychoactive drugs (including alcohol, opioids, 
marijuana, and nicotine) when the children were restudied in their 
teenage years. These studies do not directly address the degree to 
which juvenile behavior problems are causes or consequences of drug
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use. It is plausible that either drug use or other behavior problems 
can exacerbate each other, possibly alternately contributing to a 
gradual escalation of drug use, behavior problems, or both. These 
observations suggest that it is especially important to prevent 
initiation of drug use among individuals who appear to be at 
increased risk (vulnerability) to developing drug dependencies.

Pharmacologic Determinants of Drug Dependence

As discussed earlier in this Chapter and in Chapter I, it is the 
involvement of a dependence-producing drug that sets drug addic
tions apart from the so-called "addictions” to other substances (e.g., 
food) and activities (e.g., gambling). There are scientific methods to 
determine if use of a substance involves a dependence-producing 
drug. These methods, how they are applied to study drugs such as 
morphine, cocaine, and nicotine, and some of the main findings from 
such work are reviewed in this Section.

A wide range of drugs can be used to modify behavior (e.g., as used 
in psychiatric treatment); however, the term drug dependence is 
generally reserved for dependencies which involve drugs that can 
sustain repetitive drug self-administration by virtue of their tran
sient effects on mood, feeling, and behavior. Drugs that exert such 
effects via alteration of functioning of the brain or central nervous 
system (CNS) are generally termed "psychoactive” (WHO 1981). 
When the psychoactivity of a given drug is frequently pleasant, it is 
referred to as a "euphoriant,” as "reinforcing,” or as an "abusable” 
drug, although these terms are not precisely interchangeable. This 
framework is consistent with that described by Lewin (1931); 
namely, that these drugs are chemicals which are "taken for the sole 
purpose of producing for a certain time a feeling of contentment, 
ease, and comfort.” Drugs which produce such effects effectively 
control the behavior of a wide range of species, including humans.
H ow  Drugs Control B ehavior

Drugs cause addiction by controlling the behavior of users; that is, 
addicting drugs come to influence behavior leading to their own 
ingestion. The behavioral and pharmacologic mechanisms of such 
control have been reviewed elsewhere (Thompson 1984) and will only 
be briefly summarized in this Section. Behavior, including drug 
taking, is biologically mediated by the electrical and chemical 
stimuli which arise from the nervous system. These stimuli may 
originate within the body and brain of the individual, but they may 
also arise from environmental events and be detected by sensory 
processes such as vision and audition. Dependence-producing drugs 
control behavior by activating, inhibiting, or mimicking the existing 
chemical circuits of the nervous system. Dependence-producing
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drugs are those that readily exert control over behavior by virtue of 
their stimulus properties. It is useful to distinguish among four kinds 
of stimulus effects produced by dependence-producing drugs.

(1) Drugs can produce interoceptive or discriminative  effects that a 
person or animal can distinguish from the nondrug state. These 
effects may set the occasion for the occurrence of particular 
behaviors. For example, the taste of alcohol or the smell of tobacco 
smoke can set the occasion for social interactions, and the "priming” 
effects of a single dose of a drug can lead to subsequent drug seeking 
and relapse in animals or humans with a history of use (Griffiths, 
Bigelow, Henningfield 1980; Colpaert 1986).

(2) Drugs may serve as positive reinforcers or rewards which 
directly strengthen behavior leading to their administration. The 
reinforcing efficacy may be related to effects termed either "stimu
lating,” "relaxing,” "pleasant,” "useful,” "therapeutic,” or "euphori
ant” or may be related to providing relief of withdrawal symptoms or 
other undesirable states.

(3) Drug administration or abstinence can also function as 
"punishers” or aversive stimuli. For example, high-dose levels of 
most psychoactive drugs serve as an upper boundary level of intake; 
analogously, decreasing drug levels can also function as aversive 
stimuli contributing to the strength of drug taking as a means to 
avoid such aversive effects (Downs and Woods 1974; Goldberg et al. 
1971; Henningfield and Goldberg 1983b; Kozlowski and Herman
1984). Aversive stimuli may function as negative reinforcers by 
strengthening behavior that removes the stimuli (Skinner 1953). 
Thus, drug withdrawal symptoms are sometimes referred to as 
negative reinforcers that increase drug seeking.

(4) Drug administration, or abstinence following a period of 
chronic administration, can serve as unconditioned stim uli, in which 
case they may directly elicit various responses, e.g., vomiting at high
dose levels of opioid administration or during opioid withdrawal, 
light-headedness produced by rapid smoking, and a strong urge to 
use a drug. As will be discussed later in this Chapter, repetition of 
such phenomena can lead to their elicitation by drug-associated 
stimuli, e.g., the sight or smell of drug-associated stimuli (O’Brien, 
Ehrman, Ternes 1986; Wikler 1965; Wikler and Pescor 1967).

All of these processes may occur whether or not the person has 
correctly identified their source, i.e., is "aware” of how the drug led 
to the behavior (Fisher 1986). Furthermore, the biological power and 
generality of these processes are evidenced by the findings that they 
also occur in animals (Young and Herling 1986; Spealman and 
Goldberg 1978; Johanson and Schuster 1981).

Drugs differ widely in their potential to control behavior via such 
mechanisms. Dependence-producing drugs usually readily control 
behavior in all of the above capacities. Quantification of such
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characteristics is the cornerstone of testing for the likelihood that 
use of a drug will lead to addiction. Observers in the 19th and early 
20th centuries (e.g., Lewin 1931) had correctly determined that it 
was the psychological (behavioral) effects (sometimes termed "psych
ic” or "mental” effects) of substances that led to their habitual use. 
Practical methods for evaluating the behavior-modifying properties 
of drugs did not emerge until the behavioral sciences themselves had 
become sufficiently sophisticated in the 1930s and 1940s. Prior to 
this time, dependence-producing drugs were identified on the basis of 
retrospective observations of their effects. Since the 1940s, however, 
drug testing has grown increasingly reliable at identifying ("screen
ing”) drugs for their potential to produce dependence prior to 
observations of dependence outside the laboratory. In fact, highly 
reliable information can now be obtained on the basis of animal 
testing alone (Martin 1971; Thompson and Unna 1977; Brady and 
Lukas 1984; Bozarth 1987b).

Methods for evaluating the behavior-modifying properties of drugs 
were largely developed beginning in the 1940s in studies with 
morphine-like opioids and cocaine-like stimulants, and have only 
recently been systematically used to evaluate nicotine. The methods 
will be described in the remainder of this Section, along with a 
comparison between the behavioral-pharmacologic actions of nic
otine and those of other drugs.
D ependence P otentia l Testing: P sychoactive, R einforcing, 
and R elated Effects

To scientifically determine if a chemical is dependence producing, 
a series of scientific tests may be done. These tests are jointly termed 
dependence potential tests. In this Chapter, Dependence Potential 
Testing refers to laboratory tests which measure the behavioral and 
physiological responses of animals and humans to drug administra
tion and to termination of chronic drug administration. Taken 
together, the results of these tests can be used to objectively predict 
whether a drug lends itself to self-administration by persons who are 
exposed. The focus of the present Section is on how the methods are 
applied to evaluate the potential of drugs to control behavior and to 
produce transient alterations in mood or feeling that are predictive 
of self-administration. Such effects have essentially defined the 
dependence-producing drugs and have set them apart from other 
medicináis and food; drugs with such effects are sometimes termed 
"psychotropic” or "behaviorally active” but most commonly as 
"psychoactive” (President’s Advisory Commission 1963; WHO 1981).

Not all psychoactive drugs lead to dependence; many drugs used to 
treat behavioral and psychiatric disorders are considered to have 
minimal dependence potential (for example, tricyclic antidepres
sants) or may actually produce effects that substantially impair long
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term compliance with therapeutic regimens (for example, major 
tranquilizers). How dependence-producing drugs are distinguished 
from other psychoactive drugs will be described in this Section. The 
next Section will discuss methods used to measure test drugs for 
their potential to produce tolerance and physical dependence.

In reviews and proceedings from various expert committees, the 
procedures to be described have been referred to as testing for 
"Abuse Liability,” "Psychic Dependence,” "Abuse Potential,” "Ad
diction Liability,” "Behavioral Dependence,” and "Dependence Po
tential” (Brady and Lukas 1984; Goldberg and Hoffmeister 1973; 
Thompson and Unna 1977; Seiden and Balster 1985; Thompson and 
Johanson 1981; Bozarth 1987b; WHO 1981). Whereas there are 
differences in focus that are evident when these methods are 
compared, the general goals and strategies are consistent. These will 
be briefly described in this Section. Detailed descriptions of these 
methods have been provided by an expert subcommittee of the 
Committee on Problems of Drug Dependence (Brady and Lukas 1984) 
and in numerous conferences involving world experts on such 
procedures (Goldberg and Hoffmeister 1973; Thompson and Unna 
1977; Seiden and Balster 1985; Thompson and Johanson 1981; 
Bozarth 1987b). The results of the methods are also considered in the 
process of reviewing the national and international regulatory status 
of various drugs either known or suspected to be addicting by the 
FDA, the Drug Enforcement Agency (DEA), and the WHO (WHO 
1981, 1987).
Effects o f Drugs on Mood and Feeling (Psychoactivity)

Dependence-producing drugs can change the way a person thinks, 
feels, and behaves. The effects may be very subtle (e.g., feelings of 
relaxation), or they may be profound (e.g., intoxication and impaired 
cognitive abilities). The scientific assessment of the effects of drugs 
on mood and feeling (also referred to as "psychoactive,” "psychologi
cal,” "interoceptive,” "subjective,” "psychic,” or "self-reported” 
effects) was essentially an extension of the methods developed to 
assess physiological actions of drugs. By the late 1940s, several drug 
dependence researchers had concluded that physical dependence 
potential testing was of limited value in predicting whether drug- 
seeking behavior would develop following exposure to a given drug 
(Isbell 1948; Isbell and Vogel 1948). These researchers used observa
tional techniques to measure interoceptive drug effects. Later, the 
reliability and general applicability of the techniques were substan
tially enhanced by incorporation of the methods developed by Rao 
(1952) for assessing changes in subjective state and the methods 
developed by Beecher (1959) for the measurement of pain and 
analgesia in humans.
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These methods contributed to the development of what are 
generally considered the first objective questionnaires for assessing 
addictive drug effects by Fraser and his colleagues (Fraser and Isbell 
1960; Fraser et al. 1961). A prominent feature of the questionnaires 
was a series of scales to evaluate the ability to feel or discriminate a 
drug effect, to rate the liking of the drug effect, and to identify the 
drug that was given from a list of widely used and abused drugs.

The next major advance in the quantification of subjective drug 
effects was the development of the Addiction Research Center 
Inventory (ARCI) by Haertzen and his colleagues (Haertzen, Hill, 
Belleville 1963; Haertzen 1966, 1974; Haertzen and Hooks 1969; 
Haertzen and Hickey 1987). The ARC! contained scales that were 
empirically derived to be sensitive to the effects of specific drugs and 
drug classes (e.g., sedatives, stimulants, hallucinogens). One of the 
most useful scales was developed to measure the effects of morphine 
and benzedrine (a prototypical opioid and stimulant, respectively); 
this scale was subsequently referred to as the "Morphine Benzedrine 
Group” or "MBG” or "Euphoriant” scale, because morphine-like and 
benzedrine-like drugs increased the scale scores while simultaneous
ly producing feelings often reported as pleasurable (Haertzen, Hill, 
Belleville 1963; Haertzen 1974). Scores on the MBG scale are also 
elevated by most other addicting drugs (Jasinski 1977; Jasinski, 
Johnson, Henningfield 1984; Henningfield 1984). More recently, the 
highly specific drug discrimination testing procedures (described 
below) have been added to the human drug dependence potential 
testing armamentarium (Chait, Uhlenhuth, Johanson 1984, 1985).

To the extent to which certain common features are identified 
using tests such as the above, they may be categorized together, e.g., 
as dependence-producing or addicting drugs. This is referred to as 
determining "pharmacologic” equivalence. Conversely, to the extent 
to which these same drugs differ in certain respects, they may also 
be subcategorized as, for instance, analgesics, sedatives, or stimu
lants. Such categorization must be viewed with caution, however, 
because overemphasis on any particular feature of a drug can be 
misleading. For instance, morphine, alcohol, and amphetamine can 
all produce behavioral and physiological effects that are stimulant
like as well as effects that are sedative-like (Gilman et al. 1985; Dews 
and Wenger 1977). Nicotine has been viewed as both a stimulant 
("excitant”) (Lewin 1931) and a sedative (Armstrong-Jones 1927). 
Most commonly nicotine is now categorized as more stimulant-like 
than sedative-like, but with an appreciation of its diverse range of 
potential effects, which depend upon the dose given and the measure 
used (Gilman et al. 1985).
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Methods and Results

Assessment of the psychoactivity of drugs in hum ans essentially 
entails giving either drug or placebo to volunteers and then  asking 
them  to report the  n a tu re  of effects produced. Replicability and 
objectivity are increased by using standardized questionnaires such 
as those described above (e.g., "liking” scales, ARCI). In practice, 
several procedural variations are  used to fu rther enhance the 
reliability and validity of the results. The dose of the drug is varied 
to assess the natu re  of the dose-effect relationships; for all depen
dence-producing drugs, ratings of dose strength  or the percentage of 
accurate drug identifications is directly related to the dose given. 
Subjects w ith histories of use of a variety of drugs can be asked to 
report which, if any, of those drugs the test drug feels like; such 
testing is useful to determ ine the  extent to which the  test drug 
produces any effects on mood and feeling th a t resemble those of 
previously studied drugs. Subjects w ith histories of use of a variety of 
drugs and who report "liking” the  effects of a range of drugs can be 
used to help assess the dependence potential of the  test drug by 
ra ting  how desirable they find it to be.

Incorporation of several of these methods can add considerably to 
the  strength  of conclusions which can be drawn. For example, 
morphine-like opioids, pentobarbital-like barbiturates, am phet
amine-like stim ulants (including cocaine), alcohol, and nicotine all 
produce rapidly onsetting and offsetting discrim inative effects; the 
m agnitude and duration of these effects are  directly related to dose; 
all elevate scores on the  liking and MBG scales; the  effects of all are 
directly (though complexly) related to pharm acokinetic factors such 
as ra te  of systemic absorption; all produce discrim inative effects th a t 
correspond to certain  physiological changes; all produce effects th a t 
can be accurately identified by an  observer; all a re  identified as 
known addicting drugs by subjects w ith a history of use of such 
drugs; p retreatm ent with antagonists may block these effects (only 
opioids and nicotine have been system atically studied on this 
dimension). Such orderly and consistent kinds of effects across drugs 
confirm th a t they are appropriately categorized together as addict
ing drugs.

The selectivity and sensitivity of such procedures are illustrated  in 
Figure 1. As shown in the Figure, when persons with m ultiple drug 
dependence histories were given drugs under double-blind condi
tions, they rated  placebo (unconnected data point on each graph) and 
the  nonaddicting zomepirac a t a m inim al level of "liking” (Jasinski, 
Johnson, Henningfield 1984). As a direct function of dose, however, 
the known addicting drugs were rated  with greater liking scores. As 
also illustrated in Figure 1, nicotine produced comparable dose- 
related increases in drug liking scores as did am phetam ine, mor
phine, and pentobarbital. Studies with hum an volunteers have also
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FIGURE 1.—L iking sca le  scores o f the single-dose  
questionnaire

NOTE: Sample size ranges from 6 (pentobarbital and chlordiazepoxide) to 13 (d-amphetamine). The high dose of 
each drug (except zomepirac) produced significant (p<0.05) increases in scores above placebo. Data are peak 
response, which occurred from approxim ately 1 m inute (nicotine) to 5 hours (buprenorphine). Morphine and 
zomepirac data a re  from the  sam e group of subjects as pentobarbital and chlordiazepoxide data. The P  + T point 
on the  pentazocine graph is the  score given to 40 mg pentazocine combined with 50 mg tripelennam ine. The M 
point on the  A-9-THC graph is the  score, from the  same subjects, obtained after smoking a m arijuana cigarette 
containing 10 mg (1 percent by weight) A-9-THC.

SOURCE: Jasinski. Johnson, Henningfield (1984).

shown th a t most of the  known addicting drugs (including nicotine) 
produced certain  changes in mood and feeling th a t resemble those 
produced by m orphine or benzedrine enough to significantly elevate 
the MBG scale scores (Griffiths, Bigelow, Henningfleld 1980; Hen- 
ningfield, Johnson, Jasinsk i 1987).
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The validity of self-reported drug effects as objective indices of 
dependence potential has been tested using sim ilar rating  scales by 
observers who are blind to the condition. On the basis of their 
observations of subject behavior, observers report sim ilar dose- 
related increases in scores on the strength  of the drug effect and /o r 
the level of drug liking for alcohol (Henningfield, Chait, Griffiths
1983), pentobarbital (M artin, Thompson, F raser 1974; Henningfield, 
Chait, Griffiths 1983), m orphine and heroin (M artin and Fraser 
1961), am phetam ine (Jasinski and N u tt 1972; Jasinski, N utt, Griffith 
1974), and a variety of other dependence-producing drugs (Jasinski 
1977). A sim ilar correspondence between subject and observer 
ratings was obtained when subjects were given either i.v. nicotine 
injections or research cigarettes which varied in nicotine dose 
(Henningfield, Miyasato, Jasinski 1985).

Effects on mood and feeling also correspond to a variety of 
physiological effects. Some of these physiological changes vary by 
drug class. For example, pupil diam eter increases appear to corre
spond to early nicotine-induced subjective effects and to am phet
am ine and cocaine adm inistration (Henningfield e t al. 1983; Jaffe
1985), whereas pupil diam eter decreases when m orphine is given 
(Jasinski 1977). O ther physiological effects show a g reater degree of 
sim ilarity across drug classes. For example, studies of ethanol 
adm inistration in hum an subjects revealed th a t paroxysmal bursts 
of electroencephalogram (EEG) alpha activity paralleled subjective 
reports of euphoria during the  ascending limb of the plasm a ethanol 
curve (Lukas et al. 1986b,c), which also paralleled increases in 
plasm a adrenocorticotropic horm one (ACTH) levels (Lukas and 
Mendelson, in press). Sim ilar effects were observed following m ari
ju an a  smoking (Lukas et al. 1985, 1986a) and acute i.v. nicotine 
adm inistration (Lukas and Jasinski 1983). In tu rn , sim ilar changes 
in EEG alpha activity have been shown to correspond w ith subject- 
reported pleasurable states which n r  occur in the  absence of drug 
adm inistration (J.indsley 1952; Brown 1970; W allace 1970; M atejcek 
1982).
Drug Discrimination Testing

Drug discrim ination testing in anim als is assumed to provide 
inform ation analogous to the above-described procedures for assess
ing the effects of drugs on mood and feeling in hum ans (Goldberg, 
Spealman, Shannon 1981). Drug discrim ination testing can provide 
two general kinds of information. F irst, the ability of dependence- 
producing drugs to control behavior by serving as positive reinforc
ers or punishers is associated with w hether they produce interocep
tive effects which are discrim inated (or "felt”). Second, drugs can be 
compared w ith each other to determ ine the  degree to which they are 
identified as sim ilar or different. The methods used for drug
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discrim ination testing in anim als were not systematized and widely 
utilized until the late 1960s and early 1970s (Overton 1971; Overton 
and B atta  1977; Schuster and Balster 1977; Jarbe and Swedberg 
1982).

Extension of anim al discrim ination study results to hum ans is 
lim ited by species differences and by other unique hum an factors 
th a t may contribute to the dependence potential of a drug. N onethe
less, anim al studies are an im portant advance because they perm it 
relatively inexpensive and rapid testing of a broad range of 
compounds and allow evaluations to be made w ithout the  possible 
confounding social and cultural factors. Animal studies also provide 
a means of gauging the  biological generality of the  drug discrim ina
tion data (e.g., to determ ine if unusual genetic characteristics are 
necessary for certain  drug effects).
Methods and Results

These procedures and variations have been described in greater 
detail elsewhere (Overton and B atta 1977; Colpaert 1986; Rosecrans 
and Meltzer 1981). In brief, the  basic method is to tra in  anim als to 
em it one response when given one drug and to em it another response 
when given either no drug (i.e., placebo) or a different drug. The 
anim als are  usually tra ined  with e ither food reinforcem ent or the 
withholding of electrical shock for "correct” responses. W hen the 
anim als have been tra ined  to a  level of 80 or 90 percent correct 
responses, they are  said to be discrim inating drug from placebo. 
Then they are ready for the testing of different doses of the  tra in ing  
drug or different drugs. This testing is often accomplished w ithout 
the use of food or shock contingencies, so th a t it can be determ ined 
which response the  anim al will m ake when given the test drug.

A check on the  validity is to give lower doses of the tra in ing  drug; 
the lower the dose, the less the anim al should respond on the drug 
lever and the  more on the placebo lever. A sim ilar effect is obtained 
when an antagonist is given before testing w ith the  tra in ing  drug; as 
the dose of the  antagonist is increased, the  ability of the  anim al to 
discrim inate the tra in ing  drug decreases and the anim al em its more 
no-drug responses. These effects have been dem onstrated with both 
the opioids and nicotine (Overton 1971; Colpaert 1986; Rosecrans and 
M eltzer 1981; Chapter III); i.e., decreasing the  dose of the  opioid or 
nicotine or pretreating  w ith an opioid or nicotine antagonist can 
produce decreased drug lever responding.

The specificity of the stim ulus produced by a drug can also be 
evaluated by testing drugs. The degree to which the anim als m ake 
the  "drug” responses or "m istake” the test drug for the  tra in ing  drug 
is term ed "generalization” and indicates the  level of sim ilarity of 
effects between the drugs (Colpaert and Rosecrans 1978). M orphine 
analogs, am phetam ine analogs, pentobarbital analogs, and nicotine
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analogs produce substantial am ounts of generalization to morphine, 
am phetam ine, pentobarbital, and nicotine, respectively. The fact 
th a t there is less generalization across drug classes is an index of the 
specificity of the drug stimulus. The cross-drug classifications which 
have resulted from anim al discrim ination studies a re  generally 
consistent w ith hum an data (Goldberg, Spealman, Shannon 1981). 
For instance, if an anim al has been trained to press one lever when 
given am phetam ine and another lever when given pentobarbital, it 
tends to press the am phetam ine lever more often th an  the  pentobar
bital lever following a nicotine injection (Schecter 1981). This finding 
is consistent w ith th a t obtained in a study in which hum an 
volunteers frequently identified nicotine injections as am phetam ine 
or cocaine a t higher nicotine dose levels but not a t the  lower levels 
and only rarely identified the nicotine injections as sedatives 
(Henningfield, Miyasato, Jasinski 1985).

A more recent development is the  extention of the system atic drug 
discrim ination procedures to use w ith hum an subjects. S im ilar 
methods are used, and initial findings w ith drugs such as nicotine 
and am phetam ine are comparable to the  results from anim al studies 
(Kallm an et al. 1982; Chait, U hlenhuth, Johanson 1984). Specifically 
hum an volunteers can readily learn to differentially respond to the 
presence or absence of these drugs, and the  effects are dose related.
Drug Self-Adm inistration

W hen given the mechanical m eans to do so, anim als self-adminis- 
te r  addicting drugs (including nicotine) much like hum ans; th a t is, 
drugs th a t function as rew ards or reinforcers for hum ans also tend to 
function as reinforcers for animals. The conceptualization of depen
dence-producing drugs as reinforcers provided the fram ework for a 
highly predictive test strategy, the  self-adm inistration study, w here
by anim als or hum ans are given the opportunity to take drugs under 
laboratory conditions (Thompson and Schuster 1968). This research 
strategy perm itted scientific analysis of the single common link 
across all forms of drug dependence, nam ely th a t the addictive 
behavior (for whatever reason) is motivated or controlled by the 
drug’s reinforcing (rewarding) properties (Goldberg and Hoffmeister 
1973; Thompson and U nna 1977; Seiden and Balster 1985). Stim uli 
th a t can m aintain and strengthen behavior leading to the ir presen
tation  are term ed "positive reinforcers” regardless of the ir hypothe
sized mechanism of action (e.g., alleviation of discomfort or produc
tion of pleasure) (Skinner 1953; Thompson and Schuster 1968). The 
reinforcing power or efficacy of a drug can be enhanced by a variety  
of conditions (e.g., deprivation of the drug which the organism had 
been repeatedly given, pain, food deprivation, social approval 
contingent on drug taking, and perceived useful effects) (Thompson 
and Schuster 1968; Thompson and Johanson 1981). Following
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repeated exposure to a drug, a biologically mediated "drive” state 
can be established th a t did not preexist as do the drives for food, 
water, or sex.

The potential of a drug to serve as a reinforcer can be directly 
assessed and quantified in laboratory studies of drug self-adm inistra
tion. Essentially, a  hum an or anim al subject is given access to the 
drug; then  his or her propensity to take the  drug (i.e., to "self- 
adm inister” the  drug) can be measured. The self-adm inistration test 
provides the opportunity to rigorously study the m ain distinguishing 
feature of drug dependence, th a t is, drug-seeking behavior. As is the 
case in drug discrim ination testing, anim al da ta  help to determ ine 
the generality of the biological basis of the addictive process for a 
given drug; for example, such data help to reveal if the  process is 
unique to hum ans because of social, genetic, or o ther factors. If the 
drug is taken  under a variety of prescribed conditions (summarized 
la ter in this Section), then it is said to be functioning as a 
"reinforcer” or "rew ard.”

The validity and generality of self-adm inistration test results were 
dem onstrated by the  observations th a t (1) there  was a rem arkable 
degree of consistency between patterns of drug self-adm inistration 
among laboratory anim als and observations concerning hum an drug 
dependence (Jasinski 1977; Griffiths, Bigelow, Henningfield 1980),
(2) drugs th a t serve as reinforcers in self-adm inistration studies also 
tend to be "liked” when given to hum ans, and (3) there  was a high 
correlation among drugs which produced morphine-like euphoriant 
effects and those which were self-administered by anim als (Griffiths 
and Balster 1979; Griffiths, Bigelow, Henningfield 1980; see related 
data in Schuster, Fischman, Johanson 1981).
Initiation of Drug Self-Administration

As discussed earlier in th is Chapter, drugs cannot produce 
dependence without in itial exposure to them. Initiation of drug use 
in hum ans is often m ediated by social and other environm ental 
sources of pressure. To determ ine if a drug will reinforce behavior in 
anim als sim ilarly requires some m eans of providing exposure to the 
drug. Strategies for establishing drug taking in anim als are  analo
gous in key respects to how hum ans may become dependent upon
drugs. Four general categories of methods are most commonly used.
The methods are not m utually  exclusive and are sometimes used in 
combination.

The first method of establishing drug self-adm inistration in 
anim als is to provide in itial doses ("prim ing” or "free sam pling”) and 
then  to gradually increase the  dose ("graduation”). For instance, i.v. 
d rug infusions may be given to anim als on a chronic basis while the 
anim als are also given the  opportunities to take the drug. This 
provides an opportunity to determ ine if simple exposure to the  drug
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is sufficient to result in drug seeking. A m inor variation is to 
gradually increase the dose of each injection over time. This general 
procedure has been used to establish i.v. self-adm inistration of d- 
am phetam ine, morphine, alcohol, pentobarbital, cocaine, nicotine, 
and m any other drugs (Deneau and Inoki 1967; Deneau, Yanagita, 
Seevers 1969; Y anagita 1977; Woods, Ikomi, W inger 1971; Brady and 
Lukas 1984; Griffiths, Bigelow, Henningfield 1980; Meisch 1987; 
Henningfield and Goldberg 1983a).

A second method of establishing drug self-adm inistration is to 
substitu te a new drug for one which was already serving as a 
reinforcer. H um ans do th is as a function of drug availability; they 
sometimes learn  to like drugs which had not been taken  previously 
and may even come to prefer the  new drug. Using th is method with 
anim als provides a means of exposure to a new drug and may be 
useful in comparing one drug with another. In anim al studies, 
cocaine is the  most commonly used s ta rte r drug, because in anim als 
(as in hum ans) cocaine seems to be a source of reinforcem ent and /o r 
pleasure under an  extrem ely broad range of conditions compared 
w ith most o ther drugs. V ariations on th is procedure have been used 
to evaluate the likelihood of self-adm inistration of a wide range of 
drugs including am phetam ine, barbiturates, alcohol, opioids, and 
nicotine (Griffiths et al. 1976, 1981; Woods 1980; Deneau 1977; 
Y anagita 1977; Griffiths, Bigelow, Henningfield 1980; Brady and 
Lukas 1984; Meisch 1987; Chapter III).

A th ird  method is to induce the in itia l use of the  test drug by 
prearranged environm ental sources of "pressure” or "m otivation.” 
Induction of drug taking can be accomplished with very explicit 
contingencies. For example, presentation of food or withholding of 
electric shock can be made contingent on drug consumption (Mello 
and Mendelson 1971a,b). However, such direct contingencies often 
result in m inim al response output (i.e., drug consumption) to obtain 
the positive reinforcer or to avoid the electric shock, and drug self
adm inistration may not persist after the  contingencies are removed 
(Mello 1973). For example, even when physical dependence on 
alcohol had developed in rhesus monkeys, the  anim als often rejected 
the drug when self-adm inistration was not required to meet the 
contingency (Mello and Mendelson 1971a). Thus, these procedures 
have not been extensively used to generate anim al models of hum an 
drug taking (Griffiths, Bigelow, Henningfield 1980).

The fourth procedure for establishing drug self-adm inistration 
seems somewhat more analogous to how drug dependence may 
sometimes develop in hum ans outside the laboratory, and has been 
widely used to study drug self-adm inistration in the laboratory; this 
method is term ed the "adjunctive behavior” or "schedule-induced 
behavior” strategy (Falk 1983). The method involves a less direct 
means of inducing drug intake; in fact, the  drug does not need to be
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taken to obtain the reinforcer or to avoid the punisher. R ather, the 
anim al is simply given the opportunity to take the drug; a t the  same 
time, the experim enter arranges conditions th a t are highly likely to 
engage the  anim al in cycles of work and breaking from work. For 
example, the anim al may have to press a lever to obtain food. The 
result is th a t when the anim al is unable to work on the food schedule 
(e.g., during the  brief "tim eouts” or "w aiting” periods), the  anim al 
tends to take the drug. Eventually, the  drug itself m ight come to 
function as a reinforcer in its own right, even in the  absence of the 
environm ental pressures th a t first led to its use. The dose level of the 
drug is then increased gradually over time. V ariations on this 
procedure have been used to establish self-adm inistration of alcohol 
(Falk, Samson, Winger 1972; Freed, Carpenter, Hymowitz 1970; 
Meisch 1975), pentobarbital (Meisch, Kliner, Henningfield 1981), 
nicotine (Singer, Wallace, Hall 1982), and a variety of o ther drugs 
(Brady and Lukas 1984; Meisch and Carroll 1981; Meisch 1987). 
A lthough m any environm ental conditions are present outside the 
laboratory th a t appear to function as do adjunctive schedules in the 
establishm ent of hum an drug dependence (e.g., boredom in occupa
tional settings), there  have been few experim ental studies of 
adjunctive drug taking by hum ans (Falk 1983). One such study by 
Cherek (1982) showed th a t volunteers took more puffs per cigarette 
when they were given m onetary reinforcers a t regular intervals: the 
volunteers had to press a button to obtain the reinforcer, bu t their 
behavior did not decrease the tim e they had to w ait for each 
reinforcer to become available.
Evaluation of Reinforcing Effects

Conclusive dem onstration th a t the effects of the  drug itself were 
the cause of the drug-seeking behavior is equivalent to showing th a t 
the  drug itself is functioning as a positive reinforcer. The basic 
procedures were developed in anim al studies (Pickens and Thompson 
1968; Deneau 1977) and have been reviewed in detail elsewhere 
(Johanson and Schuster 1981; Balster and H arris 1982; Fischm an 
and Schuster 1978; Y anagita 1980; Brady and Lukas 1984).

The most fundam ental procedure is to verify th a t drug self
adm inistration occurs under conditions in which it is "optional” or 
"voluntary”; th a t is, explicit contingencies for drug taking (e.g., to 
obtain food, to avoid shock, or to obtain preferred liquid) are  not 
required. It is also necessary to ensure th a t the drug taking is not 
simply m aintained by the  characteristics of the vehicle (e.g., w ater or 
a flavored solution into which alcohol is placed, or the  tobacco smoke 
in which nicotine is delivered to smokers).

If the drug is serving as a reinforcing stim ulus, it should be 
capable of m aintaining controlled behavior. For example, a  complex 
chain of drug seeking (i.e., "procurem ent”) m ight be required to
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obtain the drug. An extension of th is principle is to gradually 
increase the  am ount of work (i.e., the  "cost”) th a t m ust be expended 
to achieve drug delivery to determ ine how much the subject works 
("pays”) for a given drug or drug dose. For example, the ratio  of lever 
press responses per drug injection is gradually increased in the 
"Progressive Ratio” procedure to determ ine the maxim um  ratio 
("breaking point”) th a t will be sustained (Yanagita 1977; Griffiths, 
Brady, Snell 1978a).

If the drug is serving as a  reinforcer, then stim uli associated with 
drug adm inistration should also come to serve as reinforcers 
("conditioned reinforcers”). Of all dependence-producing drugs, the 
im portance of th is factor may be most pronounced with regard to 
nicotine because the  various effects of nicotine may be associated 
with tobacco smoke and other stim uli hundreds of tim es each day 
over the course of m any years of smoking. A fundam ental observa
tion is th a t even neutral-appearing stim uli can function as reinforc
ers in the ir own righ t when they are associated ("paired”) w ith 
previously established reinforcers such as food, water, sex, or drugs 
(Skinner 1953; Thompson and Schuster 1968). For example, the  taste  
and smell of alcohol are  initially highly aversive to anim als (Mello
1973), bu t in one study, the  smell of alcohol was established as a 
conditioned positive reinforcer for animals: the  smell of alcohol was 
enough to re insta te  drug-seeking behavior even when the alcohol 
was not physically available (Meisch 1977). Seemingly arb itrary  
stim uli such as lights and tones can come to serve as reinforcers 
after association w ith i.v. self-administered drugs including cocaine
like stim ulants, opioids, barbiturates, and nicotine (Goldberg 1970; 
Goldberg, Kelleher, Morse 1975; Griffiths, Bigelow, Henningfield 
1980; Goldberg et al. 1983).

The basic methods described above are  also used in hum an drug 
self-adm inistration studies, although w ith various procedural adap
tations which have been described in detail elsewhere (N athan, 
O’Brien, Lowenstein 1971; Cohen, Liebson, Faillace 1971; Mello, 
McNamee, Mendelson 1968; Mello 1972; Meyer and M irin 1979; 
Bigelow, Griffiths, Liebson 1975; Henningfield, Lukas, Bigelow
1986). As in the  anim al drug self-adm inistration studies, the hum an 
volunteers m ust em it a m easurable response th a t may lead to drug 
ingestion: for example, riding an  exercise bicycle (Griffiths, Bigelow, 
Liebson 1979; Jones and P rada 1975) or pressing a button on a 
portable work station (Mello and Mendelson 1978). Such work 
requirem ents then become established as part of the chain of drug- 
seeking behavior. They have an advantage over non-laboratory drug- 
seeking behavior in th a t the am ount of work can be carefully 
measured. Such data provide quantitative estim ates of the tim e 
an d /o r work expended for drugs (see examples in the following 
studies and reviews: Johanson and U hlenhuth  1978; Bigelow,
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Griffiths, Liebson 1975; Mello and Mendelson 1978; Fischm an and 
Schuster 1982; Henningfield and Goldberg 1983b; Jasinski, Johnson, 
Henningfield 1984).
Results from Drug Self-Administration Studies

Most categories of drugs which have been found to cause wide
spread drug dependence in the  nonlaboratory setting have been 
tested with anim als and hum ans in laboratory settings. Results of 
these studies have been reviewed in detail elsewhere (Griffiths, 
Bigelow, Henningfield 1980; Brady and Lukas 1984; Henningfield, 
Lukas, Bigelow 1986). Several categories of drugs have been found to 
be self-administered by hum ans and anim als in the  laboratory 
settings, to meet criteria  as positive reinforcers, and to exhibit 
orderly relations as a  function of drug dose, drug pretreatm ent, and 
other factors known to affect the intake of dependence-producing 
drugs. These include alcohol, morphine, pentobarbital, am phet
amine, cocaine, and nicotine in the forms of cigarettes and i.v. 
injection.

Self-adm inistration studies w ith anim als are  m uch more extensive 
and have also been reviewed in detail elsewhere (Johanson and 
Schuster 1981; Balster and H arris 1982; Fischm an and Schuster 
1978; Y anagita 1980; Brady and Lukas 1984; Young and H erling
1986). In brief, drug self-adm inistration studies in anim als in the 
1960s showed th a t a range of drugs including opioids, am phetam ines, 
barbiturates, certain  organic solvents, alcohol, cocaine, and nicotine 
were self-administered (Weeks 1962; Thompson and Schuster 1964; 
Deneau, Yanagita, Seevers 1969; Deneau and Inoki 1967). All of 
these drugs were found to m aintain  powerful chains of drug-seeking 
behavior, even when insufficient drug was taken  to produce a 
clinically significant degree of physical dependence (Goldberg, 
Morse, Goldberg 1976). Drugs th a t did not serve as reinforcers in 
these studies included caffeine, lysergic acid diethylam ide (LSD), and 
the major tranquilizer chlorpromazine.

The speed of drug delivery can affect its reinforcing efficacy (Kato, 
W akasa, Y anagita 1987). Thus, the  inhaled form of cocaine ("crack”) 
is considered more reinforcing and dependence producing th an  o ther 
forms of cocaine delivery, w ith oral cocaine apparently  among the 
least reinforcing of the  commonly used routes of delivery (see also 
US DHHS 1987). Analogously, nicotine taken by the  slow release 
oral preparation (nicotine polacrilex gum) appears to be much less 
reinforcing than  nicotine taken  by quicker release oral preparations 
(e.g., chewing tobacco) or cigarette smoke (Chapters IV and VII).

Research findings have continued to extend the early observations 
(Deneau, Yanagita, Seevers 1969) th a t the results w ith anim als were 
rem arkably consistent w ith observations regarding hum an drug 
dependence. For example, initial exposure of hum ans to drugs such
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as opioids and stim ulants led to addictive patterns of use, whereas 
chlorpromazine rarely  did, and LSD infrequently did (Jasinski 1977; 
Griffiths et al. 1980). E arlier studies had suggested th a t alcohol, 
caffeine, and nicotine were not reinforcers in anim als (Mello 1973; 
Russell 1979; Griffiths et al. 1986). However, by the early 1970s for 
alcohol (Meisch and Thompson 1971; Meisch 1977,1982) and 1981 for 
nicotine (Goldberg, Spealman, Goldberg 1981), it had been confirmed 
th a t these drugs could also serve as effective reinforcers for 
nonhum ans. The relatively little  research done to assess the 
dependence potential of caffeine has not as conclusively demon
stra ted  th a t it serves as a reinforcer in anim als (Griffiths and 
Woodson 1988b).
Drug Dose as a Determinant of Drug Intake

Drug dose per adm inistration is a m ajor factor th a t affects self
adm inistration of dependence-producing drugs. The resu ltan t 
dose-response relationships are orderly, and the data have been 
reviewed extensively (Griffiths, Bigelow, Henningfield 1980; Johan- 
son and Schuster 1981; Young and H erling 1986). In brief, the 
relationship between the dose size available and the  num ber of doses 
taken  is often referred to as an inverted U-shaped function because 
of the  shape of a graph th a t results when the num ber of injections (y- 
axis) is plotted as a function of dose (x-axis) across a wide range of 
doses to which a subject is given access.

Over the  range of doses which appear to be functioning as effective 
reinforcers, changes in dose are accompanied by compensatory 
changes in num ber taken such th a t to tal drug in take is somewhat 
stabilized. It appears th a t a determ inant of such compensatory 
changes in drug self-adm inistration is the apparen t upper and lower 
"boundaries” or "thresholds” for aversive effects th a t m ight occur 
when either too much drug is obtained or when insufficient drug is 
obtained to prevent w ithdraw al responses (Kozlowski and H erm an
1984). I t should be noted, however, th a t in most studies, compensato
ry changes in drug in take as dose level is changed are almost never 
perfect and are frequently quite crude (Griffiths, Bigelow, Henning
field 1980). (See Yokel and Pickens 1974 for an example of a study in 
which drug intake was unusually stable across a range of am phet
am ine doses.) Thus, the usual observation related to drug dose is th a t 
as dose is increased, the ra te  of drug taking decreases somewhat but 
more total drug is obtained. This relationship is observed in studies 
of i.v. nicotine in anim als (Goldberg et al. 1983) and hum ans 
(Henningfield, Miyasato, Jasinski 1983) and when tobacco smoke 
dose is m anipulated in hum ans (Chapter IV).

A m isinterpretation of dose-response relationships by tobacco 
researchers, largely in the 1970s, led to the  controversy th a t m arked 
the so-called " titra tion  studies” of tobacco intake. Specifically, it was
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assumed that if a drug was serving as a reinforcer, then compensa
tion for changes in dose level should have been more effective than 
they appeared to be. Hence, some questioned whether nicotine was 
serving as a reinforcer because dose-response relationships in 
nicotine studies appeared very crude (Russell 1979). The question 
that arose was not whether cigarette smokers showed compensatory 
changes in responses to changes in dose level; they did. In fact, the 
nicotine dose-response relationship has probably been better studied 
and established, over a wider range of conditions and techniques of 
study, than have dose-response relationships with any other class of 
drugs which are self-administered by humans (Gritz 1980; Griffiths, 
Bigelow, Henningfield 1980; Henningfield 1984). The question was, 
rather, why compensatory changes in cigarette smoke intake often 
appear to be inadequate to maintain stable levels of nicotine intake. 
There are two main problems in interpreting these data, however. 
The first is that in the vast majority of human cigarette smoking 
studies, attempts to manipulate the dose delivered were not well 
controlled and the measures used to assess the possible effects of 
intended dose manipulations were not necessarily sensitive to 
compensatory changes (see Chapter IV and Henningfield 1984b). The 
second problem is that there is simply no basis for determining what 
degree of compensation should occur, because the degree of compen
sation observed in animal studies varies widely by drug and test 
condition, and because there are relatively few human data involv
ing drugs other than nicotine to which such a comparison might be 
made (Griffiths, Bigelow, Henningfield 1980; Henningfield, Lukas, 
Bigelow 1986).
Cost of the Drug as a Determinant of Intake

Cost of the drug is a determinant of intake in both laboratory and 
non-laboratory settings. Evaluation of this phenomenon is objective
ly carried out in the laboratory in which the amount of work 
required to obtain the drug can be varied. From an economic 
perspective, this is similar to varying the price of the commodity 
which is available for purchase. Such manipulations with both 
humans and animals have shown that cost (e.g., amount of work 
required) affects drug intake: usually, the lower the cost, the greater 
the intake. In some studies manipulations of both cost and drug dose 
have been carried out (e.g., Moreton et al. 1977; Lemaire and Meisch
1985). These studies show that when the dose of the drug is reduced, 
drug-seeking behavior may increase at first and thereby maintain 
fairly stable intake, but if dose continues to decrease (or cost 
continues to increase), the behavior will not be maintained (Lemaire 
and Meish 1985). Early studies with cocaine, for example, showed 
that if access to cocaine was limited, either by time or work ("cost”) 
requirements, cocaine self-administration could be maintained indef
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initely without serious apparent adverse effects (Pickens and 
Thompson 1968). However, if access to cocaine was nearly unlimited 
and the cost requirement low, monkeys might self-administer toxic 
dose levels (Deneau, Yanagita, Seevers 1969).

Use of tobacco in humans and intravenous nicotine self-adminis
tration by animals appear to be similarly affected by manipulations 
of cost as is use of other dependence-producing drugs. Specifically, as 
the amount of work required to obtain nicotine injections in animals 
is increased, the number of injections is decreased (Goldberg and 
Henningfield, 1988). Analogously, human cigarette smokers and 
other drug users can also be motivated with both positive and 
negative cost incentives (Bigelow et al. 1981; McCaul et al. 1984; 
Stitzer et al. 1982, 1986; Stitzer and Bigelow 1985). These laboratory 
findings with animals and humans correspond to the effects of 
changes in the price of cigarettes on cigarette sales (Lewit, Coate, 
Grossman 1981; Lewit and Coate 1982; Warner 1986a). Such 
relationships are also observed with other dependence-producing 
drugs including opioids, sedatives, alcohol, and amphetamines 
(Griffiths, Bigelow, Henningfield 1980; Yanagita 1977).
Place Conditioning Studies

Ingestion of dependence-producing drugs can lead to both positive 
and negative associations with the setting in which the drug effects 
were experienced. Whether the effects of a particular drug are 
positive or negative depends on the dose that was given and other 
factors that are discussed in this Section.

A scientific methodology for studying such phenomena is the 
"place-conditioning” or "place-preference-aversion” procedure (Bo- 
zarth 1987a). This procedure provides an indirect means of assessing 
the potential of a drug to establish drug seeking in the absence of 
any explicit contingencies on the behavior. These procedures deter
mine if exposure to a drug in a given environmental setting 
enhances the preference of the animal for that setting. Conversely, 
the procedure can be used to determine if exposure to a drug in a 
specific environmental setting establishes an aversion of the animal 
to that setting.

Because of their convenient size and the general validity of their 
use as models for behavioral dependence potential testing, rats most 
commonly are used as subjects in place-conditioning studies. The 
general experimental procedure is to place the animal in one 
environment (e.g., one chamber of a multiple-chamber test appara
tus) when a drug is given and in another environment (e.g., distinct 
in color, shape, or odor) when a placebo is given. Then, the animal is 
given access to both environments (i.e., placed in a connecting 
passage or placed in one chamber or the other) to determine which 
environment (chamber) it prefers (van der Kooy 1987; Bozarth
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1987a), and, conversely, which environment it avoids. Studies have 
shown that conditioned preferences can be established for morphine 
(Bardo and Neisewander 1986), cocaine (Spyraki, Fibiger, Phillips 
1982), alcohol (Stewart and Grupp 1985), and nicotine (Fudala, Teoh, 
Iwamoto 1985; Fudala and Iwamoto 1987; Chapter IV).

The relevance of place conditioning as a factor that increases the 
control of nicotine over behavior in human cigarette smokers may 
exceed that of other dependence-producing drugs. This possibility 
follows from the fact that the cigarette smoker has the ability to 
readily produce a critical environmental cue associated with smok
ing (cigarette smoke itself). Therefore, it should be possible for the 
smoker to "enhance” the reinforcing efficacy of a range of environ
ments (Iwamoto et al. 1987); the highly discriminating sight, smell, 
and taste stimuli produced by tobacco smoke may effectively permit 
the smoker to establish a "preferred environment.” This could 
contribute to the dependence potential of nicotine. The observation 
is also consistent with the finding that removal of the tobacco smoke- 
associated stimuli is accompanied by decreased pleasure and/or 
smoking (Gritz 1977; Goldfarb et al. 1976; Rose et al. 1987). As early 
as 1899 it was observed, for example, "that the pleasure derived from 
a pipe or cigar is abolished for many persons if the smoke is not seen, 
as when it is smoked in the dark” (Cushny 1899).
Constraints on Dependence Potential Testing

The main constraint on procedures used to evaluate the depen
dence potential of drugs is that they may fail to identify drugs which 
only lead to dependence under unusual or uniquely human circum
stances. For example, LSD does not serve as an effective reinforcer 
for animals, and although its effects may be liked by humans under 
certain conditions, it also produce feelings of fear, paranoia, and 
other adverse effects (Griffiths, Bigelow, Henningfield 1980; Haert- 
zen 1966, 1974). Caffeine provides an example of another kind of 
drug which is sometimes used in the face of adverse effects, even 
though the overwhelming majority of users do not use it in ways that 
are considered to be of significant adverse health effect (Gilbert 1976; 
Greden 1981). The anticholinergic drug atropine is another that is 
representative of a class of drugs that occasionally are used in 
nontherapeutic settings but do not appear to possess a marked
dependence potential when objectively tested (Penetar and H enning
field 1986).

The wide range of factors that may result in occasional harmful 
use of some substances (e.g., caffeine) or which may contribute to the 
use of dependence-producing substances such as nicotine (Chapters 
IV and VI) is not routinely explored in current laboratory depen
dence potential tests. Thus, these drug dependence potential testing 
procedures appear more likely to underestimate than to overesti
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mate the pharmacologic potential of a drug to cause dependence 
outside of the laboratory. Furthermore, as discussed by Katz and 
Goldberg (1988), because a variety of drug and nondrug factors 
determine the actual prevalence of drug dependence outside of the 
laboratory, dependence potential data are most reliable when 
drawing qualitative conclusions. For example, such data are used to 
determine whether a drug is dependence producing, or whether it is 
more sedative- or stimulant-like.
D ependence P otentia l Testing: Tolerance and W ithdrawal

In addition to taking control over behavior by virtue of reinforcing 
and other behavior modifying effects, many addicting drugs can also 
produce a physiological change termed physical dependence. Once 
physically dependent, the person may experience an even greater 
loss of control over use of a particular drug because abstinence from 
the drug may be accompanied by discomfort and heightened urges to 
take the drug (withdrawal syndrome).

Technically, physical dependence refers to physiological and 
behavioral alterations that become increasingly manifest after 
repeated exposure to a pharmacologic agent. As noted earlier, the 
primary indication of physical dependence is the observation of drug- 
abstinence-associated withdrawal signs and symptoms, although 
tolerance is a frequent concomitant (Kalant 1978; Cochin 1970; 
Kalant, LeBlanc, Gibbins 1971; Eddy 1973; Clouet and Iwatsubo 
1975; Yanagita 1977). This phenomenon is also referred to as 
"neuroadaptation” or "physiological” dependence (WHO 1981; Wool- 
verton and Schuster 1983). It should be noted that use of the term 
"physical” imports no greater degree of objectivity to phenomena 
associated with physical dependence than to the phenomenon of 
compulsive drug seeking: both physical dependence and drug seeking 
involve physiologically mediated drug receptor interactions that 
vary with the dose, kinetics, and type of drug. Furthermore, both of 
these kinds of drug-associated phenomena involve behavioral and 
physiological effects. For example, conventional measures of physi
cal dependence include responses that are often considered behavior
al (e.g., urge to use a drug, sleep time, food intake).

Research on opioid dependence in the 1940s focused largely on the 
physical dependence that developed when opioids were given to 
humans or certain animals (Martin and Isbell 1978). In particular, 
characterizing the level of tolerance that was acquired when 
morphine was repeatedly given, as well as the behavioral and 
physiological sequelae of abrupt termination of such administration, 
was a major contribution to the development of objective methods for 
testing dependence-producing drugs in general. Observations emerg
ing from such research in the 1940s led to strategies that are still 
accepted as the definitive means to measure what may be termed the
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TABLE 5.—O bservations pertain ing to the evaluation  of  
physica l dependence potential, derived from  
studies o f m orphine-like drugs

1. Repeated d rug adm inistration  leads to dim inished responsiveness (i.e., tolerance) th a t  is 
m ore or less complete, depending upon the response m easured. Responsiveness m ight be at 
least partia lly  overcome by increasing the dose. The degree of to lerance th a t develops is 
generally  directly  related  to th e  overall dosing level, but varies widely across various 
possible m easures.

2. The estab lishm ent of to lerance to one opioid is shared  among m any opium-derived and 
related  chem icals; th e  principle of "cross-tolerance” emerged as one m eans to fu rth er 
classify a dependence-producing chemical.

3. A brupt te rm ination  of use leads to behavioral and physiological responses th a t often tend to
be opposite of responses produced by acu te d rug adm inistration. W hen these opposite 
responses actually  exceed norm al baseline levels [e.g., opioid-induced constipation m ay be 
replaced by d iarrhea  for a few days*, they a re  term ed "rebound’' responses; hence the 
frequent labeling of w ithdraw al as "rebound syndrom e.” Together, these responses are 
term ed " the  w ithdraw al syndrom e.’'

4. Severity of th e  w ithdraw al syndrom e is related  to th e  dura tion  and dose levels of 
p reabstinence exposure to th e  drug.

5. D uring w ithdraw al, readm in istra tion  of th e  chronically given opioid can reverse th e  signs 
and  symptom s of th e  syndrome.

6. A range of opioids can substitu te  for th e  one to which an organism  was chronically 
exposed, thereby m ain tain ing  th e  level of physical dependence and preventing th e  onset of a 
w ithdraw al reaction. These sam e drugs can be used to reverse th e  syndrom e of w ithdraw al 
precipitated  by rem oval of th e  chronically given opioid. This observation provided the 
rational basis for the system atic developm ent of "substitu tion” o r "replacem ent” therapy  for 
drug dependence.

N O T E : D e ta i l s  o f  th e  o r ig in a l  e x p e r im e n ts ,  a n d  s u b s e q u e n t  r e s e a r c h  u p o n  w h ic h  th e s e  o b s e r v a tio n s  fo llo w , h a v e  
b e e n  re v ie w e d  ( M a r t in  a n d  Isb e ll  1978; M a r t i n  1977; S h a r p  1 98 4; s e e  a ls o  D e n e a u  1977).

"physical dependence potential” of a chemical (Jasinski 1977). 
Specifically, these tests could be used to evaluate the likelihood that
(1) repeated use of a drug would lead to tolerance (physiological 
adaptation) such that effects of repeated use would diminish and (2) 
abrupt abstinence would be accompanied by a syndrome of behavior
al and physiological disruption (withdrawal syndrome). Table 5 
summarizes the prominent observations that emerged from these 
early studies (Martin and Isbell 1978; Martin 1977). These observa
tions provide the conceptual framework within which physical 
dependence is assessed (Thompson and Unna 1977).
Tolerance

As noted earlier, repeated ingestion of most dependence-producing 
drugs leads to diminished effects unless larger doses of the drug are 
taken: this phenomenon is termed tolerance. One reason that 
tolerance is an important factor in drug dependence is that it may 
contribute to the escalation of drug self-administration that occurs 
over time. This relationship is often misinterpreted, however. 
Specifically, it is sometimes stated that tolerance results in a
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continuous escalation of drug dose; however, lethal or aversive dose 
levels prevent indefinite escalation.

Procedures for assessing tolerance development rely heavily on 
procedures developed for assessing the direct effects of drugs 
(Kalant, LeBlanc, Gibbins 1971; Abood 1984). Because psychoactive 
drugs exert effects on numerous physiological systems and behavior
al responses, almost any of a wide range of response measures can 
serve in studies. Perhaps the most fundamental strategy of tolerance 
assessment is to repeatedly present a given drug dose while 
measuring the subsequent responses to drug administration. When 
the response diminishes across drug presentations, tolerance to that 
response is said to have occurred. Among the most frequent 
measures of tolerance which have been used to assess psychoactive 
drugs are discrimination of drug administration, analgesia, heart 
rate, nausea, sedation, EEG activity, and performance on a behavior
al task. Some measures (e.g., sedation from barbiturates) are more 
specific to certain drug classes, whereas others (e.g., pleasurable and 
dysphoric effects) are useful across a wider range of psychoactive 
drugs. A variation on the foregoing procedure is to increase the drug 
dose after responses have diminished to determine if the original 
response level can be partially or completely restored.
Cross-Tolerance

Cross-tolerance is demonstrated when pretreatment with one drug 
or formulation type produces tolerance to another drug or formula
tion type (Wenger 1983; Yanura and Suzuki 1977; Martin and Fraser 
1961). For example, a person who is maintained on an adequate dose 
level of methadone will experience relatively little effect if he or she 
injects his or her usual dose of heroin (Kreek 1979). Similarly, 
persons given nicotine polacrilex gum may experience attenuated 
effects from cigarettes, including reduced satisfaction from smoking 
(Nemeth-Coslett et al. 1987).
Mechanisms of Tolerance

Several mechanisms of tolerance can be differentiated (Kalant, 
LeBlanc, Gibbins 1971; Abood 1984; Haefely 1986; Sharp 1984; WHO
1981). For instance, if a drug impairs the ability to perform a task 
that produces some form of reinforcement (e.g., humans working for 
money or animals pressing a lever for food), the performance may 
return to predrug exposure levels after repeated drug exposure over 
time. In this example, at least four distinct mechanisms of tolerance 
may have been operational; they are not mutually exclusive and may 
co-occur (Kalant, LeBlanc, Gibbins 1971; Abood 1984; Haefely 1986; 
Sharp 1984; WHO 1981; Eikelboom and Stewart 1979; Siegel 1975,
1976).
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(1) The rate at which the drug was eliminated from the blood by 
metabolism (detoxification) or excretion (in urine, feces, sweat, or 
expired air) may have increased. This is frequently termed "disposi
tional” or "metabolic” tolerance. A general method used to assess 
dispositional tolerance is to measure the rate of decline in plasma 
drug levels after varying amounts of drug exposure.

(2) The response at the cellular level might have decreased as the 
drug receptor physiologically adapted to the drug or as the number 
of receptors was altered (thereby functioning as though the systemic 
dose had been reduced). This is frequently termed "functional” or 
"pharmacodynamic” tolerance. One method used to assess function
al tolerance is to hold the plasma drug levels constant while 
measuring the response after varying amounts of drug exposure.

(3) The learning and motivational aspects of a behavioral situation 
may have resulted in compensatory behaviors that reduced the 
magnitude of the performance effects. This is frequently termed 
"behavioral” tolerance, "drug sophistication,” or "behavioral adap
tation.” Behavioral tolerance can be assessed by presenting the drug 
at such long intervals so as to minimize the possible development of 
functional or metabolic tolerance (e.g., Stitzer, Morrison, Domino 
1970), or by using a variety of other controlled procedures (Krasne- 
gor 1978b).

(4) Another behavioral mechanism that can lead to the develop
ment of tolerance results from the classical or Pavlovian condition
ing process that may occur where a drug is given. Pavlov (1927) 
found that drug administration could produce an unconditioned 
response that could subsequently occur as a conditioned response to 
an associated environmental stimulus. However, sometimes the 
conditioned response is opposite that of the drug response (Siegel 
1975); when a drug-opposite response has been established, this 
conditioning mechanism may reduce the strength of the response to 
the drug itself (Goudie and Demellweek 1986).

The kinds of tolerance described above are sometimes categorized 
together as "acquired” tolerance, which emphasizes the fact that 
they have developed in an organism as a function of drug exposure 
(WHO 1981). Tolerance development can be affected by the unit drug 
dose, total daily dose, route of administration, prevailing environ
mental stimuli, and exposure dynamics (exposure dynamics refers to 
whether exposure to a drug is relatively continuous (Way, Loh, Shen 
1969) or via multiple, discrete doses (Lukas, Moreton, Khazan 1982)) 
(see also, Dewey 1984; Adler and Geller 1984; O’Brien 1975; Blasig et 
al. 1973; Okamoto, Rao, Walewski 1986). Acquired tolerance has 
been demonstrated to occur with opioids and with most nonopioid 
dependence-producing drugs, including nicotine (Martin 1977; Ka- 
lant, LeBlanc, Gibbins 1971; Abood 1984; Haefely 1986; Domino 
1973; Chapter III). In fact, classic techniques of measuring tolerance
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evolved in a series of studies involving nicotine by Langley, Dixon, 
and others near the end of the 19th century (Langley 1905; Dixon 
and Lee 1912); these researchers found that tolerance to nicotine was 
rapid and could be partially overcome by increasing the dose.
Constitutional Tolerance

Historically, although less commonly in recent years, tolerance 
has been used to differentiate individuals or populations with regard 
to their "preexisting” or "constitutional” level of drug responsive
ness (Shuster 1984). This phenomenon has been designated "initial” 
tolerance by a subcommittee of the WHO (WHO 1981) and is also 
often referred to as "drug sensitivity” or "innate drug responsive
ness.” The mechanisms may be similar to those described above; for 
example, individuals may be born with differing numbers of 
receptors for a particular drug or with different abilities to detoxify a 
drug on the basis of enzymatic capacity of their liver. Analogously, 
for reasons that are not related to drug exposure, certain populations 
or individuals may be more effective in general at behaviorally 
compensating for impediments to learning or performance. Genetic, 
dietary, and early (including prenatal) developments are possible 
sources of such variation that are under study (Abood 1984).

Whereas a fairly wide range of variation among such preexisting 
levels of drug sensitivity has not been shown to affect the course of 
development of drug dependence, extreme or qualitative differences 
may have some impact. Such differences are sometimes held to alter 
the vulnerability of various individuals or populations to the 
development of drug addiction. One apparent example of such an 
effect is the markedly higher percentage of Oriental persons who, 
compared with most other populations in the United States, show an 
aversive reaction to alcohol ("flushing” response). This reaction 
results from slower metabolism of the alcohol metabolite, acetylal- 
dehyde, in Orientals compared with many other ethnic groupings 
(Nagoshi et al. 1987). However, cultural factors also appear to 
strongly influence rates of alcohol use in Orientals so that even 
persons who show the flushing response may develop alcoholism 
(Sue 1987; Johnson et al. 1987).

Differences in constitutional levels of tolerance among individuals 
have been observed for all dependence-producing drugs, including 
nicotine (Chapter II). However, the importance of such individual 
and/or population differences remains unclear. In fact, a remarkable 
feature of opioids, sedatives (including alcohol), and stimulants 
(including nicotine) is the degree to which use has become en
trenched in nearly any culture into which they have been introduced 
(Austin 1979). Similarly, initial exposure to opioids, sedatives, 
alcohol, cocaine-like stimulants, and nicotine has been shown for 
each to lead to drug-seeking behavior in a wide range of animal
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species including primates, dogs, and rodents (Deneau 1977; Yanagi- 
ta 1977; Woods, Ikomi, Winger 1971; Brady and Lukas 1984; 
Griffiths, Bigelow, Henningfield 1980; Meisch 1987; Meisch and 
Carroll 1981).
Withdrawal Syndromes

As discussed earlier, documentation of a drug withdrawal syn
drome is the primary line of evidence used to decide whether a 
particular drug can cause physical dependence. The methods used to 
properly conduct such tests and provide definitive results are 
complex. This Section provides a summary of how such tests are 
conducted and some of the main findings from tests of drugs such as 
morphine, pentobarbital, and nicotine.

Measurement of drug withdrawal phenomena entails recording 
physiological, subjective, and behavioral responses that occur when 
drug administration is terminated, as well as those that occur 
following drug administration. If the organism has developed a 
sufficient degree of tolerance, such that levels of drug which 
formerly disrupted physiological and behavioral functioning have 
become necessary for relatively normal functioning, then the 
organism is said to be physically dependent. Such drug abstinence- 
induced disruption of functioning is termed a drug "withdrawal” or 
"abstinence” reaction or syndrome. The behavioral and physiological 
responses include some that are opposite those produced by drug 
administration. For instance, opioid-induced pupillary constriction, 
alcohol-induced muscle relaxation, and nicotine-induced tachycardia 
may be replaced by pupillary dilation, convulsive muscle activity, 
and bradycardia, respectively. Each drug withdrawal syndrome is 
unique to a particular drug class and animal species and also varies 
somewhat within individuals of a given species which are tested with 
the same drug. Both frequency and magnitude of withdrawal 
responses are typically measured.

In human studies, the range of measures available to assess 
withdrawal reactions is considerable. They may be designated by 
three categories: autonomic (e.g., blood pressure, pulse, core temper
ature, respiratory rate, pupillary diameter, diarrhea), somatomotor 
(e.g., nociception, neuromuscular reflexes, auditory and visual 
evoked potentials), and behavioral (e.g., irritability, sleep/awake 
cycle, hunger, urge to take the drug, i.e., "craving”). Himmelsbach 
and Andrews (1943) incorporated these distinctions into a weighted- 
point system used for rating the severity of these signs and 
symptoms of withdrawal (Fraser and Isbell 1960; Jasinski 1977). 
Refinements in the scaling of opioid withdrawal responses have 
continued (e.g., ARCI, weak opiate withdrawal scale) (Haertzen 1966; 
Bradley et al. 1987; Handelsman et al. 1987).
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Opioid withdrawal phenonena remain the most rigorously studied 
and well characterized among the dependence-producing drugs. In 
part, this is because of the ready observability of many of the signs 
(e.g., dilated pupils, sweating, diarrhea). Other drugs for which 
withdrawal reactions are now known or suspected to occur in 
humans (e.g., amphetamine, cocaine, marijuana, phencyclidine) have 
been much less thoroughly studied than the opioids and sedatives 
(Mendelson and Mello 1984; Jones and Benowitz 1976). Studies with 
these drugs are also hindered by the fact that there are fewer readily 
observable signs of withdrawal, placing a greater burden on sophisti
cated technology (e.g., EEG and neurohormonal assessment) and 
procedures (e.g., performance assessment).

Two basic methods are used to measure withdrawal reactions. 
After a period of chronic drug administration, behavioral and 
physiological responses are measured following either abrupt drug 
abstinence ("spontaneous withdrawal”) or the administration of a 
drug antagonist ("precipitated withdrawal”) (Thompson and Unna 
1977; Martin 1977).
Spontaneous Withdrawal Syndromes

Experimental studies of spontaneous withdrawal reactions include 
two procedures for obtaining subjects which have been chronically 
exposed to the drug. One procedure, termed the "direct addiction” 
procedure, is to administer the drug to the subject at gradually 
increasing dose levels, then to stabilize the dose for a predetermined 
time interval. Drug administration is then abruptly discontinued, 
and withdrawal measures are taken. This method has been used to 
study withdrawal from opioids, barbiturates, benzodiazepines, stimu
lants, ethanol, PCP, and gaseous anesthetics in a number of animal 
species and humans (Brady and Lukas 1984). A variation on this 
procedure is to abruptly withdraw subjects from a drug which they 
had been chronically receiving in the nonlaboratory environment. In 
human subjects, withdrawal reactions following cessation of use of 
opioids, alcohol, nicotine, sedatives, and other drugs have been 
studied using this procedure (Brady and Lukas 1984; Chapter IV).

A second procedure, termed the "substitution procedure,” involves 
maintaining subjects at a given dose level of a standard or baseline 
drug; periodically, doses of the standard drug are replaced with 
either a placebo or a test drug to determine if there are signs of 
withdrawal that occur before the next dose of the baseline drug 
(Fraser 1957). This procedure provides information analogous to that 
obtained from studies of cross-tolerance; namely, it permits determi
nation of whether cross-dependence exists. If the test drug prevents 
the expected onset of a withdrawal syndrome that should have 
accompanied abstinence from the maintenance drug, then it is 
possible that the two drugs produce similar kinds of physical
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dependence. Because it is possible to suppress certain withdrawal 
responses by using unrelated drugs (e.g., clonidine can suppress 
certain aspects of morphine and nicotine (Jasinski, Johnson, Hen- 
ningfield 1984)), a variety of control procedures are necessary to 
identify the mechanism by which the replacement drug suppressed 
the withdrawal responses (Martin 1977; Deneau and Weiss 1968; 
Yanagita and Takahashi 1973; Okamoto, Rosenberg, Boisse 1975; 
Jones, Prada, Martin 1976; Yanaura and Suzuki 1977).

In human subjects, both the direct addiction and substitution 
strategies were used to evaluate withdrawal reactions from opioids, 
barbiturates, and alcohol at the Addiction Research Center in the 
1940s and 1950s (Himmelsbach 1941; Himmelsbach and Andrews 
1943; Isbell et al. 1950, 1955). However, since those classic studies, 
most dependence potential studies in humans have been conducted 
with subjects who had been using the drug in a nonexperimental 
setting prior to the study. The effects of abstinence from chronic 
administration of opioids, barbiturates, benzodiazepines, caffeine, 
and nicotine have been studied using these variations of spontaneous 
withdrawal assessment (Benzer and Cushman 1980; Charney et al. 
1981; Jaffe et al. 1983; Griffiths and Woodson 1988a; Greden 1981; 
Hatsukami, Hughes, Pickens 1985; Chapter IV). A disadvantage of 
such approaches is that it is not always possible to stabilize the 
subjects at a known dose level, which results in considerable cross
subject variation. The consequence of such dose-related variability is 
that it can raise the threshold for the detection of significant effects. 
This source of variability probably contributed to some of the earlier 
inconsistent findings regarding the nature and severity of withdraw
al reactions from tobacco (see further discussions in Murray and 
Lawrence 1984). Early in the 20th century, analogous seemingly 
inconsistent data led to debates about the existence of an alcohol 
withdrawal syndrome (Isbell et al. 1955).
Precipitated Withdrawal Syndromes

Precipitated withdrawal responses may occur when a drug antago
nist abruptly displaces the dependence-producing drug from its 
binding sites on receptors. The viability of this approach depends on 
the availability of a specific receptor antagonist which does not have 
other actions that would preclude assessment of a withdrawal 
syndrome. The antagonist is often given parenterally (e.g., intrave
nously or intramuscularly) to maximize its rate of onset and hence 
the likelihood of precipitating a withdrawal reaction.

Because of the availability of specific opioid antagonists, precipita
tion of withdrawal phenomena associated with abstinence from the 
morphine-like drugs has been most thoroughly studied using this 
strategy (Martin et al. 1987). The studies have shown that the 
process that leads to physical dependence begins with the first dose
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of morphine (Higgins et al. 1987; Bickel et al. 1988) although such 
low levels of physical dependence are not generally considered 
sufficient for the clinical diagnosis of physical dependence. Analo
gous studies have been conducted using the antagonists of the 
benzodiazepines (e.g., diazepam (Lukas and Griffiths 1982, 1984)) and 
are one element in the conclusive demonstration that these drugs do 
produce physical dependence (WHO 1981, 1987). With regard to 
tobacco or other forms of nicotine delivery, no such comparable 
studies have been conducted, although, as discussed in Chapter IV, 
preliminary and related data suggest the theoretical possibility that 
nicotinic antagonists may be used to precipitate nicotine withdrawal 
responses (Pickworth, Herning, Henningfield, 1988).
Variability in Withdrawal Syndromes

There are multiple determinants of the course and magnitude of 
the withdrawal reaction from a drug. Factors which have been 
studied in the laboratory are similar to those which affect the 
development of tolerance described earlier. These include the total 
daily dose of the drug that was given, specific drug type, the duration 
of exposure, the schedule of termination, genetic constitution, 
gender, and the prevailing environmental stimuli (Suzuki et al. 1987; 
Suzuki et al. 1983; O’Brien et al. 1978; Suzuki et al. 1985; Yanagita 
and Takahashi 1973; Yanagita 1973). In general, the magnitude of 
the withdrawal reaction is directly correlated with the dose level 
given, the duration of exposure, and the rapidity with which drug 
levels at the receptor sites decrease. Conversely, lower dose levels, 
shorter times of exposure, and gradual dose reduction (as opposed to 
abrupt abstinence) can attenuate the withdrawal syndrome (Kalant, 
LeBlanc, Gibbins 1971; Abood 1984; Jaffe 1985; Okamoto 1984).

Because withdrawal signs and symptoms vary among individuals 
using the same drug, the syndrome may not be apparent when a 
small number of individuals are studied. Lack of general understand
ing of such factors probably contributed to the fact that the nature of 
morphine withdrawal phenomena in humans was not rigorously 
documented until the studies by Himmelsbach and his coworkers in 
the 1940s (Himmelsbach 1941; Himmelsbach and Andrews 1943). 
Similarly, withdrawal responses from chronic alcohol administra
tion were not conclusively characterized and demonstrated until the 
pioneering studies by Isbell and his coworkers in the 1950s (Isbell et 
al. 1955). Research involving comparable strategies of assessment of 
physical dependence on cocaine, amphetamine, marijuana, PCP, and 
nicotine, only began in the late 1970s. In the absence of such data, 
these drugs were sometimes held to be nonaddicting (e.g., President’s 
Advisory Commission 1963). Nonetheless, for several of such drugs it 
had long been recognized that some drug withdrawal phenomena did 
occur (Jaffe 1970, 1976, 1980, 1985) and that such phenomena were
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of clinical significance in the treatment of persons who were 
attempting to abstain from them (Jaffe 1970, 1976, 1980, 1985; 
Zweben 1986). For example, even prior to the rigorous studies of 
tobacco withdrawal phenomena in the early 1980s (Chapter IV), the 
Tobacco Withdrawal Syndrome had been recognized by the Ameri
can Psychiatric Association (APA) as an Organic Mental Disorder in 
its Diagnostic and Statistical Manual (DSM) of Mental Disorders 
(APA 1980) on the basis of the extensive clinical observations and 
other sources of information prior to the 1980s (Chapter IV). The 
specificity of tobacco withdrawal to nicotine itself was acknowledged 
in the revised DSM III (APA 1987).
Cravings or Urges

Among the most frequently discussed aspects of drug dependence 
is the recurrent and often persistent urge to use drugs in drug- 
dependent persons. The urge or desire to use a drug is widely termed 
"craving.” However, how craving is defined and how craving-related 
data are interpreted comprise one of the most problematic areas in 
drug dependence research. For example, the term craving has been 
used in such a variety of ways that its use may actually impede 
accurate communication (Kozlowski and Wilkinson 1987; Henning- 
field 1987). In the present Report, where possible, the term "craving” 
has been replaced by more descriptive terms and phrases such as 
"strength of an urge to use a drug” wherever the original meaning of 
the referent material is not changed.

Whereas the urge to use a drug is a correlate of drug abstinence, it 
is not an invariant one. For example, although urges to take drugs 
reliably increase during early abstinence from morphine- and 
pentobarbital-like (short-acting sedatives-hypnotics) drugs, they are 
not a necessary concomitant of withdrawal reactions from other 
opioids (e.g., cyclazocine) (Martin et al. 1965; Jasinski 1978), and 
alcoholics often "voluntarily” abstain and undergo withdrawal even 
when alcohol is available (Mello 1968; Mendelson and Mello 1966). 
Moreover, such urges are also evoked by stimuli associated with 
drugs and even by administration of the drug itself (O’Brien, 
Ehrman, Ternes 1986; Childress et al., in press). Thus, urges to use 
drugs also occur (often at high levels) when there is little other 
evidence that physical dependence is present (e.g., many years after 
drug abstinence) or when drug intake is sufficient so that no other 
withdrawal signs or symptoms are present.

Because drug abstinence is only one of many factors that can 
evoke the urge to use a drug and because such urges are not 
necessarily alleviated by suppressing physiological withdrawal signs, 
conclusions based upon such data must be carefully considered and 
appropriately qualified. For instance, although methadone can block 
withdrawal responses (at adequate dose levels), it does not reliably
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diminish urges to use other opioids or opioid self-administration 
(Jones and Prada 1975; Grabowski, Stitzer, Henningfield 1984; 
Henningfield and Brown 1987). It would not be appropriate to 
conclude that methadone did not effectively block withdrawal 
reactions from morphine-like drugs simply because it did not 
eliminate such urges, because by other measures, methadone is 
effective at blocking opioid withdrawal (Kreek 1979; Jaffe 1985; 
Jasinski and Henningfield 1988). Analogously, as reviewed in 
Chapters IV and VII, most tobacco withdrawal responses are 
effectively suppressed by nicotine replacement even though urges to 
use cigarettes are not reliably diminished (see also Henningfield and 
Jasinski 1988).
Constraints on Physical Dependence Potential Testing

There are both practical and conceptual constraints on physical 
dependence potential testing. The practical constraints have been 
discussed above and are related to the multiple sources of variability 
in the intensity of withdrawal responses, which can result in failure 
to detect withdrawal or in unreliable data.

The main conceptual constraint is that physical dependence is 
neither a necessary nor sufficient condition to establish or maintain 
drug-seeking behavior. For instance, drug-seeking and drug-taking 
behaviors can persist at small doses of cocaine or morphine which 
produce no significant degree of physical dependence in animals 
(Schuster and Woods 1967; Deneau, Yanagita, Seevers 1969; Johan- 
son, Balster, Bonese 1976; Jones and Prada 1977; Bozarth and Wise
1981) or in human subjects (Zinberg 1979). Conversely, animals in 
the laboratory and humans in hospitals can be made physically 
dependent on drugs such as opioids and barbiturates and yet never 
display controlled or addictive drug-seeking behavior (WHO 1981; 
Bell 1971). Similarly, compounds such as propranolol, cyclazocine, 
and nitrites have clear physical dependence potentials in that 
tolerance develops after repeated dosing and an abstinence syn
drome appears upon cessation, yet drug-seeking or drug-taking 
behavior does not reliably occur (Myers and Austin 1929; Crandall et 
al. 1931; Rector, Seldon, Copenhaver 1955; Jasinski 1976; Jaffe 1985).

Another constraint is the difficulty in determining whether 
abstinence-associated symptomology is specific to an individual or to 
an underlying medical disorder that became evident upon removal of 
the drug (Woody, McLellan, O’Brien 1984; Zweben 1986; Kosten, 
Rounsaville, Kleber 1986; Stitzer and Gross 1988). For instance, an 
opioid might alleviate depression in a person w^h primary affective 
disorder. In general, as will be described below (& "'hapter IV),
withdrawal responses may be distinguished from - ae. ..bstinence- 
associated symptomology by their relative consistency among indi
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viduals, by their transient nature, and by the direct relationship 
between their magnitude and the level of preabstinence drug intake.

Finally, although the magnitude of the withdrawal syndrome is a 
widely used index for assessing the degree of physical dependence, it 
should be noted that this single measure is not always sufficient. For 
instance, several studies have demonstrated that spontaneous with
drawal from chronic levo-alpha-acetylmethadol (LAAM) or bupre
norphine administration failed to result in pronounced signs of 
withdrawal (Jasinski, Pevnick, Griffith 1978; Young, Steinfels, 
Khazan 1979). Such observations could lead to the false conclusion 
that LAAM and buprenorphine do not produce significant degrees of 
physical dependence, when in fact a variety of other lines of evidence 
confirm that they do. For example, administration of an opioid 
antagonist such as naloxone precipitates a marked and intense 
withdrawal syndrome in LAAM-maintained animals (Young, Stein
fels, Khazan 1979). Analogously, Dum, Blasig, and Herz (1981) 
performed a substitution type of experiment demonstrating that 
chronic administration of buprenorphine also results in physical 
dependence. The explanation for the misleadingly weak spontaneous 
withdrawal phenomena for LAAM and buprenorphine seems to be 
the slow elimination of these drugs from the plasma, which permits 
the body to adjust more gradually to drug abstinence. The long 
elimination half-life of LAAM’s active metabolites (Kaiko and 
Inturrisi 1975) and buprenorphine’s unique affinity for the opiate 
receptor and long elimination half-life (Cowan, Lewis, MacFarlane 
1977) contribute to the lack of observed withdrawal signs after 
chronic exposure is terminated. A similar example exists for the 
long-acting benzodiazepine, diazepam. A delayed and relatively mild 
withdrawal syndrome appears after spontaneous withdrawal, but 
administration of the benzodiazepine receptor antagonist, Rol5-1788 
(flumazenil), precipitates an immediate, intense abstinence syn
drome (Lukas and Griffiths 1982, 1984). Analogous results are 
produced when the daily dose level of shorter acting drugs is 
gradually decreased.

A practical application of the finding that the magnitude of 
withdrawal reactions tends to be inversely related to rate of drug 
elimination is the gradual elimination of drugs from individuals who 
are suspected of being highly physically dependent. Such gradual 
elimination reduces the magnitude of the withdrawal syndrome. 
This is the basis of the gradual withdrawal of morphine, alcohol, or 
nicotine after a period of chronic intake at high dose levels (Jaffe 
1985). Although gradual dose reduction of opioids and nicotine 
reduces the magnitude of most aspects of the withdrawal syndrome, 
it is not clear that such an approach improves overall treatment 
outcome compared with much more rapid drug cessation (i.e., "cold 
turkey”) (Jasinski and Henningfield 1988; Chapter VII).

297



Therapeutic or U seful Effects o f D ependence-Producing  
Drugs

With many dependence-producing drugs, the same biological 
properties that are important in their dependence-producing proper
ties may also lend them to therapeutic application. In fact, most 
classes of drugs which cause dependence, including opioids, seda
tives, alcohol, cocaine-like drugs, and nicotine, have been used as 
medicinals to treat specific medical disorders and human discom
forts. Descriptions of the approved and general uses are available in 
the American Hospital Formulary Service (1988), the Physician’s 
Desk Reference (Medical Economics Company 1988), the United 
States Pharmacopeia (Griffiths, Fleeger, Miller 1986), and Goodman 
and Gilman’s Pharmacological Basis of Therapeutics (Gilman et al. 
1985) (see also Table 6).

Although each of the drugs listed in Table 6 has a range of 
potential or actual therapeutic applications, past and current uses 
are often related to their effects on mood, feeling, and behavior. For 
instance, the stimulants may be used to modulate arousal level, the 
opioids to alleviate pain, the sedatives to alleviate anxiety; the drugs 
are sometimes systematically used to treat the dependence which 
may have previously developed on them or on another drug in the 
same class. Nicotine is no exception to these observations. Historical
ly, tobacco was used to treat a range of disease states, although 
usually without evidence of efficacy (Corti 1931; Austin 1979). 
Nicotine in the polacrilex gum form is a drug approved by the FDA 
for treatment of nicotine dependence (see Chapter VII).

The therapeutic effects of dependence-producing drugs not only 
illustrate an important point of commonality among these drugs, but 
these effects also may be important in the drug dependence process 
itself. Such potential drug actions can be important in the initiation, 
maintenance, and relapse to drug dependence. The dependence 
process may have been precipitated by the therapeutic use (medical
ly approved or self-initiated) of a drug. The dependence process may 
be exacerbated by the real or perceived benefit of the drug to the 
individual as such actions strengthen the reinforcing power of the 
drug. The therapeutic actions of a drug may be associated with 
relapse to drug use after many years of abstinence. These aspects of 
dependence potential as they pertain to nicotine are discussed in 
Chapter VI.
Adverse and Toxic Drug Effects

As discussed earlier, adverse drug effects are important clinical 
features of drug dependence. These effects may be used as factors in 
objective determinations of the overall liability associated with a 
drug (Yanagita 1987; Griffiths et al. 1985). For instance, chronic 
administration of sedatives or alcohol can produce intoxication and
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TABLE 6.—Effects that m ay be produced by  addicting drugs
A ttrib u te N icotine * Cocaine

Discrim inable interoceptive 
(subjective) effects H enningfield and  Goldberg 

(1985), M orrison and  
Stephenson (1969)

Fischm an e t al. (1976)

Produce dose-related increases 
in self-reported "lik ing” scores Henningfield, M iyasato, 

Jasin sk i (1985)
H enningfield e t al. (1987)

Produce elevated response on MBG 
(euphoria) scale of ARC inventory H enningfield, Miyasato, 

Jasin sk i (1985)
Fischm an e t al. (1976)

Positive reinforcer in anim al 
d rug self-adm inistration stud ies

+
Goldberg, Spealm an,
Goldberg (1981), D eneau 
and Inoki (1967), Ando and 
Y anagita  (1981), 
H enningfield and  Goldberg 
(1983a)

Pickens and  Thompson 
(1968), D eneau e t al. (1969)

Positive reinforcer in  hum an 
d rug self-adm inistration stud ies Henningfield, Miyasato, 

Jasin sk i (1983)
Fischm an and  Schuster
(1982)



Morphine-like Alcohol

T erry  and  Pellens (1970)

M artin  and  F raser (1961)

+
H aertzen e t al. (1963)

• f

Headlee, Coppock, Nichols 
(1955), Thompson and
Schuster (1964)

C arpen ter (1962)

+?
Mello (1968)

+
H enningfield e t al. (1984), 
S titzer e t al. (1981)

+
Deneau e t al. (1969), 
W inger and Woods (1973)

■■f +■
Jones and P rada  (1975) Bigelow e t al. (1975), de

W it e t al. (1987)



TABLE 6.—Continued
A ttribute N icotine * Cocaine M orphine-like Alcohol

P lace conditioning +
Fudala, Teoh, Iwam oto
(1985)

+
Spyraki, Fibiger, Phillips
(1982)

4-

Bardo and  N eisew ander
(1986)

+ -
S tew art and  G rupp (1985)

Physical dependence develops such th a t 
w ithdraw al accompanies 
abrup t abstinence

+
H atsukam i e t al. (1984), 
H ughes and  H atsukam i
(1986)

+ ?
Carroll and  Lac (1987), 
Jones (1984)

+
Light and  Torrance (1929a), 
Kolb and  H im m elsbach 
(1938), H im m elsbach (1941)

+
Isbell e t al. (1955)

Tolerance develops +
Langley (1905), Domino 
(1978), M arks, Burch, 
Collins (1983), Jones, 
F arre ll, H ern ing  (1978)

+
T atum  and  Seevers (1929), 
Downs and  Eddy (1932), 
W oolverton and  Schuster 
(1978), Wood and  Em m ett- 
Oglesby (1987)

■f

Light and  Torrance (1929b)
+

Goldberg (1943)

Therapeutic  use in  trea tm e n t of 
medical disorder

+ 1
AMA (1983), G ilm an et al. 
(1985), M edical Economics 
Company (1987), and  o thers

+ 2
AMA (1983), G ilm an e t  al. 
(1985), M edical Economics 
Com pany (1987), and  o thers

+  3
AMA (1983), G ilm an e t al. 
(1985), M edical Economics 
Company (1987), and  o thers

+ - 4
AMA (1983), G ilm an et al. 
(1985), M edical Economics 
Company (1987), and  o thers



TABLE 6.—C ontinued
A ttribute Caffeine M arijuana

D isc rim in a te  interoceptive 
(subjective) effects G ilbert (1976), G riffiths and 

Woodson (1988b)
S iler e t al. (1933)

Produce dose-related increases 
in self-reported ’'lik ing” scores

+-
G riffiths, Bigelow, Liebson 
e t al. (1986), C hait and 
G riffiths (1983) t ,  G riffiths 
and  Woodson (1988b)

Higgins and  S titzer (1986), 
Cone et al. (1986)

Produce elevated response on MBG 
(euphoria) scale of ARC inventory

+-
C hait and G riffiths (1983) Higgins and  S titzer (1986), 

Cone et al. (1986)

Positive reinforcer in anim al 
drug self-adm inistration studies Deneau et al. (1969), 

Griffiths and  Woodson 
(1988b)

H arris  e t al. (1974)

Positive reinforcer in hum an 
drug self-adm inistration studies G riffiths, Bigelow, Liebson 

e t al. (1986), G riffiths, 
Bigelow, Liebson (1986), 
G riffiths and Woodson 
(1988b)

+
M endelson and Mello (1984)

Place conditioning



Lysergic acid diethylamide Chiorpromazine

+ +
H ofm ann (1975) G riffiths, Bigelow, Liebson

(1979)

H aertzen e t  al. (1963) S titzer e t al. (1981)

H offm eister and W uttke Hoffmeister and Goldberg
(1976) (1973), H offm eister (1975),

Deneau e t al. (1969)

G riffiths, Bigelow, Liebson 
(1979)



o  TABLE 6.—Continuedto
A ttribute Caffeine M arijuana Lysergic acid diethylam ide Chlorprom azine

Physical dependence develops such th a t  
w ithdraw al accompanies 
abrup t abstinence

f
G riffiths, Bigelow, Liebson 
(1986), Dreisbach and 
Pfeiffer (1943), H orst e t al 
(1934), G riffiths and 
Woodson (1988a)

+ ?
Jones and  Benowitz (1976), 
M endelson et al. (1984), 
Ford and McMillan (1972), 
Beardsley e t al. (1986)

Isbell e t al. (1956) B aldessarini (1980)

Tolerance develops +
C arney (1982), Eddy and 
Downs (1928), G riffiths and 
Woodson (1988a)

+
M cM illan e t al. (1970), Weil 
e t ai. (1968), Babor e t al. 
(1975), Cone e t al. (1986)

+
Isbell e t al. (1956)

9

Baldessarini (1980)

Therapeutic  use in trea tm en t of 
medical disorder

+  5
AMA (1983), G ilm an et al. 
(1985), Medical Economics 
Company (1987), and o thers

+  6
AMA (1983), G ilm an e t al. 
(1985), M edical Economics 
Com pany (1987), and  o thers

? 7

AMA (1983), G ilm an e t al. 
(1985), M edical Economics 
Company (1987), and  o thers

+  H
AMA (1983), G ilm an e t al. 
(1985), M edical Economics 
Company (1987), and o thers

NOTE: + indicates th a t drug adm inistration produces the effect; -  indicates th a t drug adm inistration does not produce the effect; ? indicates th a t available scientific data are  inadequate to draw  a
conclusion.

* F u rther discussion can be found in o ther chapters of this Report.
1 As aid to stop cigarette smoking and to trea t nicotine dependence.
3 As topical anesthetic (rarely used) for ear, nose. eye. and throat.
3 (1) As strong analgesics for trea tm en t of both acute and chronic pain, (2) trea tm en t for myocardial infarction (analgesia, anxiolysis, and reduced left ven tricular work-load and myocardial oxygen 

requirements), (3) for obstetric analgesia, (4) as preanesthetic medication to smooth induction, (5) treatm en t for pulm onary edema, (6) as cough suppressant, (7) trea tm en t for severe diarrhea.
4U) As antiseptic agent on skin, (2) intravenously to trea t prem ature labor (uterine relaxant), (3) trea tm en t of spasticity by local or intrathecal injection of dilute absolute alcohol solution, (4) as 

vehicle in dermatologic preparations (antiseptic action, astringent action, cooling effect), (5) treatm en t of alcohol w ithdrawal.
s (l) Incorporated with over-the-counter analgesics (e.g., aspirin) to trea t ordinary headache and relieve inflam m atory pain (scant scientific data  to substantiate), (2) in combination with ergot 

alkaloid to trea t migraine headache, (3) in combination with sympathomim etic agents possessing anorectic properties in weight-loss medications, (4) as stim ulant, (5) trea tm en t (clinical trials) for 
preterm  infant apnea of undeterm ined origin, (6) rarely for trea tm en t of cen tra l nervous system depressant poisoning.

6<1) As antiem etic for cancer chem otherapy patient, (2) glaucoma treatm ent.
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TABLE 6.—Continued
7 None a t present, but several proposed in past: (1) as psychotherapy aid, (2) as adjunct in alcohol and opioid addiction treatm ent, (3) as adjunct in term inal cancer patient therapy to reduce opioid 

analgesic need and induce tranquility.
8(1) M anagement of psychotic disorder manifestations, (2) trea tm en t for nausea and vomiting, (3) relief of presurgery restlessness and apprehension, (4) trea tm en t for acute, in term itten t porphyria, 

(5) as adjunct in tetanus treatm en t, (6) to control m ania manifestations in manic-depressive illness, (7) trea tm en t for intractable hiccups, (8) trea tm en t of children’s severe behavioral disorders 
characterized by combativeness or hyperexcitable behavior, (9) possible second-line trea tm en t for nonpsychotic anxiety, 

t  "Liking” was not measured, bu t the  increased scores on a  tension and anxiety scale suggested dose-related '’disliking.”



severe mood swings (Mello and Mendelson 1970; Mello 1968; Isbell e t 
al. 1950); erra tic  supplies of opioids may be associated with socio- 
path ic drug-seeking and withdraw al-related mood effects (Jasinski 
1977); erratic  supply of tobacco can also resu lt in disruption of 
ongoing activities in an effort to  obtain tobacco or as a consequence 
of w ithdraw al symptoms.

Consideration of m ultiple factors such as the  dependence potential 
of a drug, the extent of its actual use, and the  degree to which it 
produces adverse effects can be used to assess the overall liability 
associated with the use of a drug (i.e., "abuse liability”) (Brady and 
Lukas 1984; Griffiths et al. 1985; Y anagita 1987). For example, 
caffeine produces only m inim al (if any) disruptive behavioral or 
physiological effects and is not generally regarded as posing a serious 
public health  problem even though self-adm inistration may be 
widespread (e.g., caffeine in tea  or coffee) (Griffiths and Woodson 
1988a,b). In contrast, drugs which produce disruptive physiological 
and behavioral changes even when self-administered infrequently 
m ay be considered to represent a more serious health  hazard (e.g., 
LSD). Drugs may fall anyw here on the  continuum  defined by these 
param eters, and the relative im pact on health  is most effectively 
determ ined by a comprehensive assessm ent of these interactive 
behavioral and physiological dimensions (Griffiths, Brady, Snell 
1978b; G riffiths et al. 1985; Brady and Lukas 1984; Y anagita 1987).
Identification  o f D ependence-Producing Drugs

Independent of w hether use of a substance has been observed to 
lead to addiction, it is possible to directly and objectively test a 
chemical to determ ine if it is addicting. Such tests provide data used 
by Federal (e.g., FDA, Drug Enforcement A dm inistration) and 
In ternational (e.g., WHO) agencies as to how to regulate chemicals. 
In fact, new drugs are usually evaluated and regulated ("scheduled”) 
before they are  ever made available for medical application. Such 
decisions rely heavily upon the known properties of addicting drugs 
and on the methods used to test for such properties (both described in 
th is Chapter). Although the physicochemical structure  of th e  drug is 
one determ inant of the stim ulus effects produced by drug adm inis
tration , simply knowing the drug structure  is rarely  sufficient to 
predict the natu re  and m agnitude of possible drug effects (Barnett, 
Trsic, W illette 1978); behavioral and physiological testing in anim als 
and hum ans is usually necessary. W hen there  is convergent evidence 
from m ultiple m easures of dependence potential, then  the drug is 
appropriately regarded as addicting or dependence producing. 
W hether hum ans outside the laboratory actually become addicted 
will depend on additional factors such as availability, price, and 
social acceptability of the drug (US DHHS 1987; also see discussion 
by Katz and Goldberg 1988).
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Table 6 provides a comparison of several drugs in term s of the 
major m easures th a t have been reviewed in this Chapter. As shown 
in the table, drugs known to produce widespread problems in a given 
population are  characterized by positive responses w ith most of these 
m easures (cocaine, morphine-like drugs, alcohol, and nicotine). 
Conversely, drugs not contributing to such problems have fewer 
positive responses on the  various tests (cholorpromazine). Interm edi
ate drugs are associated w ith interm ediate levels of difficulty in 
m anagem ent of use.
Comparison Am ong Drugs

W ithin a given class of drugs, it is sometimes possible to ra te  their 
relative efficacy as reinforcers by how much behavior was affected 
(e.g., how m any lever presses would occur or how much money would 
be paid) (Griffiths e t al. 1981; Y anagita 1987). For instance, the 
slower onsetting/offsetting form ulations of opioids, barbiturates, 
stim ulants, and nicotine appear to have a lower dependence poten
tia l th an  th e  quicker onsetting and offsetting form ulations (Jaffe 
1985).

The practical generality of such comparisons, however, is lim ited 
because m any other factors determ ine the  overall level of depen
dence th a t m ight develop, the  extent of social and /o r personal 
damage, and the resulting level of social concern (Yanagita 1987; 
Katz and Goldberg 1988). For example, the  increasing availability 
and decreasing relative price of cocaine in recent years are major 
factors contributing to increased levels of use and resu ltan t social 
damage (US DHHS 1987). Analogously, the widespread ready 
availability and the  relatively low cost of tobacco products and 
alcohol have probably contributed to the much higher ra tes of 
addiction and m ortality  associated with alcohol and tobacco than  
w ith drugs such as cocaine, even though cocaine may appear to be a 
more effective reinforcer in anim als. Social or cu ltu ral factors may 
also contribute to th e  spread and levels of drug use. For example, 
sensational press reporting may have contributed to the  populariza
tion of barb itu rates in the  1960s (Brecher 1972), and the  mass 
m arketing and advertising of tobacco products is likely to have 
contributed to the use of these products, especially among women 
and especially in the  case of smokeless tobacco products (Ernster 
1985, 1986; W arner 1986b; Davis 1987; Tye, W arner, G lantz 1987).

Four examples of drugs associated with striking changes in the 
prevalence of use among various populations as well as associated 
morbidity are: alcohol, for which use and associated diseases 
decreased during the  Prohibition years early in the 20th century; 
lysergic acid diethylam ide (LSD), for which use and associated 
hospitalizations were elevated during the  1960s; cocaine, for which 
use and associated hospitalizations increased during the 1970s
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(Crowley and Rhine 1985; Levine 1984; N ahas and Frick 1981; 
Dupont, Goldstein, Brown 1979; Holder 1987; US DHHS 1987); 
tobacco, in which consumption of smokeless tobacco products in
creased among youth in 1970s and cigarette consumption increased 
sharply among women in the 1950s and 1960s (US DHHS 1981, 1986; 
Appendix A). As discussed in the aforem entioned references, the 
changes in use of these drugs were not due to changes in the 
pharmacologic actions of the drug or sudden changes in genetic 
constitution of the populations, bu t ra th e r to changes in factors such 
as availability, cost, social acceptability, regulatory controls, m arket
ing efforts, and general perceptions about th e  risks associated with 
use.

Finally, various o ther factors contribute to the  level of social 
concern and m ay be only indirectly related or unrelated to the 
pharmacologic properties of the drug itself. For instance, the 
observations on transm ission of AIDS by way of shared needles 
among i.v. drug users and on cancer caused by tobacco smoke 
carcinogens have greatly  increased the  liability of use a ttribu ted  to 
these drugs in recent years.

Environmental Determinants of Drug Dependence Including 
Behavioral Conditioning

A common feature of use of all dependence-producing drugs is th a t 
the positive (satisfaction symptoms) and negative (e.g., w ithdraw al 
symptoms) effects may become conditioned responses to associated 
environm ental stim uli. The implications of th is are  im portant for 
understanding the  chronic and self-sustaining na tu re  of drug 
dependencies. Such conditioning is a powerful behavioral m echan
ism by which the drug comes to control an  increasing am ount of the 
behavior of the drug user (Thompson and Schuster 1968; Goldberg 
1976a).

Some of the im portant environm ental determ inants of drug 
dependence are discussed elsewhere in th is C hapter in the context of 
drug self-adm inistration studies. These factors include: (1) the 
behavioral or economic cost of the  drug itself or of taking the  drug,
(2) direct pressure to take the  drug by m aking o ther reinforcers 
contingent upon drug taking, and (3) the other ongoing activities of 
the  person (e.g., dem anding work schedule) th a t tend to enhance 
drug taking. The focus of the  present Section is on environm ental 
stim uli th a t may contribute to drug dependence by evoking urges to 
use drugs, and by eliciting bodily responses th a t mimic the  usual 
effects of e ither drug taking or drug w ithdraw al reactions.
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Drug T aking as a Learned Behavior
The interface between a drug and its effects is the behavior of 

obtaining and ingesting the drug. Such behavior is learned behavior, 
and as discussed earlier in th is Chapter, m any of the factors th a t 
modulate this behavior are  sim ilar to those which modulate other 
learned behaviors including eating, exercise, and occupational skills 
(Thompson and Schuster, 1968). Technically, drug taking is "operant 
behavior” and includes "respondent” or "classically conditioned” 
components. The basic governing principle of operant behavior is 
th a t it occurs in the context of certain  stim uli and is either 
strengthened or weakened by the  natu re  of the consequence (a 
positive reinforcer strengthens the  response and a punisher weakens 
the  response) (Skinner 1938,1953). Thus, for example, a friend m ight 
offer a drug (antecedent stimulus); the  drug is ingested (operant 
behavior or response); and the effects of the drug strengthen the 
behavior (positive reinforcement). Respondent conditioning occurs 
sim ultaneously and fu rther contributes to the  strength  of the 
behavior (Bouton and Sw artzentruber 1986). A drug m ight serve as 
an unconditioned stim ulus which elicits a relatively involuntary 
response (e.g., nicotine and m orphine can elicit feelings of pleasure 
and /o r nausea); when physical dependence has occurred, drug 
abstinence can also elicit certain  responses (e.g., anxiety and urges to 
take the  drug). Any environm ental or even in ternal stim ulus can 
become p art of th is conditioning process by repeated association with 
the  elicited response. For example, the  taste  of alcohol, the  smell of 
smoke, "th ink ing” about use of th e  substance, and the  sight of 
cocaine- or opioid-associated paraphernalia  can elicit feelings associ
ated w ith either the  adm inistration or w ithdraw al of th e  drug 
(Childress, McLellan, O’Brien 1986a,b; Ludwig 1986; Ludwig and 
S tark  1974; Erben 1977; Gotestam and Melin 1983; Pickens, Bigelow, 
Griffiths 1973; Rickard-Figueroa and Zeichner 1985; Levine 1974).

The sim ultaneous operation of both operant and respondent 
conditioning can converge to generate and m ain tain  powerful chains 
of behavior over which the  individual m ay have little  control. As 
shown earlier in this Chapter, highly addicting drugs are those 
which are  very effective a t reinforcing behavior and eliciting 
responses. Their power can be increased by factors such as drug 
deprivation, which may be associated w ith a discomforting w ith
draw al syndrome. In the  presence of w ithdrawal, the  person may 
behave in a way to relieve the  discomfort of a w ithdraw al syndrome; 
in th is case the  w ithdraw al syndrome itself may be said to be 
functioning as a negative reinforcer. W hen drugs are readily 
available, as with tobacco for most people or opioids for physicians, 
these behavioral conditioning processes m ay be very subtle because 
the  drug can be taken  in a pa tte rn  th a t avoids excessive discomfort. 
For example, early  interoceptive or subjective w ithdraw al cues th a t
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are evident upon waking in the  m orning signal th a t " it is tim e to 
smoke a cigarette,” and thus the  smoker neither "forgets to smoke” 
nor experiences pronounced w ithdraw al symptoms.

As implied by the foregoing discussion, the  strength  and persis
tence of drug-seeking behavior are not ju st functions of the  drug 
itself or of w ithdrawal. R ather, they are determ ined by m any factors, 
such as the num ber of tim es th a t certain  responses are  associated 
w ith certain  stim uli, the  presence or absence of such stim uli, the 
subjective discomfort occurring as p a rt of w ithdrawal, and the 
availability of the  drug. The convergence of so m any environm ental 
and subjective forces can resu lt in extrem ely persistent behavior 
th a t may appear disproportionate to the  pleasure actually experi
enced when the drug is taken  (e.g., the  few m inutes of pleasure from 
the postdinner cigarette or when heroin is taken  a fte r 8 to 12 h r  of 
deprivation). In fact, the  subjective pleasure itself may be very mild, 
and th e  person may describe the  role of the  drug as "simply 
m aintaining feelings of norm alcy or comfort” and not as "getting 
high” per se. The scientific basis for these observations has been 
actively and system atically studied since the  pioneering work of 
W ikler and others (Wikler 1973) and has been reported and reviewed 
in detail elsewhere (Goudie and Demellweek 1986; O’Brien, Ehrm an, 
Ternes 1986; Grabowski and Cherek 1983; Grabowski and O’Brien 
1981; Childress, McLellan, O’Brien 1986a,b; McLellan e t al. 1986; 
W ikler 1973; Meyer and M irin 1979).
Drug-A ssociated Stim uli M odulate Drug Seeking

Stim uli associated with drug effects may come to elicit ("trigger”) 
those same effects or sometimes opposite effects (withdrawal re
sponses). For example, increased h ea rt ra te  induced by stim ulant 
adm inistration may become associated with m ultiple environm ental 
stim uli—the color of the  tablet, the  individual who provided it, and 
the  office environm ent in which the drug was taken. These stim uli 
may act alone or in concert. One stim ulus may produce a  slight heart 
ra te  change; two such stim uli may produce a larger change; and the 
presentation of many such stim uli may have a synergistic effect. 
O ther stim uli may counteract or facilitate these effects (Schindler, 
Katz, Goldberg, in press).

The response produced in relation to environm ental correlates 
may differ qualitatively from the direct drug effect. For instance, the 
direct effect of a drug may be a h ea rt ra te  increase, whereas the 
conditioned or learned response to drug-associated stim uli may be 
e ither a  decrease or an  increase in h ea rt rate. Changes may be 
particularly  evident for agents w ith biphasic effects such as nicotine. 
W hatever the  direction of change in response value, the events may 
be of physiological and behavioral significance (for example, see 
Childress, McLellan, O’Brien 1986a,b; O’Brien, Ehrm an, Ternes
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1986; Stew art, de Wit, Eikelboom 1984; Grabowski and O’Brien 1981; 
Childress et al., in press). These complex conditioning processes 
which can function to precipitate drug taking appear to function 
sim ilarly for a variety of drugs including opioids and tobacco (Ternes 
1977).

Since the  1960s m any researchers have shown th a t the role of 
associated stim uli is im portant for diverse biological reinforcers such 
as drugs, food, and sex. For example, Thompson and Schuster (1964) 
dem onstrated th a t environm ental stim uli paired with drugs could 
themselves come to generate drug seeking in monkeys. Schuster and 
Woods (1968), Davis and Sm ith (1976), and C arnathan, Meyer, and 
Cochin (1977) dem onstrated th a t stim uli previously associated with 
drug taking could generate much drug-seeking behavior in anim als 
during extinction of use when the drug is no longer available. 
S im ilar findings were obtained in a study of i.v. cocaine self
adm inistration in which hum an volunteers em itted high rates of 
lever pressing in the presence of cocaine-associated stim uli when the 
drug was not available (Katz and Goldberg 1988).

Goldberg (1976b) reported th a t environm ental stim uli associated 
with drug taking could help sustain substantial behavioral reper
toires in monkeys often far in excess of the behavior th a t was 
m aintained when ju st the  drug was given. Similarly, Meisch found 
th a t the  taste  and smell of alcohol, which were norm ally found to be 
highly aversive to rats, became highly effective stim uli in the ir own 
righ t in the m aintenance of alcohol-seeking behavior, even when 
alcohol was not actually available for the  ra ts  to consume (Meisch
1977). Lai and colleagues (1976) dem onstrated th a t environm ental 
stim uli previously associated with drug effects could, by producing 
drug-like responses, a ttenuate  opiate w ithdraw al signs in rats. These 
and m any o ther studies have shown conclusively th a t specific 
environm ental stim uli associated with drug taking exert control 
over drug seeking, drug taking, and characteristics of the  drug 
response itself.

Environm ental conditions in m any forms can contribute to 
sustained drug use, and specific stim ulus conditions can have well- 
defined drug-like properties. This phenomenon, which has been well 
documented in laboratory settings, is recognized as being powerful in 
clinical pharmacology, in which "placebo” effects (conditioned 
responses to drug-taking conditions) m ay be dram atic and difficult to 
separate from so-called direct drug effects. Both direct drug effects 
and those established through learning influence physiology and 
behavior, thereby contributing to the strength  of addictive behav
iors. Recent reports suggest th a t conditioned effects can be a tten u a t
ed for some individuals through effective trea tm en t specifically 
designed to extinguish, or a lte r through learning, these responses 
(Childress, McLellan, O’Brien 1986a,b; McLellan e t al. 1986).
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The stim uli associated with drug effects also may generate fu rther 
drug seeking and drug taking. W ikler (1973) and more recently 
Meyer and M irin (1979) contributed substantially  to both the 
conceptual framework and the data describing these complex 
phenomena. These investigators found th a t environm ental stim uli 
which correlated with direct drug effects are pertinent to the 
acquisition, m aintenance, and elim ination of opioid taking by 
hum ans. Sim ilar findings were observed in an intensive study of an 
alcoholic subject: alcohol-associated stim uli produced orderly re
sponses including urges to d rink  and even drinking itself (Pickens, 
Bigelow, Griffiths 1973). A series of studies by Goldberg and his 
colleagues (Goldberg 1970; Goldberg, Kelleher, Morse 1975; Goldberg 
and K elleher 1977; Goldberg, Spealman, K elleher 1979) showed th a t 
environm ental stim uli occasionally associated with m orphine injec
tions or with early w ithdraw al effects could lead to increased drug 
seeking and /o r drug taking.
C onditioned W ithdrawal Sym ptom s M ay P recip itate Drug  
Seeking

W ikler (1948) first described the  discomfort of long-abstinent 
patients on their re tu rn  to environm ents in which they had 
previously used drugs and experienced w ithdraw al symptoms. Subse
quently, W ikler (1973), O’Brien (1975) and colleagues (O’Brien, 
Ehrm an, Ternes 1986; O’Brien e t al. 1975), and several other 
researchers (Siegel 1975, 1976, 1978; Eikelboom and S tew art 1979; 
Stew art, de Wit, Eikelboom 1984; Childress et al., in press) have 
made fundam ental contributions to the  identification of the complex 
interplay of factors m odulating the physiological and behavioral 
components of abstinence. These and other studies have shown th a t 
the conditions established by abrupt w ithdraw al after chronic 
adm inistration of a drug can serve as setting conditions which may 
result in fu rther drug taking. In other words, for some individuals 
the  onset or anticipation of abstinence symptoms may be strongly 
linked to reinitiation of drug self-administration. In tu rn , the drug 
effect reinforces the reinitiation of drug taking (Stewart, de Wit, 
Eikelboom 1984). W ithdrawal symptoms and drug taking may thus 
become closely associated with a range of environm ental stimuli. 
These stim uli then  come to elicit abstinence symptoms and generate 
drug taking through a variety of powerful biobehavioral m echan
isms. In fact, McNeill and colleagues (1986) have concluded th a t the 
patte rn  of abstinence symptoms itself may be in p a rt determ ined by 
conditioning factors.

Environm ental stim uli can lead to drug seeking by eliciting 
distressing conditioned w ithdraw al effects. Several thorough reviews 
on conditioning factors in drug dependence indicate th a t correlated 
behaviors and stim uli dram atically a lter drug effects, w ithdraw al
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symptoms, and other features of substance use behaviors (Goudie 
and Demellweek 1986; O’Brien, Ehrm an, Ternes 1986; Grabowski 
and Cherek 1983; Grabowski and O’Brien 1981). These in teracting  
factors have also been described in a num ber of prom inent medical 
and scientific texts (Jaffe 1986, 1987), as well as in the recent Second 
Triennial Report to Congress from the Secretary, D epartm ent of 
H ealth  and H um an Services (US DHHS 1987).

One of the  clearest observations of the contribution of environm en
ta l factors in tobacco w ithdraw al was made by H atsukam i, Hughes, 
and Pickens (1985). They noted th a t the num ber of w ithdraw al signs 
increased substantially when cessation occurred in the  na tu ra l 
environm ent. Parallels exist in both laboratory research and n a tu 
ralistic observation. Stitzer, Bigelow, and McCaul (1983) reviewed 
this lite ra tu re  and noted th a t individuals restrained from access to 
drugs for prolonged periods tend to re tu rn  to use when the agents 
are again available; the  implication is th a t environm ental stim uli 
contribute to relapse. In a laboratory study, Thompson and Ostlund 
(1965) found th a t relapse to self-adm inistration occurs rapidly for 
anim als removed from, and then after extended periods re turned  to, 
the  original environm ent but not for anim als th a t undergo extinc
tion of self-adm inistration within th a t environm ent. In a reverse 
situation in hum ans, Robins, Davis, and Goodwin (1974) reported 
th a t individuals who experienced in itia l drug use in the stressful and 
ready-access conditions of the  Vietnam  w ar tended not to continue 
use on re tu rn  to the U nited States.

Relapse to Drug Dependence

For m any drug-dependent persons, achieving a t least brief periods 
of drug abstinence is a  readily achievable goal. M aintaining absti
nence, or avoiding relapse, however, poses a much grea ter overall 
challenge. There is a substantial base of data for these conclusions. 
T reatm ent outcome reviews concerning opioid (P latt 1986), alcohol 
(Miller and H ester 1986a; Peele 1987), and tobacco (Brownell et al. 
1986; L ichtenstein 1982; Schwartz 1987) dependence show th a t 
clinical interventions are often successful in producing short-term  
cessation of drug use but th a t relapse to use is a frequent 
posttreatm ent occurrence (Hunt, Barnett, Branch 1971; Brownell, 
M arla tt e t al. 1986).

An im portant issue in the contem porary study of addictions is the 
degree to which relapse and recovery are generalizable across 
categories of substances (US DHHS 1986; Tims and Leukefeld 1986; 
M arla tt 1979; M iller and H ester 1986a,b; Schwartz 1987). This 
Section exam ines rates and predictors of relapse across drug classes 
w ith em phasis on comparisons among alcohol, opioids, and tobacco.
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Implications of these observations for the prevention of relapse will 
be described in the next Section of this Chapter.
D efinition  o f R elapse

In general, relapse refers to resum ption of drug use following 
abstinence from such drug use; however, the criterion for abstinence 
and resum ption of drug use m ust be specified. Principles for such 
specification are generally sim ilar among drugs; however, there  are 
drug-specific issues which complicate comparisons of data  and will be 
discussed in this Section. Only when an  individual has achieved 
criteria  for abstinence is he or she "eligible” for the  possibility of 
relapse. Defining abstinence over some tim e period as the eligibility 
criterion is useful because it perm its distinctions to be draw n 
between continuous users and those who are  able to "qu it” drug use, 
however briefly. Definitions of "quit episodes” differ dram atically 
among published studies, leading to quite different in terpretations of 
subsequent relapse. W ith regard to tobacco, a consensus conference, 
held under the  auspices of the  N ational H eart, Lung, and Blood 
Institu te, recommended 24 h r  of continuous abstinence from tobacco 
as the  criterion for defining a quit episode and establishing eligibility 
for relapse to tobacco use (see C hapter VII). W ith regard to other 
dependence-producing drugs, patients of residential alcohol and drug 
abuse trea tm en t facilities are usually deemed eligible for relapse a t 
discharge w ithout reference to the duration of trea tm en t or absti
nence.

Two general ways of defining relapse after a period of abstinence 
have appeared in the literature. Relapse has been defined as a 
discrete event occurring with the single use of a  drug or as a process 
developing over tim e (Wesson, Havassy, Sm ith 1986). W hen relapse 
is defined as a discrete event, distinction is often made between first 
use of the prim ary drug of dependence and first use of any other 
psychoactive agent. R eturn to use of the  prim ary drug holds clear 
potential for re tu rn  to addiction (Hubbard and M arsden 1986). 
However, there  has been less consensus regarding w hether use of a 
substitu te drug should be defined as relapse. W hen relapse is defined 
as occurring over tim e, the  endpoint of the process has been 
variously defined as daily drug use for a specified period, a re tu rn  to 
drug use a t or above p re trea tm ent or baseline level, a consequence of 
drug use such as readmission for treatm ent, a  re tu rn  to dependence 
defined by one or more diagnostic instrum ents, or a re tu rn  to drug 
use a t levels above criteria  specified in term s of quantity  and /o r 
duration of drug use (APA 1987; Litm an et al. 1983; Ossip-Klein et 
al. 1986; Simpson and M arsh 1986).

The choice of definition is also influenced by the  treatm ent 
m odality being evaluated and by the  theoretical orientation of the 
investigator. For example, relapse is usually discretely defined in
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clinical applications of aversive counterconditioning to trea tm en t of 
alcohol and tobacco dependence (Boland, Mellor, Revusky 1978; 
Schwartz 1987). In contrast, investigations of skills tra in ing  ap
proaches to alcohol, tobacco, and other drug use trea tm en t typically 
employ continuous or process measures of relapse, e.g., num ber of 
days of abstinence (Chaney, O’Leary, M arla tt 1978; M arla tt and 
Gordon 1985) because new skills are not lost after a slip bu t ra th e r 
could be used repeatedly to reestablish abstinence (Catalano and 
Hawkins 1985).
M easurem ent o f R elapse

Relapse is usually assessed by one of two m easurem ent procedures 
(Wesson, Havassy, Sm ith 1986). C urrent drug use m easures ascer
ta in  drug use a t selected posttreatm ent intervals (e.g., 3, 6, and 12 
months). In term itten t drug use occurring between these tim e 
intervals may not be captured by th is procedure. Continuous sta tus 
measures ascertain w hether there  was drug use a t any point in the 
posttreatm ent interval. C urrent use m easures typically yield higher 
abstinence rates th an  continuous sta tus m easures, because of the 
variable course of drug abuse careers (Pickens e t al. 1985). C urrent 
use m easures provide point-in-time estim ates of relapse sta tus 
among a sample of trea ted  users, while continuous sta tus m easures 
allow for determ ining the  percentage of individuals who have 
managed to achieve relatively enduring abstinence (Ossip-Klein et 
al. 1986). The implications of different m easurem ent approaches for 
in terpretation  of relapse phenom ena have been reviewed (Wells, 
Hawkins, Catalano, in press; Brownell et al. 1986).

W hile self-reported drug use sta tus has been the  prim ary method 
of detecting relapse, detection of the drug in biological fluids or in 
expired a ir is being used as an  adjunct w ith increasing frequency 
(Wesson, Havassy, Sm ith 1986). As discussed earlier in th is Chapter, 
biochemical methods of assessing drug use vary widely in their 
sensitivity and in the period during which drug use can be detected 
(Walsh and Yohay 1987).
R ates o f R elapse

H unt and his colleagues were the first to investigate commonali
ties in relapse processes among substances (Hunt, B arnett, B ranch 
1971; H unt and Bespalec 1974; H unt and G eneral 1973; H un t and 
M atarazzo 1970). They compared relapse rates for clients discharged 
from opiate, alcohol, and tobacco dependence trea tm en t program s 
and noted the rem arkable sim ilarity of the relapse curves they 
obtained (Figure 2). Relapse was defined as any use of the  prim ary 
drug of abuse. They then form ulated a  learning theory of relapse 
th a t was presumed to operate in alcohol, opioid, and tobacco 
dependence.
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FIGURE 2.—R elapse over tim e for heroin use, sm oking, 
and a lcoh ol abuse

SOURCE: H unt e t ai. U971>,

Although attem pts to base theories of relapse on cum ulative 
survival curves, such as those depicted in Figure 2, are complicated 
by a variety of factors (Litman, Eiser, Taylor 1979; Sutton 1979; 
Brownell et al. 1986), such curves do possess heuristic value. They 
indicate th a t abstinence rates fall precipitously in the early post
trea tm en t period; th a t most treated  smokers, alcoholics, and heroin 
addicts relapse to a t least single use of the prim ary drug of use by 3- 
m onth followup; and th a t those who have m aintained abstinence for 
a t least 6 m onths are much less likely to relapse.

Sim ilar large-scale reviews of relapse rates for m ultiple substances 
have not been published in recent years. Instead, a voluminous
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lite ra tu re  has accrued regarding trea tm en t effectiveness (Schwartz 
1987; M iller and H ester 1986a; P la tt 1986; Simpson and Sells 1982). 
However, da ta  from studies of alcohol, opioid, and tobacco relapse 
consistently support the  sim ilarities in relapse rates and patterns 
across these th ree  forms of drug dependence, as well as the operation 
of sim ilar determ inants of relapse. For instance, high rates of relapse 
characterize most trea tm en t program s for dependence to opioids 
(Maddux and Desmond 1986; P la tt 1986; McAuliffe 1975; McAuliffe 
et al. 1986; W aldorf 1983), alcohol (Belasco 1971; B ruun 1963; 
Robson, Paulus, Clarke 1965; van Dijk and van Dijk-Koffeman 1973; 
V aillant 1982; Imber et al. 1976; Kendell and Staton 1966; Orford 
and Edwards 1977), and tobacco (Brandon, Tiffany, Baker 1986; 
Erickson, Rugg, Tunstall, Jones 1984; H unt and Matarazzo 1973; 
M arla tt and Gordon 1985; Shum aker and Grunberg 1986; Schwartz 
1969; see also Chapter VII). The rem ainder of th is Section will 
address the  parallel in the correlates of relapse to these th ree  
substances.
Correlates o f R elapse

Factors found to be associated with relapse fall into th ree  domains. 
Background or p re trea tm ent factors are those th a t seem to heighten 
the individual’s vulnerability to relapse (Shiffman et al. 1986). These 
variables may be measures of fixed pretreatm ent characteristics 
such as demographics and drug use history. P re trea tm ent factors 
appear to account for between 10 and 20 percent of the variance in 
posttreatm ent relapse (Cronkite and Moos 1980; Simpson, Savage, 
Lloyd 1979; Simpson and Sells 1982). V ariables m easured during 
trea tm en t are  also thought to influence the  probability of relapse a t 
posttreatm ent. These include trea tm en t length, intensity, setting, 
type, and compliance w ith treatm ent. T reatm ent factors appear to 
account for 15 to 18 percent of the variance in drug abuse outcome 
studies (Simpson, Savage, Lloyd 1979). P osttreatm ent factors are 
those associated w ith the  subject’s posttreatm ent environm ent or 
in ternal state. These include degree of family support, drug use 
among peers, involvement in work and leisure activities, and 
emotional states. Posttreatm ent factors have been shown to account 
for roughly 50 percent of the variance in posttreatm ent relapses 
(Finney, Moos, Mewborn 1980) and thus may be the most im portant 
focus for relapse prevention efforts. The rest of th is Section will 
review prom inent relapse factors th a t have been system atically 
studied for opioids, alcohol, and tobacco.
Pretreatm ent Correlates o f R elapse
Severity o f  Drug Dependence

Severity of pretreatm ent drug dependence is one determ inant of 
the likelihood of relapse. Several studies have found th a t light
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smokers are more likely to succeed a t abstinence than  heavy 
smokers (see Table 7 and C hapter VII). Similarly, with regard to 
opioid dependence, a shorter p re trea tm ent period of dependence is 
associated w ith bette r posttreatm ent outcomes (Riordan et al. 1976), 
and level of drug craving was directly related to the  am ount of 
variance in relapse (McAuliffe e t al. 1986). Estim ating the contribu
tion of severity of alcohol dependence to relapse is more problematic 
because there  has been such a wide variety of m easures (e.g., severity 
of social harm , illness, w ithdraw al, or craving) used among studies. 
Thus, the seven alcohol studies cited in Table 7 provide equivocal 
results, and it is unclear w hether there  is actually no relationship or 
w hether variability in m easurem ent among studies precludes m ean
ingful conclusions. Furtherm ore, there  is some evidence th a t predic
tions of relapse based on severity of dependence are  m oderated by 
age, m arita l sta tus (Polich, Armor, B raiker 1981), and gender 
(Hesselbrock et al. 1983).

A factor th a t complicates the relationship between duration of 
drug dependence (as a m easure of severity) and likelihood of relapse 
is th a t the  age of the  individual is directly related  to remission (see 
discussion of spontaneous remission earlie r in this chapter). Mill- 
man, K huri, and Nyswander (1978) reported th a t length and 
intensity of addiction were positively associated with relapse, except 
th a t older opioid-dependent persons were more successful a t  avoid
ing relapse th an  younger ones. In a  followup study of 38 treated  
m ethadone clients, Riordan and colleagues (1976) found th a t re
lapsed subjects were more likely th an  nonrelapsed subjects to have 
been addicted longer prior to treatm ent.

Psychiatric Im pairm ent
As previously discussed, both depression and anxiety are common

ly observed as dual diagnoses in persons dependent on alcohol and 
o ther psychoactive drugs. These diagnoses are also predictive of high 
rates of relapse and poor trea tm en t outcomes. As shown in Table 7, 
several studies suggest th a t overall severity of psychiatric sympto
matology may be an  im portant predictor of trea tm en t outcome. For 
example, McLellan and colleagues (1983) evaluated 6-month post
trea tm en t outcomes for 460 alcoholics and 282 opioid addicts draw n 
from 6 rehabilitation programs. Using an intervention-based assess
m ent of the severity of psychiatric symptomatology, they observed 
th a t patients w ith low psychiatric severity improved in every 
trea tm en t program, while patients w ith high psychiatric severity 
showed almost no im provem ent in any trea tm en t program. Patients 
w ith m idrange severity levels of psychiatric disorder showed differ
ential responses as a function of trea tm en t modality.
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TABLE 7.—Studies sh ow in g evidence for factors associated  w ith  relapse, by substance
Studies

Factors Tobacco Opioids Alcohol

P re trea tm en t
Degree of dependence

Psychiatric im pairm ent

C rim inality

Demographics

H all, H erning e t al. (1984), 
Pom erleau et al. (1978), Jarv ik  
(1979), Shiffm an (1979, 1984)

No studies

No studies

T ucker e t al. (1985), Swan e t  al. 
(1985), E isinger (1971), Campbell 
(1983)

McAuliffe et al. (1986), M illman 
et al. (1978), R iordan et al. (1976)

M clellan e t al. (1983), Rounsaville 
e t al. (1985)

Simpson and Sells (1982), DeLeon 
(1985)
Tucker e t  al. (1985), Simpson and 
Sells (1982)

Foy e t al. (1984), H ea ther et al.
(1983), Hesselbrock e t al. (1983), 
K ivlihan e t  al. (in press), L itm an 
e t al. (1984), Orford et al. (1976), 
Polich, Arm or, B raiker (1980)
Abbot and  Gregson (1981), Gregson 
and Taylor (1977), H eilbrun and 
Tarbox (1978), O’Leary e t al.
(1979), Donovan et al. (1984), 
M clellan e t al. (1983) Rounsaville 
e t ai. (1987)
No studies

T ucker e t al. (1985), Pem berton 
(1967), A rm or e t al. (1978), 
Voegtlin and  Broz (1949), Fox and 
Sm ith  (1970)



TABLE 7.—Continued
Studies

Factors Tobacco Opioids Alcohol

T reatm ent
Length No studies Simpson and  Sells (1982), DeLeon 

e t  al. (1982)
M iller and  H este r (1986b)

Modality Row e t al. (1980), Foxx and  Brown 
(1979), E llio tt and  Denney (1978), 
Erickson e t al. (1983), Tiffany, 
M artin, and  B aker (1986)

Simpson and Sells (1982), Bale et 
al. (1980)

E m rick (1974), M iller and  H ester 
(1986a)

Use of drugs/invo lvem ent in crim e No studies Simpeon and  Sells (1982) No studies
Positive expectations of outcome Brandon, Tiffany, B aker (1986) Simpson and  Sells (1982) E astm an  and  N orris (1982)

Posttrea tm en t
Fam ily M arla tt and  Gordon (1980), H orwitz 

e t a l, (1985), Coppotelli and  
O rleans (1985), M erm elstein e t al. 
(1983)

Dell O rto (1974), Levy (1972), 
S tan ton, Todd, S teir (1979), Rhoads 
(1983), W ellisch and K aufm an 
(1975), H arb in  and  M azier (1975), 
H ejin ian  and  P itte l (1978), 
K aufm an (1985), S tan ton  (1978, 
1979)

F inney et al. (1980), M oberg e t al. 
(1982), B urton and  K aplan (1968), 
Moos and  Moos (1984), M arla tt and 
Gordon (1980), Billings and  Moos 
(1982a, b), Moos e t  al. (1979),
Orford e t al. (1976)

Peers Cum mings et al. (1980), Shiffm an 
(1982), Evans and  L ane (1981), 
L ichtenstein  e t  al. (1977), M arla tt 
and  Gordon (1980), Cum m ings et 
al. (1980)

H aw kins and  F raser (1987), Chaney 
e t al. (1982), M arla tt and  Gordon 
(1980, 1985)

Chaney et al. (1978), M arla tt 
(1978), M arla tt and  Gordon (1980)

Isolation No studies H aw kins and  F raser (1987) Stead and V iders (1979)
Lack of involvem ent in work Ronnberg (1979), Savage and 

Simpson (1979), Simpson (1981), 
Simpson e t  al. (1986), Simpson and 
Lloyd (1979)

B rom et and  Moos (1977), F inney et 
al. (1980)



TABLE 7.—C ontinued
Studies

Factors Tobacco Opioids Alcohol

Lack of active leisure Shiffraan (1984) Simpson e t al. (1981), NIDA (1980) F inney e t al. (1980), Moberg e t al. 
(1982), Moos e t al. (1979), Stead 
and Viders (1979), Tuchfeld (1981), 
Tuchfeld et al. (1983)

N egative em otional states H atsukam i e t al. (1984), M arla tt 
and  Gordon (1980), L ichtenstein  e t 
al. (1977), M erm elstein (1983), 
M ermelstein e t al. (1986), Shiftm an 
e t  al. (1986), L ichtenstein  (1986)

Stephens and  C ottrell (1972), 
Cum mings e t al. (1980), M arla tt 
and  Gordon (1980), H atsukam i et 
al. (1981), Chaney e t  al. (1982)

Ludwig (1982), M arla tt (1978), 
Chaney e t  al. (1978), F inney e t al. 
(1980), S la te r and  Linn (1982-1983), 
P ickens e t al. (1985), Samsonowitz 
and Sjoberg (1981), S andahl (1984), 
H atsukam i e t al. (1981)

N egative physical s ta tes Pom erleau (1979), Shiffm an (1979) K hatam i e t al. (1979), C haney et 
al. (1982), M arla tt and  Gordon 
(1980), M artin  (1972)

Finney e t al. (1980), Moos et al. 
(1979)

Skills deficits M arla tt and Gordon (1980), 
Shiffm an (1982, 1984), C urry  and 
M arla tt (1985)

Brill (1963), Cheek e t al. (1973), 
Fort (1966), C atalano and H aw kins 
(1985)

M iller et al. (1974), O 'Leary e t al. 
(1976), Rosenberg (1983), M iller and 
E isler (1977)

N egative life events E tringer et al. (1984) Judson and  Goldstein (1983), 
Rhoads (1983)

Moos et al. (1979, 1981), F inney et 
al. (1980), Rosenberg (1983), H ull 
and  Young (1983), V uchinich and 
Tucker (1985)

Lack of needed services No studies Ogborne (1978), H aw kins and 
C atalano (1985), McAuliffe e t al. 
(1985)

F eit (1980), Ashley e t al. (1976), 
Ogborne (1978), Ahles et al. (1983), 
Ito and Donovan (1986)



Dem ographic Factors
Demographic correlates of relapse have been widely studied. 

Consistent demographic predictors of relapse, e ither w ithin or 
among substances, have not been identified (Tucker, Vuchinich, 
H arris 1985 and see Table 7). It is possible th a t the wide historical 
diversity of methods and definitions used contributes to greater 
apparent diversity when data  are  evaluated both within and among 
drug classes.
Treatm ent Correlates o f R elapse

In trea tm en t studies of opioid-dependent persons, it has been 
found th a t trea tm en t type and duration as well as treatm ent 
expectancies affect posttreatm ent relapse. Length of tim e in tre a t
m ent has been positively associated w ith outcomes across modalities 
of drug dependence trea tm en t (McLellan e t al. 1983; Simpson and 
Sells 1982). In addition, trea tm en t completers have shown more 
positive outcomes th an  those who do not complete trea tm en t 
regimens (DeLeon, Wexler, Jainchill 1982). Expectations of positive 
trea tm en t outcome have also been related to lower relapse rates 
(Simpson and Sells 1982). Finally, modality of trea tm en t has been 
related to trea tm en t outcome in opioid addicts. M ethadone m ainte
nance, long-term inpatien t treatm ent, and outpatien t drug-free 
program s have all produced be tter outcomes than  detoxification 
trea tm en t or no trea tm en t in both a  followup study (Simpson and 
Sells 1982) and a prospective study (Bale e t al. 1980). In the alcohol 
trea tm en t litera ture , however, few differences have been detected 
among the most popular trea tm en t techniques, including residential 
and outpatient m odalities (Emrick 1974, 1975; M iller and Hester 
1986a).

Schwartz (1987) has recently examined the effectiveness of more 
than  20 types of smoking cessation interventions (see Table 2 in 
C hapter VII). Seven methods showed good short-term  results: 
educational techniques, nicotine chewing gum when combined with 
behavioral treatm ent, group hypnosis, physician intervention with 
cardiac patients, rapid smoking, satiation, and contingency contract
ing. M ulticomponent program s th a t combined several interventions 
appeared to produce especially encouraging outcomes.

Expectations regarding alcohol’s effects may enhance susceptibili
ty to relapse. Eastm an and Norris (1982) examined th is relationship 
in 89 persons participating in outpatient trea tm en t for alcohol 
dependence. At a 2-month followup, 71 percent of subjects w ith 
positive expectations about alcohol’s effects had relapsed (any level 
of consumption was the criterion), compared w ith only 7 percent of 
subjects w ith negative expectations about the effects of alcohol. 
Analogously, in cigarette smokers, expectations regarding one’s
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ability to successfully abstain may also predict relapse to tobacco use 
(Brandon, Tiffany, Baker 1986; C hapter VII).
Posttreatm ent Correlates o f R elapse

Evidence from a num ber of sources suggests th a t posttreatm ent 
experiences are  particularly  im portant to the  relapse process. For 
example, Finney, Moos, and Mewborn (1980) found posttreatm ent 
factors to account for roughly half of all variance in trea tm en t 
outcome. Further, recent investigations of the effectiveness of 
aftercare in the treatm ent of drug and alcohol abuse suggest th a t 
interventions which target the posttreatm ent in terval may be 
particularly  effective (Ahles e t al. 1983; Catalano and Hawkins 1985; 
Catalano et al., in press; M arlatt and Gordon 1985). Specific 
categories of posttreatm ent factors associated with relapse are 
described below.
Fam ily Support Factors

Family support has been a strong predictor of posttreatm ent 
success for opioid users, alcoholics, and cigarette smokers (Table 7). 
For example, Orford and colleagues (1976) found a m arita l cohesion 
factor to predict trea tm en t outcome for drinking variables m easured 
12 m onths later. Similarly, in a survey of 219 subjects who were 
interviewed a t 1-year followup after trea tm en t in a m inim al 
intervention smoking cessation program, abstainers reported signifi
cantly more support from spouses, parents, family, and friends th an  
did relapsers (Horwitz e t al. 1985). Similarly, Orford and colleagues 
(1976) found th a t high m arita l discord was a predictor of relapse 
drinking a t the 12-month followup among treated  alcoholics, 
whereas Burton and K aplan (1968) found reduction in the  num ber of 
areas of disagreem ent between the alcoholic and his or her spouse to 
be associated with im provem ent in drinking behavior. These obser
vations are consistent w ith the  retrospective reports of relapsed 
subjects indicating th a t interpersonal conflict th a t was family or 
peer related was a trigger for drug use following a period of 
abstinence (M arlatt and Gordon 1980). Taken together, these data 
suggest th a t family support plays an im portant role in preventing 
relapse to substance use and th a t family conflict and lack of support 
for posttreatm ent recovery may increase levels of relapse for treated  
users of alcohol, opioids, and tobacco.
Drug Use Am ong Peers

Relapse to drug use following a period of abstinence after 
trea tm en t often occurs when there  is peer pressure to use drugs or 
when drugs are offered by the nonabstinent peer. A series of reports 
by M arlatt, Chaney, and the ir associates (Chaney, O’Leary, M arla tt
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1978; Chaney, Roszell, Cummings 1982; M arla tt 1979; M arla tt and 
Gordon 1980, 1985) exam ining determ inants of relapse for various 
substances suggested th a t social pressure is a factor for approxim ate
ly 15 to 40 percent of relapse episodes among alcohol and opioid 
users. In a followup study of treated  heroin users, Hawkins (1979) 
found th a t 69 percent of those who returned  to heroin use after drug 
trea tm en t reported th a t they did so in response to inform al pressure 
from peers, suggesting an even stronger effect of social factors on 
relapse among opioid users. Similarly, living w ith smokers (Shiffman
1982) and failure to avoid smoking peers (Graham  and Gibson 1981) 
are  related to relapse in treated  smokers. Specifically, Shiffman 
(1982) found th a t 30 percent of the relapse cases of 183 ex-smokers 
were associated w ith the  presence of o ther people smoking. O ther 
investigators have also found the presence of o ther smokers (Lichten
stein, Antonuccio, R ainw ater 1977) or social pressure to smoke 
(Cummings, Gordon, M arlatt 1980) to be a risk  factor for relapse 
(Chapter VII).

Involvement in Work and  Leisure Activities
Although active employment and involvement in leisure activities 

may be distinguished (as shown in Table 7), there  are  sim ilarities in 
the ir effects on relapse. Furtherm ore, the factors are  sim ilar in th a t 
both may be incompatible w ith active involvement w ith some 
dependence-producing drugs. In brief, research on posttreatm ent 
experiences of both opioid users and alcoholics has shown a 
consistent positive relationship between involvement in active 
recreational leisure activities (sports, hobbies, crafts, and volunteer 
work) and reduced use of opioids, alcohol, and tobacco (Table 7). 
Similarly, unem ploym ent is associated with relapse to opioids and 
alcohol (Table 7).

Negative Em otional States
One of the most consistent findings from retrospective studies of 

relapse is the involvement of negative emotional states in relapse 
episodes. D ata supporting this conclusion regarding tobacco use are 
discussed in detail in Chapters VI and VII and are only briefly 
summarized in this Section to enable a comparison of findings w ith 
opioids and alcohol. Ludwig (1972) interviewed 161 relapsed alcohol
ics and reported th a t 25 percent relapsed in response to "psychologi
cal distress.” M arla tt (1978) interviewed 48 alcoholics who relapsed 
within 90 days of discharge from trea tm en t and found th a t 10 
percent relapsed in negative mood states and 29 percent in situations 
arousing frustration  or anger. Negative emotional states are also 
prom inent determ inants of relapse to cigarette smoking. For in
stance, M arlatt and Gordon (1980) reported th a t 43 percent of the
322



relapse episodes of 35 subjects who had completed a smoking 
cessation program were in response to negative mood states.

Drug use has also been reported as a m eans of alleviating negative 
emotional states. For example, Stephens and Cottrell (1971) studied 
236 opioid users who had received 6 m onths of inpatien t methadone 
treatm ent. O ne-quarter of the clients they studied relapsed, report
edly using the drug to alleviate stress or to combat personal faults or 
depression. Consonant with these findings, reports of former drug 
users suggest th a t approxim ately one-fourth to one-third of the 
incidents of first drug use following trea tm en t are precipitated by 
negative emotional states (Cummings, Gordon, M arla tt 1980; Mar- 
la tt and Gordon 1980).
, Potential sources of negative emotions cited by relapsers include 

stressful interpersonal interactions (e.g., anger, frustration) and 
negative life events such as death, illness, job loss, or change. The 
role of negative life events has long been recognized as an im portant 
factor th a t can influence psychopathology, illness, and drug depen
dence; recently, system atic studies of these la tte r factors have also 
been conducted (Bloom 1985). For example, Moos, Finney, and Chan 
(1981) found th a t relapsed alcoholics reported nearly  twice as many 
negative events and approxim ately one-half as many positive events 
as e ither recovered alcoholics or controls (Hull and Young 1983; 
Vuchinich and Tucker 1985).

A nother potential source of negative emotions is illness or somatic 
discomfort from a variety of sources. In this regard, drug dependence 
researchers have documented the tendency of some drug users to use 
drugs as a form of self-medication (see C hapter VI for tobacco- 
specific data). For instance, opioid dependence may develop during 
the  course of trea tm en t for chronic pain (Khatam i, Woody, O’Brien 
1979) and other forms of somatic discomfort (M arlatt and Gordon 
1980; Chaney, Roszell, Cummings 1982). Similarly, physical symp
toms, including allergies, back pain, headache, and insomnia, during 
the posttreatm ent period were related to opioid and alcohol use in a 
sample of treated  alcoholics (Finney, Moos, Mewborn 1980; Moos et 
al. 1979). A possibly related finding is the  suggestion from a num ber 
of studies th a t protracted w ithdrawal symptoms are factors in 
relapse to opioid (M artin 1972) and tobacco (Pomerleau 1979; 
Shiffman 1979) use.

As shown in this Section, relapse is characteristic among persons 
treated  for opioid, alcohol, nicotine, and other forms of drug 
dependence. Rates and patterns of relapse appear to vary more as a 
function of trea tm en t characteristics, client param eters, and post
trea tm en t environm ental factors th an  as a function of drug type 
when alcohol, opioids, and nicotine are compared.

P osttreatm ent factors appear to be the most im portant determ i
nants of trea tm en t success and relapse avoidance for users of
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tobacco, opioids, and alcohol. These are sum m arized in Table 7. 
Specifically, the most common predictors, sim ilar for alcohol, 
opioids, and nicotine, include posttreatm ent fam ily support factors, 
peer substance use factors, leisure and recreational activities, and 
occurrence of stressful or negative affect situations in the  form of 
intrapersonal mood states, somatic complaints, negative life events, 
or stressful interpersonal interactions. Additional factors th a t ap
pear im portant include p re trea tm ent severity of use (tobacco and 
opioids), length of trea tm en t (opioids), and type of trea tm en t (tobacco 
and opioids).

Treatment of Drug Dependence

Scientifically based methods of helping drug dependent persons to 
achieve and m aintain  drug abstinence are available and can be 
efficacious. The methods are being continually refined, however, as 
new data  are collected on how to better address the  needs of clients 
or patients and how to m ake treatm ents more readily available and 
acceptable for those who w ant help. This Section briefly reviews 
some of the kinds of trea tm en t approaches th a t a re  available for the 
various drug dependencies.

T reatm ent strategies designed to address dependence on opioids, 
alcohol, nicotine, and m any other dependence-producing drugs are 
rem arkably sim ilar. This phenomenon provides additional evidence 
th a t the processes th a t determ ine addiction are sim ilar for the 
various dependence-producing drugs. Some of the  differences in 
trea tm en t are related to variations in detoxification strategies, 
which depend on the route of drug adm inistration and on differences 
in the duration of drug action. There is also need to tailor the 
content an d /o r intensity of trea tm en t delivered to groups with 
different substance dependencies. For example, the  need for medical 
intervention to alleviate acute w ithdraw al symptoms varies among 
and w ithin drug classes as a function of the physical dependence 
level. This Section will discuss the goals of trea tm en t for drug 
dependence and three  types of interventions th a t are  commonly 
employed: (1) pharmacologic substitution therapy designed to 
suppress withdrawal, (2) interventions designed to redress deficits in 
skills and /o r deficits in social support th a t are potentially related to 
relapse, and (3) interventions designed to bolster or sustain motiva
tion for abstinence. These kinds of intervention strategies are  not 
m utually exclusive, and are often used in combination to yield better 
overall rates of success th an  any single approach (Grabowski et al. 
1984).
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Goals o f Treatm ent
Reducing or elim inating self-adm inistration of the substance to 

which the person is dependent is the prim ary goal of treatm ent. 
Traditionally, there  has been a tendency for treatm ent program s to 
rely on a goal of complete abstinence ra th e r than  reduction of use to 
m anageable or nonproblematic levels. The appropriateness of this 
goal may, in part, vary by drug class, as well as by severity of 
dependence. For example, problems associated with alcohol use vary 
considerably, and it would appear th a t m any persons with low levels 
of dependence are able to m aintain stable levels of "social drinking,” 
whereas persons with more severe levels of dependence m ust 
m aintain  total abstinence (Miller and Joyce 1979; M iller 1979). 
Because it has been estim ated th a t only about 10 to 15 percent of 
adults (United States) who drink w arran t the designation "problem 
d rinker” and only a subset of these w arran t the designation 
"alcoholic,” such variation in trea tm en t goals is not surprising 
(Cahalan 1970; M iller 1979). Analogously, it appears th a t only a 
sm all fraction of caffeinated beverage (e.g., coffee and tea) drinkers 
display distinct adverse consequences and apparent loss of control 
over caffeine intake (Griffiths and Woodson 1988)—observations 
consistent with the rapidly growing decaffeinated beverage m arket. 
On the o ther hand, w ith drugs for which any nonprescription use is 
illicit (e.g., opioids) or on which the  overwhelming m ajority of users 
are  dependent (e.g., only 10.6 percent of cu rren t smokers smoke 5 or 
fewer cigarettes/day according to the  1985 N ational H ealth  In te r
view Survey (unpublished data, Office on Smoking and Health)), a 
goal of reduction of use may be especially problematic (Chapter VII). 
Two additional problems with low-level cigarette use as a therapeu
tic goal are th a t no level of cigarette smoking has been found safe 
(US DHHS 1986) and th a t even if the smoker is only smoking a  few 
cigarettes, by taking more puffs per cigarette and by inhaling the 
smoke more deeply, the smoker m ight actually m aintain  substantial 
levels of tobacco toxin in take and nicotine dependence (Kozlowski 
1981; Benowitz et al. 1983; C hapter IV). The percentage of persons 
using am phetam ine or cocaine who are unable to control their 
in take is unknown, but because nonmedical use of these drugs is 
illicit and because anim al and hum an research indicates th a t these 
drugs are powerful reinforcers (US DHHS 1987), total abstinence is 
sim ilarly recommended (US DHHS 1987).

M aintenance of abstinence or avoidance of relapse is another 
m ajor trea tm en t goal. Because relapse factors can rem ain functional 
for m any years in individuals who are abstaining from use of a drug 
to which they had been dependent (Chapters VI and VII), designing a 
long-range program  to minimize the  impact of such factors is an 
integral part of m any drug trea tm en t programs (e.g., Thompson, 
Koerner, Grabowski 1984; Stitzer et al. 1984). These factors may
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include some assumed to be physiologically related to the drug 
dependence process (e.g., anxiety or stress), while others are assumed 
to function a t more of a behavioral level (e.g., th e  sight of drug- 
associated stimuli).
T ypes o f Treatm ent for Drug D ependence

T reatm ent approaches can be divided into those which involve the 
adm inistration of drugs (Pharmacologic T reatm ent Approaches) and 
those which do not (Nonpharmacologic or Behavioral T reatm ent 
Approaches). Sophisticated methods involving both pharmacologic 
and behavioral approaches are  more recent developments and show 
considerable promise for the  trea tm en t of dependence to alcohol, 
opioid, cocaine-like drugs, and nicotine (Grabowski, Stitzer, Henning- 
field 1984). Although considered separately in th is Section, pharm a
cologic and behavioral trea tm en t approaches are  commonly com
bined and may be most effective when used in combination (Grabow
ski, Stitzer, Henningfield 1984; Crowley and Rhine 1985). Combined 
trea tm en t approaches specific to cigarette smoking are discussed in 
C hapter VII.
Pharm acologic Treatm ent o f Drug D ependence

Four pharmacologically based approaches for th e  trea tm en t of 
drug dependence can be differentiated: (1) replacement or substitu
tion therapy (e.g., m ethadone for opiate dependence), in which a 
more m anageable (and ideally, less addicting) form of th e  drug is 
provided; (2) blockade therapy (e.g., naltrexone for opiate depen
dence), in which the behavior-controlling effects of the  abused drug 
are  blocked by pre trea tm ent w ith an  antagonist; (3) nonspecific 
pharmacotherapy, in which the patien t is treated  symptomatically 
(e.g, use of clonidine during opioid detoxification); and (4) deterrent 
therapy, in which adm inistration of the trea tm en t drug results in the 
occurrence of aversive effects when the abused drug is subsequently 
taken  (e.g., the use of disulflram  to tre a t alcoholism (Grabowski, 
Stitzer, Henningfield 1984; Jaffe 1985). Each of these approaches has 
been described in greater detail elsewhere and will be only briefly 
described below (Cooper, Altm an, Brown, Czechowicz 1983; Bigelow, 
Stitzer, Liebson 1985; Jaffe 1985; Jasinski, in press; Jasinski and 
Henningfield 1988; Jarv ik  and Henningfield, in press).
Replacement Therapy

The most widely investigated and evaluated pharmacologic tre a t
m ent approach for drug dependence is replacem ent therapy. The 
general principle of replacem ent therapy is to provide the  patient 
w ith a safer and more m anageable form of drug th a t directly 
alleviates signs and symptoms norm ally suppressed by the substance
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upon which the  patien t is dependent (Jaffe 1985, 1987; Jasinski and 
Henningfield 1988). Ideally, it should also be of lower dependence 
potential so th a t its use may be more readily discontinued than  use 
of the original form on which the  person is dependent.

Replacement therapies function through four general actions: (1) 
they block the onset of the physiologically mediated aspects of 
withdrawal; (2) they m aintain  a level of tolerance th a t a ttenuates 
the reinforcing properties of the abused chemical; (3) they trea t 
("suppress”) other signs and symptoms such as dysphoria th a t may 
constitute vulnerability and pose an im pedim ent to norm al function
ing and well-being; (4) they directly suppress drug-taking behavior, 
much as caloric loading can suppress eating.

The drugs th a t are widely used to alleviate w ithdraw al symptoms 
by providing some level of pharmacologic replacem ent are the 
following: m ethadone for opiate w ithdraw al (Cooper, A ltm an, 
Brown, Czechowicz 1983), benzodiazepines for alcohol w ithdraw al 
(Sellers et al. 1983; Newsome and Seymour 1983; Liskow and 
Goodwin 1987), and nicotine polacrilex gum for tobacco w ithdraw al 
(Chapters IV and VII). The potential effectiveness of these agents in 
prevention or relief of w ithdrawal symptoms has been well docu
mented (Jaffe 1985). However, relief of early w ithdraw al symptoms 
does not necessarily yield improved overall trea tm en t outcomes. 
Prim ary w ithdraw al symptoms for all dependence-producing drugs 
are tim e limited, and the ir duration does not span the  en tire  high
risk period for postcessation relapse. These observations are consis
ten t w ith the  finding th a t w ithdraw al symptomology is only one of 
several potential relapse determ inants.

Besides relief of w ithdraw al symptoms, there  are several other 
functions th a t a replacem ent therapy m ight serve th a t would make 
continued long-term trea tm en t beneficial. One of these functions is a 
reduction in the need for the  prim ary addicting drug, along w ith a 
sim ilar reduction in drug seeking. Ju s t as im portantly, the replace
m ent therapy may reduce or elim inate symptomology (e.g., anxiety, 
antisocial behavior, inability to concentrate on tasks) th a t may 
interfere w ith the  person’s ability to perform in occupational 
settings and m aintain  social relationships. Analogously, nicotine 
replacem ent therapy during cigarette abstinence can reduce or 
elim inate tobacco intake and symptoms th a t interfere w ith norm al 
social or occupational activities, even though urges to smoke may not 
be elim inated (Chapter VII).

The constraints on the efficacy of replacem ent therapies are 
generally sim ilar across drug classes. Most im portantly, the clinical 
application of replacem ent therapies is impeded by the  influence of 
nonpharmacologic factors, which vary among individuals and /or 
situations (e.g., the specific drug delivery system custom arily used 
and ritualistic aspects of the  behavior). Pharmacologically related

327



differences may also m itigate acceptability of the  replacem ent drug; 
e.g., orally adm inistered replacem ents are generally not as satisfying 
to the user as i.v. or inhalation systems, such as the  "crack” form of 
cocaine or tobacco smoke. In addition, replacem ent therapies do not 
reliably dim inish the  urge to use the drug or specific drug form ula
tion (e.g., cigarette brand or alcoholic beverage) to which a person is 
accustomed. (Issues related to craving are discussed in greater detail 
in Chapters IV and VII; Childress et al., in press; Henningfield and 
Brown 1987.)

Blockade Therapy
A pharmacologic a lternative to replacem ent therapy  is to produce 

a pharmacologic blockade of receptors which m ediate the  reinforcing 
as well as the  toxic effects of the drug (Jaffe 1985). For opioid 
agonists such as m orphine and heroin, the short-acting antagonist 
naloxone can be used to reverse the  effects of an  overdose of the 
opioid agonist. The longer acting antagonist naltrexone can be given 
on a daily basis to opioid users to prevent them  from experiencing 
the  reinforcing and toxic effects of opioid agonists. Unfortunately, 
clinical tria ls have shown th a t there  is frequently poor compliance 
w ith blockade therapy (Ginzburg 1986). Lack of compliance results in 
lim ited clinical utility. No clinically tested antagonist treatm ents 
are currently  available for the trea tm en t of alcohol or nicotine 
dependence, although experim ental research with the nicotine 
blocker, mecamylamine, suggests th a t such an  approach may hold 
promise (Chapter VII; Jarv ik  and Henningfield, in press).

Nonspecific Pharmacotherapy or Symptomatic Treatment
Adm inistration of and abstinence from dependence-producing 

drugs produce a cascade of effects involving a variety of neurochem i
cal and physiological effects. As discussed w ith regard to nicotine in 
Chapters III and VI, such drug actions m ediate m any of the desirable 
and undesirable effects. In principle, it is possible to target tre a t
m ent approaches on a symptomatic basis.

One example of such an approach is the use of an antidepressant 
(desipramine) to help achieve and m aintain  abstinence from cocaine 
(Gawin and Kleber 1984); cocaine abstinence is often accompanied by 
symptoms of depression. Somewhat analogous is the use of clonidine 
to trea t opioid w ithdraw al symtomology (Gold, Dackis, W ashton 
1984). Clonidine seems to exert its prim ary actions by suppressing 
aspects of opioid w ithdraw al th a t are m ediated by the activity of the 
sym pathetic nervous system (SNS). In one study, clonidine was ju st 
as effective as m orphine in the reduction of certain  physiological 
signs of opioid w ithdraw al (Jasinski, Johnson, Kocher 1985); how
ever, in th a t study, clonidine did not reduce the self-reported
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"discomfort” as effectively as did morphine. These observations are 
consistent w ith the  conclusion th a t some but not all of the effects of 
the  opioid w ithdraw al syndrome are m ediated by the  SNS and th a t 
trea tm en t of these effects may provide lim ited but objective benefit. 
An analogous approach has been explored for application of cloni
dine in the trea tm en t of tobacco w ithdraw al (Glassman et al. 1984, 
1988), bu t conclusions are  only suggestive of the  possible viability of 
th is approach (Chapter VII; Jarv ik  and Henningfield, in press).

Pharmacologic Deterrents
Drug taking can sometimes be reduced or elim inated if the 

consequences are im m ediate an d /o r severe enough (Crowley and 
Rhine 1985). There has been some effort to develop pharmacologic 
trea tm ents th a t ensure immediate, reliable, and highly aversive (but 
safe) effects following self-adm inistration of the  drug of dependence. 
Only one such agent has provided a near approxim ation of these 
criteria: disulfiram , which is used in the  trea tm en t of alcoholism 
(Jaffe and Ciraulo 1985; M iller and H ester 1986a). W hen disulfiram  
has been taken, a small am ount of alcohol can produce ra th e r severe 
discomfort and acute illness. Reviews of controlled trea tm en t 
outcome studies (Miller and H ester 1986a) suggest th a t m any of the 
therapeutic effects of disulfiram  may also derive from placebo 
effects. Thus, in some studies (e.g., Fuller and Roth 1979), outcomes 
have been sim ilar for placebo and active drug groups, w ith only 
medication-compliant individuals (about 20 percent in each group) 
showing good outcomes.

No deterrents com parable to disulfirum  in potential efficacy have 
been clinically tested for trea tm en t of dependence on opioids or 
nicotine (see also C hapter VII). As w ith antagonists, a  practical 
problem in trea tm en ts using deterrents is compliance, i.e., m ain tain
ing adequate levels of use of the  medication itself. A deterren t is 
ineffective if it is not taken, and development of contingencies to 
ensure th a t th e  patien t takes the  deterren t has proceeded slowly 
(Bigelow, Stitzer, Liebson 1984, 1985; Stitzer, Bigelow, Liebson, 
McCaul 1984). Therefore, even if  theoretically effective deterrents 
become available for trea tm en t of o ther drug dependencies, their 
utility  m ight be limited.
B ehavioral Treatm ent Strategies

Despite the  powerful sequelae which may accompany both drug 
adm inistration and drug abstinence, most drug-dependent persons 
(possibly excluding opioid users) are not system atically treated  with 
pharmacologic approaches. Drug dependent persons m ay eventually 
"spontaneously rem it” (discussed earlier in th is Chapter), bu t m any 
others en ter form al trea tm en t program s th a t provide supportive and
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behavioral therapy. Behavioral trea tm en t approaches have a hetero
geneous array  of theoretical bases and means of im plem entation 
(Stitzer, Bigelow, McCaul 1983). Although the term  "behavioral 
trea tm en t” is often reserved for approaches which involve the 
system atic application of behavior modification, it is sometimes 
applied to any nonpharmacologic approach. Thus, behavioral s tra te 
gies may involve group support, individual counseling, skills tra in 
ing, or family intervention (Krasnegor 1979a; Grabowski, Stitzer, 
Henningfield 1984). The present Section will provide a brief review 
of behavioral approaches aimed largely a t relapse prevention.

The major challenge in the trea tm en t of drug dependence is no 
longer in the  initial a tta inm en t of abstinence; ra th e r it is in the 
m aintenance of abstinence. In fact, it is w orth noting th a t the shift 
in emphasis from achievem ent of abstinence to the m aintenance of 
abstinence is an im portant advance in trea tm en t efficacy in itself 
(McAuliffe et al. 1986). This cu rren t focus has resulted in the 
development of nonpharmacologically based approaches aimed a t 
w hat is often term ed relapse prevention. In the past decade, relapse 
prevention interventions have been increasingly founded on em piri
cal investigations of situational précipitants of relapse an d /o r have 
addressed factors known to predict relapse th a t can be m anipulated 
(Catalano and Hawkins 1985; Catalano et al., in press; H aw kins and 
Catalano 1985; M arla tt and Gordon 1985; Tucker, Vuchinich, H arris 
1985; Brownell et al. 1986; Todd, 1984).

A specific goal of approaches to relapse prevention is to increase 
the impact of those factors th a t are negatively associated with 
relapse and to decrease the im pact of factors th a t a re  positively 
associated w ith relapse. These approaches have led to th e  develop
m ent of a num ber of techniques th a t hold promise for prevention of 
posttreatm ent relapse. Some of the better documented approaches 
are summarized below.
Relapse Prevention Skills

M arlatt and his associates (M arlatt and Gordon 1980, 1985; 
Cummings, Gordon, M arlatt 1980) have developed a cognitive 
behavioral model of relapse which includes skills tra in ing  for each 
phase of the relapse process. They advocate training: (1) to recognize 
"apparently  irrelevant decisions leading to relapse”; (2) to identify 
and cope with personal high-risk relapse situations; (3) to practice 
behaviors which increase perceptions of self-efficacy and control 
such as reading, relaxation, and meditation; (4) to recognize the 
negative effects in biphasic drug action which follow im m ediate 
positive effects; (5) to cope w ith a slip; and (6) in some cases, to 
practice a relapse under controlled circumstances called a "pro
gram m ed relapse” (although the general efficacy of th is approach 
has not been confirmed).
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Reports of skills tra in ing  with alcoholics far outnum ber reports of 
sim ilar tra in ing  w ith users of o ther drugs. T reatm ent in these 
studies usually involves assertion/social skills training, problem
solving training, and /o r practice of high-risk situations using a 
combination of methods, including didactic presentation, modeling, 
role play, feedback, generation and evaluation of alternative prob
lem solutions, and homework assignments. Skills im provem ent has 
been achieved as indicated by role play, self-report, and question
naire  m easures, and a positive impact of skills tra in ing  procedures 
has been shown in the trea tm en t of alcohol use (Watson and Maisto 
1983; Van Hasselt, Hersen, Milliones 1978) and cigarette smoking 
(Shiffman 1982; Hall, Rugg et al. 1984).

The effectiveness of skills tra in ing  w ith users of drugs o ther than  
alcohol has not been as thoroughly evaluated as for alcohol. In five 
single-case and uncontrolled group studies involving prim arily 
opioid users, two reported reduced drug use a t followup (Cheek e t al. 
1973; Polakow and Doctor 1973); four found self-reported improve
m ents in social functioning (Cheek e t al. 1973; M atefy 1973; Polakow 
and Doctor 1973; Wolpe 1965); and one reported improved role play 
perform ance (Callner 1973). Four studies of users of a variety of 
illicit drugs (Callner and Ross 1978; Hawkins, Catalano, Wells 1986; 
Sm ith 1982; Lin e t al. 1982) have reported improvements in skills 
related to high-risk relapse situations, and one found decreased use 
of m arijuana (Smith 1982). In one study, skill changes generalized to 
un trained  situations and were m aintained 1-year posttreatm ent 
(Hawkins, Catalano, Wells 1986). As discussed in C hapter VII, 
prelim inary studies suggest th a t skills tra in ing  strategies may be of 
some u tility  in the  trea tm en t of tobacco dependence. For example, 
Hall, Rugg, Tunstall, and Jones (1984) found th a t smokers receiving 
relapse prevention skills tra in ing  were significantly less likely to 
relapse th an  smokers assigned to a discussion control condition. 
Subsequent studies and reviews indicate mixed results (Hall et al. 
1985; Schwartz 1987).
Leisure A ctivity  Skills

In recognition of the association of relapse with an absence of 
active leisure activity, a num ber of aftercare program s have 
attem pted to increase participation of clients in organizations 
beyond work or trea tm en t (Catalano and Hawkins 1985; McAuliffe 
et al. 1986; Nurco et al. 1983; Wolf and K err 1979). Controlled studies 
have shown th a t drug users can be encouraged to participate in 
voluntary com m unity organizations and activities following inpa
tien t treatm ents and th a t these contacts can be m aintained over a  1- 
year period following trea tm ent, bu t in these studies there  were no 
beneficial effects in reducing relapse rates (Catalano and Hawkins 
1985; Hawkins and Catalano 1985).
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For alcoholics and cigarette smokers, physical exercise has been 
examined as a potential relapse prevention strategy. Murphy, 
M arlatt, and Pagano (1986) found th a t problem drinkers tra ined  in 
running reported greater reductions in drinking a t followup th an  did 
drinkers tra ined  in meditation. In a retrospective self-report study, 
Koplan, Powell, Sikes, Shirley, and Campbell (1982) found a t 1-year 
followup th a t of the  2,500 runners competing in the  10K Peachtree 
Road Race in A tlan ta  and re tu rn ing  questionnaires, 81 percent of 
m ales and 74 percent of females who smoked cigarettes before they 
started  running  had stopped smoking after they began running.

Stress M anagement Skills
As discussed earlier in this C hapter and in Chapters VI and VII, 

negative emotions associated with stressful events or interpersonal 
interactions have been strongly implicated in relapse precipitation. 
In principle, such emotional states can be addressed through stress 
m anagem ent training, relaxation, m editation, or o ther "lifestyle” 
interventions (M arlatt and Gordon 1985; Charlesw orth and Dempsey
1982). Although stress reduction techniques are frequently included 
as a p a rt of drug abuse treatm ent, there  are a surprisingly small 
num ber of well-controlled studies addressing the  effectiveness of 
anxiety-reduction techniques with drug-abusing clients (M arlatt and 
Gordon 1985). As indicated earlier in th is Section, there  is evidence 
th a t program s which may reduce anxiety by use of aerobic exercise 
or relaxation practice can bring about significant reductions in 
alcohol use among heavy drinkers (M arlatt and M arques 1977; 
M arla tt et al. 1984; M urphy, M arlatt, Pagano, 1986). F u rther 
research is needed to assess the effectiveness of these techniques in 
reducing the  use of substances following trea tm en t for alcohol, 
opioid, and tobacco dependence.

Motivation Enhancing Treatments
T reatm ent interventions in which the  prim ary purpose is to 

improve or bolster m otivation for continued abstinence can take 
m any forms. M any drug-dependent persons en ter trea tm en t as the 
result of some form of pressure from friends, employers, family, 
medical practitioners, or legal agencies. Sometimes treatm ents can 
be designed th a t incorporate these sources of community pressure 
and support for abstinence. The present Section will focus on 
interventions th a t involve social support from professional th e ra 
pists, peers, and family.

Social support strategies designed to bolster environm ental sup
port for abstinence include enlistm ent of support from families and 
existing social networks, the creation of new prim ary social support 
such as self-help groups or linkages with community volunteers, and
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supportive services provided by professional hum an service workers. 
Only prelim inary systematic research has been conducted utilizing 
such interventions; however, the  approach appears of sim ilar 
applicability and utility  in the trea tm en t of opioid, alcohol, and 
tobacco dependence (Ashery 1979; Nurco et al. 1983; Leach 1973; 
Madsen 1974; Jan is and Hoffman 1970).

Professional contact is a special kind of support strategy which has 
been used in drug use treatm ent. Typically, it involves ongoing 
contact w ith professionals from the prim ary trea tm en t program. 
This approach may include booster sessions of individual or group 
counseling, followup phone calls or letters from therapists, or 
followup visits by counselors to former clients in the  community to 
review progress and problems. Fitzgerald and Mulford (1985) found 
th a t bim onthly phone calls to alcoholic patients by an alcohol 
counselor did not affect drinking outcome. Pokorny and others (1973) 
found th a t weekly group therapy sessions following 60-day inpatient 
trea tm en t for alcoholism produced relapse results equivalent to 
more expensive 90-day inpatient trea tm en t with no followup. 
Colletti and Supnick (1980) found th a t weekly contact w ith th e ra 
pists during the first m onth following trea tm en t for smoking 
resulted in be tte r smoking outcomes a t 6 m onths th an  when subjects 
received no aftercare, though these differences were not m aintained 
a t 12-month followup. C hapter VII describes additional analogous 
strategies used to tre a t tobacco dependence.

Fam ily support is a potentially cost-effective and long-lasting form 
of motivation enhancem ent. The potential im portance of family 
support is emphasized by the  correlation between stable family 
environm ent and good treatm ent outcomes previously discussed. In 
recognition of th is relationship, self-help groups to assist family 
members of addicts and alcoholics have proliferated since the  early 
1970s. They include Alcoholics Anonymous (AA), Narcotics Anony
mous (NA), and Fam ilies Anonymous groups for families coping with 
alcoholism and drug abuse (Ashery 1979; Brown and Ashery 1979), 
and service-agency-based aftercare groups for families (Dunlop, 
Skorney, Ham ilton 1982). Agencies which have also focused on 
broader inform al social networks have also arisen (Collins and 
Pancoast 1976; Gottlieb 1981; Speck and A ttneave 1973; W hittaker 
and G arbarino 1983). A study by Stanton, Todd, and Steier (1979) 
provides support for the benefits of involving the families of opioid 
users in treatm ent. They found th a t in families of opioid users which 
received structured  family therapy, there  were more days free of the 
use of opioids, nonopioid illegal drugs, and alcohol th an  for opioid 
users whose families did not receive such treatm ents. While not 
reporting drug use outcomes, others have enlisted family members 
and close friends of drug dependent persons as supportive sponsors 
in drug trea tm en t program s (Sorensen and Gibson 1983; Callan,
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Garrison, Zerger 1975). Such networks are  being increasingly 
developed in recent years to help tobacco dependent persons 
(Chapter VII; see also Schwartz 1987).

Peer support constitutes a potentially powerful motivation-en
hancing approach. A difficulty of peer support is th a t it often 
involves establishing a new peer group for the  drug dependent 
person if his or her cu rren t peer group continues to support drug use. 
Self-help groups such as A A and NA, for example, provide former 
substance abusers w ith a new social support netw ork of individuals 
in like circum stances (Ashery 1979; Nurco e t al. 1983). Descriptive 
followup studies of non-probability samples of AA members have 
suggested th a t AA is an effective approach for assisting some 
recovering alcoholics to m aintain the ir sobriety (Leach 1973; Madsen 
1974; Maxwell 1962). Several studies of the effectiveness of residen
tia l AA program s have also found be tter outcomes associated with 
participation (Alford 1980; Sm ith 1984,1985). However, these studies 
have e ither failed to utilize control groups or utilized "m atched” 
comparison groups th a t differ on p re trea tm ent criteria  which may 
influence outcome. Thus, these studies do not provide conclusive 
efficacy data.

A few studies have attem pted to create or enhance existing peer 
social support, w ith mixed results. For example, a  volunteer sponsor 
program  for "skid-row” alcoholics was described by Fagan (1986), in 
which sponsor groups from churches were assigned alcoholics in a 
rehabilitation program. This program  was not evaluated in a 
controlled m anner. Jan is  and Hoffman (1970) investigated th e  effects 
of a self-help social support intervention on relapse following 
smoking cessation treatm ent. Clients paired in a high-partner-con
tac t condition (daily calls for 5 weeks) were more successful in 
m aintaining abstinence a t 1- and 10-year followups th an  were clients 
in low-contact or control conditions. The critical dimension appeared 
to be quality of peer support.

Conclusions

1. The pharmacologic and behavioral processes th a t determ ine 
tobacco addiction are sim ilar to those th a t determ ine addiction 
to drugs such as heroin and cocaine.

2. Environm ental factors including drug-associated stim uli and 
social pressure are im portant influences of initiation, patterns 
of use, quitting, and relapse to use of opioids, alcohol, nicotine, 
and other addicting drugs.

3. Many persons dependent upon opioids, alcohol, nicotine, or 
other drugs are able to give up the ir drug use outside the 
context of trea tm en t programs; other persons, however, re-
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quire the assistance of formal cessation program s to achieve 
lasting drug abstinence.

4. Relapse to drug use often occurs among persons who have 
achieved abstinence from opioids, alcohol, nicotine, or other 
drugs.

5. Behavioral and pharmacologic intervention techniques with 
dem onstrated efficacy are available for the trea tm en t of 
addiction to opioids, alcohol, nicotine, and o ther drugs.
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Despite the well-known health hazards associated with cigarette 
smoking and tobacco use, more than 50 million Americans continue 
to use these products. (See Chapter I for a brief review of health 
hazards and Appendix A for prevalence of use data.) Chapter IV 
presents evidence that tobacco use is an orderly form of drug-seeking 
behavior that involves nicotine self-administration. It is clear from 
Chapter IV that tobacco use involves several biobehavioral processes 
of drug dependence, including nicotine reinforcement and withdraw
al. The initiation and maintenance of this dependence process may 
be promoted by other actions of nicotine. For example, some 
cigarette smokers report that smoking helps them to think better, to 
cope with stress, and to keep body weight under control. The fact 
that people believe that tobacco use has these effects may contribute 
to initiation, maintenance, and relapse.

This Chapter examines the evidence on the following three effects 
of nicotine:

•  enhancement of human performance
•  control of stress responses
•  control of body weight.
These particular topics are presented because there is scientific 

literature relevant to each topic and because nicotine has been 
suggested to be central to each of these effects.

The three topics are discussed separately in this Chapter because 
the substantive material and relevant data are distinctly different 
for each topic. Also, the research on each topic is at a markedly 
different evidentiary stage at this time. Whereas studies on nicotine 
and performance are intriguing, there are some serious methodologi
cal concerns that force caution in the interpretation of the available 
experimental investigations. In contrast, the relationship between 
stress and smoking (i.e., that stress increases smoking) is well 
documented by self-report data, and several investigators have 
offered detailed theoretical explanations and mechanisms to account 
for this phenomenon. However, much of this speculation has 
preceded experimental investigations. In still another stage of 
investigation, extensive data have been gathered on the relationship 
between cigarette smoking and body weight, and laboratory studies 
have carefully assessed the role of nicotine. Explanations for the 
relationship between nicotine and body weight are based on investi
gations that were designed to test specific variables involved in this 
relationship. All three topics are currently receiving research 
attention and are considered to be important areas for more 
extensive investigation. This Chapter is meant to complement the 
information presented in Chapter IV to provide a more complete 
understanding of tobacco use. Most of the studies discussed in this 
chapter have examined effects of cigarette smoking. Some studies 
present data on effects of nicotine alone. The similarity in findings of
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these two types of studies supports the conclusion that nicotine is 
responsible for the effects of cigarette smoking.

Tobacco Use, Nicotine, and Human Performance

Some cigarette smokers believe and report that smoking helps 
them to think and to concentrate (Russell, Peto, Patel 1974). These 
possibilities have been studied in the laboratory using several 
different tasks. Unfortunately, this research literature has method
ological limitations. Most of the published studies compare smokers 
smoking with smokers not smoking. Few studies have included 
nonsmokers not smoking as a control group. When smokers smoking 
perform better than smokers not smoking, it is impossible to know if 
smoking actually improved performance, if abstinence from smoking 
impaired performance, or both. In addition, most studies allowing 
smoking and evaluating performance did not measure nicotine levels 
in the subjects. Therefore, the role of nicotine generally is inferred 
but not directly assessed. A few studies administered nicotine by oral 
tablets to smokers and to nonsmokers. This Section examines the 
effects of cigarette smoking and nicotine on attention, learning and 
memory, problem solving, and the control of motor function. 
Implications of these effects for tobacco use are discussed.
A ttention

Effects of cigarette smoking on attention have been examined in 
the laboratory using sustained attention tasks, selective attention 
tests, and perceptual intrusion or distraction measures. The results 
using each measure are reviewed separately.
Sustained Attention

Vigilance tasks are the fundamental paradigm in the laboratory 
for defining sustained attention. Attention is directed to one or more 
sources of input for long periods of time. The subject is required to 
detect and respond to small, infrequent changes in the input. 
Performance in vigilance situations is often assessed in terms of the 
detection rate, i.e., the proportion of signals correctly detected, and 
the false-alarm rate, i.e., the number of occasions on which a signal is 
reported when one has not been presented. Measures of stimulus 
sensitivity and response criterion can be derived from the detection 
rate and the false alarm rate using the Theory of Signal Detectabil
ity (Green and Swets 1966) in order to assess performance. During a 
typical vigilance session, the detection rate decreases (the vigilance 
decrement), but it is also important to know if there is a decrease in 
false alarms, which would mean a criterion shift. If the rate at which 
a subject detects the stimuli falls, but there are no changes in false 
alarms, then there is a reduction in stimulus sensitivity.
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In a study of smoking and visual vigilance, the Mackworth Clock 
(Mackworth 1950) was used because it produces a reliable vigilance 
decrement. Cigarette smokers who were allowed to smoke at 20-min 
intervals throughout the 80-min vigilance task maintained their 
stimulus sensitivity to experimental targets (Wesnes and Warburton 
1978). In contrast, sensitivity was reported to drop for a group of 
nonsmokers and for a group of smokers who were not allowed to 
smoke. This finding suggests that smoking helped to maintain 
vigilance, but it could be that abstinence from smoking contributed 
to the performance decrement for smokers who were not allowed to 
smoke.

Tong and coworkers (1977) studied the performance of nonsmok
ers, smokers not smoking, and smokers smoking on a 60-min 
auditory vigilance task. While nonsmokers and smokers not smoking 
detected fewer signals as the test progressed, smokers smoking 
increased their number of detections. Again, it seems that smoking 
improved vigilance. However, this conclusion is tempered by the fact 
that the nonsmokers generally performed better than did the 
smokers on this task. Wesnes and Warburton (1978) reported that 
smokers maintained their initial level of stimulus sensitivity to 
auditory targets over an 80-min vigilance session when they smoked 
cigarettes at 20-min intervals. When they performed the task while 
smoking nicotine-free cigarettes, their sensitivity decreased over 
time. A similar study with a higher target density found a similar 
result: smoking was accompanied by maintained stimulus sensitivity 
(Mangan 1982). Whether smoking increased vigilance or whether 
abstinence decreased vigilance is not clear.

To determine whether nicotine was responsible for these effects of 
cigarette smoking on attention, Wesnes, Warburton, and Matz (1983) 
gave subjects nicotine tablets under the tongue and examined visual 
vigilance. The tablets consisted of nicotine placed on an alkaline 
matrix material to permit buccal absorption. Nicotine helped reduce 
the vigilance decrement by maintaining stimulus sensitivity. The 
nicotine tablets produced the same effects in nonsmokers, light 
smokers, and heavy smokers (Wesnes, Warburton, Matz 1983). 
Wesnes and Warburton (1978) found a similar effect of nicotine 
tablets on smokers but found no effect on performance by nonsmok
ers. Wesnes and Warburton (1984b) reported a small improvement in 
performance by nonsmokers given 1.5-mg-nicotine tablets; 1.0-mg- 
and 0.5-mg-nicotine tablets did not improve performance.

The effects of smoking on sustained reaction time performance, 
which has a vigilance component, were studied by Frankenhaeuser 
and others (1971). The experimental sessions lasted 80 min during 
which subjects continually performed a simple visual reaction time 
test. In the nonsmoking condition, the speed of reaction decreased 
over time; in the smoking condition, there was little change over the
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session. Subjects abstained from smoking the night before participat
ing in this study. Therefore, the smokers in the nonsmoking 
condition were deprived for many hours.

Wittenborn (1943) factor analyzed attention tests and found that 
picking out various sequences of numbers or letters from an array 
was most heavily loaded on what he called an "attention” or "mental 
concentration” factor. Williams (1980) assessed the effects of smok
ing by smokers on a test of this sort that involved crossing out each 
letter "E” found in sheets of randomly ordered letters arranged in 
lines of 30 letters. Smoking cigarettes produced significant improve
ment in performance of the letter cancellation task compared to 
sham smoking an unlit cigarette (Williams 1980). Because the 
subjects had abstained from smoking overnight before the experi
ment, it is not clear whether smoking improved performance or 
whether deprivation caused a decrease in performance.

A computer version of the letter crossing test is the Bakan task 
(Bakan 1959), in which a series of digits is presented at the rate of 
1/sec from which subjects are required to detect certain specified 
three-digit sequences. Measures of both the speed and the accuracy 
of detection rate are made. Performance on this rapid visual 
information processing task after smoking was improved in both 
speed and accuracy above baseline levels, whereas either not 
smoking or smoking nicotine-free cigarettes resulted in a decline in 
speed and accuracy below baseline levels (Wesnes and Warburton
1983). The improvement in both speed and accuracy indicates that 
there is no speed and accuracy tradeoff. Higher-yield cigarettes 
improved performance more than low-yield ones, suggesting that 
nicotine is involved in these effects (Wesnes and Warburton 1984a). 
This interpretation is supported by studies with cigarettes with 
similar nicotine content but varying levels of tar and carbon 
monoxide (CO); cigarettes with the same nicotine content have the 
same effect on speed and accuracy (Warburton, in press). However, 
these conclusions must remain tentative until nicotine levels in the 
body are measured.

Analyses of performance during cigarette smoking indicate a 15- 
percent increase in speed and accuracy (Wesnes 1987) and improve
ment puff by puff (Warburton, in press). Rapid visual information 
processing has been studied during cigarette smoking puff by puff. 
Even with one puff, the probability of correct detections in the 
smoking conditions was higher than in the nonsmoking condition, 
and a single puff produced a change in reaction time (Warburton, in 
press). These findings suggest that smoking improves performance. 
However, these within-subject analyses need to be replicated and 
compared to nonsmoker control groups.
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Selective Attention
Selective-attention tasks involve either focused or divided atten

tion. Focused-attention tasks require subjects to attend to one source 
of information to the exclusion of others. Divided-attention tasks 
require subjects to divide their monitoring between two or more 
sources of information.

One study of selective attention (Tarriere and Hartemann 1964) 
combined central guiding with peripheral visual monitoring. The 
task lasted for 2.5 hr, and the measure of performance reported was 
the percentage of the peripheral visual signals that were missed 
during the session. Monitoring performance was maintained by 
smoking, in contrast to the large increase in the percentage of signal 
omissions when the subjects (all of whom were smokers) were not 
smoking.

In a study of divided attention, a test was based on the rapid visual 
information task (Warburton and Walters, in press; Wesnes and 
Warburton 1984a). Subjects were presented with digits at a rate of 
50/m in in both the visual and auditory modalities, with a different 
sequence for each modality. The detection of sequences in both parts 
of the divided attention task improved significantly after the 
smoking of one cigarette in comparison with not smoking. Smoking a 
cigarette also prevented the increase in reaction times that occurred 
in the control condition (smokers not smoking).

These studies show that smokers who smoke before selective 
attention tasks perform better than smokers who abstain from 
smoking before these tasks. Both the sustained and selective 
attention data indicate that smoking helps the smoker to perform.
Distraction

The Stroop test has been used in smoking research to examine 
distraction effects. The Stroop test uses three sets of displays: a list of 
color words printed in black, a set of color patches, and a list of color 
words with the words printed in incongruent colors (e.g., the word 
"Green” printed in blue). Subjects’ word reading is faster than color 
naming, while naming the incongruently printed color words takes 
much longer than naming the patches. The time difference between 
naming the colors in the two conditions is the Stroop effect. This 
score indicates the subject’s ability to focus attention on a relevant 
stimulus dimension of print color and to ignore an irrelevant 
semantic one.

The effects of nicotine on the Stroop performance of smokers and 
nonsmokers have been studied (Wesnes and Warburton 1978; 
Wesnes and Revell 1984). Wesnes and Warburton (1978) reported 
that nicotine reduced the size of the Stroop effect and that there 
were no differences between smokers and nonsmokers in the amount
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of improvement produced by nicotine. This finding supports the 
argument that the effects of nicotine on attention are similar in 
smokers and nonsmokers. However, only six smokers and six 
nonsmokers participated in this study. Also, the performance by 
nonsmokers was not improved by nicotine tablets in the Wesnes and 
Revell (1984) study. Therefore, conclusions must be tentative until 
the findings of Wesnes and Warburton (1978) are replicated.

Evidence from the few distraction studies that have been reported 
is consistent with the results for sustained and selective attention. It 
may be that smoking and nicotine improve a general attentional 
processing capacity including improved attention to relevant stimuli 
(sustained and selective attention data) and ability to disregard 
irrelevant stimuli (distraction data). However, until studies include 
nonsmoker control groups and measure nicotine levels in the body, 
the conclusion that smoking improves attention remains plausible 
but equivocal. It is reasonable to conclude that the attention of 
smokers is better after smoking than after deprivation from ciga
rettes.
L earning and M emory

Numerous animal studies have demonstrated that nicotine im
proves learning and memory when it is administered pretrial and 
posttrial (Battig 1970; Bovet-Nitti 1965; Castellano 1976; Erickson 
1971; Evangelista, Gattoni, Izquierdo 1970; Stripling and Alpern 
1974; Szekely, Borsy, Kiraly 1974). The effects of smoking and 
nicotine on human learning and memory are surprisingly complex 
in comparison with the effects described in reports of animal studies. 
Some studies of the effects of smoking on human learning and 
memory have shown that smoking improves this aspect of mental 
ability (Mangan 1983; Mangan and Golding 1978; Warburton et al. 
1986). Studies of the effects of pure nicotine on human learning and 
memory have shown that nicotine improves memory just as smoking 
does (Warburton et al. 1986). However, Hull (1924) found evidence of 
impairment in auditory memory and in the efficiency of rote 
learning immediately after smoking, and later studies also have 
found that smoking can interfere with learning and memory, 
especially immediate memory (Gonzales and Harris 1980). The 
effects of smoking and nicotine on learning, immediate memory, 
delayed recall, and state-dependent memory are addressed separate
ly.
Learning

There is no evidence for improved acquisition of information (i.e., 
general learning) after smoking. For example, Carter (1974) reported 
a higher number of correct responses from 10 smoking subjects than
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from 10 nonsmoking subjects on a letter-digit substitution task for 
the second of 2 10-trial blocks given in the first 2 sessions (7 days 
apart). However, there was no difference between groups in savings 
(number of trials) for serial learning of a letter-digit substitution 
task.

Kleinman, Vaughn, and Christ (1973) had nonsmokers, 24-hr 
deprived smokers, and nondeprived smokers do paired-associate 
learning of a low- or high-meaningful list of nonsense syllables. 
There was no difference in learning among the groups on both trial 
and errors to a criterion. However, deprived smokers performed 
better on the high-meaningful list and worse on the low-meaningful 
list than did either of the other two groups.

The effects of nicotine on learning also have been investigated. 
Andersson and Post (1974) compared the effects of nicotine cigarettes 
with those of nicotine-free cigarettes in subjects learning a nonsense 
syllable list. Significant increases in heart rate indicated that 
nicotine was absorbed from the nicotine cigarettes. The first 
cigarette was given after the first 10 trials of learning the list, and a 
second cigarette, of the same kind, was given after 20 trials. The 
learning curves were identical for the two conditions prior to 
smoking. After nicotine, the number correct decreased and remained 
below the scores in the nicotine-free condition, but the learning 
curves were parallel. Thus, the rate of learning was not changed by 
smoking. After the second nicotine cigarette, the number of correct 
syllables increased significantly to the same level of acquisition 
performance as in the nicotine-free cigarette condition. Relative to 
the previous performance, nicotine had improved recall of the 
syllables. The difficulty in interpreting the effects of nicotine in this 
study is that learning and recall occurred over a 20-min period, while 
plasma and brain levels of nicotine would be expected to fall well 
below their peak levels. These data give no evidence of nicotine 
impairing acquisition, because the learning curves are parallel after 
the nicotine cigarette. However, it appeared that after the first 
nicotine cigarette, the information stored in the non-nicotine state 
was less available in the nicotine state, a phenomenon known as 
state-dependent learning. (See "State-Dependent Memory” below for 
a fuller discussion of this phenomenon.)

In another study, Andersson (1975) examined the effects of 
smoking on verbal rote learning using a similar procedure. Ten 
smokers were tested on two occasions during which they were 
initially given 10 successive trials followed by an 8-min break. In one 
condition, the subjects smoked a 2.1-mg-nicotine-delivery cigarette 
during this period, and in the other they simply rested. Then, 
another 10 trials took place, after which a 45-min break was given, 
followed by a final learning trial. As in the previous study, recall was 
significantly lower immediately after smoking. This lowered recall
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tended to recover on successive trials. After the 45-min break, the 
recall in the two conditions was again identical.
Immediate Memory

In a study of immediate memory (Williams 1980), subjects were 
tested within 15 min after smoking one cigarette. They were given 
lists of numbers to memorize and then were immediately asked to 
recall them in the correct sequence (constrained recall). No main 
effects were significant. Controlling for presmoking performance, 
the number of errors increased with strength of cigarettes smoked.

Houston, Schneider, and Jarvik (1978) had 23 heavy smokers, 
deprived of cigarettes for 3 hr, read a list of words. The subjects were 
matched on a free-recall test prior to smoking. Each member of one 
group smoked a 1.5-mg-nicotine cigarette, and each member of the 
other group smoked a non-nicotine cigarette. The subjects were given 
three lists with free recall tests after each one. The immediate recall 
scores showed that the nicotine group had significantly less recall 
than the placebo group did. When testing was given once just after 
the input, however, facilitation was seen (Warburton et al. 1986). 
After smoking a 1.4-mg-nicotine cigarette, each of these subjects was 
shown a list of nouns and immediately asked to write down as many 
as possible. Measures of immediate recall were improved in smokers 
after smoking compared with not smoking.
Comparison o f Immediate and Delayed Recall

Gonzales and Harris (1980) assessed the effects of smoking or 
abstinence on immediate and delayed memory of new and old 
(previously presented) words, as well as category clustering. Smokers 
smoking showed significantly poorer immediate and delayed recall 
of old words and less clustering of words into categories on the 
delayed recall test as compared with smokers who were not allowed 
to smoke before the tasks.

Mangan (1983) examined the effects of smoking a low- (0.7 mg) and 
a middle- (1.3 mg) nicotine-yield cigarette on paired-associate and 
serial learning and retention. Conditions included high and low 
intralist interference. Cigarettes improved retention in paired-asso
ciate learning, with task difficulty apparently having little rele
vance. Smoking impeded learning under low-interference conditions, 
but facilitated learning of high-interference sets.

Mangan and Golding (1983) studied the effects on memory of 
smoking deprivation and of smoking a single cigarette immediately 
after acquisition of a paired-associate learning task. Subjects were 
retested for retention of the memorized material at intervals of 30 
min, 1 day, 1 week, and 1 month. At 30-min retest, nonsmokers 
showed superior recall compared with all smokers. After 1 month,
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subjects who each smoked a low- and medium-nicotine cigarette were 
better than those who smoked high-nicotine cigarettes. They also 
achieved superior recall compared with nonsmokers.

Peeke and Peeke (1984) tested the effects of smoking one cigarette 
on verbal memory and attention in four experiments. In one study, 
subjects were allowed to smoke before the test ("pretrial smoking”), 
after the test ("posttrial smoking”) or not at all ("no smoking”). 
Recall of a 50-word list was tested immediately after intervals of 10 
and 45 min. Pretrial smoking resulted in improved recall 10 and 45 
min after learning, but not immediately. Posttrial smoking was 
ineffectual. Tests at 1, 5, and 30 min after presentation of a 20-word 
list were compared with results from pretrial smoking. Improved 
recall occurred for pretrial smoking. The high-nicotine cigarette 
produced improved recall on both immediate- and delayed-recall 
tests. The low-nicotine cigarette was less effective. Light and heavy 
smokers did not differ in the effect of smoking on recall.

Andersson and Hockey (1977) presented words in different posi
tions on a computer screen to smokers allowed to smoke or not 
allowed to smoke. In one condition, subjects had to remember the 
words in presentation order. In the second condition, subjects were 
asked to remember words, word order, and location. There were no 
differences between the smoking and no-smoking conditions in the 
percentage of words that were recalled in the correct order or for the 
percentage of words that were recalled correctly, regardless of word 
order. However, recall of position on the screen was poorer for the 
smoking group. When the subjects were asked to attend to all three 
aspects of the material, the groups did not differ significantly in 
their recall, although there was a trend for location to be recalled 
better after nicotine use than after deprivation. This study suggests 
that nicotine can enhance storage of information only if the subjects 
perceive that the information is relevant.
State-Dependent Memory

In a state-dependent design, one group of subjects learns after a 
dose of drug while a second group learns after a placebo or nothing. 
For the recall test both groups are divided: half of each group is 
tested with the agent presented during learning and half is switched 
to the other condition. If the recall scores are better for those groups 
that learned in the same chemical state, then state-dependent 
learning is said to have occurred. Numerous animal studies have 
provided evidence of state dependency with cholinergic drugs 
(Warburton 1977). The possibility that nicotine produces state-depen
dent learning in human subjects has been investigated in several 
studies.

Kunsendorf and Wigner (1985) examined state-dependent recall on 
text material. Subjects spent 15 min studying a 550-word article on
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education and answered 6 factual questions based on the article after 
a 10-min break. The treatment conditions were smoking versus no 
smoking during the study period and during testing. When studying 
and testing were conducted for the same subject state (either 
smoking or no smoking), memory was better than when study and 
testing were conducted for different states.

Other investigators also have found evidence for state-dependent 
learning with smoking. Peters and McGee (1982) used the state- 
dependent design to test smoking’s effect on recall and recognition 
memory. After smoking a 1.4-mg-nicotine cigarette, each subject was 
shown a list of nouns and immediately asked to write down as many 
as possible. There was no evidence of any difference in immediate 
recall, a finding in agreement with Andersson and Hockey (1977) 
and Houston, Schneider, and Jarvik (1978). However, on the 
following day, there was a state-dependent effect on the recognition 
test but no difference between the same-state groups.

In another recognition study (Warburton et al. 1986), smokers who 
were deprived of cigarettes for more than 10 hr were each given a 
1.4-mg-nicotine cigarette or nothing immediately before serial pre
sentation of a set of Chinese characters. Subjects were divided into 
four equal groups: Those who did not smoke prior to learning or 
recall; those who did not smoke prior to learning, but had a cigarette 
prior to recall; those who had a cigarette prior to both learning and 
recall; and those who had a cigarette prior to learning, but none 
prior to recall. Subjects who smoked prior to learning had signifi
cantly better recognition scores than the subjects who did not smoke 
in the first part of the experiment. There was no effect of smoking on 
recall performance. A significant interaction term indicated that 
changing the chemical state interfered with recognition.

Warburton and colleagues (1980) used nicotine tablets in the state- 
dependent design. After ingesting the tablet, each subject listened to 
words and then performed successive subtractions for 1 min to 
prevent rehearsal. Immediate free recall was improved. One hour 
later, the subjects were given either nicotine or placebo tablets. They 
were asked to recall as many of the words as they could in another
10-min free recall test. Long-term recall was significantly better 
when subjects had taken nicotine prior to learning, but was not when 
taken prior to recall. A significant interaction term gave evidence for 
a state-dependent effect of nicotine and showed that nicotine was 
facilitating the input of information to storage, but had no direct 
effect on storage or retrieval.

These findings suggest that there is a state-dependent effect of 
smoking on cognitive performance. The seeming impairment of 
immediate memory, however, complicates any simple generaliza
tions about smoking and memory or nicotine and memory. As with 
the attention literature, studies need to include nonsmokers as
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controls to determ ine w hether smoking or abstinence from smoking 
affects learning or memory. In addition, task  characteristics and 
individual differences among subjects m ust be considered in fu ture 
investigations. Based on the available evidence, there  are no clear 
effects of smoking on learning or memory.

Problem  Solving
H um an problem-solving capabilities involve both attention  and 

memory. A ttention is im portant because distraction from the task 
will cause a deterioration in problem-solving performance. Memory 
also plays a critical role in thought, both guiding the operations of 
the thought processes and lim iting the ir power. Problems can be 
broadly categorized as well defined and ill defined. A well-defined 
problem has a  clearly stated goal w ith a clear method to ascertain  if 
the  problem solving will lead to the correct solution. A well-defined 
problem can be solved by convergent th inking th a t produces 
logically correct answers. A simple example of a well-defined 
problem is addition. Ill-defined problems are solved by divergent 
th inking th a t leads to inventive solutions.

H ull (1924) found th a t smoking increased the  ra te  of complex 
m ental addition, but had no m easurable effect on the  accuracy of 
addition. Kucek (1975) found th a t the reduced efficiency of m ental 
addition th a t was produced by doing a tracking task was am eliorated 
by smoking. The improvem ent was especially manifested in the most 
neurotic subjects. One in terpretation  of this improvem ent is th a t the 
a ttentional effects of nicotine enabled the filtering out of the 
distracted thoughts th a t interfered with performance.

A task  th a t has elem ents of both convergent and divergent 
th inking is the Luchins J a r  test (Luchins 1942), in which subjects are 
asked to solve a num ber of "num erical problems” involving the 
m easurem ent of a quantity  of w ater by means of a set of m easuring 
jars. For the  first six trials, exactly the same solution can be used, 
bu t after tr ia l six, both the old form ula and a new, easier form ula are 
appropriate. A m easure of convergent th inking is perform ance on 
the  first six trials, while divergent th inking is assessed from the tim e 
taken  to discover the new, easier solution. Smokers who were 
allowed to smoke performed better on the first half of the test in 
which subjects used the  same solution repeatedly (convergent 
thinking), but were slower to change to a sim pler solution when it 
was available, divergent th inking (W arburton 1987). W hile it could 
be argued th a t nicotine had impaired divergent thinking, it has been 
argued th a t it is more efficient for a subject to use a known strategy, 
no m atter how clumsy it m ight be, th an  to attem pt to invent a new 
one, i.e., to m aintain  attention  (Norman 1980).
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M otor Control
The effects of smoking on m otor control were investigated in the 

early  laboratory study of Hull (1924). He found a m arked increase in 
hand trem or, a slight increase in resistance to m uscular fatigue and 
in speed of reading reaction time, and no m easurable effect on the  
ra te  of tapping or on the  ra te  or accuracy of eye-hand reaction. 
These reports have received support from more recent studies (Lyon 
et al. 1975; Smith, Tong, Leigh 1977). West and Jarv is (1986) 
reported th a t nasal adm inistration of nicotine increases tapping ra te  
in nonsmokers.

Tremor
Lippold, W illiams, and Wilson (1980) recorded finger trem or 

during a control period, sham  smoking, or cigarette smoking w ith a 
stra in  gauge and an  accelerometer. Smoking increased trem or 
am plitude a t least twofold.

Sim ple Reaction Time
Cotten, Thomas, and S tew art (1971) investigated the  im m ediate 

effects of smoking one cigarette on simple reaction tim e after each 
subject smoked a cigarette w ith a 1.5-mg nicotine yield. The m ean 
reaction tim es im m ediately following and 5 m in after smoking were 
significantly slower th an  for all o ther test intervals. Reaction tim es 
for the 40- and 55-min intervals were significantly faster than  the 
reaction tim e before smoking.

Morgan and Pickens (1982) examined w hether reaction time 
perform ance after smoking varied as a function of cigarette smoking. 
Twelve regular smokers were tested on a  reaction tim e task  
im m ediately after smoking on th ree  different occasions. In each 
session, they were allowed ad libitum  smoking of the ir own cigarette, 
or ad libitum  smoking of a standard  cigarette, or they had to smoke a 
s tandard  cigarette w ith a prescribed puff pattern. Reaction tim e 
perform ance was significantly faster after smoking under the  la tte r 
two of the three conditions. Mean reaction tim es were significantly 
shorter for the  smokers smoking th an  for the  smokers not smoking.

Choice Reaction Time
M yrsten and Andersson (1978) compared the  effects of smoking for 

both simple and complex reaction tim e tasks. In the simple reaction 
tim e testing periods, smoking prevented the  significant increase in 
reaction tim e th a t occurred over tim e in the  nonsmoking condition. 
In the complex reaction tim e periods, smoking significantly reduced 
reaction tim e, whereas reaction tim e increases were not significant 
in the  nonsmoking condition.
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Decision tim e and m otor tim e scores on a choice reaction tim e task 
were m easured after smoking (Lyon et al. 1975; Smith, Tong, Leigh 
1977). Decision tim e scores were significantly decreased by smoking, 
and the  high-nicotine cigarette had the  greatest effect. Motor tim e 
scores were not improved, and hand steadiness was significantly 
im paired by smoking.

Smokers, deprived smokers, and nonsmokers performed a compen
satory tracking task while sim ultaneously perform ing a cross-adap
tive loading task  (Schori and Jones 1975). W ith the cross-adaptive 
technique, the size of the subject’s to tal work load (tracking and 
loading tasks combined) was individually tailored to use each 
subject’s entire  attentional capacity. No differences were detected as 
a  function of smoking either in tracking or in loading task 
performance.

Smokers, deprived smokers, and nonsmokers performed a complex 
motor task, consisting of five subtasks, for an extended period of tim e 
a t two levels of task complexity (Schori and Jones 1974). On only one 
subtask, on one of the  two performance m easures obtained, were 
differences as a function of smoking condition evident. Specifically, 
response latencies for nonsmokers were shorter th an  those for 
smokers and deprived smokers a t the  high level of task  complexity, 
bu t were longer a t the  lower level. Because th e  perform ance 
differences were small, Schori and Jones (1974) concluded th a t for all 
practical purposes, smoking had no effect on performance.
Im plications for Tobacco U se

Some cigarette smokers report th a t smoking helps them  to th ink  
and perform. Laboratory studies of atten tion  and state-dependent 
learning are  generally consistent w ith th is perception, bu t studies of 
memory and learning do not support th is perception. D ata on 
problem solving are  too lim ited to allow clear conclusions. The 
im provem ent in attention, state-dependent learning, and some 
m otor performance tasks are, in most cases, superior in smokers who 
are allowed to smoke compared w ith a smoking abstinence condition. 
Therefore, these effects may, in part, reflect reversal of the 
deleterious effects of smoking abstinence. In contrast to th is cautious 
interpretation , however, it should be noted th a t the experim ents 
th a t adm inister nicotine and report sim ilar im provem ents in non
smokers and smokers are  consistent w ith the in terpretation  th a t 
smoking improves some cognitive performance. In light of these 
data, smokers’ self-reports and perceptions may be correct th a t 
smoking helps them  to attend, th ink, and perform. However, until 
more careful investigations are  reported, conclusions concerning the 
effects of smoking and nicotine on hum an perform ance m ust rem ain 
tentative. F uture  studies should include nonsmokers as controls and 
should m easure nicotine levels after smoking or abstinence.
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C urrent methods in cognitive psychology indicate th a t different 
paradigm s for evaluating memory and performance (e.g., data-depen- 
dent versus context-dependent memory measures) produce opposite 
effects in many cognitive tasks (Richardson-Klavehn and Bjork 
1988). The effects of smoking and nicotine on these different types of 
tasks need to be evaluated. A recent presentation on smoking and 
performance, for example, reported th a t smoking improved perfor
m ance on simple reaction tasks but im paired perform ance on more 
complex comprehension and motor performance tasks (Spilich 1987). 
Tasks requiring different levels of dem and m ust be examined. 
Moreover, fu ture research should evaluate perform ance over tim e to 
determ ine w hether any short-term  effects of smoking or nicotine on 
performance persist or are reversed la ter on. Nonetheless, the  fact 
th a t smokers smoking generally perform better on some cognitive 
tasks (especially atten tion  tasks) th an  do smokers not smoking may 
encourage smokers to continue smoking and may encourage relapse.

Tobacco Use, Nicotine, Stress, and Mood Regulation

Cigarette smokers commonly report th a t they smoke in response 
to stressful situations and th a t smoking calms them . In addition, 
m any smokers report th a t smoking helps to regulate dysphoric mood 
or affect. Reports of a relationship between stress and smoking 
generally have been regarded as puzzling in light of the  sym pathom i
metic effects (i.e., sym pathetic nervous system (SNS) activating 
actions) of nicotine, but the consistency of these claims has brought 
research attention  to these topics. The possibility th a t smoking may 
help to regulate dysphoric moods th a t involve low arousal states is 
easier to understand. This Section reviews the relevant research 
lite ra tu re  and presents curren t thinking to help explain these 
phenomena.
Subjective W ell-Being, Stress, and Mood R egulation

The state  of subjective well-being is construed as one in which 
positive affect (pleasure, happiness) is high and negative affect 
(frustration, anger, tension) is low (Watson and Tellegen 1985). 
D epartures from an optim al sta te  may occur because of in ternally  
generated affect (worry, anxiety) or through environm ental events 
th a t stra in  the coping ability of the individual (Dohrenwend and 
Dohrenwend 1981). A sta te  of subjective stress is postulated to be a 
joint function of the curren t environm ental dem ands and the 
curren t coping abilities of the individual (Lazarus and Launier 1978; 
Lazarus and Folkm an 1984). W hen demands exceed coping ability, a 
sta te  of subjective stress may arise th a t m anifests a t the psychologi
cal level as symptoms of psychological distress and a t the  physiologi
cal level as changes in (SNS) arousal, changes in endocrine systems,
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and decrem ents in specific task performance (Baum, Grunberg, 
Singer 1982; Cohen, Kam arck, M erm elstein 1983). In na tu ra l 
settings, stress may occur because of discrete events th a t cause a 
transien t peak in subjective distress or in conditions th a t persist over 
considerable periods of tim e and thus present sources of chronic 
stra in  to affected individuals (Pearlin and Schooler 1978; Pearlin  et 
al. 1981).

Overall mood states are related to independent contributions by 
dimensions of positive affect and negative affect: well-being is 
determ ined by low negative affect and by high positive affect (Diener
1984). Studies of mood states in na tu ra l settings over interm ediate 
tim e periods of 1 day to 1 week show th a t the  dimensions of negative 
and positive mood are independent, th a t is, they both occur on a 
regular basis in daily life and both contribute to overall mood states 
(Stone, Helder, Schneider 1987). Mood may be regulated both by 
reduction of negative affect and by increase of positive affect 
(Tomkins 1962, 1963; Wills and Shiffman 1985).

Subjective well-being could be improved through reducing the 
perceived environm ental demands, through physiologically influenc
ing stress-related arousal states, through reducing perception of 
unpleasant physical states, or through altering  the balance of 
positive/negative affect in daily life. These mechanisms are relevant 
to understanding the  relationship between stress and cigarette 
smoking (Tomkins 1965).
P erceived  F unctions o f Sm oking

A num ber of epidemiological studies have exam ined the perceived 
functions th a t smoking provides for users by employing large 
samples th a t are usually representative of communities; in some 
cases, representative national samples have been obtained. These 
studies ask respondents about various functions th a t smoking is 
perceived to provide for them , and the researchers aim  to determ ine 
basic functional dimensions through factor analysis or cluster 
analysis of the motive reports. The questionnaire items used to elicit 
smoking functions vary considerably, including item s th a t elicit 
agreem ent/disagreem ent w ith statem ents about smoking, item s th a t 
elicit the frequency or likelihood of smoking in defined situations, or 
items th a t ask about a desire to smoke in certain  settings. Although 
the methodology and sampling procedures have varied considerably 
across studies, th ere  is consistency in the results. One higher order 
domain of in tercorrelated motive dimensions indicates th a t smoking 
is perceived to provide negative affect reduction; another domain 
indicates th a t smoking is perceived to provide positive affect 
enhancement. Findings from th e  relevant studies, classified in term s 
of these higher-order domains, are  presented in Table 1. (Survey 
studies also indicate th a t m any smokers report th a t smoking keeps
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weight down and th a t weight control is one of th e ir m ajor concerns 
(Charlton 1984a,b; Feldman, Hodgson, Corber 1985; Page 1983). 
However, for purposes of expositional clarity, th is Section focuses on 
affect regulation and stress. Smoking and body weight are  discussed 
in th e  next Section of th is Chapter.)

A typical study of perceived functions was conducted in th e  U nited 
States by Ikard, Green, and Horn (1969) w ith a representative 
national sample of 2,094 adult respondents. In th is study, subjects 
were presented with a list of 23 statem ents about smoking, repre
senting various combinations of situation and emotion and were 
asked to indicate the ir agreem ent or disagreem ent about w hether 
the statem ent was true  for them . Orthogonal factor analysis of the 
item s indicated th a t six basic motives were represented in th e  data. 
A factor term ed "Reduction of Negative Affect” was loaded by items 
such as "W hen I feel upset about something, I light up a  cigarette” 
and "Few things help better th an  cigarettes when I ’m feeling upset.” 
The domain of positive affect enhancem ent was represented by a  
factor dimension term ed "Pleasurable Relaxation,” which included 
item s such as "Smoking cigarettes is p leasant and relaxing.” This 
factor was not correlated w ith any of the  o ther five factors found in 
the  study, indicating th a t it is an  independent functional dimension. 
A factor concerning addictive smoking, which included item s report
ing a strong desire or craving for cigarettes, was substantially 
correlated with the  negative affect factor and for th a t reason is 
included under the  domain of negative affect reduction.

O ther studies of smoking motives have replicated the two domains 
of negative- and positive-affect regulation. U nder the  general domain 
of negative affect reduction, McKennell (1970) surveyed a  represen
tative national sample of 1,140 adolescents and adults in G reat 
B ritain  and found th a t th ree  factors term ed "Nervous Irrita tion  
Smoking,” "Smoking Alone,” and "Food Substitution” were strongly 
intercorrelated, all representing an  increased probability of smoking 
during unpleasant states. Coan (1973) and Leventhal and Avis (1976), 
in studies w ith college students, found alm ost identical factors 
term ed "Negative Affect Reduction” and "Anxiety Reduction,” 
which in each case were substantially correlated w ith another factor 
representing addictive smoking. Additionally, Coan (1973) found a 
factor term ed "Distraction,” which included item s suggesting th a t 
smoking was sometimes used as a m eans of diverting atten tion  from 
disturbing stim uli. (This self-report is consistent w ith the discussion 
of distraction studies presented in the first Section of th is Chapter.) 
Best and H akstian (1978) surveyed a sample of 331 adult commuters 
with an  inventory about the relative strength  of the ir urge to smoke 
in each of 63 situations. Intercorrelated dimensions term ed "N er
vous Tension,” "F rustra tion ,” "Em barrassm ent,” "Discomfort,”
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TABLE 1.—Sum m ary o f  studies o f perceived functions o f  sm oking

D om ain/Factors
Ikard  e t  al.

(1969)
M cKennell

(1970) Coan (1973)
Leventhal and

Avis (1976)
Best and

H akstian  (1978)
B aum ann and

Chenoweth (1984)

Negative affect 
reduction

N egative affect 
reduction  

Addictive sm oking

N ervous irrita tion

Food substitution  
Smoking alone

Negative affect 
reduction 
Addiction 

D istraction 
A gitated s tate

Anxiety reduction 

Addiction

N ervous tension

F rustration
Discomfort

A nger/Im patience
Restlessness

n .a .1

Positive affect 
enhancem ent

P leasurab le
re lax atio n

Relaxation

Social confidence 
smoking

P leasurab le  
relaxation  

Dependence on 
m ental s ta te  
Sensorim otor 

pleasure

P leasure /T aste Relaxation Pleasure

O ther functions H abitual sm oking 
S tim u lation

Sensorim otor
m an ipu la tion

Activity
accom panim ent

Social smoking

H abitual action 
S tim ulation

Concentration 

U np leasan t hab it

H abit
S tim ulation

Fiddling

Social rew ard

A utom atic smoking 
Sensory stim ulation

Concentration

Social smoking

Inactivity/B oredom  
Tim e struc turing

H abit

Positive peer 
relationships

NOTE: Factors of comparable con ten t are  on the same line.
1 n.a. =  factors not available because relevan t items not in study.



"Restlessness,” and "A nger/Im patience” all indicated elevated rates 
of smoking in different types of negative affect situations.

U nder the  domain of positive-affect enhancem ent, findings are less 
consistent because studies typically included relatively few item s on 
pleasurable aspects of smoking. Despite th is methodological lim ita
tion, each of the studies contains one or two factors th a t represent a 
function of smoking to produce positive affect. A factor term ed 
"Pleasurable Relaxation” found by Coan (1973) indicated smoking in 
circum stances th a t were relaxed and comfortable, and comparable 
factors term ed "P leasure” were found among adults (Leventhal and 
Avis 1976) and adolescents (Baum ann and Chenoweth 1984). In each 
case, these dimensions were uncorrelated w ith negative affect 
factors or w ith o ther dimensions found in the  study. Factors th a t 
were term ed "Relaxation” by two investigators (Best and H akstian  
1978; M cKennell 1970) represent smoking in conditions where one is 
alone or w ants to cheer up.

The studies have indicated some additional functional dimensions 
not included w ithin the two affective domains. Some dimensions 
represent habitual or autom atic smoking th a t occurs w ithout 
conscious attention. These self-reported dimensions are  consistent 
w ith the  data presented in C hapter IV th a t address compulsive drug- 
seeking properties of nicotine and tobacco use. A nother common 
dimension represents smoking to increase stim ulation, typically in 
conditions of inactivity or boredom; sometimes another dimension is 
included, indicating th a t smokers report th a t smoking helps improve 
concentration (Best and H akstian  1978; Coan 1973; Leventhal and 
Avis 1976). This la tte r perceived effect is discussed in detail in  the  
first Section of th is Chapter. Dimensions representing smoking in 
social situations indicate th a t smoking occurs prim arily a t parties or 
social gatherings, and these factors typically are uncorrelated w ith 
affective dimensions.

W ith regard to individual differences in motives for smoking, 
there  are some consistencies across studies. Am ount of smoking 
tends to be greater for persons scoring high on negative affect 
reduction (Ikard, Green, H orn 1969; McKennell 1970), although 
persons scoring high on habitual smoking may have a  greater 
frequency of smoking (Ikard, Green, Horn 1969; Leventhal and Avis 
1976). Sex differences are  sometimes found in functional dimensions, 
w ith females scoring higher on negative-affect reduction (Frith  1971; 
Ikard, Green, Horn 1969; Ikard and Tomkins 1973), whereas males 
score higher on habitual, relaxation, or stim ulation smoking (Frith 
1971; Ikard, Green, Horn 1969; McKennell 1970). Findings on 
external correlates of motive dimensions indicate th a t adolescents 
who score high on the Pleasure dimension are  more likely to initia te  
or increase smoking over tim e (Baumann and Chenoweth 1984), and 
adult smokers who score high on Negative Affect reduction are  more
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likely to relapse after smoking cessation trea tm en t (Pomerleau, 
Adkins, Perstchuk 1978).

McKennell (1970) found 65 to 75 percent of adults reporting th a t 
they perceived smoking to reduce nervous irritation , and comparable 
levels of endorsem ent were found for o ther dimensions of negative- 
and positive-affect regulation factors. Some data  indicate th a t 
endorsem ent rates for habitual, stim ulation, sensorimotor m anipula
tion, and social confidence smoking are low in absolute term s (Ikard, 
Green, Horn 1969; McKennell 1970). A study of young children 
(Eiser, W alsh, Eiser 1986) found th a t mood regulation effects of 
smoking were clearly perceived by subjects in the 7- to 8- and 10- to
11-year-old age ranges; this suggests th a t perceived functions of 
smoking may be learned partly  by observation ra th e r th an  through 
direct experience.

The conclusion from this lite ra tu re  is th a t in the general popula
tion, persons perceive th a t smoking has functions th a t a re  relevant 
for mood regulation. Persons report th a t they smoke more in 
situations involving negative mood, and they perceive th a t smoking 
helps them  to feel be tter in such situations. Additionally, smoking is 
perceived to increase positive mood in some situations. These data do 
not necessarily indicate th a t the various functions characterize 
different types of smokers; ra ther, they suggest th a t most functions 
are salient to an individual bu t are operative a t different tim es or in 
different situations. Sim ilar to the  discussion of smoking and 
performance in the  first Section of th is Chapter, self-reports by 
smokers th a t they smoke under stress may indicate direct effects of 
smoking and nicotine or may reflect effects of smoking deprivation 
th a t a re  relieved by smoking. W hichever in terpreta tion  is correct, 
individuals certainly report th a t stress is associated with smoking.
Stress and Sm oking

There is evidence th a t stress can increase the  likelihood of 
in itiation of smoking if cigarettes are available. F urther, consider
able evidence exists to link negative-affect states to smoking 
behavior. The database includes studies of stress as a risk factor for 
smoking initiation during adolescence and studies on stress and 
rates of smoking among adults.

Stress and Smoking Initiation
Several studies have shown stress to be related to the  onset of 

smoking in early adolescence. Studies of smoking in itiation  typically 
survey a large sample of adolescents beginning a t approxim ately 12 
years of age, because the  onset of cigarette smoking is greatest 
during the junior high school period (Fishburne, Abelson, Cisin 1980; 
Green 1979). M easures of psychosocial risk factors are obtained from
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questionnaire scales, and indices of smoking sta tus are usually 
obtained from self-report by respondents, sometimes accompanied by 
a biochemical index of smoking. There is evidence indicating th a t 
self-reports of smoking by adolescents are generally accurate, 
although the accuracy of self-report data may be increased by 
adm inistration of biochemical m easures (M urray e t al. 1987). 
Convergent results from cross-sectional and prospective studies show 
th a t stress is antecedent to substance use onset and is not a 
consequence of the initiation of smoking (Gorsuch and B utler 1976; 
Kandel 1978; Kandel, Kessler, M argulies 1978; K aplan e t al. 1986).

The most direct evidence linking smoking to negative mood states 
is based on m easures of subjective stress. A cross-sectional study by 
Mitic, McGuire, and N eum ann (1985) surveyed a random  sample of 
1,684 school students in grades 7 through 12 in a medium-sized 
Canadian community and obtained m easures indexing w hether 
students felt nervous, anxious, or worried as a resu lt of 12 potential 
problem areas. Analyses for the  total sample indicated th a t regular 
and heavy smokers scored higher on perceived stress, compared with 
nonsmokers. A related study by Hirschm an, Leventhal, and Glynn 
(1984) employed as the criterion variable a retrospective report of 
smoking experiences during the previous 2 years. D ata were 
obtained from a  stratified sample of 386 students in grades 2 through 
10 in a  m idwestern community. Analyses of da ta  on smoking 
transitions indicated th a t a m easure of affective distress was related 
to rapid transitions from experim ental to regular smoking. These 
results were obtained in m ultivariate analyses w ith control for other 
variables including age, peer and paren tal smoking, and risk-taking 
tendency.

Comparable findings occurred in a prospective study by Wills 
(1985, 1986) of a population sample of 675 students in the  7th grade 
in a New York City school district. Analyses for a  14-item scale of 
subjective stress reactions showed th a t high stress was related to 
increased levels of smoking over a 2-year period. Additional data 
from th is cohort and a replication cohort of 901 students were 
obtained with measures of everyday negative events and m ajor life 
events. M ultivariate analyses of these data  indicated th a t all three 
m easures of stress were related to smoking, w ith m ajor negative 
events being the statistically strongest predictor. These analyses 
indicated th a t the  effect of stress on smoking was not a ttribu tab le  to 
o ther variables including sex, race, locus of control, self-esteem, 
social activity, and assertiveness. These findings are consistent w ith 
laboratory data  indicating th a t females under stress are  more 
willing to try  additional cigarettes after an in itial smoking experi
ence (Silverstein et al. 1982).

It should be noted th a t adoption of cigarette smoking has been 
shown to be a risk factor for subsequent adoptions of o ther types of
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substance use. Although many adolescents who smoke do not become 
regular users of other drugs, there are typically a concurrent 
correlation between smoking and other types of drug use (Hays, 
Stacy, DiMatteo 1984; Single, Kandel, Faust 1974; Revell, Warbur- 
ton, Wesnes 1986) and a statistical relationship between early 
cigarette smoking and subsequent use of hard liquor and marijuana 
(Kandel 1975; Donovan and Jessor 1983). There is no direct evidence 
linking multiple drug use to mood regulation effects, but it has been 
shown that negative life events are a risk factor not only for 
cigarette smoking, but also for several types of other drug use (Bruns 
and Geist 1984; Kellam, Brown, Fleming 1982; Newcomb and 
Harlow 1986).

For interpretation of data on stress and smoking in adolescents, 
the primary methodological issue concerns a possible third confound
ing variable. It may be that high levels of subjective stress are most 
prevalent among adolescents who have difficulty adjusting to school 
and family because of underlying psychopathology (Depue and 
Monroe 1986) and who identify with the values of a deviant lifestyle 
that includes substance use and delinquent behavior (Jessor and 
Jessor 1977). The current evidence argues against this interpreta
tion; some data show that stress-smoking correlations remain 
significant with control for variables such as risk-taking, perceived 
control, and self-esteem (Hirschman, Leventhal, Glynn 1984; New
comb and Harlow 1986; Wills 1985), and it has been shown that 
negative life events that could not be self-caused by adolescents show 
an independent predictive relationship to smoking (Wills 1986). The 
current evidence, however, is minimal and does not clearly rule out 
the alternative interpretation. At present it can be concluded that 
subjective stress may be a risk factor for adolescent smoking.
Stress and Cigarette Consumption

In considering evidence on affective factors and cigarette consump
tion among regular users, both epidemiological and laboratory data 
are available. Designs in the epidemiological studies are relatively 
weak because studies are largely cross-sectional, making causal 
interpretation difficult. When longitudinal data are available, the 
followup periods are rather short (approximately 1 year) in relation 
to the probable time course of stress-smoking relationships in adult 
populations. The following section presents the epidemiological 
evidence and laboratory studies of stress and smoking.

A large body of personality research has linked measures in the 
category of "neuroticism” to cigarette smoking among adult popula
tions (Kozlowski 1979). These measures, which include scales of 
nervousness, emotionality, and anxiety, are conceptually similar to 
the concept of negative affectivity as defined by Watson and Clark 
(1984); that is, the tendency to perceive and experience negative
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affect. Theoretically, this is the most relevant construct for examin
ing links between affective factors and smoking. Of the 50 studies 
reviewed by Kozlowski (1979), half showed a significant relationship 
between neuroticism and smoking. Three studies in this literature 
showed the relationship between neuroticism and smoking to be 
more characteristic of females than males (Cherry and Kiernan 
1976; Clausen 1968; Waters 1971). These studies were mostly cross
sectional, making inferences of causality problematic because of the 
possibility that smoking caused feelings of anxiety and depression. 
Also, Cherry and Kiernan (1976) analyzed longitudinal data and 
found that neuroticism predicted initiation of smoking by women but 
neuroticism predicted decreased likelihood of quitting by men. One 
prospective study (Seltzer and Oechsli 1985) related personality 
measures obtained at age 10 to smoking status at age 16 in a sample 
of 1,127 subjects from health maintenance organizations in the 
Oakland, California, area. The prospective analyses showed that 
measures of anger, restless sleep, and Type A personality were 
significantly related to onset of smoking. These analyses were 
performed with control for parental socioeconomic status and 
smoking. Measures of neuroticism and anxiety did not discriminate 
smokers in these analyses.

In the laboratory, smokers tend to smoke more during stressful 
situations (Epstein and Collins 1977; Rose, Ananda, Jarvik 1983; 
Schachter et al. 1977). Individuals attempting to quit smoking tend 
to experience relapses into a state of continued smoking during 
stressful situations (Shiffman 1986). Such findings are consistent 
with the self-reported claims of smokers that they smoke in order to 
reduce stress-induced negative affect. However, there is no convinc
ing research evidence to indicate whether smoking actually reduces 
stress. It may be that smoking reduces stress relative to smoking 
deprivation or that smoking increases during stress without attenu
ating it.

It has been suggested that smokers smoke as a technique to deal 
with stress (Wills 1985). If smoking is indeed used as a coping 
mechanism, individuals with poor coping skills and/or with high 
degrees of chronic stress would be expected to have a higher 
prevalence of smoking. Three prospective studies have found associa
tions between anxious, aggressive, and generally neurotic personali
ty traits in childhood and the tendency toward smoking later in life 
(Cherry and Kiernan 1976; Lerner and Vicary 1984; Seltzer and 
Oechsli 1985). Cross-sectional surveys have repeatedly supported 
these findings, showing that neurotic, depressed, angry, and rebel
lious individuals are more likely to smoke compared with more 
emotionally stable individuals (Spielberger 1986). Ninety percent or 
more of alcoholics smoke (Istvan and Matarazzo 1984) compared with 
about 30 percent of the general adult non-alcoholic population in the
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United States. Individuals who commit suicide are much more likely 
to be smokers (Cederlof, Friberg, Lundman 1977; Doll and Peto
1976). It has been argued that individuals with personality distur
bances and related psychological problems may, in some cases, be 
using nicotine as a form of self-medication (Brown 1973; Warburton, 
Wesnes, Revell 1983). It has also been noted that the symptoms of 
nicotine withdrawal syndrome are very similar to those of clinical 
depression (Gilbert and Welser, in press). Emotional and psychologi
cal disorders with high incidences of tobacco consumption are 
characterized by high degrees of negative affect, and it seems likely 
that, like other tobacco consumers, individuals with such disorders 
use tobacco as a means of coping with negative affect and stress.

Recent studies have used measures more directly linked to the 
experience of stress. In a survey of a sample of 505 Navy men on 
amphibious assault ships, Burr (1984) employed a 19-item measure 
indexing perceived stress from the domains of job, organization, and 
family and related the stress scales to a single item about smoking 
status. Results showed that two scales from the stress measure, 
indexing Role Conflict and Family Strain, were significant discrimi
nators of smokers and nonsmokers in this sample. These results are 
cross-sectional, but were obtained in a multivariate analysis that 
included a measure of locus of control. Similar results were found in 
a cross-sectional study by Tagliacozzo and Vaughn (1982) in a sample 
of 448 hospital nurses, using a 26-item inventory of job-related stress. 
In this study, the stress-smoking relationship was found primarily 
among respondents who were younger (< 2 8  years) and single. 
Billings and Moos (1983) studied a community sample of 608 adult 
respondents in the San Francisco area and found that heavy smokers 
differed from nonsmokers in showing higher levels of anxie
ty/depression symptoms and negative life events (during the previ
ous year) in the areas of work strain and family illness. Correlations 
between stressors and amount of smoking were found primarily for 
heavy smokers, not for light smokers in this population. These data 
are consistent with findings from a community sample of 938 adults 
in New Haven (Lindenthal, Myers, Pepper 1972). This study found 
that a high level of negative events (during the previous year) was 
related to increased rates of smoking, with some data suggesting that 
this effect occurred primarily among persons scoring high on 
psychological impairment as measured by the Gurin Index. In this 
study the relationship between stress and smoking held with control 
for sex, race, age, marital status, and social class.

Only two studies have examined smoking and stress at more than 
one time point. Conway and associates (1981) studied a sample of 34 
Navy officers in a training setting. Data were obtained on stressors 
and smoking for 14 study days over an 8-month period. The days 
were categorized by independent raters for stress level; additionally,
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subjects made a daily rating on an eight-item scale of mood and 
subjective stress. Results showed that rates of smoking were 
significantly correlated with both the daily subjective stress mea
sures and with the objective categorization of days for stress level. 
Items on perceived stress, anger, fatigue, and fear were significantly 
related to smoking in the overall sample, but an item on depression 
was not significantly correlated with smoking. Within-subject analy
ses of stress-smoking relationships indicated that the significant 
overall correlations were apparently due to a small number of 
individuals, but there were no data presented to discriminate these 
more reactive individuals from other members of the sample. A 
prospective study by Aneshensel and Huba (1983) was based on 
longitudinal data from four time periods with a community sample 
of 742 adult respondents in the Los Angeles area. Data on cigarette 
smoking, scored on a l-to-5 scale, were obtained at baseline and at a 
1-year followup interval. Results showed that a baseline measure of 
depression was not related to smoking either concurrently or over 
the 1-year interval.

The field studies are, for the most part, ambiguous with respect to 
causal interpretation. This difficulty is alleviated in laboratory 
studies in which subjects are randomly assigned to conditions and 
predictor variables are experimentally manipulated. Several studies 
of stress and smoking in laboratory settings have consistently found 
that stress increases rates of smoking. The stressors manipulated 
include threat of electric shock (Schachter et al. 1977), noise (Cherek 
1986; Golding and Mangan 1982), and performance anxiety (Rose, 
Ananda, Jarvik 1983). These latter researchers also employed a 
concentration task and found that smoking increased in both the 
anxiety and concentration conditions, compared with a control 
condition. One study, using a public speaking manipulation, failed to 
find a significant effect of stress on smoking (Glad and Adesso 1976).

Based on epidemiological and laboratory research, it can be 
concluded that stress increases the rate of smoking among regular 
smokers. The convergence of results from cross-sectional, retrospec
tive, and repeated-measures studies, in combination with findings 
from laboratory research, supports the interpretation of a causal 
relationship. There is some evidence suggesting that life stress has a 
greater impact among heavy smokers and among persons scoring 
high on negative-affect measures, but evidence on individual differ
ences in this literature is minimal. The psychological mechanisms 
linking stress to increased smoking have not been clearly demon
strated (Leventhal and Cleary 1980; Schachter, Silverstein, Perlick 
1977; Pomerleau and Pomerleau 1984). It may be that smoking 
attenuates stress (e.g., by regulating mood), that smoking increases 
during stress but does not attenuate it, or that smoking during stress 
is experienced as less stressful only when compared with smoking
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deprivation during stress. Some laboratory studies and substantial 
theoretical speculations have addressed these issues and are dis
cussed below.
D o Sm oking and N icotine R educe Stress and Im prove 
Mood?

There is evidence that smoking is perceived as helpful for coping 
with stress and dysphoric mood. A further question is whether 
smoking actually reduces stress or improves mood. In epidemiologi
cal studies, this question has not been directly addressed, a major 
limitation in the literature. There are some laboratory studies that 
bear on this question. This Section summarizes experimental 
findings concerning the effects of smoking and nicotine on stress and 
affect modulation.
Self-Reported Stress Reduction and Affect Modulation

Smoking-deprived smokers usually report more negative affect 
than do smokers who are allowed to smoke if the setting is one which 
tends to produce mild-to-moderate negative affect. Compared with 
those deprived for an hour or more, individuals allowed to smoke 
report less anxiety (Gilbert and Spielberger 1987; Heimstra 1973; 
Pomerleau, Turk, Fertig 1984; Jarvik et al., in press) as well as less 
anger and irritation (Cetta 1977; Heimstra 1973; Neetz 1979) during 
performance of a variety of slightly stressful tasks. Tobacco depriva
tion is also associated with self-reports of decreased alertness, 
lessened mental efficiency, and increased boredom during a variety 
of cognitive tasks (Frankenhaeuser et al. 1971; Heimstra 1973).

Experimental research suggests that nicotine is the most impor
tant, and possibly the essential, component of the affect-modulating 
properties of tobacco use (Gilbert and Welser, in press; Pomerleau 
and Pomerleau 1984). For example, studies comparing the effects of 
nicotine-containing gum with no-nicotine placebo gum report that 
nicotine reduces negative affect in nicotine-deprived habitual smok
ers (Hughes et al. 1984; Jarvis et al. 1982; West et al. 1984). In 
addition, habitual smokers assigned to smoke cigarettes of normal 
nicotine yield report less negative affect than those who smoke very- 
low-nicotine-yield cigarettes (Gilbert 1985; Perlick 1977).

However, a number of studies have not observed reduced negative 
affect due to smoking high- versus low-nicotine-yield cigarettes 
(Bowen 1969; Dubren 1975; Fleming and Lombardo 1987; Gilbert and 
Hagen 1980; Gilbert 1985; Hatch, Biemer, Fisher 1983). Gilbert and 
Welser (in press) suggest that these studies included inadequate 
periods of tobacco deprivation and excessively rapid smoking of 
multiple cigarettes (probably producing nicotine toxicity). Degree 
and type of stress to which subjects are exposed may also influence 
outcomes. There is evidence suggesting that nicotine has stress-
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attenuating effects when stressor stimuli are mild or moderate, 
distal (anticipatory), and ambiguous, but fails to have such effects 
when stressors are brief, proximal, and/or intense (Gilbert and 
Welser, in press). More research is needed to evaluate these 
possibilities.
Behavioral Indices o f Stress Reduction and Affect Modulation

A small number of studies that used behavioral indices of affect 
support the hypothesis that nicotine can reduce negative affect. 
Several studies report that smoking, or smoking a high-nicotine 
relative to a low-nicotine cigarette, is associated with reduced 
aggression (Cherek 1981; Schechter and Rand 1974). However, Jones 
and Leiser (1976) found no such effects on aggressive behavior by 
using similar procedures. In addition, without nonsmokers as 
controls, it is impossible to know whether the differences that were 
reported between conditions resulted from nicotine administration 
or nicotine deprivation.

Hughes and colleagues (1984) asked spouses to provide daily 
ratings of the subjects’ behavioral indications of mood. These 
subjects had abruptly quit smoking and were randomly assigned to 
chew placebo gum or gum containing nicotine. Subjects who chewed 
the placebo gum were rated by their spouses as exhibiting signifi
cantly more singer and tension after quitting smoking, while those 
who chewed nicotine polacrilex gum showed little change in these 
emotional states. Thus, it appears that the nicotine provided by the 
gum replaced the nicotine previously obtained by smoking, so that 
there was little change in mood. However, it also appears that 
nicotine deprivation resulted in the tension and anger and that 
nicotine did not reduce these variables below baseline values.

Several studies have used pain thresholds as dependent variables 
in assessing the effects of smoking and nicotine on anxiety. Two 
studies that tested the effects of smoking cigarettes of different 
nicotine yield on electric shock endurance report elevated endurance 
thresholds in subjects who smoked relative to those who did not and 
in the high-nicotine-cigarette conditions relative to the low-nicotine- 
cigarette conditions (Nesbitt 1969; Silverstein 1982). The increased 
willingness to endure electric shock by individuals in the smoking 
and high-nicotine conditions was interpreted by these investigators 
and others (Schachter 1973) as indicating that nicotine reduces the 
anxiety associated with the electric shock. Other studies used the 
length of time that individuals are willing to endure pain associated 
with immersion of a hand or foot in ice water (the cold-pressor test) 
as an indicator of anxiety. These studies also showed that smoking 
and another means of nicotine administration (snuff) increase 
endurance in this test. However, the anxiolytic interpretation of 
increased pain thresholds has been questioned (Gilbert 1979),
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because of the observation that in some situations nicotine has been 
reported to increase detection thresholds for tactile (including 
electrical) stimuli. It may be that nicotine reduces sensitivity to pain 
directly, rather than via reduction of anxiety. Several studies have 
failed to find increased shock endurance thresholds associated with 
smoking (Jarvik et al., in press; Milgrom-Friedman, Penman, Meares 
1983; Shiffman and Jarvik 1984). In addition, it is unclear whether 
smoking and nicotine reduced these operational estimates of stress 
or whether smoking deprivation increased them.

Studies of the effects of acute doses of nicotine on behavioral 
measures of activity in animals indicate that nicotine may reduce 
negative affect in a number of different species (Bell, Warburton, 
Brown 1985; Emley and Hutchinson 1983). However, close inspection 
of the procedures used in these studies reveals that doses that 
suppress behavioral indices of emotion also may produce nicotine 
toxicity. Such high doses may decrease a large variety of behavioral 
indices due to the induction of physical distress. However, Silverman 
(1971), using doses of nicotine comparable to smoking doses, reported 
nicotine-induced reductions of aggression. Careful evaluation of 
studies of the effects of nicotine on indices of emotion in nonhuman 
subjects indicates that while these studies generally support the view 
that nicotine has inherent negative-affect-reducing properties inde
pendent of withdrawal effects, most have administered such high 
doses of nicotine as to make their relevance to habitual nicotine use 
in humans questionable.

Overall, evidence from experimental studies supports survey 
findings suggesting that tobacco use and nicotine consumption are 
associated with decreases in negative affect in habitual tobacco 
users. As was true for the learning and performance literature, 
caution must be exercised in generalizing about smoking and 
nicotine’s effects on stress and mood because most laboratory studies 
compare smokers smoking with smokers not smoking. Few studies 
include the important control group of nonsmokers not smoking to 
allow unequivocal determinations of whether smoking and nicotine 
are stress reducing or whether smoking abstinence and nicotine 
deprivation are stress increasing. Certainly, it seems that smoking 
by smokers is stress reducing compared with smokers not smoking. 
The experimental literature suggests that smoking and nicotine may 
reduce negative affect most effectively in situations involving mild 
or moderate distal (anticipatory) anxiety and/or ambiguous stres
sors. The roles that individual differences in personality, tempera
ment, and psychopathology may play in determining the nature or 
degree of the stress-reducing effects of nicotine are yet to be 
determined.
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Suggested  M echanism s U nderlying N icotine’s Effects on  
Stress and M ood

Based on the extant epidemiological literature linking stress and 
smoking and the laboratory studies indicating that stress increases 
smoking, several investigators have offered mechanisms to explain 
these relationships. These theoretical positions are varied and none 
has yet received unequivocal support to the exclusion of the other 
proposed mechanisms. Perhaps several or all of these mechanisms 
are operating. The major positions are reviewed below.
An Emphasis on Nicotine W ithdrawal Symptoms

Schachter (1979) suggested that nicotine reduces negative affect in 
smokers simply by reducing symptoms of nicotine withdrawal. 
Increased irritability, anxiety, and depression are the most common 
symptoms of smoking withdrawal (Murray and Lawrence 1984), and 
these are the very emotions that appear to be most consistently 
reduced by acute doses of nicotine in nicotine-deprived smokers 
(Gilbert and Welser, in press). Thus, alleviation of withdrawal 
symptoms may account for the capacity of nicotine to reduce 
negative affect in nicotine-deprived smokers.

The degree to which an individual is physically dependent on 
nicotine may account for the variable effects observed. Perlick (1977) 
found that normal-nicotine-delivery cigarettes alleviated annoyance 
in heavy but not light smokers. On the other hand, the reduction in 
negative affect following nicotine administration may not be simply 
and solely a consequence of withdrawal symptom relief, because 
several investigations showing such effects used minimally deprived 
individuals who had not developed withdrawal symptoms (Pomer- 
leau 1981).

A variant of this proposed mechanism suggests that smoking 
increases under stress and in dysphoric mood states because 
biological and psychological effects of stress and dysphoric moods are 
similar to the experience of nicotine withdrawal. From past experi
ence, smokers learn that smoking alleviates these unpleasant states. 
Therefore, stressors and dysphoric moods come to elicit smoking 
because of conditioned responses or because of misattribution of the 
unpleasant experiences to nicotine withdrawal (Barefoot and Girodo 
1972; Grunberg and Baum 1985). This misattribution model has 
some empirical support but requires careful examination.
Neurochemical Models

Evidence has been offered in support of the hypothesis that 
nicotine-induced release of glucocorticoids and other neuromodula
tors, such as the endogenous opioid beta-endorphin, may account for 
nicotine’s capacity to reduce stress and negative affect (Gilbert 1979;
408



Pomerleau and Pomerleau 1984). While high doses of nicotine and 
rapid smoking of cigarettes after a period of smoking deprivation 
cause reliable increases in plasma concentrations of such neuromo
dulators (Seyler et al. 1986), it is not clear whether normal smoking 
during nonstressful conditions causes increases in these neuromodu
lators (Gilbert and Welser, in press). However, normal smoking in 
combination with mild-to-moderate stress may result in such in
creases. In addition, even if such neurochemical changes occur, it is 
not clear whether they act to modulate stress or dysphoric moods.
Biphasic Action on the Sym pathetic Nervous System

Studies of human performance show that performance on simple 
tasks is improved by higher arousal, but performance on complex 
tasks is impaired by a high arousal level (Levine, Kramer, Levine 
1975). In coping with the varying demands of daily life, at times it 
may be advantageous to vary the level of sympathetic nervous 
system (SNS) arousal. The ability to regulate arousal in this fashion 
would enable individuals to appraise stressful situations as less 
threatening and could result in improved performance in various 
conditions. There is some evidence suggesting that nicotine may 
have biphasic effects on SNS responses, producing either stimulatory 
effects or dampening effects under different conditions. Under 
conditions of low environmental demand, the effect of nicotine is 
generally to produce stimulatory or SNS arousal effects, including 
increases in heart rate and blood pressure (Grunberg and Baum 
1985; MacDougall et al. 1983, 1986). This effect may be responsible 
for the perceived functions of "stimulation” or coping with "inactivi
ty/boredom” (Best and Hakstian 1978; Coan 1973; Ikard, Green, 
Horn 1969; Leventhal and Avis 1976), and there is evidence 
indicating that smoking improves performance on simple tasks 
(Suraway and Cox 1986; Wesnes and Warburton 1983). At high levels 
of arousal, however, there is some evidence that nicotine produces 
central nervous system (CNS) tranquilization effects or reduces 
reactivity to stressful stimulation (Armitage, Hall, Sellers 1969; 
Ashton et al. 1974; Golding and Mangan 1982; Woodson et al. 1986). 
Evidence suggests that nicotine can restore high brain activation to 
moderate levels. In low-arousal situations, such as vigilance tasks, 
nicotine produces cortical activation and increased alertness (Ed
wards et al. 1985). Increased cortical activation could increase 
hedonic tone directly or indirectly by allowing the individual to 
perform more effectively on desired tasks and thus to experience 
indirect rewards such as the perception of increased self-efficacy. In 
contrast, nicotine has been associated with decreased cortical 
activation and reduced anxiety in stressful conditions (Gilbert 1985; 
Golding and Mangan 1982). Nicotine administration by smoking and
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other means may allow individuals to achieve a hedonically more 
desirable level of cortical activation (Eysenck 1972).

At present, there is no direct evidence linking these physiological 
effects to perceived stress reduction or improved performance under 
stressful conditions. This position is also consistent with the findings 
reported in the first Section of this Chapter.
Altered Body Activity

Several mechanisms based on altered body activity may account 
for nicotine’s stress-reducing effects. First, based on evidence that 
nicotine may in some situations increase the threshold for electric 
shock (Mendenhall 1925) and on the observation that nicotine- 
induced increases in cardiovascular activity typically do not produce 
corresponding increases in perceived heart activity (Gilbert and 
Hagen 1980), nicotine may reduce the intensity of emotional 
experiences by increasing perceptual thresholds for emotion-related 
feelings of bodily arousal (Gilbert 1979). The small number of studies 
evaluating this hypothesis have provided mixed results (Suit and 
Moss 1986), possibly because some have not been carried out under 
conditions of high stress. This elevated perceptual threshold model is 
consistent with the CNS arousal modulation model and with the 
neuromodulator model in predicting that under conditions of height
ened stress, nicotine should elevate perceptual and pain-endurance 
thresholds.

A related possibility is that smoking reduces sensitivity to painful 
stimuli and sensitivity to internal proprioceptive cues that produce 
discomfort. Antinociceptive action (i.e., reducing perception of pain 
stimuli) has been documented in several animal studies (Friedman, 
Horvath, Meares 1974; Sahley and Berntson 1979; Tripathi, Martin, 
Aceto 1982). Evidence from humans is mixed, with several studies 
showing that smoking increases tolerance to painful stimuli (Pomer- 
leau, Turk, Fertig 1984; Nesbitt 1973; Silverstein 1982), and the 
effect is attributable specifically to nicotine intake rather than to the 
physical act of smoking (Fertig, Pomerleau, Sanders 1986). Several 
studies have failed to find effects of smoking on pain thresholds 
(Shiffman and Jarvik 1984; Suit and Moss 1986; Waller et al. 1983). 
These null results may be attributable to methodological details such 
as gender differences or differences in current nicotine level.

Another possibility is that nicotine produces a state of tranquillity 
or relaxation by reducing the level of tonic and/or phasic muscular 
activity (Gilbert 1979). Experimental evidence strongly supports the 
view that nicotine depresses certain muscular reflexes (Domino 
1979; Hutchinson and Emley 1973). Ginzel and Eldred (1972) and 
Ginzel (1987) have shown that nicotine produces muscle relaxation 
in the cat. Epstein and coworkers (1984) have reported that smoking 
by humans reduces sensitivity to perception of muscle tension.
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Schachter (1973) suggests that nicotine reduces emotional experi
ence by reducing emotion-induced phasic increases in autonomic 
nervous system (ANS) activity. Because nicotine typically increases 
activation of the ANS, this increase in tonic ANS activation should 
produce a ceiling effect such that the additional arousal increase 
associated with the onset of emotional stimulation is less than the 
emotion-induced arousal that occurs without nicotine. This third 
hypothesis assumes that phasic, rather than tonic, activation of the 
ANS is an important contributor to the subjective experience of 
emotion. Consistent with this possibility, nicotine increases tonic 
heart rate, but reduces phasic heart rate responses to stressors 
(Schachter 1973; Woodson et al. 1986).
Hedonic Systems Model

Nicotine-induced modulation of one or more systems in the brain 
associated with pain and pleasure may account for the capacity of 
nicotine to reduce negative affect and increase feeling of well-being 
(Eysenck 1973; Jarvik 1973). Eysenck (1973) suggests that feelings of 
well-being produced by nicotine and other means can be increased by 
influencing three hedonic s3'stems: the primary reward, the primary 
aversion, and the secondary reward systems. Activating the primary 
system is thought to produce pleasure directly, while activating the 
secondary reward system produces rewarding effects indirectly, by 
inhibiting the aversion system. Eysenck suggests that nicotine 
administered during highly stressful situations may improve mood 
by means of the secondary system, while nicotine administered 
during low-arousal conditions may directly stimulate primary re
ward systems. Any primary rewarding effect of nicotine appears to 
be very subtle; many smokers and a smaller percentage of nonsmok
ers report pleasurable stimulant effects following the administration 
of nicotine (Jones, Farrell, Herning 1978). However, the subjective 
effects of nicotine appear to depend greatly upon expectations 
(Hughes et al. 1985); individuals who are not habitual tobacco users 
typically report that nicotine administered in any form produces 
unpleasant effects (Nyberg et al. 1982). In addition, the biochemical 
representation of affective states is not well understood (McNeal and 
Cimbolic 1986), and these states are a joint function of physiological 
and psychological factors (Reisenzein 1983; Schachter and Singer 
1962). Experimental studies of stressful situations have shown that 
smoking produces reduction in subjective ratings of anxiety (Jarvik 
et al., in press; Pomerleau, Turk, Fertig 1984), but several studies 
have failed to find effects of smoking for subjective anxiety (Fleming 
and Lombardo 1987; Shiffman and Jarvik 1984) or emotional 
behavior (Hatch, Bierner, Fisher 1983). It appears that anxiety- 
reduction effects are observed primarily when smoking occurs 
before, rather than during, the stressful situation (Gilbert, in press).
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Therefore, the anxiety reduction may result from cognitive appraisal 
rather than from direct reduction of negative affect, but it should be 
noted that comparable patterns of findings are commonly observed 
for most anxiolytic medications (Janke 1983).

Regarding positive affect, it has been suggested that effects of 
nicotine on endogenous opioid systems may relate to experienced 
pleasure (Pomerleau and Pomerleau 1984). There is some evidence 
that effects of cigarette smoke on the upper and lower respiratory 
airways contribute to pleasurable functions of smoking (Rose et al.
1985), but direct evidence of an influence on positive affect has not 
been demonstrated.
Lateralized Affective Processors Model

The capacity of nicotine to decrease negative affect may stem from 
its capacity to increase activation of the left cerebral hemisphere 
compared with the right hemisphere (Gilbert 1985). Lateralized 
effects on electrocortical (Elbert and Birbaumer 1987; Gilbert 1985; 
Gilbert, in press) and electrodermal (Boyd and Maltzman 1984) 
activity have been reported. These electrophysiological studies along 
with behavioral studies (Gilbert and Welser, in press) suggest that 
during stressful/high-arousal conditions, nicotine reduces right- 
hemisphere more than left-hemisphere parietal activation, while 
during low-stress situations it may activate the right hemisphere 
more than the left. Activation of the right hemisphere appears to be 
more related to the experience of negative affect (Davidson 1984), 
while the left hemisphere is more the biological seat of logical 
sequential and verbal information processing (Tucker and William
son 1984). Thus, nicotine-induced reductions of right-hemisphere 
activation are associated with reductions in negative affect. Consis
tent with this finding, simultaneous reductions in right-hemisphere 
EEG activation and in negative affect have been reported while 
subjects viewed a stressful movie (Gilbert 1985). These lateralized 
effects may occur as a result of nicotine’s influence on one or more 
relatively lateralized neurotransmitter systems (Gilbert and Hagen 
1980). The lateralized effect model suggests a common biological 
basis for a diverse set of psychological and physiological effects of 
nicotine.
Hypothalamic Consummatory Drive Model

Both exposure to nicotine and the activity of the hypothalamus are 
linked to hunger and body weight, as well as to affective, cognitive, 
and perceptual processes. Stimulation of the ventromedial hypothal
amus or deactivation of the dorsolateral hypothalamus produces 
effects similar to those produced by the administration of nicotine: 
decreased emotionality, decreased sensitivity to distracting stimuli,
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heightened activity level, low taste responsivity, and weight loss 
(Nisbett 1972). Nicotine withdrawal, as well as lesions of the 
ventromedial hypothalamus or stimulation of the dorsolateral 
hypothalamus (Nisbett 1972), leads to the opposite effects: increased 
emotionality, increased distraction by external stimuli, decreased 
activity level, increased taste responsivity, and weight gain (Grun- 
berg and Baum 1985; Perlick 1977). There are a number of 
commonalities between nicotine and food consumption (Grunberg 
and Baum 1985). Food consumption, like nicotine, reduces anxiety 
(Schachter 1971), and many individuals smoke (Rose, Ananda, Jarvik 
1983) and/or eat more (Morley, Levine, Rowland 1983) when 
anxious. Nicotine may reduce aspects of the hunger drive (Grunberg 
and Baum 1985) and may be reinforcing for this reason. The 
hypothalamic consummatory drive model suggests that consumma- 
tory drive reduction by nicotine should reduce the agitation and 
irritability associated with a high drive state.
Indirect Models: Psychological Enhancement and Sensory 
Gratification

Nicotine may reduce negative affect indirectly by enhancing 
cognitive functioning and associated task performance (Ashton and 
Stepney 1982; Wesnes and Warburton 1978). The effects of smoking 
and nicotine on performance (reviewed earlier in this Chapter) are 
consistent with this interpretation. Nicotine may improve affect 
both directly, by one or several of the mechanisms discussed above, 
and indirectly, by enhancing certain psychological processes. More
over, there is evidence that smoking improves visual sensory 
processing while blunting auditory distractors in humans (Friedman 
and Meares 1980).

Sensory experiences related to tobacco consumption may contrib
ute to the motivation for its use and its affect and stress-related 
effects. Some smokers report smoking because they like handling 
cigarettes, watching smoke, and/or the sensory experience of smoke 
in the throat and lungs (Russell, Peto, Patel 1974). Experimental 
studies, although limited in number, have supported the view that 
sensory factors are important contributors to the satisfaction and 
craving-reduction associated with smoking (Rose et al. 1985). The 
strong sensory impact associated with all forms of common tobacco 
use may also reduce negative affect by providing distraction from 
negative thoughts and stimulation that relieves boredom (Gilbert 
and Welser, in press).
Im plications for Tobacco U se

Stress is a risk factor for smoking initiation and increases 
cigarette smoking (e.g., puffs per cigarette) among regular users.
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Smoking is stress reducing for many smokers, and nicotine appears 
to be involved in this effect. It is likely that the effects of nicotine on 
stress and on mood involve several mechanisms including alleviation 
of withdrawal symptoms, peripheral muscle relaxation, central 
neurochemical changes and electrocortical arousal, interaction with 
consummatory reward systems, and indirect effects such as psycho
logical enhancement and sensory gratification. Future research 
needs to address and compare the possible mechanisms. Regardless 
of which mechanisms are operating, the relationship between stress 
and smoking undoubtedly reinforces habitual tobacco use and may 
contribute to initiation and relapse.

Tobacco Use, Nicotine, and Body Weight

Cigarette smokers weigh less than comparably aged nonsmokers, 
and many smokers who quit smoking gain weight (Grunberg 1986a; 
Rodin and Wack 1984; Wack and Rodin 1982). It has been suggested 
that some people smoke to prevent weight gain as the result of 
smoking cessation (Birch 1975; Charlton 1984b; Grunberg 1986a). 
Therefore, methods to control weight gain following cessation have 
been recommended (Birch 1975; Ducimetiere et al. 1978; Grinstead 
1981; Grunberg and Bowen 1985a). How much weight gain actually 
occurs following smoking cessation (Albanes et al. 1987; Bosse, 
Garvey, Costa 1980; Rabkin 1984; Wack and Rodin 1982), the specific 
mechanisms (i.e., changes in dietary intake, physical activity, and/or 
changes in resting metabolic rate) responsible for this weight gain 
(Grunberg 1986b; Hofstetter et al. 1986), and whether weight gain (or 
fear of weight gain) affects either cessation or relapse efforts (Hall, 
Ginsberg, Jones 1986; Klesges and Klesges, in press; Kramer 1982) 
remain controversial. This Section reviews data relevant to the 
smoking/body weight relationship.
The R elationsh ip  B etw een  Sm oking and Body W eight

The relationship between smoking and body weight has been 
extensively examined and reported for more than 100 years (Kitchen 
1889; Otis 1884). Human studies can be summarized into two broad 
areas: (1) cross-sectional evaluations that have compared the weights 
of smokers, nonsmokers, and in some cases, ex-smokers; and (2) 
longitudinal, within-subject evaluations that have measured weight 
changes in smokers, ex-smokers, and nonsmokers over time. The 
cross-sectional evaluations reported since 1970 are tabulated in 
Table 2, and the longitudinal studies reported since 1970 are 
summarized in Table 3. Both tables present the reference and year, a 
brief description of the sample design, major findings, observed 
moderator variables (e.g., gender, number of cigarettes per day) for 
weight, and major limitations of the study. Only studies published
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since 1970 are summarized in this Report because there are so many 
studies and because reviews of earlier investigations (Bosse, Garvey, 
Costa 1980; Grunberg 1986a) indicate that the results are completely 
consistent with the studies presented in Tables 2 and 3.
Cross-Sectional Evaluations o f Smoking and Body Weight

Of the 28 cross-sectional evaluations presented in Table 2, 25 (89 
percent) reported that smokers weigh less than nonsmokers. An 
additional study (Sutherland et al. 1980) found this relationship for 
women but not for men and another stud}' (Hjermann et al. 1976) 
found this relationship for older (45 to 49 years) but not younger (40 
to 44 years) men. Only one study did not report an inverse 
relationship between smoking and body weight, and that study 
examined visitors to a "health exhibit,” a population that may be 
health conscious and predisposed to making positive health changes 
(Waller and Brooks 1972). This one discrepant study included a high 
percentage of cigar and pipe smokers (many of whom do not inhale). 
While it is difficult to summarize the cross-sectional studies because 
of differences in reporting techniques, it was found that smokers 
overall weighed an average of 7.13 lb (range: 2.36 to 14.99) less than 
nonsmokers.

Because smoking and alcohol consumption are correlated, one 
study (Williamson et al. 1987) examined, through multivariate 
methods, the effects of smoking and alcohol consumption on body 
weight. This study reported that alcohol consumption accounted for 
approximately 44 percent of the reduction in body weight in women 
who smoked compared with women who did not smoke. For men, 
statistical adjustment for alcohol consumption did not alter the 
weight-lowering effect of smoking.

Cigarette consumption, age, and gender have been adequately 
evaluated to reach some conclusions regarding their impact on the 
relationship between smoking and body weight. The effect of 
cigarette consumption has been parametrically evaluated in eight 
studies. Six (Albanes et al. 1987; Hjermann 1976; Holcomb and Meigs 
1972; Jacobs and Gottenborg 1981; Khosla and Lowe 1971; Lincoln 
1970; Stephens and Pederson 1983) of the eight investigations (75 
percent) reported a nonlinear relationship. In all of these reports, 
nonsmokers had the greatest body weights; moderate smokers 
(typically 10 to 20 cigarettes/day) had the lowest body weights; and 
some heavy smokers (typically >  20 cigarettes/day) had body weights 
approaching that of nonsmokers. Two studies (Bjelke 1971; Kopczyn- 
ski 1972) reported no relationship between level of smoking and 
weight.

The effect of age on the smoking/body weight relationship was 
examined in six investigations. Five of six studies (86 percent) 
(Albanes et al. 1987; Bjelke 1971; Hjermann et al. 1976; Jacobs and
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£  TABLE 2.—Cross-sectional evaluations o f sm oking and body w eight
Study Design and sam ple M ajor results M oderator variables Lim itations

A lbanes et al.
(1987)

12,103 m en and  women, 
NHANES II Survey

Smokers weighed 5.95 lb less 
th an  nonsmokers, controlled for 
age, sex; sm okers ta lle r and 
leaner th an  nonsm okers, based 
on skinfold

Age: c u rren t smokers gained 
less a fte r  age 25 th an  e ith e r 
nonsm okers o r ex-smokers 
Smoking duration: body mass 
index decreased w ith smoking 
d ura tion  increase 
Smoking rate : m oderate sm okers 
leaner th a n  low or h igh ra te  
sm okers

Smoking self-report

A ndrews and 
M cGarry
(1972)

All 18,631 p regnan t women, 
Cardiff, W ales, 1965-1968

Across all heights, smoking 
m others ligh ter th an  nonsmokers

P reg n an t women only; 
b irth  survey record 
data; actual w eight 
changes not presented

Biener
(1981)

274 (174 m en, 100 women) ex
smokers, w orksite setting

49% women, 39% m en gained 
w eight following cessation; qu itte r 
approxim ate average gain: women 
11 lb, m en 15 lb

Retrospective 
postcessation gain  self
report; no nonsm oker 
control group

B lair e t al.
(1980)

183 w hite m ale, 284 w hite fem ale 
insurance com pany employees; 
average age 34

Sm okers 2.64-7,5 lb ligh ter th an  
nonsm okers, 0.88-15.21 lb ligh ter 
th a n  ex-smokers; sm aller 
skinfolds for sm okers of both 
sexes th a n  nonsm okers

Sm all sam ple size; 
w hite office w orkers 
only
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TABLE 2.—Continued
Study Design and sam ple M ajor results M oderator variables Lim itations

Bjelke
(1971)

8,638 m ale, 10,331 fem ale 
respondents, m ail survey, Norway 
general population "system atic 
sam ple”

Used "bulk  index” 
(w eigh t/heigh t2); both  sexes 
cu rren t sm okers less bulky than  
qu itte rs  and  never smokers

Sm oking rate: not related  to 
weight
Age: older respondents g rea ter
sm oker/nonsm oker bulk
differences
Sex: women g rea ter
sm oker/nonsm oker bulk
differences

Self-report by m ail; no 
weights, no statistical 
analyses presented

Fehily e t al. 
(1984)

211 nonsm oking, 282 smoking 
m en, aged 45-59, h ea rt disease 
study

Sm okers weighed 7.5-10.3 lb less 
th an  nonsm okers, 6.6-9.4 lb less 
th an  ex-smokers; p ipe/cigar 
sm okers weighed 2.4 lb m ore 
th an  nonsmokers; w e ig h t/h e ig h t1' 
index results sim ilar

Small, all white, 
restricted  sample; 
smoking self-report

F isher and Gordon
(1985)

15% random  sam ple, 10 U.S., 
C anadian  clinics; 2,269 male, 
2,105 fem ale whites, aged 20-59, 
LRC P revalence Study

Men: smoking nondrinkers 
weighed 6.6 lb less th an  
nonsmoking nondrinkers; smoking 
d rinkers  weighed 2.2 lb less than  
nonsmoking d rinkers 
Women: smoking nondrinkers 
weighed 2.2 lb less th an  
nonsmoking nondrinkers; smoking 
drinkers  weighed 4.4 lb less than  
nonsmoking d rinkers

All w hite population; 
sm oking self-report

F riedm an e t al. 
(1981)

38 sm oking-discordant 
m onozygotic tw in pairs, average 
age 40 years

Sm okers weighed 5.07 lb less 
th an  nonsm okers

Self-report by mail; 
sm all restricted  sam ple
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Study Design and sam ple Major results M oderator variables L im itations

G am  et al.
(1978b)

17,649 pregnan t women, national 
h ealth  survey

Smoking m others prepregnancy 
w eight less th an  nonsmoking 
m others; difference: w hites 2.43 
lb, blacks 3.53 lb

SES and  race: no 
sm oking/w eight relationship  
influence

Preg n an t women only; 
self-reports

G arrison et al.
(1983)

Fram ingham  study participants; 
assessed 1949-1952

Nonsm okers 55% of highest 
weight group; sm okers 80% of 
lowest weight group

Sam ple size, weights 
not given; no statistical 
evaluation

Goldbourt and 
M edalie
(1977)

10,059 m ale governm ent workers, 
aged 40-65

C urren t sm okers 1/4 inch taller, 
2.36 lb less th an  nonsmokers; ex
sm okers in  between; leaner 
skinfolds for sm okers th an  ex
sm okers and non smokers

Lim ited age range, 
em ploym ent group; 
smoking self-report

G yntelberg and 
M eyer
(1974)

5,249 employed men, aged 40-59, 
Denm ark

N ondrinking sm okers 1.5 
percentile  points ligh ter than  
nondrinking nonsmokers; light 
drink ing  sm okers 2.9 percentile 
points lighter; heavy d rinking 
sm okers 5.9 percentile points 
lighter th an  drink ing  nonsmokers

All-male sample, one 
city; sm oking self
report

H jerm ann et al.
(1976)

A pproxim ately 18,000 male 
participants, aged 40-49, coronary 
risk factor screening. Oslo

Aged 45-49 sm okers body weight 
3.09 lb less th an  nonsmokers; 
aged 40-44 difference not 
significant; no group 
w eig h t/h e ig h t2 index differences

Sm oking rate : heavy sm oker 
(>  20/day) body w eights h igher 
th an  ligh te r sm oker 
Age: older sm okers (45-49^ 
weighed less than  nonsmokers; 
younger sm okers (40-44) no 
effect

Sm oking self-report; 
lim ited age range; one 
city; all men
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TABLE 2.—Continued
Study Design and  sam ple M ajor results M oderator variables Lim itations

Holcomb and 
Meigs
(1972)

226 m anufac turing  company male 
hourly  em ployees, aged 55-59

Mild to  m oderate  sm okers 14 lb 
ligh ter th an  never smokers, ex
smokers, and  heavy smokers

Smoking rate: heavy sm okers 
(> 1  pack/day) heavier th an  
ligh ter sm okers, equivalent to 
nonsm okers

Smoking self-report; 
lim ited age, incomes; 
all men

H uston and
Stenson
(1974)

184 m en, B ritish  Field Regiment < 10 mm subscapular skinfold 
m en averaged 22 cigarettes/day; 
> 15 mm subscapular skinfold 
m en averaged 12 cigarettes/day

Lim ited m ale sample; 
smoking self-report; nc^ 
separate  sm oker/ 
nonsm oker data

Jacobs and 
Gottenborg
(1981)

3,291 w hite m en and  women, 
aged 20-59, no cardiovascular 
disease or e levated  risk factors; 
random ly selected  middle-class 
suburb  census tra c t  blacks

Sm okers ligh ter th an  never 
sm okers and  q u itte rs

Smoking rate: m ale m oderate 
sm okers (14-29 cigarettes/day) 
6.39 lb ligh ter th an  nonsmokers, 
2.65-9.93 lb ligh ter th an  light 
and heavy smokers; female 
m oderate sm okers 5.07 lb lighter 
th an  never smokers, 1.54-8.38 lb 
ligh ter th an  heavy smokers 
Age: m odera te /never sm oker 
w eight difference increased w ith 
age

Smoking self-report; 
restricted  population

Khosla and  Lowe 
11971)

10,482 m ale steel workers, Wales P er w eig h t/h e ig h t2 index, 
sm okers ligh te r th an  nonsm okers

Smoking rate: heavy sm okers 
(> 3 5  cigarettes/day) heavier 
th an  m oderate smokers (15-34) 
Age: group w eight differences 
increased a fte r  age 35

Smoking self-report; 
restricted  population

K ittel e t al. 
(1978)

8,284 m ale factory  workers, 
Belgium

R elative w eights significantly 
lower for c igarette  sm okers than  
never sm okers, ex-smokers, and 
p ipe/cigar sm okers

Lim ited population, 
risk  factor Rx program
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Kopczynski
(1972)

3,059 random  selectees, 
pulm onary disease study, Poland

N onsm okers heavier th an  
sm okers, except 20-year-old men

Sex, age, sm oking rate: no 
sm oking/w eight relationsh ip  
influence

Smoking self-report; 
w eights not reported

Lincoln
(1970)

3,220 m ale household heads, aged 
41-70, across U nited  S tates

Sm okers weighed 3-14 lb less 
th an  nonsm okers

SES: sm oker/nonsm oker w eight 
difference increased as income 
decreased
Smoking rate : heavy sm okers 
(> 2 1  c igarettes/day) weighed 4 
lb m ore, m oderate  sm okers 
(11-20 cigarettes/day) 4 lb less 
th an  all-sm oker average

Restricted population; 
men

M ateuya
(1982)

90 telephone employees, J ap an Ex-smokers weighed 5.29 lb more 
th an  nonsmokers; light sm okers 
2.87 lb less, heavy sm okers 0.44 
lb less th an  ex-smokers

Small,
nonrepresen tative 
sam ple; d a ta  self-report

N em ery e t al.
(1983)

210 steelw orkers, aged 45-55, 
> 10 years’ service, Belgium

Sm okers weighed 12.13 lb less 
th an  never smokers, 14.33 lb less 
th an  ex-smokers

Restricted population; 
smoking self-report

Stam ford et ai.
(1984a)

164 (56 sm okers, 108 nonsmokers) 
prem enopausal women; 
smokers: > 20  cigarettes/day, > 5  
years, inhale

Sm okers w eighed 11.96 lb less, 
had lower average Q uetelet Index 
th an  nonsm okers

Sm all sam ple size; 
prem enopausal women 
only; d a ta  self-report

Stam ford et a l  
(1984b)

269 adu lt m en, fitness center 
screened;
smokers: > 20  cigarettes/day, > 5  
years, inhale

Smokers weighed 14.99 lb less, 
had 12% less body fat th an  
nonsm okers

Select sample, 
exercising men; 
smoking self-report; 
heavy smokers
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Stephens and
Pederson (1983)

15,518 persons aged > 10; 
questionnaire , anth ropom etry

Sm okers weighed less th an  
nonsmokers; fem ale smokers 
weighed 1.32 lb m ore to 5.73 lb 
less th an  fem ale nonsmokers; 
m en weighed 3.09-7.7 lb less; 
sm okers averaged 3.445 lb less 
th an  nonsm okers

W hite women s e lf  
report, smoking self
report; no statistica l 
significance tests

Sutherland  e t al.
(1980)

Random  sam ple, 175 m en and 
women, ru ra l town, New Zealand

W eig h t/h e ig h t2 index and 
skinfolds significantly h igher in 
nonsm oking th an  smoking 
women; h igher for nonsmoking 
m en, b u t not significant

Sex: m ale sm okers not 
significantly leaner than  
nonsmokers; sm oking women 
ligh ter th an  nonsmoking women

Smoking self-report; 
sm all sam ple size

W aller and  Brooks
(1972)

2,169 h ea lth  exh ib it visitors "L ittle  w eight difference" among 
cu rre n t smokers, nonsmokers, 
and  ex-smokers

Smoking self-report; 
bathroom  scale weight; 
health-conscious 
population; high % 
cigar/p ipe smokers; no 
statistica l evaluations

Zeiner-Henriksen
(1976)

A pproxim ately  15,000 randomly 
selected Norwegians

C urren t sm okers average and  
rela tive  w eight lower th an  
nonsm okers or ex-smokers

Smoking and  weight
self-report,
questionnaire
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Blitzer e t al.
(19771

57,032 women, aged 20-59, self
help  weight loss groups

Q uitters  gained 7.0-10.2 lb m ore 
th an  con tinu ing  sm okers

Smoking rate : weight 
ga in /prev ious smoking ra te  
proportional

Smoking and  weight 
self-reports; all women 
try in g  to lose weight

Bosse e t al. 
(1980)

1,749 adu lt men, Norm ative 
Aging Study, assessed over 5 
years

Average 5*year gains: never 
sm okers 1.81 lb; form er smokers 
1.87 lb; cu rre n t sm okers 2.00 lb; 
ex-smokers who quit 6.34 lb

Age: younger q u itte rs  gained 
more
Adiposity: fa tte r  qu itte rs  gained 
m ore
T ar rate: h igher p re test ta r  ra te  
sm okers gained most 
Anxiety: high rela ted  to h igher 
gain

Smoking self-reports; 
all men; actu a l w eights 
not presented

Burse et al.
(1982)

4 paid volunteers; 11-day 
baseline, 21-day quit period, 20- 
day resum ption period

3 of 4 gained w eight; 1.98 lb 
increase during  cessation; 1.76 lb 
loss on resum ption

V ery sm all sam ple, 
paid volunteers; sh o rt
term  evaluation

Cambien e t al. 
(1981)

1,097 P aris  civii servants, aged 
25-35, screened, random ly 
assigned, cardiovascular risk 
factor reduction in tervention  or 
control groups; 2-year followup 
evaluation

T rea tm ent group q u itte rs  gained 
4.85 lb, control g roup q u itte rs  
7.50 lb; nonsm okers and  no
change sm okers gained 1.54 lb in 
trea tm en t group, 2.2 lb in  control

Smoking self-report; 
risk factor reduction 
program  partic ipants

Carney and 
Goldberg
(1984)

13 women, 5 m en, aged 28-67, 
smoked > 20  cigarettes/day, >5 
years; 12 m ale controls; 15 
sm okers abstained 2 weeks

Q uitters  w eight change range:
-3 .09  to + 9 .0  lb

Smoking ra te /du ra tio n : no 
w eight change relationsh ip  
Biological variables: w eight gain  
positively related  to lipoprotein 
lipase activity  in adipose tissue

Smoking self-report; 
controls w eight 
changes not reported; 
short-term  evaluation
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Coates and Li
(1983)

373 m ale asbestos-exposed 
sm okers, aged >42; 87% white, 
m ean education  12.8 years; 12 
m onths assessm ent a fte r cessation 
effort

C ontinuous q u itte rs  gained 5.15 
lb; continuous smokers gained
0.35 lb

Smoking self-report; all 
male, nonrandom  
sam ple

Comstock and
Stone
(1972)

502 m ale telephone w orkers, aged 
40-59, m ostly  white; 2 
assessm ents 5 years apa rt

5-year followup average gains: 
never sm okers 2.43 lb, ex
sm okers 5.07 lb, continuing 
smokers 2.42 lb; q u itte rs  11.24 lb 
and showed grea test skinfold 
increases

Smoking rate: increasing qu itte r 
weight gain  w ith heavier prequit 
smoking

Smoking self-report; 
men only

Dallosso and
Jam es
(1984)

16 (8 m en, 8 women) antism oking 
clinic p artic ipan ts; m ean age, 
m en 47.1, women 35.4; assessed 
before a n d  6 weeks a fte r clinic

10 q u itte rs  gained 3.00 lb; 5 
continuing sm okers lost 0.99 lb

Small sam ple size; 
smoking self-report; 
lim ited followup

Em ont and 
Cummings
H987)

125 stop-smoking clinic 
p artic ipan ts; p re trea tm en t and 1- 
m onth  followup assessm ents

76% quitters and  slippers (< 5  
cigarettes/day) averaged 5.8 lb 
gain

Nicotine gum: gain /gum  use 
reliable negative correlation  for 
heavy smokers: gain  not related 
to age, sex, m arita l s tatus, 
baseline body weight

W eight gain, smoking 
self-report, confounded 
by gum use; lim ited 
followup; incomplete 
data

Fagerstrom
¡1987}

28 n ico tine  gum  users; abstinen t 
a t  6 m on ths

Infrequent gum users gained 6.83 
lb, frequen t users 1.98 lb

Nicotine gum: frequent users 
gained less weight

Small sam ple size; 
m easures unclear

F riedm an and
Siegelaub
(1980)

M ultiphasic  hea lth  checkup 
patients; smoked, then  quit 12-18 
m onths la te r  (N =  3,825) or 
con tinued  (N = 9,392)

Q uitters gained 2-3  lb m ore than  
continuing smokers

Smoking rate: h igher initial 
smoking ra te  related  to g rea ter 
weight gain a fte r cessation

Smoking self-report; 
whites only data
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G arn  e t al. 
(1978b)

6,979 women followed through  
> 2  pregnancies

H igher prepregnancy w eights for 
hab itua l nonsm okers th an  
hab itua l smokers; w hites 3.4 lb, 
blacks 4.1 lb; lower hab itua l 
sm oker gains between 
pregnancies for both  races

Race: no w eight/sm oking 
relationsh ip  influence

Smoking self-reports; 
restricted  population

G arvey e t al. 
(1974)

870 w hite m ale veterans, aging 
study, assessed 4-7 years a fte r 
in itia l assessm ent

Sm oking/w eight change 
significantly related; recent 
qu itte rs  (< 5  years) gained 4.19 lb 
more th an  sm okers, nonsmokers, 
form er smokers

Age: 40-54 q u itte r w eight 
increase g rea test

Smoking self-report; 
exact quit date  
unknown

G lauser e t al. 
(1970)

7 m ale smokers, cessation 
program ; assessed preprogram , 1 
m onth postprogram

A t 1-month followup, participants 
gained 6.4 lb

Smoking self-report; 
exact quit date 
unknown

Gordon e t al. 
(1975)

4,798 F ram ingham  study 
participants: 1,498 m ale smokers, 
492 m ale nonsmokers, 1,634 
female nonsmokers, 1,174 female 
smokers; exam ined short-term  
changes a fte r biennial exam  1, 
long-term  effects betw een 
biennial exam s 4, 10

A t entry , m ale sm okers weighed 
8.0 lb less th an  nonsmokers; 
short-term  m ale qu itte rs  gained 
3.8 lb, nonsm okers 0.5 lb, 
continuing sm okers 0.3 lb; new 
sm okers lost 9 lb; too few fem ale 
q u itte rs  to  evaluate

Smoking self-report; 
change analysis, men 
only

G orm ican et al. 301 pregnancy obstetrics records, Smoker, nonsm oker prepregnancy Clinic record data;
(1980) women, aged 17-35 w eight sim ilar; no la st 2 pregnancy w eight gain

trim este r weight gain  difference d ata  only
(nonsmokere 24.6 lb, sm okers 22.6
lb)
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G rinstead
(1981)

45 subjects (38 women, 7 men), 
average age 40; evaluated  6 
m onths a fte r cessation trea tm en t; 
saliva th iocyanate  verification

D uring program , 63%  subjects 
averaged 2.88 lb increase, 34% 
averaged 2.46 lb decrease; a t 
followup, 37% averaged 6.97 lb 
gain, 43% averaged 3.27 lb loss

Q uestionnaire, phone 
interview  d ata

G ritz e t al. 
(in press)

554 self-quitters (245 m en, 309 
women), m ean age 41.4, 85% 
C aucasian, 9% black, 4% Asian, 
1% A sian-American, 1% N ative 
A m erican; 1-year followup

35% previous q u itte rs  gained, 3% 
lost; a t  1 year, absta iners 
averaged 6.1 lb gain; relapsers 
gained 2.71 lb w hile abstinent, 
lost 1.3 lb upon relapse; 
continuous sm okers gained 0.3 lb

Q uestionnaire, phone 
interview  data

G rossarth-M aticek
et al.
(1983)

1,353 subjects, Yugoslavian 
v illage of 14,000; every 2d 
household oldest m ember; 
evaluated  1965-1966, 1969

Smoking reduction/w eight 
increase rela tionsh ip  (regression
coefficient -0.30)

Smoking self-report; 
weights, weight 
changes not reported

Gunn and 
Shapiro
(1985)

89 cessation clinic participants; 
all q u it a t  in itia l evaluation; 3- 
m onth  followup assessm ent

43 of 54 (80%) q u itte rs  gained 
2-30 lb

Smoking, height, 
weight self-report; 
inadequate statistical 
evaluation

H all e t al. 
(1986)

255 sm oker partic ipants (122 
men, 133 women), 2 smoking 
trea tm en t tria ls; 6-, 12-month 
followup8; biochem ical verification

A bstainers gained m ore th an  
sm okers a t  1 year

Smoking rate: p re test smoking 
level/postcessation w eight gain  
positively related  
Chronic dieting: chronic d iet 
subjects gained most

M ultiple Rx (e.g., 
nicotine gum) 
partic ipan t d ata  
included

H atsukam i e t al. 
(1984)

27 sm okers hospitalized 7 days; 
20 subjects smoked 3 days, then  
q uit 4 days; 7 control group 
subjects smoked th roughout

Q uitters gained 1.76 lb in  4 days Sm all sam ple size; 
inpatien t environm ent
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H aw orth et al. (1980) 536 women (234 nonsmokers, 302 
smokers) interview ed last 
p ren a ta l visit (18%) or w ithin 
day a fte r delivery (82% >

No sm oker/nonsm oker pregnancy 
weight gain difference

Smoking self-report; 
pregnancy w eight gain 
data  only

Hickey and
M ulcahy
(1973)

150 men (124 smokers); 6-month, 
2-year followups a fte r m yocardial 
infarction

Q uitter, reducer, continuing 
sm oker differences not significant

Smoking self-report; 
postmyocardial 
infarction may 
m otivate healthy  
behavior

Holme et al.
(1985)

16,202 Oslo men, aged 40-49, 
screening program ; 1,232 
(elevated cholesterol or upper 
quartile  coronary risk score) 
random ly assigned d iet/sm oking 
in terven tion  or control; 5-year 
followup

17% controls, 24% in tervention  
quit; 1- to 2-year-quitter weight 
increased m ore th an  controls, 
then  decreased to  below prequit 
level

Smoking self-report; 
confounded by high 
cardiovascular disease 
risk health  
in tervention; w eights 
not reported

Howell
(1971)

Retrospective, 1,121 men, aged 
40-54; 15- to 20-year w eight gain 
exam inations

L ight sm okers (< 2 0  
cigarettes/day) gained 1.9 lb less 
th an  heavy smokers, 3.1 lb less 
th an  ex-smokers, 3.6 lb less th an  
never smokers

Smoking rate: lower ra te  rela ted  
to less w eight gain

Retrospective report

H ughes and 
H utchinson
(1983)

37 sm okers and  19 ex-smokers 
w ith  pulm onary  em physem a 
followed > 3  years

Sm okers lost 0.32 Ib /yr, ex
sm okers gained 1.17 lb /y r; 
significant difference

Smoking self-report; 
pulm onary em physem a 
population
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Jenk ins e t al.
(1973)

2,318 men (546 never smokers, 
359 previous quitte rs, 547 light 
sm okers, 866 heavy smokers), 
aged 39-49, 11 California 
corporations in W estern 
Collaborative G roup Study; 
changes assessed since age 25; 
1960-1969 study

W eight loss m ore likely for tight 
and heavy sm okers th an  never 
sm okers and  q u itte rs

Smoking self-report; 
weights not presented

K ram er
(1982)

175 subjects, com mercial 
cessation program  (41 
nonpartic ipan ts or nonlocated, 59 
quitte rs, 75 continuing smokers)
> 1-year followup

76% nonsm okers, 56%  smokers 
gained weight; these smokers 
m ean gain  1.7 lb, these 
nonsm okers m ean gain  3.0 lb

All data  self-report; 
high a ttrition , d ata  
loss; presentation  
incomplete

Lund-Larsen and 
Tretli
(1982)

12,329 men and  women, aged 
20-49, cardiovascular disease 
project; 2 screenings 3 years 
apa rt

Sm okers m ean and relative 
w eight less th an  nonsmokers; 
fem ale q u itte rs  gained 5.95 lb, 
m ale qu itte rs  7.84 lb; smoking
s ta r te r  men lost 1.98 lb, women 
5.5 lb; sm okers and nonsm okers 
little /n o  change

Sex: men, women weight 
change/sm oking cessation and 
in itia tion  sim ilar

Self-report

M anley and 
Boland
(1983)

39 male, 55 fem ale smokers, 
cessation program ; random ly 
assigned, 1 of 3 4-week 
trea tm en ts  or a tten tio n  placebo 
control; 3-month followup; CO 
verification

31% abstinen t a t  followup: 
absta iners averaged 10.93 lb gain, 
relapsers 6.92 lb

Relapser definition 
unclear
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Noppa and 
BengtS8on
(1980)

1,302 Swedish women, aged 38-60 C urren t sm okers leaner th an  
nonsmokers; A t 6  years, q u itte rs  
gained 7.72 lb; sm oking-starters 
lost 1.54 lb, nonchangers gained
3.09 lb

Smoking self-report

Pincherle
(1971)

222 upper-class m ale quitters; 
followup > 1 y ea r a fte r first visit

28% gained weight; 22% lost Smoking self-report; 
lim ited population; 
incomplete report; no 
w eights presented

Powell and
McCann
(1981)

29 women, 22 m en, 5-day 
cessation project; 2- and  6-month 
followup

A t 2 m onths, 54% gained weight, 
range 3-20 lb, m ean 8.96 lb; all 
subjects m ean 4.69 lb

Smoking self-report; no 
sep ara te  absta iner, 
sm oker data; small 
sam ple size

Puddey e t al.
(1985)

66 cessation program  volunteers, 
pair-m atched by age, sex, body 
m ass index; random ly assigned 
experim ental, control groups; 2- 
week baseline, 6-week trea tm en t, 
6-week followup; th iocyanate , CO 
verification

14 q u itte rs  gained 3.97 lb; 
controls 0.44 lb

Sm all sam ple size

Rabkin
(1984)

40 m ale, 67 fem ale smokers, 
assigned to  3 cessation groups; 
followup 3 weeks post-completion; 
biochem ical verification

67.3% gained w eight, average 
1.76 lb; skinfold increase 6.6 mm

No age, age a t  smoking s tart, 
ra te , re la tive  weight, anxiety  
correlation  to  m ale or fem ale 
w eight change

Sm all sam ple size; 
w eight self-report

I
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R antakallio  and 
H artikainen-Sorrin
(1981)

12,068 p reg n an t women, n. 
F in land, 1966; 15% smokers 
(smoked a fte r  2 m onths 
pregnant); nonsmoking controls 
m atched for age, parity , place of 
residence, m arita l s ta tu s

No sm oking/nonsm oking 
pregnancy w eight gain  difference

P reg n an t women only; 
smoking self-report; 
pregnancy weight gain 
d ata  only

Rush
(1974)

162 low-income u rban  pregnan t 
women, no known m edical 
problem s, <140  lb preconception 
weight; had  borne low 
b irthw eigh t infant; randomized 
controlled n u tritional 
supplem entation  tr ia l

M ean pregnancy w eight gain 
lower for sm okers (0.73 lb/w k) 
th an  nonsm okers (0.90 lb/w k)

Smoking rate: h igher ra te  
related  to  lower pregnancy 
weight gain

P regnan t women only; 
smoking self-report; 
pregnancy weight gain 
data  only

Schoenenberger
(1982)

4,421 m ale MRFIT volunteers, 
aged 35-57, good hea lth  but 
upper 10-15% coronary risk  
factor score; random ly assigned 
to  in terven tion  o r control groups; 
followup 3 ann u al visits

W ith M RFIT in tervention , 
significant body w eight decrease 
in  sm okers (mean 4.6 lb), 
nonsm okers (mean 5.8 lb), 
reducers (mean 3.75 lb); q u itte rs  
average w eight change m inim al 
(m ean 0.55 lb)

Smoking self-report; 
confounded by risk 
factor reduction 
program  participation; 
restricted  population

Seltzer
(1974)

794 ad u lt w hite m ale veterans, 
average age 45; N orm ative Aging 
Study; screened for "h igh” hea lth  
level, geographic stability ; 214 
screened a t  5 years

A t adm ission, ex-smokers 5.9 lb 
heav ier th an  nonsmokers, 8.1 lb 
heavier th an  c u rren t smokers; a t 
5 years, q u itte rs  gained 8.0 lb, 
continuing sm okers 3.5 lb

W hite veterans; 
smoking self-report
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Stam ford e t  al.
(1986)

13 seden tary  women, 48-day 
successful quitters; 1-year 
followup

A t 48 days, w eight increased 4.85 
lb; a t  1 year, qu itte rs  increased 
18.07 lb; 3 relapsers reduced 
weight to baseline levels; per 
hydrostatic weighing, gain  was 
96% fat

Sm all fem ale sam ple; 
smoking self-report

Tuom ilehto et al.
(1985)

10,940 cardiovascular disease 
prevention program  participants, 
aged 25-59, random  sam ple, e. 
F inland; selectees w ith high blood 
pressure o r hypertensive medicine 
assessed 5 years apart; smoking 
d ata  from 2,264

Q uitters body m ass increased 2.31 
lb /m 2; s tarting  sm okers decreased 
1.46 lb /m 2

Smoking self-report; 
hypertensives

V andenbroucke 
e t al.
(1984)

3,091 N etherlands civil servants, 
spouses (1,583 m en, 1,508 
women), aged 40-65, general 
hea lth  exam; 25-year followup

76.6% lean, 65.1% obese men 
smoked; 22.1% lean, 11.3% obese 
women smoked

Smoking self-report; 
restricted  population



Gottenborg 1981; Khosla and Lowe 1971) documented increasing 
weight differences between smokers and nonsmokers with advancing 
age. Typically, aging smokers failed to gain as much weight as aging 
nonsmokers.

Three evaluations systematically compared males with females 
(Bjelke 1971; Kopczynski 1972; Sutherland et al. 1980). Two of the 
three (Bjelke 1971; Sutherland et al. 1980) reported the differences in 
body weight between smokers and nonsmokers to be greater in 
females than in males.
Longitudinal Evaluations o f  Smoking and Body Weight

Table 3 presents the results of 43 longitudinal evaluations of the 
effects of smoking on body weight. Consistent with the cross-section
al evaluations, the overwhelming majority (86 percent, 37 of 43) 
present evidence that smokers who quit smoking gain weight, that 
people who quit smoking gain more weight than nonsmokers, and 
that people who initiate smoking lose weight relative to nonsmokers. 
Of the six studies that did not find these relationships, three limited 
their examination to smoking and weight changes in pregnant 
women (Gormican, Valentine, Satter 1980; Haworth et al. 1980; 
Rantakallio and Hartikainen-Sorri 1981), two relied on participants 
making broad cardiovascular risk factor reduction efforts in subjects 
at high risk for cardiovascular disease (Hickey and Mulcahy 1973; 
Holme et al. 1985), and the remaining study supplied incomplete 
reports of the data (Kramer 1982). Of those studies on the effects of 
smoking cessation on weight, the length of followup ranged from 4 
days to 7 years. According to these investigations, those who quit 
smoking gained an average of 6.16 lb (range: 1.76 to 18.07) during the 
year after cessation.

Daily cigarette consumption was the only moderator variable that 
received sufficient attention in this group of studies reaching specific 
conclusions. Seven of nine studies (78 percent) (Blitzer, Rimm, Giefer 
1977; Bosse, Garvey, Costa 1980; Comstock and Stone 1972; Fried
man and Siegelaub 1980; Hall, Ginsberg, Jones 1986; Howell 1971; 
Rush 1974) reported a positive relationship between cigarette 
consumption and weight change; that is, as pretest cigarette 
consumption increased, postcessation weight gains also increased. 
Two studies (Carney and Goldberg 1984; Rabkin 1984) did not find a 
relationship between cigarette consumption and postcessation 
weight gain.

In summary, there is substantial evidence of an inverse relation
ship between cigarette smoking and body weight. Of 71 studies 
reported since 1970, 62 (87 percent) collectively indicate that 
smokers weigh less than nonsmokers and that people who quit 
smoking gain weight. Older smokers, females, and those smoking 
approximately one pack of cigarettes/day may experience the

431



largest weight control effects of cigarette smoking. Smokers who 
smoke heavily tend to gain the most weight following smoking 
cessation. These generalizations are consistent with reviews based on 
other studies reported since 1880 (Grunberg 1986a). Not all smokers 
who quit smoking gain weight. Further, for ex-smokers who do gain 
weight, the amount of weight infrequently poses a serious health 
risk.
The Role o f Nicotine

Animal studies indicate that nicotine administration results in 
weight loss or decreased weight gains and that cessation of nicotine 
results in body weight gains greater than those of controls (Bowen, 
Eury, Grunberg 1986; Grunberg 1982, 1985, 1986b; Grunberg, 
Bowen, Morse 1984; Grunberg, Bowen, Winders 1986; Grunberg, 
Winders, Popp 1987; McNair and Bryson 1983; Morgan and Ellison 
1987; Schechter and Cook 1976; Wager-Srdar et al. 1984; Wellman et 
al. 1986). Most of these studies report inverse dose-response relation
ships between nicotine and body weight.

Recent research on nicotine polacrilex gum with humans corrobo
rates the role of nicotine in body weight effects. Fagerstrom (1987) 
reported that subjects who quit smoking were much less likely to 
gain weight when they consistently used nicotine polacrilex gum. 
Abstinent subjects who regularly used the gum gained less than 2 lb 
at a 6-month followup. In contrast, the infrequent gum users gained 
almost 7 lb (p<0.05). Emont and Cummings (1987) reported a 
significant negative relationship (r=-0.37) between the number of 
pieces of nicotine polacrilex gum chewed per day and weight gain for 
heavy smokers (> 26  cigarettes/day). No such relationship between 
gum use and weight gain was observed for lighter smokers (< 26  
cigarettes/day).
M echanism s U nderlying The R elationship  B etw een  
Sm oking and Body W eight

The inverse relationship between smoking and body weight may 
result from changes in energy intake, changes in energy expendi
ture, or both. Energy intake involves dietary intake. Energy 
expenditure is affected by behavioral factors (physical activity) and 
biological factors (e.g., metabolism). These potential mechanisms are 
examined below.
Dietary Intake

Several prospective investigations have evaluated dietary intake 
changes following smoking cessation in humans. Hatsukami and 
coworkers (1984) hospitalized 27 smokers for a 7-day period. After a 
3-day baseline, 20 of the subjects were deprived of smoking for 4 days
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while the remaining 7 served as a control group. During this 4-day 
period of abstinence, caloric intake increased significantly (from 
1,397 to 1,651 kcal), which corresponded with a significant 1.76-lb 
increase in weight. In the most comprehensive study to date, 
Stamford and coworkers (1986) evaluated changes in dietary intake, 
physical activity, and resting metabolic rate in 13 sedentary females 
who quit smoking for a 48-day period. Following smoking cessation, 
mean daily caloric consumption increased by 227 kcal, which 
accounted for 69 percent of the variance in postcessation weight gain 
(4.85 lb). Robinson and York (1986) followed 11 smokers who quit for 
7 days. Mean dietary intake significantly increased, but changes in 
resting metabolic rate were not observed. Dallosso and James (1984) 
followed 10 subjects for 6 weeks after they participated in a stop- 
smoking clinic. There was a 4-percent drop in resting metabolic rate 
in smokers who quit, a drop which was reliable when the data were 
expressed per kilogram of body weight. The average dietary intake 
increased by 6.5 percent, but this difference did not reach statistical 
significance.

Preliminary results of a recent investigation indicate gender 
differences in the effects of short-term smoking cessation on body 
weight and food intake (Klesges, Meyers et al. 1987). Female smokers 
who quit for 1 week increased their body weight and dietary intake 
significantly more than male smokers who quit. This sex difference 
is consistent with animal studies (Grunberg, Bowen, Winders 1986; 
Grunberg, Winders, Popp 1987). Given females’ marked concerns 
regarding postcessation weight gain (Klesges and Klesges, in press), 
future studies will need to investigate possible gender differences in 
response to smoking cessation.

Several studies indicate that smokers may differ from nonsmokers 
in their intake of sweet-tasting simple carbohydrates (sugar) in 
particular. In a human laboratory study, Grunberg (1982) observed 
that smokers who were allowed to smoke ate less sweet food than 
smokers who were not allowed to smoke or nonsmokers. Smokers not 
allowed to smoke also reported the greatest preference for sweet 
foods. There were no differences among the three subject groups in 
consumption of other types of foods. Rodin (1987) conducted a 
prospective study in which food intake after smoking cessation was 
carefully evaluated. Smokers who gained weight after quitting 
smoking increased their sugar consumption in particular. Further, 
smokers increase consumption of sweet snack foods when they are 
deprived of cigarette smoking (Duffy and Hall, in press; Perlick
1977). On the other hand, two early investigations (Bennett, Doll, 
Howell 1970; Richardson 1972) found higher sugar consumption in 
smokers relative to nonsmokers. However, Richardson (1972) found 
that this difference was because of low-sugar intake in ex-smokers, 
while Bennett, Doll, and Howell (1970) argued that the differences

433



were largely due to increased added sugar intake because of hot 
beverage consumption. These two studies, which are inconsistent 
with the more recent studies, did not carefully measure all food 
intake and did not assess intentional changes in food intake to 
control body weight.

Several animal experiments have documented that food intake 
decreases during nicotine administration and increases after admin
istration has ceased and that these changes in food intake corre
spond with changes in body weight (Bowen, Eury, Grunberg 1986; 
Grunberg 1982; Grunberg, Bowen, Winders 1986; Levin et al. 1987; 
McNair and Bryson 1983; Wager-Srdar et al. 1984). Consumption of 
sweet foods by male rats is particulary affected by nicotine (Grun
berg 1982; Grunberg et al. 1985). However, nicotine also reduces 
bland food intake in female rats and has a greater effect on body 
weight of female rats than of male rats (Grunberg, Winders, Popp 
1987; Grunberg, Bowen, Winders 1986; Levin et al. 1987).

Several investigations have reported that changes in body weight 
in animals also occur without observing decreases in food intake as 
the result of nicotine administration (Grunberg, Bowen, Morse 1984; 
Schechter and Cook 1976; Wellman et al. 1986). In one investigation, 
chronic exposure to cigarette smoke reduced body weight and food 
intake in rats; however, hamsters exposed to cigarette smoke 
decreased body weight without reducing food intake (Wager-Srdar et 
al. 1984). Several methodological factors complicate these results, 
including the use of different strains of animals, different routes of 
administration and dosages of nicotine, and whether acute versus 
chronic effects of nicotine were reported. However, these results 
indicate that more than the mechanism of food intake was involved 
in producing nicotine- and smoking-related weight changes.

Data from short-term human studies and several animal experi
ments indicate that dietary intake is involved with smoking-related 
energy imbalance. Based on self-reported cross-sectional surveys, it 
has been reported that smokers’ dietary intake is the same as 
(Albanes et al. 1987; Fehily, Phillips, Yarnell 1984; Fisher and 
Gordon 1985; Matsuya 1982) or significantly higher than (Picone et 
al. 1982; Stamford et al. 1984a,b) that of nonsmokers while the 
smokers simultaneously maintained a lower body weight. Assuming 
that smokers are not consistently biased in their reports of dietary 
intake, it appears that either differences in physical activity or 
metabolic rate are maintaining the body weight differences between 
smokers and nonsmokers.
Physical Activity

The data available from cross-sectional investigations, short-term 
prospective studies, and animal investigations seem to indicate that 
changes in physical activity do not play a role in either differences in
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body weight between smokers and nonsmokers or the weight gain 
associated with smoking cessation. Some cross-sectional investiga
tions have found that smokers have lower levels of physical activity 
compared with nonsmokers (Kannas 1981). Others have not found 
differences in physical activity and physical fitness between smokers 
and nonsmokers (Gyntelberg and Meyer 1974; Stamford et al. 1984b; 
Stephens and Pederson 1983). A recent review (Blair, Jacobs, Powell
1985) that addressed the relationships among exercise, physical 
activity, and smoking concluded that smoking and physical activity 
are negatively associated; however, the relationship was extremely 
weak and variable.

Animal studies on the relationship between nicotine and physical 
activity have generally found that physical activity plays a small 
role or fails to correspond to decreases in weight during nicotine 
administration (Bowen, Eury, Grunberg 1986; Cronan, Conrad, 
Bryson 1985; Grunberg and Bowen 1985b). One study found that 
decreases in physical activity after cessation of nicotine appeared to 
contribute to postdrug body weight increases (Grunberg and Bowen 
1985b), but this effect was quite small and occurred only in males.

A few prospective human investigations have evaluated physical 
activity changes following smoking cessation (Hatsukami et al. 1984; 
Hofstetter et al. 1986; Klesges, Brown et al. 1987; Rodin 1987; 
Stamford et al. 1986). These investigations found no changes in 
physical activity as a result of smoking cessation.
Metabolic Rate

Metabolic rate is an important consideration in energy imbalances 
associated with smoking cessation because approximately 75 percent 
of total energy expenditure is in the form of metabolism (Bernstein 
et al. 1983; Ravussin et al. 1982). Metabolism increases as the result 
of acute nicotine administration and immediate effects of smoking 
(Ghanem 1973; Ilebekk, Miller, Mjos 1975; Robinson and York 1986; 
Schievelbein et al. 1978; Wennmalm 1982). The major question, 
however, is whether these effects persist long enough to have a direct 
impact on body weight. Given that (1) smokers do not have higher 
levels of physical activity compared with nonsmokers (Blair, Jacobs, 
Powell 1985), (2) some studies report smokers’ dietary intakes are the 
same as or higher than those of nonsmokers (Picone et al. 1982; 
Stamford et al. 1984a,b), and (3) smokers maintain lower body 
weights than nonsmokers, it is reasonable to postulate that changes 
in metabolism contribute to the relationship between smoking and 
body weight. Additionally, there are several reports in the literature 
on animals that have documented nicotine-induced reductions in 
body weight without a concomitant reduction in food intake (Grun
berg, Bowen, Morse 1984; Schechter and Cook 1976; Wellman et al.
1986).
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Direct evidence supporting a chronic metabolic mechanism that 
modulates the smoking/body weight relationship is beginning to 
emerge. Metabolic rate was chronically measured in a study of rat 
and hamster exposure to cigarette smoke (Wager-Srdar et al. 1984). 
Higher resting metabolic rates were observed on only one of the test 
days compared with the pretest in the rat investigation, while no 
significant differences were observed in the hamster study. Another 
recent investigation (Wellman et al. 1986) evaluated brown adipose 
tissue (BAT) thermogenesis at different levels of nicotine and 
caffeine injections. No differences in BAT thermogenesis were 
observed in response to either nicotine or caffeine. The group that 
received a combination of caffeine and nicotine showed a 63 percent 
increase in BAT thermogenesis.

The few studies that have evaluated metabolic rate changes in 
response to smoking cessation in humans have produced inconclu
sive results. Three investigations found metabolic changes after 
cessation in human smokers. An early report (Glauser et al. 1970) 
found decreases in oxygen consumption for seven male subjects who 
quit smoking for 1 month (neither food intake nor physical activity 
was monitored). A more recent investigation found a 4-percent drop 
in metabolic rate (reliable when data were expressed per kilogram of 
body weight) and no significant increase in dietary intake for 10 
subjects who quit smoking for 6 weeks (Dallosso and James 1984). In 
the only study that used a respiration chamber, Hofstetter and 
others (1986) reported that total energy expenditure was 10 percent 
higher during a 24-hr period of smoking versus a 24-hr period of 
abstinence in eight smokers. No changes were observed in physical 
activity or mean basal (sleeping) metabolic rate (dietary intake was 
held constant). However, this difference in energy expenditure 
disappeared after 24 hr.

Three investigations did not find a change in metabolic rate as the 
result of smoking cessation. Burse and associates (1982, 1975) did not 
observe changes in resting metabolism in a sample of four smokers 
who quit for 3 weeks. This investigation did find reliable increases in 
desire for food, however. In another study, 11 smokers were studied 
after a 7-day period of smoking abstinence (Robinson and York 1986). 
Total energy expenditure following a meal did not change during the 
cessation period. Stamford and colleagues (1986) failed to find 
changes in oxygen consumption in 13 subjects who quit smoking for 
48 days. This investigation did find marked dietary intake changes 
that accounted for 69 percent of the variance of postcessation weight 
gain.

There are several possible explanations for the inconsistency 
observed in the literature on metabolic rate. Different investigators 
have used different criteria (e.g., resting oxygen consumption, BAT 
thermogenesis) for operationalizing metabolism. It is possible that
436



previous dieting history (Brownell et al. 1986) and the use of nicotine 
polacrilex gum (Fagerstrom 1987) may directly impact the metabolic 
response to smoking cessation. It is not clear what the metabolic 
response to nicotine with added agents is likely to be. For example, 
one study found that while neither nicotine nor caffeine alone 
produced a change in BAT thermogenesis, the two combined 
increased thermogenesis by 63 percent (Wellman et al. 1986). This 
finding is particularly interesting given that smokers may be more 
likely to drink caffeinated beverages than nonsmokers (Blair et al. 
1980). Finally, the available literature on human studies used very 
small subject groups, making it impossible to detect subtle but 
potentially meaningful changes in resting metabolic rate. The small 
sample sizes do not allow for an evaluation of variables that may 
potentially moderate the metabolic response to smoking cessation.
Summary o f Mechanisms Literature

Changes in dietary intake appear to be involved in weight gains 
after cessation of smoking or cessation of nicotine administration. 
Physical activity plays little or no role in the relationship between 
smoking and body weight. The data on metabolic contributions to 
postcessation weight gain are suggestive, but further research is 
needed. Unfortunately, much of the relevant human research 
literature is characterized by small sample sizes, short followup 
evaluations, and inadequate evaluations of energy balance following 
smoking cessation. To date, only one investigation has comprehen
sively evaluated (i.e., simultaneous assessment of dietary intake, 
physical activity, and metabolic rate) energy balance changes as the 
result of smoking cessation. This was a sample of 13 sedentary 
females followed for 48 days (Stamford et al. 1986). Comprehensive, 
prospective evaluations of energy balance changes in response to 
smoking cessation are needed. Additionally, no study has evaluated 
possible long-term changes in dietary intake, physical activity, and 
metabolic rate as a result of smoking cessation. The longest followup 
period reported in the literature to date is 2 months (Dallosso and 
James 1984). Finally, evaluation of potential moderator variables of 
dietary intake, physical activity, and metabolic rate as the result of 
cessation is needed. Gender (Grunberg, Winders, Popp 1987; Klesges, 
Meyers et al. 1987), previous dieting history (Brownell et al. 1986; 
Hall, Ginsberg, Jones 1986), pretest levels of lipoprotein lipase 
(Carney and Goldberg 1984), and the use of nicotine polacrilex gum 
(Fagerstrom 1987) appear to be important variables influencing 
weight gain and need further investigation.
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D oes the R elationsh ip  B etw een  Sm oking and W eight 
Prom ote Either the In itiation  or M aintenance o f Sm oking  
Behavior?

Some research attention has been given to body weight as a 
potential moderator of smoking initiation, maintenance, and cessa
tion. Unfortunately, many investigations do not report weight- 
related issues (Borkon, Baird, Siff 1983; Eiser et al. 1985; Pederson 
and Lefcoe 1976; Perri, Richards, Schultheis 1977). The investiga
tions that have evaluated these issues consistently report relation
ships between body weight and smoking initiation (Charlton 1984a) 
and maintenance (Klesges and Klesges, in press).

A survey of 16,000 school children (Charlton 1984a) in England 
found that the heaviest regular smokers were the most likely to 
agree that smoking controls weight (42.2 percent) compared with 
those students who never smoked (16.6 percent). Agreement in
creased with increased levels of smoking. More girls than boys 
agreed with this statement, and girls were also more likely to be 
regular smokers. Charlton (1984b) also reported that among the 
perceived effects of smoking, smokers viewed "calming the nerves” 
as the most popular reason (72 percent) followed by "smoking keeps 
your weight down” (39 percent).

Other investigations are consistent with the Charlton (1984a,b) 
report. In a recent study of 1,000 adolescents in Canada (Feldman, 
Hodgson, Corber 1985), significantly more girls than boys were 
concerned about becoming overweight (36 vs. 14 percent, p <  0.001). 
In girls 18 years or older, 52.6 percent of smokers reported worrying 
about their weight, whereas only 31 percent of nonsmokers reported 
weight-related concerns (p<0.05). In a study of smoking intentions 
among 400 U.S. high school males, Tucker (1983) reported that 
overweight boys scored much higher on smoking intent than either 
normal weight or underweight boys (p< 0.005). Another survey 
evaluated gender differences in a sample of 221 college cigarette
smoking intenders and nonintenders (Page 1983). Results indicated 
that females were much more likely to intend to smoke than males. 
Females were also more likely to believe that smoking maintains 
body weight, and smoking intenders were also more likely to believe 
that smoking controls weight. Finally, in a retrospective survey of 
more than 1,000 young adults (Klesges and Klesges, in press), 
overweight females reported that they were much more likely (20 
percent) to start smoking for weight-related reasons compared with 
normal-weight females (2 percent). No differences between over
weight versus normal-weight males (8 vs. 6 percent) were observed.

Several surveys on smoking maintenance have shown that individ
uals report that weight control is a powerful motivator to continue to 
smoke. Physicians who smoked were much more likely than those 
who had quit (46 vs. 22 percent) to believe that smoking cessation
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increases appetite and weight (Fletcher and Doll 1969). Nurses who 
failed to quit smoking listed (in order) loss of determination, stress, 
and weight gain as the major reasons for failure (Knobf and Morra 
1983). Beliefs regarding the weight-control effects of smoking and 
quitting differentiate smokers and nonsmokers (Hill and Gray 1984; 
Loken 1982; Shor et al. 1981). Females are particularly worried 
about postcessation weight gains (Klesges and Klesges, in press; 
Sorensen and Pechacek 1987). They are more likely to endorse 
smoking as an active weight-loss strategy (39 vs. 25 percent) and are 
more likely to report relapse for weight-related reasons (20 vs. 7 
percent) (Klesges and Klesges, in press).

The research cited above is based on self-reports of the weight- 
control effects of smoking and, as such, could be viewed as an excuse 
for smoking. Two recent worksite-based investigations evaluated 
whether pretest concerns regarding smoking and weight-related 
issues prospectively predicted cessation. Maheu (1985) evaluated 49 
subjects who either received a competition-based (n=32) or a no
competition condition (n =  17). In the competition-based condition, 
participants were told that they would be rewarded if those at their 
worksite lost more weight than those at a neighboring worksite. At a 
3-month followup, 78 percent of the subjects in the competition and 
76 percent of the subjects in the no-competition condition were 
reportedly abstinent. Regression analysis at followup indicated that 
the best pretest predictors of smoking cessation (in order) were 
negative responses to the questions: (1) "Do you think smoking helps 
control your weight?”; (2) "Did one of your parents smoke when you 
were young?”; and (3) "If you have tried to quit before, did you suffer 
any withdrawal symptoms?” Klesges, Brown, and associates (1987) 
found that the best predictors of cessation at posttest were pretest 
cotinine levels and anticipated weight gain as the result of smoking 
cessation. The best predictors of cessation at followup were the 
number of coworkers who smoked followed by anticipated cessation- 
related weight gain.

A recent community survey evaluated predictors of current and 
former smoking status in a sample of 611 nonsmokers, ex-smokers, 
smokers who had tried to quit smoking, and smokers who had not 
attempted cessation (Klesges, Somes et al. 1987). The best predictors 
of smokers who had never attempted cessation versus those with a 
history of cessation efforts were a greater concern related to weight 
control, followed by knowledge of the health consequences of 
smoking. Smokers who had not attempted cessation were significant
ly more likely to cite weight-control issues compared with smokers 
who had made active attempts at smoking cessation. Collectively, 
these investigations indicate that weight-related concerns may not 
only predict successful smoking cessation, but also attempted 
smoking cessation.
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Weight gain following smoking cessation as a predictor of smoking 
relapse has been evaluated in two recent investigations. Hall, 
Ginsberg, and Jones (1986) found a relationship between smoking 
status at a 1-year followup and weight gain at 6 months; greater 
weight gain during the first 6 months predicted continued absti
nence. This finding was contrary to expectations. In another 
investigation, Gritz, Carr, and Marcus (in press) found that continu
ous abstainers had gained an average of 6.1 lb, relapsers had gained 
2.7 lb and subsequently lost half the gain (1.3 lb), and never quitters 
had gained only 0.3 lb. While it was expected that postcessation 
weight gain would be predictive of relapse, one would expect that 
those who have been abstinent from cigarettes would have gained 
more weight than those whc either failed to quit or those who 
relapsed, because these latter groups have regained the weight 
reducing effects of smoking. Additional research will need to 
evaluate the impact of weight gain on relapsers at the point of 
relapse compared with the impact on abstainers at a comparable 
point in time. Further, it is clear that actual weight may have little 
relationship with subjects’ perceptions of their weight status. For 
example, overweight males consistently view themselves as normal 
weight, while underweight and normal-weight females consistently 
view themselves as overweight (Klesges 1983). Very small weight 
gains in some subjects (e.g., normal-weight females) may be much 
more predictive of relapse than very large weight fluctuations in 
others (e.g., overweight males) (Klesges 1983). Future research 
should evaluate potential variables (e.g., gender, obesity) that may 
moderate the relationship between weight gain and smoking relapse.

In summary, weight-related issues may be important in the 
maintenance and cessation of smoking. Weight-reducing effects of 
smoking may encourage smoking initiation by some people, but the 
data on this point are currently unconvincing. Future research 
should focus on who (e.g., males versus females, those with a history 
of chronic dieting) is most at risk to smoke because of weight-related 
concerns. In particular, prospective studies on weight-related issues 
as they predict smoking initiation, cessation, and relapse are needed.
Im plications for Tobacco U se

Cigarette smokers weigh less than comparably aged nonsmokers, 
and many smokers who quit smoking gain weight. This inverse 
relationship between smoking and body weight is well established, 
and the role of food intake and energy expenditure as mechanisms 
for this relationship is currently receiving research attention. The 
postsmoking weight gains are frequently undesired by the ex-smok
er. People are quite aware of the relationship between smoking and 
body weight, and this relationship may encourage some people to 
initiate smoking and to keep smoking. However, other people may
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modify food intake and avoid weight gains after cessation of 
smoking.

Summary and Conclusions

1. After smoking cigarettes or receiving nicotine, smokers per
form better on some cognitive tasks (including sustained 
attention and selective attention) than they do when deprived 
of cigarettes or nicotine. However, smoking and nicotine do not 
improve general learning.

2. Stress increases cigarette consumption among smokers. Fur
ther, stress has been identified as a risk factor for initiation of 
smoking in adolescence.

3. In general, cigarette smokers weigh less (approximately 7 lb 
less on average) than nonsmokers. Many smokers who quit 
smoking gain weight.

4. Food intake and probably metabolic factors are involved in the 
inverse relationship between smoking and body weight. There 
is evidence that nicotine plays an important role in the 
relationship between smoking and body weight.
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Introduction

The previous chapters have established that nicotine is a drug of 
dependence. Chapter II provided a detailed description of the 
pharmacokinetics and pharmacodynamics of nicotine from various 
forms of tobacco. Chapter III addressed sites and mechanisms of 
nicotine action. Chapter IV documented addictive properties of 
tobacco including those related to its use as a vehicle for nicotine 
delivery and physiological dependence produced by nicotine adminis
tration. Chapter V demonstrated the commonalities between tobacco 
use and use of other drugs such as heroin and cocaine. Chapter VI 
discussed effects of nicotine that may promote to tobacco use.

Unfortunately, much of this work has seen limited clinical 
application in the treatment of the tobacco user. Most current 
treatment approaches are primarily psychological. Relatively few 
studies have addressed pharmacologic determinants of tobacco use 
(Pomerleau et al.). An increased understanding of the addictive 
properties of nicotine should lead to improved treatment approaches. 
Interventions for tobacco users who seek assistance should consider 
the addictive properties of tobacco and the ways that these can be 
overcome. They should also be sensitivfe to other effects of nicotine 
that may promote tobacco use. The failure to address these types of 
issues may be an important cause of the less^than optimal results 
attained by existing treatment approaches.

It is evident that smoking is maintained by both pharmacologic 
and psychological determinants. The relative contributions of these 
factors are virtually impossible to separate and are likely to vary 
dramatically not only among individual smokers, but perhaps also 
within individuals at different times and stages of their smoking 
histories. Pharmacologic and psychological factors become closely 
linked in a conditioning process in which smoking is associated with 
multiple cues. A typical smoker who has averaged 20 cigarettes/day 
over a 15-year period is likely to have taken more than 1 million 
puffs during the course of his or her smoking history. The highly 
dependent smoker who presents for treatment tends to have an even 
longer and more extensive history of nicotine self-administration 
than does the average smoker. The sheer magnitude of this 
overlearning appears unmatched in any other form of drug abuse.

Cues associated with smoking (an ashtray, the sight of another 
person smoking) can elicit strong cravings not only in current and 
newly abstinent smokers, but also in individuals who have achieved 
longer term abstinence (Abrams 1986). Some cues may extinguish 
relatively quickly upon cessation. Others may be more problematic, 
especially in long-term dependent smokers (Abrams et al., in press). 
Smokers who report smoking more when they are angry, frustrated, 
or unhappy may be especially vulnerable to a crisis even when the 
crisis occurs after an extended period of abstinence (Pomerleau,
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Adkins, Pertschuk 1978). Cues associated with smoking that are 
encountered only infrequently might continue to elicit conditioned 
cravings over a longer time period (Abrams et al., in press).

Individual differences should also be considered. Conditioning 
histories vary among smokers, although there are also likely to be 
important commonalities. Some smokers have relied more heavily 
upon nicotine in regulating mood, especially negative affect (Chapter 
VI). Others have used cigarettes as a means of sustaining attention 
to monotonous tasks. Still others have used cigarettes more frequent
ly as an aid to relaxation (Ikard, Green, Horn 1969; Chapter VI). Few 
experimental studies have related individual differences to reasons 
for smoking (Ikard and Tompkins 1973; Leventhal and Avis 1976).

Physiological reactions (e.g., elevated heart rate) to smoking cues 
have been documented to persist for extended intervals (Abrams et 
al., in press). The interaction of physiological, social, conditioning, 
and cognitive factors may be critical. The combination of tobacco 
pharmacology and users’ conditioning histories can help to explain 
cravings even after long periods of abstinence. Expectations concern
ing the consequences of tobacco use also appear to be extremely 
important. Thus, among individuals who are currently abstinent, the 
anticipation of highly reinforcing physiological reactions to tobacco 
use is predictive of relapse (Marlatt and Gordon 1985).

It is ironic in light of the broad-spectrum treatment of other drug 
dependencies that tobacco prevention and cessation treatments have 
been focused so narrowly. Even where pharmacologic strategies have 
been employed (e.g., nicotine replacement therapy; Fagerstrom 
1982b; Schneider et al. 1983), these often have not been integrated 
systematically with behavioral treatments. Chapter V details some 
of the physiological and psychosocial interventions for various drug 
dependencies including those on alcohol, opiates, cocaine, and other 
illicit substances. This body of literature may have important and 
largely overlooked implications for the clinical treatment of tobacco 
dependence.

According to the 1985 National Health Interview Survey (NHIS), 
there are approximately 41 million former smokers in the United 
States. Approximately 90 percent of former smokers report that they 
quit smoking without formal treatment programs or smoking 
cessation devices (Fiore et al., in press). Achieving abstinence from 
tobacco and other substances outside the context of formal treatment 
programs (spontaneous remission) is discussed in Chapter V. Not 
only smokers but other drug takers often discontinue use of the 
dependence-producing substance outside the context of formal 
intervention. Several common factors may be operating to influence 
smokers to quit (e.g., response to social pressures, observed and 
anticipated health consequences). Unfortunately, millions of new 
individuals have been recruited to smoking.
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Despite the well-known health hazards of smoking and the 
documented difficulties in quitting, few intensive treatment options 
are available to the highly dependent smoker (Sachs 1986). Cigarette 
dependence or addiction can be as intractable as any addictive 
disorder (Russell 1976). Studies have found considerable similarity in 
relapse processes between tobacco and other drugs of dependence 
(Hall and Havassy 1986; Marlatt and Gordon 1980; see also Chapter
V).

As shown in Chapter IV, cigarette smoking is not a random or 
capricious behavior; rather it is orderly and controlled. The role of 
nicotine in cigarette smoking is functionally similar to the roles of 
other addicting, psychoactive drugs in behaviors that lead to their 
self-administration (Chapter V; US DHHS 1984b, 1987).

A practical result of these conclusions has been the development of 
methods to treat cigarette smoking that are similar to methods used 
to treat other forms of drug dependence. An additional implication is 
that because cigarette smoking, like other forms of drug dependence, 
involves both pharmacologic and behavioral factors, treatment 
approaches also may involve pharmacologic agents, behavioral 
strategies, or a combination of these. There is some evidence, as 
discussed in the present Chapter, that treatment approaches which 
address both pharmacologic and behavioral factors are most effec
tive.

Current data indicate that smoking prevalence is declining much 
more rapidly among certain segments of the population (e.g., better 
educated, higher income, professional) than among others (blue 
collar, minority, less educated, lower income) (Appendix A). Individu
als from lower socioeconomic status (SES) backgrounds appear to 
have less access to treatment and may be less likely to enroll in 
treatment programs when they are available. Participants in most 
formal treatment programs have been from the middle and upper- 
middle class (US DHHS 1987). To have maximum impact upon the 
prevalence of smoking, interventions must be responsive to and meet 
the needs of lower SES smokers in a variety of circumstances.

Women represent an additional population that could benefit from 
tailored programming. Women may be more likely to use cigarettes 
for stress reduction and mood regulation (Brunswick and Messeri 
1984; Mitic, McGuire, Neumann 1986). Potential weight gain may 
represent an especially serious concern for many female smokers 
(Jacobson 1981; US DHEW 1980; Chapter VI).

Knowledge of the dependence-producing aspects of tobacco unders
cores the need for early intervention in preventing habitual chronic 
tobacco use. This approach needs to be sensitive to both pharmaco
logic and social aspects of smoking. Intervention for children and 
adolescents also may need to focus upon cessation of well-established 
smoking patterns in addition to the prevention of smoking onset.
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Treatments that assist smokers to achieve initial cessation and to 
maintain long-term abstinence are needed. High rates of relapse 
plague the vast majority of treatment programs as well as self
initiated quit attempts. Close examination of the physiological, 
psychological, and social factors that promote relapse should suggest 
more effective intervention strategies. Conceptualizing the quitting 
process as ongoing may also be useful (Marlatt and Gordon 1985; 
Prochaska and DiClemente 1983). Work is needed not only to reduce 
the risk of initial relapse, but to accelerate recycling of quitting 
attempts in the event that relapse does occur (Glasgow, Lando, Rand 
1986).

Although discussed in earlier chapters in this Volume, it is 
appropriate to summarize some observations about cigarette smok
ing that are important in the development and implementation of 
treatment strategies.

1. Chronic tobacco use produces physical dependence such that 
cessation may be accompanied by a withdrawal syndrome that 
includes feelings of discomfort or distress, reduced capacity to 
work or handle stressful situations, and heightened urges to 
resume smoking.

2. Consumption of tobacco products, which inevitably results in 
administration of nicotine, can produce effects which are 
perceived as desirable or otherwise useful to the cigarette 
smoker, thereby providing a strong incentive for cigarette 
smoking. There is evidence that nicotine can enhance perfor
mance of smokers on certain types of attention and memory 
tasks. Nicotine also exerts an important role in the relation
ship between smoking and body weight.

3. The desire to handle cigarettes may be an important reason for 
smoking (Leventhal and Avis 1976). Such stereotypical behav
iors are characteristic of other forms of drug addiction and 
other compulsive behaviors not involving psychoactive drug 
self-administration. For cigarette smoking, the behaviors ap
pear to occupy small periods of time with hand-oral manipula
tions (Ikard, Green, Horn 1969).

4. Nicotine may reduce the aversiveness of stressors for smokers 
(Pomerleau, Turk, Fertig 1984). Stress has been demonstrated 
to increase the rate of smoking (Leventhal and Cleary 1980; 
Schachter, Silverstein, Per lick 1977; Chapter VI).

5. There are numerous environmental factors that can facilitate 
the initiation and maintenance of smoking (e.g., peer pressure, 
family influences, images conveyed in tobacco advertising, 
association with social and work activities) (Flay 1985b; 
Warner 1986).

Smoking treatment programs are designed to counter these 
important motivations to smoke. For example, skills training
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treatments are designed to inculcate skills so that individuals can 
cope with stressors or negative affective states without smoking. 
Aversion treatments are designed to condition cigarette aversions so 
that smokers anticipate little pleasure from smoking. Nicotine 
polacrilex gum and nicotine fading treatments are designed to 
reduce the magnitude of the nicotine withdrawal syndrome. This 
Chapter attempts to summarize what is known about how pharmaco
logic and behavioral treatments exert their clinical effectiveness. 
Knowledge of how treatments influence smoking will be the base on 
which more effective treatments are designed.

This Chapter describes pharmacologic, behavioral, and combined 
treatments applied in clinical and laboratory settings. It concen
trates on work published since the last major Surgeon General’s 
review of smoking treatment (US DHEW 1979), but refers back to 
that Report for historical perspective. Pharmacologic and behavioral 
treatment strategies are reviewed in light of the current acceptance 
of tobacco use as a form of drug self-administration that has clear 
addictive properties as well as commonalities with other forms of 
drug abuse.

The review of treatment approaches is necessarily selective. 
Smoking interventions can be placed along a clinical-public health 
continuum. At the extreme clinical end are intensive and costly one- 
to-one interventions, often with a highly trained provider. Examples 
include one-to-one behavioral or psychological counseling. Proceed
ing somewhat toward the public health end, one finds group 
programs, many of them offered by nonprofit or voluntary organiza
tions, but some also conducted on a proprietary basis. These 
programs typically entail 4 to 10 sessions and are usually led by 
facilitators with some background in health education and psycholo
gy, although trained lay facilitators are also used. Further along the 
public health segment of the continuum are minimal interventions 
emphasizing self-help manuals and including brief contact with 
physicians during office visits.

The current Chapter focuses primarily upon the treatment of 
smokers who seek assistance in quitting. There is no intent, however, 
to deny the importance of public health interventions that will 
ultimately reach a far greater number of smokers. Both clinical and 
public health approaches are absolutely essential. The reader is 
referred to previous Surgeon General's Reports and other publica
tions for more detailed discussions of such topics as physician 
intervention, self-help strategies and outcomes, workplace and 
community interventions (US DHEW 1979; US DHHS 1982, 1984b, 
1985; Schwartz 1987).
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Treatment

Although most pharmacologic treatment strategies also encom
pass behavioral components and some studies have systematically 
combined pharmacologic and behavioral interventions, it is concep
tually useful to consider these two major types of approaches 
separately.

One major pharmacologic approach has involved various nicotine 
replacement strategies. As discussed in Chapter V, the general 
principle of replacement therapies for drug dependence is to present 
the patient with a safer and more therapeutically manageable form 
of the drug that directly alleviates signs and symptoms of withdraw
al and craving (Jaffe 1985). These strategies are modeled after those 
originally developed to treat dependence on heroin and other opiates 
(Henningfield and Jasinski 1988). A variety of nontobacco-based 
delivery systems provide potentially effective means for nicotine 
replacement. Experimental and theoretical aspects of each of these 
delivery systems have been described in part in Chapter IV. In the 
present Chapter, data regarding those nicotine delivery systems that 
are most relevant to direct treatment application will be summa
rized.

In addition to nicotine replacement approaches, the following 
additional pharmacologic treatment approaches developed for other 
forms of drug dependence may be applied to tobacco dependence: 
Nonspecific Pharmacotherapy, in which the patient is treated 
symptomatically; Nicotine Blockade Therapy, in which the behavior- 
controlling effects of the dependence-producing drug are blocked by 
pretreatment with an antagonist; and Deterrent Therapy, in which 
administration of the treatment drug results in the occurrence of 
aversive consequences. All three approaches have potential applica
tions in the treatment of cigarette smoking. Each of these strategies 
is discussed.
N icotine R eplacem ent Strategies

To date, only one form of nicotine replacement has been approved 
by the Food and Drug Administration (FDA): nicotine polacrilex 
chewing gum (2-mg pieces only). Three other nicotine delivery 
systems that will be briefly discussed are (1) a transdermal patch for 
delivery of nicotine through the skin, (2) a nasal nicotine solution, 
and (3) a nicotine vapor inhaler (smokeless cigarette).

There is considerable current interest in nicotine replacement 
strategies for smoking cessation because (1) nicotine is the critical 
dependence-producing component in tobacco, (2) some treatment 
outcome data on the efficacy of the first nicotine replacement 
procedure to be evaluated (nicotine polacrilex gum) are encouraging, 
and (3) other forms of nicotine substitution may hold further
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potential for more effective treatment. The assumption underlying 
this treatment approach is that nicotine-specific withdrawal inter
feres with successful cessation and can be prevented or attenuated 
by nicotine replacement, thereby both promoting cessation and 
aiding the inhibition of relapse. For a more extensive review of 
nicotine replacement, see Grabowski and Hall (1985) and Pomerleau 
and associates (1988).
Forms o f Replacement and Rationale

The first reported systematic use of nicotine replacement to help 
people quit smoking was the intravenous administration of nicotine 
by Johnston (1942). This approach is not clinically practical because 
of the short half-life of nicotine (Chapter II) and its potential toxicity 
with excessively rapid administration (Appendix B). The next 
systematic approach was the development of nicotine polacrilex gum 
by Ferno, Lichtneckert, and Lundgren (1973). The weaning from 
nicotine would actually begin with the switch from cigarettes to gum 
in that nicotine polacrilex (1) produces slower-rising plasma nicotine 
levels than cigarettes and (2) reduces the inhaled nicotine bolus 
effect believed to contribute to nicotine’s addictive potential in 
smoke (Russell and Feyerabend 1978; Chapter II).

The same rationale applies to other replacement approaches 
(Jarvik 1986; Russell 1986) including nicotine transdermal delivery 
systems, nasal nicotine solution (NNS), and smoke-free nicotine 
cigarettes. The different forms allow variations in delivery (dose and 
speed) which may influence effectiveness, relief of withdrawal, 
patient acceptance, and outcome.
Nicotine Polacrilex Gum

"Nicotine polacrilex” or "nicotine resin complex” (American 
Hospital Formulary 1987) is also commonly referred to as nicotine 
gum. It is a nicotine delivery system in which the nicotine is 
incorporated into an ion exchange resin base which permits release 
of nicotine in the proper environment (i.e., saliva in the mouth) when 
appropriate physical pressure (i.e., chewing) is applied. Twenty to 
thirty minutes of proper chewing can result in the release of 
approximately 90 percent of the nicotine (Ferno, Lichtneckert, 
Lundgren 1973), although there are multiple determinants of how 
much nicotine actually is absorbed. As discussed in Chapter II, 10 to 
15 min of chewing results in the release of approximately 50 to 60 
percent of the nicotine in a piece of gum. However, considerable 
variability exists both within and across subjects (Benowitz, Jacob, 
Savanapridi 1987; Nemeth-Coslett et al. 1987; Pickworth, Herning, 
Henningfield 1986; Chapter II). Swallowed nicotine is approximately
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70 percent detoxified as a result of its first pass through the liver 
(Benowitz, Jacob, Savanapridi 1987; Chapter II).

Nicotine polacrilex gum does not usually lend itself to full 
replacement of the nicotine provided by cigarette smoking. Russell, 
Feyerabend, and Cole (1976) and McNabb, Ebert, and McKusker
(1982) reported that 4-mg-nicotine gum produced plasma nicotine 
levels approximating that of a 1.2-mg-nicotine-yield cigarette. How
ever, Benowitz, Jacob, and Savanapridi (1987) found only about 50 
percent replacement of nicotine levels with 4-mg gum. Benowitz, 
Jacob, and Savanapridi (1987) reported that chewing 10 pieces of 2
mg gum on an hourly schedule resulted in blood levels of nicotine 
that were one-third of those achieved while smoking. Therefore, ad 
libitum chewing of the 2-mg nicotine polacrilex gum probably results 
in even lower nicotine levels. When nicotine polacrilex gum is 
chewed, drug levels in plasma rise slowly, peaking in around 20 to 30 
min. Although the 4-mg nicotine polacrilex gum replaces nicotine 
more completely, most testing has proceeded with the 2-mg dose; 
only the 2-mg dose has been approved for use in the United States. It 
should be noted, however, that effective nicotine replacement 
strategies may not require the same range of nicotine blood levels as 
those produced by cigarette smoking. Even the 2-mg-dose nicotine 
polacrilex gum has increased smoking cessation rates significantly 
in several placebo-controlled studies (Table 1).

W ithdrawal symptom relief. Several short-term trials (8 hr to 5 
days) have found that nicotine polacrilex gum reduced symptoms of 
withdrawal in comparison to placebo controls (Hughes et al. 1984; 
Schneider, Jarvik, Forsythe 1984; West, Jarvis, Russell, Carruthers 
et al. 1984). Jarvis and associates (1982) reported relief of several 
symptoms for a 6-week period, with scores averaged over weekly 
sessions. Expectancy may also play a role in withdrawal symptom 
relief, as suggested in a study by Gottlieb and others (1987). 
Interpretation of this study is limited, however, by a brief (2-week) 
observation period and by the possibility that subjects failed to 
achieve adequate nicotine plasma levels.

In previous studies, not all symptoms were relieved with replace
ment nor was there consistency among the studies in which 
symptoms were relieved (Fagerstrom 1988; West 1984). Irritability 
was consistently relieved in all studies, whereas hunger, depression, 
anxiety, difficulty in concentrating, restlessness, annoyance, hostili
ty, and somatic complaints were reduced in some but not others. The 
degree to which most symptoms are relieved is directly related to the 
dose of nicotine that is actually obtained when the polacrilex gum is 
used (Henningfield and Jasinski 1988). The urge to smoke (craving) 
is not reliably decreased by nicotine replacement (Henningfield and 
Jasinski 1988; West and Schneider 1987).
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TABLE 1.—Efficacy trials for n icotine polacrilex gum: 
F ollow up abstinence rates (percentages)

I. P lac e b o -co n tro lle d  s tu d ie s
S tudy N um ber ' Active gum Placebo Followup P

P uska e t al. 
(19791

160 35 28 6 mo N.S.

Malcolm et al.
11980)

210 23 5 6 mo p < 0.05

Fee and S tew art 
(1982)

352 13 9 1 y r N.S.

Fagerstròm  
(1982b>

96 49 37 1 yr N.S.

Jarv is  et al. 
(19821

116 47 21 1 yr p<0.01

British Thoracic 
Society (1983)

802 10 14 1 yr N.S.

Schneider et al. 
(1983)

60 30 20 1 yr N.S.

H jalm arson
(1984)

205 29 16 1 yr p < 0.05

Jam rozik  et al. 
(1984!

200 10 8 6 mo N.S.

Campbell e t al. 
(1987)

985 3 2 1 vr N.S.

H all e t al. 
(1987)

139 44 21 1 yr p<0.01

11. No-gum control studies
Study N u m b er1 N icotine gum No gum Followup p

Russell e t al. 
(1983)

1,938 9 4 1 yr p<0.01

Fagerstròm
(1984)

145 25 9 1 yr p< 0 .05

H jalm arson
(1985)

2,404 25 18 1 y r p< 0 .05

Page e t al. 
(1986)

227 12 9 6 mo N.S.
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TABLE 1.—Continued
III. Nicotine polacrilex gum  vs. o the r active trea tm en t

Study N um ber 1 Gum Comparison Followup P

Behavioral counseling and rapid smoking
Raw e t ai.
'1980)

118 18 14 1 yr p,~0.01

Hall et al.
< 19-85)

78 36 28 1 yr N.S.

Skills tra in ing
Killen et al.* 
(1984i

42 23 30 10 mo N.S.

A cupuncture
Clave} et al. ' 
(1985)

429 12 8 13 mo N.S.

' N u m b e r  o t 's u b je c ts  b a s e d  o n  r e le v a n t  c o n d i tio n s :  m a y  n o t in c lu d e  a l l  s u b je c ts  a s s ig n e d  to  t r e a t m e n t .
“ A lso  in c lu d e d  a  c o m b in e d  s k i l l s  t r a i n i n g  a n d  n ic o t in e  p o la c r i le x  g u m  c o n d itio n .

Included a c o n tro l  c o n d itio n  i n w h ic h  >ubje.-us w e ie  a>,siijned c ig a r e t t e  c a s e  p ro g ra m m e d  to  lock a t  v a r i a b le  
in te rv a l*

S O U R C E : M o d e led  a f t e r  Faj<er stri* m  (1988).

The studies noted above used ad libitum administration of the 2
mg gum. This level of replacement may be insufficient to reverse 
some of the symptoms of nicotine withdrawal. Studies which have 
shown little difference between the 2-mg dose and placebo are not 
clearly interpretable unless they have confirmed adequate dosing 
through biochemical markers (e.g., plasma cotinine). When the 
nicotine polacrilex dose has been increased to 4 mg, more complete 
reversal of withdrawal (Henningfield, Sampson, Nemeth-Coslett
1986), of electroencephalogram (EEG) changes with abstinence 
(Pickworth, Herning, Henningfield 1986), and of performance defi
cits during cessation (Snyder, Davis, Henningfield 1985) is observed.

Different withdrawal symptoms may also require different levels 
of nicotine replacement. Whether a particular withdrawal symptom 
is nicotine specific cannot be determined until there is systematic 
testing by dose and speed of delivery of nicotine replacement. In 
addition, recent studies show that intrasubject and intersubject 
variability in chewing can affect the amount of nicotine reaching the 
circulation (Benowitz et al. 1983; Nemeth-Coslett et al. 1985).
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There is also some evidence that weight gain, a significant problem 
in cessation, can be reduced by nicotine replacement (Fagerstrom
1987). Even low-dose, 2-mg-nicotine gum has been shown to produce 
significantly less weight gain over a 10-week period compared with a 
placebo (Stitzer and Gross 1988).

Cravings-urges-desires. Findings regarding urges or craving are 
complicated by semantic and measurement considerations (Kozlow- 
ski and Wilkinson 1987) and by ambiguity as to what constitutes 
craving (West and Schneider 1987). Definitions of craving have 
proven elusive. It is often described as an increase in the desire or 
urge to use a drug. Although the term craving is used in the present 
context, a more appropriate phrase might be substituted, e.g., 
"strength of an urge to use a drug” (Chapters IV and V).

In the tobacco abstinence studies cited above, craving generally 
was not relieved by nicotine replacement. By contrast, significant 
relief of craving has been reported with 2-mg-nicotine polacrilex gum 
compared with placebo controls in an outcome trial (Hjalmarson 
1984), in a clinical trial with NNS (Jarvis 1986), and with a nicotine 
patch in an acute placebo-controlled trial (Rose et al. 1985). The 
discrepancies may be due to how "craving” is assessed. In a study by 
Schneider and Jarvik (1985), treatment had no effect on "craving” 
but did significantly affect "urges to smoke” and "missing a 
cigarette” from the Shiffman-Jarvik (1976) "craving” subscale. 
Because nicotine seeking is believed to precede most relapse and its 
relief is a goal of replacement systems, appropriate operational 
definitions and testing are essential.

Craving should not be viewed simply as a symptom of a negative 
withdrawal state. Smokers clearly seek desired effects of nicotine in 
addition to relief from withdrawal (Chapters II and VI). Nicotine 
polacrilex gum may reduce negative withdrawal symptoms without 
providing other effects (e.g., a "high”) sought by many smokers.

Efficacy trials. Table 1 summarizes efficacy trials that evaluated 
nicotine polacrilex gum against placebo controls, no-gum controls, or 
other active treatment. This Table does not include all the studies 
that combined nicotine polacrilex gum with behavioral interven
tions.

The early studies of nicotine replacement involved testing of the 
nicotine regulation hypothesis (e.g., the extent to which cigarette 
smokers show compensatory changes in their cigarette smoking 
behavior; Chapter IV). These studies assessed the capacity of 
nicotine in polacrilex gum to replace nicotine in cigarettes (Brant- 
mark, Ohlin, Westling 1973; Russell et al. 1976; Turner et al. 1977). 
Several studies have demonstrated that cigarette smoking can be 
decreased in laboratory subjects by replacement of the nicotine 
normally obtained by smoking with nicotine delivered by gum 
(Nemeth-Coslett and Henningfield 1986). Early clinical outcome
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trials, although supporting the efficacy of nicotine polacrilex gum, 
were flawed by statistical problems, inadequate nicotine delivery, 
concurrent smoking and use of gum by subjects, and lack of 
validation or inappropriate controls (Malcolm et al. 1980; Puska, 
Bjorkqvist, Koskela 1979; Raw et al. 1980). In the placebo-controlled 
clinical trials, nicotine polacrilex gum significantly increased success 
rates for as long as 6 months in some studies (Fagerstrom 1982a; 
Schneider et al. 1983) and 1 year in others (Hjalmarson 1984; Jarvis 
et al. 1982; Table 1). It should be noted, however, that in most of 
these studies, other treatment procedures (e.g., group therapy) were 
applied in addition to either nicotine polacrilex gum or placebo.

Subsequent efficacy trials proceeded without regard to control of 
dose or scheduled use of nicotine polacrilex gum. The trials may be 
divided into those conducted in clinic settings versus physician or 
dispensary trials. Different trials compared active gum with a 
placebo, active gum with no-gum conditions, or gum with other 
treatments (Fagerstrom 1988).

Hall and coworkers (1985) assessed nicotine polacrilex gum plus an 
intensive contact behavioral treatment (14 sessions over an 8-week 
period), nicotine polacrilex gum plus low-contact behavioral treat
ment (4 sessions over a 3-week period), and the intensive behavioral 
treatment alone. The combination of intensive behavioral treatment 
and nicotine polacrilex gum was significantly superior to the other 
interventions through 6-month followup. Differences were no longer 
significant at 1 year, however. In a subsequent study, Hall and 
colleagues (1987) assigned subjects to intensive behavioral or to low- 
contact smoking treatment and to 2-mg-nicotine gum or to placebo 
gum in a 2-by-2 factorial design. Results at 1-year followup indicated 
significant effects only for nicotine polacrilex gum. No differences 
were found between low-contact treatment and intensive behavioral 
intervention. In a study by Killen and colleagues (1984), the success 
rate of nicotine polacrilex gum combined with behavioral treatment 
at a 10.5-month followup was 50 percent as opposed to 23 percent for 
gum and 30 percent for behavioral treatment alone. However, these 
differences between treatment conditions were not significant.

Physician trials have resulted in lower overall success rates for all 
groups and some equivocal findings. These lower success rates may 
be attributable, at least in part, to a selection bias. Clinics may 
attract only a small proportion of smokers who are interested 
specifically in treatment. Physician trials sometimes have included 
all smoking patients regardless of their level of interest in quitting. 
The British Thoracic Society (1983) reported no differences among 
four conditions involving active nicotine polacrilex or placebo gum. 
However, this study included patients who were not actively seeking 
treatment and failed to instruct patients in the use of the prepara
tion. Jamrozic and coworkers (1984), using patients who were
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motivated to quit, reported no differences between patients given 
nicotine polacrilex or placebo gum. In that study, only 70 percent of 
the subjects even tried the active nicotine polacrilex gum, and only 
one-half of the subjects used it regularly. In a dispensary study with 
nicotine polacrilex versus placebo gum, all individuals started gum 
but most stopped use within 3 to 5 days and failed (Schneider et al.
1983).

Differences in outcome comparing the clinic setting versus physi
cian offices have been interpreted as indicating the requirement for 
support treatment with nicotine polacrilex gum. However, it is not 
clear whether support treatment per se is necessary or whether it 
serves to encourage sufficient use of the preparation. In fact, 
compliance with gum use instructions is often unsatisfactory in both 
clinic and physician office settings. In a large physician trial, 
Russell, Merriman, and colleagues (1983) reported that 47 percent of 
subjects given active nicotine polacrilex gum did not use it. However, 
use of nicotine polacrilex gum resulted in significantly higher 
success rates (8.8 percent) compared with no gum (4.0 percent) at 1 
year, and when patients used a total of at least three boxes of 
nicotine polacrilex gum, success rates tripled to 24 percent without 
further intervention. It is unclear whether these substantially 
increased success rates are a function of gum use per se or simply a 
reflection of a greater overall commitment to treatment.

Followup may also prove to be important for a good outcome. 
Fagerstrom (1984) assigned subjects to either short or long followup 
and to either nicotine polacrilex gum or no-gum conditions. Short 
followup consisted of one physician appointment approximately 14 
days after cessation. Long followup included two physician appoint
ments (approximately 14 and 30 days after cessation), a telephone 
call (after about 7 days), and a personal letter inquiring about 
patients’ smoking status (3 months after cessation). Results at 1-year 
followup indicated significant differences in favor of nicotine polacri
lex gum over no gum. Initial effects were also found for long over 
short followup. However, these effects were no longer significant at 
1-year followup. At this point 27 percent of the subjects assigned long 
followup and nicotine polacrilex gum were abstinent, compared with 
22 percent of those receiving short followup and nicotine gum, 15 
percent of those assigned long followup and no gum, and 3 percent of 
those receiving short followup and no gum. In a recent physician 
trial by Hughes and associates (1988), with minimal intervention and 
a followup visit, significant differences in favor of active gum over 
placebo gum were observed at 1 and 6 months, although the 
differences were no longer evident at 1 year.

The high long-term relapse rate observed in their own and other 
published reports led Hughes and coworkers (1988) to conclude that 
nicotine polacrilex gum in the physician setting is not more effective
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than placebo. However, the issue may be a different one. In several 
studies, early significant effects reported at 1 month (Fee and 
Stewart 1982) and 6 months (Fagerstrom 1982a; Hall et al. 1985; 
Schneider et al. 1983) disappeared at 1 year although the trends 
continued to favor active nicotine polacrilex gum. Rather than being 
interpreted as a failure for nicotine polacrilex gum versus a placebo, 
this may mean that what is effective treatment for initial quitting 
(e.g., relief of withdrawal symptoms) is different from effective long
term relapse prevention.

Another variable which may affect outcome is duration of nicotine 
polacrilex gum use. It has been suggested that longer use will be 
more effective (Russell, Raw, Jarvis 1980; Wilhelmsen and Hjalmar- 
son 1980), yet duration of use remains an untested and unresolved 
issue. The one prospective trial comparing 1- with 6-month use of 
nicotine polacrilex gum (Fagerstrom and Melin 1985) was flawed by 
differential clinical intervention for the 1-month group. Duration of 
use is also an issue in evaluating followup results. Followup is 
virtually never calculated as time since discontinuation of nicotine 
polacrilex gum. One-year followup results might be considerably 
shorter if the end of treatment were defined as the point at which 
nicotine polacrilex gum is no longer consumed. In fact, a significant 
proportion of subjects appear to persist in their use of this gum for at 
least 6 months to 1 year (Hughes 1988).

Dose and patient relationship. A few trials have used both 2- and 4
mg doses of nicotine polacrilex gum (Kornitzer et al. 1987; Toenne- 
sen et al., in press; Toennesen 1986). These studies have not found a 
direct effect of dose but report that dose interacts significantly with 
degree of nicotine dependence in the smokers tested. Four-milligram 
nicotine polacrilex gum improved success rates for more highly 
dependent smokers, whereas 2-mg nicotine polacrilex gum was 
superior in less-dependent smokers. The problem, once again, is that 
ad libitum dosing (thus uncontrolled dose-response testing) reduces 
the interpretability of the observed effects. Otherwise, the logic is 
reasonable: smokers who have a greater degree of dependence on 
nicotine may require treatment with higher doses than those 
required by less-dependent smokers.

With respect to the selection of subjects for treatment with 
nicotine polacrilex gum, Hall and colleagues (1985) reported a 
significant positive correlation between smokers with high pre-quit 
cotinine levels and abstinence with nicotine polacrilex gum. Jarvik 
and Schneider (1984) reported that individuals scoring high on the 
Fagerstrom Tolerance Scale had greater success with replacement. 
Other selection issues may be equally important. For example, 
Toennesen and coworkers (in press) reported a substantial difference 
in outcome at 1 year between healthy subjects (45 percent success) 
and those with chronic bronchitis (16.2 percent). Patient selection
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and variations in severity of nicotine dependence are expected to 
interact with success rates for any replacement therapy (Chapter 
IV).
Nasal Nicotine Solution

Russell, Jarvis, and colleagues (1983) have investigated nicotine 
replacement in the form of an NNS. NNS is a gel-like droplet of 
nicotine squeezed into the nose from a small vial. NNS was 
formulated to provide more rapid and efficient absorption of nicotine 
than is possible with use of nicotine in polacrilex gum (Russell 1986; 
Jarvis 1986).

Russell, Jarvis, and colleagues (1983) reported average peak 
plasma nicotine levels of 25.7 ng/mL in three male smokers for a 
single cigarette (1.4-mg machine-determined nicotine yield), 8.5 
ng/mL for one piece of 2-mg gum, and 14.1 ng/mL for NNS (0.1 mL 
of a 2 percent aqueous solution of nicotine, 2 mg, at pH 5.0 without 
added buffer). Higher levels with hourly dosing of NNS versus 
nicotine polacrilex gum were also documented (West, Jarvis, Russell, 
Feyerabend 1984).

Only very preliminary data are available with respect to the 
clinical efficacy of NNS. Jarvis (1986) reported decreased craving 
and encouraging abstinence outcomes in a sample of 26 consecutive 
new attenders at the Maudsley Smokers Clinic (approximately two- 
thirds of the subjects achieved initial abstinence and one-third 
remained abstinent at 1-year followup). The faster absorption and 
higher plasma nicotine levels attained with NNS as opposed to 
nicotine polacrilex gum suggest that NNS may be more effective and 
better accepted by smokers as a replacement for cigarettes. However, 
subjects in the Jarvis study reported NNS to be somewhat embar
rassing to use in the company of others.
Nicotine Transdermal Patch

Rose, Jarvik, and Rose (1984) initially suggested that a transder
mal nicotine delivery system might be an effective route of adminis
tration. In a short-term (hours) laboratory trial, Rose and colleagues 
(1985) reported a decrease in craving and nicotine preference in 
subjects using a nicotine patch versus a placebo patch.

A transdermal delivery system could eliminate some of the 
compliance and chewing problems associated with nicotine polacri
lex gum. Steady-state administration expected from such a system  
may be more effective in preventing withdrawal symptoms. While 
the patch does not allow for self-dosing in response to smoking urges, 
it could potentially be used in combination with the other rapidly 
absorbed forms of nicotine replacement. Transdermal delivery
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systems have not yet been tested in clinical trials or in nonlaborato
ry settings.
Nicotine Aerosols

Devices have been marketed that provide for inhalation of nicotine 
without other components of tobacco. One such product was on the 
commercial market for approximately 18 months, but was removed 
by the FDA (Chapter IV). Because the nicotine vapor inhaler was 
devoid of tobacco (other than the tobacco constituent nicotine), it was 
deemed by the FDA to be a nicotine delivery system. Because 
nicotine is regarded as a drug with clinical application (namely to 
treat nicotine dependence), the FDA ruled that it could not be sold 
until it had been shown to be safe and effective in appropriate 
clinical trials.

Technical engineering problems have also been encountered. The 
shelf life of the unrefrigerated vapor inhaler was apparently limited 
to approximately 1 month. In addition, this device delivers little 
nicotine unless there is extraordinary effort on the part of the user 
(Sepkovic et al. 1986). Russell and associates (1987) reported negligi
ble plasma nicotine levels when vapor inhalers were puffed at a 
regular rate for 10 min. When the nicotine vapor inhalers were 
puffed at the rate of 10 puffs/min and 4 of these inhalers were used 
in a 20-min period, plasma nicotine levels increased to 17.3 ng/mL, 
levels similar to those seen after cigarette smoking.

If nicotine aerosols can be improved, they may be of value to 
smokers for whom slow-release nicotine replacement preparations 
are inadequate to produce the desired effects of nicotine. Such 
aerosols would allow nicotine replacement with some replacement 
also of the oral, handling, and sensory reinforcements (Rose 1986) for 
individuals who need to be weaned more slowly. Whether these 
aerosols will be effective in smoking cessation treatment is unknown.
Comparisons o f  Preparations

All nicotine replacement products produce side effects. Nicotine 
polacrilex gum may produce mouth sores, gastric upset, and hiccups. 
NNS produces runny nose and irritation, whereas transdermal 
devices can result in skin irritation. Transdermal devices have the 
advantages of better patient compliance with treatment and steady- 
state drug levels, whereas NNS and nicotine polacrilex gum have the 
advantage of ad libitum access to replacement. Because triggers to 
smoke can appear at any time, the flexibility offered by the latter 
may be essential. Ultimately, a combination of preparations may be 
most useful to control symptoms as well as to allow instant responses 
to smoking urges. At this point, the replacement therapies in 
development must undergo testing for bioavailability, safety, and
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toxicity as well as testing for dose-response effectiveness in relief of 
withdrawal and efficacy in treatment.
Dependence on Nicotine Replacement

West and Russell (1985) and Hughes and coworkers (1986) reported 
the appearance of withdrawal symptoms upon abrupt cessation of 
nicotine polacrilex gum. However, the authors have different 
interpretations of these findings. Hughes and coworkers (1986) 
consider this phenomenon as an indication that nicotine polacrilex 
gum produces physical dependence. West and Russell (1986) point 
out that any dependence on this gum is part of the continued 
dependence on nicotine that originated with smoking and is bound to 
transfer during weaning (Chapter IV).

A more complicated issue is that of continued compulsive long
term use. The definition of excessive long-term use cannot be 
resolved without studies to determine the length of treatment 
necessary and sufficient for successful intervention. No such studies 
are available in the current published literature. Hughes (1988) 
reports that many abstinent smokers are unable to discontinue 
nicotine polacrilex gum use (35 to 90 percent of abstinent smokers at 
6 months and 13 to 38 percent at 1 year continued to use nicotine 
polacrilex gum despite advice to stop).

An important additional issue is whether it is possible to initiate 
and maintain physical dependence on nicotine with replacement 
products alone. Nicotine polacrilex has been used widely with no 
reported cases of such development. This would suggest that nicotine 
polacrilex gum, through a combination of regulatory, packaging, 
marketing, and physical characteristics, does not readily lend itself 
to such abuse. Systematic investigation of the dependence-producing 
potential of other replacement products is needed.
O ther Pharm acologic Approaches
Nonspecific Pharmacotherapy—Symptomatic Treatment

As reviewed in Chapters III and IV, administration and withdraw
al from nicotine produce a number of neurohormonal and other 
physiological effects. These effects, as well as those on receptors in 
the central nervous system, mediate the various actions of tobacco 
(Chapters IV and VI). Because several such effects are functional in 
the maintenance of cigarette smoking and in relapse, it is generally 
assumed that addressing such factors would enhance treatment 
programs (Pomerleau and Pomerleau 1984; Shumaker and Grunberg
1986). Such strategies are also an integral part of many interven
tions for drug addiction in general, as described in Chapter V.

Prevention of relapse to tobacco may be aided by specific interven
tion (pharmacologic or behavioral) for needs met by the use of
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tobacco. The present summary will mainly address pharmacologic 
methods, excluding nicotine replacement, that have been either used 
or suggested as means to alleviate the effects of tobacco abstinence 
that are considered adverse by patients themselves. The categories of 
such adverse effects for which pharmacologic treatment intervention 
appears viable are derived from the effects of tobacco in the 
regulation of mood, weight, performance, and the prevention of 
specific withdrawal-related discomfort. In addition, the results of 
studies involving pharmacologic approaches to directly alter ciga
rette consumption will be summarized.

The emphasis in this Section is upon recent research. It should be 
noted that there is a long history of generally unsuccessful pharma
cologic treatment of smokers (Gritz and Jarvik 1977; Jarvik and 
Gritz 1977). Experimentation with lobeline sulfate as a smoking 
substitute dates back to the early 1900s (Edmunds 1904). Lobeline 
appears to be no more effective than a placebo in facilitating 
abstinence (Schwartz 1987). Medications intended to reduce with
drawal symptoms (sedatives, tranquilizers, anticholinergics, sympa- 
thomimetics, and anticonvulsants) also have failed to improve 
outcome relative to placebos (Gritz and Jarvik 1977).
Treatment of Discomfort Associated with Tobacco Withdrawal

The signs and symptoms of tobacco withdrawal vary to some 
degree in nature and severity among individuals, as shown in 
Chapter IV (also Hughes and Hatsukami 1985). Because symptoms 
can be treated independently of their origin, symptomatic therapy 
approaches might be useful in alleviation of tobacco abstinence- 
associated discomfort. This approach was used in a study by 
Glassman and his colleagues (1984). In this study, alprazolam (1 mg 
orally) and clonidine (0.2 mg orally) were compared with a placebo 
for heavy cigarette smokers on days when they abstained from 
tobacco. The subjects were exposed to one of the medication 
conditions on each of 3 smoking abstinence study days, which were 
separated by at least 3 days of normal smoking. Alprazolam, a 
benzodiazepine tranquilizer, was included as a control because of the 
known sedative effects of clonidine. Both clonidine and alprazolam 
were more effective than the placebo in reducing anxiety, irritabili
ty, restlessness, and tension. Only clonidine, however, successfully 
reduced the craving for a cigarette. Because craving tended to 
increase during the day, the difference between clonidine and the 
other two conditions became more evident as the day progressed.

Glassman and colleagues (1988) reported a clinical intervention 
study with clonidine in a sample of 71 smokers who consumed at 
least 1 pack/day and who had made at least one previous unsuccess
ful quit attempt. Each smoker began taking one 50-(ig tablet of 
clonidine (N =  33) or a matched placebo (N =38) at least 3 days before
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a designated quit date. Dosage was increased by one tab let every day 
(or as tolerated) un til subjects were taking four tablets by the quit 
date. Subjects were seen weekly for the next 4 weeks. A fter 4 weeks 
of trea tm ent, clonidine was gradually w ithdraw n (50 p.g every 3 days 
over an  average of 12 days). Success rates both a t the  end of 4 weeks 
on clonidine or placebo and a t followup 6 m onths after discontin
uance of medication favored clonidine. At 6-month followup, 27 
percent of the subjects receiving clonidine and 5 percent of those on 
placebos reported abstinence. An unexpected finding, however, was 
th a t clonidine appeared to be effective only for women; among male 
subjects, drug trea tm en t did not significantly affect outcome.

Before any recommendation of clonidine as an  adjunct to smoking 
cessation, potentially hazardous side effects m ust be weighed careful
ly. Clonidine has been extensively used in the  trea tm en t of hyperten
sion. A brupt cessation has sometimes led to severe hypertension and 
in ra re  instances to hypertensive encephalopathy and even death. 
F a r more common is sedation, which could be dangerous if individu
als use th is drug while driving or operating dangerous machinery.

It is interesting  to compare the  utility  of clonidine in the  
trea tm en t of tobacco w ithdraw al w ith its u tility  in the trea tm en t of 
opioid w ithdraw al (Chapter V). W hen assessed in a paradigm  
analogous to th a t described for tobacco abstinence, clonidine was as 
effective as m orphine in reducing certain  physiological signs of 
opioid w ithdraw al (Jasinski, Johnson, Kocher 1985). However, in the 
study by Jasinski and colleagues, clonidine did not reduce th e  self
reported "discomfort” as effectively as did m orphine (m easures of 
"desire to use narcotics” or narcotic-seeking behavior were not 
collected).
Treatment of Abstinence-Associated Mood Changes

As discussed in C hapter VI, nicotine may serve as a regulator of 
mood. This observation suggests th a t for certain  persons, selective 
use of m inor tranquilizers, antidepressants, or even psychomotor 
stim ulants m ay be beneficial in preventing relapse. Again, issues of 
possible side effects and drug dependence m ust be considered before 
such an  approach would be recommended in clinical practice.

Laboratory studies w ith hum an subjects have shown th a t stressful 
situations lead to increased smoking and th a t smoking may reduce 
sm oker distress responses to stressful stim uli and enhance reported 
mood (Gilbert 1979; Golding and M angan 1982; Rose, A nanda, Ja rv ik
1983). Also, relapse to cigarette smoking often occurs in response to 
stressful situations (Gunn 1983a; Ockene et al. 1982; Shiffman 1982; 
M arla tt and Gordon 1980; Lichtenstein, Glasgow, Abram s 1986). 
T here have been no clinical tria ls  in which the  targeted use of more 
specific anxiolytics (e.g., benzodiazepines) has been evaluated in the 
m aintenance of tobacco abstinence. The only study involving a
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benzodiazepine was th a t of Glassman and associates (1984), who 
compared alprazolam  w ith clonidine during a b rief abstinence.
Nicotine Blockade Therapy

W hereas the goal of both replacem ent therapies and symptomatic 
trea tm en ts is to relieve w ithdraw al by mimicking critical effects of 
the drug from which the person is attem pting to abstain, blockade 
therapy  provides no such potentially rewarding or therapeutic  effect. 
R ather, the  goal of blockade therapy  is to reduce or elim inate any 
rew arding pharmacologic effects should th e  person attem pt to 
resum e drug use. The prototypical blockade therapy  is th a t used in 
the  trea tm en t of opioid dependence (Jaffe 1985). The long-acting 
opiate antagonist naltrexone can be given on a  daily basis to opioid 
abusers to prevent them  from experiencing the reinforcing effects of 
opioid agonists. U nfortunately, only about 5 percent of opioid- 
abusing patients are  willing to comply w ith such a  therapeutic 
regimen. Success in naltrexone trea tm en t is correlated with the 
following characteristics: the  patien t is highly motivated, well 
adjusted in society, and has a steady job (Greenstein e t al. 1983).

Relapse to form er levels of cigarette smoking begins w ith th e  first 
few cigarettes which are  smoked. If smoking levels do not progress 
beyond these few cigarettes, th e  incident is generally referred to as a 
"slip” (Shum aker and G runberg 1986). Slips can lead to relapse 
because they provide the  stim uli which were im portan t in m ainte
nance of the  smoking behavior in th e  first place. Because nicotine 
itself is the source of m any of the  effects which a re  sought by 
cigarette smokers (Chapters II, IV, and VI), blocking the effects of 
nicotine should assist in  the  prevention of relapse. As described in 
C hapter V, such an  approach is effective in preventing relapse to 
opioid use if the  morphine-blocking drug (opioid antagonist) is taken 
(see also G reenstein e t al. 1983).

Pharmacologic antagonists of nicotine, th e  adm inistration of 
which could dim inish a variety of responses to nicotine, have been 
known for several decades (Domino 1979). Those antagonists which 
act both centrally  and peripherally  (mecamylamine), bu t not those 
which only act peripherally  (e.g., pentolinium  and hexamethonium), 
appear to have functional effects on patterns of cigarette smoking in 
hum ans. C entral antagonists also a lte r the  behavioral effects of 
nicotine (including self-adm inistration) in anim als (Henningfield 
1984; Stolerm an 1986).

P relim inary da ta  suggest th e  possibility th a t mecamylamine could 
be used as an  antagonist to block the  nicotine-mediated reinforcing 
consequences of cigarette smoking. The following findings are  of 
particu lar relevance: (1) M ecamylamine p re trea tm en t produces a 
dose-related blockade of the ability of anim als and hum ans to 
discrim inate nicotine from a  placebo (mecamylamine is injected in
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anim als and adm inistered orally to hum ans) (Rosecrans and M eltzer 
1981; Stolerm an 1986; Henningfield et al. 1982), (2) mecamylamine 
p re trea tm en t dim inishes the reinforcing efficacy of intravenous 
nicotine adm inistration in anim als (Goldberg et al. 1983) and 
possibly in hum ans (Henningfield and Goldberg 1983), (3) mecamyla
m ine pre trea tm ent increases the preference for high-nicotine-deliv
ering cigarette smoke (apparently by reducing its nicotinic effects) 
when subjects are tested w ith a device which blends smoke from 
high- and low-nicotine-delivering cigarettes (Rose, Sampson, H en
ningfield 1985), and (4) mecamylamine p re trea tm en t increases 
various m easures of cigarette smoking behavior and tobacco smoke 
intake when subjects are allowed to freely smoke (Stolerm an e t al. 
1973; Nemeth-Coslett et al. 1986; Pom erleau, Pom erleau, M ajchrzak
1987). Results from the study by Pom erleau and colleagues also 
suggested th a t the  toxicity of nicotine exposure was reduced 
substantially  by m ecam ylam ine pretreatm ent.

In one clinical tria l, Tennant, Tarver, and Rawson (1984) a ttem pt
ed to determ ine if mecamylamine could be used safely and effica
ciously to trea t cigarette smoking. M ecamylamine was given to 
heavy cigarette smokers in conjunction w ith counseling to quit 
smoking. M ecamylamine reduced tobacco craving in 13 of 14 
subjects, and ha lf of the subjects quit smoking w ithin 2 weeks of 
in itiation  of m ecam ylam ine treatm ent. The m ean dose of mecamyla
m ine a t the  tim e of quitting was 26.7 m g/day. M ecamylamine was 
not used to m ain tain  abstinence as naltrexone is used for opioid 
dependence. R ather, it was used as an  aid to in itia l quitting. In 
theory, because m ecam ylam ine blocks the  effects of nicotine, it 
should precipitate w ithdraw al and, therefore, would not be indicated 
for acute cessation. Despite th is theoretical problem and the lack of 
placebo controls in the  tria l, these da ta  suggest th a t nicotine 
blockade w arran ts fu rther exploration.

The m ain obstacles to th is trea tm en t approach are  the  ganglionic 
blocking and antihypertensive effects of mecamylamine, the  strong 
likelihood of considerable difficulty in obtaining adequate therapeu
tic compliance, and conditioned and non-nicotine-mediated reinforc
ers of tobacco use which may be powerful enough to sustain urges to 
smoke even when they are  no longer associated with the  pharm aco
logic effects of nicotine.

Deterrent Therapy
D eterren t therapy  is based on the  premise th a t p re trea tm en t w ith 

an  agent m ay transform  smoking from a rew arding to an  aversive 
behavior. D isulfiram  trea tm en t of alcoholism provides the  pharm a
cologic analogy for th is form of trea tm en t (Chapter V).

W ith regard to cigarette smoking, the  m ain analog to disulfiram  
trea tm en t is the  adm inistration of silver acetate. V arian ts on this
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method have been m arketed for over-the-counter purchase for a 
num ber of years. The physiological basis of the  approach is th a t 
sulfide salts are produced when silver acetate contacts th e  sulfides in 
tobacco smoke. The resulting silver sulfides are extrem ely distasteful 
for most people. The approach is not specific to nicotine intake, but 
ra th e r  to sulfide-containing smoke. Most recently, a gum prepara
tion of silver acetate has been tested as a  m eans to m aintain  
abstinence from tobacco smoking (Malcolm, Currey, M itchell, Keil 
1986). The gum m ust be chewed upon aw akening and then  repeated
ly during th e  day to assist in abstinence, because a single piece of 
gum is apparen tly  only effective for a few hours. Although m any 
over-the-counter silver acetate smoking rem edies are  available, their 
efficacy never has been validated scientifically.

Conclusions
In evaluating experim ental and clinical tria ls  involving nicotine 

polacrilex gum, it should be noted th a t actual nicotine in take may 
have been significantly less than  had been intended or reported if 
there  were not system atic procedures to standardize adm inistration 
(Benowitz et al. 1986; Nemeth-Coslett e t al. 1987; Chapters II and 
IV). C riteria for the  determ ination of successful outcome in nicotine 
replacem ent studies are  ambiguous. It is unclear how to in terp ret 
results in which nicotine replacem ent is significantly more effective 
th an  a  placebo a t 6 months, bu t not a t 1 year (Fagerstrom  1982a; 
Schneider e t al. 1983). Nicotine replacem ent may be effective in 
facilitating cessation and in developing early  resistance to relapse 
(w ithdrawal symptoms, reported cravings for tobacco; Harackiewicz 
e t al. 1987; H jalm arson 1984; Hughes e t al. 1984; W est e t al. 1984a), 
bu t may not have residual effects th a t prevent relapse (Chapter IV).

Overall, the  outcomes of experim ental and clinical tria ls of 
nicotine polacrilex gum are modestly encouraging, a t least for short
term  results. In the  vast m ajority of these trials, however, nicotine 
polacrilex gum has been combined with additional trea tm en t 
components.

The combination of low' doses (with the  2-mg gum), poorly defined 
criteria  for self-adm inistration, compliance problems, and variable 
absorption of nicotine from polacrilex gum is part of the rationale for 
the development of a lternative replacem ent strategies (Pomerleau et 
al. 1988). A t the  same time, additional work w ith nicotine polacrilex 
gum is continuing to address compliance and dosage problems. 
Availability of a 4-mg preparation m ight be useful for highly 
tobacco-dependent individuals. L ittle clinical application of o ther 
replacem ent strategies has been reported to date. A lternative forms 
of nicotine replacem ent should help to determ ine the  relative roles of 
nicotine and sensory /r itu a l phenom ena in compulsive tobacco use
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and improve the therapeutic  effectiveness of nicotine replacem ent 
strategies.

The precedent for the use of pharmacologically based therapies to 
help establish and m aintain  abstinence from tobacco products is the  
use of sim ilar kinds of techniques to tre a t o ther substance-use 
disorders. It should be noted, however, th a t some varian t on each of 
the  pharmacologic trea tm en t approaches described in th is review 
has been applied to o ther forms of substance abuse, but w ith lim ited 
success. Individual differences are very im portant. Some smokers 
appear to be much more dependent upon the pharmacologic proper
ties of nicotine (both w ithdraw al relief and positive mood enhance
ment) th an  are others (Chapters IV and VI). The efficacy of 
pharmacologic intervention may be lim ited by the  ex ten t to which 
the substance-seeking behavior and the  desired effects have become 
functionally autonomous from the drug itself. This problem is not 
unique to tobacco (Henningfield and Brown 1987). It is known th a t 
trea ting  opiate users involves considerably more th an  blocking 
physiological withdrawal; an  en tire  lifestyle may require change 
(Grabowski and H all 1985; Bigelow, Stitzer, Liebson 1986).
B ehavioral Treatm ent Strategies

Pharmacologic strategies may have a  useful role in alleviating 
w ithdraw al symptoms or in blocking gratification typically derived 
from smoking, bu t these agents do not address conditioned cues and 
reinforcers or the  social context of tobacco use. Effective trea tm en t 
of th e  dependent sm oker requires behavioral in tervention in addi
tion to any pharmacologic agents th a t m ight be adm inistered. 
Research generally indicates th a t pharmacologic intervention is 
most effective when applied in a  context th a t includes social support 
and skills tra in ing  (Fagerstrom  1988; Hall, Ginsberg, Jones 1986). 
Furtherm ore, behavioral intervention m ay also be useful in increas
ing adherence to pharmacologic trea tm en t procedures (Epstein and 
Cluss 1982).

Behavioral interventions have been applied in trea ting  dependent 
smokers for m any years. This Section will provide an  overview of 
th a t  research, w ith an  em phasis upon cu rren t approaches. The 
review of the  lite ra tu re  is necessarily both selective and lim ited. A 
m ajor review in a previous Report of th e  Surgeon G eneral (US 
DHEW 1979) listed 452 references. Schwartz (1987) prepared a 
comprehensive m onograph reviewing smoking cessation in the 
U nited S tates and Canada. Although he focused upon the period 
1978-85, he included 883 references. As noted above, some topics are 
deliberately e ither excluded or minimized because they have re
ceived extensive coverage in recent Reports. These topics include 
physician intervention, com m unity trials, and worksite smoking 
programs. Excellent reviews of o ther approaches such as self-help
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and use of the  mass media are  available elsewhere (Flay 1985a; 
Schwartz 1987). These methods are not considered in th e  curren t 
Report. I t is recognized, however, th a t self-help, mass media, 
physician, worksite, and community interventions can have critical 
im pact in overall public health  initiatives designed to address the 
smoking problem. The vast m ajority of smokers who have quit to 
date have done so in the  absence of formal treatm ent.

Schwartz (1987) compiled a sum m ary table listing quit ra tes of 416 
smoking cessation tria ls by method. This Table is reprin ted  here as 
Table 2. The Table provides overall outcomes for a num ber of 
different in tervention techniques. As discussed by Schwartz, how
ever, considerable caution is needed in in terpreting  these data. 
Methodology in the  various studies is uneven. M any studies suffered 
from deficient followup procedures and from an  exclusive reliance 
upon subject self-reports. Noteworthy perhaps is th e  difference in 
outcome between nicotine polacrilex gum tria ls  using gum alone and 
those combining nicotine polacrilex gum with behavioral interven
tion. Reported outcomes for program s including m ultiple compo
nents (40 percent 1-year median abstinence) are encouraging. The 
relative success achieved by cardiac patien ts indicates th a t tre a t
m ents delivered a t the tim e of a health  crisis m ay be especially 
effective.

Aversion Procedures
Aversive strategies have involved pairing smoking with unpleas

a n t im agery scripts (covert sensitization), w ith electric shock, or w ith 
the  unpleasant effects produced by smoking itself (directed smoking 
procedures). All these techniques are designed, a t least in part, to 
create aversions to cigarette smoke—affective reactions character
ized by distaste, disgust, fear, or displeasure. The presum ption is th a t 
such reactions will reduce the  incentive to smoke. A wide variety of 
directed smoking strategies have been used. These include satiation, 
rapid smoking, and focused smoking.

Satiation

In th is procedure cigarette consumption is dram atically increased 
prior to attem pted abstinence. Smokers typically are  asked to a t 
least double th e ir smoking intake. Despite promising early results 
(60 percent abstinence a t 4-month followup, N = 40; Resnick 1968), 
satiation procedures by themselves do not produce effects greater 
th an  those of attention/placebo interventions (Claiborn, Lewis, 
H um ble 1972; Lando 1975; Sushinsky 1972).

In its most recent application, satiation has been used in m ulti
component program s (Best, Owen, Trentadue 1978; Lando 1977), in 
which its contribution to outcomes has been difficult to ascertain.
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TABLE 2.—Sum m ary of follow up quit rates (percentages) o f 416 sm oking cessation  trials, by method, 
reported  1959-1985

Quit ra te  (at least 6-mo followup) Quit ra te  (at least 1-yr followup)
N um ber P ercent N um ber Percent

Intervention m ethod of tria ls  Range M edian 33% of tria ls  Range Median 33%

Self-help 11 0-33 17 18 7 12-33 18 14
Educational 7 13-50 36 71 12 15-55 25 25
Five-day plan 4 11-23 15 0 14 16-40 26 21
G ro u p 1 15 0-54 24 20 31 5-71 28 39
Medication 7 0-47 18 14 12 6-50 18.5 17
Nicotine chewing gum 3 17-33 23 33 9 8-38 11 11
Nicotine chewing gum  and 
behavioral trea tm en t or th e ra p y 3 23-50 35 67 11 12-49 29 36
Hypnosis, individual 11 0-60 25 36 8 13-68 19.5 38
Hypnosis, group 10 8-68 34 50 2 14-88 — 50
A cupuncture 7 5-61 18 29 6 8-32 27 0
Physician advice or counseling 3 5-12 5 0 12 3-13 6 0
Physician in tervention  
more th an  counseling 3 23-40 29 33 10 13-38 22.5 20
Physician in tervention , 
pulm onary patients 10 10-51 24 20 6 25-76 31.5 50



TABLE 2.—Continued
Q uit ra te  (at least 6-mo followup) Q uit ra te  (at least 1-yr followup)

Intervention  m ethod
N um ber 
of tria ls Range M edian

P ercent
33%

N um ber 
of tr ia ls Range M edian

P ercent
33%

Physician in tervention , 
cardiac patients 5 21-69 44 80 16 11-73 43 63
Risk factor - - - - 7 12-46 31 43
Rapid smoking 12 7-£2 25.5 33 6 6-40 21 17
Rapid sm oking and o ther procedures 21 8-67 38 57 10 7-52 30.5 50
Satiation  sm oking’ 11 14-76 38 64 12 18-63 34.5 58
Regular-paced aversive sm oking’ 13 0-56 29 31 3 20-39 26 33
Nicotine fad ing ’ 7 26-46 27 29 16 7-16 25 44
Contingency con trac ting ’ 9 25-76 46 89 4 14-38 27 25
M ultiple p rog ram s’ 13 18-52 32 38 17 6-76 40 65

NOTE: Percent 33% is percentage of trials w ith quit rates of a t least 33 percent. M edian not calculated for fewer than  th ree  trials. Caution: Quit ra tes provided suggest overall trends. Most quit 
rates were based on self-reports. Some quit rates were recalculated to include all subjects, bu t most quit rates were based on reports by investigators. Some qu it rates om itted subjects who did not 
complete trea tm en t or persons who did not reply to followups. Definitions of followup may vary between trials.

' Three group trials had 5*month followupe.
1 O ther procedures may have been used, and some trials may be included in more than  one method.
SOURCE: Schwartz (1987).



Lando (1982) conducted a dism antling strategy in which he a ttem pt
ed to isolate the  specific contributions of individual trea tm en t 
components to gauge the  relative contribution of satiation to a 
m ulticom ponent treatm ent. By itself satiation produced dismal 
results (15 percent 1-year abstinence, N =  13). W hen satiation has 
been incorporated into m ulticom ponent treatm ents th a t include 
m aintenance, 1-year followup results have approached 50 percent 
(Lando and McGovern 1985). Lando (1986) has suggested th a t 
satiation represents a plausible preparation strategy for quitting. 
However, there  is little  evidence th a t satiation results in an aversion 
to cigarettes (Baker et al. 1984; Tiffany, M artin, Baker 1986).
Rapid Smoking

Rapid smoking typically requires smokers to inhale cigarette 
smoke every 6 sec un til they reach the point th a t they would become 
ill if they were to continue. W hereas early  interventions varied the 
num ber of rapid smoking sessions to fit client needs (Lichtenstein et 
al. 1973), more recent applications have tended to use standardized 
regimens involving six to eight sessions (Erickson e t al. 1983; Hall, 
Rugg e t al. 1984).

M ulticom ponent program s including rapid smoking generally 
yield good outcomes, but when used by itself, rapid smoking 
continues to yield variable results. Raw and Russell (1980) found 
th a t rapid smoking, cue exposure, and g roup /therap ist support all 
produced poor outcomes when used separately (only 1 of 16 (6 
percent) rapid smoking subjects was abstinent a t 1 year). Sim ilarly 
discouraging results have been reported by Poole, Sanson-Fisher, 
and G erm an (1981) and by Corty and McFall (1984). In contrast, H all 
and associates have consistently obtained high ra tes of success (50 
percent 6-month abstinence levels) using rapid smoking alone, both 
with norm al volunteers (Hall, Sachs, Hall 1979) and medical patients 
(Hall, Sachs e t al. 1984).

Hall, Sachs, and colleagues (1984) observed th a t, in contrast to 
m any recent applications of rapid smoking, th e ir procedure was 
sim ilar to th a t of early, successful rapid-smoking interventions 
(Lichtenstein e t al. 1973). Their procedure involved (a) a  single client 
format, (b) a  w arm  client-therapist relationship, (c) positive expecta
tions of success, (d) individualized scheduling, (e) office ra th e r  th an  
home treatm ent, and (f) w arnings against smoking outside of 
therapy  sessions (D anaher 1977). However, H all’s research involved 
either elaborate physiological/medical assessm ent (Hall, Sachs, H all
1979) or the  use of medical patients as subjects (Hall, Sachs et al.
1984). E ither of the la tte r  two factors could have enhanced the 
effectiveness of rapid smoking. A t th is point, the weight of evidence 
suggests th a t  rapid smoking by itself can have a substantial 
im m ediate im pact on cessation (Poole, Sanson-Fisher, G erm an 1981).
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The long-term effects of rapid smoking do not appear to be sufficient 
by themselves to prevent relapse. H all’s results suggest th a t rapid
smoking effectiveness is greatly influenced by auxiliary  trea tm en t 
elem ents such as a  w arm  interpersonal atm osphere, positive expec
tations, and adm onitions regarding smoking.

M ulticomponent program s involving rapid smoking have general
ly obtained reasonably high long-term cessation rates, i.e., 40 percent 
abstinence a t 6 to 12 m onths posttreatm ent (Brandon, Zelman, 
Baker, in press; Erickson et al. 1983; Hall, Rugg et al. 1984; Tiffany, 
M artin, Baker 1986). The relative success of m ulticom ponent pro
gram s comprising rapid smoking has been noted by earlier reviewers 
(Lichtenstein 1982; Pechacek 1979). Considerable research has been 
conducted to characterize the n a tu re  of the processes subserving 
rapid-smoking effectiveness. One approach to th is problem is to 
determ ine w hether rapid smoking results in a conditioned aversive 
response. In th is regard, researchers have dem onstrated th a t after 
rapid smoking, individuals show a conditioned tachycardia to 
cigarettes. The m agnitude of th is tachycardiac response is increased 
when the aversive smoking procedure produces intense gastrointesti
nal discomfort. The m agnitude of this response is positively related 
to relapse latency—the grea te r the  tachycardiac response, the  longer 
smokers take  to relapse (Erickson e t al. 1983; Tiffany, M artin, Baker
1986). The sim ilarity of these results to those found w ith chemical 
aversion treatm ents of alcoholism (Baker, Cannon e t al. 1984; 
Cannon e t al. 1986) suggests th a t  p a rt of the  success of rapid smoking 
may be due to taste  aversion learning. Thus, some aversion indices 
m ay constitute rare  examples of therapy process m easures th a t are 
predictive of trea tm en t success. Previous attem pts to assess aversion 
acquisition may have yielded inconsistent findings because the 
investigators attem pted to re la te  clinical outcomes to unconditioned 
stim ulus m agnitude (e.g., num ber of cigarettes smoked in aversion 
sessions) or to unconditioned response m agnitude (rapid-smoking- 
induced malaise) ra th e r th an  to conditioned response m agnitude 
(e.g., the  cardiac response elicited by the  taste  of cigarettes; Glasgow 
et al. 1981; Norton and Barske 1977; M erbaum, Avimier, Goldberg 
1979; Russell, Epstein, Dickson 1983).
Reduced-Aversion Techniques

Some investigators have compared rapid smoking and alternative 
low-aversion treatm ents for the ir abilities to enhance th e  effective
ness of a behavioral counseling or self-m anagem ent treatm ent. 
Focused smoking, in which the  person smokes for a  sustained period 
bu t a t a slow or norm al rate, and rapid puffing, in  which a  person 
smokes rapidly but does not inhale, often are  used as comparison 
conditions in order to perm it assessm ent of specific effects of 
aversion (Danaher et al. 1980; Erickson et al. 1983; Hall, Rugg e t al.
492



1984). W hile these trea tm en ts are unpleasant, they differ from rapid 
smoking in th a t they do not elicit the  dysphoria produced by rapid 
smoking and they are  less risky (Erickson e t al. 1983; Glasgow e t al. 
1981; Tiffany, M artin, Baker 1986). Most research suggests th a t 
these alternative trea tm ents produce long-term outcomes th a t a re  
quite sim ilar to, or ju s t m oderately lower than , those produced by 
rapid smoking (D anaher et al. 1980; Erickson et al. 1983; Hall, Rugg 
e t al. 1984; Powell and McCann 1981; Tiffany, M artin, Baker 1986). 
Moreover, research shows th a t these trea tm ents do not produce the 
conditioned cardiac response produced by rapid smoking. Thus, these 
trea tm en ts probably produce the ir effects through routes o ther th an  
aversion conditioning. T hat low-aversion trea tm ents produce effects 
comparable to those of rapid smoking indicates th a t aversion 
acquisition per se is not essential to successful trea tm en t outcome. 
O ther active components m ight be habituation to cigarettes, w ith
draw al reduction due to nicotine intake, and removal of control over 
smoking.

There has been concern about the  possible effects of rapid smoking 
on the  cardiovascular system. H oran and coworkers (1977) reported 
th a t rapid smoking produced elevations in blood pressure, h ea rt rate, 
and carboxyhemoglobin levels as well as electrocardiographic abnor
malities. Lichtenstein and Glasgow (1977) provided recom m enda
tions for screening and subject selection. Recent research suggests 
th a t the  rapid-smoking procedure is fairly safe when used with 
healthy  adults screened for such conditions as cardiovascular 
disease, diabetes, chronic obstructive pulm onary disease, seizure 
disorder, and hypertension (Hall, Sachs, H all 1979; Sachs e t al. 1979). 
Rapid smoking has been used safely even w ith medical populations 
(cardiac and pulm onary patients) in the presence of close medical 
supervision (Hall, Sachs et al. 1984). However, given th a t in the  
context of m ulticom ponent program s focused smoking and rapid 
puffing yield results roughly comparable to those of rapid smoking, 
there  appears to be little  need to use rapid smoking w ith at-risk 
populations (e.g., cardiac and pulm onary patients).

Aversion therapies for smoking are  constrained by some of the  
sam e lim itations th a t apply to the  use of aversion therapies for o ther 
forms of substance seeking. The aversions are rarely  perm anent, and 
the  aversive conditioning is less effective in a ttem pts to establish an  
aversion to substances th a t have had a  history of repeated use.
Relaxation Training

Progressive relaxation is a popular trea tm en t for anxiety-related 
disorders (Haugen, Dixon, Dickel 1958). As noted previously, smok
ers often report smoking to cope w ith anxiety and stress (Chapter 
VI). A large proportion of smoking relapses occurs during negative 
emotional states (Brandon, Tiffany, Baker 1986; M arla tt and Gordon
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1980; Shiffman 1982). In theory, relaxation tra in ing  should provide 
smokers with a m eans o ther th an  smoking for coping w ith stress and 
negative emotion. In a nontreatm ent experim ent, relaxation was 
found to reduce levels of smoking in the face of ex ternal stress 
(Dobbs, Strickler, Maxwell 1981). Today, relaxation is rarely  used as 
a sole trea tm en t and is instead incorporated into m ulticom ponent 
behavioral skills tra in ing  program s (Erickson e t al. 1983; Hall, Rugg 
et al. 1984; H all e t al. 1985; O’Connor and Stravynski 1982; Tiffany, 
M artin, Baker 1986); it may best be conceptualized as one of m any 
possible stress-coping skills taugh t to clients. Poole, Sanson-Fisher, 
and G erm an (1981) found th a t relaxation tra in ing  did not improve 
the outcome of a rapid-smoking treatm ent. Seventy-five subjects 
were assigned to rapid smoking only; rapid smoking and relaxation 
train ing; rapid smoking, relaxation, and contingency contracting; or 
contingent rapid smoking. In none of these conditions did 1-year 
abstinence exceed 25 percent.
Contingency Contracting

O perant conditioning techniques have been used in smoking 
trea tm en ts to rew ard clients for not smoking an d /o r to punish them  
for smoking. The usual procedure is to collect m onetary deposits 
from clients early in trea tm en t w ith periodic repaym ents contingent 
on client achievem ent of abstinence goals. V ariations include having 
the  client pledge to donate money to a disliked organization or 
individual for every cigarette smoked, or contracting for nonmone
ta ry  rew ards and punishm ents based on smoking sta tus (Lando 1977; 
Tiffany, M artin, Baker 1986).

The rationale behind contracting techniques is th a t they m ay 
bolster com m itm ent to abstinence by providing contingent concrete 
rewards. Contracts are in effect un til w ithdraw al has abated and the 
individual has had an  opportunity to begin alternative, nonsmoking 
activities th a t m ay be rewarding. M urray and Hobbs (1981) com
pared the effects of self-reinforcement ($1 rew ard per day for 
m eeting smoking reduction goal), self-punishm ent ($1 forfeited for 
not m eeting goal), combined self-reward and self-punishment, and 
self-monitoring alone on cessation. They found th a t only self-punish
m ent led to improved outcomes: 11 of 20 subjects (55 percent) in the  
two self-punishm ent conditions reached abstinence versus only 1 of 
20 subjects (5 percent) in the o ther two conditions. Three years 
posttreatm ent, 25 percent of self-punishm ent subjects still reported 
abstinence. A sm all sample size and reliance on self-report, however, 
indicate the  need for caution in in terpreting  these findings.

Paxton (1980) compared multicom ponent behavioral interventions 
with and w ithout contingency contracting (weekly repaym ents if 
subjects were abstinent) and found th a t contracting significantly 
improved m aintenance of abstinence, bu t only during the  8 weeks of
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repaym ent. The end of the  repaym ent schedule was followed by a 
sharp  increase in relapse, and no subsequent difference between 
conditions was found. Overall abstinence a t 6-month followup was 42 
percent (25 of 60 subjects). Bowers, W inett, and Frederiksen (1987) 
also reported th a t extended contingency contracting delayed and 
decreased relapse, but they did not report abstinence rates. In a 
variation of the contracting procedure, Stitzer and Bigelow (1982) 
provided contingent paym ents of $5 to subjects for reducing carbon 
monoxide (CO) levels by 50 percent. O ther attem pts to increase the 
effectiveness of contingency contracts by m anipulating the  length, 
frequency, or am ount of repaym ent or the frequency or size of 
deposits have largely been unsuccessful (Paxton 1981, 1983). Yet 
when it is part of a m ulticom ponent program, contingency contract
ing appears to aid smoking cessation, a t least over the short term.

Social Support
A ttem pts to capitalize on the  effects of social support in trea tm en t 

settings have m et w ith mixed results. Ham ilton and Bornstein (1979) 
developed a  package th a t  included a buddy system among group 
m em bers and public announcem ents of client successes a t quitting 
smoking. W hen th is package was appended to a  behavioral tre a t
m ent program , it significantly increased abstinence ra tes compared 
with those for behavioral trea tm en t alone both a t trea tm en t 
term ination  (55 vs. 27 percent) and during the  6 m onths of followup 
(27 vs. 9 percent; N = 1 2  in each of these two conditions). E tringer, 
Gregory, and Lando (1984) were able to improve smoking trea tm en t 
outcome over th e  short term  by emphasizing group cohesion. 
M clntyre-Kingsolver, L ichtenstein, and M erm elstein (1986) exam 
ined the  effects of including clients’ spouses in a  smoking cessation 
program  and teaching them  how to be supportive of the clients’ 
quitting attem pts. A t the  end of trea tm ent, 73 percent of clients in 
the  spouse-training condition (total N =  33) were abstinent compared 
w ith only 48 percent in the condition w ithout spouse tra in ing  (total 
N =31). This difference failed to reach significance, however, and 
dim inished during followup. In another study, the  outcome of a 
worksite-controlled smoking program  was not affected by encourag
ing th e  social support of quitting coworkers (M alott e t al. 1984). 
L ichtenstein, Glasgow, and A bram s (1986) sum m arized the results of 
five recent smoking cessation studies from th ree  separate research 
program s (including M clntyre-Kingsolver, Lichtenstein, and M er
m elstein (1986) and M alott and coworkers (1984)). Results generally 
indicated a positive relationship between m easures of social support 
and trea tm en t outcome. However, specific attem pts to improve 
outcome by enhancing social support were uniformly unsuccessful.
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Coping Skills  Training
The value of coping skills tra in ing  is suggested by evidence th a t 

smokers who use cognitive and /o r behavioral coping responses when 
they a re  tem pted to smoke reduce the ir likelihood of relapsing 
(Shiffman 1984a). The rationale for coping skills tra in ing  of tobacco- 
dependent individuals is sim ilar to th a t for such tra in ing  in o ther 
forms of drug dependence. A lternative behavioral repertoires are 
developed th a t help to m aintain  comfortable, satisfactory function
ing in the absence of drugs (Grabowski and H all 1985; Jasinsk i and 
Henningfield 1987).

Examples of behavioral coping responses are  d istracting activities, 
escape from a stressor, relaxation, and physical activity. Cognitive 
coping may involve rem inding oneself of the benefits of quitting  or 
the negative consequences of smoking or simply telling oneself th a t 
smoking is not an  option. Coping responses may be directed e ither a t 
the  smoking tem ptation /urge itself or a t a precipitating stressor 
(Wills and Shiffman 1985).

Coping skills tra in ing  is generally used in cessation research as 
p a rt of m ulticom ponent trea tm ents (Brandon, Zelman, Baker, in 
press; Davis and Glaros 1986; Erickson et al. 1983; Hall, Rugg e t al. 
1984; Tiffany, M artin, Baker 1986). There is considerable variation, 
however, in the  specific coping skills taught, in the  strategies used to 
teach them , and in the nam es given to the treatm ent. Coping skills 
tra in ing  appears to be effective in enhancing short-term  outcomes, 
especially when combined with an  aversive-smoking procedure. The 
long-term effects are less clear. This strategy has the  potential for 
m aintaining changes in smoker behavior because, presumably, once 
the skills are learned they may be used long a fter trea tm en t has 
term inated. Nevertheless, in studies of m aintenance of abstinence, 
results are mixed but generally negative (Glasgow and Lichtenstein
1987). These generally negative results may be a function of the  
diversity of treatm ents in which coping skills tra in ing  is incorporat
ed and of inadequate compliance w ith coping skills techniques. 
Adherence to coping skills instructions should be m onitored more 
closely. Hall, Rugg, and colleagues (1984) found th a t the  outcome 
differences between coping skills and discussion conditions were seen 
only in clients who smoked 20 or fewer cigarettes/day. I t should be 
noted, however, tha t the outcome differences were computed for the 
num ber of cigarettes smoked per day and not for abstinence rates. 
Coping skills train ing may be most effective for certain  subpopula
tions of smokers, such as less-dependent smokers (Hall, Rugg e t al. 
1984; H all et al. 1985) who smoke prim arily to cope with emotional 
stress (O’Connor and Stravynski 1982).
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Stimulus Control
Stim ulus control trea tm ents a re  based on the  assum ption th a t a 

wide variety of environm ental cues are associated with and serve to 
trigger smoking. A gradual reduction in smoking is accomplished by 
having clients progressively elim inate situations in which they 
smoke. In some cases, tem poral, ra th e r th an  situational, constraints 
upon smoking are  institu ted  (e.g., the individual is perm itted to 
smoke only on the  half hour; Shapiro et al. 1971). In theory, a 
gradual reduction in smoking should result in a weaker, more 
m anageable w ithdraw al syndrome.

Stim ulus control procedures generally have produced weak, tra n 
sient results when used alone and have been of questionable value 
when combined with other self-m anagem ent techniques (Lando 
1978). In more recent studies stim ulus control has been used 
prim arily  as an  elem ent in m ulticom ponent program s in which its 
effectiveness is difficult to ascertain (Best, Owen, T rentadue 1978; 
Colletti and Kopel 1979; Colletti, Supnick, Rizzo 1982; Karol and 
Richards 1981; Lando 1982; Rabkin et al. 1984).

Nicki, Remington, and MacDonald (1984) added a stim ulus control 
component, which was designed to maximize client self-efficacy 
(Bandura 1977a), to a nicotine fading treatm ent. The combined 
trea tm en t produced a 5-month abstinence ra te  of over 50 percent— 
twice th a t of the  fading procedure alone. This level of success is 
unusual in research on stim ulus control techniques and m ay be due 
to the  self-efficacy m anipulation ra th e r than  stim ulus control per se. 
Also, as is tru e  for so much of the  smoking cessation litera tu re , the  
sm all sample size used by Nicki and colleagues (fewer than  15 
subjects per condition) requires th a t th e ir results be in terpreted  
cautiously.

Nicotine Fading
Nicotine fading (or brand switching) is based on a straightforw ard 

pharmacologic rationale. The intensity of the  w ithdraw al syndrome, 
including both physical and psychological discomfort, can be reduced 
when the dependence-producing drug is gradually w ithdraw n (at 
least w ithin certain  limits). The procedure generally involves clients 
m onitoring th e ir nicotine consumption while switching (in th ree  to 
six stages) to cigarette brands with progressively lower ra ted  ta r  and 
nicotine deliveries, and then  quitting  completely. C hapter V sup
ports th is approach for drugs other th an  nicotine, and C hapter IV 
indicates th is for nicotine as well. Foxx and Brown (1979) specifically 
assumed th a t nonabstinent nicotine fading subjects would benefit 
from continued smoking of low-tar and low-nicotine brands. In th is 
study as well as in more recent nicotine fading studies, actual 
nicotine dose levels have been uncontrolled. At least some compensa
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tion is likely to be occurring, and nicotine reduction is undoubtedly 
significantly less pronounced than  would be expected based upon 
m achine-rated nicotine yields (McMorrow and Foxx 1983).

The trea tm en t is based prim arily  on the  idea th a t  a gradual 
phaseout of smoking will minimize nicotine w ithdraw al symptoms. 
Nicotine fading can be viewed as an a lternative  to "cold tu rkey” 
quitting. However, to the  extent th a t actual nicotine in take is not 
decreased or is decreased only m inim ally (Benowitz e t al. 1983), this 
procedure m ight more appropriately be viewed as an additional 
preparation  method for abrupt cessation. Furtherm ore, even when 
nicotine in take is decreased, thereby potentially reducing physiologi
cal dependence, postcessation cravings may be relatively unaffected. 
These continued cravings can be im portant in leading a newly 
abstinent individual to relapse. Lando and McGovern (1986) suggest
ed th a t self-efficacy is increased by allowing clients to experience a 
series of successes (in reducing apparent nicotine intake) prior to 
quitting.

Nicotine fading should be distinguished from gradual reduction 
procedures in which smokers are instructed to progressively reduce 
th e ir number of cigarettes. Procedures th a t emphasize progressive 
reductions in the num ber of cigarettes generally have been ineffec
tive. Smokers typically report th a t the  rem aining cigarettes are  
more reinforcing. Furtherm ore, they often reach a "stuck point” 
beyond which additional reduction does not occur (Levinson et al. 
1971).

A prelim inary study by Foxx and Brown (1979) assessed a 
combination of nicotine fading and self-monitoring, nicotine fading 
alone, self-monitoring alone, and a  modified Am erican Cancer 
Society clinic program. Results a t 18-month followup favored the  
combined nicotine fading and self-monitoring procedure (4 of 10 
subjects or 40 percent were abstinent in th is condition as opposed to 
no more th an  10 percent of the  subjects in any of the  o ther three 
conditions). In several o ther studies, however, nicotine fading and 
self-monitoring produced less encouraging results (Beaver, Brown, 
Lichtenstein 1981; Brown et al. 1984; Foxx and A xelroth 1983; Nicki, 
Remington, MacDonald 1984). Lando and McGovern (1985) added a 
system atic behavioral m aintenance procedure to nicotine fading 
with disappointing results (only 8 of 42 or 19 percent of subjects 
assigned th is procedure were abstinent a t 1-year followup). Lando 
(1987) obtained somewhat more positive findings for a  trea tm en t 
including nicotine fading and behavioral m aintenance (35 percent 
abstinence a t 12-month followup). However, nicotine fading subjects 
in th is study were self-selected.

Results for nicotine fading in a field application (community 
ra th e r th an  laboratory setting, lay ra th e r th an  professional group 
leaders) have been encouraging (Lando 1986). P articipants were
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given a  choice of preparation  strategy (satiation or nicotine fading). 
Approxim ately 80 percent elected th e  nicotine fading procedure. 
Outcomes for nicotine fading and satiation treatm ents were v irtually  
identical. Survival analyses performed on field data  for several 
hundred participants yielded a projected perm anent smoking cessa
tion ra te  of 32 percent. This projection was based on relapse curves 
from 3- to 5-year followup data. The choice of preparation  strategy 
may be effective in enhancing both compliance and outcome.

There is also some evidence th a t nicotine fading m ay be useful in 
m inim al intervention program s (Prue e t al. 1983; Scott e t al. 1986). A 
strategy sim ilar to nicotine fading involves th e  use of progressively 
stronger graduated filters (M artin e t al. 1981). Hymowitz, Lasser, 
and  Safirstein (1982) found low abstinence ra tes w ith th is method 
and also continued use of the  filters by few nonabstinent smokers 
after the  end of treatm ent. Improved outcomes m ight occur if filters 
are  more system atically linked with m ultifaceted behavioral in te r
vention.
Controlled Smoking

Controlled-smoking program s have been developed to tre a t smok
ers who are  unable or unwilling to qu it completely. This approach is 
based in p a rt on th e  assum ption th a t reduced smoking will be 
associated w ith diminished health  risk. The prototypical program  
attem pts to decrease risk  by reducing cigarette consumption, a lte r
ing smoking inhalation  patterns (e.g., num ber of puffs, duration  of 
puffs, CO intake), and minimizing th e  ta r  and nicotine content of 
cigarettes (e.g., nicotine fading). A key is to change m ultiple aspects 
of th e  smoking behavior to minimize compensation.

Stim ulus control procedures m ay also be used (Glasgow, Klesges, 
Vasey 1983). In addition, clients m ay be taugh t coping skills to use as 
substitu tes for smoking (Frederiksen 1979). Controlled-smoking 
trea tm en ts have produced reductions of a t least 50 percent in the 
ra ted  nicotine content of cigarettes smoked, w ith more modest 
reductions in reported num bers of cigarettes, th e  percentage of each 
cigarette  smoked, and CO levels (Glasgow, Klesges, Vasey 1983; 
Godding and Glasgow 1985; M alott e t al. 1984). In general, however, 
by the  6-month followup th e  m agnitude of these in itial reductions 
had dim inished by approxim ately one-half.

Reservations about th e  controlled smoking approach center 
around the prem ise th a t smokers can substantially  dim inish the ir 
hea lth  risk  w ithout to ta l abstention. The change in health  risks 
associated w ith m oderate reduction is not known. Moreover, there  is 
experim ental evidence th a t smokers regulate th e ir bodily levels of 
nicotine th rough compensatory changes in smoking patterns 
(McMorrow and Foxx 1983). These compensatory changes are  not 
complete, however. In a  short-term  (3- or 4-day) restriction study, a
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reduction from an average of 37 cigarettes to 5 cigarettes/day was 
associated with a threefold increase in the  intake of tobacco toxins 
per cigarette (Benowitz e t al. 1986). Daily exposure to ta r  (estimated 
by m utagenic activity of the urine), nicotine, and CO declined only 50 
percent from the baseline. Thus, consistent w ith the tendency to 
m aintain  in take of nicotine, the benefit of smoking fewer cigarettes 
was m uch less th an  expected. Benowitz and associates used laborato
ry volunteers ra th e r th an  smokers who were specifically concerned 
w ith reducing th e ir levels of ta r  and nicotine exposure.

The basic premise of th e  controlled-smoking approach—th a t it 
reduces health  risk—rem ains to be validated. Some investigators 
have argued th a t until there  is clear evidence th a t controlled 
smoking actually  decreases health  risks, it should not be recom
mended as a  trea tm en t option. Finally, th ere  is concern both th a t 
sm okers who otherwise m ay have been successful qu itters will 
instead be a ttrac ted  to controlled-smoking program s (at th is point no 
d a ta  are  available) and th a t these program s may provide an  illusion 
of safety.

If reductions in smoke exposure can be m aintained over tim e, if a 
reduction in health  risk  can be established, and if clients can be 
lim ited to those for whom the prospect of to ta l abstinence is highly 
unlikely, then  reduced smoking may be an  alternative  for recalci
tra n t smokers. Given all these conditions, controlled smoking does 
not appear likely to represent an effective treatm ent. However, 
possible risk  reduction is not the  only rationale for th is type of 
approach. Controlled-smoking interventions may appeal to a  larger 
cross-section of smokers, m ay have a positive im pact upon self
efficacy, and m ay facilitate subsequent progress toward complete 
abstinence. Currently, em pirical da ta  on these points are  lacking.
Multicomponent Programs

In recent years, m ulticom ponent program s have been a principal 
ta rge t of research. This is due to both th e  relatively high level of 
clinical success produced by these program s (Lichtenstein 1986) and 
the recognition th a t smoking is m ultideterm ined and relatively 
invulnerable to any single intervention (Schwartz 1987). The most 
effective m ulticom ponent program s yield alm ost universal short
term  abstinence and long-term abstinence ra tes th a t approach or 
exceed 50 percent (Brandon, Zelman, Baker, in press; E lliott and 
Denney 1978; Erickson et al. 1983; Hall, Rugg e t al. 1984; H all e t al. 
1985; Fagerstrom  1982b; Killen, Maccoby, Taylor 1984; Lando 1977; 
Tiffany, M artin, Baker 1986). These results a re  extrem ely encourag
ing and are  rarely  m atched in tria ls th a t place exclusive em phasis 
upon pharmacologic intervention. D ism antling or constructive stud
ies have shown th a t combinations of trea tm ents generally outper
form any single constituent trea tm en t (Lando 1982).
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Best, Owen, and T rentadue (1978) compared satiation  and rapid 
smoking in th e  context of self-m anagem ent training. Subjects 
rehearsed possible alternatives or coping strategies for each antici
pated problem situation. Suggested techniques were applied on an 
individualized basis and included relaxation, deep breathing, contin
gency contracting, social support, stim ulus control, and behavioral 
rehearsal. The overall resu lt w ith 60 subjects was 47 percent 
abstinence a t 6-month followup.

Powell and McCann (1981) achieved successful results w ith a 
combination of lectures, self-control techniques, and aversive smok
ing. Aversive smoking consisted of rapid puffing w ithout inhalation 
and holding the  cigarette in an  awkward position. Efforts were made 
to increase the  unpleasantness of the  procedures by providing 
ashtrays th a t were full of cigarette litter, dipping cigarettes in a 
bitter-tasting  solution, and showing slides of diseased organs. Sub
jects were random ly assigned to one of th ree  m aintenance condi
tions: a  4-week support group, 4 weeks of telephone calls between 
subjects, or a  no-contact control group. Results for th e  51 subjects a t 
1-year followup were impressive, although there  were no significant 
differences between conditions. The support group and the no
contact controls achieved 65 percent abstinence, and telephone 
contact subjects achieved 59 percent abstinence.

Hall, Rugg, and colleagues (1984) assessed two levels of relapse 
prevention (skills tra in ing  versus discussion control) and two levels 
of aversive smoking (6- vs. 30-sec inhalations) in a  2-by-2 factorial 
design. Of 135 subjects recruited, 123 completed treatm ent. Of 14 
trea tm en t sessions, 8 included aversive smoking. Six sessions were 
devoted to relapse prevention. Specific skills tra in ing  components 
included cue-produced relaxation, com m itm ent enhancem ent, and 
rehearsal of commonly experienced relapse situations. Subjects 
assigned to the  skills tra in ing  condition were more likely to report 
use of coping skills. One-year abstinence outcomes were as follows: 
52 percent for 6-sec inhalations/skills training, 39 percent for 30-sec 
inhalations/skills train ing, 34 percent for 6-sec inhala
tions/discussion, and 26 percent for 30-sec inhalations/discussion. 
Skills tra in ing  was superior to the discussion control a t  th e  1-year 
followup (dropouts were excluded from th is analysis). No differences 
were observed between the 6- and 30-sec smoking procedures.

Lando (1977) compared a  comprehensive trea tm en t procedure 
(satiation, contingency contracts, group support, booster aversion) 
against a satiation control. Subjects were seen in sm all groups. All 
subjects attended six trea tm en t sessions over a 1-week period. 
Subjects assigned the comprehensive intervention attended an 
additional seven sessions during 2 m onths of m aintenance. Results 
a t 6-month followup indicated 76 percent abstinence for the  compre
hensive procedure and 35 percent abstinence for the satiation
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condition. However, it should be noted th a t these results were based 
upon a  to tal of only 34 subjects and 2 sm all groups per condition.

Lando (1981) assigned 99 subjects to a  2-stage trea tm en t (aversion 
and m aintenance) sim ilar to th a t  employed in his 1977 study or to a 
3-stage procedure th a t also included fear appeals and stim ulus 
control. Subjects were in addition random ly assigned to intensive or 
m inim al contact conditions. Efforts to im plem ent a  m aintained 
reduction procedure among nonabstinent subjects w ere unsuccessful. 
One-year followup results favored the  two-stage intensive contact 
procedure. The group of subjects in this condition achieved a  46 
percent abstinence ra te  w hereas subjects in each of the  other 
conditions a tta ined  abstinence rates less th an  20 percent. In a  3-year 
followup, Lando and McGovern (1982) again found 46 percent 
abstinence among subjects in th e  two-stage intensive trea tm en t 
(continuous abstinence from the end of trea tm en t in th is condition 
was 33 percent).

Elliott and Denney (1978) developed a  package trea tm en t encom
passing self-reward and punishm ent, cognitive restructuring, applied 
relaxation, behavioral rehearsal, system atic desensitization, emo
tional role playing, covert sensitization, and rapid smoking. This 
comprehensive program  was compared against rapid smoking by 
itself and two control conditions. Six-month followup results (N =60) 
indicated a  significant effect in favor of the package treatm ent. 
Subjects in  th is condition achieved a  45 percent abstinence ra te  as 
opposed to 17 percent for rapid smoking by itself, 12 percent for a  
nonspecific control, and 0 percent for an  un treated  control.

Erickson and colleagues (1983) assigned subjects to e ither rapid 
smoking or to a  less-aversive rapid-puffing procedure. These subjects 
also were assigned behavioral counseling which included tra in ing  in 
problem-solving strategies. A comparison group underw ent only 
behavioral counseling, w ithout any aversive smoking. Results fa
vored the combination of rapid smoking and behavioral counseling. 
At 1-year followup 70 percent of rapid-smoking subjects and  only 33 
percent of rapid-puffing and 14 percent of behavioral counseling 
subjects reported abstinence. A total of only 26 subjects were 
included in this study.

Tiffany, M artin, and Baker (1986) assessed full-scale rapid smok
ing w ith full counseling, truncated  rapid smoking w ith full counsel
ing, rapid puffing w ith full counseling, and full-scale rapid smoking 
with reduced counseling. Eighty-two subjects completed treatm ent. 
During behavioral counseling, subjects learned to anticipate poten
tia l problem situations and to plan coping strategies for these 
situations. The full-scale rapid-smoking and rapid-puffing proce
dures included th ree  tria ls  per session. Truncated rapid smoking 
consisted of only one tr ia l per session. Reduced counseling em pha
sized support and encouragem ent ra th e r th an  specific behavioral
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procedures. Six-month followup results favored the  full-scale rapid
smoking and rapid-puffing conditions combined w ith full-scale 
counseling (59 and 55 percent abstinence, respectively). E ither 
truncated  rapid smoking or reduced counseling appeared to detract 
from effectiveness (35 percent of subjects in each of these conditions 
were abstinent a t 6-month followup).

As noted in the  section on methodological issues in trea tm en t 
(below), m any m ulticom ponent treatm ents a re  based on clinical 
in tu ition  or on the  effectiveness of a  trea tm en t when used by itself 
and few are  based on an  explicit theory or model of addiction and 
behavioral change. Moreover, few m ulticom ponent evaluative stud
ies contain sound process m easures th a t tap  processes theoretically 
linked to particu lar interventions. Therefore, even though multicom
ponent treatm ents are often effective, the  basis of the ir efficacy is 
little  understood.

It is unclear why particu lar trea tm en t elem ents are  effective when 
combined. Perhaps these elem ents in teract so th a t an  individual who 
would not be especially helped by one trea tm en t is aided by the 
combination. Perhaps the trea tm en t components are  additive be
cause th e ir individual effects are largely independent. To investigate 
the na tu re  of m ulticom ponent trea tm en t effects, researchers m ight 
strive to develop experim ental designs th a t a re  sensitive to particu
la r components and  to determ ine w hether these reflect interactive 
effects when auxiliary treatm ents are  added. I t  is recognized, 
however, th a t required num bers of subjects and statistical power 
issues often render th is  type of approach im practical. Furtherm ore, 
isolation of very precise or subtle trea tm en t elements, as opposed to 
m ajor differences, appears both im practical and unlikely (Lando
1982).

Some m ulticom ponent treatm ents contain elem ents th a t are 
labeled as "m aintenance” and are  delivered during th e  postcessa
tion, followup interval. These are  based on the  notion th a t  extending 
therap ist contact or skills tra in ing  in the  followup in terval will 
prolong trea tm en t gains. Evidence is mixed as to w hether such 
m aintenance trea tm ents significantly enhance th e  long-term effec
tiveness of complete, m ulticom ponent program s (Brandon, Zelman, 
Baker, in press).

Although m ulticom ponent program s a re  often very effective, more 
is not always bette r (Lando 1981). Inclusion of too m any procedures 
m ay overwhelm subjects and thereby reduce adherence to tre a t
m ent. A point of dim inishing re tu rn s m ay be reached by simply 
adding additional components to an  already complex intervention. 
Combinations of m ulticom ponent behavioral trea tm en t and pharm a
cologic intervention m ay be promising for highly dependent smok
ers, especially for those who have been unable to achieve even short
term  abstinence despite repeated attem pts.
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O ther Treatm ent Strategies
Hypnosis

The usual in ten t of hypnosis is to increase client m otivation or 
ability to quit smoking through posthypnotic suggestions. The most 
commonly used posthypnotic suggestions are variations of those 
originated by Spiegel (1970): (1) smoking is a  poison to your body; (2) 
you need your body to live; and (3) you owe your body th is respect 
and protection (Berkowitz, Ross-Townsend, Kohberger 1979; Hym an 
e t al. 1986; Javel 1980; Perry, Gelfand, M arcovitch 1979). Sugges
tions m ay also involve problem-solving techniques (Frank e t al. 1986; 
Javel 1980), review of th e  client’s history of smoking (Javel 1980), 
desensitization to environm ental cues (Wagner, Hindi-Alexander, 
Horwitz 1983), and an  assortm ent of o ther elem ents (Katz 1980). 
Despite th e  variety of possible hypnotic procedures, some research 
reports fail to  describe the  procedure used (Lambe, Osier, F ranks 
1986; Schubert 1983). Hypnosis m ight most usefully be applied to the 
sm all percentage of th e  population th a t is highly susceptible to 
hypnotic induction. Some individuals are  essentially unresponsive to 
hypnosis, w hereas others evidence varying degrees of susceptibility. 
Individual differences in hypnotic susceptibility have in fact influ
enced outcome (Perry and M ullen 1975; W est 1977), although this 
has not been reported by all investigators (Mott 1979).

No significant outcome differences were found when posthypnotic 
suggestions were compared w ith suggestions w ithout hypnosis (Javel 
1980), w ith suggestions after relaxation (Schubert 1983), w ith 
focused smoking or an  atten tion  placebo control condition (Hyman e t 
al. 1986), or with behavior modification or health  education in terven
tions (Rabkin e t al. 1984). Most studies have found hypnosis to be 
superior to no-treatm ent control groups, although Lambe, Osier, and 
F ranks (1986) found no such difference. Followup abstinence rates 
reported for hypnosis in recent studies have ranged from less th an  4 
percent (Perry, Gelfand, M arcovitch 1979) to 60 percent (Javel 1980), 
w ith a  m ean of approxim ately 28 percent. These figures m ay be 
spuriously high because several studies reported less th an  6 m onths 
of followup and most relied exclusively on subject self-report.

There is little  evidence th a t hypnotic induction per se facilitates 
smoking cessation and m aintenance above and beyond the effects of 
other trea tm en t components (including th e  posthypnotic suggestions 
themselves) (Holroyd 1980; Katz 1980).

Acupuncture
A cupuncture involves th e  use of needles or staple-like attachm ents 

and commonly is given a t th e  ear e ither by press needle or staple 
puncture. A cupuncture has gained popularity over th e  past 10 years 
(Schwartz 1987). There are  few carefully controlled evaluations of
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th is procedure for smoking cessation. M any published reports have 
suffered from serious methodological shortcomings (e.g., lack of 
control conditions, short or nonexistent followup periods, failure to 
include da ta  from all treated  subjects). Six studies have compared 
acupuncture a t the  "correct” site for smoking cessation against an  
"incorrect” or sham  site. In only one study (MacHovec and M ann 
1978) was the  correct site significantly superior to the  sham  site. As 
w ith hypnosis, most evaluations of acupuncture have relied exclu
sively on self-reports. At th is point, there  is little  evidence th a t 
acupuncture relieves w ithdraw al symptoms or promotes smoking 
cessation. A combination of acupuncture and supportive counseling 
or skills tra in ing  may be more effective (Schwartz 1987).
Treatm ent o f  Special Sm oker P opulations

Recognition of smoking as a dependence-producing behavior leads 
to im portant implications in trea ting  several populations of smokers 
including women, blacks, and Hispanics. C urrent trends (Appendix 
A) indicate th a t the  burdens of smoking in the  fu ture  m ay be 
disproportionately felt by lower socioeconomic and m inority popula
tion groups. For trea tm en t to have optim al impact, i t  m ust m eet th e  
needs of smokers from diverse circumstances. Presently, the  vast 
m ajority of those who avail them selves of form al intervention a re  
white and are  from relatively advantaged socioeconomic back
grounds.

It is not obvious th a t interventions for special populations should 
differ substantially  from those th a t a re  currently  available. There 
are indications based on smoking patterns and environm ental and 
social factors th a t suggest the im portance of tailored intervention. A 
great deal more research is needed, however. A t th is point, for 
example, it is unclear w hether self-help trea tm en t m anuals oriented 
to specific ta rge t groups are preferable to more general m anuals. 
C urrently there  are  alm ost no m aterials or program s prepared 
especially for blacks or Hispanics. If the  needs of lower SES and 
m inority smokers are  not met, the trend  for smoking to be 
disproportionately concentrated among these groups is likely to 
continue. Considerations of trea tm en t for the dependent smoker a re  
not complete w ithout substantial a tten tion  to issues of application 
and dissemination, especially to smokers not being served by current 
interventions.
Applying Smoking Interventions to Women 
Sex Differences in Cessation and Relapse Rates

Trends in cigarette smoking among men and women in th is 
century have followed roughly sim ilar curves, except th a t increases 
and decreases in smoking prevalence among women have lagged 15
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to 30 years behind rates for men (H arris 1983; US DHEW 1980; 
Appendix A). Recent declines in overall smoking prevalence are 
a ttribu ted  to lower initiation rates among teenage males and higher 
cessation rates among adult males (Remington e t al. 1985). The 
percentage of form er smokers in  the m ale population has increased 
more dram atically th an  the  percentage of form er smokers in the 
female population (Appendix A). Jarv is (1984) adjusted cigarette 
cessation ra tes in B ritain and in the  U nited S tates to reflect the  
proportion of males who switched from smoking cigarettes to 
smoking pipes and cigars. A fter th is adjustm ent, sex differences in 
cigarette cessation ra tes disappeared for individuals under age 50.

Several recent, well-controlled prospective evaluations of cigarette 
cessation program s found no differences in th e  proportions of women 
and men who achieved in itial cessation an d /o r long-term m ainte
nance (Curry 1986; Gritz 1982; Hall, Ginsberg, Jones 1986). The 
question of w hether previously observed gender differences in 
cessation and relapse rates (the m agnitude of which is often small) 
reflect real and stable sex differences, historical effects tru e  only in 
older smokers, or statistical artifacts due to analytical lim itations is 
not resolved.

M otivation to quit. In one of th e  few studies addressing gender 
differences in motivation to quit, C urry (1986) found th a t successful 
m ale and female abstainers did not differ in  th e ir overall reasons for 
quitting  (e.g., "Smoking is inconsistent w ith  my com m itm ent to good 
health”). However, women in C urry’s (1986) study differed signifi
cantly from m en on questions related to four more specific subdim en
sions of motivation: self-determ ination ("I will like m yself b e tte r”), 
reinforcem ent ("My h a ir and clothes won’t  sm ell”), influence of 
significant others ("I can get praise from people I am  close to [for 
quitting]”), and social consequences ("Smoking is less socially 
acceptable”). Perhaps these more specific reasons for quitting should 
be considered in tailoring th e  content of smoking trea tm en ts to 
female subjects.

Education. The personalization (perception of the  personal rele
vance) of abstract inform ation has been shown to be an  im portant 
aspect of behavioral change in general (Mahoney 1974) and of 
health-related behavioral change in particu lar (Ben-Sira 1982; 
Schinke and G ilchrist 1984). Available evidence suggests th a t  many 
women may not fully be aware of some im portant gender-specific 
health  consequences of smoking (Shiftman 1986b; Sorensen and 
Pechacek 1987). Adolescent women in particu lar often e ith er are  not 
well informed or choose to ignore inform ation on the  harm ful effects 
of smoking during pregnancy (Simms and Sm ith 1983; S tew art and 
Dunkley 1985). It may be useful to develop educational campaigns 
th a t publicize th e  gender-specific risks of smoking.
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Inform ation th a t m ight be used in such educational campaigns 
comes from studies of im portant adverse interactions between 
smoking and female physiology, especially estrogen-related pro
cesses. Several studies have found a positive association between 
cigarette smoking and early  m enopause (Baron 1984; W illett et al.
1983), estrogen-related postmenopausal osteoporosis and associated 
fractures (Daniell 1976; Paganini-Hill e t al. 1981), and invasive 
cervical cancer (Brinton e t al. 1986).

Social values and  beliefs. C igarette smoking is a m ultideterm ined 
behavior shaped by both personal and environm ental variables 
(Chassin, Presson, Sherm an 1985; Jones and B attjes 1985). The bulk 
of research on smoking has assum ed th a t the developmental 
pathways leading to cigarette use and la ter dependence are  the  same 
for males and females. Several lines of recent research suggest th a t 
th is assum ption is overly simplistic (Barton e t al. 1982; Baum rind 
1985; Ensm inger, Brown, Kellam  1982; G ritz 1982; Yamaguchi and 
Kandel 1984). The developmental and social dynamics th a t propel 
female adolescents into smoking m ay differ from those operating on 
young males. Several studies suggest th a t female smokers appear 
a ttrac ted  to cigarette smoking by a  need to identify w ith a particu lar 
social image (Gritz 1982, 1984; Jacobson 1982; M ausner and Brand
spiegel 1985). Studies of advertising influence show th a t women, 
more th an  men, choose cigarette brands for image reasons (Bergler 
1981; F isher and M agnus 1981). Cigarette smoking today is often 
associated in th e  media w ith independent women who are  not only 
sexually desirable (and slender) bu t also successful in  traditionally  
m ale activities (Baker, Dearborn et al. 1984; Godley, Lutzker, 
Lamazor, M artin  1984). Reliance on cigarettes for bolstering an 
im portant, self-selected social image may m ake some women resis
ta n t to educational messages on th e  hea lth  consequences of smoking.

A nother factor bearing on women’s use of cigarettes for social 
image reasons involves body size and weight control (Gritz 1985; 
Jacobson 1982; US DHEW 1980). D ata from junior high students 
suggest th a t even a t young ages females more th an  m ales are 
interested in cigarettes as a  weight control aid (Charlton 1984; 
C hapter VI).
Achieving Abstinence

Weight gain. W omen’s fear of weight gain has been widely 
observed (US DHEW 1980). Some anim al data (Grunberg, Bowen, 
W inders 1986; Grunberg, W inders, Popp 1987; Levin e t al. 1987) as 
well as prelim inary results from a  study with hum an subjects 
(Klesges, M eyers et al. 1987) suggest th a t females are  more likely 
th an  m ales to gain weight following removal of nicotine. In contrast, 
Hall, Ginsberg, and Jones (1986) found th a t although all subjects 
gained weight a fter achieving abstinence, weight gain was no more
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likely to cause female subjects th an  m ale subjects to relapse (Chapter
VI). More studies are needed to determ ine w hether fear of weight 
gain in the  early  stages of cessation is a  more powerful obstacle for 
women th an  is actual weight gain la te r in th e  cessation process.

Stress management. Social, psychological, and epidemiological 
studies consistently report the  greater im portance of cognitive 
appraisal processes and m onitoring of in te rna l states and feelings on 
the  p a rt of females compared w ith  males (Blechman 1984). Several 
studies have characterized women as negative-affect smokers—i.e., 
individuals who smoke in response to em otional discomfort and for 
purposes of tension reduction (Brunswick and Messeri 1984; Christen 
and Glover 1983; Dembroski 1984; Livson 1985; Mitic, McGuire, 
N eum ann 1985; R ust and Lloyd 1982; US DHEW 1980). O ther 
researchers have found th a t negative-affect smokers grow more 
re lian t on cigarettes th an  do smokers who respond to social or 
external stim uli (Ockene e t al. 1981; Pom erleau, Adkins, Pertschuk 
1978). In cu rren t cessation studies, female subjects, compared with 
m ale subjects, have reported more stress during th e  quit process 
(Abrams e t al. 1987) and more concern about finding alternatives to 
cigarettes for coping w ith stress (Abrams e t al. 1987; M oreton and 
East 1983; Sorensen and Pechacek 1987; C hapter VI).

Social support. Women, more often th an  men, report a  preference 
for in teracting  and learning in settings th a t  involve close, informal, 
personal, dyadic, or small-group interactions (Brody 1987; Glynn, 
Pearson, Sayers 1983; Grady, Brannon, Pleck 1979; L inehan 1984). 
Both the  quantity  and th e  quality of women’s participation increase 
in groups composed solely of women (Burden and Gottlieb 1987; 
L inehan and Egan 1979; Gam brill and Richey 1986). G ritz (1982) 
concluded th a t women are  more successful in program s th a t provide 
social support and individualized therapist-client contact, and less 
successful in program s in which such support is absent or when 
ex ternal environm ental supports are  lacking. D ata continue to 
indicate th e  im portance of social support (and p a rtn e r support in 
particular) for m aintenance of smoking cessation among women 
(Coppotelli and Orleans 1985; Sorensen and Pechacek 1987).
Smoking Cessation Initiatives for Black Americana

Black Americans constitute the  N ation’s largest m inority group, 
m aking up 12 percent of th e  population, and have th e  highest 
smoking ra te  of the  m ajor U.S. e thn ic/racial groups; 34.8 percent of 
all black Am erican adults smoke, compared with 29.7 percent of non- 
Hispanic whites and 25.7 percent of Hispanic adults (Appendix A). 
Blacks also suffer the  N ation’s highest ra tes of m ortality  and 
morbidity from cardiovascular diseases and cancer, including coro
nary  h ea rt disease and lung cancer (Cooper and Simmons 1985; US 
DHHS 1985, 1986). Moreover, smoking represents an  especially
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serious health  risk for blacks, given the  disproportionate incidence of 
infant m ortality and low b irth  weight, hypertension, diabetes, and 
hazardous occupational exposures w ithin the  U.S. black population 
(US DHHS 1985). To date, relatively little  research has been done to 
clarify sm oking/quitting patterns and determ inants among black 
Americans or to test smoking cessation interventions in black 
populations.

The 1985 Cancer Prevention Awareness Survey (US DHHS 1987) 
found th a t blacks were less likely th an  the  general public to report 
hearing or reading about cancer prevention in th e  preceding 6 
months, and were less likely to view tobacco use as a  cancer risk. 
There is also evidence th a t blacks have less belief in personal control 
over health  outcomes and disease, particularly  cancer (Deniston 
1981; Snow 1983; US DHHS 1987).

Sociodemographic Factors

The sociodemographic correlates of smoking sta tus among black 
Americans are  sim ilar to those for the  U.S. population as a  whole: 
these include lower income, lower education levels, lower occupa
tional status, unemployment, being male, and being unm arried 
(never m arried, separated, or divorced) (Eisinger 1971; M arcus and 
Crane 1987; O rleans et al. 1987; US DHHS 1985; W arneke e t al. 1978).

Restricted Health Care Access

More lim ited access to health  care, particularly  to preventive 
health  services, may also play a  role in the higher black smoking 
ra te  (Eisinger 1971; Green 1975; Rogers and Shoem aker 1971; US 
DHHS 1985; W arneke e t al. 1978). Fewer blacks (54 percent) th an  
w hites (70 percent) report a physician’s office as th e ir  regular source 
of care, and twice as m any blacks as w hites say they receive the ir 
regular care from hospital ou tpatien t clinics and emergency rooms 
or public hea lth  clinics (where continuous care and preventive 
health  services are  less likely) (US DHHS 1985). Therefore, i t  is not 
surprising th a t the  1985 N ational H ealth  Interview  Survey (NHIS) 
found fewer adult black smokers (33 percent men, 43 percent 
women) th an  white smokers (40 percent men, 47 percent women)
reporting medical advice to quit smoking (Marcus and Crane 1987).
Social Norms and Advertising Influences

Peer and family modeling appears to play th e  usual role in  the  
in itiation  and m aintenance of smoking as well as in smoking 
cessation (Orleans et al. 1987; W arneke et al. 1978). However, the 
combination of a higher smoking ra te  among blacks and a pervasive, 
well-financed, black-focused tobacco advertising campaign m ay lead
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to stronger smoking norm s w ithin the  black com m unity (Cooper and 
Simmons 1985; Cummings, Giovino, Mendicino 1987; Davis 1987).

Determinants of Quitting Motivation and Success Among Black 
Smokers

Factors influencing quitting  m otivation and success among black 
smokers appear to be sim ilar to those among sm okers in general, 
including beliefs in smoking-related health  harm s and quitting  
benefits; personal relevance of th e  health  th rea t; a  g rea ter num ber 
of sources of support and communication about smoking health  risks 
and quitting; the  ex ten t to which family, friends, and health  
professionals provide personal inform ation about smoking risks; 
personal medical advice to quit; self-mastery motivation; past efforts 
to quit or cut down; degree of tobacco dependence; and prim ary 
group social supports for quitting and nonsmoking (Eisinger 1971; 
McDill 1975; O rleans e t al. 1987; Pechacek and D anaher 1979; 
Prochaska and DiClemente 1983; W arneke e t al. 1978). Again, 
however, considerably m ore research is needed.

Smoking and Quitting Patterns Among Black Americans

Although black smokers smoke fewer cigarettes per day th an  
w hite smokers, they smoke brands w ith h igher ta r/n ico tine  yields, 
especially m enthol brands (Friedman, Sidney, Polen 1986; Appendix 
A). The 1981 NHIS showed th a t 65 percent of black smokers smoked 
brands w ith 1.1 mg or more of nicotine, in contrast to only 35 percent 
of white smokers, and th a t 67 percent of black smokers smoked 
m enthol cigarettes, in contrast to only 26 percent of white smokers. 
In fact, i t  has been estim ated th a t th ree  high-nicotine m enthol 
brands account for more th an  60 percent of cigarettes purchased by 
blacks (Cummings, Giovino, Mendicino 1987). M enthol additives may 
pose additional health  risks (Cummings, Giovino, Mendicino 1987); 
these additives could conceivably influence puffing patte rns (e.g., by 
reducing the perceived "harshness” of th e  tobacco) so as to heighten 
nicotine delivery or smoking risks (e.g., by enabling th e  sm oker to 
tolerate  inhaling more often or more deeply or to smoke the cigarette 
to a  shorter length). However, to date no studies th a t address th is 
issue have been published. N ational survey da ta  (US DHHS 1985) 
suggest th a t  black smokers a ttem pt to quit a t  th e  same ra te  th a t 
white smokers do. However, blacks appear to be less likely to rem ain 
abstinent (Appendix A). Q uitting barriers faced more often by blacks 
include the  sam e sociodemographic factors th a t explain th e ir  higher 
smoking rate, including th e  g reater life stress and more lim ited 
resources associated w ith lower SES.
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Quit-Smoking Treatments

Quitting methods. A recent survey of black ex-smokers showed 
th a t like U.S. ex-smokers as a  whole, the  vast m ajority had quit "on 
th e ir own”: 9 in 10 said they relied on "willpower,” and only 1 in 10 
reported using formal trea tm en t programs, self-help guides or aids, 
or nicotine polacrilex gum (Orleans e t al. 1987). There are, to date, no 
published d a ta  on the  extent to which black and white U.S. smokers 
differ specifically in th e ir access to, or use of, quit-smoking services 
and resources.

Sources/treatment agents. Physicians and other health  care provid
ers are  powerful sources of quit-smoking assistance (Orleans 1985) 
and m ay be especially im portant sources for black Americans. In  the  
1985 Cancer Prevention Awareness Survey (US DHHS 1987), blacks 
reported more often th a n  the  general population th a t they would be 
very likely to follow a  doctor’s advice about ways to reduce cancer 
risks (US DHHS 1987).

Messages/methods. I t is currently  unclear w hether black smokers 
would benefit any more or less th an  o ther groups from generally 
effective quit-smoking strategies and treatm ents. W hen outreach has 
assured equal black-white access to trea tm ents and inform ation 
(broadly defined in term s of recru itm ent efforts, location, affordabili
ty, appeal, and readability), outcomes for black and white smokers 
have been sim ilar. For instance, W indsor and colleagues (1985) 
offered clearly worded pregnancy-focused self-help m aterials on 
quitting  to women in public health  m atern ity  clinics and found no 
differences in quit ra tes between black and white participants of 
sim ilar SES. High-coronary-risk black m en assigned to th e  Special 
Intervention of the  M ultiple Risk Factor Intervention Trial (MRFIT) 
achieved 6-year quit ra tes (43 percent) essentially comparable to 
those of white participants (46 percent) despite lower SES (Connett 
and Stam ler 1984). On th e  other hand, prelim inary unpublished 
results from several ongoing tria ls  suggest th a t interventions 
developed for th e  general population may not be appropriate for or 
acceptable to lower SES m inority smokers.

Channels/delivery modes. C hurch groups, fra te rnal organizations, 
and o ther groups w ithin the  black com m unity have a unique role to 
play in bringing effective program s and resources to the  atten tion  of 
smokers and to provide support needed for compliance (Eng, H atch, 
Callan 1985; Orleans e t al. 1987). Besides improving trea tm en t 
accessibility, these organizations have th e  potential to provide 
ongoing assistance and support for quitting  efforts and nonsmoking 
m aintenance. Eng, H atch, and Callan (1985), for instance, describe 
working through black churches in ru ra l N orth  Carolina to offer 
smoking cessation, weight control, d iet modification, and stress 
m anagem ent health  education and behavioral change programs. Lay 
health  advisers were recruited to work w ith local professionals to
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organize church-based health  fairs and to provide screening and 
referra l on an individual basis.
Interventions for Smoking Cessation Among Hispanics

As the most rapidly growing ethnic group in th e  U nited States, 
Hispanics have caught the  atten tion  of demographers, social scien
tists, and health  planners, yet relatively little  is known of th e ir 
smoking behaviors or responses to various intervention and tre a t
m ent approaches. There is recent evidence (Davis 1987) th a t 
cigarette advertising is increasingly targeted to specific groups and 
th a t Hispanics have become a m ajor focus of sophisticated m arketing 
approaches.
Prevalence

Smoking prevalence among Hispanic m ales is com parable to th a t 
among white males and considerably less th a n  th a t among blacks. 
Smoking among Hispanic women, in contrast, is considerably lower 
th an  smoking among either w hite or black women (Marcus and 
Crane 1985). Hispanics consume considerably fewer cigarettes per 
day th an  do whites. Heavy smoking among Hispanics is relatively 
infrequent (Marcus and Crane 1985,1987; Sam et e t al. 1982; S tern  et 
al. 1975).

D ata from the 1985 C urren t Population Survey indicate substan
tia l differences in smoking sta tus by Hispanic subgroup. More 
Puerto  Ricans reported smoking th an  did o ther subgroups (Mexican- 
Americans, Cubans, and C entral and South Americans). Caution is 
needed in in terpreting  these data  as they are  based on lim ited 
num bers of respondents. M arcus and Crane (1985) reported th a t  the  
pattern  of high smoking prevalence among Hispanic m en and 
relatively low prevalence among Hispanic women held true  across a 
num ber of Hispanic subgroups. Overall, th e  da ta  suggest consider
able ethnic diversity w ithin the  Hispanic population. Diversity in 
smoking prevalence among Hispanics also has been found in the 
Hispanic H ealth  and N utrition  Exam ination Survey (HHANES) 
conducted between 1982 and 1984 (Appendix A). C ultural differences 
among divergent Hispanic groups may need to be considered in the 
design and content of trea tm en t programs.
Smoking Antecedents

M arkides, Coreil, and Ray (1987) used d a ta  from a  three-genera
tional study and found th a t smoking behavior among younger 
Mexican-Americans was positively correlated w ith th a t of th e ir 
middle-aged parents. This association was stronger for women. In a 
study of M exican-American high school students who were identified 
as potential school dropouts, Bruno and Doscher (1984) found more
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smokers in th is group th an  among other students. These researchers 
found th a t 56 percent of the ir survey population of 78 potential 
dropouts had increased their cigarette consumption in the  previous 
year. Otero-Sabogal and colleagues (1986) reported th a t  "positive 
social presentation” as a consequence of smoking was m entioned by 
Hispanics in the ir study group. Castro and coworkers (in press) state  
th a t smoking and other habitual behaviors do not occur in isolation, 
bu t are part of a lifestyle. Smoking has been identified by these 
authors and others as a "core unhealthy behavior” th a t is associated 
w ith other such behaviors as use of illicit drugs, alcohol abuse, 
driving while intoxicated, nonuse of seat belts, and a pa ttern  of little  
aerobic exercise. However, on a test of knowledge about th e  health  
consequences of smoking, moderate-to-heavy cigarette smokers were 
the  highest scorers, suggesting an intellectual awareness of th e  risks 
involved in th e ir behavior.
Smoking Interventions

The only available study th a t specifically targeted Hispanics was 
reported by W ittenberg (1983). During a m arket survey for the  
"H ealthy M others, H ealthy Babies” campaign, focus groups were 
organized to gather inform ation from m inority women. Researchers 
held sessions w ith eight groups of black women and seven groups of 
Mexican-American women. The results of these sessions suggested 
th a t the  women involved largely ignored health  advice, including 
advice to quit smoking, believing th a t the  negative consequences 
would affect th e  m other and not the  baby. W ittenberg (1983) found 
th a t th e  physician was considered the  most credible source of health  
inform ation b u t th a t family and friends were also im portant sources 
of inform ation, which sometimes was in conflict w ith professional 
advice. Mexican-American women cited a  paucity of Spanish-speak
ing health  providers, and both m inority groups stressed the  need for 
such providers to have a  better understanding of dietary preferences 
and trad itional cultural pa tterns to more adequately serve pregnant 
m inority women. The roles of th e  family, the Catholic Church, and 
the  Spanish language have been said to be a t the  h ea rt of the 
cu ltural identity of Hispanics in the  U nited S tates (Guernica and 
K asperuk 1982; Perez-Stable 1987). These influences have not been 
system atically assessed or harnessed in the design of smoking 
intervention program s for Hispanics.

Research addressing o ther ethnic groups is v irtually  nonexistent.
M ethodological Issues in  Treatm ent Study D esign and  
Evaluation

Since the  late 1970s, researchers and theoreticians have made 
progress in developing theoretical comparison strategies in evaluat
ing pharmacologic and behavioral trea tm en t interventions. This has

513



gradually resulted in the  use of more sophisticated analytic compari
sons in a t least a few studies (Brandon, Tiffany, Baker 1987; Hall, 
Rugg e t al. 1984; Harackiewicz e t al. 1987; Raw and Russell 1980; 
Tiffany, M artin, Baker 1986). The development of specific measures 
and investigator adoption of theory-driven analytic strategies (A
bram s e t al. 1987; Davis and Glaros 1986; Erickson e t al. 1983; Hall, 
Rugg e t al. 1984; Harackiewicz e t al. 1987; M erm elstein, Lichten
stein, M cIntyre 1983; Shiffman and Ja rv ik  1976; Tiffany, M artin, 
Baker 1986) should resu lt over the  next 10 years in  a  clearer 
understanding of therapeutic  change processes. In tegrated theoreti
cal approaches in which treatm ent, subject, and context factors are 
considered sim ultaneously may prove especially fruitful.

A second m ajor methodological concern is th e  typical smoking 
intervention study design. Most researchers, when they do use 
control or comparison treatm ents, m erely p it one trea tm en t against 
another, often w ith no clear theoretical basis. Some investigators 
system atically remove or add trea tm en t elem ents largely on prag
m atic grounds. U nfortunately, such experim ental designs perm it 
only weak inferences concerning th e  specific effective elem ents of 
trea tm en t (McFall 1978).

E arlier reviews (Pechacek 1979) noted th a t th e  principal problem 
plaguing smoking trea tm en t evaluation was th a t  clinical outcomes 
were typically inferred from data  of suspect validity. Previously, 
most long-term outcome da ta  were based on client self-reports of 
smoking status, possibly supported by inform ant reports. Both self- 
and inform ant reports a re  vulnerable to biases th a t m ake them  
inadequate in  research settings as sole m easures of outcome (Glynn, 
Gruder, Jegerski 1986; Li e t al. 1984; M urray e t al. 1987). F ortunate
ly, over th e  last 9 years biochemical verification of self-reports has 
become a  more common practice, although it  is by no means 
universal.

Carboxyhemoglobin estim ates from b reath  samples and m easure
m ents of thiocyanate in  urine, saliva, or plasm a and of cotinine in 
saliva and serum  have been used most frequently to assess smoking 
status. Carboxyhemoglobin has a relatively b rief half-life and is 
affected by am bient CO, activity level, and some drugs (Ringold e t al. 
1962; Henningfield, Stitzer, Griffiths 1980). However, th is m easure is 
inexpensive and can provide subjects im m ediate feedback on an 
im portant health  risk  factor. Thiocyanate m ay rem ain elevated for 
up to 12 to 14 days after smoking cessation (Barylko-Pikielna and 
Pangborn 1968; Pettigrew  and Fell 1973). Thiocyanate levels m ay be 
quite variable w ithin individuals (Barylko-Pikielna and  Pangborn 
1968). Assays of thiocyanate are  insensitive to low levels of smoking 
(Vogt e t al. 1977) and are  often poorly correlated w ith  self-reported 
smoking ra tes or actual m easures of puffing patterns (Abueg, 
Colletti, Rizzo 1986; Burling e t al. 1985; Vogt e t al. 1977). F u rth e r
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more, thiocyanate levels may be considerably affected by consump
tion of common foods (e.g., almonds, tapioca, cabbage, broccoli, and 
cauliflower; Bliss and O’Connell 1984). For these reasons, cotinine is 
a  generally preferred assay. Cotinine, a m ajor m etabolite of nicotine, 
is detected above nonsmoker levels for up to 48 h r  after a  single 
cigarette is smoked (Zeidenberg e t al. 1977). Cotinine levels may 
persist for up to 7 days after cessation of habitual smoking (Benowitz 
e t al. 1983). Cotinine assays tend to be expensive, lim iting their 
usefulness. Readings will not accurately reflect smoking in individu
als who use nicotine polacrilex gum. Im m ediate feedback to subjects 
is not possible w ith thiocyanate and cotinine measures.

Biochemical assays do not provide complete inform ation concern
ing posttreatm ent smoking status. Self-report, although not ade
quate when used alone, is a necessary m easure. Also, when subjects 
are aw are of the  use of biochemical assays, th e ir self-reports of 
abstinence agree well w ith  assay results (Hall, Rugg e t al. 1984; Hall, 
Sachs e t al. 1984; Glynn, Gruder, Jegerski 1986; Raw and Russell
1980). However, o ther studies have found no im provem ent in the  
accuracy of reporting w ith the  use of physiological m easures (Bliss 
and O’Connell 1984).

Insufficient a tten tion  has been devoted to length and intensity  of 
trea tm en t as determ inants of outcome (Chapter V). As noted 
previously, the  vast m ajority of individuals who have quit to date 
have done so in the  absence of formal intervention. Spontaneous 
remission among chronic drug users has been observed not only for 
tobacco bu t for opioids and alcohol as well (Chapter V). However, 
evidence of spontaneous remission does not justify a  failure to tre a t 
chronic smokers who are  (or who perceive themselves to be) unable 
to achieve abstinence on th e ir own.

Changing social norm s appear to be extrem ely significant in th e  
recent decline in smoking prevalence (Appendix A). Public health  
approaches have th e  potential of reaching far larger num bers of 
smokers th an  do intensive clinical treatm ents, yet some individuals 
obviously are  resistan t to  these norm ative influences. M any tobacco 
users do not appear responsive to m inim al contact or community 
interventions. Sachs (1986) has argued th a t highly intensive clinical 
procedures m ay be cost-effective for certain  populations of high-risk 
smokers (e.g., those who already have suffered m yocardial infarc
tions). Some individuals persist in th e ir tobacco use despite the 
presence of im m ediate life-threatening health  problems related  to 
th e ir dependence.

O ther issues w ith which th e  field still struggles are definitional, 
e.g., the  operational definitions of abstinence and relapse. Studies 
th a t report abstinence ra tes during followup split on w hether they 
require continuous abstinence from the end of trea tm en t or merely 
abstinence a t the  point of followup. Abstinence levels can differ
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substantially  depending on which m easure is used. Failure to follow 
a common practice in reporting outcome (or to provide sufficient 
inform ation to allow independent calculations) substantially  in
creases the  difficulty of comparing success rates across studies 
(Bigelow and Ossip-Klein 1986).

The N ational Interagency Council on Smoking and H ealth  form u
lated stringent standards for the  evaluation of smoking cessation 
programs. Complete cessation including to tal abstinence from tobac
co in all forms for a period of 1 year was defined as the  prim ary 
criterion for success. Several m ajor health  agencies (the American 
Cancer Society, the  Am erican H eart Association, and  th e  Am erican 
Lung Association) have endorsed these standards. Biochemical 
validation of self-reported abstinence is not required in these 
guidelines. The guidelines fail to distinguish between an  isolated 
"slip” and actual relapse in th e  definition of successful quitting 
(Ossip-Klein e t al. 1986).

M any studies still fail to include enough subjects to perm it 
adequate statistical power and to promote generalizability of results. 
Few cessation studies have used validity checks to determ ine the  
ex ten t to which trea tm en t m anipulations actually  were im plem ent
ed effectively. This is especially im portant w hen counseling stra te 
gies a re  being compared (Hall, Rugg e t al. 1984; Tiffany, M artin, 
Baker 1986). Counseling m anipulations and therap ist tra in ing  and 
experience should be adequately described, and validity checks of 
counseling differences should be incorporated into the  assessm ent 
plan. Selection of subjects represents another im portan t issue (e.g., 
type of smoker, cigarette consumption, prior history of failures). 
T reatm ent outcome m ay be influenced substantially  by th e  charac
teristics of the  smokers assigned to intervention.

In sum, cessation research has m ade methodologically notable 
strides in tha t, in the  best studies, outcomes a re  verified with 
m ultiple assays (including biochemical ones), the  design and evalu
ations of treatm ents are now theory driven, improved therapy 
process m easures are  used, and a  variety of specific pragm atic 
problems such as subject a ttrition  have been reduced. These im 
provem ents are recent, however, and characterize a  relatively few 
published studies.
C onclusions

Smoking trea tm en t research has been m arked by considerable 
progress since it  was reviewed in th e  1979 Report of the  Surgeon 
G eneral (US DHEW 1979), both in methodological sophistication and 
to a  lesser ex ten t in the consistency of success achieved by th e  best 
m ulticom ponent cessation programs.

In  contrast to the  generally positive outcomes of m ulticom ponent 
treatm ents, there  is m ounting evidence th a t no single intervention
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constitutes a generally effective method. In the  case of multicompo
nen t trea tm en t interventions, individual components should comple
m ent one another. Interventions th a t hold promise and deserve 
additional a tten tion  are  low-aversion directed-smoking strategies, 
skill-training treatm ents, interventions th a t enhance th e  self-attri
bution of trea tm en t success, and interventions th a t tra in  individuals 
to obtain and use social support resources. Low-aversion smoking 
treatm ents are  im portant because of th e ir acceptability, ease of 
adm inistration, and generally promising results when used with 
o ther trea tm en t elements. Research on skills tra in ing  should explore 
th e  ex ten t to which enhanced clinical outcomes depend on the  
acquisition and actual use of specific smoking-relevant skills. T hera
peutic m anipulations th a t  enhance self-attributions of success or 
self-efficacy estim ates could have wide trea tm en t applicability. The 
combination of increased knowledge and skills, self-efficacy, and 
social support should enhance trea tm en t outcomes.

Investigators should m ake more explicit the  relationship between 
theory and therapeutic  m anipulations, valid assessm ents should be 
tailored to tap  processes implicated by theory in behavioral change, 
and g reater sample sizes should be included in  trea tm en t evaluation 
studies. Individual differences m ay be im portant in assigning 
smokers to combined pharmacologic and behavioral trea tm en t 
(Hughes 1986). Some smokers appear to resist pharmacologic in ter
vention. Smokers who a ttrib u te  th e ir success to pharmacologic 
agents m ay be a t increased risk for relapse when these agents are 
w ithdraw n (Davison and Valins 1969). Conversely, some smokers 
accept pharmacologic trea tm en t b u t refuse behavioral approaches. 
M any of these refusals stem  from required tim e com m itm ents th a t 
th e  smokers view as excessive.

Dissemination of effective trea tm en t strategies is critically need
ed. Considering th e  vast body of trea tm en t lite ra tu re  th a t  has 
accum ulated, surprisingly little  system atic transfer to community 
settings has occurred. M any trea tm en t program s th a t  a re  available 
(e.g., proprietary, public service) have not been subjected to rigorous 
evaluation. Furtherm ore, these program s often do not reflect recent 
laboratory findings. This is especially tru e  for pharmacologic ap
proaches. Very few applied program s adequately address nicotine 
replacem ent therapies or o ther potentially relevant pharmacologic 
adjuncts to treatm ent. Dissemination is especially lacking for 
m inority and lower SES populations, which may have the greatest 
need for these types of services.

Relapse

As in m any areas of clinical practice, therapeutic interventions 
have been developed and im plem ented in the absence of a complete
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understanding of the  processes being treated. F u tu re  development of 
smoking cessation treatm ents designed to m ain tain  abstinence in 
the  face of high relapse prevalence should benefit greatly  from an 
expanded knowledge base th a t is being accum ulated concerning the 
correlates and determ inants of smoking relapse.

Research has shown th a t smoking cessation is a process involving 
several discrete stages. These stages include precontem plation, 
contemplation, decision, action, and m aintenance (Prochaska and 
DiClemente 1983, 1985, 1986; DiClemente and Prochaska 1985; 
Prochaska e t al. 1985; Velicer e t al. 1985; Wilcox e t al. 1985). This 
Section considers recent research on factors related  to successful 
m aintenance of nonsmoking once in itia l cessation has been achieved 
during th e  action stage. Studies of long-term outcomes in  smoking 
cessation indicate th a t relapse, ra th e r th an  m aintenance, is the  most 
prevalent outcome during th is stage. H unt and his colleagues (Hunt, 
B arnett, B ranch 1971; H unt and M atarazzo 1973) showed th a t  over a 
wide range of treatm ents, relapse ra tes of 75 to 80 percent could be 
expected among smokers who achieved in itia l cessation (Figure 2, 
C hapter V). These findings have been replicated m any tim es in 
recent trea tm en t outcome studies (Schwartz 1987). I t  should be 
noted, however, th a t these relapse ra tes are based on single quit 
attem pts. Cumulative long-term abstinence ra tes covering m ultiple 
quit attem pts m ay be considerably better (Schachter 1982).
D efining R elapse

Given th a t relapse depends on the  achievem ent of in itia l cessation, 
definitions of relapse m ust include a  definition of cessation. In 
addition, m any investigators distinguish between a  "slip” or smoking 
one’s first cigarette and a "relapse” or re tu rn  to regular smoking 
(Brownell e t al. 1986). The N ational W orking Conference on Smok
ing Relapse recommended a  duration of 24 h r of continuous tobacco 
abstinence to define in itial cessation. A slip was defined as a  "period 
of not more th a n  6 consecutive days of smoking following a t  least 24 
h r  of abstinence” (Ossip-Klein e t al. 1986). Smoking beyond 6 
consecutive days was then  defined as a  relapse. These definitions of 
quit episode, slip, and relapse are  somewhat lenient. M any investiga
tors require a  longer period of in itial abstinence (e.g., 48 h r  or 1 
week) for a  quit episode and regard even a few smoking occasions as 
a  relapse ra th e r th an  a slip. Considerable da ta  indicate th a t an  
in itial slip is highly predictive of subsequent relapse (Brandon, 
Tiffany, Baker 1986; Ossip-Klein e t al. 1986).
Conceptual Fram ew orks

Research on the relapse process has focused on two general areas: 
(1) identifying factors th a t predispose individuals to relapse or to 
successful m aintenance and (2) identifying factors th a t precipitate or
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im m ediately precede the  re tu rn  to smoking following in itial success 
(Shiffman e t al. 1986). Predisposing factors include characteristics of 
individuals and  th e ir environm ents th a t m ake them  more or less 
vulnerable to relapse as they begin the m aintenance process. 
Precipitating factors re la te  to the  circum stances surrounding a 
specific relapse situation  or smoking the first cigarette following a 
period of abstinence.

Social learning theory has provided a  useful fram ework for much 
of the  research on predisposing factors (Bandura 1977b; Brownell e t 
al. 1986; Leventhal and Cleary 1980; Shiffman e t al. 1986). From th is 
perspective, the  effects of environm ental or behavioral elem ents on 
m aintenance of nonsmoking are m ediated by individual factors such 
as prior experience w ith smoking cessation and beliefs about the 
cessation process. In addition to personal demographic characteris
tics, predisposing variables exam ined th a t  are  consistent w ith  th is 
fram ework include smoking and quitting  history, social factors 
(social support and the  presence of smoking cues in th e  social 
environm ent), stress, and cognitive factors such as self-efficacy, 
outcome attributions, and perceptions about the  consequences of 
quitting  smoking (Chapter VI).

M arla tt and Gordon’s model of th e  relapse process (M arlatt and 
Gordon 1980, 1985) has provided the  foundation for m uch of the  
research on th e  circum stances associated w ith in itial slips and 
suggests specific hypotheses regarding factors th a t m ediate th e  
transition  from an  in itia l slip to a  full-blown relapse. This model 
proposes th a t in itia l smoking following a period of abstinence is 
likely to occur in certain  types of high-risk situations. As suggested 
by th e  types of predisposing factors listed above, high-risk situations 
could include intrapersonal factors such as negative affect and 
severe w ithdraw al symptoms following a  long history of heavy 
smoking. The first determ inant of w hether smoking occurs in  a  high
risk situation is w hether th e  individual uses specific strategies to 
cope w ith  the situation. Successful coping is assum ed to lead to 
increased confidence in one’s ability to maintain abstinence, thereby 
decreasing th e  probability of relapse. Failure to cope in th e  situation 
coupled w ith positive expectations about the  effects of smoking can 
lead to an in itial slip. The Abstinence Violation Effect (AVE) is 
proposed as th e  m ajor m ediating factor between an  in itia l slip and a 
full-blown relapse. Defined as an  a ttribu tional construct (Curry, 
M arlatt, Gordon 1987; M arla tt and Gordon 1985), the  AVE is 
characterized by in ternal, stable, and global causal a ttribu tions for 
smoking the in itia l cigarette. Research on specific factors w ithin 
these conceptual fram eworks is reviewed below.
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Predisposing Factors
Demographics

To the extent th a t demographic factors a re  related  to in itial 
cessation, the  population of individuals who achieve cessation and 
are  "eligible” for relapse is relatively homogeneous. It is not 
surprising, therefore, th a t the  m ajority of studies th a t  exam ined 
these variables have not found differences in relapse ra tes by 
socioeconomic sta tus (Campbell 1983; E isinger 1971; Evans and Lane 
1981; Garvey, Heinold, Rosner, in  press; H irvonen 1983; Horwitz, 
Hindi-Alexander, W agner 1985; Jacobs e t al. 1971), age (Coppotelli 
and Orleans 1985; Cummings e t al. 1985; Evans and Lane 1981; 
Hirvonen 1983; Horwitz, Hindi-Alexander, W agner 1985; Jacobs et 
al. 1971), or gender (Eisinger 1971; Evans and Lane 1981; Shapiro 
and G unn 1985; Horwitz, Hindi-Alexander, W agner 1985). Excep
tions to the  findings for age include one study th a t  found an inverse 
relationship (Garvey, Heinold, Rosner, in press) and two studies 
reporting a  positive relationship between age and long-term success 
(Campbell 1983; Eisinger 1971). One study did report th a t males 
were more successful th an  were females a t long-term m aintenance 
(Hirvonen 1983).

Although women and men m ay be equally likely to relapse, data  
suggest th a t th e ir re tu rn  to smoking is precipitated by different 
factors. Hirvonen (1983) reports th a t m en more frequently cited 
alcohol consumption and strong cravings as causes of relapse, 
w hereas women more often cited the  influence of o ther smokers and 
negative affect. In a prospective study, Swan and colleagues (in 
press) found th a t craving predicted relapse for women and not for 
men, while psychological w ithdraw al symptoms predicted relapse 
among m en bu t not women. Studies th a t have analyzed reports of 
specific relapse episodes (Shiffman 1982, 1986a) have found no 
gender differences.

The large study by Swan and coworkers (in press) of treated  
smokers suggests th a t sex differences in factors associated with 
relapse may be pervasive. They found alm ost no overlap between 
m en and women in the  factors th a t predicted relapse. The following 
factors predicted relapse among women, b u t not men: th e  m achine
ra ted  nicotine delivery of cigarettes, employment status, ra ted  
likelihood of success, and lower work strain . Among men, relapse 
was predicted by g rea ter stress (hassles) and h igher work strain. 
Campbell (1983) also reports sex differences in predictors of outcome, 
some of which contradict Swan’s findings, and Guilford (1967) 
reports sex differences on alm ost all aspects of cessation and 
m aintenance. Although it may be prem ature to draw  conclusions 
about th e  causes of relapse among males and females, clearly sex 
differences m ust be examined in fu ture work.
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Smoking and Quitting History 
Smoking History

Most studies indicate that the length of a person’s smoking history 
influences the process of initial cessation (Pomerleau, Adkins, 
Pertschuk 1978) but is unrelated to relapse (Ashenberg 1983; Carl 
1980; Coppotelli and Orleans 1985; Cummings et al. 1985; Evans and 
Lane 1981; Garvey, Heinold, Rosner, in press; Hirvonen 1983; 
Horwitz, Hindi-Alexander, Wagner 1985; Jacobs et al. 1971; Pomer
leau, Adkins, Pertschuk 1978; Swan et al., in press). The two studies 
that report relationships between length of smoking history and 
relapse are contradictory, with one reporting that smoking longer 
increased relapse risk (Graham and Gibson 1971) and the other 
reporting an inverse relationship between the duration of smoking 
and the risk of relapse (Eisinger 1971).

Conflicting findings have been reported for the number of ciga
rettes smoked per day. Although there are some positive findings 
(Ockene et al. 1982; Shapiro and Gunn 1985), most studies suggest 
that the number of cigarettes smoked is not a good predictor of 
relapse (Campbell 1983; Coppotelli and Orleans 1985; Cummings et 
al. 1985; Eisinger 1971; Evans and Lane 1981; Graham and Gibson 
1971; Hirvonen 1983; Horwitz, Hindi-Alexander, Wagner 1985; 
Jacobs et al. 1971; Pomerleau, Adkins, Pertschuk 1978; Swan et al., 
in press). A few studies do find an effect of the number of cigarettes 
smoked on initial cessation (Hirvonen 1983). Precessation cigarette 
consumption has been positively associated with the length of time 
between having an initial lapse and a return to regular smoking 
(Brandon, Tiffany, Baker 1986). It should be noted, however, that 
number of cigarettes is only a rough indicator of actual intake, 
particularly for levels above 20 cigarettes/day.

Kabat and Wynder (1987) reported that the time between waking 
up and smoking the first cigarette was a good predictor of outcome. 
This variable represents one item on the Fagerstrom Tolerance 
Questionnaire (Fagerstrom 1978) and appears to be strongly related 
to physical dependence.
Smoking Typologies

Although their predictive value has been questioned (Joffe, Lowe, 
Fisher 1981), smoking typologies have been widely used in an 
attempt to classify smokers or smoking situations (e.g., smoking for 
stimulation, handling, relaxation; Ikard, Green, Horn 1969). The 
strongest evidence for the relationship of type of smoking to relapse 
has been found with people who smoke to control negative affect. In 
a widely cited study, Pomerleau, Adkins, and Pertschuk (1978) 
reported that people who said they smoked when experiencing 
negative affect were more likely to relapse. Similarly, Campbell
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(1983) reported that smokers who experience craving when emotion
ally upset were more likely to relapse. These findings are diluted, 
however, by those of other studies showing no relationship between 
negative-affect smoking and relapse (Coppotelli and Orleans 1985; 
Eisinger 1971; Garvey, Heinold, Rosner, in press; Jacobs et al. 1971).
Quitting History

Several studies have found a positive relationship between number 
of previous quit attempts and success in quitting smoking (Brandon, 
Zelman, Baker, in press; Tiffany, Martin, Baker 1986). However, 
other studies report no relationship between the number of prior 
quit attempts and relapse (Swan et al., in press; Horwitz, Hindi
Alexander, Wagner 1985; Cummings et al. 1985; Coppotelli and 
Orleans 1985; Ockene, Benfari et al. 1982). Some studies in fact 
report that subjects with fewer previous quit attempts are more 
successful in maintenance (Horwitz, Hindi-Alexander, Wagner 1985; 
Graham and Gibson 1971; Garvey, Heinold, Rosner, in press). Garvey 
and Hitchcock (1987) found that among recidivists, smokers with 
more past experience in quitting showed a slower rate of progression 
to regular smoking. Gottlieb and coworkers (1981) and Hirvonen
(1983) also report data that suggest a positive relationship between 
duration of the longest previous cessation effort and successful 
maintenance. Clearer descriptions of quitting history with respect to 
both number of previous quit attempts and duration of abstinent 
periods would be helpful in evaluating the relationship between quit 
attempts and outcome.
W ithdrawal and Dependence

Withdrawal symptoms, whether elicited by acute deprivation or by 
conditioned stimuli, are hypothesized to be the link between 
dependence and relapse (Baker, Morse, Sherman 1987; Shiffman 
1979; Wikler 1965). The tobacco withdrawal syndrome consists of a 
cluster of symptoms that are typically experienced after even brief 
or partial tobacco deprivation (Hughes and Hatsukami 1986; Ameri
can Psychiatric Association 1980, 1987; Chapter IV). The symptoms 
include craving for cigarettes, irritability, anxiety, difficulty in 
concentrating, restlessness, and increased appetite (American Psy
chiatric Association 1987). Some physical signs are also commonly 
reported, but with the possible exception of bradycardia, these 
appear to be less consistent (Shiffman 1979; Hughes and Hatsukami 
1986). Especially significant is the fact that the syndrome has a rapid 
onset and generally declines within 2 weeks (Shiffman 1979; 
Shiffman and Jarvik 1976; Cummings et al. 1985; Gottlieb 1985).

Several studies have examined the role of withdrawal symptoms 
as predisposing factors for relapse. In a retrospective study, Bums
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(1969) reported that recidivists cited withdrawal symptoms as the 
most common reason for relapse. Other retrospective studies at least 
partially support this finding (Garvey, Heinold, Rosner, in press; 
though see Evans and Lane 1981). Gottlieb (1985) found that both 
physical and psychological withdrawal symptoms predicted early 
relapse in a group of treated smokers; symptoms accounted for 14 
percent of the variance in smoking after 2 weeks. Other investigators 
have also found that mood disturbance, a possible withdrawal 
symptom, predicts relapse (Hall et al. 1984; Hirvonen 1983; Manley 
and Boland 1983). Manley and Boland (1983) found that mood 
disturbance characterized relapsers even before they quit and after 
they resumed smoking. The literature also includes negative find
ings (Garvey, Heinold, Rosner, in press; Hughes and Hatsukami 
1986; Swan and Denk, in press; Swan et al., in press).

Although craving is difficult to define precisely (Kozlowski and 
Wilkinson 1987), a number of studies have reported relationships 
between craving and relapse (Campbell 1983; Garvey, Heinold, 
Rosner, in press; Gottlieb 1985; Hirvonen 1983). The effect appears to 
be more marked among female smokers, with several studies 
reporting that it is a significant predictor of relapse only among 
women (Guilford 1967; Gunn 1986; Swan et al., in press).
Cognitive Factors 
Concern About Weight Gain

Quitting smoking often results in weight gain (Grunberg 1986; 
Chapter IV). Multiple factors may contribute to postcessation weight 
gain, including decreased metabolism, increased food consumption, 
and increased preference for sweet-tasting, high-caloric foods (Grun
berg 1982). Highly dependent smokers and those who tend to eat in 
response to specific emotional and environmental cues appear to be 
at greatest risk of gaining weight following smoking cessation 
(Emont and Cummings 1987; Hall, Ginsberg, Jones 1986; Chapter 
VI).

The data relating concern about weight gain to relapse are 
inconsistent. Klesges and Klesges (in press) found that women were 
more likely to report relapse for weight-related reasons. Other 
studies have found that concern about weight gain was not a major 
determinant of relapse (Fuller 1982; Greaves, Barnes, Vulcano 1983; 
Hirvonen 1983; Shapiro and Gunn 1985). Though there are excep
tions (DiClemente 1981), studies typically report that recidivists 
experience less weight gain than successful abstainers (Manley and 
Boland 1983; Hall, Ginsberg, Jones 1986). In at least some of these 
studies, this cannot be confounded by the effects of continued 
abstinence, because the studies used prospective designs in which 
weight gain was assessed prior to relapse (Hall, Ginsberg, Jones
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1986). Even so, the possibility remains that relapsers are more 
weight conscious in the first place and exert greater efforts to curtail 
initial weight gain (Hall, Ginsberg, Jones 1986; Herman and Polivy 
1975). Smoker perceptions concerning weight gain may be critical. 
For some individuals, a gain of only 2 or 3 pounds may be viewed as a 
cause for great concern. Other individuals may be essentially 
indifferent to weight gains of 15 to 20 pounds.
Self-Efficacy

Bandura (1977a, 1982) proposed a common mechanism underlying 
behavioral change achieved by different procedures: successful 
psychological interventions all function by creating and strengthen
ing expectations of personal mastery or efficacy. An efficacy 
expectation is the conviction that one can execute the behaviors 
necessary to achieve a desired outcome. Such expectations are 
assumed to affect the initiation of coping behavior, the amount of 
effort that will be expended to maintain coping behavior, and the 
persistence of coping behavior in the face of external and internal 
obstacles.

Self-efficacy is an important construct in Marlatt’s theory of 
relapse. Marlatt’s theory specifies that people’s ability to resist the 
use of a substance (e.g., cigarettes) in a high-risk situation depends 
on, among other factors, their self-efficacy level (Marlatt and Gordon 
1980). If people have expectations that they can cope with a smoking 
urge without smoking, they are less likely to relapse. Moreover, 
people who successfully resist temptation should experience an 
increase in self-efficacy. The theory also states that self-efficacy is a 
determinant of whether people who experience an initial lapse are 
able to prevent escalation to full relapse.

Various scales assumed to measure self-efficacy have predicted 
smoking status at followup (Coelho 1984; DiClemente 1981; Killen et 
al. 1984; McIntyre, Lichtenstein, Mermelstein 1983; Ockene et al. 
1982; Yates and Thain 1985) and latency from treatment end to 
relapse (Brandon, Tiffany, Baker 1986; Brandon, Zelman, Baker, in 
press; Erickson et al. 1983; Tiffany, Martin, Baker 1986). Efficacy 
ratings have also predicted smoking intake after a controlled-smok- 
ing intervention (Godding and Glasgow 1985) and have differentiated 
joiners from nonjoiners of a smoking treatment program (Brod and 
Hall 1984).

Important qualifications, however, relate to the timing of the 
relapse assessment and the subject sample observed. Studies predict
ing relapse that are based on all treatment subjects (including those 
who never achieve abstinence) will achieve higher correlations with 
outcome than will studies assessing only abstinent subjects. Self
efficacy is a less useful predictor when measured shortly after
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cessation rather than after 1 or 2 months of abstinence (Baer, Holt, 
Lichtenstein 1986).

Condiotte and Lichtenstein (1981) reported seven distinguishable 
clusters of smoking situations and found a congruence between the 
situation clusters for which subjects indicated low self-efficacy and 
the clusters that comprised their actual relapse situations. However, 
a conceptual replication of the use of efficacy subscales has not 
demonstrated utility (Baer, Holt, Lichtenstein 1986). Thus, at this 
point situation-specific self-efficacy assessments have not proved to 
be of value.

Self-efficacy may reflect the influence of diverse treatments or 
smoking history variables related to cessation success. Skills train
ing, for example, might be effective to the extent that it enhances 
smokers’ beliefs that they can cope with temptation. Aversion 
therapy might be effective to the extent that smokers attribute their 
self-punishment to their high motivation to quit and their ability to 
use available resources to help stay abstinent. Self-efficacy may in 
fact be confounded with Bandura’s (1977a) concept of outcome 
expectancy. Rather than measuring subjects’ convictions that they 
could execute specific coping behaviors, most of the studies simply 
assessed subjects’ confidence that they would resist the urge to 
smoke in the future.

The global construct of self-efficacy is somewhat ambiguous. Self
efficacy may include not only response effectiveness, but also 
motivation to quit and judgment of skills necessary to undertake the 
quitting program. Self-efficacy as a global predictor can be useful. 
However, it may be more important to assess what skills individuals 
learn from different treatment components. A better understanding 
of the process of acquiring competency in quitting is needed. 
Knowledge of the specific treatment components that enhance self
efficacy could be significant in developing and refining effective 
interventions.
Outcome Attributions

Attribution theory suggests that individuals who attribute their 
behavioral change to internal factors are more likely to successfully 
maintain their change (Davison and Valins 1969). This hypothesis 
was supported in a study by Harackiewicz et al. (1987) which found 
that, for individuals participating in intrinsically oriented treatment 
programs (a self-help manual emphasizing individual cessation 
efforts either with or without nicotine polacrilex gum), internal 
attributions for initial success were significantly related to longer 
maintenance of nonsmoking. Contrary to the hypothesis, however, 
these investigators found that external attributions were positively 
related to long-term maintenance for individuals participating in 
extrinsically oriented treatment (nicotine polacrilex gum with a self
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help manual emphasizing a doctor’s prescribed program). These 
findings suggest that the degree of consistency between attributions 
for initial success and the orientation of the cessation approach can 
affect the probability of relapse.
Social Factors 
Smoking Cues

Most exposure to smoking-specific cues is socially mediated—e.g., 
watching others smoke. Such exposures have been labeled "social 
contagion” (Shiftman and Jarvik 1987). Few studies have assessed 
social contagion directly. Many studies have, however, examined the 
effect of having a spouse, friends, or coworkers who smoke.

The literature on the effect of spouse smoking status is surprising
ly contradictory. Several studies report moderate-to-large increases 
in the probability of relapse among subjects with a smoking spouse 
(Campbell 1983; Graham and Gibson 1971; Mclntyre-Kingsolver, 
Lichtenstein, Mermelstein 1986; Tongas, Patterson, Goodkind 1976). 
Some studies, though, report no effect of spousal smoking (Horwitz, 
Hindi-Alexander, Wagner 1985; Garvey, Heinold, Rosner, in press; 
Swan et al., in press).

One possible explanation for the inconsistent findings is that the 
influence of spousal smoking is so strong that it often prevents initial 
cessation. This would cause the effect to be only sporadically 
observed in maintenance. The effects of spouse smoking status may 
also be complicated by interactions with social support. The risk 
incurred by having a smoking spouse may be reduced or eliminated 
if the spouse is supportive (Mermelstein, Lichtenstein, McIntyre 
1983). This may be especially true if the spouse refrains from 
smoking in the presence of the subject, thereby resulting in fewer 
exposures to smoking cues.

The data on friend smoking are clearer. Several studies find that 
subjects who have more smokers among their friends are more likely 
to relapse (Eisinger 1971; Garvey, Heinold, Rosner, in press; Ockene 
et al. 1982; Gottlieb et al. 1981; Goldstein 1981). One study failed to 
replicate this effect (Swan et al., in press). Brandon, Tiffany, and 
Baker (1986) found that smokers having a lapse cigarette in the 
presence of other smokers progressed to regular smoking more 
quickly than did other lapsers. The most parsimonious explanations 
of these social contagion effects are that people with many smoking 
friends tend to experience more exposure to smoking cues and that 
cigarettes are likely to be more readily available to them.
Social Support

Social support can serve as a buffer to reduce the negative 
psychological effects of stressors (Cobb 1976; Cohen, Sherrod, Clark
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1986; Cohen and Wills 1985; Dean and Lin 1977). Correlational 
studies have found that the level of perceived social support is 
related to smoking cessation and maintenance. Coppotelli and 
Orleans (1985), for example, examined the determinants of mainte
nance among women who recently quit smoking. They found that a 
measure of "partner facilitation” (problem solving, rewarding quit
ting, understanding, listening, and facilitating coping responses) 
accounted for 32 percent of the outcome variance at 6 to 8 week 
postcessation. General social support from spouses, as well as 
smoking-specific spousal support, has been related to smoking 
treatment outcome (Horwitz, Hindi-Alexander, Wagner 1985; Mer- 
melstein et al. 1986; Mermelstein, Lichtenstein, McIntyre 1983; 
although see Glasgow et al. 1985).
Global Support

Global support has usually been assessed as perceived support. 
Using the Interpersonal Support Evaluation List (ISEL; Cohen and 
Hoberman 1983) to measure support, Mermelstein and coworkers 
(1986) found that greater perceived support (having someone to talk 
to about personal matters) predicted maintenance at a 3-month 
followup. However, the ISEL was unrelated to smoking status at 6 or 
12 months, and the 3-month findings were not replicated in a second 
study by the same investigators (Mermelstein et al. 1986). As noted 
above, Coppotelli and Orleans (1985) found that women who reported 
receiving greater support from their husbands were more likely to 
maintain abstinence. There was no comparison group of male 
subjects.
Smoking-Specific Support

Several studies have examined the role of social support directed 
at smoking cessation. The most thorough investigations of specific 
support have been conducted by researchers at the University of 
Oregon, who developed the Partner Interaction Questionnaire (PIQ; 
Mermelstein, Lichtenstein, McIntyre 1983) to assess perceived 
helper behaviors. These investigators found that perceived help
fulness of partner behaviors was related to cessation and mainte
nance. The actual number of partner behaviors was not related to 
outcome; however, a measure of the character of the interactions 
was related. A cluster of partner behaviors labeled "Support and 
Encouragement” (e.g., expressing understanding or pride) was 
related to maintenance of abstinence. In contrast, a cluster of 
behaviors involving "Nagging and Policing” (Mermelstein, Lichten
stein, McIntyre 1983) predicted relapse. Subsequent studies using 
the PIQ have only partially replicated these findings (Lichtenstein,
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Glasgow, Abrams, in press; Malott et al. 1984; Mclntyre-Kingsolver, 
Lichtenstein, Mermelstein 1986).

Other studies using other measures have also yielded mixed 
results. In a large prospective study, Prochaska, DiClemente, and 
colleagues (Prochaska and DiClemente 1983; DiClemente and Pro
chaska 1985; Prochaska et al. 1985) reported that social support 
predicted continuing abstinence. However, several other research 
groups have failed to find evidence that smoking-specific support 
aids maintenance (Evans and Lane 1981; Ockene et al. 1982; Garvey, 
Heinold, Rosner, in press).
Stress

Some studies have used the life events approach to the assessment 
of stress (Holmes and Rahe 1967). This technique asks subjects about 
major life events that have occurred since the subjects stopped 
smoking. Most studies have found little or no relationship between 
life stress events and relapse (Shapiro and Gunn 1985; Shiffman, 
Read, Jarvik 1985). This may be because life stress events are 
relatively uncommon.

Recent research on stress has begun to focus on more frequent and 
smaller-scale stressors, which Lazarus and colleagues (1981) and 
DeLongis and coworkers (1982) have called "Hassles.” The Hassles 
Scale assesses the frequency and perceived severity of everyday 
stressors, such as having difficulties with coworkers or not having 
enough time for recreation. Swan and colleagues (Swan and Denk, in 
press; Swan et al., in press) found that hassles during the second 
month of abstinence only weakly predicted outcomes at 1 year. The 
effect of hassles was more reliable for men than for women.

A somewhat different approach to examining background stress 
was taken by Cohen and his colleagues, who developed and used the 
Perceived Stress Scale (PSS). The PSS measures perceived stress and 
demoralization without reference to particular events or sources of 
stress. Cohen and colleagues found that PSS scores did predict 
relapse and that they were strongly associated with daily cigarette 
consumption among recidivists.

Stress and coping theories of smoking imply that deficiencies in 
personal resources for coping with stress may enhance the risk of 
relapse (Wills and Shiffman 1985). Using the Ways of Coping 
checklist, Ashenberg (1983) assessed how subjects who had quit 
smoking coped with stress in situations that are often associated 
with relapse. There were no differences between relapsers and 
abstainers in the kinds of coping reported, but abstainers reported 
using fewer coping strategies. The meaning of this finding is unclear. 
Abstainers could have experienced less severe stress or less severe 
threats to abstinence, and therefore needed fewer coping responses. 
Conversely, abstainer coping responses could have been more
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effective, therefore mitigating the need for more coping. Also, when 
Ashenberg examined recidivists, stressful situations associated with 
coping were found to be less likely to lead to relapse than those not 
associated with coping.
P recip itating Factors
High-Risk Situations

A number of studies support the theory that initial smoking 
following cessation tends to occur in specific types of high-risk 
situations. Work by Marlatt and his associates (Marlatt and Gordon 
1980, 1985) has identified craving/withdrawal, intrapersonal nega
tive emotional states (e.g., frustration, boredom, and anxiety), 
interpersonal conflict situations, and social pressure, both direct and 
indirect, as common types of high-risk situations. Shiffman (1986c) 
and Baer and Lichtenstein (in press) clustered data on the précipi
tants of relapse crises and lapses.

Data from studies of relapse episodes confirm that smoking cues 
are often involved in smoking relapse. Several studies report the 
smoking of others in the immediate environment in one-half to 
three-quarters of all relapse episodes (Brandon, Tiffany, Baker 1986; 
Colletti, Supnick, Rizzo 1981; Baer and Lichtenstein, in press; 
Shiffman 1982, 1986c; Cummings, Jaen, Giovino 1985). Many of 
these same studies report that specific smoking stimuli (usually 
seeing someone smoking) are responsible for precipitating 24 to 32 
percent of all relapses (Shiffman 1982,1986c; Ossip-Klein et al. 1986; 
Shapiro, Ossip-Klein, Stiggins 1983). Studies also report that relapse 
crises in which someone else is smoking are more likely to result in a 
smoking episode and in a shorter interval between the initial slip 
and relapse (Brandon, Tiffany, Baker 1986; Ossip-Klein et al. 1986; 
Shiffman 1982).

Abrams and his colleagues (Abrams et al., in press; Chapter III) 
have recently published data suggesting that individual differences 
in reactivity to smoking cues may influence cessation and relapse. In 
retrospective and prospective studies, these researchers found that
recidivists responded more strongly than successful quitters to
verbally presented smoking situations or to observations of another 
smoking. Recidivists displayed more anxiety and showed greater 
heart rate responses. It may be that responses elicited by smoking 
stimuli (Saumet and Dittmar 1985) reflect conditioned responses to 
nicotine effects.

Other smokers serve not only as cues for smoking but as sources of 
cigarettes. In half of all relapse episodes, another smoker provides 
the cigarettes that are smoked (Colletti, Supnick, Rizzo 1981; Baer 
and Lichtenstein, in press; Cummings, Jaen, Giovino 1985). This does 
not imply that the smokers exert social pressure to smoke; in most
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cases, the ex-smoker specifically asks for a cigarette (Brandon, 
Tiffany, Baker 1986).

Data on relapse episodes suggest that relapse also can be cued by 
other stimuli or activities that have become associated with smoking 
through contiguity, for instance, food, drink, or relaxation (Baer and 
Lichtenstein, in press; Brandon, Tiffany, Baker 1986; Ossip-Klein et 
al. 1986; Shiffman 1986b).

Studies of specific relapse episodes consistently suggest that stress 
and negative affect play major roles in relapse. Findings from many 
studies encompassing diverse samples reveal that the majority of 
relapse episodes are preceded by negative affect (Brandon, Tiffany, 
Baker 1986; Shiffman 1982, 1986b; Marlatt and Gordon 1980; 
Cummings, Marlatt, Gordon 1980; O’Connell and Martin 1987; 
Gregory 1984; Baer and Lichtenstein, in press; Ossip-Klein et al. 
1986; Shapiro, Ossip-Klein, Stiggins 1983; Giovino et al. 1986; 
Shapiro 1984). In some studies, as many as 9 out of 10 subjects report 
negative affect (Coppotelli and Orleans 1986). The most frequently 
reported emotion is anxiety, but boredom, depression, and anger are 
also common.

Data suggest that the more severe the stress surrounding a 
temptation to smoke, the higher the likelihood of smoking. Shiffman, 
Read, and Jarvik (1985) report a significant linear relationship 
between stress and smoking in relapse crises. There are contradicto
ry data as to whether lapses associated with negative affect are 
particularly likely to progress to full relapse (Brandon, Tiffany, 
Baker 1986; O’Connell and Martin 1987). In sum, momentary stress 
and distress are major factors in relapse episodes. It should be noted, 
however, that these studies involve retrospective accounts of relapse 
episodes.

The role of negative affect in relapse may change over time. 
Cummings, Jaen, and Giovino (1985) report that early relapse 
episodes are more likely to be precipitated by stress; later in 
abstinence, alcohol and other appetitive cues become more promi
nent.
Coping Strategies

Coping strategies can be used both to prevent (anticipatory coping) 
and to directly respond to (immediate coping) high-risk situations. In 
either case, the strategies used can be behavioral, consisting of 
responses that are outwardly visible (e.g., leaving a party where 
others are smoking, engaging in physical activities), or cognitive, 
consisting of internal responses such as thoughts or images.

One of the most commonly used and studied anticipatory coping 
strategies is stimulus control—the avoidance of stimuli associated 
with smoking. Research on this strategy shows mixed outcomes, 
yielding no definitive conclusions (Evans and Lane 1981; Horwitz,
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Hindi-Alexander, Wagner 1986; Prochaska and DiClemente 1983; 
DiClemente and Prochaska 1985). Data on the relative efficacy of 
cognitive and behavioral strategies weakly support the superiority of 
cognitive strategies. Evans and Lane (1981) report weak indications 
that successful maintainers were more likely to use cognitive 
techniques rather than behavioral ones.

Immediate coping has been assessed in studies that examined 
situations in which an ex-smoker was tempted to smoke. Studies of 
immediate coping with the temptation to smoke typically compare 
episodes in which smoking was averted with episodes in which 
relapse occurred. Shiffman (1982, 1984b, 1985) found that failure to 
perform any coping response was the single best predictor of 
smoking in a tempting situation, accounting for nearly a quarter of 
the variance in the outcomes of high-risk situations. This finding has 
been directly and indirectly supported in several other studies 
(Curry, Marlatt, Gordon 1987; Ossip-Klein et al. 1986; Shapiro, Ossip- 
Klein, Stiggins 1983; Sjoberg and Johnson 1978; Sjoberg and 
Samsonowitz 1978). These studies consistently show immediate 
coping to be effective in preventing smoking in a relapse-promoting 
situation. One problem with all of these studies, however, is 
retrospective bias. Subjects may introduce a self-justifying slant into 
their responses. Unfortunately, it may be virtually impossible to 
obtain prospective data on immediate coping.

Although there is no evidence that greater numbers of coping 
responses are more effective, there is evidence that it is better to use 
both cognitive and behavioral coping strategies when faced with a 
risk situation (Curry, Marlatt, Gordon 1987; Shiffman 1982, 1984b). 
Cognitive and behavioral coping are rather broad categories of 
responses. The relative efficacy of specific responses within those 
categories has also been examined in an attempt to identify effective 
and ineffective coping responses. Shiffman (1984b) examined the 
effectiveness of seven behavioral and eight cognitive coping strate
gies. Only one type of coping was not more effective than no coping: 
subjects who reported using self-punitive cognitions (berating oneself 
for being tempted to smoke) to cope were as likely to relapse as 
subjects who made no cognitive coping response. (See Glasgow et al. 
1985, for parallel findings on cessation.) Self-punitive cognitions may 
diminish self-efficacy and engender negative affect, which in turn 
promotes smoking. Another finding from these comparative analyses 
was that subjects who reported "willpower” as a means of cognitive 
coping were significantly more likely to relapse (nearly half re
lapsed) than subjects who used other cognitive coping responses. 
Nevertheless, subjects who reported willpower fared better than 
subjects who made no cognitive coping response at all.

These two distinctions notwithstanding, the effectiveness of vari
ous coping responses was surprisingly uniform: 13 of the 15
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responses were better than no response, but there were no signifi
cant differences among these 13 responses. Curry, Marlatt, and 
Gordon (1987) conducted a very similar set of analyses and arrived at 
a similar conclusion.

Several studies have examined whether individual differences in 
coping skill are associated with maintenance. The studies used 
similar analog methods to assess coping skill: subjects were present
ed with situations known to elicit desire to smoke, and their 
responses to these situations were rated. These studies used both 
retrospective and prospective analyses and had subjects respond 
either to written or role-played coping scenarios (Abrams et al. 1987, 
in press; Davis 1983; Davis and Glaros 1986; Shiffman, Maltese, 
Jarvik 1982). Results of retrospective analyses showed that 6-month 
abstainers did not differ in coping skill from recidivists (Abrams et 
al. 1987; Shiffman et al. 1985). Prospective studies also yielded little 
evidence that coping skill protects against relapse. Such studies have 
found no relationship between skill level and relapse likelihood, 
although there was evidence that high-skill subjects took longer to 
relapse (Abrams et al. 1987, in press; Davis 1983; Davis and Glaros 
1986). Also, Davis and Glaros (1986) showed that a skill-based 
treatment increased the level of smoker coping skills assessed 
immediately posttreatment but did not enhance smoker followup 
performance.
Abstinence Violation Effect

Marlatt and Gordon (1980, 1985) define the Abstinence Violation 
Effect (AVE) as an attributional construct that mediates the 
transition from an initial lapse to a full-blown relapse. Curry, 
Marlatt, and Gordon (1987) found that individuals who smoked but 
did not return to regular smoking ("slippers”) reported significantly 
greater AVEs than those who relapsed following an initial slip. 
Brandon, Tiffany, and Baker (1986) reported that only one-third of 
their subjects (N =72) used any coping response after a lapse and 
that the occurrence of coping was unrelated to relapse probability or 
speed of relapse.

Summary and Conclusions

1. Tobacco dependence can be treated successfully.
2. Effective interventions include behavioral approaches and 

behavioral approaches with adjunctive‘pharmacologic treat
ment.

3. Behavioral interventions are most effective when they include 
multiple components (procedures such as aversive smoking, 
skills training, group support, and self-reward). Inclusion of too

532



many treatment procedures can lead to a less successful 
outcome.

4. Nicotine replacement can reduce tobacco withdrawal symp
toms and may enhance the efficacy of behavioral treatment.
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Introduction

The focus of this Appendix is on trends in the prevalence and 
demographic correlates of tobacco use. Findings from selected data 
sources (US DHHS 1986b; USDA 1986; US FTC 1981, 1986; US 
DHHS 1988) will be reported as well as findings from analyses of 
trend  data found in these sources.

Prevalence of Smoking in the United States

Several surveys using different methodologies have reported the 
prevalence of curren t cigarette smoking in the United States. The 
reported prevalence of smoking between 1944 and 1986 is shown in 
Table 1. However, different methodologies can lead to variations in 
the  estim ation of prevalence. The same general survey methodology 
has been used throughout the N ational H ealth Interview Surveys 
(NHIS 1965 to 1985). These surveys have indicated a steady decline 
in smoking prevalence beginning in the late 1960s to 30.4 percent of 
adults 20 years of age and older in 1985. These data parallel the per 
capita consumption of cigarettes in the United States, which has 
declined each year since 1973 (Table 2). Based on population 
estim ates and the  NHIS, the total num ber of adult smokers (aged 20 
years and older) in the U nited States declined from approxim ately 
52,400,000 in 1976 to approxim ately 51,100,000 in 1985. The total 
num ber of former smokers increased from approxim ately 29,500,000 
to 40,900,000 w ithin this tim e period.

Trends in Cigarettes Consumed

In the  United States, cigarettes are  taxed a t the wholesale level, in 
advance of retail sales. Tax data may not reflect retail sales in any 
particu lar year insofar as different inventory levels a re  held over 
time. However, the num ber of cigarettes taxed is a standard  index 
used to estim ate the  num ber of cigarettes consumed over time. Total 
cigarette consumption as estim ated by this index in the U nited 
States increased steadily from 1920 until 1981 when an estim ated 
total of 640 billion cigarettes were smoked (Table 2). Since 1981, 
there  has been a steady decline in consumption and the num ber of 
cigarettes smoked in 1987 is estim ated a t 574 billion.

These data are frequently divided by the  population of adults 18 
years of age and older to give a per capita estim ate of consumption. It 
should be noted th a t this per capita estim ate could be biased if there 
is a trend  over tim e for more people to s ta rt smoking regularly under 
18 years of age.

Since 1973, there  has been a decline of 23 percent in the num ber of 
cigarettes smoked on a per capita basis. Although there  has been a
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TABLE 1.—Percentage of current cigarette sm okers am ong  
adults, by year and survey, U nited States, 
1944-1986

Year Survey
Age 

i > years)

C urren t c igarette  sm okers (percentage) 

Men Women Total

1944 GP 18 48.0 36.0 41.0
1949 GP 18 54.0 33.0 44.0
1955 CPS 18 54.2 24.5 37.6
1964 NCSH 21 52.9 31.5 40.3
1965 NHIS 17 51.1 33.3 41.7
1966 CPS 17 50.0 32.3 40.6

NCSH 21 51.9 33.7 42.2
1967 CPS 17 49.1 32.1 40.1
1968 CPS 17 47.0 31.2 38.6
1970 NHIS 17 43.5 31.1 36.9

NCHS 21 42.3 30.5 36.2
1974 NHIS 17 42.7 31.9 37.0
1975 NCSH 21 39.3 28.9 33.8
1976 NHIS 20 41.9 32.0 36.7
1978 NHIS 17 37.5 29.6 33.2
1980 NHIS 20 38.3 29.4 33.6
1983 NHIS 20 35.7 29.4 32.4
1985 CPS 16 31.8 25.4 28.4

NHIS 20 33.2 27.9 30.4
1986 OSH 17 29.5 23.8 26.5

N O T E : G P . G a l lu p  P o ll ,  C P S , C u r r e n t  P o p u la t io n  S u rv e y  (S u p p le m e n t) ;  N C S H , N a t io n a l  C le a r in g h o u s e  fo r  
S m o k in g  a n d  H e a l th  (A d u lt  U s e  o f  T o b a c c o  S u rv e y );  NHIS , N a t io n a l  H e a l th  I n te r v ie w  S u rv e y ;  O S H , O ff ic e  o n  
S m o k in g  a n d  H e a l th  (A d u l t  U s e  o f  T o b acco  S u rv e y ). N H IS  d a t a  a r e  n o t  a g e  a d ju s te d

SOURCE US D H H S '1987C

decline in every one of these 15 years, the  ra te  of decline has varied 
from 0.2 to 7.2 percent with a m ean of 1.9 percent per year (Table 2).

Trends in the Tar and Nicotine Content of Cigarettes 
Consumed

D ata on the  m arket share of cigarettes of different smoking 
machine determ ined ta r  and nicotine yield have been published by 
the  Federal Trade Commission (FTC) from inform ation supplied to 
the  agency by cigarette companies. The FTC is no longer generating 
these data. Trends in the sales-weighted average yield of ta r  and 
nicotine for cigarettes sold are shown in Figure 1. The sales-weighted 
average represents the  ta r  and nicotine content found in specific 
brands averaged by the quantity  of sales for th a t specific brand.

Throughout the  1970s there  was a steady decline in the  sales- 
weighted average. This decline may have occurred because of 
consumer beliefs th a t lower-yield brands are less hazardous. The 
impression th a t low-yield brands may be less hazardous may have 
resulted in p a rt from cigarette advertising implying th a t low-yield 
brands are less hazardous or safe (Davis 1987).
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TABLE 2.—Total cigarette consum ption and consum ption  
per capita 18 years of age and older, 1973 to  
1987, U nited States

Year

Total
consumption

(billionsi

P er capita 
consumption 

l > 18 years old i

Per capita 
consumption change 
from previous year 

'percen tage '

1973 589.7 4,148
1974 599.0 4,141 -0.2
1975 607.2 4.123 -0.4
1976 613.5 4,092 -0.8
1977 617.0 4,051 -1.0
1978 616.0 3.967 -2.1
1979 621.5 3,861 -2.7
1980 631.5 3,844 -0.4
1981 640.0 3.836 -0.2
1982 634.0 3.739 -2.6
1983 600.0 3,488 -7.2
1984 600.4 3.446 -1.2
1985 594.0 3,370 -2.3
1986 583.8 3,274 -2.9
1987 lest.) 574.0 3,196 -2.4

SOURCE: USDA <1986).

From 1982 to 1985, the declining sales-weighted ta r  and nicotine 
yield leveled off. This change may be related to one or a combination 
of the  following factors: (1) a persistent brand loyalty of some 
smokers to moderate- or high-yield brands because of brand image; 
(2) a dim inishing perception th a t low-yield brands are less hazard
ous; (3) some smokers are  now smoking cigarettes of such low ta r  and 
nicotine yields th a t fu rther reductions in those yields may be 
unacceptable; i.e., the "lower boundary” of comfortable cigarette use 
has been reached (Kozlowski 1987; Chapter IV). The 1981 Surgeon 
G eneral’s Report (US DHHS 1981) cautioned th a t the health  benefits 
of switching to low-yield brands are m inim al compared with giving 
up cigarettes entirely.

Surveys of Self-Reported Cigarette Smoking in Adults 

G eneral C onsiderations
The validity of self-reported smoking sta tus from community 

surveys affects the usefulness of these data in reporting historical 
trends. Respondents’ sensitivity to social stigm a associated with
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1969 - 1985

FIGURE 1.—Sales-w eighted averages o f  tar and n icotine
per cigarette, 1968-1985 (1985 data prelim inary)

SOURCE: U.S. F edera l T rade Commission (F eb ru a ry  1988./.

smoking is cited as a m ajor reason why persons m ight underreport 
the ir smoking sta tus (W arner 1978; Kozlowski 1986). W hereas 
biochemical assessm ent is significantly more reliable th an  self
reports in assessing level of nicotine in take (see Chapters II and IV), 
self-reported data appear valid for estim ating prevalence of smoking 
in the  population. For example, studies of patients in several settings 
(Petitti, Friedm an, K ahn 1981; Pojer et al. 1984), as well as two large 
community studies (Fortm ann et al. 1984; Pierce, Dwyer et al. 1987), 
have shown th a t m easurem ents of smoking by self-report and 
biochemical m arkers give approxim ately the same estim ates of 
prevalence. It is possible th a t the  accuracy of self-reported data will 
vary depending on w hether the data collection method is face-to-face 
or by telephone interview. However, biochemical validation data do 
not exist to allow quantification of such a difference. In addition, 
serious concerns have been expressed about the validity of data 
(Thornberry 1987) reported by one person on behalf of another 
(proxy response).
N ational H ealth Interview  Surveys

The N ational H ealth  Interview Survey (NHIS), which is conducted 
regularly by the N ational Center for H ealth  Statistics, uses a
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sam pling fram e developed by the U.S. Bureau of the Census and is 
based on a m ultistaged random probability sampling design. Infor
m ation on behavioral health  risk factors is collected in face-to-face 
interviews. Basic smoking inform ation has been collected for several 
years, including 1965, 1976, 1978, 1979, 1980, 1983, and 1985 (data 
for 1965 are based on both self-report and proxy reporting; all of the 
more recent surveys were based on self-reports). The 1987 survey 
results were not available for this Report. Beginning in 1985, an 
adequate sample of blacks was ensured by the survey design (using 
the technique of oversampling). The NHIS generally has a response 
ra te  of 96 percent (Thornberry 1987). However, the  smoking inform a
tion is collected only by self-report in a supplem ent. This ex tra  step 
in data collection procedures leads to a decrease in the response ra te  
to approxim ately 90 percent.
D em ographic Trends in Sm oking P revalence in  A dults

Between 1965 and 1985, smoking prevalence decreased in all age, 
sex, and race categories with the  exception of women aged 65 years 
and older (Table 3). This exception can be explained as a b irth  cohort 
effect (W arner and M urt 1982).

Both black and white m ales have decreased the ir smoking by an 
average of a percentage point per year over th is 20-year period. 
However, in 1985, 41 percent of black males smoked, compared with 
32 percent of white males. For all races, the  largest decrease in 
smoking occurred in younger males; the 20- to 24-year-old age group 
decreased an average of 1.4 percentage points per year. The m arked 
gradient in the degree of change per year across age groups suggests 
th a t a b irth  cohort effect may have occurred, w ith m any more young 
males never having become regular smokers.

Proportionately fewer women smoke than  men w ithin every age 
group and race category except for persons 20 to 40 years old in 1985 
(31.0 percent for men, 32.1 percent for women). However, the yearly 
ra te  of decline in smoking prevalence across these categories is, on 
average, th ree  times less than  the  male ra te  of decline. Moreover, 
the  decline in female smoking appears m ainly in the  under-44-year 
age group. This m ay indicate th a t uptake of smoking among women 
in the  more recent b irth  cohorts is beginning to decline. Of 
particu lar im portance is the alm ost complete lack of change in 
smoking prevalence among black women from 1965 to 1985.

Smoking rates among Hispanics have been reported using NHIS 
data (Marcus and Crane 1985, 1987), but the small sample size of this 
subpopulation reduces the reliability of the estimates. According to 
the 1985 NHIS, the prevalence of smoking among Hispanic males 
and females aged 18 and older was 31.3 percent and 20.8 percent, 
respectively (Marcus and Crane 1987). Inform ation on Hispanic 
smoking is also available from the Hispanic H ealth  and N utrition
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TABLE 3.—Tw enty-year trends in  sm oking prevalence
(percentage) am ong adults 20 years o f age and  
older, by sex, race, and age, U nited States

Difference
Sex, race, age 1965 1976 1980 1985 1965-1985

Men
T o ta l12 52.1 41.6 37.9 32.7 -19.4
R ac e 1

W hite 51.3 41.0 37.1 31.8 -19.5
Black 59.6 50.1 44.9 40.6 -19.0

A ge2
20-24 59.2 45.9 39.7 31.0 -28.2
25-34 60.7 48.5 43.1 38.2 -22.5
35-44 58.2 47.6 42.6 37.6 -20.6
45-64 51.9 41.3 40.8 33.4 -18.5
>65 28.5 23.0 17.9 19.6 -8.9

Women
Total 34.2 32.5 29.8 28.3 -5.9
Race '

White 34.5 32.4 30.0 28.3 -6.2
Black 32.7 34.7 30.6 31.6 -1.1

A ge2
20-24 41.9 34.2 32.7 32.1 -9.8
25-34 43.7 37.5 316 32.0 -11.7
35-44 43.7 38.2 34.9 31.5 -12.2
45-64 32.0 34.8 30.8 29.9 -2.1
>65 9.6 12.8 16.8 13.5 +  3.9

: Age-adjusted p revalence rates.
1 Includes w hite , b lack, and  o ther. 
SOURCE: U.S. PH S (1987).

Exam ination Survey (HHANES), which was conducted by the 
N ational Center for H ealth  Statistics between 1982 and 1984. This 
study surveyed 9,000 Mexican-Americans in the Southwest, 4,000 
Puerto  Ricans in the N ortheast, and 1,500 Cuban-Americans in 
Miami. For males aged 20 to 74 the  age-adjusted smoking rates were 
43 percent for Mexican-Americans, 42 percent for Cuban-Americans, 
and 40 percent for Puerto  Rican-Americans. Among females, the 
smoking prevalence was 24 percent for Mexican-Americans and 
Cuban-Americans and 30 percent for Puerto  Rican-Americans 
(Haynes 1987). Estim ates of smoking prevalence among other 
m inority groups may be unreliable because of sm all sample sizes 
included in the NHIS. Trend data are not available because Hispanic 
sta tus was not ascertained on earlier surveys.
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TABLE 4.—Sm oking prevalence (percentage) am ong adults  
18 years o f age and older, by sociodem ographic  
subgroups, U nited States, 1985

Subgroup Men Women Total

Education
Less th an  high school 40.1 31.4 35.4
High school g raduate 36.6 31.0 33.4
Some college 29.9 24.9 27.3
College g raduate 22.6 17.1 20.1
Postg raduate 17.3 15.1 16.5

Occupation
Employed 33.8 30.0 32.1

W hite-collar 264 28.0 27.5
Blue-collar 40.1 33.9 39.7
Service 40.3 35.4 37.2

Unemployed 44.3 28.0 36.1
Not in w orkforce/U nknow n 28.6 25.3 26.4

M arital s ta tu s
N ever m arried 30.0 26.3 28.3
D ivorced/Separated 48.2 42.4 44.7
M arried /C ohabitating 31.9 27.7 29.7
Widowed 29.3 20.1 21.6

Income
<$10,000 36.3 29.7 32.3
$10,000-19,999 37.0 29.8 33.1
$20,000-34,999 33.1 28.1 30.7
>$35,000 27.0 25.1 26.1

SOURCE: N a tiona l C en te r for H ea lth  S tatistics, N ational H ea lth  in te rv iew  Su rvey  1986.

Other Social Correlates o f Sm oking
The prevalence of smoking varies across sociodemographic catego

ries. A detailed analysis of the sociodemographic correlates of 
smoking sta tus in the 1985 NHIS survey is presented below.

C urren t smoking prevalence by sex, occupation, m arita l status, 
employment, education, and income groups for 1985 is shown in 
Table 4. C urrent smoking prevalence was inversely related to 
educational status. Persons who were employed were less likely to be 
curren t smokers th an  unemployed persons. Persons employed in 
white-collar jobs were less likely to be smokers th an  persons 
employed in blue-collar or service jobs. Persons with higher income 
and persons who were single, m arried, or widowed had a lower 
prevalence of smoking than  persons w ith lower income or who were 
divorced or separated.

Because blacks were oversampled in the  1985 NHIS and subse
quent sample designs, it is possible to make detailed comparisons

571



TABLE 5.—Percentage o f current sm okers in  1985, by age, 
race, and sex
Sex, age W hite Black

Men
18-24 29.1 26.6
25-34 37.1 45.2
■iry-44 36.3 44.9
45-54 33.4 47.4
55-64 30.1 44.6
65-74 21.2 31.0
>75 13.9 21.4

Women
18-24 33.0 24.2
25-34 32.6 35.7
35-44 31.4 40.2
45-54 32.9 37.0
55-64 27.4 28.9
65-74 17.8 18.6
>75 7.1 8.0

SOURCE: N ational C en ter for H ea lth  S tatistics, N ational H ea lth  In terv iew  Su rvey  1986.

between blacks and whites in smoking prevalence. Table 5 shows 
th a t across all age categories, except among those aged 18 to 24 
years, blacks have higher smoking prevalence than  whites. The 
lower smoking prevalence among blacks in this age group may 
reflect an  older age of initiation among blacks.

In a m ultivariate analysis of NHIS data, controlling for sex, age, 
employment, poverty status, education, and m arital status, blacks 
were no more likely to be ever smokers than  whites (Novotny et al., 
in press). In this study, blacks were less likely than  whites to quit 
smoking. Blacks also were less likely than  whites to be heavier 
smokers (>  15 cigarettes per day).
Other Surveys R eporting Adult P revalence o f Sm oking

The 1986 A dult Use of Tobacco Survey showed slightly lower rates 
of smoking th an  th a t expected from the trends observed in the  
N ational H ealth  Interview Surveys (NHIS). These data, based on a 
telephone interview of 13,031 adults aged 17 and older, were 
weighted to reflect the  U.S. population according to age, sex, 
education level, and region. An estim ated 29.5 percent of males (95 
percent confidence interval, 28.4 to 30.6) and 23.8 percent of females 
(95 percent confidence interval, 22.7 to 24.9) smoked cigarettes 
regularly. Differences from the NHIS may reflect differences in age 
of respondents (NCHS-age 18 and above, Adult Use Survey-age 17 
and above), methodology (Waksberg 1978), or response ra tes (NCHS 
approxim ately 90 percent, Adult Use Survey approxim ately 74
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percent). The exclusion of households lacking telephones appears to 
account for an  underestim ate of approxim ately 1 percentage point in 
telephone surveys; persons living in households w ithout telephones 
have a higher smoking prevalence th an  those in households with 
telephones (US DHHS 1987c).

In 1985, a supplem ent to the C urrent Population Survey contained 
smoking inform ation collected by household interviews. These data 
are particularly  relevant because of the large sample population. 
However, 45 percent of responses were by proxy. Of the 114,342 
persons surveyed, the overall smoking prevalence for persons 16 
years of age and older was 31.8 percent for males and 25.4 percent 
for females (Table 1). A detailed analysis of this data set is available 
from the Office on Smoking and H ealth (Marcus and Crane 1987).

Since 1981, the Centers for Disease Control has coordinated the 
collection of State-specific data on several behavioral risk factors in 
the Behavioral Risk Factor Surveillance System (BRFSS). In 1986, 25 
States and the District of Columbia participated in this telephone 
interview system (Table 6). Median S tate smoking prevalence among 
adults 18 years of age and older varied between 18 percent and 35 
percent (US DHHS 1987c), w ith m arked geographical distribution 
patterns. S tates east of the Mississippi appeared to have the  highest 
smoking prevalences (US DHHS 1987d). These States also had the 
highest adult per capita consumption of cigarettes (Tobacco Institu te  
1986), as m easured by sales of cigarettes taxed in each State.

Trends in Adolescent Smoking

The N ational Institu te  on Drug Abuse (NIDA) conducted house
hold surveys on drug use in 1979,1982, and 1985. D ata were obtained 
from a stratified random  sample of 8,000 U.S. households; approxi
m ately 2,000 interviews were conducted w ith respondents in the 12- 
to 17-year-old age group. Questions included w hether any cigarettes 
were smoked w ithin 30 days as well as w ithin the previous year. 
These surveys indicated th a t approxim ately 26 percent of the 
teenage population surveyed smoked a t least one cigarette a t some 
tim e during 1985 (Table 7). In 1985, 15.6 percent of th is population 
had smoked within the  previous month. However, these overall 
m ean values probably underestim ate the  level of experim entation 
and uptake of smoking during these ages due to response bias or 
underreporting. Comparisons with 1979 are not appropriate, because 
in th a t year, there  was a m arkedly different definition of smoking 
compared with la te r years ("at least 100 cigarettes in lifetim e” 
compared w ith "any smoking in last 30 days”).

The "M onitoring of the F u tu re” project, sponsored by NIDA, is 
conducted by the Institu te  for Social Research a t the U niversity of 
Michigan. It consists of a yearly survey of a representative sample of
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TABLE 6.—Current sm oking prevalence (percentage) in  25 
States and the D istrict o f Colum bia, 1986

C urren t sm okers

Sam ple - 
size

Percentage 95 percent 
confidence

S tate Men Women Total in terval

A labam a 559 30.3 20.0 24.8 ±4.1
Arizona 1,178 24.4 24.7 24.5 ± 2 .8
California 1,579 25.4 23.9 24.6 ± 2 .4
D istrict of Columbia 1,145 32.1 22.5 26.7 ± 3 .1
Florida 1,162 30.9 27.8 29.3 ± 2 .8
Georgia 1,140 29.3 24.8 26.7 ± 2 .9
Hawaii 1,551 27.8 20.3 24.1 ± 2 .9
Idaho 1.185 30.9 16.2 23.4 ± 2 .6
Illinois 1,142 32.7 23.6 27.9 ± 2 .8
Indiana 1,182 31.6 23.5 27.3 ± 3 .0
K entucky 1,216 37.2 32.6 34.8 ± 3 .2
M assachusetts 1,105 27.1 27.5 27.3 ± 3 .0
M innesota 3.023 25.3 25.0 25.1 ±1.7
Missouri 873 29.4 23.0 26.0 ± 3 .3
M ontana 1,176 23.5 22.8 23.0 ±2.7
New Mexico 1,139 29.9 22.4 26.1 ± 2 .8
New York 1,135 28.7 26.1 27.4 ± 3 .0
N orth C arolina 1,622 30.7 22.5 26.4 ± 2 .4
N orth Dakota 1,182 27.4 25.1 26.2 ± 2 .9
Ohio 1.158 29.4 26.9 28.1 ± 2 .8
Rhode Island 1,535 31.0 31.1 30.9 ± 2 .5
South C arolina 1,793 28.6 24.4 26.3 ±2.4
Tennessee 1,779 30.7 25.5 28.0 ± 2 .4
U tah 1,188 20.8 15.1 17.8 ±2 .5
West V irginia 1,380 32.2 26.9 29.5 ± 2 .8
Wisconsin 1,268 31.5 21.1 26.2 ± 2 .6

SOURCE: US DHHS (1987a>.

high school seniors. This approach does not include students who do 
not complete high school (estimated to be about 15 percent of the 
population by the  U.S. Bureau of Census in 1978). Dropouts tend to 
have a higher smoking prevalence th an  in-school students (Kandel 
1980; Pirie, M urray, Luepker 1988); however, Johnston and 
O’Malley (1985) estim ate th a t the  underestim ate of the true  popula
tion prevalence is no more than  5 percentage points. The la tte r 
researchers argue th a t the  m agnitude of this bias is unlikely to 
change between the yearly surveys; thus, the estim ate of the  ra te  of 
change should reflect the true  ra te  of population change.

Smoking prevalence among female high school seniors was higher 
than  among males in 1986 (Table 8), and there  are  m arked
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TABLE 7.—P revalence (percentage) of cigarette use am ong  
youth 12 to 17 years o f age, 1979, 1982, 1985 
surveys, U nited States

S u rv e y  y e a r
A ny  u se  in 

la s t y e a r
U sed  in la s t 

30 d ays

1979 1 13.3 12.1

1982 24.8 14.7

1985 26 0 15.6

T he 1979 survey asked questions onily of those who had sm oked 100 c igarettes in th e ir  lifetim e
SOURCE: N ational In s titu te  on Drug Abuse 11979. 1982. 1985 '

TABLE 8.— Thirty-day prevalence o f daily  use o f cigarettes
by subgroups, h igh  school class o f 1986

X

P e rc e n ta g e  w ho  u sed  c ig a re t te s  
d a ily  in la s t  30  d ays

O ne  H a lf-p ack
S u b g ro u p s (a p p ro x .i o r  m o re o r  m o re

A ll se n io rs 15.200 18.7 11.4

Sex
M en 7.100 16.9 10.7
W om en 7 .700 IS .8 11.6

C ollege  p la n s
N o n e  o r  u n d e r  4 v e a rs 5,100 28.2 19.2
C o m p le te  4 y e a rs 9 .100 12.8 6 4

R egion
N o r th e a s t 3,600 24.9 15.6
N o r th -c e n tra l 4 .300 19.9 12.3
S o u th 4 .700 15.8 10.0
W est 2 ,600 13.4 6.5

SOURCE: -Johnston, O’Malley. Bachman ( 19S7 >.

geographic differences in smoking prevalence among students. In 
addition, those students who plan to complete 4 years of college have 
a smoking ra te  less than  half th a t of students w ithout such plans.

The prevalence of daily use w ithin the previous 30 days among 
high school seniors fell substantially from 1975 to 1986 for males and 
females (Figure 2). Since 1976, there  has been an overall 35 percent 
reduction in smoking prevalence in this population. Most of this 
decline occurred between 1977 and 1981. For all students, the 
prevalence has fallen an average of 0.68 percentage points per year 
during this period (to 18.7 percent in 1986), sim ilar to the ra te  of
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FIGURE 2.—Trends in  30-day prevalence o f daily  cigarette  
use (sm oking one or m ore cigarettes/day) 
am ong h igh  school seniors, by sex

SOURCE; Johnston, O’Malley, Bachm an (1987).

decline noticed in adults (see Tables 1, 3). However, the  ra te  of 
decline has tapered off in recent years. The smoking ra tes among 
females have consistently exceeded the ra tes among males.

The M onitoring of the F uture  Project has also followed representa
tive samples from each graduating class since 1976. This was done by 
selecting two m atched panels from each graduating class and 
following each panel in a lte rn a te  years. The data  obtained from 
these surveys are presented in Figure 3. Recently, differences in 
prevalence of any cigarette smoking within the last 30 days has 
disappeared between those still in high school and those who have 
graduated, suggesting th a t far fewer young adults are taking up 
smoking after high school, and th a t most uptake has occurred by the 
tim e of high school graduation. However, when either the 30-day 
prevalence of daily use or the  30-day prevalence of the use of half a

Any daily use

^1/2 pack daily

o Men 
•  Women

J  1___1___1___I___I___I___ I
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pack or more per day is considered, there  is a clear m arked increase 
in smoking prevalence in the early  years after high school, suggest
ing th a t occasional and experim enting high school smokers become 
regular smokers once they leave school.

Trends in the Proportion of Smokers Who are Heavy Smokers

The average reported num ber of cigarettes smoked per day in 1985 
by age, race, and sex is presented in Table 9. There are m arked 
differences between the black and white population in the num ber of 
cigarettes reported. Both black males and females report smoking 
one-third fewer cigarettes per day th an  do their white counterparts. 
Even though blacks smoke fewer cigarettes per day than  whites, 
their smoking patterns and choices of brands m ay provide the 
nicotine content necessary to m aintain  daily blood nicotine levels 
sim ilar to whites (Chapter VII; Cummings, Giovino, Mendicino 1987). 
Across all race and age categories, females report smoking fewer 
cigarettes th an  males. In the over 35 age groups th is difference is 
approxim ately 20 percent.

Successful quitting behavior may not be uniform across all 
smokers. Heavy smokers (defined as those who report smoking 25 or 
more cigarettes per day) are more likely to have a strong nicotine 
dependence (Chapter IV) and, therefore, are less likely to be 
successful a t quitting than  lighter smokers. Thus, one would expect 
the  cross-sectional surveys over tim e to indicate an  increasing 
proportion of heavy smokers as the smoking prevalence declined. 
These data from self-reported consumption m easures are presented 
in Table 10. The percentage of heavy smokers reported by the  1965 
survey may be biased due to the use of proxy interviews which were 
not used in subsequent surveys.

Between 1976 and 1985, there  was no substantial change in the 
proportion of smokers reporting smoking 25 or more cigarettes per 
day. In 1985, approxim ately one-third of all male smokers and one- 
fifth of all female smokers were classified as heavy smokers. Three 
times as m any white as black adults were classified as heavy 
smokers. For both males and females, the proportion peaked in the 
group aged 35 to 44, possibly indicative of a higher m ortality  ra te  
among older smokers.

Trends in Quitting Activity

Public health  efforts to reduce the prevalence of smoking concen
tra te  on reducing the  proportion of the population th a t begins to 
smoke cigarettes as well as increasing the proportion of smokers who 
quit. One indicator of quitting activity is the prevalence of former 
smokers. However, th is variable is of lim ited use due to m arked
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FIGURE 3.—Trends in 30-day cigarette sm oking prevalence, 
daily  use, and use o f a half-pack or m ore per 
day am ong young adults, by age group

SOURCE: Johnston , O ’M alley, B achm an (1987).
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TABLE 9.—Average number of cigarettes smoked per day 
by current smokers, by race, age, and sex, 
United States, 1985
Race/A ge Men Women Difference

All races 21.8 18.1 3.7
Blacks 14.7 13.5 1.2
W hites 23.4 19.1 4.5

Age
18-24 17.2 15.3 1.9
25-34 20.3 18.0 2.3
35-44 24.3 20.1 4.2
45-54 24.7 19.9 4.8
55-64 23.9 18.0 5.9
2 6 5 20.2 16.0 4.2

SOURCE: N ational C enter for H ealth Statistics, N ational H ealth Interview  Survey 1986.

TABLE 10.—Twenty-year trends in the proportion of 
smokers reporting smoking 25 or more 
cigarettes per day, by sex, race, and age, United States

Sex, race, age 1965 1976 1980 1985

Men
Total 24.1 30.7 34.2 32.8
Race

W hite 26.0 33.3 37.3 36.5
Black 8.6 10.8 13.8 10.7

Age
20-24 15.4 18.5 19.8 17.1
25-34 24.3 28.7 30.1 28.5
35-44 31.5 39.2 40.7 42.3
45-64 28.0 37.4 42.6 39.3
>65 13.8 18.2 25.2 25.4

Women
Total 13.0 19.0 23.2 20.6
Race

W hite 13.9 20.9 25.2 22.8
Black 4.6 5.6 8.6 6.7

Age
20-24 9.7 14.5 15.9 12.2
25-34 15.5 20.5 24.2 21.3
35-44 17.1 21.8 32.7 27.8
45-64 13.6 21.5 24.9 22.7
>65 6.4 11.8 13.1 13.4

SOURCE: N ational Center for H ealth Statistics, N ational H ealth Interview  Surveys 1966, 1976, 1980, 1985.
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differences in uptake of cigarettes between males and females in 
different b irth  cohorts (W arner and M urt 1982). A more meaningful 
index of quitting behavior has been defined as the  quit ratio  (Pierce, 
Aldrich et al. 1987)-the proportion of form er smokers in a given 
population divided by the  proportion of th a t population who have 
ever been smokers.

Trends in th is quit ratio  are presented in Figure 4. The quit ratio 
has consistently been higher among men compared with women. 
Quit ratios among both males and females increase with age. In 
1985, nearly one-third of those persons aged 25 to 34 who reported 
th a t they had ever smoked had quit smoking by 1985. Among those 
aged 65 or older, the  quit ratio  was over 60 percent for women and 70 
percent for men. Moreover, over the last 20 years, successful quitting 
activity has been increasing in all age groups. The quit ratio 
differences between men and women increased with age from 1965 to 
1985 (several possible explanations for this phenomenon exist; see 
C hapter VII).

Trends in Cigar, Pipe, and Roll-Your-Own Cigarette Smoking

Figure 5 shows 20-year trends in pipe and cigar smoking among 
adult males. For both tobacco products, there  has been an  80 percent 
decline in prevalence. In fact, cigar smoking in 1964 (30 percent) was 
as prevalent as cigarette smoking in 1985 (30.4 percent).

Hand-rolled cigarettes are the  least expensive cigarettes to con
sume. According to the  1986 Adult Use of Tobacco Survey, only 0.4 
percent of smokers aged 17 and older use roll-your-own cigarettes 
(US DHHS 1988).

Trends in Smokeless Tobacco Use

The prevalence of both snuff and chewing tobacco use by younger 
men has increased substantially  between 1970 and 1986, as shown in 
Figure 6. Among women, use of smokeless tobacco products de
creased between 1970 and 1986, but prevalence of use in th is group 
has always been low. In 1986, less than  0.4 percent of females used 
snuff or chewing tobacco, whereas 8.2 percent of men used these 
products (Novotny and Lynn, in press). Additionally, among men, 
almost half of cu rren t users reported initiation of smokeless tobacco 
use before age 17 (Table 11).

In 1985, the NIDA N ational Household Survey of persons 12 years 
of age and older found th a t 12 percent of men and 1 percent of 
women used chewing tobacco, snuff, or o ther kinds of smokeless 
tobacco in the  year of the survey. Smokeless tobacco use ra tes were 
highest among young males (12-25 years old) who were residents of 
nonm etropolitan areas (Rouse, in press).
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FIGURE 4.—Quit ratios (ratios of form er sm okers to ever  
sm okers), by age and sex, 1965-1985

SOURCE: U S DHHS (1986b).

The BRFSS collected data  from 25 States and the District of 
Columbia in 1986. In this survey, smokeless tobacco use among men 
ranged from 0.7 percent in New York to 21.4 percent in West 
V irginia (median State prevalence, 6.5 percent) (US DHHS 1987b). 
In addition, there  was a regional pattern  of use, w ith highest

581



1964 - 1986

FIGURE 5.—Trends in  prevalence o f cigarettes, cigars, and  
pipes, adult men, 1964-1986

SOURCE: U.S. PHS (1970, 1975, 19861, U.S. DHHS (1987a).

prevalence found in Southern and N orth C entral States, ju st as in 
the  NIDA survey mentioned above.

Summary and Conclusions
1. An estim ated 32.7 percent of men and 28.3 percent of women 

smoked cigarettes regularly in 1985. The overall prevalence of 
smoking in the United States decreased from 36.7 percent in 
1976 (52.4 million adults) to 30.4 percent in 1985 (51.1 million 
adults).

2. In 1985, the mean reported num ber of cigarettes smoked per 
day was 21.8 for male smokers and 18.1 for female smokers.

3. Smoking is more common in lower socioeconomic categories 
(blue-collar workers or unemployed persons, less educated 
persons, and lower income groups) than  in higher socioeconom
ic categories. For example, the prevalence of smoking in 1985 
among persons w ithout a high school diploma was 35.4 percent, 
compared with 16.5 percent among persons with postgraduate 
college education.
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TABLE 11.—R eported age at in itiation , by current
sm okeless tobacco users (percentage), both  
sexes, 1986, U nited States

A ge a t  in i t ia t io n A n y  sm o k e le ss  tobacco C h e w in g  tobacco S n u ff

< 17years 44.3 42.5 43.5

17-24 years 37.9 27.3 35.1

>25 years 17.8 30.2 21.4

S O U R C E  N o v o tn y  a n d  L y n n , l in  p re ss).

4. An estim ated 18.7 percent of high school seniors reported daily 
use of cigarettes in 1986. The prevalence of daily use of one or 
more cigarettes among high school seniors declined between 
1975 and 1986 by approxim ately 35 percent; the  smoking 
prevalence among females has consistently been slightly 
higher th an  among males. Most of the decline occurred 
between 1977 and 1981.

5. The use of cigars and pipes has declined 80 percent since 1964.
6. Smokeless tobacco use has increased substantially  among 

young men and has declined among older men since 1975. An 
estim ated 8.2 percent of 17- to 19-year-old men were users of 
smokeless tobacco products in 1986.
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Introduction

Knowledge of the toxicity of nicotine is im portant to help 
understand tobacco-induced hum an disease as well as to assess the 
potential risks associated with the therapeutic  use of nicotine (e.g., 
nicotine polacrilex gum) as an aid to assist smoking cessation.

This Appendix provides a brief overview of the toxic actions of 
nicotine per se, focusing on hum an studies wherever possible and 
selecting only those anim al data  which have direct implications in 
understanding mechanisms of hum an disease. The toxicity of 
cigarette smoke has been extensively reviewed in prior Surgeon 
G eneral’s reports (US DHHS 1982, 1983, 1984, 1985, 1986). In most 
cases the pathogenesis of tobacco-related diseases, including the role 
of nicotine, has not been fully elucidated. Therefore the  potential 
contribution of nicotine to development of tobacco-related disease, 
even if unproved, will be considered.

The chem istry and general pharmacology of nicotine have been 
reviewed in previous chapters (Chapters II and III) of th is report and 
are not presented in detail in this Appendix. An appreciation of the 
basic pharmacologic actions of nicotine is, however, a necessary 
foundation for understanding the issues of toxicity which are 
discussed in th is Appendix.

Acute Intoxication

As discussed in Chapter II, nicotine is a w ater and lipid soluble 
drug which, in the  free base form, is readily absorbed via respiratory 
tissues, skin, and the gastrointestinal tract. Nicotine may pass 
through skin or mucous m em branes when in alkaline solutions, in 
which circum stance nicotine is prim arily un-ionized.

In experim ental anim als, the  dose of nicotine which is lethal to 50 
percent of anim als (LD50) varies widely, depending on the route of 
adm inistration and the species used. Intravenous (i.v.) LD50 doses of 
nicotine in mice range between 0.3 to 1.8 m g/kg body weight 
(Borzelleca, Borman, McKennis 1962; Lindner 1963; W irth and 
Gosswald 1965; Barlow and McLeod 1969). The intraperitoneal (i.p.) 
LD50 values for nicotine b ita rtra te  in mice and ra ts  have been found 
to be 13 and 83 m g/kg body weight, respectively, while the values for 
five inbred ham ster strains varied between 125 to 320 m g/kg body 
weight (Bernfeld and Hom burger 1972). The wide variation in 
sensitivity to the  toxic effects of nicotine in rodents appears to be 
genetically determ ined (Garg 1969; Marks, Burch, Collins 1983; 
Miner, M arks, Collins 1984).

In in terpreting  anim al toxicity data it is im portant to recognize 
th a t the  ra te  of adm inistration is an im portant determ inant of 
toxicity. Rapid i.v. injections resu lt in the highest blood and brain 
concentrations and produce toxicity a t the lowest doses. In contrast,
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with oral or i.p. adm inistration higher doses are  required to produce 
toxicity. This is due to presystemic ("first pass”) metabolism of 
nicotine and the gradual tim e course of absorption as compared with 
after i.v. dosing. W ith in term itten t dosing, such as practiced by 
smokers, the total dose of nicotine absorbed per day could exceed the 
toxic or even lethal dose of a single injection.

In hum ans, acute exposure to nicotine even in low doses (similar to 
the am ounts consumed by tobacco users) elicits autonomic and 
somatic reflex effects as described in detail in Chapters II and III. 
Dizziness, nausea, and /o r vomiting are commonly experienced by 
nonsmokers after low doses of nicotine, such as when people try  their 
first cigarette. However cigarette smokers rapidly become to lerant to 
these effects (Chapter II).

A num ber of poisonings and deaths from ingestion of nicotine, 
prim arily involving nicotine-containing pesticides, have been report
ed in hum ans (Beeman and H unter 1937; McNally 1923; Franke and 
Thomas 1936; Saxena and Scheman 1985). The lethal oral dose of 
nicotine in adults has been quoted to be 40 to 60 mg (Goldfrank, 
Melinek, Blum 1980; Larson, Haag, Silvette 1961), but it has not 
been well documented. Nicotine intoxication produces nausea, 
vomiting, abdominal pain, d iarrhea, headaches, sweating, and pallor. 
More severe intoxication results in dizziness, weakness, and confu
sion, progressing to convulsions, hypotension, and coma. Death is 
usually due to paralysis of respiratory muscles an d /o r central 
respiratory failure.

Dermal exposure to nicotine can also lead to intoxication. Such 
exposures have been reported after spilling or applying nicotine- 
containing insecticides on the skin or clothes (Lockhart 1933; 
Faulkner 1933; Benowitz et al. 1987) and as a consequence of 
occupational contact w ith tobacco leaves.

Green tobacco sickness, an occupational illness in field workers 
harvesting tobacco leaves, has been a ttribu ted  to derm al absorption 
of nicotine found in the dew on tobacco leaves (Weizenecker and Deal 
1970; Gehlbach et al. 1974). The levels of cotinine in the urine of 
exposed workers exceed those of novice smokers who had smoked 
th ree  cigarettes in succession (Gehlback et al. 1975). The symptoms 
of green tobacco illness are  described in Table 1 (Gehlbach et al. 
1975; Gehlbach, W illiams, Freem an 1979). A sim ilar syndrome has 
been reported in Asian Indian tobacco workers who harvest green 
tobacco leaves and handle cured tobacco (Ghosh et al. 1979).

Tobacco harvesters who use tobacco products, e ither in the forms 
of cigarettes or smokeless tobacco, are usually not affected by green 
tobacco sickness owing to development of tolerance to nicotine 
(Gehlbach et al. 1974). Tolerance to the toxic effects may even 
develop during the course of nicotine poisoning, despite the persis-
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TABLE 1.—Sym ptom s o f system ic n icotine poisoning (Green 
Tobacco Sickness)

Symptom
Percentage 
(53 cases,'

N ausea, vomiting 98
Pallor 89
W eakness 81
Dizziness, lightheadedness 81
H eadache 81
Sweating 56
Abdominal pain 42
Chills 36
Increased salivation 17

SOURCE: Adapted from Gehlbach et al. (1974).

tence of nicotine in the blood a t extrem ely high concentrations (200 
to 300 ng/m l) (Benowitz e t al. 1987).

Acute intoxication may occur in children following ingestion of 
tobacco m aterials. Four children, each of whom ingested two 
cigarettes, developed salivation, vomiting, diarrhea, tachypnea, 
tachycardia, and hypertension w ithin 30 min; followed by depressed 
respiration and cardiac arrhy thm ia  w ithin 40 min; and convulsions 
w ithin 60 min (Malizia et al. 1983). All recovered and suffered no 
complication. A nother six children who ingested one-half of a 
cigarette experienced salivation and vomiting only. In a Swedish 
report (W erner 1969), 355 children who ingested tobacco had only 
very m ild symptoms. Severe poisoning has occurred in children who 
swallowed tobacco juice (expectorated by tobacco chewers). Although 
ingestions of tobacco are common, deaths due to ingestion of tobacco 
are  extrem ely rare, due to early vomiting and first pass metabolism 
of th e  nicotine which is absorbed.

Conceivably, intoxication from nicotine polacrilex gum could occur 
after accidental use by children or nonsmokers, or if an  ex-smoker 
gum-user consumed several pieces a t once or in rapid succession. 
One case report describes a sm oker who developed apparent symp
toms of nicotine intoxication w ithin 1 min of chewing a piece of 2-mg 
gum (Mensch and Holden 1984). However, based on the known 
absorption kinetics and the am ount of nicotine in the gum, true  
nicotine intoxication is unlikely in th is case.

Swallowing nicotine polacrilex gum appears not to be of concern 
for development of toxicity. Although 30 to 85 percent of the nicotine 
content can be released from the gum into the gastrointestinal tract, 
the chances of nicotine intoxication are  quite low because nicotine is
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released slowly (transit tim e of the gums through the gastro-intesti
nal trac t is 16 to 48 hr) (B rantm ark and Fredholm  1974), and because 
the nicotine which is released undergoes extensive presystemic 
metabolism. Sim ultaneous ingestion of 10 unchewed pieces of 4-mg 
gum resulted in a peak blood concentration of nicotine of less than  
10 ng/m l (B rantm ark and Fredholm 1974), which is sim ilar to the 
level attained by a smoker after smoking a single cigarette.

Chronic Nicotine Toxicity

As attested to in the Surgeon G eneral’s reports since 1964, 
smoking causes coronary and peripheral vascular disease (1983), 
cancer (1982), chronic obstructive lung disease (1984), peptic ulcer 
disease, and reproductive disturbances, including prem aturity  
(1980). Tobacco smoke is a complex m ixture of chemicals, including 
carbon monoxide, m any of which have been im plicated in hum an 
disease. Nicotine may contribute to tobacco-related disease, but 
direct causation has not been determ ined because nicotine is taken 
up sim ultaneously with a m ultitude of other potentially harm ful 
substances th a t occur in tobacco smoke and smokeless tobacco.

However, particularly  now th a t nicotine per se may be prescribed 
in the form of gum or o ther delivery systems, the  potential health  
consequences of chronic nicotine exposure deserve careful consider
ation.
C ardiovascular D isease

Smoking causes coronary and peripheral vascular disease (US 
DHHS 1983). Both nicotine and carbon monoxide may contribute to 
atherosclerotic vascular disease (Figure 1). Nicotine could contribute 
both to the  atherosclerotic process and to acute coronary events by 
several mechanisms. Nicotine could promote atherosclerotic disease 
by its actions on lipid metabolism and coagulation, by hemodynamic 
effects, and /o r by causing endothelial injury. Compared to nonsmok
ers, cigarette smokers have elevated low-density (LDL) and very-low- 
density lipoproteins (VLDL), as well as reduced high-density lipopro
tein (HDL) levels (Criqui et al. 1986; Brischetto et al. 1983), a profile 
associated with an increased risk of atherosclerosis. Chronic oral 
nicotine feeding has been shown to increase LDL in monkeys 
(Cluette-Brown e t al. 1986). In one patien t the use of nicotine 
polacrilex gum was reported to increase serum  total and LDL 
cholesterol and triglycerides (Dousset, Gutierres, Dousset 1986). 
Nicotine may act by releasing free fatty  acids, enhancing the 
conversion of VLDL to LDL, im pairing the clearance of LDL and /o r 
by accelerating the metabolism of HDL (Brischetto et al. 1983; 
Cluette-Brown et al. 1986; Gnasso et al. 1986; Hojnacki et al. 1986).
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FIGURE 1.—Sm oking, n icotine, and coronary heart d isease
SOURCE: Benowitz (1986d'

Thrombosis is believed to play an im portant role in atherogenesis 
(M ehta and M ehta 1981). P latelets may release a growth hormone 
which promotes the growth of vascular endothelial cells, contribut
ing to the  atherosclerotic plaque (Packham and M ustard 1986). The 
blood of smokers is known to coagulate more readily than  the blood 
of nonsmokers (Billimoria et al. 1975). According to several studies, 
platelets of smokers are more reactive, and have a shorter survival 
th an  those of nonsmokers (Belch et al. 1984; Siess et al. 1982; 
M ustard and M urphy 1963). The im portance of nicotine as a 
determ inant of platelet hyperaggregability is supported by a study 
showing th a t the  blood concentrations of nicotine, after smoking 
different cigarettes, correlated with the platelet aggregation re
sponse (Renaud et al. 1984). Nicotine could affect platelets by 
increasing the release of epinephrine, which is known to enhance 
p latelet reactivity, by inhibiting prostacyclin, an antiaggregatory 
hormone secreted by endothelial cells, or perhaps directly (Cryer et 
al. 1976; Sonnenfeld and W ennm alm  1980). A lternatively, by in
creasing heart ra te  and cardiac output and thereby increasing blood 
turbulence or by direct action nicotine may promote endothelial 
injury.
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Structu ral damage and increased mitotic activity in the  aortic 
endothelial cells of nicotine-treated anim als have been reported 
(Booyse, Osikowicz, Quarfoot 1981; Zim m erm an and McGeachie 
1985, 1987). Nicotine has also been shown to modulate the  structu ral 
and functional characteristics of cultured vascular cells (Csonka et 
al. 1985; Thyberg 1986). In rats, nicotine given i.v. or per os p.o. 
produced dose-dependent increases in circulating anuclear carcasses 
of endothelial cells (Hladovec 1978). In support of the relevance of 
anim al or in vitro studies to hum ans, Davis and colleagues (1985) 
reported an  increase in the num ber of endothelial cells found in 
venous blood (reflecting endothelial injury) and a decrease in the 
platelet aggregate ratios (reflecting platelet aggregation) in non
smokers who smoked tobacco but not nontobacco (made from wheat, 
cocoa, and citrus plants) cigarettes.

The above findings suggest th a t some substance unique to tobacco, 
such as nicotine, may contribute to the pathogenesis of atherosclero
sis and complications of atherosclerotic vascular disease. Although 
several potential mechanisms by which nicotine may promote 
atherogenesis have been considered, nicotine has not been demon
stra ted  to produce or accelerate atherosclerosis in experim ental 
anim als. Wald and colleagues (1981) have presented an argum ent 
against the  role of nicotine in promoting coronary heart disease in 
th a t pipe smokers, who consume comparable am ounts of nicotine 
and have sim ilar levels of nicotine bu t lower levels of carbon 
monoxide in the blood as cigarette smokers, do not share the same 
m agnitude of increased risk for coronary h ea rt disease. However, the 
possibility th a t nicotine inhaled in cigarette smoke, e ither due to 
rapid absorption or effects on pulm onary afferent nerves, affects the 
cardiovascular system differently th an  nicotine absorbed more 
slowly through mucous m em branes m ust be considered (Benowitz 
and Jacob 1987).

Based on its pharmacologic actions, it is likely th a t nicotine plays 
a role in causing or aggravating acute coronary events. Myocardial 
infarction can be due to one or more of th ree  precipitating factors -  
excessive oxygen and substrate  demand, thrombosis, and coronary 
spasm. Nicotine increases heart ra te  and blood pressure and, 
therefore, myocardial oxygen consumption. Carbon monoxide in
haled in cigarette smoke reduces the oxygen carrying and releasing 
capacity of the blood. W hen a healthy person smokes a cigarette, 
coronary blood flow increases to m eet the  increased demand (Nicod 
e t al. 1984). In the  presence of coronary artery  stenosis, coronary 
blood flow cannot increase and ischemia may develop, resulting in 
angina pectoris, myocardial dysfunction, or myocardial infarction 
(Jain et al. 1977). Nicotine may also directly reduce the increase in 
coronary blood flow which occurs in response to increased metabolic 
demand, or even cause an  inappropriate decrease in coronary blood
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flow, so th a t flow no longer m atches increased myocardial oxygen 
consumption (Kaijser and Berglund 1985; Klein et al. 1984; Nicod et 
al. 1984; M artin  et al. 1984). The decrease in coronary blood flow 
with smoking appears to result from alpha-adrenergically mediated 
coronary vasoconstriction, due to sym pathetic activation and /o r 
increased circulating catecholamines, either of which is likely to be 
an  effect of nicotine (Winniford et al. 1986). Chronic nicotine 
exposure has been reported to increase the size of experim entally 
induced myocardial infarcts in dogs (Sridharan et al. 1985).

Nicotine consumed in the form of nicotine gum has been studied in 
patients w ith coronary artery  disease. Nicotine gum (4-mg) increased 
myocardial contractility  in healthy people, but in patients with 
coronary a rte ry  disease nicotine gum decreased contractility  in the 
ischemic regions of the myocardium, consistent w ith aggravation of 
ischemia (Bayer, Bohn, S trauer 1985). In the most severe cases of 
coronary artery  disease, overall contractility decreased after nic
otine polacrilex gum. This study supports the idea th a t nicotine 
contributes to smoking-induced myocardial ischemia in susceptible 
people.

In addition to creating an imbalance between myocardial oxygen 
supply and demand, nicotine may promote thrombosis, as discussed 
previously. Nicotine may also induce coronary spasm by sym pathetic 
activation or inhibition of prostacyclin. Coronary spasm has been 
observed during cigarette smoking (Maouad et al. 1984).

Sudden cardiac death  in smokers m ight result from ischemia, as 
discussed above, combined with the arrhythm ogenic effects of 
increased am ounts of circulating catecholamines released by nic
otine. However, smoking has not been dem onstrated to increase the 
prevalence or m agnitude of ventricular ectopy in patients with 
ischemic heart disease (Davis et al. 1985; Meyers et al. 1988). 
C igarette smoking, most likely mediated by nicotine, facilitates AV 
nodal conduction, which could result in an increased ventricular 
response during a tria l fibrillation (Bekheit and F letcher 1976; Peters 
et al. 1988). Thus, even if the frequency of arrhythm ias is not 
increased by smoking, the actions of nicotine may render those 
arrhythm ias which do occur more life-threatening.

W ith respect to the arrhythm ogenicity of nicotine, two case 
reports are of note. The first concerns a m an who developed a tria l 
fibrillation with a rapid ventricular response ra te  (150) while 
chewing 30 pieces of 2-mg nicotine polacrilex gum per day (Stewart 
and C atterall 1985). The o ther case was th a t of a m an with known 
paroxysmal a tria l fibrillation who developed a recurrence 5 min 
after chewing the day’s first piece of nicotine gum (Rigotti and Eagle 
1986).

Cigarette smoking has been associated with an  increased risk of 
cardiomyopathy, th a t is a generalized reduction in contractility  of
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heart muscle (Hartz et al. 1984). Cigarette smoke exposure induces 
cardiomyopathy in rabbits (Gvozdjakova et al. 1984). A role of 
nicotine is suggested by a study in which dogs received injections of 
nicotine for 22 months and developed im paired contraction of the 
heart muscle with evidence of some in terstitia l fibrosis on anatom i
cal exam ination (Ahmed et al. 1976).

Exercise tolerance in patients w ith in term itten t claudication 
improves after stopping cigarette smoking (Jonason and Bergstrom 
1987; Quick and Cotton 1982). Nicotine could aggravate peripheral 
vascular disease by constricting sm all collateral arteries and /o r by 
inducing local thrombosis. The effect of nicotine replacem ent 
therapy on symptoms of peripheral vascular disease, as on exercise 
tolerance, in comparison to cigarette smoking, requires fu rther 
investigation.

On balance, short-term  nicotine adm inistration, such as nicotine 
replacem ent therapy as an adjunct to smoking cessation therapy, 
presents little cardiovascular risk to healthy  individuals. Patients 
with coronary or peripheral vascular disease are likely to suffer 
some increase in risk when taking nicotine, but considerably less 
risk than  with cigarette smoking, which exposes them  also to both 
carbon monoxide and higher levels of nicotine.
H ypertension

Although cigarette smoking and nicotine per se increase blood 
pressure, cigarette smoking alone is not a risk factor for chronic 
hypertension (Green, Jucha, Luz 1986). Conceivably, factors such as 
lower body weight or altered dietary intake, which may be associated 
w ith cigarette smoking, m ight lower blood pressure to compensate 
for any blood pressure elevation due to nicotine.

However, progression of chronic hypertension to accelerated or 
m alignant hypertension is much more likely in cigarette smokers 
(Isles et al. 1979; Petitti and Klatsky 1983). Nicotine could contribute 
to this progression by aggravating vasoconstriction, e ither via 
sym pathetic activation or inhibition of prostaglandin synthesis. 
Animal studies indicate th a t nicotine may reduce renal blood flow 
which, in a patient w ith m arginal renal blood flow due to hyperten
sive vascular disease, could cause renal ischemia and aggravate 
hypertension (Downey, Crystal, Bashour 1981). Thus, there is 
concern about nicotine replacem ent therapies in patients with 
severe hypertension.

Tobacco, most likely due to effect of nicotine, may in teract with 
particular hypertensive diseases. For example, a patient with 
pheochromocytoma (a catecholamine-secreting tumor) developed 
paroxysmal hypertension and angina pectoris following the use of 
oral snuff (McPhaul et al. 1984). W ithin 10 min, blood pressure 
increased from 110/70 mmHg to 300/103 mmHg and h ea rt ra te  from
600



70 to 110. Rechallenge with snuff after surgical removal of the 
pheochromocytoma revealed only a mild blood pressure increase. 
A nother patient with previously controlled essential hypertension 
presented with a blood pressure of 210/115 mmHg prior to surgery 
(Wells et al. 1986). A mass of snuff was found in the pa tien t’s cheek. 
The snuff was removed and blood pressure returned to 150/85 
mmHg w ithin 15 min.
W ound H ealing

Adequate blood flow to the skin is im portant for wound healing. 
C igarette smoking and nicotine polacrilex gum reduce skin blood 
flow (Fredholm and Sawe 1981; Allison and Roth 1969; Carlsson and 
W ennmalm 1983). In rats, exposure to cigarette smoke decreases 
survival of surgical flaps (Kaufman et al. 1984; Lawrence et al. 1984; 
Craig and Rees 1985). C igarette smoking has been associated with a 
twelvefold increased risk of experiencing skin slough after facelift 
surgery (Rees, Liverett, Guy 1984). It is conceivable th a t nicotine 
substitution therapy m ight also delay wound healing, but no hum an 
data are as yet available.
R eproductive Hazards
Teratogenicity

Nicotine rapidly crosses the placenta and enters the fetus (Suzuki 
et al. 1974). N ishim ura and Nakai (1958), Landauer (1960), and Khan 
and coworkers (1981) have described teratogenic effects of high doses 
of nicotine, which interfered with skeletogenesis in mice and chick 
embryos. Chronic nicotine treatm ents of pregnant ra ts throughout 
gestation produced subtle neurological changes which manifested 
themselves as behavioral or electrophysiological alterations in the 
offspring (Peters and Ngan 1982; Hudson, Meisami, Tim iras 1973; 
M artin and Becker 1971). Wang, Chen, and Schraufnagel (1984) 
found th a t pre- and postnatal exposure to nicotine induced stru c tu r
al changes in th e  lungs of fetal mice. M aternal exposure to nicotine 
also inhibited glucose metabolism in fetal lung tissue (M aritz 1986). 
Thus, several studies suggest th a t nicotine, a t least in high doses, 
may have toxic effects on the fetus.

W hether cigarette smoking is associated with increased rates of 
congenital m alform ations in hum ans is controversial. Several stud
ies show no association or a lower incidence of m alform ations in 
offspring of smoking m others (Comstock and Lundin 1967; Goujard, 
Rumeau, Schwartz 1975; Meyer and Tonascia 1977; Evans, New- 
combe, Campbell 1979; Shiono, Klebanoff, Berendes 1986; Hem- 
minki, M utanen, Salonieni 1983), but others report positive associa
tions (Himmelberger, Brown, Cohen 1978; Fedrick 1978; Kelsey et al.
1978). One study has reported an association between paternal
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smoking and the incidence of congenital m alform ations (Mau and 
N etter 1974).
Pregnancy

Cigarette smoking during pregnancy increases the risk of low 
b irth  weight, prem aturity , spontaneous abortion, and perinatal 
m ortality  in hum ans, which has been referred to as the fetal tobacco 
syndrome (Nieburg et al. 1985) (also reviewed in detail in the 1980 
Surgeon G eneral’s Report). Nicotine influences im plantation and 
embryo development in some laboratory anim al studies (Hudson and 
Tim iras 1972; Card and M itchell 1979; H am m er and M itchell 1979). 
At least one adverse outcome, reduced b irth  weight, is correlated 
w ith the level of cotinine, the m ajor m etabolite of nicotine, in the 
m other’s serum  (Haddow et al. 1987).

Nicotine in high concentrations m arkedly decreases the in vitro 
development of rabbit preim plantation embryos and inhibits DNA 
synthesis (Balling and Beier 1985). Injection of nicotine, 7.5 mg twice 
each day from proestrus through pregnancy in rats, resulted in a 
delay in the entry  of the  ovum into the uterus, im plantation, and 
subsequent development of the ovum (Yoshinaga et al. 1979). It was 
suggested th a t nicotine acted by delaying progesterone secretion, 
which is necessary to prepare the uterus for im plantation, and by 
o ther disturbances of horm one release. A nother study in ra ts  
reported th a t low doses of nicotine injected subcutaneously (0.1 
m g/kg/day) from day 14 to the end of pregnancy had no effect on 
litte r size or fetal development, but higher doses (1 m g/kg/day), 
comparable to those consumed by heavy smokers, reduced litte r size 
and increased the num ber of still births (Hamosh, Simon, Hamosh
1979). F u rther research is needed to determ ine if there  are direct 
adverse effects of nicotine on the embryo or fetus a t levels of nicotine 
comparable to those observed in cigarette smokers.

A likely mechanism for the  reproductive problems in pregnant 
cigarette smokers is placental insufficiency, which is supported by 
evidence of placental hypoperfusion in cigarette smoking m others 
(Naeye 1978; Philipp, Pateisky, Endler 1984). The factors most likely 
to affect the placenta are carbon monoxide and nicotine, both agents 
having the potential of im pairing oxygen supply to the fetus.

Inhalation of carbon monoxide results in elevation of both 
m aternal and fetal carboxyhemoglobin (Asmussen and Kjeldsen 
1975; Longo 1977). Nicotine infusion in pregnant sheep increases 
u terine vascular resistance and reduces uterine blood flow, effects 
which appear to be mediated by catecholamine release (Ayromlooi, 
Desiderio, Tobias 1981; Resnick, Brink, Wilkes 1979). Both cigarette 
smoking and nicotine gum increase fetal heart ra te  during the 
second trim ester in hum ans, consistent with sym pathetic activation 
(Lehtovirta et al. 1983). During the th ird  trim ester in hum ans,
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cigarette smoking or nicotine gum chewing decreases fetal heart rate 
and reduces fetal breathing movements, both of which may be signs 
of fetal hypoxia (Lehtovirta et al. 1983; Gennser, Marsal, Brantmark 
1975; Manning and Feyerabend 1976). Elevated levels of catechol
amines in amniotic fluid in human smokers during the third 
trimester indicate sympathetic activation in the fetus, consistent 
with fetal hypoxia and/or direct effects of nicotine (Divers et al. 
1981). The above findings suggest that nicotine contributes to the 
adverse effects of cigarette smoking on reproduction probably by 
acting on the utero-placental circulation. Besides producing func
tional changes, carbon monoxide and nicotine might also be responsi
ble for the injury to the intimal ultrastructure of the umbilical 
artery seen in smoking mothers (Asmussen and Kjeldson 1975). Fetal 
hypoxemia has also been considered as a contributory cause of 
behavioral abnormalities, such as hyperactivity, short attention 
span, lower scores on spelling and reading tests, which occurred at a 
higher frequency in children whose mothers had smoked throughout 
pregnancy than in those born to nonsmoking mothers (Naeye and 
Peters 1984).
Pulm onary Toxicity

Cigarette smoking is the  m ajor cause of chronic obstructive lung 
disease (US DHHS 1984). Nicotine may directly or indirectly 
influence the development of emphysema in smokers. It rapidly 
accum ulates in the pulm onary epithelial cells and some of its 
m etabolites are retained in th e  lung for prolonged periods (Waddell 
and Marlowe 1976; Szuts et al. 1978).

Chronic bronchial wall inflammation with accumulation of alveo
lar macrophages and polymorphonuclear neutrophils into the lung 
occur in response to habitual cigarette smoke exposure (Janoff 1983, 
1985). Macrophages and neutrophils release elastase, an enzyme that 
destroys alveolar structure. Stone and colleagues (1983) found that 
alpha-l-antitrypsin, an inhibitor of elastase, may also be partially 
inactivated by cigarette smoke, probably related to effects of oxidant 
gases. Nicotine, which possesses chemotactic properties for neutro
phils (Totti et al. 1984; Jay, Kojima, Gillespie 1986) and can 
stimulate the production of elastase as shown for the pancreas in 
vivo (Morosco et al. 1981), may play a role in increasing elastase 
levels in the lungs. In addition, nicotine may adversely affect the 
repair of connective tissue since it has been reported to cause 
structural alterations and inhibition of collagen synthesis in fibro
blast cultures (Chamson et al. 1980; Chamson, Frey, Hivert 1982; 
Hurst and Gilbert 1979).

Several other studies suggest th a t nicotine may contribute to the 
development of emphysema in smokers. Lai and Diamond (1987) 
showed th a t repeated inhalation of smoke from high, but not from
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low, nicotine cigarettes significantly augm ented experim entally 
induced emphysema in rats. Lelcuk and coworkers (1986) reported 
th a t nicotine instilled directly into the airways induced edema. In 
the rat, a  variety of ingredients of both the particulate and vapor 
phase of cigarette smoke are capable of increasing vascular perme
ability and producing edema in the  tracheobronchial mucosa (Lund
berg et al. 1983). This effect, which was traced to the stim ulation of 
substance P-containing pulm onary vagal afferent neurons, was 
duplicated by nicotine (Lundberg, Saria, M artling 1982). In the 
guinea pig, inhaled cigarette smoke damaged the mucosal barrie r 
and increased perm eability to horseradish peroxidase by disrupting 
the  in tercellu lar tigh t junctions of the bronchial epithelium  (Bouch
er e t al. 1980). In smokers, Mason and coworkers (1983) documented 
an increase in pulm onary epithelial perm eability in all lung regions 
using a radioaerosol procedure. In contrast, neither aerosolized nor 
injected nicotine, given over a period of 2 to 3 weeks, causes secretory 
cell hyperplasia (Rogers, Williams, Jeffery 1986) and there  is little  
evidence th a t nicotine contributes to the  development of chronic 
bronchitis. F u rth er research is needed to define the m agnitude of the 
contribution of nicotine to the  pathogenesis of smoking-induced 
chronic lung disease.

Nicotine can also worsen pulm onary function in smokers who 
already have lung disease. Acute exposure to nicotine induces 
constriction of both central and peripheral airways (Yamatake, 
Sasagawa, Y anaura 1978). The increase in airw ay resistance by 
nicotine involves vagal reflexes and stim ulation of parasym pathetic 
ganglia in the bronchial wall (N akam ura et al. 1986). The m agnitude 
of bronchoconstriction observed in experim ental anim als and hu 
m ans following acute inhalation of cigarette smoke is correlated 
with the level of nicotine in the smoke (Shepherd, Collins, Silverm an 
1979; Rees, Chowienczyk, C lark 1982; Lee e t al. 1983; N akam ura et 
al. 1985; H artia la  et al. 1985; Beck et al. 1986), suggesting th a t 
nicotine may be an im portant factor in the increased airway 
resistance of smokers.
G enotoxicity  and C arcinogenicity

Smoking of cigarettes is causally related to cancer of the respira
tory tract, the upper digestive tract, pancreas, renal pelvis, and 
bladder; cigarette smokers also face an  increased risk for cancer of 
the cervix (US DHHS 1982; IARC 1986). M any carcinogenic agents 
have been identified in cigarette smoke, however, not a single 
component nor chemical group(s) of components is solely responsible 
for the carcinogenic activity of cigarette smoke in the various organs. 
Laboratory bioassays suggest th a t polynuclear arom atic hydrocar
bons and N-nitrosam ines play significant roles in the induction of 
cancer in smokers (US DHHS 1982; IARC 1986). Nicotine, the
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principal alkaloid in tobacco smoke, has also been examined for its 
genotoxic and carcinogenic activity. In the  Ames’ Salmonella  
typhim urium  m utagenesis and m am m alian cell cytogenetic assays, 
nicotine did not possess any genotoxic activity, although it induced 
reparable DNA damage in the Escherichia coli pol A + /A - system 
(Bishun et al. 1972; Florin et al. 1980; Riebe, W estphal, Fortnagel 
1982; Riebe and W estphal 1983).

In earlier studies, nicotine and its prim ary metabolites were 
reported to possess weak tumorigenic activity (Truhaut, De Clercq, 
Loisillier 1964; Boyland 1968), which subsequent investigations did 
not confirm (Schmahl and Osswald 1968; M artin  et al. 1979; Toth 
1982; LaVoie et al. 1985). Nicotine lacked cocarcinogenic activity in 
the urethane-induced mouse pulm onary adenoma model (Freelander 
and French 1956), but was found to be a cocarcinogen in the 
benzo(a)pyrene-tetradecanoyl phorbol acetate mouse skin tumorigen- 
esis model (Bock 1980). The mechanism of cocarcinogenic activity is 
not clearly understood. Two prim ary metabolites of nicotine, coti- 
nine and nicotine-N'-oxide, failed to promote N-(4-(5-nitro-2-furyl)-2 
thiazyl) formamide (FANFT)-induced urinary  bladder tum ors in ra ts  
(LaVoie et al. 1985). On balance, it appears th a t nicotine does not 
possess direct carcinogenic activity.

During processing and pyrolysis of tobacco, nicotine can be N'- 
n itrosated to form N'-nitrosonornicotine and other related com
pounds (Figure 2) (Hoffmann and B runnem ann 1983; Hoffmann and 
Hecht 1985). These tobacco-specific N '-nitrosoam ines are found in 
substantial concentrations in Am erican snuff, as well as in m ain
stream  tobacco smoke (Table 2), and in the saliva of snuff dippers 
(Hoffmann and Adams 1981; Palladino et al. 1986). Tobacco specific 
N-nitrosoamines are highly carcinogenic in anim als and are suspect
ed to contribute to cancer related to cigarette smoking and smokeless 
tobacco use (Hoffmann, LaVoie, Hecht 1985; Hoffmann and Hecht 
1985). There is also concern th a t nicotine may be N-nitrosated w ithin 
the hum an body. Endogenous formation of N-nitrosoproline (a 
noncarcinogenic m arker of endogenous N-nitrosation) has been 
documented in cigarette smokers (Hoffmann and Brunnem ann 1983; 
Tsuda et al. 1986). W hether nicotine-derived nitrosoam ines are 
formed endogenously in am ounts sufficient to contribute to'fcqncer in 
hum ans exposed to nicotine per se (such as with nicotine replace
m ent therapy) rem ains to be determined.
G astrointestinal D isease

In peptic ulcer disease, cigarette smoking is a risk factor for its 
development, and an even stronger risk factor for delayed healing, 
failure to respond to therapy, and relapse (Kikendall, Evaul, 
Johnson 1984). In anim als, nicotine potentiates peptic ulcer forma
tion induced by histam ine or pentagastrin  (Konturek et al. 1971; Lee
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NICOTINE NORNICOTINE ANABASINE ANATABINE

I \ l  I I @9 g ?
NNAL NNK NNN NAB NAT

NITROSATION

FIGURE 2.—Formation of tobacco-specific nitrosamines
NOTE: NNAL. 4-<niethy]nitrosamino)-l-<3-pyrjdyl)butan-l-ol; NNK, 4-in)ethylnitro6amino)-l-(3-pyridyl)-]-buta- 

none; NNN. N -nitrosor ornicotine; NAB, N '-nitrosoanabaaine NAT, N '-nitrosoanatabine.
SOURCE US DHHS (1986).

TABLE 2.—Tobacco-specific nitrosamines in commercial 
U.S. tobacco products

Tobacco product NNN NNK NAT +  NAB

Smokeless tobacco
Chewing tobacco1 Ippb) 3500-8200 100-3000 500-7000
S n u ff1 ippb) 800-89,000 200-8300 200-4000

M ainstream  smoke
C igarette, NF Ing/cig) 120-950 80-770 140-990
C igarette. French Black, NF 500 220 350
C igarette. F Ing/cig) 50-310 30-150 60-370
L ittle cigar, F (ng/cigar) 5500 4200 1700
Cigar ing/cigarl 3200 1900 1900

Sidestream  smoke
C igarette. NF ing/cig) 1700 410 270
C igarette. F ing/cig) 150 190 150

NOTE NNN. N -nitrosonornicotine; NNK. ^methylnitroeam inoM -O -pyridyD-l-butanone; NAT, N 'n itroeoana- 
tabine; NAB. N -nitrosoanabasine; NF, without filter tip; F, w ith filter tip.

’ ('hewing tobacco and snuff also  con ta in  <20 0  ppb NNAL. 4-imethylnitro6aminoM'(3-pyridyl>butan-l-cl. 
SOLTRCE: Hoffmann. LaVoie, Hecht <1985).

and G ruber 1952). Several mechanisms by which nicotine acts in th is 
regard have been proposed. (1) Chronic trea tm en t in ra ts  increases 
basal acid secretion, an  effect which appears to be m ediated by 
parasym pathetic mechanisms (Thompson and George 1972). Chronic 
cigarette smoking may induce hypersecretion of acid in response to 
secretory stimuli. (2) Infusion of nicotine in anim als and cigarette 
smoking by people reduces pancreatic bicarbonate secretion, which 
norm ally neutralizes acid entering the  duodenum (Solomon et al.
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1974; M urthy et al. 1977). This could result in increased acid delivery 
to the duodenum, thereby increasing the risk of ulceration. (3) 
Smoking may im pair the mucosal barrier to acid-mediated injury. 
Smoking, apparently  acting through nicotine, decreases mucosal 
blood flow and inhibits mucosal prostaglandin synthesis, both of 
which may im pair the effectiveness of the gastric mucosal barrier, 
which protects the stomach lining against acid (Chujoh and Nakaza- 
wa 1981; Kawano et al. 1982; Quimby et al. 1986). (4) Cigarette 
smoking reduces both lower esophageal and pyloric sphincter 
pressures (Chattopadhyay, Greaney, Irvin 1977; Valenzuela, Defilip- 
pi, Csendes 1976), resulting in gastroesophageal reflux and duodeno- 
gastric reflux, respectively. The former may result in reflux symp
toms (heartburn) (Stanciu and Bennett 1972), while the la tte r may 
cause reflux of bile acids and lysolecithin, which are known to break 
down the gastric mucous barrier. A direct role of nicotine is 
suggested by studies in opposums showing th a t intravenous nicotine 
reduces lower esophageal sphincter pressure (Rattan and Goyal 
1975).

The relative im portance of local exposure to nicotine (as from 
swallowing nicotine from nicotine polacrilex gum) versus exposure to 
nicotine via the bloodstream in producing the above effects is 
unclear. In view of the extrem ely high concentrations of nicotine in 
saliva as compared to blood, local toxicity m ust be considered until 
proven otherwise to be an additional risk of nicotine polacrilex 
chewing gum for patients with ulcer disease or symptoms of 
esophageal reflux.

Summary and Conclusions

1. At high exposure levels, nicotine is a potent and potentially 
lethal poison. H um an poisonings occur prim arily as a result of 
accidental ingestion or skin contact with nicotine-containing 
insecticides or, in children, after ingestion of tobacco or tobacco 
juices.

2. Mild nicotine intoxication occurs in first-time smokers, non
smoking workers who harvest tobacco leaves, and people who 
chew excessive am ounts of nicotine gum. Tolerance to these 
effects develops rapidly.

3. Nicotine exposure in long-term tobacco users is substantial, 
affecting m any organ systems (Chapters II and III). Pharm aco
logic actions of nicotine may contribute to the  pathogenesis of 
smoking-related diseases, although direct causation has not yet 
been determ ined. Of particu lar concern are cardiovascular 
disease, complications of hypertension, reproductive disorders, 
cancer, and gastrointestinal disorders, including peptic ulcer 
disease and gastroesophageal reflux.
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4. The risks of short-term  nicotine replacem ent therapy as an aid 
to smoking cessation in healthy people are acceptable and 
substantially  outweighed by the risks of cigarette smoking.
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sensory gratification , 413  
vigilance tasks, sm oking effects,

383
A U T O N O M IC  N E R V O U S  SY ST E M

m yenteric plexus, 96 
peripheral cholinergic neuron stim 

ulation, 79 
phasic increases, em otional stim ula

tion, 411
A V E R S IV E  T H E R A P Y

contingency contracting, 494-495  
covert sensitization , 488  
directed sm oking, 488  
less severe techniques, 492-493  
rapid sm oking, 501 
relaxation  train ing, 493-494  
unpleasant conditions, 501

B E H A V IO R , A N IM A L
associated stim uli, 309  
drug seeking, 309 
food in take and body w eight, nic

otine adm inistration, 434 
negative-affect-reducing properties 

of nicotine, 407 
physical activity , n icotine adm inis

tration and cessation, 435  
place preference or aversion, 194

195
reinforcing drug effects, 279  
self-adm inistration of drugs, 279

B E H A V IO R , H U M A N
classically  conditioned, 307 
cocaine deprivation, 310  
com pulsive drug use, 250  
counseling, 502-503  
drug seeking, 310 
nicotine self-adm inistration, nega

tive reinforcem ent, 193-194  
nicotine self-adm inistration, re

sponse rates, 192 
operant, 307
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B E H A V IO R , H U M A N —Contd.

repetitive and stereotypic drug use, 
8

respondent, 307 
treatm ent strategies, 487-503

B E L G IU M
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 419, 420
B IO A S S A Y S

cotin ine and nicotine, 42-43  
enzym e-linked im m unosorbent as

say, 43 
gas chrom atography, 43 
m ass spectrom etry, 43 
radioim m unoassay, 43

B IO C H E M IC A L M A R K E R S
blood cotin ine, 38, 42  
blood n icotine, 42 
carboxyhem oglobin, 42, 514  
cotin ine, 515
m etabolism  of nicotine, 41 
salivary cotin ine levels, 42 
thiocyanate, 514-515  
urinary cotin in e levels, 42

B L A C K  A M E R IC A N S
(See a lso  ETHNIC GROUPS) 
cessation m otivation and success, 

510
cessation  of sm oking, 508-509  
church and fraternal roles, 511-512  
coronary risk trial, 511 
h ealth  care access, 509  
physician influence, 511 
quit-sm oking treatm ents, 511-512  
sm oking and quitting patterns, 510  
social norm s and advertising, 509

510
sociodem ographic factors, 509

B L O C K A D E  T H E R A P Y
m ecam ylam ine, 484-485  
opioid dependence, 484  
tobacco dependence, 484-485

B LO O D
carboxyhem oglobin, 39 
cotin ine, 38 
nicotine, 30-33 , 38-39  
pH and nicotine m easures, 41 
wound healing, 600

B L O O D  P R E S S U R E
changes during abstinence or re

lapse, 202, 205

B L O O D  P R E S S U R E —Contd.
hypertension relationship  to sm ok

ing, 600-601  
stress and nicotine, 409

B O D Y  H E IG H T
sm okers vs. nonsm okers and ex

sm okers, 416, 418
B O D Y  T E M P E R A T U R E

changes, w ithdrawal sym ptom , 202  
skin, changes during abstinence or 

relapse, 202, 205
B O D Y  W EIG H T

adipose tissue, relative nicotine lev
el, 32

carbohydrate m etabolism  and sm ok
ing, 107

changes during abstinence or re
lapse, 205 

control, sm oking and n icotine ef
fects, 381 

gains after n icotine cessation, an i
m als, 432  

hypothalam ic consum m atory drive 
model, nicotine, 412-413  

nicotine adm inistration, anim als, 
w ith food intake, 434  

nicotine polacrilex gum , effects, 432  
sm okers vs. nonsm okers and ex

smokers, 414-441  
sm oking cessation effects, 199, 202, 

439
w eight loss and nicotine, anim als, 

432
B R A IN

alpha, beta, and th eta  power, w ith  
sm oking, 111-112  

anteroventral thalam ic nucleus, 86, 
94

blood-brain barrier, n icotine isome- 
thonium  penetration, 57 

caudate nucleus, 94 
central grey m atter, 86-87  
cerebellum, 94
cerebral cortex, 94 
chem ical m ediation o f n icotine, 8 
cortical arousal, w ithdraw al sym p

tom , 202, 204 
cortical electric potentials, w ith 

drawal sym ptom , 206  
cortical evoked potentials, w ith 

drawal sym ptom s w ith  nicotine  
polacrilex gum , 208
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B R A IN —Contd. 

dentate gyrus, 94 
electrocortical effects o f nicotine, 

107-112
expectancy and orienting w aves,

115
frontoparietal cortex, 86-87  
glucose utilization , n icotine stim u la

tion, 81, 86-88  
hippocam pus, 94, 99-100, 109 
hom ovanillic acid levels after nic

otin e exposure, 110 
hypothalam us, 94, 97 
interanterom edial th alam ic nucleus, 

86
interpeduncular nucleus, 86, 94, 95  
interpeduncular nucleus and m edi

al habenula, 3H-labeled nicotine, 
81

lateral gen iculate body, 86 
lateral habenulae, 86  
lateralized  affective processors mod

el, stressfu l conditions, 412  
locus coeruleus, 95 
m edial habenulae, 86, 94, 95 
m etabolism , binding sites, 85-86  
nerve cells, n icotine concentrations, 

85
nicotine concentrations, anim als, 

82-85
nicotine levels, d iscrim ination stim 

ulus, 174 
nicotine polacrilex gum , 111-112  
nicotine-induced desynchronization, 

109
physiological effects o f n icotine in 

jections, 96-97  
presubicuiutn, 94 
putam en, 94
rapid n icotine uptake, 32-33  
rat cerebellum , n icotine effects, 92

93
relative nicotine level, 32 
retrosplenial cortex, 86 
substantia  nigra pars com pacta, 94 
superior colliculus, 86, 94 
ventral tegm ental area, 86-88 , 94

B U N G A R O T O X IN
binding sites, 47
binding studies, m am m alian brain,

91-94
nicotin ic cholinergic receptors, 88

89

B U N G A R O T O X IN —Contd. 
receptor m easurem ent, 53

C A F F E IN E
cigarette consum ption effects, 167 
nonreinforcer, 281

C A N A D A
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 417
C A R B O N  M O N O X ID E

carboxyhem oglobin content, 59 
sm oking behavior, 154 
toxicity, 59
visu al inform ation processing task, 

sm oking effects, 384
C A R BO X Y H E M O G L O B IN

carbon m onoxide exposure, 59  
concentration, 39

C A R C IN O G E N E SIS
benzo(a)pyrene-tetradecanoyl phor- 

bol acetate, 604  
bladder, 604  
respiratory tract, 604  
tobacco cigarettes vs. n icotine pola

crilex  gum , 215
C A R D IO V A SC U L A R  SY ST E M

(See also  CORONARY HEART DIS
EASE) 

acute tolerance, 48, 49 
atherosclerosis, 596-598  
body weight, sm okers vs. nonsm ok

ers and ex-sm okers, 417, 422,
427

carbon m onoxide effects, 596  
cardiom yopathy, 599-600  
contribution of nicotine, 56  
coronary artery disease, 598  
low -density lipoproteins, 596  
nicotine and carbon m onoxide, 116

117
n icotine effects, 596-601  
stress and sm oking, 118 
Surgeon G eneral’s Report, 12 
throm bosis, 597-598  
very low-density lipoproteins, 596

C A T E C H O L A M IN E S
am niotic fluid, 603  
nicotine effects on central neurons, 

100
release from extra-adrenal chrom af

fin tissues, 9 7 -98

622



INDEX
CELLS

nerve, n icotine concentrations, 85
C E N T R A L  N E R V O U S  SY ST E M

nicotine concentrations, 83-84  
nicotine isom ethonium , 57 
nicotinic cholinergic receptors, 89 
pre- or postsynaptic release o f ace

ty lcholine, 95 
psychoactive drugs, 267  
tranquilization effects o f nicotine, 

409
C E SS A T IO N  OF SM O K IN G

(See a lso  ABSTINENCE; DEPRIVA
TION; WITHDRAW AL SYM P
TOMS; WITHDRAW AL SY N 
DROME) 

blacks vs. w hites, 572  
criteria, 516
heavy vs. ligh t sm okers, success 

rates, 577 
m ales vs. fem ales, 580, 581 
m easurem ents, 576, 580 
m en, neuroticism , 402  
physical activity  changes, 435 
program developm ent, nicotine ad

diction, 6 
quit attem pts, 150 
quit difficulty and daily consum p

tion, 206
quit ratios by age and sex, 1965 to 

1985, 581 
relapse and psychophysiological re

activity , 120 
spontaneous rem ission, 255-259  
stages, 518
Surgeon G eneral’s Report, 12 
trials, 489-490
w eight gain, 414, 416, 422, 423,

424, 425, 431, 439-440
C E SS A T IO N  O F SM O K IN G , 

M E T H O D S
(See a lso  NICOTINE DELIVERY, 

ALTERNATE; NICOTINE POLA- 
CRILEX GUM; NICOTINE RE
PLACEMENT; TREATMENT) 

acupuncture, 504  
contingency contracting, 494-495  
hypnosis, 504  
nicotine addiction, 8 -9  
nicotine fading, 497-499  
nicotine vapor inhaler, 212  
self-efficacy, 497

C E SSA T IO N  O F SM O K IN G , 
M E T H O D S— Contd. 
sim ilarity  to m ethods for other  

drugs, 467 
stim ulus control, 497

C H E M IC A L D E T E C T IO N
biological sam ples, 256, 259 
interpretation, 259  
sensitiv ity, 259 
specificity, 259

C H E M IC A L  ST R U C T U R E
nicotine, 27
nicotine m etabolites, 35 
tobacco alkaloids, minor, 27

CH EW IN G  TO BACCO
nicotine absorption, 29, 31 
nicotine levels, 38

C H IL D R E N
negative- and positive-affect regula

tion, sm oking, 399 
sm oking and body w eight beliefs, 

438
C H O L IN E R G IC  A G E N T S

acetylcholine release, 81 
interaction w ith biogenic am ine  

pathways, 98 
nicotine effects on central and pe

ripheral nervous system s, 96-97
C IG A R  SM O K IN G

body weight, sm okers vs. nonsm ok
ers, 417, 419 

nicotine levels, 38
prevalence, m en, 1964 to 1986, 580, 

582
Surgeon G eneral’s Report, 12

C IG A R E T T E S, H IG H -N IC O T IN E
affect m odulation, 405 
blood n icotine levels, 39 
brand loyalty, 567 
carboxyhem oglobin levels, 39 
effects on recall, 389 
em physem a, 604  
knee-jerk reflex, 45 
visual inform ation processing task, 

sm oking effects, 384 
yields o f nicotine, 26

C IG A R E T T E S, H IG H -T A R
brand loyalty, 567 
visual inform ation processing task, 

sm oking effects, 384
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C IG A R E T T E S, H IG H -Y IE L D

carbon m onoxide, 59
heart rate, partial tolerance, 55-56
sm oking behavior, 163

C IG A R E T T E S, LO W -N IC O TIN E
affect m odulation, 405 
effects on recall, 389 
em physem a, 604 
knee-jerk reflex, 45 
Surgeon G eneral's Report, 12 
visual inform ation processing task, 

sm oking effects, 384
C IG A R E T T ES, LO W -TAR

Surgeon G eneral’s Report, 12 
visual inform ation processing task, 

sm oking effects, 3S4
C IG A R E T T E S, LOW -YIELD

carbon monoxide, 59  
consum ption, health  risks, 566 
heart rate, partial tolerance, 55-56  
vented, sm oke concentration, 159

161
C O C AIN E

cost, 283-284  
crack, 281
increase in use, 305-306  
m ultidrug use, 261-264  
place conditioning, 285 
starter drug, 278

C O FF E E  C O N SU M P T IO N
smokers vs. nonsm okers, 437

C O G N IT IO N
concentration difficulty, w ithdrawal 

sym ptom , 199, 201, 204, 205.
208, 210 

euphoria and dysphoria, 117 
oral contraceptive use, response to 

stress, 118-119  
stressor response am ong women,

118
task performance, 394

C O N D IT IO N IN G
behavioral tolerance, 289 
cues to  smoke, 465 
drug use as learned behavior, 307

309
drug-opposite response, 289 
nicotine addiction, 465 
pharm acologic and psychological 

factors, 465  
physiological reactions, 466

C O N D IT IO N IN G —Contd.
place preference and aversion, 194, 

284
placebo effects, 309 
taste aversion, 194

C O N SU M P T IO N
adolescents, 260 
adolescents, stress factor, 400  
adults, effects o f stress, 401 
body w eight effects, 415, 416, 417, 

419, 420, 423, 426, 431 
children, sm oking and body w eight 

beliefs, 438  
frequency and m ultip le drugs, 263

264
heavy smokers, stress, 403 
heavy vs. ligh t smokers, sm oking  

cessation success, 577 
high-yield cigarettes, 163 
m ultip le drugs, 260 
occasional tobacco use, 253-254  
prediction, 262-263  
progression of drug use, 261-263  
race, age, and gender factors, 579 
severity  o f w ithdraw al sym ptom s, 

206
U nited  States, 1973 to 1987, 567 
U nited States, estim ation  through  

taxes, 565  
U nited  States, per capita decline, 

565-566
C O N TR O L L E D  SM O K IN G

com pensatory behavior, 499-500  
outcom es, 499-500  
param eters, 499  
prospects for abstinence, 500

C O P IN G  S T R A T E G IE S
cognitive versus behavioral tech

niques, 530-531  
retrospective bias, 531 
self-punitive cognitions, 531 
short- and long-term  effects, 496  
skill-based treatm ent, 532  
sk ills training, 496 
stim ulus control, 530-531  
stress and sm oking habit, 402 
willpower, 531

C O R O N A R Y  H E A R T  D IS E A S E
(See also  CARDIOVASCULAR SY S

TEM) 
ischem ia, m ortality  
myocardial infarct, 598-599
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C O R O N A R Y  H E A R T  D IS E A S E —

Contd.
m yocardial infarct, w eight gain af

ter sm oking cessation or continu
ation, 426 

pharm acodynam ic aspects, n icotine, 
56 

risk, 598
stress and sm oking, 118 
Surgeon G eneral’s Report, 11 

C O R T IC O STE R O ID S
corticosterone and tolerance, 52 
plasm a corticosterone levels, 100

101, 103
plasm a levels and cigarette sm ok

ing, 104-106
CO ST

altern ate n icotine delivery system s, 
214

individual and social, 252  
positive and negative incentives,

284
required work, 283-284  
tim e, 283 

C O T IN IN E
bioassay com parison, 38-40  
biochem ical detection, 515 
blood levels w ith  n icotine polacri- 

lex  gum , w ithdrawal sym ptom s, 
209 

content, 28
daily  cigarette consum ption, 160 
discrim ination, nicotine-trained a n i

m als, 172 
levels and severity  o f w ithdrawal 

sym ptom s, 206-207  
m etabolites, 34 
n icotine m etabolite, 34-38  
structure, 27
tobacco-use marker, 38, 40 

C R A V IN G  
abstinence, 205 
definitions, 295 
gender difference, 523  
m easurem ent problems, 211 
m ecam ylam ine effects, 485 
n icotin e polacrilex gum , 208-209, 

210, 475 
plasm a n icotine levels, 211 
precip itating factors, 211 
recurrent and persistent, absti

nence, 8 
relapse, 205, 523

C R A V IN G —Contd. 
sensory stim uli, 211 
sm okeless tobacco w ithdrawal 

sym ptom , 207 
withdrawal sym ptom , 199, 201, 204

C Y T ISIN E
discrim ination, nicotine-trained an i

m als, 172-173  
respiratory and cardiovascular ef

fects, 57
D E M O G R A P H IC  F A C T O R S

(See also  SOCIOECONOMIC FAC
TORS)

cigarettes and sm okeless tobacco, 
306

m arital status, 571 
sm oking prevalence, 569, 571 
wom en and youth, 306

D E N M A R K
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 418
D E P E N D E N C E

aversive lim its, 268  
behavioral effects, 286  
cross-tolerance, 292 
definitions, 7, 198, 247-248, 245

250  
drug use, 12
interoceptive drug effects, 268  
levels, 253
neuroadaptation, 286 
physiological effects, 286  
positive reinforcem ent, 268  
potential testing, 269-270, 285-286  
progression, 253 
unconditioned stim uli, 268

D E P R E S S IO N
N avy m en, cigarette consum ption, 

404
nicotine polacrilex gum , 208-210  
withdraw al sym ptom , 201

D E P R IV A T IO N
(See a lso  ABSTINENCE; CESSA

TION OF SMOKING; W ITH
DRAWAL SYMPTOMS; WITH
DRAWAL SYNDROME) 

attention  span of sm okers, 386  
effects on m em ory, 388  
negative affect, 405, 406  
sm oking rates and behavior, 164 
stress, relapse, 402
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D IA Z E P A M

nicotine-induced antagonism , 175 
w ithdrawal syndrom e, 297

D IE T
alkaline, sm oking behavior, 163

164
changes during abstinence or re

lapse, 205, 206, 433-434  
changes, sm okeless tobacco w ith 

drawal sym ptom , 207 
food in take and appetite, w ithdraw 

al sym ptom , 202 
food in take and sm oking-related  

energy im balance, 434 
hunger, hypothalam ic consum m ato- 

ry drive model, nicotine, 412-413  
hunger, w ithdraw al sym ptom  w ith  

nicotine polacrilex gum , 209, 210 
sw eet food in take and w eight gain  

after sm oking cessation, 433-434
D IS C R IM IN A T IO N

behavior, 274 
drug sim ilarity , 274 
generalization, 274 
intravenous nicotine adm inistration, 

hum ans, 176-177  
m etrazol, anim als, 175 
nicotine, adm inistration  method, 

anim als, 171-172  
nicotine, hum ans, 176-177  
nicotine, pentolinium  pretreatm ent, 

176-177
n icotine vs. 3-m ethyl-pyridylpyrolli- 

dine, 173 
specificity, 275-276  
testing, 274-277

D IZ Z IN E SS
acute sensitiv ity, 45, 47 
tobacco poisoning, 595

D O P A M IN E
control over acetylcholine turnover, 

98
cue properties of nicotine, 97 
nicotine agonists, 54 
stim ulation  by nicotine, 54 
turnover and release, 100-101

D O SE  C O N TR O L
brand sw itching, 162 
consistent nicotine intake, 158 
function o f tim e, 164 
nicotine reinforcem ent, anim als, 

189-190

D O SE  C O N TR O L —Contd.
ventilated  cigarette holders, 159

D O S E -R E S P O N S E
am phetam ines, 282 
aversive lim its, 282 
biphasic effects, 44 
com pensatory n icotine intake, 283  
heart rate changes, 56 
psychoactivity, 272 
self-adm inistration and reinforce

m ent, 282 
self-reported effects, 274  
titration-studies, n icotine, 282-283  
tobacco smoke, 282  
w ithdraw al reactions, 293

D R U G  A B U S E
adolescents, sm oking as risk factor, 

400-401  
liab ility  factors, 304

D Y S P H O R IA
n icotine dose increases, 178

E D U C A T IO N
high school dropouts, sm oking  

prevalence, 574  
sm oking prevalence, 1985, 571

E L E C T R O E N C E P H A L O G R A P H Y
activating  effects o f nicotine, 81-82  
activity  in rats, 52 
changes during abstinence or re

lapse, 205, 206  
distinct central nervous system  ef

fects, 108-109  
history o f n icotine studies, 108-109  
nicotine-induced desynchronization, 

112
parallels w ith  self-reports, 274 
power spectral analysis, 110 
withdraw al sym ptom s w ith nicotine  

polacrilex gum , 208
E L IM IN A T IO N

acid loading, 40-41  
alk alin e loading, 40-41  
kinetics, 38
m easurem ent o f sm oke intake, 152 
renal nicotine, 40-41  
tolerance m easure, 289 
urinary tract, 33, 34, 36, 37

E M P H Y SE M A
Surgeon G eneral’s  Report, 11 
w eight gain, sm okers vs. nonsm ok

ers, 426
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E N D O C R IN E

adrenal cortex, 104-106  
fo llicle-stim ulating horm one, 100

102
grow th horm one, 101 
lu tein izing horm one, 100-102  
nicotin e effects, 96 
prolactin, 100-102  
thyroid, 104
thyroid-stim ulating horm one, 100

102
E N V IR O N M E N T A L  F A C T O R S

conditioned responses, 306 
contingent reinforcem ent, 306 
drug costs, 306  
econom ic factors, 266 
individual reactions, 529 
n egative affect, 530  
other sm okers, 529-530  
parental drug use, 266  
peer sm oking, 526  
place conditioning, 284-285  
relationship  to direct drug effects, 

308, 309  
sm oking cues, 526, 529-530  
spousal sm oking, 526-527  
stim u lu s control, 497  
stress, 530
w ithdraw al effects, 204, 310-311

E P IN E P H R IN E
levels during abstinence or relapse, 

204, 205  
serum  concentrations, 97

E T H N IC  G R O U P S
(See also  BLACK AMERICANS;

H ISPANIC AM ERICANS) 
black A m ericans, 508-512  
black vs. w h ite  m ales, sm oking  

prevalence, 569  
black vs. w h ite pregnant smokers 

vs. nonsm okers, body weight,
418, 424 

blacks, sm okers vs. nonsm okers 
and ex-sm okers, body w eight,
419

blacks vs. w hites, cigarette con
sum ption, 577 

blacks vs. w hites, sm oking preva
lence, 572, 579  

H ispanic A m ericans, 512-513  
H ispanic, sm oking prevalence, 569

570
O riental alcoholism , 290

E T H N IC  G R O U P S —Contd
O riental aversion to alcohol, 290

EX -SM O K ERS
body w eight, vs. sm okers and non

smokers, 416-430  
spontaneous rem ission, 466 
w ithdraw al sym ptom s, 199-200

E Y ES
nicotine concentrations, 83 
pupil en largem ent after n icotine 

use, 274
pupillary constriction from opioids, 

291
visual evoked response during 

sm oking abstinence, 202
F IN L A N D

body weight, sm okers vs. nonsm ok
ers and ex-sm okers, 429

F R A N C E
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 422
G A N G L IA

localization of nicotine, anim als, 85 
peripheral cholinergic neuron stim 

ulation, 79
G A S T R O IN T E S T IN A L  SY ST E M

heartburn, 607 
peptic ulcer, 605-607  
relative n icotine level, 32 
sm all bowel, n icotine reabsorption, 

33
stom ach, n icotine concentrations, 

8 2-83
G E N E T IC  P R E D IS P O S IT IO N

adolescent drug use, 266-267  
vulnerab ility  factors, 266

H A IR
nicotine recovery, 33

H E A D A C H E
acute sen sitiv ity , 45, 47 
tobacco poisoning, 595

H E A R T
acute nicotine tolerance, 48, 49 
arrhythm ia, 599
nicotine concentrations, anim als, 84 
relative n icotine level, 32

H E A R T  R A T E
abstinence or relapse, 122-123, 202, 

204, 205, 206
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H E A R T  R A T E —Contd. 

acute tolerance, 48, 49 
drug and environm ental effects, 

308
nicotine-induced tachycardia, 291 
sm okeless tobacco w ithdraw al 

sym ptom , 207  
stress and nicotine, 409 
stress and smoking, 118 
tachycardia, 492-493  
w ithdraw al sym ptom , 199, 201 
w ithdraw al sym ptom  w ith  n icotine  

polacrilex gum , 210
H E R O IN

cigarette consum ption effects, 167 
m ethadone effect, 288

H E X A M E T H O N IU M
acetylcholine release blocked, 81 
attenuated  am ine release, 98  
discrim ination, n icotine-trained ani

m als, 174 
in h ib iting effects on n icotine, 88,

92-93
smoke-induced edem a, 179

H IS P A N IC  A M E R IC A N S
{See a lso  ETHNIC GROUPS) 
gender difference, 512  
physician influence, 513 
prevalence of sm oking, 512  
sm oking cessation, 512-513  
sm oking correlates, 512-513

H IST O R IC A L  P E R S P E C T IV E
addictive behavior, 269 
discovery of nicotine, 10 
m edicinal vs. harm ful effects, 9 -10  
n icotine addiction, 10-11  
nicotine pharm acology, 10-11  
tobacco use, 9

H O R M O N E S
adrenocorticotropic, acetylcholine  

effects, 97 
adrenocorticotropic, n icotine effects, 

100-103, 105-106  
androgen, testosterone levels, and  

sm oking, 106 
argin ine vasopressin, nicotine- 

induced release, 102-103  
estrogen production and m etabo

lism , sm oking effects, 106 
proopiom elanocortin , acetylcholine  

effects, 97

H O R M O N E S—Contd.
pro-opiomelanocortin, factors influ

encing release, 103-104  
prolactin, lutein izing, and follicle  

stim ulating, 52
H Y P O T H A L A M U S

consum m atory drive m odel, nic
otine, 412-413  

neuroendocrine function, 52
H Y PO X E M IA

fetal developm ent, 603  
subsequent behavioral abnorm ali

ties, 603
IM P A T IE N C E

nicotine polacrilex gum , 210  
w ithdrawal sym ptom , 199, 201

IN H A L A T IO N  P A R A M E T E R S
m easurem ent techniques, 152 
published values, 156-157

IN IT IA T IO N
aversive reactions, 264-265  
dependence, cigarettes vs. n icotine  

polacrilex gum , 215 
drug classes, 259, 261-265  
environm ental m otivations, 278  
experim ental use, 265  
sm okeless tobacco, 265, 584  
social and pharm acologic factors, 

264-265
stress and early  sm oking onset, 399  
Surgeon G eneral’s Report, 12 
w eight control and sm oking, 438  
wom en, neuroticism , 402

IN T E R O C E P T IV E  E FFE C T S
definition, 170
dependence potential testin g, 270

271
mood and feeling, 270  
m orning w ithdraw al cues, 307-308  
perception, sm oke and nicotine, 179 
subjective pleasure, 308  
taste, airw ay irritation, 179

IR R IT A B IL IT Y
changes during abstinence or re

lapse, 205, 206  
nicotine polacrilex gum , 208, 210  
w ithdraw al sym ptom , 199, 201

J A P A N
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 420
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nicotine concentrations, 82-84  
n icotine elim ination , 33, 37 
relative n icotine level, 32

L E A R N IN G
behavioral tolerance, 289 
letter-digit substitution  task, sm ok

ing effects, 386-387  
nicotine and sm oking effects, hu

m ans and anim als, 386  
paired-associated, sm oking effects, 

387, 388
serial, retention, sm oking effects, 

388
state-dependent, definition, 389 
verbal rote, sm oking effects, 387

388
L IV E R

drug detoxification and tolerance, 
290

n icotine concentrations, 83-84  
n icotine m etabolism , 37 
relative n icotine level, 32

L O B E L IN E
discrim ination, n icotine-tra ined  an i

m als, 173 
respiratory and cardiovascular ef

fects, 57
LO CO M O TO R A C T IV IT Y

decreases w ith  n icotine, 49, 51 
nicotine induced, 53

L U N G  D IS E A S E S
bronchoconstriction, 604 
cancer, Surgeon G eneral’s Report,

11
chronic bronchial w all inflam m a

tion, 603  
em physem a, 603 
nicotine toxicity, 603-604  
pulm onary ep ith elia l perm eability, 

604
Surgeon G eneral’s Report, 12 

L U N G S
afferent neuron stim ulation , 116 
n icotine concentrations, anim als, 84 
relative n icotine level, 32

L Y SE R G IC  A C ID  D IE T H Y L A M ID E
(LSD)

nonreinforcer, 281, 282, 285
M A IN T E N A N C E  O F  SM O K IN G

Surgeon G eneral’s Report, 12

M A IN T E N A N C E  O F  SM O K IN G —Contd. 
w eight control, 438

M A R IJ U A N A  SM O K IN G
cigarette consum ption effects, 168 
m ultidrug use, 261-264  
sm oking as risk factor, 401

M E C A M Y LA M IN E
brain and spinal cord effects, 89 
discrim ination, nicotine-trained a n i

m als, 173-174  
dose-response, 93 
effects on desynchronization, 109 
local cerebral glucose utilization,

86-88
nicotine conditioning taste  aversion,

196
nicotine-induced antagonism , 175 
n icotin ic receptors blocked, 81 
place preference, n icotine effects,

195
pretreatm ent, effect on conditioned  

reinforcer, 191 
pretreatm ent, harshness ratings of 

sm oke, 179 
pretreatm ent, n egative n icotine re

inforcem ent, 193 
pretreatm ent, n icotine discrim ina

tion , 176-177  
pretreatm ent, n icotine polacrilex  

gum , d iscrim ination, 178 
pretreatm ent, sm oke intake, 166

M EM O R Y
(See a lso  RECALL) 
delayed, sm oking effects, 388 
im m ediate, sm oking effects, 388 
nicotine and sm oking effects, hu

m ans and anim als, 386  
recognition study, state-dependent,

390
task  perform ance, 394 
verbal, sm oking and nicotine ef

fects, 389 
words and order, sm oking effects,

389
M E T A B O L ISM

(See a lso  PHYSICAL ACTIVITY) 
anim al, body w eight, sm oke expo

sure or n icotine adm inistration,
436

body w eight and sm oking, 434,
435-437
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203

nicotine clearance, 40 
nicotine m etabolites, 34, 35, 36 
rate, 37
sm okers vs. nonsm okers, 53 
sm oking cessation  effects, 433, 436

M E T H A D O N E
cigarette consum ption effects, 167 
effect on heroin use, 288  
efficacy, 296

M O O D
changes during abstinence or re

lapse, 205-206  
hedonic system s m odel, n egative af

fect, 411
regulation, sm oking and drug use, 

401
regulation, subjective well-being, 

sm oking effects, 394-399
M O R P H IN E

discrim ination, 275-276  
euphoria and self-adm inistration, 

277
physical dependence, w ithdrawal, 

294
place conditioning, 285

M O T IV A T IO N
behavioral tolerance, 289  
gender differences, 506 
self-perceived reasons for sm oking, 

398
treatm ent enhancem ent, 332-334

M O T O R  B E H A V IO R
alcohol-induced m uscle relaxation, 

291
sm oking and nicotine effects, 392

393
task perform ance, 394

M U C O U S M E M B R A N E S
cardiovascular effects o f nicotine, 

598
M U SC LE S

alcohol-induced relaxation, 291 
N -m ethylnicotinium  ion, pressor 

and neurom uscular effects, 57  
relative n icotine level, 32 
tonic and phasic m uscular activity, 

nicotine effects, 410

M U T A G E N E S IS
S alm on ella  typh im u riu m  assays, 

605
N A L O X O N E

cigarette consum ption effects, 168 
opioid w ithdraw al, 297

N A U S E A
acute sen sitiv ity , 45, 47  
tobacco poisoning, 595

T H E  N E T H E R L A N D S
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 430
N E U R O E N D O C R IN E  F U N C T IO N

n icotine effects, 95 -96
N E W  YO R K

sm okeless tobacco use, 1986, 581
N EW  Z E A L A N D

body w eight, sm okers vs. nonsm ok
ers and ex-sm okers, 421

N IC O T IN E
content, d ifferent tobaccos, 28  
intake, 40
place conditioning, 285 
sen sitiv ity , 46—47 
structure, 27

N IC O T IN E  A E R O SO L S
respiratory sensations, plasm a nic

otin e levels, 179-180  
tobacco-like sensations, cessation  

m ethod, 180
N IC O T IN E  C O N T E N T

cigarettes vs. chew ing tobacco, 
snuff, 28 

high-yield  cigarettes, 26  
low-yield cigarettes, 26

N IC O T IN E  D E L IV E R Y , A L T E R 
N A T E

(See a lso  CESSATION OF SMOK
ING, METHODS; NICOTINE  
POLACRILEX GUM; NICOTINE  
REPLACEMENT; TREATMENT) 

chew able product, FDA ruling, 
212-213  

dependence p otential, 214 
nicotine polacrilex gum , depen

dence and w ithdraw al, 207-208  
potential for abuse w ith  concurrent 

tobacco use, 213-214  
tobacco cigarettes vs. n icotine pola

crilex  gum , 215
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A L T E R N A T E -C on td .
tolerance, physical dependence, 

w ithdraw al sym ptom  alleviation, 
212

toothpaste-like form ulation, FDA  
review, 212 

toxic effects, convenience, depen
dence potential, 213

N IC O T IN E  F A D IN G
com bination w ith self-m onitoring, 

498
definition, 497
low-tar and -nicotine brands, 497

498
outcom es, 498-499

N IC O T IN E  M E T A B O L ISM
nicotine-l'-N -oxide, 36 
pathways, 34-37  
tachyphylaxis, 50

N IC O T IN E  P H A R M A C O L O G Y
addictive properties, 6 
discrim ination effects, 272 
pharm acokinetics, 25, 32 
stim u lan t and depressant effects,

79
tobacco cigarettes vs. n icotine pola- 

crilex gum, 215
N IC O T IN E  P O L A C R IL E X  G U M

(See a lso  CESSATION OF SMOK
ING, METHODS; NICOTINE  
DELIVERY, ALTERNATE; NIC
OTINE REPLACEMENT; 
TREATMENT) 

absorption, 29, 31 
affect m odulation, 405  
blood levels of nicotine, 472 
body w eight effects, 432  
com bined w ith behavioral therapy, 

476
coronary heart disease, 599 
craving reduction, 475 
d ose-patien t relationship, 478-479  
duration of use, 478 
efficacy trials, 473-474, 475-478,

486
fetal developm ent, 602-603  
followup, 477
mood regulation during sm oking  

cessation, 406 
physical dependence, 210  
physician trials, 476-477  
poststim ulus com ponents, 115

N IC O T IN E  P O L A C R IL E X  G U M —
Contd.
pretreatm ent, sm oking behavior, 

165
relapse, 477-478  
safety  vs. cigarettes, 214-215  
stim ulus effects, 178 
tem porary treatm ent aid, 214 
toxicity, 213 
w eight gain, 423  
w ithdrawal sym ptom  a lleviation, 

207, 208, 472
N IC O T IN E  R E P L A C E M E N T

(See a lso  CESSATION OF SMOK
ING, METHODS; NICOTINE  
DELIVERY, ALTERNATE; NIC
OTINE POLACRILEX GUM; 
TREATMENT) 

addiction treatm ent, 7 
aerosols, 480
com parisons o f preparations, 480

481
dependence, 481 
form s and rationale, 471 
nasal solutions, 479  
polacrilex gum , 471—479 
side effects, 480 
transderm al patches, 479-480

N IT R O S A M IN E S
A m erican snuff, 605  
chem ical structure, 606 
m ainstream  tobacco smoke, 605

N O R E P IN E P H R IN E
levels during abstinence or relapse, 

205
neuroendocrine activity , 101 
nicotine effects, 100-101  
release in hypothalam us, 97

N O R N IC O T IN E
content, 28
discrim ination, n icotine-trained ani

m als, 172 
structure, 27

N O R W A Y
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 417, 418,
421, 426

O C C U P A T IO N S
asbestos workers, 422 
civil servants, 422  
factory workers, 419 
farm workers, 594
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governm ent workers, 418 
insurance com pany em ployees, 416 
m anufacturing com pany em ployees, 

419 
nurses, 439 
physicians, 438 
steei workers, 419 
telephone com pany em ployees,

420, 423 
O P IO ID S

addiction, 247 
addictive patterns, 282  
chipping, 253 
discrim inative effects, 272 
fetal syndrom e, 251-252  
physical dependence potential, 286

287
protracted w ithdraw al, 253 
tolerance, 287 
withdraw al, 291-294

O X O T R E M O R IN E
discrim ination, n icotine-trained an i

m als, 172 
m uscarinic cholinergic agonist, 52

P A N C R E A S
body w eight and sm oking, 107

P A S S IV E  SM O K IN G
Surgeon General's Report, 12

P E E R  G R O U P S
relapse, 321-322  
treatm ent, 334

P E N T O B A R B IT A L
depressant, cigarette consum ption  

effects, 167 
discrim ination, 275-276

P E R F O R M A N C E
im pairm ent, w ithdrawal sym ptom , 

204, 205, 206 
nicotine polacrilex gum, 203, 208 
problem solving, attention , and 

mem ory, 391
P E R IP H E R A L  E FFE C T S O F N IC 

O T IN E
discrim inative stim ulus, 173 
overview, 79

P H A R M A C O D Y N A M IC S
cardiovascular changes, 55-56  
daily sm oking patterns, 55 
definition, 25 
dos^ respon se , 44

P H A R M A C O D Y N A M IC S —Contd. 
tolerance, 44-46

P H A R M A C O L O G IC  T R E A T M E N T
alprazolam , 482  
blockade therapy, 328  
clonidine, 328-329 , 482-483  
deterrents, 329
drug replacem ent therapy, 326-328  
mood changes, 483-484  
re lief from w ithdraw al sym ptom s, 

327
sym ptom atic treatm ent, 328, 481

483
P H Y S IC A L  A C T IV IT Y

(See a lso  METABOLISM) 
body w eight differences, smokers 

vs. nonsm okers, 434 
body w eight, sm oking cessation,

435
decreased energy expenditure, w ith

drawal sym ptom , 203  
exercise tolerance, 600  
sm okers vs. nonsm okers, 435

P IP E  SM O K IN G
body w eight, sm okers vs. nonsm ok

ers, 417, 419 
coronary h eart disease, 598  
nicotine levels, 38
prevalence, m en, 1964 to 1986, 580, 

582
Surgeon G eneral’s Report, 12

P O L A N D
body w eight, sm okers vs. nonsm ok

ers and ex-sm okers, 420
P O L Y D R U G  D E P E N D E N C E

adolescents, 259-260  
frequency of use, 263-264  
in itiation  of cigarette and other 

drug use, 259-260  
prediction, 262-263  
preference tests, 272-273  
progression o f use, 261-263  
tobacco-opioids-alcohol-stim ulants,

254
P O T E N T IA L S , S E N S O R Y  EV E NT - 

R E L A T E D
auditory function and nicotine, 

112-113
contingent n egative variation, 114

115
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visual function and nicotine, 113

114
P R E G N A N C Y

am niotic fluid, nicotine recovery,
33 ‘

body w eight, sm okers vs. nonsm ok
ers, 416, 418, 424, 426, 429 

breast-m ilk fluid, n icotine levels, 33 
low birth weight, 602 
n icotine effects on anim als, 602  
perinatal m ortality, 602 
placenta, carbon m onoxide and nic

otine, 602 
placenta, n icotine penetration, 33 
prem aturity, 602 
spontaneous abortion, 602

P R E T R E A T M E N T
lidocaine, airw ay sensations, 169 
nicotine, sm oking behavior, 165-166  
pentolinium , n icotine discrim ina

tion, 176-177  
pimozide, taste aversion, 196

P R E V E N T IO N  O F  SM O K IN G
aversive sm oking, 501-502  
program developm ent, n icotine ad

diction, 6 
sk ills training, 501

P SE U D O O X Y N IC O T IN E
structure, 27

P SY C H IA T R IC  D IS O R D E R S
m ultip le diagnosis, 254 
negative affect o f sm oking, 403 
neuroticism , 401-402  
tobacco-nicotine dependence and  

w ithdraw al, 12
P S Y  CHO  A C TIV ITY

drug classification, 269-270
interoceptive effects, 270  
mood and feeling, 270-271  
tobacco cigarettes vs. n icotine pola- 

crilex gum , 215
P SY C H O M O T O R  P E R F O R M A N C E

letter crossing tests, sm oking ef
fects, 384 

sm oking abstinence vs. n icotine po- 
lacrilex  gum , 203 

sm oking and nicotine effects, 381 
sm oking effects, m ethodological lim 

itations, 382

P SY C H O M O T O R  P E R F O R M A N C E —
Contd.
Stroop test, n icotine effects, 385

386
sustained attention  tasks, defini

tion, 382
P U F F IN G  P A R A M E T E R S

definitions, 153
frequency, duration, volum e, in ter

puff interval, 153-154  
interdependent relationships am ong  

m easures, 153 
m easurem ent techniques, 151-152  
published values, 156-157  
visual inform ation processing, 

sm oking effects, 384 
w ithin-cigarette changes, nicotine  

dose, 155-158
R A P ID  SM O K IN G

aversive sm oking cessation therapy, 
196-197  

cardiovascular and pulm onary 
risks, 493 

com parison w ith  other techniques, 
492-493

conditioned aversive response, 492 
rapid puffing, 501-503  
single and m ulticom ponent proce

dures, 491^192 
stress, 494 
tachycardia, 492-493

R E A C T IO N  T IM E
sim ple and com plex, sm oking ef

fects, 392-393  
sm oking abstinence vs. nicotine  

polacrilex gum , 203 
visual and auditory, sm oking ef

fects, 385 
visual inform ation processing, 

sm oking effects, 384 
visual, smoking effects, 383

R EC AL L
(See also  MEMORY) 
im m ediate, n icotine effects, 388 
short- and long-term, nicotine tab

lets, 390 
state-dependent, sm oking vs. no

sm oking conditions, 390 
verbal rote learning, sm oking ef

fects, 387-388
R E C E P T O R S

adaption to drug, 289
binding sites, m inor alkaloids, 56
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constitu tional tolerance, 290 
dihydro-beta-erythroidine, rat brain, 

91
disulfoton, aH -nicotine binding, 54 
functional or pharm acodynam ic to l

erance, 289
R E C E P T O R S, C H O L IN E R G IC

distribution of 3H -acetylcholine and 
’H -nicotine, 80 

neuron stim ulation , 79 
regulation o f 3H-nicotine sites  in  

m ice, 80
R E C E P T O R S, N IC O T IN IC

aversive effects of n icotine injec
tions, 193 

binding sites, 53 
chronic tolerance, 53 
ganglionic and neurom uscular  

types, 88-89  
high-affinitv sites, 90, 92-94  
locom otor activity , 53 
low -affinity sites, 90-91  
peripheral nervous system , 88-89  
prim ary and secondary binding  

sites, 86
radioligand binding studies, 89-92  
tolerance, 54

R E IN F O R C E M E N T
evaluation, 279-281  
negative, behavior m odification, 193 
negative, n icotine injection, 193 
nicotine addiction, 6 
positive, continuous, intravenous 

nicotine, 182 
positive, in term ittent, intravenous  

nicotine, 189, 190-191  
positive, nicotine, review , 183-188  
potential o f various drugs, 305  
self-adm inistration, 276-279  
stim ulus effects, 268  
tobacco cigarettes vs. n icotine pola- 

crilex gum , 215
R E IN F O R C E R S

cocaine vs. n icotine, 189-190  
definition, 170
positive, biobehavioral m echanism , 

dependence-producing drugs, 
181-182  

psychoactive drugs, 8

R E L A P S E
(See a lso  SPO NTA NEO US REMIS

SION)
abstinence violation effect, 532  
age factors, 316
alcohol and opioid dependencies, 

316
attribution theory, 525-526  
biochem ical detection, 313 
correlates, 315, 317-319  
definition, 312, 518  
dem ographics, 520  
drug dependence severity, 315-316  
drug use, 8
fam ily  support, 321, 324 
frequency o f sm oking, 521 
gender differences, 520 
high-risk factors, 519, 529-530  
long-term  abstinence d ifficulties, 

311
m easurem ent, 313 
negative em otions, 322-324  
peer drug use, 321-322  
prevention skills, 330-331  
psychiatric im pairm ent, 316 
quitting history, 312, 522 
rates by drug class, 313-314  
self-efficacy, 524-525  
sensory cues, 121-123  
sm oking history, 521 
social learning theory, 519 
treatm ent effectiveness, 315, 320

321
treatm ent m odalities, 312-313  
typologies, 521-522  
w eight gain, risk factor, 440, 523

524
w ithdraw al and dependence, 522

523
w ithdraw al sym ptom  alleviation, 

205
work and leisure activities, 322,

324
R E SE A R C H  M E T H O D S

biochem ical m arkers, 514-515  
carbon m onoxide, 514 
carboxyhem oglobin, 514 
confounding design factors, 119-120  
cotin ine assays, 515 
nicotine dosage control, 119 
self-reports, 515 
study design, 513-514  
suspect data, 514
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n icotine polacrilex gum , 208, 210  
w ithdraw al sym ptom , 199, 201

ROLL-Y O UR -O W N
prevalence, m en, 1964 to 1986, 580, 

582
SA L IV A

nicotine secretion, 33 
tobacco poisoning, 595

S A T IA T IO N
com parison w ith  com prehensive  

procedure, 501-502  
sin gle  and m ulticom ponent proce

dures, 488, 491
S E L F -A D M IN IS T R A T IO N

abstinence sym ptom s, 310  
adjunctive, schedule-induced behav

ior, 278-279  
alcohol, 278, 281 
am phetam ine, 278, 281 
anim al research m ethods, 279-280  
behavioral process, 158 
cocaine, 278-281  
com pulsive use, 149 
drive state, 277 
drug substitution, 278 
environm ental pressure, 278 
free sam pling, 277 
graduation, 277-278  
hum an and anim al studies, 276

277
hum an research m ethods, 280-281  
in itia tion , 277
intravenous n icotine, response  

rates, hum ans, 192 
m orphine, 278, 281 
nicotine, 278-281  
pentobarbital, 278, 281 
positive reinforcem ent, 276-277,

279
reinforcing effects, 279-280  
rein itiation  o f drug use, 310  
voluntary conditions, 279

SE N S A T IO N
environm ental stim ulus, condi

tioned reinforcers, 191 
place conditioning, 284 
psychological enhancem ent and  

sensory gratification , 413

SE R O T O N IN
interneuronal com m unication sys

tem , 98
pharm acological effects of nicotine, 

99-100
SE X  R A T IO

adolescents, w eight control and  
sm oking, 438 

body w eight, sm okers vs. nonsm ok
ers, 415, 417, 421, 431 

cessation and relapse rates, 505
508

education, 506-507  
heavy vs. ligh t sm okers, 577  
high school seniors, sm oking preva

lence, 574-576  
H ispanics, sm oking prevalence, 

569-570  
m otivation to quit, 506 
neuroticism  and adult sm oking  

habit, 402 
sm okeless tobacco use, 1970 to  

1986, 580, 583 
sm oking cessation  rates, 580, 581 
sm oking prevalence, 569, 572, 573, 

579
social support, 508  
social values and beliefs, 507  
stress and sm oking, 118, 508  
w eight gain after sm oking cessa

tion, 416, 433, 507-508
S L E E P

disturbances, n icotine polacrilex  
gum , 208, 210 

disturbances, sm okeless tobacco 
w ithdraw al sym ptom , 207  

disturbances, w ithdraw al sym ptom , 
202, 204, 205, 206

SM E LL
aversion to alcohol, 280  
environm ental stim ulus, condi

tioned reinforcers, 191 
receptors, 58-59  
tobacco grade and type, 58-59  
tobacco sm oke, place conditioning, 

285
SM O K E C O N ST IT U E N T S

acetaldehyde effects, 60 
benzo(a)pyrene, 604  
brand sw itching, 162 
nonnicotine, tracheobronchial sen sa

tions, 168-169
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lungs, spleen, in testine, and brain, 
n icotine concentrations, 84

SM O K E LE SS TO BAC CO
(See a lso  SN U FF) 
addiction, w ith  nicotine, 13 
dem ographic changes, 306 
nicotine dependence, 214 
starter products, 265  
w ithdraw al sym ptom s, 207

SM O K E L E SS T O B AC C O  U S E
gum  and m outh d iseases and neo

plasm s, 213 
prevalence, 1970 to 1986, 580, 583

SM O K IN G  A N T E C E D E N T S
anxious, aggressive, and neurotic 

personality traits, 402  
personality m easures, 402 
stress, adolescents, 400

SM O K IN G  A R T IC L E S
ventilated  cigarette holders, 159

SM O K IN G  B E H A V IO R
biochem ical and behavioral m ea

sures, 154 
carbon m onoxide intake, 154 
cigarette length, 161 
consistent patterns, 155 
m easurem ent techniques, 150-152  
perceived functions of sm oking, 397 
Surgeon G eneral’s Report, 12 
sw itch ing cigarette brands, 161-162  
taste and sm ell, 58-59

SM O K IN G  C O N TR O L  P R O G R A M S
m ulticom ponent, sm oking cessation, 

501-503  
Surgeon G eneral’s  Report, 12

SM O K IN G  H A B IT
negative- and positive-affect regula

tion, 399 
sm oking-related disease diagnosis, 

150
U nited  States, adults, prevalence, 

565-567
young adults, prevalence and con

sum ption, 578
S M O K IN G  SU R V E Y S

adolescents, 573-577  
A dult U se of Tobacco Survey, 572  
Behavioral Risk Factor Surveil

lance System , 573 
Current Population Survey, 573

SM O K IN G  S U R V E Y S —Contd. 
H ispanic H ealth  and N utrition  Ex

am ination  Survey, 569-570  
N ation al H ealth  Interview  Surveys, 

565-566, 568-569 , 572  
self-reported sm oking status, un

derreporting, 567-568  
tobacco use trends, 9

S N U F F
{See a lso  SM OKELESS TOBACCO) 
angina pectoris, 600  
dipping prevalence, 1970 to 1986, 

580, 583 
nicotine absorption, 29-31  
n icotine levels, 38 
paroxysm al hypertension, 600
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