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The Honorable Thorras P . O ' N e l l l . J r .
Speaker of the House of Representatlves
Uashlngton.E.C.20515
Dpar Mr. Speaker:

It I S a pl-rsn~rc to transmit t o the Congress the S u r g e o n
General's Report on t h e Health Consequences o f Smoking, as
mandatcd hy Sectlon R(a) of the Puhlic Health Cigarette Srnoklng
Act of 1169. Thls is the Publlc Health Services' 16th report on
t h i s toplc ~ n d , l i k e a11 of the earller Rcports, it ldentlfles
cigarette s m o k l n g as the chlef preventable causeof dPath a n d
d ~ s a h ~ l i l I v" o u r soclety.
T h e e n c l a s r d report deals with the relatlonshlp between s m a k i n g and those dlsease conditions descrlbed as chronlc ObStructlve
lung dlsrasc, particularly chronic bronchitis and emohysene.
These dlseases slgnificantly ~ncrease patient loadsl n hospltals
a n d o t h e r hea1t.h care faclllties a n d escalate thls Nzt10n's
health care c o s t s , includlng expenditures under the Medlcaid and
Medlcare programs.

This report lndlcates t h a t c h r o n l c obstructlwe L u n g d l s c a s e s
can be reduced and. i n the case of emphysema, almost eradicated,
l f lndivlduals stoD clgarette srnoklng.
Moreover, stopping smok1 n g also would prevent the enormous suffering and human loss now
veil-krloun to be associated vlth smoklng.
Thls Department has a strong and oneoing commitment to its
prop,rnmmatlc and research efforts in the field or disease preventlon. I n our view. it is essential to apprise Individuals of the
consequences of smoking. A central part of our efforts 1 s to
~ d e n t i f y w a y sto help smokers qult s m o k i n g . and to encourage
lndirlduals. partlcularly t h e youth 3 f this country. nat to i , e g l n
smoking.

Sincerely,

Enclosure

T h e Honorable Crorge Bush
President o f the Senate
Washington, D.C. 20510
Dear Mr. Presldent:

It 1 s a pleasure to t r a n s m ~ t t ot.he Congress t ' l e S u r p e o n
General's Report on the Health Consequences o f S m o k l n g , a s
mandated by Section
o f tha P u b l i c Yealth Cir,arettc : : n o k l n v
A c t of 1969. This is the Public Health ServlceS' 16th r ~ p o r to n
t h l s topic and, llke all of thc eorller Reports, i t ~ d e r t i r l r s
clgarette smoking a s the chief preventable cause o f death 2 n d
dlsabillty in o u r society.
The enclosed report deals v l t h t h e r ~ l a t l o n s h l nbcLwrF:# :rooki n g and those dlsease conditions described a s chronic obstructlvr
l u n e disease, particularly chronic t>rOPchitls a n d ernpnysema.
These diseases slgnificantly i n c r e a s e patient loads l n hospitals
and other heelth care facilities and -sr31ztc t$is l l P t i o n ' s
health care costs, includlng expenditures under the HPdlca1ca n d
Medicare programs.
Thls report indicates that chronlc obstructlvc l u n ~d 1 s ? n s ~
can be reduced and, in the case o f emphysema, almost eradlcptsd,
I f lndivlduals stop cigarette smoklng. Yoreovcr, stoppln~ sack~ n g
also would prevent the enormous suffering and human l a s s now
vell-known to b e associated with srnakinP.
This Department has a strong a n d ongoing commitment t.o :ts
programmatic and research efforts 1 n the f l p l ? of disrasr p r c i r n tion. I n our view, i t is essential t o apprise i n d l v ~ d u n l so f t h c
consequences o f smo4ing. A central part o f O U T e f f o r t s 1.- to
identify ways to help smokers quit smaklng,
and to encouragr
individuals, particularly the youth of thls country, no: to b r r ~ ?
smoking.
Sincerelv.

Secrhary
Enclosure

FOREWORD
The 1984 Report on the Health Consequences of Smoking constitutes a state-of-the-art review of the information currently available
regarding the occurrence and etiology of chronic obstructive lung
diseases.
Traditionally,chronicbronchitisandemphysemahavebeen
subsumed under the term chronic obstructive lung diseases(COLD).
It is now recognized that COLD comprises three separate, but often
interconnected, disease processes: (1) chronic mucus hypersecretion,
(2) airway
resultinginchronic
cough andphlegmproduction;
thickening and narrowing with expiratory airflow obstruction; and
(3) emphysema, which is an abnormal dilationof the distal airspaces
along with destructionof alveolar walls. The last two conditions can
develop into symptomatic ventilatory limitation.
Although there were scientific reports of a link between cigarette
smoking and respiratory symptomsas early as 1870, it was not until
the comprehensivereviewin
thefirstReport
of the Advisory
Committee to the Surgeon General in 1964 that the nature of the
observed association was officially recognized by the Public Health
Service.
At that time the committee
concluded that
Cigarettesmokingisthemostimportant
of thecauses of chronic
of dyingfrom
bronchitis in the United States and increases the risk
chronicbronchitisandemphysema.
A relationshipexistsbetween
cigarette smoking and emphysema, but it has not been established that
the relationshipis causal.
On the basis of the evidence reviewed in this volume, we are now
able to reacha much strongerconclusion:
Cigarette smokingis the major cause of chronic obstructive lung
diseaseintheUnitedStatesforbothmenandwomen.The
contributionofcigarettesmokingtochronicobstructivelung
disease morbidity and mortality far outweighs all other factors.
TheImportance

of ChronicObstructive Lung Disease

Previous Reports on the health consequences of smoking emphasized the impact of cigarette smoking on mortality from smokingrelated disease. It is estimated that more than 60,000 Americans
died last year owing to chronic obstructive respiratory conditions
vii

(chronic bronchitis, emphysema, and 'COLD and allied conditions).
Fromavailable
epidemiologic and clinicalevidence,
it maybe
reasonably estimated that approximately 80 to 90 percent of these
are attributable to smoking. Over 50,000. of theXOCD deaths can
therefore be considered preventable and premature
because these
individuals would not have died ofCOLD if they had not smoked.
While smoking-related COLD mortality is less than estimates for
smoking-related deaths due to,coronary heart diseaie (i.?O,OOO>hd
those due to 'cancer(130,-000),iitnonetheieis r e p r k s e n t g - w i f i c a n t
number of excess deaths.
COLD morbidity has a greater impact upon society than COLD
mortality. Death from COLD usually occurs only after an extended
period of disability, and many individuals with disability from
COLD
will die from other causes
before the disease progresses to a degree of
severity likely to cause death. The progressive loss of lung function
that characterizes COLD can lead to severe shortness
of breath,
limiting the activity level. In recognizing the morbidity associated
with these diseases, it is important to realize that the frequency of
activity limitation with COLD exceeds that reported for any other
majordiseasecategory.
In 1979, 52 percent of individualswith
emphysema reported that it limited their activity;
27 percent said it
resulted in one or morebed days that year; and 73 percent reported
at least onevisitto
a doctorduringtheprecedingyeardueto
emphysema. Forty percent more people with emphysema than with
heart conditions reported limitation of activity. More recently, the
National Center for Health Statistics has estimated that over
10
million Americans suffer from either chronic bronchitis or emphysema.
The Changing Pattern of Mortality

The 1980 and 1982SurgeonGeneral'sReports
(TheHealth
Consequences of Smoking for Women and The HealthConsequences of
Smoking: Cancer) reported a rapidly increasing rate of lung cancer
rate for men. As thisReport
among women comparedwiththe
documents, the mortality ratio between men women
and
for COLD is
alsonarrowing.Injust
10 years,whiletotaldeathsfrom
COLD
increased from 33,000 in 1970 to 53,000 in 1980, the male-to-female
ratio narrowed from 4.3:l in
1970 to 2.3:l in 1980. This epidemic
increasein COLD among women reflectstheirlateruptake
of
smoking when compared with men.
Findings of the 1984 Report

The mortality ratiosfor COLD in cigarette smokers compared with
for lungcancer,the
nonsmokersare as large as orlargerthan

...
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diseasemost
people usuallyassociatewithsmoking.Inheavy
smokers,thisriskcan
be as much as 30 timestheriskin
nonsmokers.Perhapsevenmoreimportant,instudies
of crosssections of U.S. populations, cigarette smoking behavior is often the
only significant predictor forCOLD. Even after 30 years of intensive
investigation, only cigarette smoking and a,-antiproteasedeficiency
have been established as being able to causeCOLD in the absence of
other agents.
The decline in lung function with age
is steeper in smokers than in
nonsmokers, and the rate of decline increases with an increasing
number of cigarettes smoked per day. This excess decline in lung
function in smokers reflects the progressive lung damage that can
to symptoms of COLD andultimatelydeath.
eventuallylead
of death from COLD
Therefore, it is not surprising that the risk
increaseswith anearlierage
of smokinginitiation,number
of
cigarettes smoked per day,and deep inhalationof the smoke.
Abnormal lung function can be demonstrated in some cigarette
smokers within a few years of smoking initiation. These changes
initially reflect inflammation in the small airways of the lung and
may reverse with cessation. Beginning in their late twenties, some
smokers start to develop abnormal measures of expiratory airflow,
a n excess decline in lung function
that continues as long as they
continueto smoke.Some of thesesmokers will develop enough
functional loss to become symptomatic,and some of those who
become symptomatic will develop enough functional loss to die of
COLD. When the smoker quits, therate of functional decline slows,
but there is little evidence to suggest that the smoker can regain the
function that hasbeen lost.
We are also beginning to understand that the impact of cigarette
smoke on the lung is not limited to the active smoker. Children of
smoking parents havean increased risk of bronchitis and pneumonia
early in life, and seem to havea small, but measurable, difference in
the growthof lung function.
One of the majoradvancesdescribedinthisvolumeisin
the
understanding of the mechanismsby which cigarette smoking causes
is now a clear,plausible
COLD, particularlyemphysema.There
explanation of how emphysema might result from cigarette smoking.
an inTheinflammatory response to cigarettesmokeresultsin
creased number of inflammatory cells being present in the lungs of
of elastase in
cigarette smokers. Thesecells can increase the amount
the lung, and elastase is capable of degrading elastin, one of the
is
structuralelements of ,thelung.Inaddition,cigarettesmoke
capable of oxidativeinactivation
of a,-antiprotease, a protein
capable of blocking the actionof elastase. The net result
is a n excess
of elastase activity, degradation of elastin in the lung, destruction
of
alveolar walls, and the development
of emphysema.
ix

Research scientists continue to expand our understanding of the
process by which cigarettesdamagethelung,buttheimportant
public health focus mustshift to how topreventchildren
from
becoming cigarette smokers andhow to help thosewho now smoke to
quit.
HelpingSmokersQuit

Smokerscanrealizeasubstantialhealthbenefit
from quitting
smoking,nomatter
how longtheyhavesmoked.
As thisReport
states, sufficientevidence now existstodocumentlungfunction
improvementinsmokers
who havequit.Ex-smokerscan
look
forward to improved future health, avoiding long-term and possibly
severe disability, or even death, from
COLD.
Two chapters in this Report summarize research studies using
two
vastlydifferentcessationapproaches.One
focuses on the role of
physicians in assisting patient populations to quit smoking;
the other
looks at communitywideinterventionprograms.
Both canhavea
significantimpactonreducing
thenumber
of smokersinour
population.
InJanuary
of thisyear,the
Food andDrugAdministration
approved a nicotine chewing gum that physicians can prescribe for
their patients as a n aid to cessation. Studies have shown encouraging
resultswhen the gum is used as part of a completebehavior
modification program. It must be cautioned, however, that nicotine
chewinggum
is not a magiccure.Smokers
must bestrongly
motivatedtoquitortheyareunlikelytomeetwithlong-term
success.
PublicAttitudesandKnowledge

In 1981, a Federal Trade Commission staff report on cigarette
advertising revealed that a sizable portion of the population is not
aware of the link between cigarette smoking and chronic bronchitis
and emphysema. The report cited a 1980 Roper survey finding that
59 percent of the population, including63 percent of smokers, did not
know that smoking causes most cases of emphysema. Over a thirdof
40 percent of smokers do not
the general population and almost
know that smoking causesmany cases.
It is quite clear that physicians and other health
professionals
must redouble their efforts to persuade more smokers to quit.As in
previous years, I callupon all segments of the health care communityto
provide assistanceandencouragementinwhatever
way
possible to reduce the health impact
of cigarette smoking on our
society, by helping their patientst,o quit smoking andby encouraging
our young people not to take up the habit. Itis only through efforts
X

such as these that we can reduce our country’s terrible burden
disability and death due
to cigarette smoking.

of

Edward N. Brandt, Jr., M.D.
Assistant Secretary for Health
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PREFACE
This Report The Health Consequences of Smoking:Chronic ObstructiveLungDisease
completes anexamination by the Public
Health Service of the three principaldisease entities associated with
cigarette smoking. In1982, the Service presented an in-depth review
of tobacco’s relationshiptocancer,andin
1983, a review of ita
relationship to cardiovascular disease. This
1984 Report evaluates
the contribution thattobacco makes to the suffering and premature
to the chronicobstructive
lung diseases, including
deathsdue
emphysema andchronic bronchitis.
Cigarette smoking is causally related to chronic obstructive lung
disease, just as it is to cancer and coronary heart disease; severe
emphysema would be rare were it not for cigarette smoking. The
evidence presented in this Report supports
my judgment and the
judgment of five preceding Surgeons General that cigarette smoking
is the chief, single, avoidable cause of death in our society and the
most important public health issue of our time.
as wereall previousSurgeonGeneral’s
Reports
ThisReport,
dealing with cigarette smoking, is the work of many experts both
within and outside theFederalestablishment.
To these authors,
editors, and reviewers I again express my great respect and sincere
thanks.
C. Everett Koop, M.D.
Surgeon General
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lntroductlon
Organization and Development of the 1984 Report
Each year the Office on Smoking and Health (OSH), working in
close collaboration with scientists, researchers, and others, compiles
the annual Surgeon General’s Report The Health Consequences of
Smoking forsubmissionto
the U.S. Congress as part of the
Department’s responsibility to report new and current information
on the topic as required under Public Law 91-222.This Report isthe
third to examineindetail
specific disease entitiesrelatedto
smoking. The 1982 Report was a comprehensive assessment of the
relationship between tobacco use and various cancers, and the 1983
Report examined this relationship for cardiovascular diseases. The
1984 volume represents a state-of-the-art comprehensive review of
tobacco use andthedevelopment
of chronicobstructivelung
diseases.
The scientific content of this Report is the work of experts in the
field of chronic obstructive lung disease research both within
the
Department of Health and Human. Services and from outside the
Federal Government. Individual manuscripts were written
by experts who are nationally and internationally recognized for their
scientific understanding of the etiology of chronic obstructive lung
diseases, particularly the relationship with cigarette
use.
Manuscripts received from authors were extensively reviewed by
numerous outside experts familiar with these
specific areas. The
entireReportwasthensubmitted
to a broad-based panel of 11
distinguished lung disease experts and to experts within the U.S.
Public Health Service fortheir review and comments.
The 1984 Report includes a Foreword by the Assistant Secretary
for Health of the Department of Health and Human Services and a
Preface by the Surgeon General of the U.S.Public Health Service.
The body of the Report consistsof 10 chapters, as follows:
0 Chapter 1.
Introduction, Overview, and Conclusions
0 Chapter
2. Effect of Cigarette Smoke Exposure on
Measures of ChronicObstructiveLung
Disease
Morbidity
0 Chapter 3.
Mortality From Chronic Obstructive Lung Disease Dueto Cigarette Smoking
0 Chapter 4.
Pathology of Lung Disease Related to Smoking
0 Chapter 5.
Mechanisms by Which Cigarette Smoke Alters
the Structure and Function
of the Lung
0 Chapter 6.
Low Yield Cigarettes and TheirRole in Chronic
Obstructive LungDisease
0 Chapter 7.
Passive Smoking
0 Chapter 8.
Deposition and Toxicity of Tobacco Smoke in
the Lung
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0

Chapter 9.
Chapter 10.

Role of the Physician in Smoking
Cessation
Community Studies of Smoking Cessation and
Prevention

Historical Perspective
The relationship between cigarette smoking and chronic obstructive lung disease (COLD) was among thefirst recognized and is now
the best understood of the diseases caused by smoking. Sigmund
reported as early as 1870 that heavy smokerssuffered “affections” of
the nose, mouth, and throat more frequently and in
a more virulent
fashion. In 1897, Mendelssohn reported the incidence of “affections”
of the respiratory tract to be60 percent greater in smokers than in
nonsmokers, as well as somewhatgreaterinthose
who inhaled
compared with smokerswho did not inhale.
Overview
Scientists froma variety of disciplines have investigated the role of
cigarette smoking in the development of COLD; today we can trace
the progressive decline in lung function in smokers with increasing
smoke exposure, describethe concurrentpathologic changes, demonstrate that both
COLD prevalenceand COLD death are limited
largely to smokers, and describe in detail a plausible mechanism by
which cigarette smoking can lead to the development
of emphysema.
Some gaps in the understanding of the details of this process may
still exist, but the experimental and epidemiologic evidence leaves
no room for reasonable doubt on the fundamental issue: cigarette
smoking is the major cause
of COLD in the United
States.
The earliest recognized response to cigarette smoke is an increase
in airway resistance thatoccurs with the inhalationof smoke by the
smoker. This increase in resistance is a response to the irritants in
the smoke, as is coughing, whichis more frequent in smokers than in
nonsmokers, even among adolescents. By the time smokers become
young adults, a substantial proportion of them will have developed
pathologic changes in their small airways. These abnormalities are
demonstrable using a variety of physiologic tests, and area result of
pathologic changes or inflammation in the airways less than 2 mm
in diameter.Part of this small airwaysresponse, but perhaps a later
manifestation of it, is the development of smooth muscle hypertrophy, goblet cell hyperplasia, and mild peribronchiolar fibrosis. The
prevalence of abnormalities on tests of smallairwaysfunction
increases as these young smokersgrow older, and is greater in heavy
smokers than in light smokers. While it is clear that changes in the
small airways represent an early
response to cigarette smoking and
that they are
a significant finding inthe pathophysiology of COLD, it
is not clear that abnormal function of the small airways, per se, is
6

useful as a marker foridentifyingwhowillprogresstodevelop
symptomatic COLD. It may identify a large group of smokers who
manifest an irritant response to smoke in the small airways,
of
whom only a subset actually develop symptomatic airflow obstruction.
Measurable differences intests of expiratory airflow exist between
smokers and nonsmokers after age 25. Smokers as a group have a
morerapiddeclineinFEV,with
age thanthat
observed in
nonsmokers, and the decline is even greater among heavy smokers.
However, thisincreased rate of declineinlungfunction
is not
distributedevenly,evenamongsmokerswithsimilarsmoking
a farmorerapiddeclinethanthe
histories.Somesmokershave
average smoker, and clearly those individuals who have developed
a larger total
symptomaticchronic airflowobstructionhavehad
decline in lung function than the average smoker. This
ledhas
to the
suggestion that individuals with a particularly rapid decline in FEV,
early in life may represent a group especially susceptible tothe later
development of symptomatic COLD. The natureof this susceptibility
remains unclear, but differences in depth or pattern of inhalation,
variations in the cellular and biochemical response of the lung to
smoke, differences in immune or repair mechanisms, and childhood
infections or exposure to environmental tobacco smoke as a child
have beensuggested as potential factors.
The accumulationof lung damage, markedby the excess decline in
FEV, and other measures
of expiratory airflow, can lead to shortness
of breath and other symptoms that characterize clinically significant
COLD. These symptoms can result in disability due to ventilatory
limitation and may vary from patient to patient in severity and
duration. Many patients with clinically disabling
COLD die with the
disease rather than because of it. Death from COLD usually results
only after extensive lung damage and commonly occurs because of
failure of the severely damaged lungs to maintain adequate gas
exchange.
Thecessation of cigarettesmoking has a substantialsalutary
impact on the incidence and progression of COLD. Cigarette smokers
who quit prior to developing abnormal lung function are unlikely to
go on to develop ventilatory limitation; when the abnormalities are
demonstrable only on tests
of small airways function, cessation often
a returntonormal
resultsin a reversal of thesechangesand
function. The presence of significant fixed reduction in measures of
expiratory airflow usually reflects the presence of substantial lung
damage. Cessation of smoking at this stage of COLD results in a
slowing intherate
of declineinlungfunctionwith
age, in
comparisonwith thatincontinuingsmokers.After
a period of
cessation, this rate of decline in function may approximate the rate
found in nonsmokers, but
there is little evidence to suggest that
7

those who quit are able to regain their prior excess functional loss.
Therefore, those who quit continue to have reduced lung function
when compared with those who have never smoked, but their lung
function begins to decline less rapidly with age when compared to
the lung function
of those who continue to smoke.
Theimportance of cigarettesmoking as acausativefactorin
COLD is emphasized by cross-sectional studies of populations in the
United States where often the only major predictor for developing
or
dying of COLD is smoking behavior. In the absence of cigarette
smoking, clinically significantCOLD is rare.
As thesmokerentersthesixthdecade
of life,pathologically
definable pulmonary emphysema begins to become evident. In older
age groups, mildto moderate emphysemais present in most smokers
a small
and is rare innonsmokers.Onceagain,however,only
percentage of smokers develop severeemphysema;thisminority
includes a disproportionate numberof heavy smokers.
A mechanismforsmoking-inducedemphysematouslunginjury
has been proposed and continues to evolve as our understanding of
cellular and biochemical responses of the lung increases. Emphysema canbe produced by the presence of excessive amounts of elastase
(an enzyme capable of degrading the structural elements of lung
tissue) or by the absence of a,-antiprotease (a protein that inhibits
the action of elastase). As part of the inflammatory responseto
cigarette smoke, a n increased number of inflammatory cells are
presentinthelungs
of smokers; these cellsmay resultinan
increased amount of elastase being present in the lung. In addition,
cigarette smoke can oxidize the a,-antiproteaae in the lung, further
contributing to the imbalance betweenlevels of elastase andlevels of
a,-antiprotease.Thenetresultcan
be excess elastaseactivity,
leading to degradation of elastin in the lung, destruction
of alveolar
walls, and development of emphysema.
The text of thisReport discussesindetail
the relationship of
cigarette smoking to COLD morbidity and mortality, the pathology
of smoking-induced COLD, someof' themechanisms by which
of low tar and
smoking results in COLD, the impact on the lung
nicotine cigarettes and of involuntary smoke exposure, the deposition and toxicology of tobacco smoke, and the role of the physician
and of community intervention programs in smoking
cessation.
The overall conclusion of this Report is clear: Cigarette smoking
is the mqjor cause of chronic obstructive lung disease in the
United States for both men and women. The contribution of
cigarette smoking to chronic obstructive lungdisease morbidit y and mortality far outweighs
all other factors.
8

Conclusions of the 1984 Report

COLD Morbidity
1.Cigarette smokingis the major causeof COLD morbidity in the
United States;80 to 90 percent of COLD in the United Statesis
attributable to cigarette smoking.
2. In population-basedstudiesin
theUnitedStates,cigarette
smoking behavior is often the only significant predictor for the
development of COLD. Other factors improve the predictive
equation only slightly, even in those populations where they
a statistically significant effect.
have been found to exert
3. Inspite of over 30 years of intensiveinvestigation,only
cigarette smoking and a,-antiproteasedeficiency (a rare genetic defect) are established causes of clinically significant COLD
in the absence of other agents.
4. Within a few years after beginning to smoke, smokersexperience a higher prevalence of abnormal function in the small
airways than nonsmokers. The prevalence of abnormal small
airways function increases with age and
the duration of the
smoking habit, and is greater in heavy smokers than in light
smokers. These abnormalities infunction reflect inflammatory
changesinthesmallairwaysand
often reversewiththe
cessation of smoking.
5. Both male and female smokers develop abnormalities in the
to define possible
small airways, but the data are not sufficient
sex-related differences in this response. It seems likely, however, that the contributionof sex differences issmall when age
and smoking exposure are taken into
account.
6. There is, as yet,inadequateinformation
to allow a firm
conclusion to be drawn about thepredictive value of the testa of
small airways function in identifying the susceptible smoker
who will progressto clinical airflow obstruction.
7. Smokers of both sexes have a higher prevalence of cough and
phlegmproduction
than nonsmokers.Thisprevalenceincreases with an increasing number of cigarettes smoked per
day and decreases with thecessation of smoking.
8. Differences between smokers and nonsmokers in measures of
expiratory airflow are demonstrable by young adulthood and
increase with numberof cigarettes smoked per day.
9. The rate of decline in measures of expiratory airflow with
increasing age issteeper for smokers thanfor nonsmokers; itis
also steeper for heavy smokers than for light smokers. After
the cessation of smoking, the rate of decline of lung function
with increasing age appears to
slow to approximately thatseen
in nonsmokersof the sameage. Onlya minority of smokers will
develop clinically significant COLD, and this group will have
9
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demonstrated a more extensive decline in lung function than
theaveragesmoker.Thedata
are notyetavailableto
determine whethera rapid decline in lung function early in life
defines thesubgroup
of smokers who are susceptibleto
developing COLD.
10. Clinicallysignificantdegrees
of emphysema occur almost
exclusively in cigarette smokers or individuals with genetic
homozygous a,-antiprotease deficiency. Theseverity of emphysema among smokers increases with the number
of cigarettes smoked per day and the duration of the smoking habit.

COLD Mortality
1. Data from both prospective and retrospective studies consistently demonstratea uniform increase in mortality from
COLD
for cigarette smokers compared with nonsmokers. Cigarette
smoking is the major cause ofCOLD mortality for both men
States.
and women in the United
2. The death rate from COLD is greater for men than forwomen,
mostlikelyreflecting
the differencesinlifetimesmoking
patterns, such as a smaller percentage of women smoking in
past decades, and their smokingfewer cigarettes, inhaling less
deeply, and beginning to smoke later life.
in
3. Differences in lifetime smoking behavior are less marked for
younger age cohorts of smokers. The ratio of male to female
mortality fromCOLD is decreasing becauseof a more rapid rise
in mortality fromCOLD among women.
4. The dose of tobaccoexposure as measured by number of
cigarettes or duration
of habit strongly affects the risk
for
death from COLD in both men and women. Similarly, people
who inhaledeeply experiencea n even higher riskfor mortality
from COLD than those who do not inhale.
5. Cessation of smoking leads eventually to a decreased risk of
mortalityfrom
COLD comparedwith
that of continuing
smokers. The residualexcess risk of death for the ex-smoker is
directly proportional to the overall lifetime exposure to cigarette smoke and to the total number of years since one quit
smoking. However, the risk of COLD mortality among former
smokers does not decline to equal that of the never smoker
even after 20 years of cessation.
6. Several prospective epidemiologic studies examined the relationship between pipe and cigar smoking and mortality from
COLD. Pipe smokers and cigar smokers also experience higher
mortality from COLD comparedwithnonsmokers;however,
the risk is less than thatfor cigarette smokers.
7. There are substantial worldwide differences in mortality from
COLD. Some of thesedifferences are duetovariationsin
10
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terminology and in death certification in various countries.
Emigrant studies suggest that ethnic background is not the
major determinant for mortality risk dueto COLD.
Pathology of Cigarettdnduced Disease

1.Smoking induces changes inmultiple areas of the lung, and the
effects in thedifferent areas may be independentof each other.
a modest
In the bronchi (the large airways), smoking results in
increase in size of the tracheobronchial glands, associated with
an increase in secretionof mucus, and in anincreased number
of goblet cells.
2. In the small airways(conducting airways 2 or 3 mm or less in
diameter consisting of the smallest bronchi and bronchioles) a
number of lesions are apparent.Theinitial
response to
smoking is probably inflammation, with associated ulceration
and squamousmetaplasia.Fibrosis,increasedmusclemass,
narrowing of the airways, and an increase in the number of
goblet cellsfollow.
3. Inflammation appears to be the major determinant of small
airways dysfunction and may be reversible after cessation of
smoking.
4. The most obvious difference between smokers and nonsmokers
is respiratory bronchiolitis. This lesion may be an important
cause of abnormalities in tests of small airways function, and
may be involved in the pathogenesis of centrilobular emphysema.Theseverity
of emphysema is clearlyassociated with
smoking, and severe emphysema is confined largely to smokers.
Mechanisms of COLD
1.Increasednumbers of inflammatory cells are found in the
lungs of cigarette smokers. These cells include macrophages
and, probably, neutrophils, both of which can release elastase
in thelung.
2. Humanneutrophilelastase
producesemphysemawheninstilled into animallungs.
3. Alpha,-antiprotease inhibits the action of elastase, and a very
small number of people with a homozygous deficiency of alantiprotease are at increased risk of developing emphysema.
The a,-antiprotease activity has been shown to be reduced in
the bronchoalveolarfluidsobtainedfrom
cigarettesmokers
and from rats exposed to cigarettesmoke.
4. The proteaseantiprotease hypothesis suggests that emphysema results when there is excess elastase activity as the result
of increased concentrations of inflammatory cells in the lung
11

and of decreased levels of a,-antiprotease secondary to oxidation by cigarette smoke.
5. Cigarette smokers have been shown to have
a more rapid fall in
antibodylevels
following immunization for influenzathan
nonsmokers. Whole cigarette smoke has been shown
to depress
the number of antibody-forming cells in the spleens of experimental animals.
6. Cigarette smoke produces structural and functional abnormalities in the airwaymucociliary system.
7. Short-term exposure to cigarette smoke
causes ciliostasis in
vitro, but has inconsistent effects on mucociliary function in
man.Long-termexposuretocigarettesmokeconsistently
causes an impairment of mucociliary clearance. This impairment is associated with epithelial lesions, mucus hypersecretion, and ciliarydysfunction.
8. Chronic bronchitis in smokers and ex-smokersis characterized
by an impairmentof mucociliary clearance.
9. Both the particulate phase and the gas phase
of cigarette
smoke are ciliotoxic.

-

Law Tar and Nicotine Cigarettes
1.The recommendation for those who cannot quit to switch to
smoking cigarette brands with low tar and nicotine yields, as
determined by a smoking-machine, is based on the assumption
that thisswitch will result ina reduction in the exposure of the
lung to these toxic substances. Thedesign of the cigarette has
markedly changed in recent years, and this may have resulted
in machine-measured tar and nicotine yields that do not reflect
the realdose to the smoker.
2. Smoking-machines thattakeinto
account
compensatory
changes in smoking behavior are
needed. The assays could
provide both an average anda range of tar and nicotine yields
produced by different individual patternsof smoking.
3. Although a reduction in cigarettetar content appears to reduce
the risk of cough andmucus
hypersecretion, the risk of
shortness of breathand
airflow obstructionmay
not be
reduced.Evidenceis
unavailable on the relativerisks
of
the
developing COLD consequent to smoking cigarettes with
of currentandrecently
very low tar and nicotineyields
marketed brands.
4. Smokers who switch from higherto lower yield cigarettes show
compensatorychangesinsmokingbehavior:
the number of
puffs per cigarette is variably increased and puff volume is
almostuniversally increased, although the number
of cigarettes smoked per day and inhalation volume are generally
12

unchanged. Full compensationof dose for cigarettes with lower
yields is generally notachieved.
5. Nicotine has long been regarded as the primary reinforcer of
cigarette smoking, but tar content may also be important in
determining smokingbehavior.
6. Depth and duration of inhalation are among the most important factors in determiningthe relative concentrationof smoke
constituents that reach the lung.Considerable interindividual
variation exists between smokers with respect to
the volume
and duration of inhalation. This variation is likely to be a n
important factor in determining the varying susceptibility of
smokers to the development
of lung disease.
7. Production of low tar and nicotine cigarettes has progressed
beyond simple reduction in'tobacco content. Additives such as
artificial tobacco substitutes and flavoring extracts have been
used. The identity, chemical composition, and adverse biological potential of these additives are unknown
a t present.

Passive Smoking
1.Cigarette smoke can make a significant, measurable contribution to the level of indoor air pollution at levels of smoking and
ventilation that arecommon in theindoor environment.
2. Nonsmokers who report exposure to environmental
tobacco
smoke have higher levels of urinary cotinine, a metabolite of
nicotine, than thosewho do not report such
exposure.
3. Cigarette smoke in the air can produce an increase in both
subjective and objective measures of eye irritation. Further,
somestudiessuggest that highlevels of involuntary smoke
exposure might produce small changes in pulmonary function
in normal subjects.
4. The children of smoking parents havea n increased prevalence
of reportedrespiratorysymptoms,andhave
an increased
frequency of bronchitis and pneumonia early life.
in
5. The children of smoking parents appear to have measurable
butsmall differencesin tests of pulmonary functionwhen
compared with children of nonsmoking parents. The significance of this finding to the future development of lung disease
is unknown.
6. Two studieshavereporteddifferencesinmeasures
of lung
functionin olderpopulationsbetweensubjects
chronically
exposed to involuntary smoking and those who were not. This
difference was not found ina younger andpossibly less exposed
population.
7. The limited existing data yield conflicting results concerning
the relationship between passive smoke exposure and pulmonary function changes in patients with asthma.
13

Deposition and Toxicity of Tobacco Smoke in the Lung
1.The mass median aerodynamic diameter
of the particles in
cigarette smoke has been measuredto average approximately
0.46 pm, and particulate concentrations have been shown to
range from 0.3 x log to 3.3 X logper milliliter.
2. The particulate concentration of the smoke increases as the
cigarette is more completely smoked.
3. Particles in the size range of cigarette smoke will deposit both
in the airways and in
alveoli;modelspredict that 30 to 40
percent of the particleswithinthe
size rangepresentin
cigarette smoke will deposit in alveolar regions and 5 to 10
percent will deposit inthe tracheobronchialregion.
4. Acute exposure to cigarette smoke results in an increase in
airway resistance in both animals and humans.
5. Exposure to cigarette smoke results in an increase in pulmonary epithelial permeability in both humans and animals.
6; Cigarette smoke has been shown
to impair elastin synthesis in
vitroandelastinrepairin
vivo inexperimentalanimals
(elastin is a vital structural elementof pulmonary tissue).

Role of the Physician in Smoking Cessation
1.At least 70 percent of North Americans see a physician once a
year. Thus, an estimated38 million of the 54 million adults in
theUnitedStates
who smokecigarettes could bereached
annually with a smoking cessation messageby their physician.
2. Current smoking prevalence among physicians in the United
States is estimatedat 10 percent.
3. While the majority of persons who smoke feel that physician
advice to quit or cut
down wouldbe influential, there is a
disparity between physicians’ and patients’ estimates of cessation counseling, with physician advice being reported by only
approximately 25 percent of current smokers.
4. Studies of routine (minimal) advice to quit smoking delivered
by general practitioners have shown sustained quit rates
of
approximately 5 percent.Followupdiscussionsenhance
the
effects of physician advice.
5. A median of 20 percent of pregnant women .who smoke quit
spontaneouslyduringpregnancy.That
proportion can be
doubled by anintervention consisting of healtheducation,
behavioral strategies, and multiple
contacts.
6. Large controlled trials of cardiovascular risk reduction have
demonstrated that counseling on individual specific risk factors, including smoking cessation techniques, can be effective.
7. Studies of pulmonaryandcardiacpatientsindicatethat
severity of illness is positively related to increased compliance
14

in smoking cessation. Survivors
of a myocardial infarction have
smoking cessationrates averaging 50 percent.
8. Nicotine chewing gum has been developed as a pharmacological aid to smoking cessation, primarily to alleviate withdrawal
symptoms. Cessation studies conducted in offices of physicians
who prescribe the gum have produced mixed results, however,
with outcome depending on motivation and intensity
of adjunctive support orfollowup.
9. Physician-assisted intervention quitrates vary according tothe
type of intervention, provider performance, and patientgroup.
In general, quit rates in recent research appear to
be lower
than in older studies.
Community Studies of Smoking Cessation and Prevention
1.Community studies of smoking cessation and prevention are
becoming an establishedparadigm for public healthaction
research. Such studies emphasize large-scale delivery systems,
such as the mass media, and include community organization
programs seeking to stimulate interpersonal communication in
ways that arefeasible on a large-scale basis.
2. Although there are methodological limitations to nearly all
communitywidestudies,
theresults yieldfairlyconsistent
positive results, indicating thatlarge-scale programs to reduce
smokingcan beeffectiveinwholepopulations.Person-topersoncommunicationappearsto
be a necessarypart of a
successful community program to reduce smoking.
3. Further research is needed, with both improved methodology
and more emphasis on low socioeconomic status groups that
have not yet shown population trends toward
reduced smoking.
4. Several promising directions for research
are clear, but the
most important future trendswill be toward the establishment
of smoking reduction programs within existing health services,
the combination of chronicdiseasepreventionwithmental
health promotion via mass mediaand community intervention,
and the development of social policy to establish integrated
strategies for smoking cessation and prevention.
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CHAPTER 2. EFFECT OF CIGARETTE
SMOKEEXPOSURE ON
MEASURES OF
CHRONIC
OBSTRUCTIVE LUNG
DISEASEMORBIDITY
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INTRODUCTION

This chapter describes the sequential development of smokinginducedchronic
lung disease, tracedfromtheearlystructural
changes limited to the small airways to the severe and widespread
changes involving thesmallairways,largeairways,andlung
parenchyma.Chronic obstructive lung disease (COLD) develops
relatively slowly, and the progression of lung injury and alterations
in function can be followed using a n individual smoker’s symptoms
and performance on a variety of pulmonary function testa. Early in
the durationof the smoking behavior, a person may be asymptomatic, butoftenthere
are abnormalitiesdemonstrableinthesmall
airways that probably represent an inflammatory response to the
after 20 or more years
constituents of cigarette smoke. Later, usually
of smoking, a constellation of symptoms and functional changes may
develop, particularly in heavy smokers and in those who will later
develop clinically significantCOLD. The clinical picture of cigaretteinducedchronic
lunginjury includes threeseparate,butoften
interconnected, disease processes. They are (1) chronicmucus
hypersecretion (cough and phlegm), (2) airwaynarrowingwith
expiratory airflow obstruction, and(3)abnormal dilationof the distal
airspaces with destruction of alveolar walls (emphysema). Patients
with severe COLD commonly have some degree of all three processes, butindividualpatientsvarysignificantlyintherelative
contribution of the processes to their overall disease state.
Some alteration in lung structure or function is demonstrable in
the majority of long-term smokers, but only a minority of smokers
will develop clinically limiting COLD. In fact, only 10 to 15 percent
of smokers will develop moderate or severeairflow obstruction
(Bates 1973;Fletcher etal. 1976).
This chapter details the relationship between cigarette smoking
and morbidity from COLD. The relationship of cigarette smoking to
changes inthe small airwaysis describedfirst, followed by discussion
of the role of smoking to chronicmucus hypersecretion, chronic
airflow obstruction, and emphysema.

21

EARLYCHANGES IN RESPONSE TO CIGARETTESMOKING

The tests of small airways function were developed in the late
1960s and early 197Os, and grew out of a series of studies calling
attentiontothefunctionalimportance
of disease inthesmall
airways. Macklem and Mead (1967) predicted that there could be
considerable peripheral airway obstruction that might influence the
distribution of ventilationbut
would havelittle effect on lung
mechanisms; subsequently, Anthonisen et al. (1968) and Ingram and
Schilder (1967) demonstratedtheexistence
of earlyfunctional
changes in smokers. These investigators showed that in a group of
patients with clinicallymildchronicbronchitis
and normal lung
of
functionmeasured by spirometric tests, allhadabnormalities
regional gas exchange, as determined by Xenon133. They attributed
this finding to peripheral airway disease and
suggested that the
functionally important lesion in chronic bronchitis may be in the
small airways. Brown and coworkers (19691, using excised lobes of
dog and pig lung, demonstrated thatconsiderable obstruction may be
present in the airways smaller than2 mm with little orno effect on
overall pulmonary resistance. Hogg and coworkers (19681, using a
retrogradecathetertechnique,measuredcentralandperipheral
airway resistance in excised normal and emphysematous human
lungs and found that the peripheral airway resistance (accounting
for only 25 percent of total airway resistance in the normal lungs
(Macklem and Mead 1967)) was greatly increased in the lungs with
emphysema. In an early structure-function correlation study, these
investigators correlated the physiologic findings with histologic and
bronchographicevidence of mucusplugging and narrowing and
obliteration of small airways.Woolcock and coworkers (1969) reported that a group of bronchiticsubjectswithnormalresponsesto
routine lung function tests (lung volumes, flow rates, and diffusing
capacity) demonstrated a decrease in the dynamic-to-static complianceratiowithincreasingbreathing
frequency.These
studies
provided clear evidence that there canbe measurable obstruction in
or perhaps no
airways 2 mm indiameterorsmallerwithlittle
detectable influence on total airway resistance, and, therefore,
on
lung function measuredby conventional tests such as lung volumes,
spirometry, and diffusing capacity.
With the concept of small airways disease firmly established, a
number of new tests considered capable of detecting the abnormality
were introduced, along with reinterpretation of existing tests. The
new measures includedfrequencydependence
of compliance, the
single breathNZtest for the measurementof closing volumes (closing
volume as a percent of vital capacity [CV/VC%] and closing capacity
as a percent of total lung capacity [CC/TLC%]), the slope of the
alveolar plateau, maximal expiratory flow volume (MEFV) curves
using gases of different-densities, and moment analysis of the forced
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expiration.Themeasurementsobtainedfromthe
MEFV curve,
breathinggases of differentdensities, are (a) the differencein
maximal flow at 50 and 75 percent of the forced vitalcapacity
breathingairandbreathing
helium+xygen
a
(He021 mixture
(AVmaxmQ and A075%), and (b) a measurement of the lung volume at
which the air and He02 curves cross, the volume of isoflow (VisoO).
Tests already in common use included the volume-time curve (the
spirogram) and the M E W curve breathing air. The measuremen&
obtained from standard tests that were thought to be sensitive to
forced
mildairflowobstruction
are (a) from thespirogram,the
expiratory flow between 75 and 85 percent of the forced vital
capacity (FEF7=%); and (b) from the MEFV curve: maximal flow at
50 and 75 percent of the forced vital capacity, V m a x 50%and O m a x 75%.
The important question of structure-function correlation in tests
of small airways function hasreceived much attention over the past
5 years, and has been addressed via
a series of attempts to correlate
physiologic tests with the actual structural changes
observed in lobes
or lungs obtainedat thoracotomy orpost mortem.
Fulmer andcoworkers (1977) correlated measurementsof dynamic
compliance with measurements of small airway diameter obtained
from lung biopsies in patients with idiopathic pulmonary
fibrosis.
These investigators demonstrated a highlysignificantcorrelation
betweendynamiccomplianceand
a n overallestimate of small
airways diameter.
Cosio and coworkers (1978) and Berend et al. (1979) did pulmonary
function tests before lung resection and correlated the function
tests
with morphologic abnormalities that divided the subjects into four
groups based on increasing degree of pathologic change. They found
that an index of overall histologic small airways disease could be
related to CC/TLC, VisoV, and the slope of the alveolar plateau of
the singlebreath Nz test (Figure 1); inflammation, fibrosis, and
squamous metaplasia were the most important lesions. The important conclusions thatcan be drawnfromthisstudyarethat
abnormalities of bothspirometryand
the special tests of small
airwaysfunction are associated withstructuralchangesinthe
peripheral airways, and that inflammation is the most important
cause of obstruction to flow in small airways dysfunction.
Berend and coworkers (1979) noted a significantrelationship
betweennarrowing of theperipheralairwaysandCV/VCand
FEFw~%. In contrast to the study
of Cosio et al. (19781, the slope of
the alveolarplateau
did notcorrelatewithperipheralairway
narrowing, and thevolume of isoflow was essentiallyuseless because
of its high variability. They found that the FEVl was also related to
peripheral airway narrowing.
Berend (1982) has recentlyprovided newinformation by reanalysis
and expansion of his earlier study. In measurements of small and
23
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TABLE 1.4orrelation coefficients (r) betweenmorphologic
variables and tests of pulmonary function
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large airway lesions, he found that inflammation correlates best
withthe slope of the alveolarplateau, FEV1, CV/VC, andthe
FEFZWW
(Table 1).
Petty and coworkers (1981) studied a younger group of subjects
(average age, 32) who came to autopsy. They found that inflamma24

tionandincreasedmusclein
thesmallairwayscorrelatewith
CC/TLC and that the slope of the alveolar plateau correlates with
inflammation, increased muscle in the small airways, and increased
intraluminal cells and mucus.
BerendandThurlbeck
(1982) obtainedvolume-pressure
and
M E W curves with air and He02 in 25 excised human lungs obtained
at autopsy from nonhospitalized patients (age 57, f 1 3 years) who
died suddenly from nonrespiratory causes. The emphysema grade
was measured, and the total
pathological score wasdetermined from
four variables: inflammation, smooth muscle hyperplasia, fibrosis,
and pigmentation. Correlations were then made between the measurements obtained from the MEFV curves with air and He02 and
the morphology. A significantcorrelationwasobtainedbetween
maximal flow
and the inflammation score, fibrosis score, and
emphysema grade. Small airways dimensions correlated
poorly with
O m a x 16% and O m a x 6096, and Vis00 showed no significant correlation
with any small airways measurementscore.
or
at
Cosio and coworkers (1980) have also studied lungs obtained
autopsy, but did not attempt to provide structure-function correlation.Theyexaminedthelungs
of smokersandnonsmokersand
are more severe
showed that structural changes in the small airways
insmokersthaninnonsmokers,withthemain
lesionsbeing
inflammation, goblet cell metaplasia, and hypertrophied muscle. In
smokers,alltheairwayslessthan
2 mmwereaboutequally
involved. This study usedslightlyoldersubjects
than an earlier
study by the same investigators. In the earlier study,
gobletcell
metaplasia, increased smooth muscle, and airway narrowing were
not observed, suggesting that perhaps theselesions are a later stage
in theevolution of the response to injury in the small airways.
at autopsy,Salmon and
Inanotherstudy
of lungsobtained
coworkers (1982) correlated morphologic measurements of the central and peripheral airways and the alveolar
surface-to-volume ratio
with the slope of the alveolar plateau measured in
the lung post
mortem. They found a significant inverse correlation between the
slope of the alveolar plateau and the peripheral airway diameter, but
no significant relationship betweenthe slope of the alveolar plateau
and the alveolar-to-surfacevolume ratio, once agehadbeen controlled. They concluded from these findings
that the slope of the
alveolar plateau does indeed assess the properties of the peripheral
airways.
Mink and Wood (1980) performed physiologic studies on the lungs
of six men (average age, 66 years) who died of atherosclerotic heart
disease. Morphometrics were performed on one lung
of each of two of
the subjects.The physiologic studies involved ventilating a lung
through a main-stem bronchus ina volume displacement plethysmograph with two catheters placed to record pressure: one in thelower
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lobe to measure lateral bronchial pressure and the other within the
plethysmograph to record pleural surface pressure. MEFV curves
were obtained in lungs ventilated with eitherair or a He02 mixture.
Theyfound that an abnormal response to breathing He02
is not
necessarily indicative of either airway or parenchymal disease, and
concluded that the ability of the He02 breathing to discriminate
is affected by
between normal and obstructed peripheral airways
large between-subject variation in normal maximal flow, which is
probablyduetonormalvariationinthecaliber
of thecentral
airways. They therefore questioned the useof MEFV curves breathing air and He02 as a means of distinguishing between peripheral
and central airflow obstruction or as
a means of identifying mild
airflow obstruction due to structural changes in the small airways.
A
similar conclusion was reached by MacNee and coworkers (1983).
These structure-function correlation studies have provided fairly
convincingevidence that at least some of the tests purported to
measuresmallairwaysfunctioncanindeedidentifystructural
changesinthesmallairways.Thesechangesappearinitiallyto
involve macrophage accumulation around respiratory bronchioles,
withsubsequentdevelopment
of epithelialabnormalitiesinthe
terminal bronchioles. With cumulative injury over a longperiod,
chronic inflammation leads tofibrosis and perhaps to an increase in
the amount of smooth muscle. These are strictly airway lesions. The
alveolar wall destruction of emphysema is not as clearly related to
the tests of small airways function (Petty
et al. 1981).

Acute Response to Cigarette Smoke
Before the tests of small airways function were introduced in the
a
late sixties and early seventies, it was established that smoking
cigarette results in an immediate increase in airway resistance
a and
decrease in expiratory flow (Attinger et al. 1958; Chiang and Wang
1970; Clarke et al. 1970; Nadel and Comroe 1961; Robertson et al.
1969; Simonsson 1962; Zamel etal. 1963; Sterling 1967). It was
thought that thisresponse is mediated by the vagus nerve, and may
Comroe
besuppressed by isoproterenolandatropine(Nadeland
1961; Sterling 1967; Zamel et al. 1963).
Using the M E W curve and closing volume, Da Silvaand Hamosh
(1973) showed a decreasein the maximum expiratory flow at 50
percent of the vital capacity, with the
MEFV curve assuming a
concave shape in 21 subjects immediately following cigarette smoking. Sobol et al. (1977) found the greatest change following smoking
in airway resistance and specific conductance, with significant but
lesser changes in the l-second forced expiratory volume (FEVI), the
forced expiratory flow over the middlehalf of the forced vital
capacity (FEFWW~, and the ratio
of FEVl to theforced vital capacity
(FVC), FEVJFVC. Neither studyfound a change in closing volume.
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From this limited information, it can be reasonably concluded that
the large airways, rather than the small airways,
respond acutely to
the inhalationof cigarette smoke.

ChronicResponsetoCigarette
Smoke
In the late1800s, Mendelssohn (1897) reported that smoking hada
deleterious effect on the respiratory system. The early studies were
hampered by the lack of sensitive physiologic tests of lung function,
and relied heavily on differences between smokers and nonsmokers
in theprevalence of respiratorysymptoms.Confirmation
of the
structural basis of excessive respiratorysymptomsseen
in the
smokers came from the classic paper by Reid in 1954, in which she
described the pathology of chronic bronchitis (Reid 1954). Ventilatory limitation usually occurs late in the course of COLD. In contrast,
the inflammatory response of the small airways is demonstrable
relatively earlyin life in cigarette smokers.
Smoking and Tests of Small Airways Function in Population
Studies

A large number of studies using tests of small airways function
have been conducted over the past 15 years in groups and populations of various sizes, ages, and other characteristics. In some
of
these studies, the investigators have
developed their own normal test
ranges from a group of asymptomatic nonsmokers, but the normal
ranges obtained by others (Buist and Ross 1973a, b; McCarthy et al.
1972; Collins et al. 1973) have been more commonly used.
In one of the earliest reported studies using the single breath N2
test, Buist and coworkers (Buist and Ross 197313; Buist et al. 1973)
examined 1,073 persons attending a screening center, of whom 524
were current cigarette smokers. Among the smokers, an abnormal
CV/VC was found in35 percent, an abnormalCC/TLC in 44 percent,
and an abnormal slope of the alveolar plateau in 47 percent. When
the three measurements obtained from the single breath
NZ test
were taken in conjunction, 64 percent
of the smokers and61 percent
of the ex-smokers had an abnormal test result. In contrast, only 11
percent of the smokers had an abnormal
FEVl and 21 percent had an
abnormalFEF2s75~~.Thisstudy suggested that the prevalence of
measurablesmallairwaysdysfunctionamongcigarettesmokers
exceeds 50percent. It mustbe kept in mind, however, that this study
was carried out in a screening center and was therefore presumably
biased toward a high disease prevalence.
A collaborativestudywasconductedinthreeNorthAmerican
cities (Montreal andWinnipeg, Canada, and Portland,Oregon)(,Buist
etal.1979a)to
avoid the pitfall of usingabiasedvolunteer
population.Randompopulationsampleswere
used intwo of the
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cities and a random sample of a working population in the third.
Only people aged 25 to 54 were studied. Among the nonsmokers in
each of the three cities, the age-related regressions
for the single
breath Nz variables (CV/VC, CC/TLC, and the slope of the alveolar
plateau) and for FEVdFVC had very similar slopes. As a result, a
combined set of reference values was derived and used for comparison with the smokers and ex-smokers. No single test consistently
showed the greatest prevalence of abnormality among the three
cities. The slope of the alveolar plateau was abnormal most often in
the women who smoked, and theCC/TLC was abnormal most often
in the men who smoked. However, the prevalence of abnormalities
was considerably lower than that reported in the screening center
population study described above. Among the smokers for the three
cities combined, CV/VC was abnormal in 17 percentof the men and
in 26 percent of the women, CC/TLC was abnormal in 32 percent of
the men and in
29 percent of the women, and the slope of the
alveolar plateau was abnormal in 13 percent of the men and in 37
percent of the women. Incomparison, theFEVI/FVCratiowas
abnormal in 7 percent of the men who smoked and in 25 percent of
the women who smoked.
In another large-scale study, Knudson and Lebowitz (1977) used
the single breath Nz test in a random, stratified, cluster sample of
1,900 white, non-Mexican-American residents of Tucson, Arizona.
These investigators established their own reference values from the
asymptomatic nonsmokers, and then compared their smokers to the
reference values. Figure2 reveals the prevalence of an abnormal test
result in three groups: normals, asymptomatic smokers, and s y m p
tomaticsubjects (a group comprisedlargely of smokers).For the
76% and slope of phase I11 as well as for combined parameters of
the MEFV curve and single breath Nz test, asymptomatic smokers
had approximately twice the prevalence of abnormal test results
comparedwith
thenormalnonsmokingpopulation.Whenthe
analysis was limited to the population
aged 25 to 54,the results were
even more striking. Of the asymptomatic smokers, 21.5 percent had
an abnormal
75%, and 33.9 percent had some abnormality
on
either thesingle breathNztest or theMEFV curve.
Manfreda and coworkers (1978) studied population samples stratified by sex, age, andsmokinghabits
from a ruralcommunity
(PortagelaPrairie)andanurbancommunity
(Charleswood) in
Manitoba. They tested 246 persons in Portage la Prairie and 256
subjectsinCharleswood.Reference
values for asymptomatic nonsmokers were established for the single breathNz test variables and
for FEVI/FVC and RV/TLC. In both communities, the slope of the
alveolar plateau was abnormal (more than 2 SD from the mean)
more often in smokers than in nonsmokers in both sexes (Figure 3).
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Detels and coworkers (1979) studiedpopulationsamples in two
California
communities,
one
being
exposed photochemito
cal/oxidant pollutants (3,465subjects). They used the single breath
N Ptest, but measured the change in Nz concentration between 750
d
thanthe
more
and 1,250 cm3of expired air ( h N Z 7 ~ ~ 1 2 5 4 rather
traditional way of looking at the slope of the alveolar plateau. They
found thatthemeanvalues
for hN2(750-12501 and CV/VC were
consistently higher for smokersthan for nonsmokers.
Tockmanandcoworkers (1976) studied two groups of subjects
selected from the Baltimore metropolitan area and not known to
have disease. One group consisted of neighborhood control subjects
participating in an epidemiologic study of obstructivepulmonary
disease, and the other consisted of teachers in the Baltimore public
schools who volunteered fora study of health and disease.Of the 133
subjectsstudied,78weresmokersand
55 werenonsmokers.The
investigators analyzed theirdata in a slightly differentway from the
approach used in the studiesdescribed above, in that theylooked for
differencesbetween the age-relatedregressionequationsfor
the
various tests in smokers and nonsmokers. They found significant
differencesbetween the adjustedmeansmokerandnonsmoker
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values, but no differencesassociated with age for CC/TLC, the slope
of the alveolar plateau,RV/TLC, the steady state diffusing capacity,
andthenumber
of respiratorysymptoms. Differencesbetween
smoker and nonsmoker mean values and an increasing difference
between smokers and nonsmokers- with increasing age were found
for the FEVI, FEF25-75%,
50, and moment analysis. The researchers suggest that the first groupof tests may measure a n all-or-none
response that occurs relatively soon after the onset of smoking andis
not affected by duration of smoking, and that the second group of
tests may measure the effect of continued smoking, thus reflecting
the increasing abnormality associated withlongerexposure.This
theory should be tested as part of a n evaluation of the predictive
value of small airways function.
Nemery and coworkers (1981) used the single breath Nz test and
MEFV curves to studya group of 272 European blue-collar workers,
aged 45 to 55,from a steel plant near Brussels, Belgium. They first
obtained reference values from their asymptomatic nonsmokers and
defined their limitof normality as the 95th percentilefor each of the
tests. CC/TLC and the slope of the alveolar plateau had the highest
prevalence of abnormality among the smokers (47 and 44 percent,
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respectively), followed by CV/VC% (34 percent), '?ma, 75% (33 percent),
and
S090 (30 percent). When the indices derived from the single
breath N2 test were combined, 60 percent of their smokers had an
abnormality in one or more of the measurements obtained from the
test, whereas 52 percenthad
an abnormalityinone
or more
measurements obtained from theforced expiratory maneuver. They
pointed out that combining the measurements obtained froma test
increases its sensitivity but decreases specificity.
its
In addition to the studies described above, which involved fairly
large population groups, numerous studies have been carried out in
smaller groups (McCarthy et al.1972; Stanescu et a1 1973; Gelb and
Zamel 1973; Cochrane et al. 1974; Abboud and Morton 1975; Marcq
and Minette 1976). These studies have alsofound the measurements
obtainedfrom the singlebreath Nz test and MEFV curveto be
abnormal more often among smokers than among nonsmokers.
There have been very few published studies using MEFV curves
with air and HeOz in reasonably large population groups. This
is
probably because the test is more difficult to performthan the single
breath NP testor the forced expiration maneuver, andbecause of the
wide range of within-individual and between-individual variability
(1981) obtained
associatedwith thesetests.Lamandcoworkers
spirometry and MEFV curves with air and He02 in
423 subjects
participating in epidemiologic health surveys in British Columbia.
The subjects consisted of four groups: nonsmokers and smokers not
exposed to air pollutants at work, and nonsmoking and smoking
grain elevator workers. Reference values were established from the
78 healthy, asymptomatic nonsmokers who were not exposed to any
air pollutant at work. They found that in the subjects not exposed to
air pollutantsat work, om,50 was the best test for discriminating the
A O m a x 50 andVisovwerenot
effects of cigarettesmoking,but
significantlydifferentbetween
the smokers and the nonsmokers.
Interestingly, the FEVl was the best discriminator of the effect of
grain dust, and therewas poor concordance among the FEV1, V m a x 50
and A O m a x 50, and Visov. Theyconcluded that a comparison of MEFV
is lesshelpful than the standard
curves breathing air and He02
MEFV curves in distinguishingthe effects of smoking and theeffects
of exposure toan air pollutant.
A careful evaluation of moment analysis in a reasonably large
population group of adultshasnot
beenpublished. Thelimited
information in the literature comes from studies of small groups of
children (Neuberger et al.1976; Liang et al.1979; MacFie et al. 1979)
and adults (Permutt and Menkes 1979; MacFie et al. 1979). These
preliminary studies look promising, but a more extensive evaluation
of thetechniqueincarefully
chosenpopulationgroupsmust
be
carriedout before conclusions are reached on thevalue of this
approach. Moment analysis is particularly sensitive to changes in
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theterminalpart
of the forced expiratoryspirogram,which
is
particularly sensitive toan artifact in the
MEFV curve when volume
is measured by a spirometer at the mouth rather than by plethysmography. This artifact relates to the fact that there
are volume
changes due to gascompression that are measured by plethysmography but not by a spirometer at the mouth. The appropriate method
to measure volume in moment analysis is by plethysmography, but
very few such measurements have been made, most measurements
having been made by spirometry. The magnitude of the resulting
error has not been
assessed.
Insummary,theprevalence
of abnormalities observed inany
group of smokers depends onthe age and characteristics
of the group
(how theywere selected),on the referencevalues used (external
reference values or reference values obtained from
the population
under study), and the cutoff used to define abnormality. However,
this prevalence is uniformly higher in smoking than in nonsmoking
populations. Ina randomly selected sampleof the general population
below age 55, at least a third (and usually more) of the smokers can
be classified as having small airways dysfunction.
Dose-Response Relationship Between Amount Smoked and Small
AirwaysDysfunction
In general, population-based studies involving adults of all ages
with a reasonable range of cigarette consumption consistently show
a fairly strong dose-response relationship between the number of
cigarettes smoked and thedegree of impairment.
Burrows and coworkers (1977a), studying a randomly stratified
cluster sample of Tucson, Arizona, households comprised
of 2,360
white,non-Mexican-Americanadultsoverage14,foundahighly
significant quantitative relationship between pack-yearsof smoking
75%, FEVI percent
and functional impairment, as measured by
predicted,andFEVI/FVCpercent.Theshiftinthemean
FEVl
percent predicted and the distributionof the FEVl percent predicted
with increasing cigarette consumption
is illustrated in Figure4.
Buist and coworkers found a positive correlation between total
cigarette consumption and the frequencyof abnormalities in testsof
524 smokers attending an emphysema
small airways function in
screening center. However, tests of significance were not reported in
the description of the relationship between pack-years and CV/VC
and CC/TLC (Buist et al. 1973). Tests of significance were reported in
the description of the relationship between the slope of the alveolar
plateau and cigarette consumption (Buist and Ross 1973b); no clear
relationship between daily cigarette consumption and an abnormal
slope of the alveolar plateau was found. Among women who smoked
morethan 20 cigarettes a day,however, the prevalence of a n
abnormal slope of the alveolar plateau was significantly increased;
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among men, a significant increase was found only
for those who
smoked more than 40 cigarettes a day.
Somewhatsimilarconclusionswerereached
by Tockman and
coworkers (1976) in their studyof healthy Baltimore residents. These
investigatorsfound thatthe CC/TLC, the slope of the alveolar
plateau, RV/TLC, the steady state diffusing capacity, and respiratorysymptomsweresignificantlydifferentbetweensmokersand
nonsmokers, but there wereno significant age-related differences for
these variables. In contrast, tests
of forced expiration (FEVl/FVC,
50, andmomentanalysis)
showed bothdifferencesbetween
smokers and nonsmokers and increasing smoker versus nonsmoker
differences withincreasingage.Theseinvestigatorsinterpreted
their findings as suggesting that the tests of small airways function
measure an all-or-none response that occurs at the onset of smoking
but is not affected by duration of smoking. They proposed that the
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measurements obtained froma forced expiration maneuver probably
measure the effects of continuedsmokingandreflectincreasing
abnormality associated with longer duration
of smoking.
In their study of population samples in Manitoba, Manfreda and
coworkers (1978) found a significantrelationshipbetweenthe
current number of cigarettes smoked per day and the slope of the
alveolar plateau and CC/TLC in both sexes and RV/TLC inwomen.
Theseinvestigators found that an index of lifetimeexposureto
smokehad noeffect after accounting for the effect of current
smoking. Among allthelungfunctionmeasurements,smoking
status accounted for the largest proportion of variance due to the
threesmokingvariables(smokerversusnonsmoker,number
of
cigarettes smokedper day,andlifetimeamount
smoked). They
interpreted this finding as suggesting that responses on these lung
function tests are related more to whether one
does or does not
smoke than to the amounts
smoked.
Buistandcoworkers,in
the three-citycollaborativestudy
described earlier (Buist et al.1979a), considered the effect of smoking
in two ways, first by means of multiple regression analysis using age
and cigarette-years data from both smokers and nonsmokers. Using
the pooled data from the three cities,theyfound
that cigarette
consumption had a significant
effect on the CC/TLC, CV/VC, the
slope of the alveolar plateau, and FEVl/FVC
(only in women).In this
analysis, the effect of aging was considerably greaterthan the effect
of smoking. The second approach involved data only from smokers,
and a linear regression of the percentage of the predicted value for
each variable on cigarette-years was obtained. A significant regression occurred in only one-third of the city/sex groups, and in each
case the regression coefficients were verysmall. Theyconcluded that
a dose effect was not apparent when smokers only were considered,
using both cigarettes per day and years
smoked as indicators of
cigarette consumption. They interpreted these findings similarly to
Manfreda and coworkers (1978): it could be smoking itself and not
the quantity of cigarettes smoked that is the crucial factor in the
development of early functional impairment. The researchers suggest that absence of a clear-cut dose-response relationship in this
study may also have resulted from the limited age range (25 to 54
years) and the relativelyfew heavy smokers in the study. They also
speculate that thesingle breathN2 test variables, especially the slope
onof the alveolar plateau, may
be so “sensitive” that they reflect an
off effect of smoking rather than cumulative damage.
Dosman and coworkers (1976) looked for a dose-response relationship in49 smokers, aged 28 to 67, of whom 60 percent were attending
a smokingcessationclinic.Theyfoundasignificantrelationship
between a smoking index (cigarettes per day X years smoked) and
Visos’ and s’,,, 50. They did not findasignificantrelationship
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between
symptoms
and
frequency
dependence
of compliance,
CC/TLC, the slope of the alveolar plateau, orV m a x 50 (Figure 5).
Beck and coworkers (1981,1982),in a cross-sectional study of three
communities (Lebanon and Ansonia, Connecticut, and
Winnsboro,
South Carolina) sought a dose-response relationship in 1,209 smokers. Dividing the sample into light smokers (1to 20 cigarettedday)
(>20 cigarettedday),they found a trend of
andheavysmokers
increasing dysfunction across smoking categories
that was evidentas
early as age group 15 to 24 for both men and women. A difference
between men and women occurredinterms
of therelationship
between residual lung function(observed-predicted FEVI) andpackyears of smoking. In male smokers, the combination of number of
cigarettes smoked per day and duration
of smoking was the best
indicator of loss in lung function, as measured by residual lung
function (FEVI, O m a x 50%, and VWJ. For women smokers, pack-years
best explainedlungfunction
loss as measured by residuallung
a verydefinitedose-refunction.Theseinvestigatorsthusfound
sponse relationship between the amount smoked and lung function
loss. They do point out, however, that smoking variables and age
accounted only for up to15 percent of the variation in residual lung
function.
a dose-response relationship
Insummary,thedatasuggest
between number of cigarettes smoked per day and the prevalenceof
abnormal results on tests of small airways function. That is, heavy
smokers are more likely to have abnormal small airways function
thanlightsmokers.
However, there is only a weak relationship
between the degree of abnormality in small airways function and the
number of cigarettes smoked per day or pack-years of smoking. In
contrast, tests obtained from the
forced expiration maneuver have a
stronger dose-response relationship.This is consistentwith the
theory that cigarette smoking induces a n inflammatory response in
the small airways and that this response
is more likely to happen in
heavy smokers, as measured by sensitive measures of small airways
of
functionsuch as the singlebreathnitrogentest.Theextent
chronic airway disease that reflects the
dose and duration of the
smoking habit is better measuredby changes in theforced expiratory maneuver.

How Soon Do Changes in Small Airway Function Occur?
The first study to look at the prevalence of abnormalities on tests
of small airways function by age in a large group of smokers was
reported by Buist and coworkers (1973a). These investigators found
that abnormalitiesof small airways functioncould be detected before
age 30 by means of the singlebreath
Nz test, withCV/VC
discriminating bestbetweensmokersandnonsmokersin
the age
decade of the twenties (Figure
6).
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Intheir cross-sectional survey of residentsin
threeseparate
communities in Connecticut and South Carolina, Beck and coworkers (1981, 1982) found that the age of onset of abnormalities in lung
function may occur as early as age 15 to 24. Their approach used
residual lung function (observed-predicted value) for FEVI,O m a x 90~0,
and Vmax 75%, with a negative residual indicating a n observed value
below prediction.Negativeresidualsfor
allthreemeasurements
begantooccurinwomenin
theagegroup 15 to 24 (Figure 7).
Significant differences among smoking categories-nonsmokers, exsmokers, light smokers (1 to 20 cigarettesiday), and heavy smokers
( >20 cigarettes/day)-were
seen for ,0 tm and '
?
76% in women
,
aged 15 to 24 and for FEVl in age group25 to 34 (Figure 8). In male
smokers, negative residuals began
to occur for all three measurements in the age 25 to 34 group. Significant differences among the
smoking categories wereseen for FEVl in the35 to 44 age group and
for O m a x 50% and
76% in the 45 to 54 age group.
Seely and coworkers (1971) found lower values for O m a x so% and
0,- 75% in a group of high school students with 1 to 5 years of
smoking experience. These differences were significant in boys who
smoked more than 15 cigarettes per day and in girls
who smoked
more than 10 cigarettes per day. Significant differences betweenthe
smokers and nonsmokers were
not found forFEVI.
Dosman and coworkers (1981) studied 1,202 adults, aged 25 to 59,
living in Humboldt, Saskatchewan.Among smokers in the 25 to 29
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age group, 14.9 percent of the women and 18.5 percent of the men
had an abnormaltest value for the slope of the alveolar plateau, for
CV/VC, or for both. Comparable rates
of abnormality for FEV:/FVC
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were 2.1 percent in women and 5.6 percent in men. For both the
slope of the alveolar plateau and
CV/VC, the prevalence of abnormal
test value increased steadily with increasing so
age,
that 63.6 percent
of the female smokers aged 55 to 59 and 46.2 percent of the male
smokers aged 55 to 59 had abnormalvalues. Comparable ratesfor a n
abnormal FEVdFVC were 4.5 and 19.2 percent in the women and
men, respectively.
Walterandcoworkers
(1979) studied 102 Indianmale medical
students in their late teens and early twenties.Of the 102 subjects,
60 werenonsmokers,
23 werelightsmokers(lifetimetotal
of
< 10,000 cigarettes), and 19 were heavy smokers (lifetime total of
> 10,000 cigarettes).Theresearcherscomparedmeanpulmonary
function values obtained from
the. spirograms across the smoking
categories. There was a consistent trend for all the lung function
variables
examined
(FEFxw%,
F E F w m , FEF7wo%, FEFww%,
FEFwz%, and FEVI/FVC),with the highest mean values being seen
in the nonsmokers, intermediate values in the light smokers, and the
lowest valuesintheheavysmokers.Therewere
nosignificant
No
differencesamong
thethree groupsinheightandweight.
information was given in this report about
the type of cigarettes
smoked.
The consistency of results from the studies attempting to define
theage of onset of measurableabnormalitiesin
tests of small
airways function is striking. Even though statistical significance was
is clear and provides strong evidence
not always found, the trend
that measurable abnormalitiesof small airways functiondo occur in
some smokers within
a few years of smoking onset.
Male-Female Differences in the Responses of the Small Airways
toCigaretteSmoking
Whenlooking at variationsbetweenthesexesinresponseto
cigarette smoking, one must take into account
possible differences in
the manner in which cigarettes are smoked, in the amount smoked,
and in environmental exposures that may interact with
smoking.
Most investigators have foundlittle or no differencebased on sex for
the relationship between the varioustests of small airways function
a differencebetween the sexes in
and age innonsmokers.Thus,
response to smoking,if it exists, probably representsa true biological
difference in the effect of smoking on lung function or variations in
exposure dose resulting from methodof smoking or amountsmoked.
Unfortunately, the information available in the literature about
sex-related differences in small airways response to cigarette smoking is scanty andconflicting. Manfreda and coworkers(1978) found a
higher prevalence of abnormality in tests of small airways function
among male smokers than among female smokers in their studyof
two communitiesinManitoba.The
oppositefinding
has been
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reported by Buist and coworkers(Buist and Ross 1973a, b; Buist et al.
1973, 1979a)in their studies of a screening center population and of
population samples and groups in Montreal, Winnipeg, and Portland. It is quite possible that selection bias in the screening center
studylimitstheability
to extrapolatethisstudytothegeneral
population. The threecities study, however,did not suffer from that
flaw, and showed clear differences (women higher than men) in the
prevalence of abnormalities of CV/VC and the slope of the alveolar
plateau. The prevalence of abnormality of CC/TLC, on the other
hand, was slightly higher in male smokers than in female smokers
(32 and 29 percent, respectively). A surprising finding was that the
prevalence of FEVdFVCabnormalitywas
considerably higher
among women who smoked than among men who smoked (25 and 7
percent, respectively).
At this point, a generalization is not yet possible on sex-related
differences in theresponse of the small airways to cigarette smoking.
However, it seems likely that the contribution of sex difference is
relatively small once age and
dose are taken intoaccount.

Effect of Smoking Cessation on Small Airway Function
The correlation between abnormalities in tests
of small airway
function and the pathologic changes of inflammation of the small
airways suggests that cessation of smoking may lead to
a return
toward normal in these tests. A number of authors have examined
changes in testsof small airways function in cigarette smokerswho
have quit.
Ingram andO'Cain (1971) examined six smokers with an abnormal
frequency dependence of compliance who quit smoking. After 1 to 8
weeks of cessation, values in all six returned to the normal range.
Bode et al. (1975) examined 10 subjects aged 29 to 61 with normal
FEVlvalues while theywereactivesmokersandagain6
to 14
months after they had
stoppedsmoking.Staticvolumepressure
curves, slope of phase 111, and forced expiratory flow rates on air
were unchanged by cessation. However, the maximum expiratory
flow rates with helium at 50 and 25 percent of the vital capacity
increased, and the volume of isoflow and closing volume decreased.
McCarthy et al. (1976) followed 131 smokers aged '17 to 66 who
volunteered to attend a smoking cessation clinic. Cessation resulted
in a significant reduction inthe closing capacity (CC/TLC%) and the
slope of phase I11 within 25 to 48 weeks in the 15 persons who were
able to abstain from cigarettes
completely.
Buist et al. (1976) followed a group of 25 cigarette smokers who
andfoundthat
cessation
attended a smokingcessationclinic
resulted
in
significant
improvements
in
the
closing
volume
(CV/'VC%),closingcapacity(CC/TLC%),and
the slope of the
alveolar plateau (phase 111) at 6 and 12 months following cessation.
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This study was expanded using a second group of subjects (Buist et
al. 1979b) and a 30-month followup. Once again, the three parameters of the single breathN2 test showed improvement in smokers who
quit; this improvement continuedfor 6 to 8 months, and thenleveled
off (Figure 9). In addition, the valuesfor the single breath N2 test in
thosewhoquitreturnedtothe
levelspredicted for nonsmokers,
suggesting that the changes in the small airways be
cansubstantially reversed with cessation.
Bake et al. (1977) also showed a n improvement in the slope of
phase I11 following cessation in a small groupwho were followed for
5 months.
In summary, abnormalities in the small airways are substantially
reversible in smokers who have not
developed significant chronic
airflow obstruction. This suggeststhat the inflammatory response in
the small airways, which may be the earliest change induced by
smoking, is also a changethat reverses with the cessation of chronic
exposure to the irritants in cigarette smoke.
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Relationship Between Small Airways Disease and Chronic
Airflow Obstruction
There is no question that the information obtained over the past
15years from studies of smallairwaysfunctionhas
helped to
describemore accuratelythenaturalhistory
of chronicairflow
obstruction. The practical question of the place of tests of small
airways function in clinical practice has not yet been resolved, and
will not be fully answered until longitudinal studies using the tests
have been completed.The importantissue to be addressed is whether
the tests of small airways function can be be used to identify the
smoker who will progress to develop irreversible airflow obstruction.
This question can be answeredsatisfactorilyonly
by following a
fairly large groupof smokers prospectively over a period of time long
enough for some of the smokers to develop an abnormal FEV1. If the
tests of small airways function can be used alone, or in conjunction
with other qualitative or quantitative data about risk factors, they
will clearly be useful to the practicing physician. If they are too
sensitive or have a poor predictive value, their use will be more
limited.
Buist and coworkers (1984) determined the positive and negative
predictive value of tests of small airways function in their study of
two cohorts followed prospectively over a 7- to ll-year period. They
found that thepositive and negative predictive values of the tests of
small airways function varied greatly between the cohorts, largely
because of the different ages and prevalences of an abnormal FEVl
between the cohorts. They concluded that significant associations
existed between the single breath Nz test variables and spirometric
variables in smokers, but the weakness
of these associations and the
high misclassification rates suggest that small airways disease does
not necessarily lead to clinical airflow obstruction.
Over a period of 8 years, Marazzini and coworkers (Marazziniet al.
1977, 1981) followed a group of 69 asymptomatic workers in a n iron
foundry (49 smokers, 20 nonsmokers) living in the same area. They
found that 39 percent of the smokersand
15 percent of the
nonsmokers, initially diagnosed as having peripheral airways disease, developed central airways obstruction (defined as 1 or more of
thevitalcapacity
(VC), FEVl orFEVl/VC beingmore than15
percent different from normal) within
the 8-year followup.
An indirect way to assess the predictive value of the tests of small
airways function was proposed by Tattersall and coworkers (1978).
These investigators proposed that any valid test of chronic airflow
obstructionmust
yield resultsthat are systematically worse in
middle-aged smokers than in middle-aged nonsmokers, and that such
a test should also correlate with the FEVl in middle-aged smokers.
Using these criteria ina cross-sectional study of a sample of working
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men in West London, they concluded that the most informative and
repeatable tests were
75% and the slope of the alveolar plateau.
(1981) addressed the question of the
Nemeryandcoworkers
significance of tests of small airways function in their study
of 2,072
blue-collar workers, aged 45 to 55, from a steel plant near Brussels.
They found that smokers with an abnormalCC/TLC or slope of the
alveolar plateau and a normal FEVdFVC had a significantly lower
FEVd(height13 than subjects with normal CC/TLC and slope of the
alveolarplateau.Theyinterprettheirdata
as suggesting that
smokers with small airways dysfunction experience
a more rapid
decline in FEVI than smokers without small airways dysfunction,
leading to a higher susceptibility to long-term smoking effects the
in
former group.
The oppositeconclusionwas
reached by Fletcher (19761, whc,
examined the relationship between
CV/VC, the slope of the alveolar
plateau, and FEVl in 200 male smokers aged 40 to 55. In this group,
he found a relatively poor correlation between FEVI and the single
breath Nz variables.
allow a firm
There is thus, as yet,inadequateinformationto
conclusion to be drawn about the predictive value
of the tests of
small airways function in identifying the susceptible smoker whois
going to progress toward -clinical airflow obstruction. The tests
of
small airways functionare probably abnormal for many yearsbefore
the FEVI becomes abnormal in those smokerswho go on to develop
airflow obstruction. However, many smokers with abnormal tests of
smallairwaysfunctionmaynever
developclinicallysignificant
airflowobstruction.Therefore,functionalchangesin
thesmall
airwaysmaynotalways
be related to the widespreadalveolar
destruction seen in smokers or to the development
of clinical airflow
obstruction. It may be
that varying degrees of inflammation and
fibrosis occur in virtually all smokers, and that there is something
very different about the smokers who develop extensive airway or
emphysematous changes.
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Summary
A number of tests have been developed that can identify small
airways dysfunction in individuals with normal lung volumes and
standard measuresof forced expiratory airflow. These tests correlate
well with the presenceof pathologic changes in the airways2 mm or
lessin diameter,particularlywithperibronchiolarinflammation.
Cigarette smokers havea significantly higher frequencyof abnormal
tests of smallairwaysfunction.Heavysmokershave
a greater
prevalence of small airways dysfunction than light smokers, but
there is only a weak doseresponse relationship between numbers
of
cigarettes smoked per day or duration of smoking and the extentof
small airways dysfunction. This suggests that the response of the
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small airways maybe an “allor nothing” inflammatory response to
cigarette smoke irritants rather than a progressive response representing a cumulative injury.
Cessation of cigarette smoking results in significant improvement
in small airways function,which in those smokers withoutevidence
of chronic airflow obstruction,may return to normal.
The relationship between changes in the small airways and the
development of chronicairflowobstruction
remainsunclear. It
seems likely that those smokers whowill go on to develop ventilatory
limitation will haveabnormalsmallairwaysfunction
before the
FEVl becomes abnormal,butmanysmokerswithsmallairways
dysfunction may never progress to significant airflow obstruction.
Therefore, the usefulness of tests of smallairwaysfunction
for
identifying those who will develop ventilatory limitation remains to
be established.
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CHRONICMUCUSHYPERSECRETION

Introduction
The association of cigarettesmokingandchronic
coughwas
recognized by the general public in the term “smokers cough” well
before the demonstrationof this association in epidemiologic studies.
Cough is the symptom most frequently experienced by smokers, and
it is oftenaccompanied by excess mucussecretionresultingin
phlegm production or a “productive” cough. Chronic bronchitis was
defined by the Ciba Foundation Guest Symposium report (1959) as
“the condition of subjects with chronic or recurrent excess mucus
secretion into the bronchial tree.” The position was taken that any
production of sputum was abnormal, and chronic wasdefined as
“occurring on most days forat least 3 months of the year for a t least
2 successive years.” Also, the sputum productioncould not be onthe
basis of specific diseases such as tuberculosis, bronchiectasis, or lung
cancer.
Measurement of Cough and Phlegm in Epidemiologic
Studies
The increasing useof standardized questionnaires in interviews to
ascertainthepresence
of cough,phlegm,orothersymptoms
of
respiratory disease has improved the quality of measurements of
prevalenceandincidence of thesesymptomsandthevalidity
of
comparisons within and between studies. Similar attention has been
given to developingquestions
aboutsmokinghabits,including
questions aboutthe type and number
of cigarettes used at the time
of
interview and in the past. The
first British Medical ResearchCouncil
(BMRC) questionnaire published in 1960 (Medical Research Council
1960) had been tested, revised, modified, and extended, and many
studies have resulted from its widespread use. However, difficulties
in using this questionnaire inepidemiological studies of populations
in the United States and the desire tocollect additional information
led to modification in individual studies and toa loss of comparability between studies. This motivated the American Thoracic Society
and the Division of Lung Diseases of the National Heart, Lung, and
Blood Institute to establishthe
Epidemiology Standardization
Project. Extensive methodological studies were done, standardized
questionnaires weredeveloped, and techniquesfor measuring pulmonaryfunctionandevaluatingchestradiographswere
proposed
(Ferris 1978). Samet (1978) has reviewed the history of the develop
ment of respiratory symptom questionnaires. Although manyinvestigators now use themethods advocated by the BMRC orthe
Epidemiology StandardizationProject,several
of thestudies reviewed in this chapterof the Report are based on other, nonstandard
questionnaires. A comparison between studies of different popula45

tions, or the same population studied at different times, must be
made cautiously and only after careful consideration of technical
and methodologicalissues. Low rates of participationand use of
unrepresentative samples may cause
biased estimates of the frequency and distribution of symptoms. Attitudes toward smoking have
changed, and comparisons of questionnaire responses and objective
at leastinsome
measurements of smokinghabitsindicatethat
situations, less reliance can now be placed on answers to questions
about smoking habits (MRFIT Research Group 1982). Estimates of
prevalence and incidence of respiratory symptoms are imprecise,
and too much importance should notbe attached to relatively small
differences in rates of reporting cough and phlegm. Each author’s
criteria for detecting the presence of cough or phlegm should be
considered, especially when combinationsof symptoms or diagnostic
labels such as chronic bronchitis or mucus hypersecretion are used.
Notwithstanding methodologicaldifferences,however,consistent
patterns or trends found in many studies indicate that the associations between smoking and chronic mucus hypersecretion
are real
and that the
findings are widely applicable.

Prevalence of Cough and Phlegm
Unpublished data from the National Center for Health Statistics
8 millionpersonswithchronic
estimate that there were almost
bronchitis in the United States in 1981(3.4 million men, 4.5 million
women). This is probably an underestimate of the true frequency of
cough and phlegm in the population,
since people who had these
as chronicbronchiticsunlessthey
symptomswerenotcounted
responded affirmatively to the questionaboutbronchitis.
On the
other hand, some cases of acute bronchitis may have been included
incorrectly and inflated the estimate. The apparently higher prevalencerates of chronicbronchitisin
women than inmeninthe
National Health Interview Surveys in 1970 and 1979 (3.4 and 3.7
percent for women in 1970 and 1979, respectively, and 3.1 and 3.2
percent for men in 1970 and 1979) are probably due to ascertainment
being less complete for men (USDHEW 1980b). Prevalence rates of
chronic bronchitis ranged from 4.2 percent at ages under 17 yearsto
2.7 percent a t 17 to 44 years, 3.6 percent a t 45 to 64, and 4.5 percent
a t agesover 65 years.Thehigh
rate intheyoungestgroup
is
presumably becauseof the inclusion of cases of acute bronchitis.
Standardquestionsaboutchronic
coughwereaskedin
the
National Health and Nutrition Examination Surveys (NHANES)of
representative samples of the US. population. Some supplementary
questions were asked about phlegm and other respiratory symptoms,
andthesedataare
presentedin
the appendixtothischapter.
Prevalence rates of diagnosed chronic cough in 18- to 74-year-old
participants in NHANES1 (1971-1975) were 3 percent for men and 2
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percent for women; they increased with age from 1 percent at 18 to
24 years to6 percent at 65 to 74 years for men, and from1percent at
18 to 24 years to 3 percent at 65 to 74 years for women (National
Center for Health Statistics, unpublished data).
Theprevalence of self-reportedrecurringpersistent
cough by
smoking status for men and women of different ages is presented in
the appendix and in Figure 10 based on NHANES 1. For the entire
NHANESpopulation, the prevalence of thepersistent cough increased threefold in male smokers
and twofold in female smokers
compared with nonsmokers (Figure lo), and the prevalence of cough
increased with increasing cigarette consumption in both
men and
women.

Relationship of Cough and Phlegm to Smoking
Relationships between smoking and cough or phlegm are strong
and consistent; they have been amply documented and are judged to
be causal(USPHS 1964, 1971; USDHEW 1979; USDHHS 1980a,
1981). Associationsbetweensmoking
and cough orsputumare
2 and 3 and are
apparentintherecentstudieslistedinTables
illustratedinFigures
11 and 12. Althoughcough,phlegm,and
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chronic bronchitis occur in nonsmokers, prevalence rates areconsistently higher in cigarette smokers.
The excess prevalence of cough and phlegm in cigarette smokers
increaseswith the amount smoked (see below). The frequency of
reporting cough and phlegm is at least twice as high for smokers as
fornonsmokersexceptin
some groupswithminimalexposure.
Differences in prevalence rates between smokers and nonsmokers
tend to be greater at older ages among men, whereas differences in
rates between smoking and nonsmoking women tend to be as great
or greater at younger ages (Tables 2 and 3). Rates are not given for
pipe or cigar smokers in most of these studies, presumably because
the numbers of such smokers were too small for reliable rates; male
pipe smokers and cigar smokers in Tecumseh reported
cough and
phlegm more frequently than nonsmokers or ex-smokers, but less
frequently than cigarette smokers
(Higgins et al. 1977).
Individual studies have evaluated other factors
as well as smoking,
but smoking has been judged the most important determinant of
symptom prevalence (Fletcheret al.1976; Ferris et al. 1976; Kiernan
et al. 1976;Bouhuys 1977; Higgins et al. 1977). Consideration of
evidence from many different studies has led to the conclusion that
cigarette smoking is the overwhelmingly most important cause of
cough, sputum, chronic bronchitis, and mucus hypersecretion
(Speizer and Tager 1979; USDHHS 1980b).
Effects of Smoking Cessation
Cross-sectional information on ex-smokers suggests that stopping
smoking is followed by a reduction in cough and phlegm because
symptoms are less prevalent than in current smokers, but these
symptoms are generallymoreprevalentinex-smokers
than in
lifelong nonsmokers (Huhti e t al. 1978; Gulsvik 1979; Park 1981;
Schenker et al. 1982). However, the differences between ex-smokers
and nonsmokers were either very small or absent in the studies
reported by Higgins et al. (1977) and Manfreda et al.(1978).
The longitudinal studies cited in Table 3 strengthen the evidence
from cross-sectional studies that cigarette smoking causes
cough and
phlegm. Prevalence rates were higher at followup examinations in
persons who started to smokeafter being nonsmokers at a previous
examination(Kiernan et al. 1976; Leeder et al. 1977). Rates of
reporting cough orphlegmdecreased
insmokers
who stopped
smoking in two British studies (Kiernan et al. 1976; Leeder et al.
1977) and in populations in the United States (Ferris et al. 1976;
Friedman et al. 1980; Beck et al. 1982). Many people who stop
smoking report a rapid reduction in cough and phlegm. Although
remission of symptoms occurs in some persistent smokers, remission
rates are generally higher and incidence rates lower in those who
quit than in
those who continue to smoke.
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FIGURE 11.-Prevalence of chronic cough and/or chronic
sputum among samples of men and women in
Tucson, Arizona
SOURCE Lebowitz and Burrows (1977).

Dose-Response Relationships
The most common measures of dose are the number of cigarettes
currently smoked per day and the pack-years of cigarette consump
tion; thelatterestimateslifetimeexposure
by integratingthe
number of cigarettes smoked (by pack) and the durationof cigarette
use. Errors of memory compromise the accuracy of retrospective
information, which may also be biasedby differential recall in those
63
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FIGURE 12.-Percentage of smokers with phlegm
production (adjusted for age), according to tar
yield of cigarettes
SOURCE.Higenbottam et al.(1980).

with and withoutsmoking-relatedsymptomsordiseases.Even
accurate reports of current smoking habits fail to take into account
all the sources of variation in exposureassociated with the material
used incigarettemanufactureorgeneratedintheburning
of
cigarettes. The dose of noxious materials received is also influenced
by human behavior, including the number, volume, and timing of
puffs taken with each cigarette; retention of smoke in the mouth;
depth of inhalation; disposition of the cigarette between puffs; and
otheraspects of smokingstyle that are notreproduced by the
smoking-machines used to measure tar andnicotine yield.
Prevalence rates of cough or phlegm, or both, generally increaseas
thenumber of cigarettes smoked perdayincreases.
Thetrends
illustrated in Figures 11 and 12 were present in both sexes and all
age groups (Lebowitz and Burrows 1977; Dean et al. 1978; Higgins et
al. 1977; Huhti et al. 1978; Higenbottam et al. 1980; Schenker et al.
1982). Bland etal. (1978) found a dose-response relationshipin
secondary school children, among whom rates of reporting cough
werehigherinthose
who smoked most,even though levels of
cigaretteconsumptionweregenerallyreportedto
be low. At the
is also apparent, even
other extreme of the age range the trend
though symptomatic smokers are more likely than asymptomatic
smqkers to stop smoking or to reduce their cigarette consumption
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(Higgins 1974; Fletcher 1976). Symptomsweremoreprevalent
among heavier smokers of filter cigarettes as well as of nonfilter
cigarettes (Dean et al. 1971). Prevalence rates of cough,phlegm,
chronic bronchitis, and mucus hypersecretion
show a similar pattern
of association with pack-years of exposure (Tager and Speizer 1976;
Lebowitz andBurrows 1977). Rates of incidenceandremission
observed in longitudinal studies add further support to the strong
as exposure to cigarette
evidence that respiratory symptoms increase
smoke increases (Table3).
In their study of more than 18,000 male civil servants in London,
Higenbottamand colleagues (1980) found that the percentage of
smokers who producedphlegmincreased
withincreaseddaily
tar content of
cigaretteconsumptionandalsowithincreasing
cigarettes among those who smoked less than 20 cigarettes a day.
Symptoms were prevalent about equally among smokers
of 20 or
more cigarettes per day, regardless
of the tar yield of the brands they
used (Figure 12).
Schenker et al. (1982) reported the relationship of tar content of
cigarettestorespiratorysymptomsin
a cross-sectional telephone
survey of 5,686 adult women in rural Pennsylvania. The risk
of
chronic cough andphlegm was morestrongly affected by the number
of cigarettes smoked per day thanby tar content. Cough and phlegm
werereportedleastoften
by neversmokersandwithincreasing
frequency as the numberof cigarettes smoked per day increased.Tar
content of cigarettes was significantly associated with symptoms of
chronic cough and phlegm+specially cough-and its effects were
independent of thenumber of cigarettes smoked perdayin
a
multiple logistic analysis. The risk (relative odds) of chronic cough
for smokers of high tar cigarettes (20 or moremg) was approximately
twice that for smokers of an equivalent number of low tar cigarettes
(10 or less mg). A limitation of this cross-sectional study was the
determination of tar content for current cigarettes only, rather than
forlifetimesmokinghabits.Although
theapparentrelationship
could havebeencaused
by
between tar contentandsymptoms
changes in smoking habits, this
was consideredunlikelybecause
symptomatic smokers tend to reduce their consumption
of cigarettes
more than asymptomatic smokers (Fletcher et 1976)
al. and may also
switch to low yield cigarettes. In this situation, any reported
effect of
tar content on symptoms
would be a n underestimate.
In summary, the prevalence of symptoms increases with dose of
smoke exposure, when dose is measured by number of cigarettes
smoked per day ortar content of the cigarettesmoked.

Relationship of Cough and Phlegm to Sex and Age
Prevalence rates of cough and phlegm ascertained in epidemiological studies generally increase with age and are higher in men than
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in women, as shown in Figure 11and Tables2 and 3. Rates also vary
with smoking habits. Rates in nonsmokers better clarify associations
of symptoms with age and sex than do rates in smokers, since they
are less confounded by variations in exposure to cigarette smoke.
However, recent evidence linking passive smoking with increased
rates in nonsmokprevalence of respiratory symptoms suggests that
ers may be in excess of those that would be found in a population
completely free of exposure to cigarette smoke (Lefcoe et al. 1983;
Weiss et al.1983).
Rates of reporting cough or phlegm or both were roughly equal in
nonsmokingmenand
women inseveral
cross-sectional studies
(Bland et al. 1978; Higgins et al. 1977; Lebowitz and Burrows 1977;
Manfreda et al. 1978; Neukirch et al. 1982; Rawbone et al. 1978).
Rates were higher in nonsmoking men in
some populations (Deanet
al. 1977; Liard et al. 1980; Tager and Speizer 1976). Bouhuys et al.
(1979) foundnosexdifference
in the prevalence of cough, but a
higher rate of reporting phlegm in male nonsmokers (Table 2). In
most of these studies, the rates were not corrected for exposures to
otherrespiratoryirritantsintheworkplaceorinthegeneral
environment.
In general, symptoms are more prevalent in male smokers than in
female smokers (Table 3). However, differences in prevalence rates
between the sexes are generally smalleror absent when comparisons
are made between men and women who smoke similar numbers of
cigarettes. Lebowitz andBurrows
(1977) found thatthe
excess
prevalence of symptomsinmalesmokerscomparedwithfemale
smokers tended tobe greatest at older ages, where there are also the
greatest differences in smoking behavior.Men in these birth cohorts
tend to have begun smoking earlier in
life, smoke more cigarettes
per day, inhale more deeply, and smoke higher tar and nicotine or
unfilteredcigarettes. Two studiesfromFrance,Burghard
et al.
(1979) andNeukirch et al. (1982)) concentrated onhigh school
students. In general, the prevalence
of smoking was similar for both
boys and girls for the twostudies,although
the Neukirch group
found a somewhat higher rate among the girls (46 percent versus 39
percent). Slightly more boys than girls, however, smoked more than
10 cigarettesperday.Inthese
two studies,theprevalence
of
symptoms was higheramongfemalesmokersthanamongmale
smokers. These data suggest that the pastdifferences in prevalence
of symptoms between the sexes is largely attributable to differences
in cigarette consumption. These differences were substantial in the
past,and are stillpresentamongolderadults,whereascurrent
smoking practices are about the same in male and female
adolescents and young adults.
Prevalence rates of cough,phlegm,andchronicbronchitis
increased with increasing age in the U S . population samples studied
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by the National Center for Health Statistics (1981) and in severalof
the cross-sectional studies cited in Table 2. However, differences in
rates of reporting symptoms among people of different ages may
relateto
effects of aging,differencesincurrentexposures,
or
differences in exposure to cigarette smoke or other noxious agents in
the past. It is therefore difficult or impossible to use cross-sectional
data to separate effects of aging from effects of duration, dose, and
nature of cigarette smoke exposure throughout
life. Longitudinal
studies provide information on time trends, both in exposure and in
onsetandcourse
of disease.Nevertheless,conclusionsmaybe
incorrect if people who drop out of longitudinal studies are different
from those who continue to participate.
Prevalence of symptoms increased with increasing age among men
in cross-sectional data from Tucson (Figure 111, but the trend was
more apparent among smokers and ex-smokers than among
nonsmokers. However, Lebowitz and Burrows (1977) could not distinguishbetween an associationcaused by increasingageand
an
association due to increasing duration
of exposure to cigarette smoke
insmokersbecausethe
two were so highlycorrelated. Among
women, symptoms were reported more frequently at ages 30 to 44
than at ages 15 to 29 (except by ex-smokers), but prevalence rates
were essentially the same for the three groups over age 30. Higgins
et al. (1977) found that there was no increase in cough and phlegm
with increasing age in male or female nonsmokers in Tecumseh
(Michigan), whereas prevalence rates increased with increasing age
in male smokers. The pattern in female smokers
was similar to that
in Tucson and showed a n increase with age up to age 30 or 40, but
rates declined with increasing age afterage 50. The extent to which
these patterns related to amount
smoked or durationof smoking was
not reported, but these older birth cohorts
of women probably began
to smoke later inlife and smoked fewer cigarettes per day, according
to national smoking survey data.
In other cross-sectional studies cited in Table 2, symptom prevalence increased with age in the populations studied (Bouhuys et al.
1979; Dean et al. 1977; Gulsvik 1979; Huhti et al. 1978; Tager and
Speizer 19761, but the trend wasnoted by Gulsviktobelessin
nonsmokers.Huhti et al.found a significantincreasewithage
among nonsmokers for phlegm and dyspnea only. Schenker
et al.
(1982) observed a trend for nonsmokers but not for smokers, and
Tager and Speizer found that adjusting for smoking eliminated the
trend withage.
Prevalence rates of cough and phlegmon two occasions3 to 6 years
apart are shown in Table 3 for five recent longitudinal studies of
populationsin
theUnitedStates,Canada,andGreatBritain.
Kiernan et al. (1976), Leeder et al. (1977), Woolf and Zamel (1980),
of
and Beck et al. (1982) foundlittlechangeintheprevalence
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symptoms among continuing nonsmokers during thefollowup interval of up to6 years. Therates among nonsmokers reportedby Ferris
et al. (1976) are similar on the two occasions, but symptoms were
presented by smoking habits at followup only, and any effect of age
was deliberately adjusted out because the authors’ purpose was to
evaluate effects of changes in smoking, changes in pollution, and
trends over time independentof changes in age. Cough and phlegm
appeared to be more frequent at followup in the persistent smokers
studied by Kiernan et al. (1976) and Leeder et al. (19771, and about
the same in women studied by Woolf and Zamel (1980) and in men
studied by Beck et al. (1982). However, rates were slightly lower at
followupin thefemalesmokers
followed by Beck. Eventhough
starting to smoke or quitting can be eliminated as the explanation
for increases or decreases in symptom prevalence over the course of
these studies, it is possible that changes in the number or type of
cigarettes smoked by persistent smokers influenced the prevalence
of symptoms.Theduration
of followup inallthesestudieswas
relatively brief, andit is still difficult to distinguish between effects
of aging and effects of duration, amount, and nature of exposure to
cigarette smoke in smokers, even when major changes in smoking
behavior are controlled. However, available data suggest that age
fordifferencesin
the
itself is notthemajorfactorresponsible
frequency or distributionof symptoms in populationsof nonsmokers
and smokers.

Relationship of Cough and Phlegm to Airflow Obstruction
Many cross-sectional studieshavefoundassociationsbetween
cough,phlegm,chronicbronchitis,ormucushypersecretionand
reduced levels of pulmonary function. The forced expiratory volume
at 1second (FEV1) has been measured in most clinical studies and in
nearlyall epidemiological studies,andmean
levels of FEVl are
generally slightly lower in groups of people who report respiratory
symptoms(USPHS 1964, 1971; USDHEW 1979; USDHHS1980a,
1981). Recent studies have compared other measures of pulmonary
function in people with and without symptoms and have
provided
longitudinaldata
on pulmonaryfunction
for symptomaticand
asymptomatic smokers and nonsmokers. Attention has been given to
understanding the natural history of chronic airways obstruction
and the interrelationships of respiratory symptoms, levels and rates
of decline of pulmonaryfunction,
andtheirindependentand
interrelated associations with cigarette smoking. Several investigators have emphasized the desirability
of identifying in advance those
smokers whowilldevelopsevere
COLD; symptomsandother
characteristicshave
been evaluated as potentialpredictors
of
morbidity or mortality from
COLD.
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Fletcher andcolleagues (1976) found that theage-height standard-

ized FEVl at the initial surveyof their population of working men in
London was inversely related to the volume of sputum produced in
the first hour after gettingup. The regression of FEVl on age, given
height,wassteeper
for symptomaticcigarettesmokersthan
for
asymptomatic smokers or nonsmokers. However, the authors caution that men may develop symptoms as they age and chenge from
one regression slopeto the other.
Burrows et al.(1977a) foundthat anindex of cough or sputum was
related to FEVI percent predicted when pack-years
of smoking were
of FEVl
controlledin a multiple regressionanalysis.Regressions
percentpredictedonpack-years
are shownfor people withand
without chronic cough and sputum in Figure 13; the intercept at 0
pack-years was lower and the decline in FEVI with increasing packyears was significantly greater for those with chronic cough and
sputumthan for thosewith nocough orsputum.Theauthors
calculated that values of FEVl were lower by about 10 percent in
people with cough and sputum, regardless of smoking habits, and
that values declined by about 4 percent of predicted for each10 packyears of smoking in people with cough and sputum and by about 2
percent in subjects without productive cough. There was a significantrelationshipbetweenFEVIandpack-years
of smokingin
A weakerrelationship
asymptomaticsmokersinthispopulation.
betweencoughandsputumand
Omax%%
wasalsofoundtobe
independent of pack-years of smoking; however, predictionequations
for flow rates have been revised substantially (Knudsen 19831, and
the extent towhich relationships between therevised flow rates and
pack-years of smokingdifferinsymptomaticandasymptomatic
subjects has not been reported.
Dosman et al. (1976) found poor correlations between respiratory
symptomsanddynamiclung
compliance,closingvolume,closing
capacity,slope of phase 111, and helium flow-volume curvesin a
study of 49 smokers and 60 nonsmokers who were recruited from a
smoking cessation clinic, a personnel department, and the staff of a
laboratory.
In their community-based studiesof children and adults, Bouhuys
and colleagues (1977) studiedrelationshipsbetweenrespiratory
symptoms and loss of lung function in smokers and
nonsmokers.
They found that residual values (observed-predicted) of FVC, FEV1,
PEF, MEFw%,and MEFw%were not significantly different in people
with no symptoms or only one symptom when analyses were done
separately for adult white male smokers and nonsmokers. When a
symptom score was used to combine information on usual cough,
usual phlegm, wheeze, and dyspnea, decrements in lung function
were greatest among those with
most symptoms.
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In a study(Detels et al. 1982) designed toassess therelative
sensitivity and specificity of symptoms, the flow-volume curve (FV),
the single breath nitrogen test (SBNT), and specific airway conductance (ScaW) for
identifying
COLD were
compared
with
the
FEVl/FVC ratio and with one another in 1,201 residents
of Los
Angeles 25 to 29 years old. The tests were done in 1978-1979 at a
followup examination of a previouslydefinedcohort.
Prevalence
rates of cough and sputum were 9 percent in never smokers,
26
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percent in current smokers, and33 percent in smokersof 20 or more
cigarettes a day. Prevalence ratesof an abnormal FEVI/FVC ratio in
these groups were8,23, and 33 percent, respectively (the FEVI/FVC
ratio wasconsidered abnormal if it was below the 95th percentilefor
never smokers withouta history of respiratory illness). The researchers found that there was very little overlap between the presenceof
productive cough and abnormal tests, and that none of the tests of
function showed reasonable concordance with this symptom.Lack of
reasonable concordance meant that none of the other tests were
abnormal in 50 percent or more of the individuals with productive
cough. In this study, the FEVdFVC ratio wasused as the standard
against which the sensitivities of the other tests were judged; the
sensitivity of the FEVl/FVC itself was evaluated by its agreement
with those tests found to be sensitive in the study. The lack of an
independent method for identifying COLD, the cross-sectional nature of these data, and the way in which analyses were done restrict
the ability to make biological inferences about the independence of
th’e effects of cigarette smoking that lead tocough and sputum or to
chronic airflow limitation. However, the authors note their findings
are consistent with the hypothesis that effects of smoking on cough
and sputumare independent of effects on airflow limitation.
Insights into the course and pathogenesis
of COLD have been
developed by Fletcher and his colleagues from observations made
during their &year longitudinal studies
of levels and rates of decline
in lung function in middle-aged working men in London (Fletcher
1976; Fletcher et al. 1976). These investigators found that various
measures of sputum production were correlated with FEVI standardized for height and age, and that this correlation was weakened
only
slightly by adjusting for smoking habits. The researchers maintained
that the associationbetweensputumproductionandpulmonary
function could be due entirely to a common causation. Some men
with mucus hypersecretion had normal FEVI; conversely, some men
with airflow obstruction did not
report phlegm. Nevertheless, the
relationship between phlegm and reduced FEVI was strong enough
to give rise to anestimated reduction in FEVI of about 0.1 liters for
every ml of sputum expectorated in the first hour after getting up.
However, because decline in FEVl (FEV1 slope) was not related to
measures of sputum production when level of FEVI and smoking
habitswerecontrolled,theresearchers
concluded thatmucus
hypersecretion is not a cause of accelerateddeclineinFEVI.
Furthermore,there was no evidence thatshort-termchangesin
sputumproductionwere
associated with short-termchangesin
FEVI.Theresearchers
concluded thatthe
associationbetween
expectoration and reduced FEVI is caused by the increased susceptibility of some people tobothexpectorationandexcessive
loss of
FEVI when they are exposed to cigarette smoke or, presumably, to
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other noxious materials. This study has made important contributions to understanding the natural historyof chronic bronchitis and
emphysema, but the durationof followup was only 8 years, the men
were 30 to 59 years of age at the start of the study, and their mean
age was 51 years at the midpoint. Similar studies of younger men
and women and observations over longer periodsof time are needed
to extend these findings.
Johnston et al. (1976) found that sputumvolume was not related to
decline in FEVI in a 10-year followup study
of chronic bronchitic
patients.Therewas
nodifferenceinsputum
volumebetween
patients whoseFEVlfell
by more than 33percentandcontrols
(matched on initial FEVI ) whose FEVI did not fall. Furthermore,
sputum volume was reduced in response to stopping smoking or to
antibiotic treatment, whereas rate
of decline of FEVl was unaffected.
In this and other studies (Higgins et al. 1970; Fletcher et al. 1976;
Pet0 et al. 1983) FEVI was stronglypredictive of morbidityand
mortality, whereas respiratory symptoms were not.
Woolf and Zamel (1980) studied “normal” employed women aged
25 to 54 in a longitudinal study designed to identify smokers at
increased risk of developing COLD. Ventilatory function was measured at the beginning and at the end of a 5-year period during
whichsmokinghabitsandsymptomswereascertainedannually.
Differencesbetween
initialand
followup values of pulmonary
as a percentage of the initial value and
function tests were expressed
comparedinpersistentnonsmokersandpersistentsmokerswho
either consistently reportedor consistently denied coughor sputum.
The declinein FEV1, FEVdFVC,andFEFzsmwasgreaterin
symptomatic smokers than in asymptomatic nonsmokers, but not
significantlydifferentinasymptomaticsmokerscomparedwith
either nonsmokers or symptomatic smokers. The average number
of
cigarettes smoked during the course of the study was greater for
smokers with cough and sputum. Change inF E F w was
~ evaluated
inindividualsmokers,andno
associationwasdetectedbetween
cough and sputum and percentage change in this measure of lung
function. The investigators identified one group of smokers whose
decline in F E F E - ~was similar to that in nonsmoking women and
another group with a greater decline; cigarette consumption was
similar in the two groups. The investigators
concluded that individual susceptibility is animportantdeterminant
of the effect of
cigarettesmoking,becausesome
women developsymptomsand
othersremainsymptomlessbutexperiencerapidworsening
of
ventilatory function. However, they noted a tendency for both cough
and sputum and rapid worsening of ventilatory function to coexist.
The number of women insomegroups was very small, and the
measure of decline in lung function used by these researchers does
nottakeintoaccountregressiontothemean
or assess absolute
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reduction;thosewithsmallerinitialvalues
will havegreater
percentage reductions for a constant absolute reduction in function.
Followup studies a t 10 and 15 years of the Tecumseh, Michigan,
population showed that incidencerates
of obstructiveairways
disease were higher in men andwomen who reported cough, phlegm,
or both symptoms (chronic bronchitis)at entry compared with those
who denied these symptoms (Figure 14) (Higgins et al. 1982). Both
cough and chronic bronchitis were significant predictorsof obstructiveairwaysdiseaseinmen
even whensmokinghabitswere
controlled in multiple logistic analyses. However, respiratory s y m p
tomswerepoorerpredictors
of impairedpulmonaryfunction
at
followup than weresmokinghabitsandbaseline
levels of lung
function. In a multiple logistic model with age, smoking habits, and
level of lung function as risk factors, over 60 percent of the 10-year
incidencecases developed among men and women in the top
10
percent of the risk distribution, whereas only
36 percent of incidence
cases were in the top decile of risk when cough, rather than FEV1,
was used as a risk factor (Higgins1984).
Summary

Cigarettesmoking isassociatedwith
respiratorysymptoms, including mucus hypersecretion, and with prevalence and incidenceof
COLD manifested by irreversiblyimpairedpulmonaryfunction.
While some smokers develop both conditions, and those with cough
and phlegm are at increased risk of developing airways obstruction,
the conditions can occur separately by mechanisms that are imperfectlyunderstoodbutappearto
bedifferent.Theexcessrisk
of
reduced FEVl or COLD insymptomaticsmokerscomparedwith
asymptomatic smokers maybe a reflection of increased susceptibilityin someindividuals.However,
it mayalso be a measure of
increased dose of cigarette smoke, in that smokers
who report cough
and phlegm tend to smoke more heavily
than smokers who deny
these symptoms, and measures such
as numbers of cigarettes smoked
per day are not precise enough to control adequatelyfor the amount
of smoke exposure. The rate, number, and volume of puffing as well
as the depth of inhalation can vary substantially between smokers
and are important additional measuresof cigarette smoke exposure
dose.
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CHRONIC AIRFLOW OBSTRUCTION

Introduction
Airflow obstruction is the physiological consequence of disease
is
processes thatnarrowtheairway.Inasthmatheobstruction
reversible with pharmacologic bronchodilation, whereasthe obstruction associated with airways damage and emphysema is often not
reversible.Theterminologywithregardtopermanent
airflow
obstruction has varied. The1958 Ciba Foundation Guest Symposium
proposed “generalized obstructive lung disease,” which was subdivided into “asthma” and “irreversible or persistent obstructive lung
disease” (1959); inthe 1962 recommendations of theAmerican
ThoracicSociety,“chronicobstructive
bronchitis” was the only
definition that mentioned abnormality of expiratory flow (American
Thoracic Society 1962). In 1975, a joint committee of the American
College of ChestPhysiciansandtheAmericanThoracic
Society
recommended theterm “chronicobstructivepulmonarydisease”
(American College of ChestPhysiciansandAmericanThoracic
Society 1975). Thurlbeck (1976, 1977) has advocated the use of
“chronic airflow obstruction,” a functionally based definition that
does not specify the underlying disease processes. Previous Reports
of the Surgeon General have used varying terminology, including
1964, “chronic obstructive
“chronic bronchopulmonary disease” in
bronchopulmonary disease” in 1971, and “chronic obstructive lung
disease” in 1979 (USPHS 1964,1971; USDHEW 1979).
These definitions, however, cannot be readily applied to identify
specific populations.Physiologists,epidemiologists,
andclinicians
oftenusedifferingapproachesindeterminingwhetherairflow
1978). Physiologists, withthe
obstruction
is
present
(Fletcher
capabilityformakingsophisticatedlaboratorymeasurements
of
airflow obstruction, may regard subtle early abnormalities
of flow as
definitive. In the community, epidemiologists have generally used
spirometry as the primary methodfor assessing airflow obstruction.
For epidemiologic purposes, airflow obstruction is usually defined by
a forced expiratory volume in 1 second (FEVI) lessthan a particular
level after standardization for sex, age, and height, or by a ratio of
the FEVI to theforced vital capacity (FVC) below a specified value.
Tests of forced exhalation, such as the FEV1, have the advantageof
sensitivity to abnormalities of both the lung parenchyma and the
airways (Mead 1979). Clinicians aremorelikelytodetectand
diagnose airflow obstruction when it is advanced and symptomatic.
As would be anticipated, the differing approaches of physiologists,
epidemiologists, and clinicians may lead to differing estimates
of the
frequency of airflow obstruction.
The natural history of chronic airflow obstruction in adults has
been partially described by several recent prospective investigations:
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Howard (19701, Bates (1973),Sharp et al. (19731, Fletcher et al. (1976),
Fletcher and Pet0 (1977), Bosse et al. (1981), Beck et al. (1982), and
Clement and van de Woestijne (1982). Although these investigations
didnot characterize the course of airflowobstructionacross the
entire human lifespan, the results provide a conceptual model for
considering its development (Figure 15). Ventilatory function, generally measured by the FEVI, increases during
childhood and reachesa
maximum level during early adulthood (Cotes 1979; Knudson et ai.
1983). From this peak; the
FEVl gradually andprogressively declines
with age. In people who develop airflowobstruction, a similar
gradual loss of function occurs, butat a more rapid rate (Fletcheret
al. 1976; Speizer and Tager 1979). Continued excessive loss of FEVI
eventually results in symptomaticairflow obstruction when ventilaa level at whichactivities are limited and
toryfunctionreaches
dyspnea occurs. Evaluation by a physician for symptoms may leadto
a clinical diagnosis at this point in the natural history
of the disease
process. This model may not satisfactorily describe the development
of airflowobstructioninallindividuals(Burrows
1981), but the
accumulating evidence, reviewed below, indicates that a sustained
excessive loss of ventilatoryfunction
mostoftenleadsto
the
development of clinically important chronicairflow obstruction.
In the conceptual model (Figure 151, there are three different
measures of the frequency of airflowobstruction in a particular
as
population: the prevalence of reduced ventilatoryfunction
measured by the FEVI, the FEVdFVC ratio, or other physiological
parameters; the prevalence of physiciandiagnosed airflow obstruction; and the frequency of excessive functional loss in a population
followed over time. The firsttwo measures can be determined from a
single cross-sectional survey,whereas the third requires longitudinal
observation. Atpresent,scantdata
are availablefor
thethird
category. The prevalence of physicianconfirmed airflow obstruction
is determined not only by the proportion of affected people in the
population, but also by the patterns of medical care access and usage
and the diagnostic practices of individual physicians. Furthermore,
the clinicallabelsapplied
by physicians to people with airflow
obstruction are variableandmayinclude“chronicbronchitis,”
“emphysema,” “COLD,” and other terms. Thus, estimatesof disease
prevalence based on reported physician diagnoses may differ from
those derived fromphysiological assessment.

Prevalence of Airflow Obstruction
Numerous populations throughout the world have been surveyed
to assess the prevalence of airflow obstruction (Stuart-Harris 1968a,
1968b; Higgins 1974). Most often, the investigative techniques have
included a respiratory symptoms questionnaire and measurementof
pulmonary function, generally witha spirometer or peakflow meter.
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w h w maxlmal FEV, has been reduced by c h i l d h d respiratory infection.

SOURCE Samet et al.119831.

Thelattertechniquehasthedisadvantage
of effortdependence.
Early recognition of the potential problem of observer bias led tothe
development of standardized methods (Cochrane et al.1951; Higgins
1974; Ferris 1978). Thus, most investigators throughout the world
have used the BritishMedical Research Council questionnaire in the
original form or with somemodifications (Samet 1978). Standardizationhas beenlessuniform
forlungfunctionmeasurements,but
minorvariationsinprocedures
would notintroduceimportant
differencesindiseaseprevalenceamong
the variouspopulations
examined.
Although many different populations have been surveyed since
the 1950s, surprisingly few published reports provide data concerning the prevalence of airflow obstruction in the general population
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(Tables 4 and 5). Comparisonsamong theavailablestudiesare
limited by varying methodologies and inconsistent approaches in
calculating rates. For example,
only crude rates are available in
some reports, and reference populationsfor age standardization also
vary. The investigations summarized in Tables4 and 5 were selected
because they offer estimates of the prevalence of airflow obstruction
in defined community-based samples. Those reports
that describe
mean levels of lung function parameters but not their distributions
were excluded. Investigations of specific occupational groups were
also excluded because prevalence
estimates based on such populations may be biased by the overrepresentation of healthy persons
(Monson 1980) andworkplaceexposuresmayhave
affected the
frequency of disease.
For the United States, the available information spans the time
4).
period 1961 to 1979 and covers most geographic regions (Table
Regardless of the definition, it is apparent thatairflow obstruction is
common among adults in the United States. A higher proportion of
men than women is affected, and the prevalence increases with age
(Ferris and Anderson1962; USPHS 1973; Lebowitz et al.1975; Detels
et al. 1979; Samet et al. 1982). Few minority populations have been
studied. In New Mexico, Hispanic whites had a lower prevalence of
physician-diagnosed current chronic bronchitis or emphysema than
non-Hispanic whites (Samet et al. 1982). Although blacks have been
includedinseveralsurveys(Bouhuys
et al. 1979), prevalence
estimates for thisracialgrouphavenot
beenpublished.The
available data (Table 4) do not permit a satisfactory assessment of
changes in prevalence rates with time over the years 1961 to 1979.
The
National
Health
and
Nutrition
Examination
Surveys
(NHANES 1)included spirometry in their evaluation of a representative sampleof t h e U S .population. The numerical values for these
measures are reportedby age, sex, and smoking statusfor the white
population in the tables in the appendix to this chapter. The changes
inmeanvalues
of thesemeasuresbetweenagegroupsare
also
presented for white male and female smokers and nonsmokers in
Figures 16 through 23. Differences between smokers and nonsmokersareevident
for each of thesespirometricmeasures.These
differences are portrayed for successive age groups at one point in
time, and therefore cannotbe used to describe the changes with age
orsmokingstatusthatone
would expectin
a n individual or
population followed sequentially. These data represent only those
people in the study populationwho were willing andphysically able
tomaximallyexertthemselves
on the variousspirometrytests.
Otherswere disqualified by theexamining physicianbecause of
existing medical conditions. The sampling nonresponse was higher
among segments of the population expected to perform less well on
the test,including people with existing airflow limitation. Therefore,
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the estimated means are probably overestimatesof the true population values. Nevertheless, the figures clearly portray the magnitude
of the effect that smokingexerts on expiratory flow ratesin a
national population sample.
Airflow obstruction is also prevalent outside the United States
beidentifiedinbothtechnologically
(Table 5). Thediseasecan
advanced and less developed populations. As in the UnitedStates, in
othercountriestheprevalence
of airflowobstruction is higher
among men than among
women.

Determinants of Airflow Obstruction
Introduction
Current understanding of the natural history of airflow obstruction suggests that risk factors operative during both childhood and
adulthood may influence the development of disease. In the conceptual model proposed in Figure 15, childhood factors might increase
therisk of airflowobstruction by lowering themaximumFEVI
attained during lung growth and development,
by predisposing to
increased FEVI decline during adulthood, or
by both mechanisms
(Speizer and Tager 1979). During adulthood, in the model of Figure
15, risk factors for airflow obstruction must increase
the rate at
which lung function deteriorates.
Manyendogenousand exogenous determinants of the develop
ment of airflow obstruction have been postulated (Tables 6 and 7).
However, in spite of over 30 years of intensive investigation, the
available data are definitive only for cigarette smoking and for alantitrypsin deficiency (Speizer and Tager1979; USDHHS 1980).
Cigarette Smoking and Chronic Airflow Obstruction
In nearly every population studied
worldwide, cigarette smokingis
the predominant determinant for the prevalence of airflow obstruction(Tables 8, 9,and 10). Theuncommonexceptionsprimarily
involve populations in whom severe chest infections orwood smoke
exposuremayhave
a n etiologicalrole
(Woolcock et al. 1973;
Anderson 1979a). The relationship between cigarette smoking and
airflowobstructionhasbeenvariablydescribedin
the published
reports.In some, the prevalence of airflowobstructionhasbeen
considered; in others, mean values
of lung function parameters have
been compared across categories
of smoking use. In several more
recentanalyses,multipleregressionorothermultivariatetechniques have been used for more careful characterization
of doseresponse relationships. Becausethe epidemiologic criteria for airflow
obstruction are generally based on the FEV1, this section focuses on
studies that have included measurements
of this parameter. The
selected studies involve community samples (Tables 8 and 9) and
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TABLE 6.-Postulated risk factors for airflow obstruction
during childhood
Active cigarette smoking
Air pollution, indoor and outdoor
Airways hyperreactivity
Atopy
Familialfactors
Passive exposure to tobacco smoke
Respiratory illnesses
Socioeconomic status

TABLE7.-Morbidity
ESTABLISHED RISKFACTORSFORAIRFLOWOBSTRUCTION

DURING ADULTHOOD

Active cigarette smoking
Alpha,-antitrypsin deficiency
PUTATIVE RISKFACTORSFORAIRFLOWOBSTRUCTION

DURING ADULTHOOD

ABH secretor status
Air pollution
Airways hyperreactivity
Alcohol consumption
Atopy
Childhood respiratory illnesses
Familialfactors
Occupation
Passive exposure to tobacco smoke
Respiratory illnesses
Socioeconomic status

occupational groups (Table 10) with exposuresthat have little or no
effect on lung function. Theselected studies are allcross sectional in
design and thusdescribe the relationshipbetween cigarette smoking
and lungfunction level at only a single point in time.
Investigations in the United States, spanning the time
period 1958
is a strong
to 1977, convincingly demonstrate that cigarette smoking
determinant of FEVl level and the prevalence of airflow obstruction
data are
(Table 8). In everypopulationforwhichprevalence
available, airflow obstruction is more common among smokers than
among nonsmokers (Mueller et al. 1971; Knudson et al. 1976; Detels
et al. 1979; Rokaw et al. 1980). In fact, in a multivariate analysis of
determinants of airflow obstruction in EastBoston, lifetime cigarette
consumption wasthe only statistically significant predictor(Tager et
al. 1978). Data from populations outside the United States (Table 9)
the
and from a variety of occupational groups (Table 10) confirm
importance of cigarette smoking. Effects of cigarette smoking on
FEVl level have been readily demonstrated inemployed populations
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(Table lo), even though people with symptomaticairflow obstruction
may be likely to retire from their
jobs.
Recently, predictors of the incidence of airflow obstruction have
been examined with multivariate techniques in data
from populaet al. 1982), and in
tion samples in Tecumseh, Michigan (Higgins
Tucson, Arizona (Lebowitz et al. 1984). In Tecumseh, the strongest
predictors of airflow obstruction (defined as a n FEVl less than 65
percent of predicted) were age, the number of cigarettes smoked
daily, changing smoking habits, and the initial FEVl level (Higgins
et al. 1982). The addition of other variables to the predictive model
did not greatly improve its validity. In
Tucson, these same variables,
along with certain symptoms and illnesses, and skin test reactivity
weresignificantpredictors
(Lebowitz et al. 1984). Duringthe 10
years of followup of a population sample in Finland,incidence cases
of chronic airflow obstruction (defined as FEVdFVC ratio less than
60 percent) were observedonlyin those who continued to smoke
(Huhti and Ikkala 1980). These studies of incidence highlight the
importance of cigarette smoking in the etiology of airflow obstruction; new cases are rare among nonsmokers.
Dose-ResponseRelationships

Dose-response relationships between FEVl level and the amount
of cigarette smoking have been described with simple descriptive
statistics and further characterized by multiple regression analysis.
In cross-sectional data, the FEVl level variesinverselywith
the
amount smoked. Although the variation in mean FEVI
levels among
strata of smoking appears clinically unimportant, the distributions
of values in smokers and nonsmokers are quite different (Figure4).
Cigarette smokers more often have abnormal lung function, regardet al. 1971;
less of the criteria applied to the population (Mueller
Knudson et al. 1976; Burrows et al. 1977a; Detels et al. 1979; Rokaw
et al. 1980; Beck et al. 1981). This increased prevalence of abnormal
function isa result of the skewed distribution of function in smokers,
with a subgroup of the smokers showing a large decline rather than
the entire group shifting by a small amount (Figure 4). As noted in
this reference, however, there are decreasing numbers of smokers
with FEVI above the mean for nonsmokers as pack-years increase,
suggesting that all smokers are probably somewhat affected, even
though only a minorityeventually developclinicallysignificant
airflow limitation.
In several populations, the relationship between cigarette smoking
and FEVl level has been examined in greater detail. Burrows et al.
(1977a) used linearmultiple regression analysistoexaminethe
relationship between cigarette smoking and ventilatory functiona in
populationsampleinTucson,Arizona.Pack-years,acumulativedose measure, was the strongest predictor of FEVI level among the
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smokingvariablesconsidered.Incurrentlysmokingmenand
women, the FEVldeclined by approximately 0.25 percent of the
predicted value for each pack-year of cigarette smoking; the effect
was of a similar magnitude in ex-smokers. Using data from three
separate U.S. communities, Beck and colleagues (1981) assessed the
importance of six separate smokingvariables: amount smoked daily,
use of filters, inhalation, age started, age
stopped for ex-smokers,and
cumulative pack-years. For the FEV1, the strongestpredictorsin
male current smokers were the duration
of smoking and the amount
smoked; in female current smokers,only pack-year was statistically
significant. The number of years of cessation was associated with
FEVI in male but not in female
ex-smokers.
However,inboth
themultiple regressionanalysisreported
by
Beck et al. (1981) and that reported by Burrows et al. (1977a), the
measuredcigarettesmokevariablesaccounted
for only about 15
percent of the variation of age- and height-adjustedFEVllevels.
Unmeasuredaspects of cigarettesmoking,otherenvironmental
exposures, and the characteristicsof the smokers must contribute to
the unexplained variation. A role for the type of cigarette smoked
has not yet been established (USDHHS
1981), and the impact of
differences in depth or pattern of inhalation and other aspectsof the
pattern of smoking remains tobe investigated; they arediscussed in
more detail in the chapter on low tar and low nicotine cigarettes.
Further studies of these aspects of cigarette smoking are needed to
of changing cigarettes.
monitor the consequences
Factors OtherThanCigaretteSmoking

A number of risk factors other than cigarette smoking have been
postulated as contributing to the development of airflow obstruction
(Table 7). Of these, a definite role for a,-antitrypsin deficiency has
beenestablished,but
only thesmallnumber
of persons with
homozygous deficiency incur markedly increased risk (Morse 1978).
The current hypotheses on susceptibility to cigarette smoke postulate roles for childhood respiratory illnesses(USDHEW
1979;
Burrowsand Taussig 1980; Samet et al. 1983),forendogenously
determined hypersensitivity of the lung, and for other genetic and
At
familialfactors(SpeizerandTager
1979; USDHHS1980a).
present,thesehypothesesremainlargelyuntested.Thedataare
similarlyincomplete at present for theotherfactors
listed as
putative risk factors in Table
7. The statusof each is briefly reviewed
below.
ABH Secretor Status

Secretion of ABH antigens is a genetically determined trait that
follows an autosomal dominant inheritance pattern; approximately
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70 to 80 percent of the population excrete antigen into the
body
fluids (Cohen etal. 1980a). In agenetic-epidemiology studyin
Baltimore,Maryland(Cohen et al. 1980a), ABH nonsecretorshad
lowerlevels of FEV,/FVCratioand
a higherproportionwith
FEVI/FVC ratio below 69 percent. Studies in France (Kauffmannet
al. 1982a, 1983) and in England (Haines et al. 1982) have confirmed
reduced expiratory flow ratesin ABH nonsecretors.Incontrast,
ABH secretor status did not predict the development of obstructive
airways disease in the Tecumseh, Michigan, population (Higgins et
al. 1982).
Air Pollution

Although exposure to air pollution at high levels may exacerbate
the clinical condition of persons with chronic lung disease, a causal
role for air pollution in the development of airflow obstruction has
notbeenestablished(TagerandSpeizer
1979; USDHHS 1980b).
is the majorpredictorforchronicairflow
However,smoking
obstruction in areas of high as well as low atmospheric airpollution.
Airways Hyperreactivity

Orie and colleagues in the Netherlands (Orieet al. 1960) speculated that bronchialhyperreactivityandallergy
may predisposeto
asthma and chronic bronchitis. Findings
from two small longitudinal
studies have suggested that airways reactivity may influence individualsusceptibilitytocigarettesmoke.Barterandcolleagues
a 5-year
followed 56 patients with mild chronic bronchitis during
period (Barter et al. 1974; Barter and Campbell 1976). The rate of
decline of FEVl increased with the degree of airways reactivity, as
measured by reversibilitywithisoproterenol
or responsiveness to
methacholine. Britt et al.
(1980) measuredchange of FEVl in 20
youngadultmalerelatives
of patientswithchronicobstructive
pulmonarydisease.Thedecline
of FEVlwas approximately five
a positive methacholine
timeslargerintheninesubjectswith
challenge test. In patients with clinically diagnosed airflow obstruction, airways reactivity is also associated with more rapid decline of
lung function (Kanner et al. 1979). Because airway reactivity would
affect the FEV,directly as well as possibly influence the susceptibility to smoke, it is difficult to ascertain from these data whether the
relationshipbetweenairwayreactivityand
COLD is direct or
spurious.
Alcohol Consumption

The epidemiological data on alcohol consumption are conflicting.
A study of former alcoholics demonstrated an excess prevalence of
lung function abnormalities, including airflow obstruction (Emergil
105
480-144 0 - 8 5 - 5

and Sobol 1977). In the Tucson population, alcohol consumption was
a significant predictor of ventilatory function after the effect of
smoking was controlled(Lebowitz 1981). The findings of an investigation in Yugoslavia were similar (Saric et al. 1977). However, two
large U S . investigations did notdemonstrateadverse
effects of
alcohol intake (Cohen et al. 1980b; Sparrow et al.1983a).
A tOPY

Cross-sectional data from the Tucson population suggest increased
susceptibility tocigarettesmoke in atopic people (Burrows et al.
1976). In subjectsaged 15 to 54, the prevalence of an FEVI/FVC ratio
below 90percent
of predictedvalueincreasedwith
skin test
reactivity among both smokers andnonsmokers. Subsequent reports
from this same study have not
confirmed an overall relationship
between FEVI level and atopy, but indicate that atopy may predispose to airflow obstruction in a subset of the population (Burrows et
al. 1977a, 1983). Burrows and coworkers (1981) also reported an
increased level of IgE in smokers independent of their allergy skin
test reactions, and the interrelationship
of these factors is currently
being examined.
Childhood Respiratory Illness

In a longitudinal investigation of 792 Englishworkingmen,
Fletcher and coworkers (Fletcher et al.1976) found a cross-sectional
association between childhood illness history and FEVl level. The
decline of FEVl level during'the study's longitudinal phase was not
correlated with childhood illness variables. In contrast, analyses of
cross-sectional data from a population sample in Tucson suggested
that childhood respiratory illnesses may increase susceptibility
to
cigarette smoke (Burrows et al. 1977b). In this population, people
with a history of respiratory trouble before age 16 demonstrated
excessive decline of ventilatory functionwithincreasingage
and
with increasing cigarette consumption.
Familial Factors

Familialaggregation of lung function level, adjusted for age,
height, and sex, has been demonstrated in populations in the United
States and elsewhere (Higgins and Keller 1975; Tager et al. 1976;
Schilling et al. 1977; Mueller et al. 1980). However, a recent report
suggests that the familial aggregation of lung functionmay be a
reflection of the familial aggregationof body habitus (Lebowitz et al.
1984). Relatively modest correlations of FEVllevel
havebeen
demonstrated between siblings and between parent-child pairs. The
role of familialfactors
is furthersupported
by investigations
demonstrating increased prevalence of airflow obstruction in rela106

tives of diseased subjects (Kueppers et al. 1977; Tager et al. 1978;
Cohen 1980). This familial factor cannot
be explained by familial
resemblance of a,-antitrypsin phenotype or of ABH secretor status
(Kueppers et al. 1977; Cohen 1980). In the Tecumsehpopulation,
however, family history of airflow obstruction did not predict the
incidence of this disease. Theresults
of twinstudiesarealso
consistent with genetic influences on FEVl level and suggest
that
geneticfactors
may influencesusceptibilitytocigarettesmoke
(Webster et al. 1979; Hankins et al.1982; Hubert etal. 1982).
Occupation

Several population-based investigations suggest that occupational
exposures other than those recognized as causing lung injury may
have some effect on lung functionlevel. In Tecumseh, mean age and
height-adjustedFEVlscoresinmenwerehighestinfarmersand
lowest in laborers; the differences were not explained by smoking
and were present in nonsmokers (Higgins et al. 1977). Similarly, in
Tucson, men reporting employment in certain high risk industries or
a higherprevalence of
exposureto specific harmfulagentshad
abnormallungfunction
(Lebowitz 1977a). In aNorwegian caseas polluted
control study, men employed in workplaces characterized
were at increased risk for clinically diagnosed emphysema (Kjuuset
al. 1981). Longitudinal studies of industrial populations also show
that occupationalexposuresmayincrease
the rate of decline of
FEVI (Jedrychowski1979; Kauffmann et al. 1982b; Diem et al.1982).
et al. (1982b) found thatFEVIchange
Forexample,Kauffmann
during a 12-year period varied with job exposures in
an employed
industrial population. Effects of dust, gas, and heat were present, as
was evidence for a
dose-response relationship between increasing
exposure and a greater rate of decline. In these studies, however,
smoking effects were generally much greater than the occupational
effects.
PassiveExposure to TobaccoSmoke

Passive exposure is discussed in detail elsewhere in this Report.
Respiratory Illnesses

In an 8-year followup study of London men, chest infections were
not associated with a rate of FEVI decline (Fletcher et al.1976). The
findings of severalsmallerlongitudinalstudiesweresimilarly
negative with regard to respiratory infection (Howard
1970; Johnston et al. 1976). It is now apparent that mucus hypersecretion and
airflowobstruction areseparate pathophysiological entitiesthat
have a common cause-cigarette smoking (Fletcher etal. 1976; Pet0
et al. 1983).
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Socioeconomic Status

Weak effects of socioeconomic status on lung function level have
been demonstrated in community samples in Tecumseh (Higgins et
al. 1977) and in Tucson (Lebowitz 197713). In both populations, lung
function appeared to be influenced independently by socioeconomic
status indicators, even after controlling for cigarette smoking. In
the
Tecumseh study, FEVI increased slightly with increasing income and
et al. 1977); in the Tucson study,the
educationlevel(Higgins
proportion of people with an abnormal FEVlvariedinasimilar
pattern with theseindices (Lebowitz 1977a). Effectsof socioeconomic
status were present in nonsmokers in both investigations. Stebbings
(1971), in a sample of nonsmokers in Hagerstown, Maryland, also
demonstratedan
association
between
lung
function
level and
socioeconomic status.
In summary, there is
evidence that a number of factors other than
cigarette smoke may influence lung function, but the influence
of
these factors is small relative to theeffect of smoking, and the major
question is whether they can influence susceptibility to cigaretteinduced lung injury rather than whether they,of themselves, result
in lung disease in nonsmokers.

Development of Airflow Obstruction
At this time, the natural history of airflow obstruction has been
only partially described;a population has not yetbeen followed from
childhood to the development of airflow obstruction during adulthood. However, the available datafrom separate investigationscover
the entire course of the disease and support the conceptual model
proposed in Figure 15.
With aging, measures of function begin to deteriorate after age25
to 30. Innonsmokerswithoutrespiratorydisease,
cross-sectional
data generally show that the FEVl declines by 20 to 30 ml per year
(Dickman et al. 1969; Morris et al. 1971; Cotes 1979; Crapo et al.
1981). Longitudinal data have been confirmatory (Tables11 and 12).
For example, Tockman (1979) measured the FEVl loss during an 8year period in 399 male nonsmokers. In most, the FEVl declined at
25 ml annually; a few, with an initial FEVI lower than 2.5 1, lost 34
ml annually.
Sufficientexcessive loss leadstothedevelopment
of airflow
obstruction. However, many questions remain unanswered concerning this process of functional deterioriation. It is unclear whether
the loss always occurs uniformly or
if it develops in stages with
intermittentandrelativelysteepdeclines(Bates
1979; Burrows
1981). The concept that thedecline is nearly always gradual receives
strong support from the findings
of the 8-year longitudinal study
conducted by Fletcher and coworkers (1976). In this investigation of
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792 employed men, the individual patterns
of temporal changeof the
FEVl werestronglyvariable,butthe
loss generallyoccurred
gradually.Fletcher et al.furtherdemonstratedthatFEVI
level
correlated with FEVl slope, a finding that they termed the “horseracing effect.” Correlation between slope and level would be anticipated, if functional loss occurs gradually.Thiscorrelationhas
importantimplications for intervention;those losing FEVImore
rapidly should become identifiable early as they develop a reduced
FEVI level. Other studies, however, do not agree with either the
pattern of FEVI decline or the “horse-racing” effect. Rapid declines
to levels compatible with clinical disease orfollowed by a prolonged
plateau have been described (Howard and Astin 1969; Howard 1970;
Johnston et al. 1976). In a followup study of Canadian men with
chronicbronchitis,steepdeclines
of FEVIwithoutsubsequent
improvement were frequently observed (Bates 1973). Additionally,
correlation of FEVI level and slope has been found in most
other
longitudinal investigations (Howard 1970; Petty et al. 1976; Huhti
and Ikkala 1980; Bosse et al. 1981; Clement and van de Woestijne
1982; Kauffmann et al. 1982b), but not in all (Barter et al.
1974;
Krzyzanowski 1980).
Another unanswered question concerning functional deterioration
is whether gradual decline occurs in a linear or a nonlinear fashion
(Fletcher et al.1976). Sufficient numbers
of people have not yet been
followed to distinguish alternative patterns, although the available
data indicate acceleration of the decline with aging (Emergil et al.
1971; Fletcher et al.1976).
Inspite of theseuncertaintiesconcerningthedevelopment
of
as
airflow obstruction, the available data indict cigarette smoking
the primary risk factor for excessive loss of FEVI (Tables11 and 12).
Thefindingsinbothgeneralpopulationsamples(Table
11) and
occupationalandvolunteercohorts(Table12)havebeensimilar.
Recent reports from Belgium (Bande et al.1980; Clement and van de
Woestijne 1982) and from Connecticut (Beck et al. 1982). not readily
summarizedintabularform,also
described a strong effect of
smoking on FEVI decline. A few studies have not shown increased
loss in cigarette smokers (Howard 1970; De Meyere and Vuylsteek
1971). Even in .people with clinically diagnosed airflow obstruction,
continued smoking maintains the excess decline of FEVI (Hugheset
al. 1982), although not all findings are consistent
(Ogilvie et al.1973;
Johnston et al.1976).
Dose-response relationships have been found in many investigations between the amount smoked during followup and the FEVl
decline (Tables 11 and 12). The reported increases from thelowest to
15 ml annually.
the highest smoking categories range up to 10 to
Although this additional loss in heavier smokers appears small, if
sustained for long periods of time it would shorten the time interval
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FIGURE 24.-Risks for m e n with varying susceptibility to
cigarette smoke and consequences of smoking
cessation
NOTE

+ = death.

SOURCE:Fletcher and Pet0 (1977).

to the development of functionalimpairment. So far,favorable
effects of filter tip smoking and declining tar content on the rate of
decline have not been shown (Fletcher
et al. 1976; Sparrow et al.
1983b).
Generally, sustained smokersexperience a greater loss than those
who stop during followup. In the study by Fletcher et al. (1976) of
London men, subjects who stopped smoking at the beginning of the
followup period lost FEVl at the same rate as never smokers. The
results of two U.S.studies of ex-smokers are similar (Bosse et al.
1981; Beck et al. 1982). This reduced loss in ex-smokers emphasizes
the importance of active smoking and the immediate
benefits of
smoking cessation (Figure 24). Smokers with reduced FEVl may be
protectedfromdevelopingclinicallysignificantloss
by timely
smoking cessation (Fletcherand Pet01977).
Thedistribution of FEVldecline has beencharacterizedand
described for some populations, including patient groups (Burrows
and Earle1969; Howard 1974; Barter et al. 19741, population samples
(Milne 19781, and occupational cohorts (Howard 1970; Fletcher etal.
1976). Similar data are also available for the mid-maximum expiratory flow, anothermeasure of ventilatoryfunction(Bates
1973;
Woolf and Zamel 1980). In each of these investigations, the distribution of FEVldeclineisunimodal
(Figure 25); that is, a distinct
population with more rapid decline is not sharply separated from
those with lesser rates. The modes and medians of the distributions
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FIGURE 25.-Distribution of &year FEVl slope in 792
London men
SOURCE: Fletcher et al. (19761.

are generally negative, but some subjects have had positive slopes
during the relativelybrief followup periodof investigations conducted up to this time.
The distributions tend to be skewed by subjects losing FEVl more
rapidly.Theproportion of cigarettesmokers is increasedamong
those in the tailof excess loss (Figure 25). For example, Clement and
van de Woestijne (1982)examined subjects with excess FEVI decline
in a prospective study of 2,406 members of the Belgian Air Force.
Losses beyond those expected from nonsmokers affected 6 percent of
nonsmokers, 7.5 percent of light smokers (<20 cigarettedday), and
12 percent of heavy smokers( > 20 cigarettedday).
Theshape of thedistribution of FEVldeclinehasimportant
implications forthe development of airflow obstruction. Smokersare
not sharply separated from nonsmokers (Figure 25), but more often
lose FEVl at a rapid rate. Because of this spectrumof severity, not all
smokers develop significant airflow obstruction. Although
the factorsthatleadto
excessive loss inindividualsmokersremain
uncertain, they may include differences in the pattern
of smoking. It
is apparent, however, that thissusceptible minority can be protected
by smoking cessation.
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Summary

During the 20 years that have elapsed since the 1964 Surgeon
General’s Report, the relationship between cigarette smoking and
airflowobstructionhas
been intensivelyinvestigated.Surveys
of
community samples and other groups have established that airflow
obstruction is a common condition inthe
UnitedStatesand
elsewhere. In some populations, as high as 10 percent of adults are
affected.
Determinants of lungfunction level and of the prevalence of
airflow obstruction have now been examined in many populations
throughout theworld. Cigarette smokingis the strongest predictor of
abnormal measures of ventilatory function. A causal relationship
between cigarette smoking and airflow obstruction is supported by
the consistency of the many published reports, the strength of the
association, and theevidence fordoseresponse.
Manyriskfactors
for airflowobstructionotherthancigarette
smoking have been postulated, including other harmful environmental exposures and the inherent susceptibility
of the smoker. Homozygous a,-antitrypsin deficiency can explain only a minute proportion
of the disease burden. The development
of airflcw obstruction by
only a minority of smokers indicates that the interactionof smoking
withotherfactorsmayinfluencetherisk
for specific smokers.
Current research emphasizes the potential
roles of childhood respiratory illness and airways
hyperresponsiveness.
Longitudinal studies have now partially described the prolonged
natural history of airflow obstruction. Excessive loss of ventilatory
function, beyond that expectedfromagingalone,
resultsinthe
development of disease incigarettesmokers.
Only a susceptible
minority of cigarettesmokers lose function ata ratethat will
eventually cause clinically significant impairment. For this group,
timely smoking cessation can prevent
the development of disease.
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EMPHYSEMA

Introduction
Pulmonaryemphysema is frequentlypresentinthelungs
of
individuals with chronic obstructive lung disease. This section
has
three purposes: (1)to review the definition, types, and quantification
of emphysema; (2) to summarize the physiological and radiographic
feature of emphysema; and(3)to discuss criticallythe relationshipof
smoking to emphysema, based upon observations in
people and in
experimentalanimals.Current
concepts of the pathogenesis of
emphysema arereviewed elsewhere.
Definition of Emphysema
The generally accepted definition of emphysema is an anatomic
by abnormaldilation of air
condition of thelungcharacterized
spaces distal tothe terminal bronchioles
accompanied by destruction
of air space walls (American Thoracic
Society 1962; Heard et al.
1979).Difficulties
withthisdefinitionhavebeen
discussed by
Thurlbeck (1983). Normal air spacedimensionshavenotbeen
determined, and criteriaof destruction have not beendefined. These
limitations hamper attempts to investigate the earliest
lesions of
emphysema and the subtle effects of environmental agents on lung
structure.
Types of Emphysema
Britishpathologistspointedoutin
thefortiesandfiftiesthat
emphysematous lesions in certain people involved the respiratory
bronchioles,which appeared as grossly enlarged airspaces in the
center of the primary lung lobules surrounded by normal lung. In
other individuals, the alveolar ducts were involved early, and even
mild involvement appeared grossly as a coarsening of the architecture of the entire lobule. They designated the two polar patterns of
emphysema as centrilobularemphysema
(CLE) andpanlobular
emphysema (PLE) (Heppleston and
Leopold 1961).Many lungs either
show both types of emphysema or are unclassifiable. Of 122 lungs
with emphysema examined by one pulmonary pathologist, 73 were
considered mixed or unclassifiable and 49 were clearly CLE or PLE
(Mitchell et al. 1970). When the agreementof three pathologists was
required, only 27 of the original 122 lungs remained classifiable and
95 were mixed or could not be classified. There were no statistically
significant differences between the groups classified as PLE or CLE
in any clinical variables. The only nonsmokers in either group had
CLE, and the proportion of light smokers (less than 25 pack-years)
was very similar between groups. In this study and others (Anderson
and Foraker 1973), CLE was most severe in the upper
lobes and PLE
was uniformly distributed. According to Thurlbeck
(19761, a common
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combination is CLE in the upper lobes and PLE in the lower lobes;
where lobectomies are used for correlation, typing of emphysema is
therefore a particularly empty exercise.When emphysema is far
advanced, it is often impossible to recognize the site of the initial
involvement. Thus,it
isnotclear
whetherthe
differencesin
prevalence of CLE and PLE are real
or represent differencesin
interpretation by different observers.
Several localized types of emphysema occur in areas around scar
tissue(paracicatricial),alonginterlobarandinterlobularsepta
representthemost
(paraseptal),and as bullouslesions(which
advanced and extreme distortion of normal lung structure). Bullous
deformities occur with any type of emphysema, including CLE and
PLE.Occasionally,bullouslesions
occupy hugeintrapulmonary
volumes.

Detection of Emphysema
Thedetection of emphysemarequiressuitablypreparedlung
be fixed in
specimens. A t a minimum, this means the lung must
inflation (Thurlbeck 1964). Fume fixation or fixation by instillation
of liquid fixative through the airways is satisfactory, for
butoptimal
evaluation of thelattergroup,bariumimpregnation
or papermountedwhole-lungsectionsshould
be used. Becauselungswith
emphysema frequently also have some degree of intrinsic airways
disease, the severity of emphysema and the clinical state of the
patient may not correlate directly. Pathologists caneasily recognize
mild degrees of emphysema that are rarelyassociated with clinical
disability.
Quantification of Emphysema
There are a number of techniques for quantifying the volume of
lung involved with “obvious” emphysemathatareadequately
reproducible and correlate well with one another (Thurlbeck 1976;
Bignon 1976). Semiquantitative or subjectivescoringmethods
as
well as point counting have beenused. These approaches all require
lungs inflated to a relevant volume, usually one approximating total
lungcapacityduring
life. Thiscan be achieved by a distending
pressure of 25 cm H20 (Thurlbeck 1979; Berend et al. 1980).
In the scoring method, the lung is divided into a number of units
andthe
severity of emphysemaineachunitis
scored(mild,
moderate, or severereceive 1 , 2 , or 3 points, respectively). The scores
for each unit are summed to give a total score for the lung (Ryderet
al. 1969). Alternatively,lungslicesmay
be matched by visual
comparison to a set of graded standards to achieve an emphysema
score (Thurlbeck et al. 1970). These methods include both severity
andextent of emphysema,andalthoughthey
involvesubjective
judgments, they haveproved to be remarkably reproducible.
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Inthe
pointcountingapproach,regularly
spacedpoints
are
superimposed on a lung slice. Each point is recorded as falling on
normal parenchyma, emphysematous parenchyma, or nonparenchyma (conductingairwaysor
vessels). Thevolumeproportion
of
emphysematous lung is recorded. This method can be objective (e.g.,
if an emphysematous space is taken to be one greater than 1 mm in
diameter), but it includes only extent and not severity of emphysema.
Morphometric methods carried out onhistologic sections, exemplified by the mean linear intercept
(Lm)(Thurlbeck1967a,b), are
strictly objective, but they require careful attention to problems of
sampling and are time consuming and insensitive to focal disease.
For measurements of the Lm, histologic sections are made of blocks
selected by stratifiedrandomsampling.Theaveragedistance
between alveolar walls is determined from the number of intersections of alveolar walls with a line of known length. The internal
surface area of the lung can be calculated when the volume of the
lung is known (Hasleton 1972).

Pulmonary Function in Emphysema
Because unequivocal proof of the presence of emphysema requires
used to characterize
direct examination of lung tissue, the strategies
the pulmonary function abnormalities associated with emphysema
have either involved comparison of functional data collected during
life with autopsy or surgical material or have
used measurements
made exclusively on post-mortem specimens. Two important concluat theoutset.First,
sionsfromthesestudiesshould
benoted
impaired air flow during maximal expiratory maneuvers, as reflected in reduced values for the FEV1, FEV1%, and FEFWWZ,, is neither
sensitive nor specific for emphysema. It is possible to have severe
emphysemawithoutclinicalobstructivelungdisease(Thurlbeck
1977). It isalso possible to haveseverechronicobstructivelung
disease without having emphysema, even though most patients with
advancedchronicobstructivelungdiseasehavesomedegree
of
emphysema (Mitchell et al. 1976). Second, none of the tests used to
identify early obstructive lung disease, such as closing volume, the
of compliance,
singlebreath Nz curve,orfrequencydependence
distinguish diminished elasticrecoil that may be related to emphysema (see below) from increased resistance in small airways (Buist and
Ducic 1979). Even thedetermination
of densitydependence
of
maximum expiratory airflow, once felt to be specific for detecting
abnormalities in the caliber of small airways, is not immune to the
effects of lungelastic
recoil. A decreasedeffect
on maximal
expiratoryair flow of using low densitygascan
be caused by
decreased elastic recoil (Gelb and Zamel1981).
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Pulmonary function testing of individuals with proven emphysema oftenshowsincreases of residual volume,functionalresidual
capacity, and total lung capacity and decreases
of maximal expirato1970; reviewed in
ry air flow (Boushy et al. 1971; Parketal.
Kidokoro et al. 1977). However, because individuals withemphysema
commonlyalso haveintrinsicairwaydisease
(Cosio et al. 1978)
affecting the results of these pulmonary function tests in the same
direction as emphysema, it is clear that these tests are not specific
for emphysema. Accordingly, there has been interest in other, more
distinctivetests.
Among readilyapplicable
tests, the diffusing
capacity has proved to be directly related to the extent of emphysema(Park et al. 1970; Boushy et al. 1971; Berend et al. 19791,
presumably reflecting a diminution of internal surface area available for gas exchange. The usefulness of the diffusing capacity to
identify and estimate emphysema is limited, however, because the
measurement is not sensitive tolow grades of emphysema (Symonds
et al. 1974) or specific foremphysema. Moreover, the results mustbe
interpreted carefully in smokers because the values
for diffusing
capacity are lower than in nonsmokers, and the difference extends
are not likely to have emphysema (Enjeti
even to young smokers who
et al.1978; Miller et al. 1983).

Mechanical Properties of the Lungs in Emphysema
Measurements of the pressur+volume characteristics of the lung
have generally been regarded as a reliable means of physiologically
(a) patientswith
detectingandquantifyingemphysemabecause
emphysema often have increased lung distensibility and
correspondingly low transpulmonary pressures(loss of elastic recoil) and (b) the
severity of emphysema has seemed to correlate with the change in
elastic recoil. It has also been assumed that the
regions of lung with
emphysema are the cause of the decreased lung elastic recoil, a n
assumption that appears reasonable because elastic
recoil results in
part from surface forces at the air-liquid interface and there is less
surface area in emphysema.
Recent observations challenge these concepts. Berend and Thurlbeck (1982)) using lungs obtained post mortem, could not demonstrate a relationship betweenindices of lung elasticity and the grade
of emphysema in 48 lungs ranging in grade from
2 to80 (on a scale of
100))and observed (Berend et al. 1981)in emphysematous lungs that
the relative increase in compliance of the lower lobes was greater
than the upper lobes, even though the emphysemawas worse in the
upper lobes. Others have also reported
poor correlations between
emphysema and elastic recoil. Silvers et al. (1980) found decreased
elastic recoil and increased total lung capacity in
excised human
lungs with minimal emphysema, and Schuyler et al.
(1978) noted in
hamsters given small doses of elastase intravenously that there was
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decreased lung elasticrecoil at low lung volumes, although the lungs
did not show morphometric changes.Guenter et al. (1981) noted that
mild emphysema produced by pepsin caused greater changes in lung
elasticity thansimilar degraeesof
lungdestruction producedby
endotoxin-induced repetitive leukocyte sequestration. They suggested that these differences may be due to differences in the
location of
the connective tissue injury withinthe lung.
Even amongthose who havereported a n associationbetween
emphysema and elasticrecoil, the correlations havebeen best when
the emphysema was severe (Greaves and Colebatch
1980). Pare et al.
(1982) found a correlation between emphysema grade and elastic
properties of the lungs in55 persons; however, in 5 whose surgica’lly
removed lung tissue received emphysema scores between 20 and 70
(out of a maximum of loo),the elastic properties of the lungs tested
preoperativelywereindistinguishablefromnormal.Whilesuch
discrepancies probably reflect the limitations of relating the overall
elastic properties of both lungs to themorphology of a single lobe, it
must also be recognized that the sensitivity of the pressure-volume
diagram is limited, since a narrow range of pressure (to 20 cm HzO)
depicts the average retractive force from millions of air spaces and
the connective tissue networkof the lung.
Fromtheserecentfindings
it must beconcluded
thatthe
relationshipbetweenelastic
recoil and morphologic measures of
emphysema is not highly predictable, andthat thedecrease of elastic
recoil andincrease
of totallungcapacity
commonlyseen
in
emphysematouslungsmaynotresultentirelyfromabnormal
mechanicalpropertiesin
the areas showingemphysema.The
mechanical abnormalities may also derive from areas that appear
normal, although thepossible reasons for thisare obscure (reviewed
by Thurlbeck 1983). An alternate explanation for this discordance
betweenelasticrecoilandmorphologicemphysemamaybe
the
problems of sampling and grading intrinsic to these
morphologic
measures.
The work of Michaels et al. (1979) introduces a further complexity
to the use of pressure-volume curves as a n indicator of emphysema.
They found that inhalation of a bronchodilator shifted the curve of
smokers in the direction of increased compliance, but had no effect
in nonsmokers (Figure26). Cessation of smoking had the sameeffect
as abronchodilator.Theseresultswereinterpreted
as indicating
that smoking causes some peripheral airway units to constrict and
become effectively closed. Thus, pressure-volume studies to detect
early changes compatible with emphysema in smokers may
give
false negative results unlessaccompanied by studies with bronchodilators.
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FIGURE 26.-The effect of nebulized bronchodilator on the
pressure-volume characteristics of the lungs
13 women)and 16
in 19 smokers(6menand
nonsmokers (9 menand 7 women)
NOTE: The mean age was approximately
40 years (range, 19 to 5 6 ) and smokers wed approximately 30
cigarettes per day. Male smokers showed borderline significant differences in indices of expiratory airflow and
single breath N2 test data 86 compared with the male nonsmokers, but there
waa no difference in theae tests
between female smokers and nonsmokers.
As shown. smokers had significantly
less elastic recoil than nonsmokers.
After the bronchodilator. the difference between smokers and nonsmokers increased further, particularly at high
lung volume.
B.D. = broncodilator; % pred. Tu: = percent predicted total lungcapacity; Rstat)= transpulmonary pressure.
*p<0.05;"p<O.Ol;"'p<0.005.
SOURCE: Michaels et al. (1979).

Aging and Lung Structure
With advancing age, structural and functional changes occur in
who have no known
the lungs of virtually all adults, even those
exposure tospecific inhalants throughoccupation or personal habits
(Fishman 1982; Campbell and Lefrak 1983).The elastic recoil of the
lungs declines with aging, and the residual volume
to total lung
capacity ratio increases. These changes are seen even in
people who
have never smoked,do not have signs or symptoms of cardiorespiratory disease, and have the normal
(MM) phenotype of a,-antiprotein124

ase (Knudson et al. 1977). Also withaging, the average distance
between alveolar walls increases (Thurlbeck 1967a; Hasleton 19721,
the proportion of lung volume that is composed of alveoli decreases,
and the proportion of alveolar ducts increases (Ryan
et al. 1965).
Whether the differences in the lungs that occur with aging are a
consequence only of the passage of time or are the result of subtle
environmental insults summed over many years is unanswerable.
They are“normal”or“abnormal”depending
on whether one
regards “normal” as a statistical concept or as the optimal state for
the tissue. In eithercase, the aging lung hassome features similar to
emphysema. Age changes alone will not, however, contribute to or
obscure the diagnosis of centrilobular emphysema, which involves
mainly respiratory bronchioles, recognized macroscopically as focal
lesions against a background of normal lung. The age changes may
overlap with early panlobular emphysema (Anderson
et al. 1970).
However, since smokers usually die at a n earlier age thannonsmokers, aging cannot account for the differences observed between the
lungs of smokers and nonsmokers at autopsy.

Emphysema and Cigarette Smoking
Studies of people and of experimental animals conclusively link
cigarette smoking to the development and extent of emphysema.
This information is summarized in thefollowing discussion.
Observations in People
Post-mortem material, used to approach the problem in the 1960s
and 197Os, clearly established a n association between smoking and
emphysema. Post-mortem lung tissue has continued to be used to
study emphysema, but the main goal of recent studies has been to
identify those physiologic features that correlate with emphysema
ratherthan to quantifytherelationship
betweensmoking
and
emphysema. Studies of emphysema using surgically removed lung
tissue, a more recent approach to studying emphysema, have aimed
mainly at elucidating the physiology of the emphysematous lung.
The results of these studies haveinvolved smokers almost exclusively because of the rarityof emphysema in nonsmokers.
StudiesUsingPost-MortemMaterial

A number of studieshaveexaminedtherelationship
between
cigarettesmokingandemphysema
(Anderson etal. 1964, 1966;
Thurlbeck 1963; Thurlbeck et al. 1974; Ryder et al. 1971; Auerbach
et al. 1972, 1974; Spain et al. 1973). These data emphasize that not
only is cigarette smoking closely associated with the development
and extentof emphysema, butalso it is extremely rare for the forms
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of emphysemafoundinpatientswith
COLD to be presentto a
significant degree in nonsmokers.
Thurlbeck (1963) reported 19 patients who had severe emphysema
at autopsy. All 19 were cigarette smokers, in contrast to18 smokers
at
out of 38 patients who did nothavesignificantemphysema
autopsy.Anderson
etal.
(1964) conducted a moresystematic
evaluation of the relationship between cigarette smoking and the
degree of emphysema at autopsy. They found that 12 of 23 patients
without emphysema were cigarette smokers, whereas 55 of 84 with
mild emphysema, 30 of 33 with moderate emphysema, and 14 of 15
with severe emphysema were cigarette smokers. Petty et al. (1967)
reportedsimilarfindings,with
6 of 57 patientswithmoderate
emphysema at autopsy being nonsmokers and only 1 of 61 patients
a nonsmoker. Ryderet al. (1971) found
with severe emphysema being
that of 21 patients whose lungs showedmore than 25 percent
emphysema, only1 was a nonsmoker.
Thurlbeck et al. (1974) examined the relationship of age to extent
of emphysemainsmokerscomparedwithnonsmokersinthe
combined autopsypopulations of theteachinghospitalsinthree
separate cities. The severity of emphysema was quantified using a
panelgradingmethod,with
a score under 25 representing mild
emphysema. They found that the degree of emphysema increased
slightly in nonsmokers beginning in the fifth
decade and reached an
average score of 10 to 15 in men and 4 to 6 in women by the eighth
and ninth decades. In contrast, male smokers had a n average score
of 25 to 30 by the seventh decade and maintained this level for the
next two decades.
Sutinen et al. (1978) (Table 13) examined the relationship between
prevalence and extent of emphysema and duration of the smoking
studies,moderate or
habit. Aswould be expectedfromprevious
severe emphysematous changes were limited to smokers. However,
these changes mere also limited to those smokers who had smoked
for 20 or more years, and severe emphysema was reported only in
those who hadsmoked for 40 years or more. These data,coupled with
that of Thurlbeck et al. (1974) describing only mild emphysematous
changes in nonsmokers with advancing age, suggest that emphysema isa late pathologic change in cigarette-induced lung disease. This
correlates well with the clinical experience of severe emphysema
being rare prior to the fifth decade. It also suggests that cessation,
even among middle-aged smokers, may have substantial impact on
emphysema morbidity and mortality.
Dose-Response Relationships

Some studies have reported the extent of emphysematous change
in smokers of different numbers of cigarettes per day. Spain et al.
(1973) examined the lungs of 134 subjects who died suddenly and
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TABLE 13.-Correlation between the severity of emphysema
at autopsy and total smoking duration
Prevalence of emphysema (percent) by total smoking years
Grade of emphysema
43.1

0

No emphysema
8.8

21.2
Mild
(grades5 to 20) 69.7
Moderate
(grades30 to 5 0 )
Severe
(made 60 or more)

56.9 All grades
91.8
Total 33
number

81.6

61.6

15.4

38.4

7.8

15.4
13

38.4
73

more40 or

50.0
26.5

-

78.8

20-39

1-19

Total

45.8

9.1
3.3

-

14.7
34

153

NOTE: P < O 0005; X* test. with group of moderate and 6evere emphysema and of smoking tim- 1-19 and
39 years combined

20-

SOURCE Sutinen et al. (1978).

who had no previous history of lung disease. They found emphysematous changes greater than grade20 (mild emphysema) in 10 percent
of nonsmokers, 36 percent of smokers of less than one pack per day,
and 39 percent of smokers of more than one pack.
Amuchlargerstudywasconducted
by Auerbach et al. (1972,
19741, who examined whole lung sections from 1,443 men and 388
women autopsiedbetween 1963 and 1970. Table 14 describes the
relationship of age, smokinghabits,anddegree
of emphysema
graded on a scale of 0 to 9, with 9 representing severe emphysema. It
is clear that severe emphysema is limited to smokers, and that the
severity of emphysematouschange at autopsyincreaseswithincreasing number of cigarettes smoked per day duringlife. This study
also found that almost all (94.5 percent) smokers of more than one
packperday
had somedegree of emphysema(slight,moderate,
advanced, or far advanced) (Table 15). In contrast, 93.8 percent of
nonsmokers had either none or minimal emphysema. Thisevidence
would suggest that emphysematouschange is a nearlyuniversal
phenomenon in heavy smokers, butis rare in nonsmokers, and that
it is the large ventilatory reserveof the lungs that restricts
clinically
manifest disease to those individuals withfar advanced emphysema.
Similar results were reported ina more limited number of autopsies
done on female smokers (Auerbachet al. 1974) (Table 16).
A study of microscopic lung sections from the autopsies of 1,436
men and 388 women was also reportedby Auerbach et al.(1974),and
closely paralleled the results of the whole lung study.However, they
also reported the results in smokers who had quit for more than or
(Table 17). Thedegree
of
less than 10 yearspriortodeath
emphysematous change was still related to the amount smoked, but
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TABLE 14.-Degree of emphysema in current smokersa and
in nonsmokers, according to

Age
group

<m

Subjeck
who never
smoked
regularly

smokers

434.75

53

18

1-1.75
2-2.75

2

11
1

Degree of
emphysema

Current
pipe or
cigdr

.-

I

-

-

-

-

-

-

Totals
Mean

W69

-

130
50

6

-

5
56

38

4
3

7
5
1

-

-

-

-

31

45

221

112

0. 10
0.13

2.37
0 16

2.56

0.M

0.07

2.86
0.10

M.75
1-1.75
2-2.75
53.75
44.75

35
1

17

-

-

-

-

2

8
3
2

-

-

5-6.75

-

-

4
37
42
11
8

7-9.00

-

Mean
0.95
0.16SD
(M.75
1-1.75
22.75

older

55

-

2

24

SD

Totals

70 or

Current cigarette
smokerst

3
9
17
12
4

-

53.75
M.75
5-6.75
7-9.00

age groups

34.75
44.75
5-6.75
7-9.00

0.83

2

40

-

4
5
4

-

-

9
3
1
1

5

1

23
2A
9
1

4

-

-

-

19

107

62

3.59
0.35

3.39
0.15

3.37
0.20

-

-

-

8
23

2
40

2
9

10
7
2
1

38

18
7

-

-

-

-

-

30

0.39
0.13

68

5

21

2s
z2
8
2

I

-

11
9
12

3

5

Totals

81

82

51

112

44

Mean

0.50
0.39

1.%

2.98

3.68
0.17

3.91

0.11SD

0.20

0.27

'Subjecta who smoked regularly up tn time of terminal illness

tPackagea/day.

SOURCE Auerbach et al. (1972).

was less in those who had quitfor more than 10 years prior to death,
suggesting that the cessation of smoking results in a slowing of the
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TABLE 15.-Agestandardized percentage distribution
of
male subjects in each of four smoking
categories, according to degree of emphysema
Degree of
emphysema

< 1'
U.i5
1-1.75
2-2.75
33.75

(none)

(minimal)

(slight)
(moderate)
G9.00(advancedtofaradvanced)

90.0
3.8

33
2.9
0

46.5
33.0
13 0
6.3
1.2

1+

13 1

0.3

16.4
33.7
25.1
11 i

5.2
42.6
32.7
19.2

Totals

'Paekages~day
SOURCE Auerbach et a]. (1972).

TABLE16.-Meansof
the numerical values given lung
sections at autopsy of female current smokers,
standardized for age
Subjects who
neversmoked
regularly

Current cigarette
smokem

< 1 Pk.

21 Pk

Number of subjects

252

33

64

Emphysema

0.05
0.37
0.06

1.37

2.89
1.26

1.70
3.46
1.57

0.01

0.40

0.64

Fibrosis
Thickening of arterioles
Thickening of arteries

NOTE:Numerical valuea weredeterminedbyratingeachlungseetionon
s e a l e a of 0-4 for ernphyaema and
thickening of the artenolea. 0-7 lor fibrosis. and W3 for thickening of the arteriea.
SOURCE: Auerbach et al. (1974).

rate of progression of emphysematous change in those
compared with those who continuesmoke.
to

who quit

Studies of Alphal-Proteinase-lnhibitor-DeficientIndividuals

The deficiency of a,-proteinaseinhibitor is an experiment of
nature with broad implications for understanding the pathogenesis
of emphysema (Idell and &hen 1983). Discovery of homozygousdeficient subjects (type PiZZ) with only 10 percent of normal plasma
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TABLE 17.-Meansof the numerical values given lung
sections at autopsy of male former cigarette
smokers, standardized for age
Never smoked
regularly

< l o years

Stopped
Stopped
years
2 10
Formerlysmoked

Number of

131

66

175

35

51

Emphysema

0.09

0.24

0.70
1.69

1.08

Fibrosis

0.40

1.14

1.74

2.44

of
Thickening
0.57
arterioles

0.10

Thickening of
arteries

0.02

subjects

'

1.59

1.25

0.93

0.61

0.040.36

0.16

3.30

NOTE: Numerical values for each finding were determined
by rating each lung section on scales of 0-4 for
emphyaema and thickening of the arterioles, 0-7 for fibrosis, andW3 for thickeningof the arteries.
SOURCE: Auerbach et al.(1974).

proteinase inhibitory activity and the demonstration
of the frequent
earlydevelopment
of emphysemainsuchsubjects(Orelland
Mazodier 1972) called attention to the critical step of fibrous tissue
proteolysis in the remodeling of lung structure. It alsopointed to at
leastonepotentialexplanation
for thevariabilityinextent
of
emphysema among smokers.
Together with datafrom animal experiments, thediscovery of the
PiZZ defect and its association with emphysema has led to general
levels
acceptance of a theory of imbalance between the extracellular
of proteinase and proteinase inhibitor in the lung as the cause of
panacinar emphysema in subjects with this deficiency. The pathogenetic lessons learned from a,-proteinase-inhibitor deficiency also
afford plausible explanations for other forms
of emphysema, especially emphysema associated with cigarette
smoking.
Homozygous Deficient-PiZZ

In his classic description of the severe (PiZZ) deficiency of the a,proteinase inhibitor, Eriksson (1965) did not indicate an effect of
cigarette smoking on the developmentof emphysema. Later studies,
however, did recognize smoking as a potential aggravating factor
(Kueppers and Black 1974; Larsson 1978) and reported that PiZZ
persons
who
smoked
cigarettes
were
destined
to
experience
shortness of breath 10 to 15 years earlier (Figure 27) and to die
28).
sooner than PiZZ persons who did not smoke (Figure
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I

20

Men
Smokers

Nonsmokers

T

Women
Smokers

I

1 .:f

i

FIGURE 27.-Ageat onset of dyspnea in 169 PiZZ
individuals separated according to sex
smoking history
NOTE The horlzontal llnes show the median values The difference between nonsmokers
hlghly sgnnlficent for both sexes and was 13 and 15 years for men and women,respectively
SOURCE L a m n (1978).

and
and srnoken was

More recent studies, however, have shown considerable variation
in the rate of decline of lungfunctionamongmiddle-aged
PiZZ
adults (Buist et al. 1983). In a comparison of 22 persons with PiZZ
phenotype who had never smoked with 36 PiZZ smokers, Black and
Kueppers (1978) found variability in symptoms and lung function
abnormalities in bothgroups.Smokersgenerallysoughtmedical
attention earlier, and those who reached the older age groups, such
as 60 to 69, had smokedless and started to smoke later inlife. There
wasoverlapinthesecharacteristicsbetween
the agegroups,
however, and some smokers did live into the 50 to 69 age range. In
thisanalysis,thecorrelationsbetweenpulmonaryfunctiontest
abnormalities and pack-years
of cigarette smoking were small.
The British Thoracic Society, in a multicentered study of PiZZ
individuals(Tobin et al. 1983), reported an associationbetween
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Smoking Pi2 men and women
1 .o

0 Nonsmoking Pi2

A
A

20

30
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men and women

All Swedish women
All Swedish men

80

90

100

Age (inyears)

FIGURE 28.-The cumulative probability of survival, given
that 20 years of age is reached, in smoking
and nonsmoking Swedish PiZZ individuals,
compared with all Swedish men and women
NOTE: Survival wae higher for PiZZ nonemokersthan for PiZZ smokers in both =xes above age 35.
SOURCE L a w n (1978).

cigarettesmokingandtheonset
of pulmonarysymptomsand
deterioration of lungfunction,butdemonstrated
nosignificant
correlation between the quantity
of tobacco consumedand the extent
of pulmonary dysfunction. A notable finding in this study, applicable
a,tootherstudies
of the natural history
of diseaserelatedto
proteinase-inhibitordeficiency,was
the impressivedifference between individuals foundbecause of medical complaints (indexcases)
and those detected by surveys (nonindex cases). Nonindex cases had
better pulmonary function and survived longer than index
cases,
irrespective of other variables suchas age and smoking history. The
distinctionbetweenthesetwocategories
of subjectssuggests the
importance of factors besides the PiZZ phenotype inthe development
of symptomatic lung disease PiZZ
in persons.
PiZZ individuals who smoke increase their risk for early onset of
symptomatic chronic obstructive lung disease and
for a shortened
lifespan,comparedwithnonsmoking
PiZZ individuals.However,
pulmonary function data have shown only limited differences in
diffusing capacity and elastic recoil between the smokers and the
nonsmokers (Black and Kueppers1978).
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Heterozygous Deficient-PiMZ

The PiMZ phenotype of a,-antiproteinaseinhibitor
occurs in
approximately 3 percent of the population.Because of the high
frequency of emphysema inPiZZ persons, it is important to establish
whether PiMZ individuals also havea n increased risk of emphysema
and chronic obstructive lung disease. From the unpredictability of
obstructive lung disease even among those with
the PiZZ phenotype,
however, one might expect difficulty in discerning the effect of the
PiMZ phenotype.
Among adults with symptomatic chronic obstructive lungdisease,
the PiMZ phenotype is moreprevalentthan
expected (Mittman
1978). It is uncertain whether this meansof subject identification is
appropriate, as wasnotedconcerningindex
and nonindex PiZZ
individuals. Madison et al. (1981) emphasized the complexity of this
issue by noting that the PiMZ phenotype was only one of several
factors that appeared to be related to the risk of obstructive lung
disease.Otherfactors identified as relevantincludedsmoking,
a
family historyof lung diseases, and being male.
From studies of children and young adults it is evident that the
PiMZ phenotype does not strongly predispose to chronic pulmonary
disease. Thus, PiMZ children (Buist et al. 1980) failed to show any
earlychanges of lungdysfunctionanalogoustowhathasbeen
observed in some youngPiZZ individuals; PiMZ adults below the age
of 40 had the same results by spirometry and the single breath N2
test as PiMM individuals matched for smoking history (Buist et al.
1979b).
Numerousstudies involvingoldersubjects
indicatethat PiMZ
individuals preserve their lung function,
as measured by spirometry,
compared with controls matched for smoking (Tattersall et al. 1979,
de Hamel and Carrel11981). The elastic properties of the lungs may
be different in PiMZ persons, but if there are differences, they are
small. Larsson et al.(1977) reported that 50-year-old PiMZ men who
smoked had reduced elastic recoil at total lung capacity compared
with PiMZ nonsmokers,eventhoughtheyhadnoevidence
of
impairedair flow. The PiMZ nonsmokerswereindistinguishable
from PiMM nonsmokers. Tattersall et al.(1979) also found no effect
upon airflow inPiMZ middle-aged men, anda statistically nonsignificant decrease in elastic recoil. Using a n index of the slope of the
pressure-volume curve, Knudson
and Kaltenborn (1981) found no
significantreductioninelasticrecoil
of PiMZ subjectscompared
with matched PiMcontrols.
There is little direct information about the occurrence
of emphysema among PiMZ individuals. In a n autopsy study, Eriksson et al.
(1975) foundemphysemaamong 13 of 26 subjectswithdiastaseresistant PAS-positive inclusionsin theliver,comparedwith
an
incidence of emphysema of only 18 percent in the controls. Although
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these findings suggest an increased occurrence of emphysema with
the PiMZ phenotype, this study should be interpreted cautiously
because the smoking histories of the subjects and the quantification
of the emphysema were not included. Moreover, the significance of
the PAS-positive inclusions is not certain, because one recent study
found that such inclusions represented immunoreactive a,-proteinase inhibitor inonly half of the tissue studied (Qizilbash and YoungPong 1983).
It maybe concluded from thestudies involvinga,-proteinaseinhibitor-deficient people that for those with the PiMZ phenotype,
smoking has not been shown to promote
a greater risk of emphysema
than it does in PiMM persons. In the rare individual with PiZZ, the
risk of emphysema is extremely high in both smokers and nonsmokers, but PiZZ smokers experience a n earlier onset and more severe
chronic obstructive lung
disease than PiZZ nonsmokers.

Observations in Experimental Animals
Experimental animals have been subjected to cigarette smoke to
examine whether changes typical
of emphysema result. As noted
produce
below, it appearsthatcigarettesmokeexposurecan
emphysematous-likechangesin
thelungsunderexperimental
conditions, but the exposure must be quite prolonged and intense, or
additional factors must be employed to “sensitize” the lungs to the
effects of cigarette smoke.
Pioneering studies in dogs exposed to cigarette smoke,by Hernandez et al. (1966) and by Auerbach et al. (19671, indicatedeffects
consistentwithemphysema,butthesereports
did notinclude
quantitative morphology or data about the mechanical propertiesof
the lungs. Moreoever, the exposures may have created problems of
hypoxemia and infection that may have influenced the responses to
cigarette smoke. Contrary to these findings, in later studies, beagles
that inhaled cigarettesby face mask in four sessions per day
for up to
1 year-an inhalation sufficient to raise the blood carboxyhemoglobin saturation to 5.4 f 0.9 percent-had no statistically significant
changes in mean linear intercept or internal surface area, although
their large airways showed epithelial cell hyperplasia, proliferation
of goblet cells, and peribronchial inflammation (Park et al. 1977).
Recently, Hoidal and Niewoehner (1983) presented data suggesting
that cigarette smoke may be an important cofactor in the development of elastase-induced emphysema. They found that inhalation of
cigarette smoke led to severe emphysema in hamsters
if used in
conjunction with doses of elastase that did not produce emphysema
when used alone. In this study, hamsters were exposed to cigarette
smoke for 15 minute periods, six times per day,6 days per week for 7
weeks in standardized chambers. The animals werechallenged with
small doses of elastase given intratracheally; controls consisted of
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animals given either elastase or smoke exposure or neither. Animals
receiving only smoke or only elastase showed no changes of mean
linearinterceptorvolume-pressurerelationship
of the excised
lungs,comparedwithanimals
given neitherelastasenorsmoke
exposure.Thecombinations
of smoking followed by elastaseor
smoking both before and after elastase produced statistically significant increases of mean linear intercept, displacement upward and to
the left of the volume-pressurecurves
(Figure 291, andmarked
emphysema by light microscopy of inflation-fixed lungs. The mechanism of the synergismbetweenelastase
andsmoking was not
elucidated.One possibility consideredwas
thatcigarettesmoke
impairedtherepairmechanismnormallytriggered
by elastase
exposure, a possibility supported by Osman et al. (19821, who found
that hamsters exposed to cigarette smoke after intratracheal elastase did not show the heightened lung elastin synthesis typically
seen after lung injury
produced by elastase.
Summary

Clinically significant degrees of emphysematous lung destruction
are commonly present in individuals withCOLD. Severe emphysema
occurs almost exclusivelyin
cigarettesmokersandthosewith
homozygous a,-antitrypsin deficiency. The extentof emphysematous
change increases with increasing numbers of cigarettes smoked per
day and with the duration
of the smoking habit. While clinically
significant emphysema is limited to a minority of those who smoke,
most heavy smokers have some degree
of emphysematous changeby
the sixthdecade of life.
Individualswith homozygous a,-antitrypsin deficiency have an
is
exceptionallyhighrisk
of developingemphysema.
Thisrisk
present for both smokers and nonsmokers, but smokers with
a,antiprotease deficiency develop clinical symptomsearlier in life. It is
unclear whether individuals with heterozygous antiprotease phenotypes are at increased riskof developing COLD.
Summary and Conclusions
1. Cigarette smokingis the major cause of COLD morbidity in the
United States;80 to 90 percent of COLD in the UnitedStates is
attributable to cigarette smoking.
2. Inpopulation-basedstudiesin
the UnitedStates,cigarette
smoking behavior is oftenthe only significant predictorfor the
development ofCOLD. Other factors improve the predictive
equation only slightly, even in those populations where they
have been found to exert a statistically significanteffect.
3. Inspite of over 30 years of intensiveinvestigation,only
cigarette smoking and a,-antiproteasedeficiency (a rare genet135
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FIGURE 29.-The effects of combining cigarette smoking
and elastase upon the pressurevolume
characteristics of the lungs of experimental
animals
NOTE The in vitro measurements of lung volume are shown as percentage of predicted t n t a l lung capacity
(TLC)relative to transpulmonary pressure of hamster lungs following invivo exposure to various combinations of
cigarettesmokeandintratracheallyadministeredpancreaticelastase.Valuesarethemean
f SEM of
measurements made during deflation. The animals that smoked and thenreceived elastase (Pre-Elastase Smoke)
and those that smoked both before and after elastase (Continous Smoke, Elastase) had significant changes
in the
elastic properties of the lungs. There were no changes from control if elastase or smoking were
used separately or
when smoking occurred only after elastase.
SOURCE: Hoidal and Niewoehner(1983).

ic defect) are established causes of clinically significant COLD
in theabsence of other agents.
4. Within a few years after beginning to smoke, smokers experience a higher prevalence of abnormal function in the small
airways than nonsmokers. The prevalence of abnormal small
airways function increases with age and
the duration of the
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smoking habit, and is greater in heavy smokers than in light
smokers. These abnormalities in function reflect inflammatory
changesinthesmallairwaysandoftenreversewiththe
cessation of smoking.
5 . Both male and female smokers develop abnormalities in the
small airways, but the data are not sufficient to define
possible
sex-related differences in this response. It seems likely, however, that the contribution
of sex differencesis small when age
and smoking exposure are taken into account.
6.There is, as yet,inadequateinformationto
allowa
firm
conclusion to be drawn about the predictive value
of the testsof
small airways function in identifying the susceptible smoker
who will progress to clinical airflow obstruction.
7. Smokers of both sexes have a higher prevalence of cough and
phlegmproduction
than nonsmokers.Thisprevalenceincreases with an increasing number of cigarettes smoked per
day and decreases with
the cessation of smoking.
8.Differences between smokers and nonsmokers in measures of
expiratory airflow are demonstrable by young adulthood and
increase with numberof cigarettes smoked per day.
9.The rate of declineinmeasures of expiratory airflow with
increasing ageis steeper for smokers thanfor nonsmokers; it is
also steeper for heavy smokers than for light smokers. After
the cessation of smoking, the rate of decline of lung function
with increasing age appears to
slow to approximately that seen
in nonsmokers of the sameage. Onlya minority of smokers will
develop clinically significant COLD, and this group will have
demonstrated a more extensive decline in lung function than
theaveragesmoker.Thedataarenotyetavailableto
determine whethera rapid decline in lung function early in life
defines thesubgroup
of smokers who are susceptibleto
developing COLD.
10. Clinicallysignificantdegrees
of emphysema occuralmost
exclusively in cigarette smokers or individuals with genetic
homozygous a,-antiprotease deficiency. Theseverity of emphysema among smokers increases with
the number of cigarettes smoked per day and the duration of the smoking habit.
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Introduction

The chronic obstructive lung diseases (COLD) that are causally
related to cigarette smoking are chronic bronchitis, emphysema, and
chronic obstructive pulmonary disease and allied conditions without
mention of asthma, bronchitis, or emphysema. The lastclassification
wasintroduced by theNationalCenter
for HealthStatisticsin
response to the changes thatoccurred in the late 1960s in patterns of
reporting causes of death on death certificates. During this period,
physicians increasingly recorded deaths as due to “chronic obstructive lung disease” ratherthanthe
morespecificcategories
of
“emphysema” or “chronic bronchitis” (NCHS 1982).Because of this
shift in patterns of reporting, and in recognition of the difficulty of
clinically separating these categories from one anotheras a cause of
death, thediscussion in this chapter combines all
of these categories
for analysis, where possible, which should result in a more complete
description of death rates from COLD.
COLD Mortality PatternsintheUnited

States

The three chronic obstructive lung diseases related to smoking
may accountfor almost 62,000deaths in1983,compared with 56,920
deathsin 1982, according to provisional mortalitydatarecently
published by the National Center for Health Statistics. This data is
based on a 10 percent sample of all death certificates for the 12month period ending in November (NCHS1984).This is a dramatic
increase from1970,when slightly over33,000deaths were attributed
to COLD.
Complete mortality data are available through1980,and Table 1
presents the numbers of male and female deaths from COLD for
1970, 1975,
and 1980.In additionto the relatively rapid rise inCOLD
deaths during these years, there was
also a shift in the male to
female ratio of these deaths. In
1970 male deaths outnumbered
female deathsby a ratio of 4.3to 1.By 1980 this ratio haddeclined to
2.36.
The ageadjusted death rates for COLD during the years 1960
through 1980 are presented in Figure1 for white men, white women,
and men and women of other races. As described in the previous
chapter, however, COLD is a slowly progressive disease, and death
from COLD usually occurs only after extensive damage has developed in the diseased lungs. Many individuals
with COLD will die
with their disease rather than because of it, and even those who do
die of COLD are usually symptomaticfor a n extended period of time
prior to death.
Therefore, death rate data may not accurately reflect the true
prevalence or incidence of COLD in theU.S.population. In addition,
COLD is often not recorded as a cause of death in hospital records
189
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TABLE 1.-Numberof

and ratio of maletofemalechronic
obstructive lung disease (COLD) deaths for
three time periods, United States

1975

1970

C
Women
a
w ofMen
death
WomenMenWomenMen

bronchitis
Chronic

1,4523,2601,5644,282

Emphysema
3,946
14,849

3,820

18,901

COLD and
conditions
allied

848 24,820
4,182
13,411

3,601

Total COLD deaths

f;_>y

26,784

M:F ratio

4.30
\

10,734

31,520
37,333
9,580
15,826

,'<

i

;,'

-_

SOURCE:National Center for Health Statistics (1982, and unpublished mortality data).
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FIGURE 1.-Ageadjusted COLD mortality rates for whites
and nonwhites in the United States, 196CL1980
SOURCE National Center for Health Statistics (1982, and unpublished data).

(Moriyama et al. 1966) or on death certificates(Mitchell et al. 19681,
even though it may have played an important role in a person's
death.In a recent prospectivestudy, nearly half of the excess
mortality associated with significantly loweredFEV,was attributed
to other causes (Peto et al. 1983). Relatively advanced lung disease
(asjudged by pathologic examination) mayalso exist without clinical
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recognition because of the lung’s large ventilatory reserve (Mitchell
al. 1969). A joint committee of the American
College of ChestPhysiciansandtheAmerican
ThoracicSociety
(ACCP-ATS 1.975) has-developed standardized definitions of these
conditions that may improve the accuracy of mortality reporting in
the future.
As discussed in the chapter on morbidity in this Report, COLD in
a n individualisusually
a combination of mucushypersecretion,
airway narrowing, and emphysema. The extent
of damage represented by each of these three processes can vary substantially from
individual to individual,bothin
theabsolutemagnitude
of the
damage and in the proportional contributionof each of these three
components.Themajority
of thosewithsmoking-inducedlung
damage do not have enough damageto result in clinically significant
disease, and only some of those with clinically significant disease
havedamageto the lung that results in death from
COLD. The
progressive loss of FEV,insmokersdescribedin
the preceding
chapter is onemeasure of theextentand
progression of lung
damage, andindividuals with a markedly reduced FEV, are
far more
likely to die of COLD (Peto et al.1983). These deaths commonly occur
secondary tothe failureof these severely damaged lungs to carry out
the gas exchange required
for survival.
Becausedeathfrom
COLD is theendresult
of lungdamage
accumulated over many years, these deaths would be expected to
occur disproportionatelyinthe
older age groups;therefore, the
presentation of a single age-adjusted death rate might not reflect a
true picture of thechangesinthis
disease withtime.Figure
2
presentsthe age-specific deathratesin
1977 for COLD in the
different sexes and racial groups. Death rates increase rapidly over
the ageof 45, and this increaseis particularly dramaticover the age
of 65. In addition, the bulk of the difference between white men and
men of other races, evident in Figure 2, occurs in those over age 65.
Indeed, the COLD death rates for nonwhite men are actually higher
55.
than thatfor white men under age
The examinationof age-specific death rates over time also presents
a somewhatdifferentpicturefrom
thatpresented by the ageadjusted numbers in Figure 1. The age-adjusted rates for white men
1968 and
in Figure 1 seem to have changed only slightly between
1980. However, when the age-specific rates for the years 1968 and
1977 are examined (Figure3), this apparent stability canbe seen to
be a product of counterbalancing trends in those under andover 65
years of age. The death rates from COLD declined in white men
underage
65 between 1968 and 1977, but COLD deathrates
increasedin white men over age 65 during the same years; this
increase was particularly dramatic in those
over age75.

et al. 1968; Hepper et
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FIGURE 2.-Agespecific COLD mortality rates for whites
and nonwhites in the United States, 1977
SOURCE: National Center for Health Statiatica (1982).

Figure 4 presents the agespecificCOLD mortality rates for white
women in 1960, 1968,and 1977. As with the male rates, the female
COLD death rates rise rapidly with age, but they are substantially
lower than the malerates. In contrast with the male rates, however,
the white female death rates
increased steadily with time from1960
through 1977 both above andbelow age 65. In eachof the age groups
over the ageof 45, where significant numbersof COLD deaths would
be expected, there was a steady increase in rates from 1960 to 1968
and from 1968 to 1977. As is discussed later in this chapter, these
differences between men and women over time are consistent with
their differences in smoking behavior.
The effect of the normal aging process on the lung is small, rarely
limits maximal exercise, and never results in ventilatory failure.
Therefore, death from chronic obstructive lung disease is never a
natural part of the aging process; it is the result of an infectious or
other disease process or of the cumulative damageof environmental
respiratory toxins. The most importantof these toxins in the United
States is cigarette smoke.
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In spite of the large ventilatory reserve possessed by the lung,
death from COLD is a major cause of U S . mortality. This mortality
is closely linkedtocigarettesmokingandhasbeenexamined
extensively. Figure 5 shows the differences in COLD death rates for
smokers and nonsmokersat different ages. From the rarityof COLD
deathinnonsmokersand
themagnitude of the increasedrisk
associated with smoking, it is clear that the overwhelming importance of cigarettesmoking as a determinant of abnormallung
function demonstrated in the previous chapter is matched by the
importance of cigarette smoking as a determinant of death from
COLD. Examination of the death rates from COLD in smokers and
nonsmokers suggests that from 85 to 90 percent of the COLD deaths
in the UnitedStates can be attributed to cigarette smoking.
Prospective Studies
The relationship between smoking and death
from COLD has been
evaluated in a large number of prospective mortality studies. There
are eight major prospective studies of the disease consequences of
smoking. They involve large numbers of smokers and nonsmokers
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AGE
FIGURE 4.-Agespecific COLD mortality rates for white
women in the United States, 1960,1968, and
1977
SOURCE: National Center for Health Statistics (1982).

and have examined the death
rates from COLD inbothgroups.
These studies cumulatively represent more than 17 million person330,000 deaths.The size of the
years of observationandover
populations studied allowsa detailed examinationof the relationship
betweensmokinganddeathrates.Thecharacteristics
of the
2 andare briefly
populationsstudied aresummarizedinTable
reviewed here.

The British Doctors Study
The British doctors study (Doll and Hill 1954, 1956, 1964a, 1964b,
1966; Doll and Pet0 1976, 1977; Doll and Pike 1972; Doll et al. 1980)
first
of 40,000 maleandfemalephysiciansinBritainwasthe
prospective study and is the longest running. Deaths from chronic
bronchitis and emphysema were combined. Deaths from cor pulmonale (i.e., heart failure secondary to lung disease) were separately
analyzed by smoking category and probably include some deaths
from chronic bronchitis and emphysema.
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FIGURE 5.-Death rate for bronchitis, emphysema, or both,
per100,000 population, by age and smoking
status’, U.S. veterans study, 16-year followup
‘Smoker is defined 88 all people who smoke cigarettes and thase who have ever smoked other tobacco products.
SOURCE Adapted fmm M o t and Murray (1980).

The American Cancer Society 25-State Study
TheAmericanCancer
Society25-Statestudy(Hammond
1965,
1966; Hammond and Garfinkel1969; Hammond et al. 1976; Lee and
Garfinkel 1981) represents the largest investigation. Deaths from
emphysema were separately analyzed
by smoking habit; deaths from
cor pulmonale were also separately
recorded.

The U.S. Veterans Study
The mortality experience of approximately 294,000 U.S. veterans
who held U.S. Government life insurance policies in December 1953
was examined in the U.S. veterans study (Dorn 1959; Kahn 1966;
Rogot 1974a, b; Rogot and Murray 1980). Deaths from COLD were
recorded as “bronchitis and/or emphysema”; “bronchitis, underlying
or contributory”; and “emphysema without bronchitis.”

The Canadian Veterans Study
Initiated in 1955by the Canadian Departmentof National Health
and Welfare, the Canadian veterans study (Best 1966; Best et al.
1961) included 78,000 men and 14,000 women. Over the next 6 years
of followup, there were 9,491 male and 1,794 female deaths. The
of these cases was confirmed
by autopsy.
cause of death in most
195

196

The American Cancer Society 9-StateStudy
In the American Cancer
Society9-State study(Hammondand
Horn 1958a, b), 187,783white men werefollowed for a n average of 44
months by 22,000 American Cancer Society volunteers. All deaths
from pulmonary disease(except pulmonary neoplasms) were considered as one group and included deaths from pneumonia, asthma,
tuberculosis, lung abscess, pneumoconiosis, bronchiectasis, and emphysema.
CaliforniaMen in Various Occupations
The study of California men in various occupations (Dunn
et a1
1960; Weir and Dunn 1970) examined -the mortality experience of
68,153 men, aged 35 to 64, drawn from labor union rolls inspecified
occupations. Deaths from emphysema were separately categorized.
The Swedish Study
The study of a probability sample of 55,000 Swedishmen and
women (Cederlof et al. 1975), aged 18 to 69, represents a detailed
analysis of mortality by smoking status over a period of 10 years.
The causeof death was ascertainedby death certificatescollected by
the Central Bureauof Statistics for all of Sweden.
The Japanese Study of 29 Health Districts
In thefall of 1965, a total of 265,118 men and women in 29 health
districts in Japan were enrolled in
a prospective study (Hirayama
1967, 1970, 1972, 1975a,1975b, 1977,1981). Mortality data regarding
deaths from asthma and emphysema have recently been reported.
Cigarette SmokingandOverall

COLD Mortality

The data from the major prospective studies relating smoking to
mortality from COLD in men and women are presented in Table 3.
Thesedatademonstrate a uniformincreaseindeathratesfrom
COLD amongmaleandfemalesmokerswhen
compared with
nonsmokers of either sex. The mortality ratiosfor smokers compared
with nonsmokers vary markedly,however, from 2.2 in the Japanese
study to 24.7 in the studyof British doctors. Some of this variability
can be attributed to different patterns of certification of cause of
death in different countries, but a number of other factors are also
important. Perhaps themost important other factoris the age range
of the population studied. As described earlier in this chapter, death
rates from COLD rise steeply with age, particularly over the age of
65. Studies of populations under age 65 may significantly underestimate the impact of cigarette smoking on COLD because of the long
duration of smoking required to damage enough lung to result in
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death from COLD. The population under 65 contains large numbers
of individuals who have significant airflow obstruction and who will
die of COLD, but who have not done so prior to age 65. This effect is
demonstrated in the American Cancer
Society 25State study, in
which the COLD mortality ratio for male smokers aged45 to 64 was
6.55, but increased to11.41in male smokers aged
65 to 79.
A second reason for differences in mortality ratios is theselection
of study populations who are currently employed, particularly
if the
duration of followup is relatively short. The incremental nature of
the lung injury in
COLD oftenresultsin
a prolongedperiod of
disabilitypriortoresultingindeath.This
disability is usually
incompatible with full-time work, particularly in those occupations
requiring substantial exertion. Therefore, the study
of a working
population excludes those with significant existing disability from
COLD and underestimates the COLD death rates in the general
population. Unless the followup period is long enough to observethe
progression of COLD from its asymptomaticstagesthroughthe
development of disability and finally death, the impact of cigarette
smoking on COLD death rates will be underestimated. This effect is
particularly important because cigarette smoking is overwhelmingly
the major determinant of COLD risk, and thereforea n underestimation of the trueCOLD prevalence leads to an underestimation
of the
relative risk of smoking. As the followup period is extended for a
durationsufficientto
allow the fulltime course of COLD tobe
observed, the impact of cigarette smoking on COLD death rates also
rate of COLD death certification
emerges from the small background
in nonsmokers (which includes those classified in error and those
a morerapid
withdiseaseinduced
by agentsthatresultsin
progression to death).
of
This “healthy worker”effect is present to varying extents in all
the prospective studies andis one of the reasons the studies with the
longestfollowupperiodsalso
tend to havethelargest
COLD
mortality ratios. This is particularly evident in the study with the
longest followup. The British doctors study, with
a followup of 20
years, revealed a mortality ratiofor male smokersof 24.7.
Afinalreason
for the differencesin
mortalityratios
is the
differences in thesmoking habits of the variouspopulations. As was
discussed inthe previous chapter,theextent
of lunginjury is
influenced by both the number of cigarettes smoked per day and the
duration of the smoking habit. As is shown in Table 4,some of the
variability in mortality ratios among the studies disappears when
the mortality ratios are reported
by number of cigarettes smoked per
day. However,there are also substantial differences in the patternof
cigarette use in different countries, particularly in the
use of the
milder types of tobacco cigarettes that aremore likely to be inhaled
and are smoked in the United States.For example, these cigarettes
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were not introduced into
Japan in large numbers until after the
Second World War. The chronicity of tobacco use, particularly of
those forms of tobacco that are commonly inhaled, is probably more
important than age per se in producing COLD death. The chronicity
of tobacco use differs in different countries and between men and
women in the same country; these differences would be expected to
result in different
COLD mortality ratios.
In several of these prospective mortality studies, the mortality
ratio for COLD deaths in smokers compared with nonsmokers was
even larger than that found for lung cancer. This is consistent with
the data in the previous chapter showing that cigarette smokingis
the major predictor of decline in lung function and
is also consistent
with the clinicalobservation
that clinicallysignificantairflow
obstruction is rare in the sbsence
of a history of smoking.
Retrospective Studies

The relationship between smoking and mortalityfrom COLD was
also examined in several large retrospective studies. Wicken (1966)
conducted a study of 1,189 men living in Ireland whodied from
chronic bronchitis. Smoking habits were determined through personal interviews with relatives of the decedents. The relative risk for
mortality from COLD was increased in smokers as compared with
nonsmokers. Smokers of as few as 1 to 10 cigarettes per day had a
2.95-fold higher risk for mortality from
COLD as compared with
nonsmokers.
Dean and associates conducted two retrospective studies
of the
relationship between changes in smoking patterns and changes in
mortalityfrombronchitisamong
a sample of the populationin
urban areas and in ruralareas of northeast England. Theperiods of
observation in the two studies were 1952 to 1962 (Wicken and Buck
1964; Wicken 1966) and 1963 to 1972 (Dean etal. 1977, 1978),
respectively. Smoking status classifications in the two studies were
similar, and were based upon questions relevant to the last 2 years
before death or interview.Inbothstudies,therelativerisk
for
mortality from chronic bronchitis was substantially increased
for
smokers as compared with nonsmokers.
In summary, data from both theprospective and the retrospective
studiesconsistentlydemonstrate
a n increaseinmortalityfrom
COLD for smokers as comparedwithnonsmokers.Thesestudies
includepopulations
of widely different ages, social andethnic
groups,geographiclocations,andoccupations;nevertheless,they
strongly support a causal relationship between smoking andCOLD.
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TABLE 4.-COLD mortality rates for men and women, by
number of cigarettes smoked per day,
prospective studies
Men

ratios

day Study per
British
physicians

Nonsmoker
1-14
15-24

US. veterans
Nonsmoker
1-9
10-20
21-39

40+
Nonsmoker
1-9
1&19
2139

1.00
17.00
26.00
38.00

Nonsmoker
1-14
15-24

25i

1.00
10.50
28.50
32.00

Chronic bronchitis,
emphysema; or
both

1.00
3.63
4.51
4.57
8.31

Chronic bronchitis

1.OO

Emphysema

40+
Nonsmoker
1-9
10-19
2139
40

1.00
4.84
11.23
17.45
21.98

Chronic bronchitis
and emphysema

Nonsmoker
1-9
10-20
21

1.00
7.02
13.65
14.63

Chronic bronchitis

Nonsmoker
1-9
10-20
21

1.00
4.81
6.12
6.93

+

+

Nonsmoker
Japanese

< 200,000
> 300,000

1.00
0.51
2.57
1.93

Nonsmoker*
About
pk
About 1 pk
About l'/* pk

1.00
8.18
11.80
20.86

< 100,000'

10-20

classification

5.33
14.04
17.04
25.34

+

California men
in various
occupations

COLD disease

Cigarettes
Mortality
Cigarettes
Mortality
ratios per day

25+

Canadian
veterans

Women

AmericanCancerNonsmoker
Society
1-9
9-state
20

+

Emphysema

Nonsmoker
< 100,000
< 200,000
> 300,000

1.00
1.67
3.00
3.64

1.00
2.28
3.14
10.93

Emphysema

Emphysema

All pulmonary
diseases other
than cancer3

' Data for the Japanese study &for lifetime expaeure by > total number of cigarettes consumed
Nonsmoker in the California occupations study also includes > smokers of pipes and cigars.

a

Pneumonia, influenza, TB, aathma. bronchitis, lung abscess. etc.
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MaleandFemale

Differences in COLD Mortality

Mortalitydatapresented
by theNationalCenter
for Health
1980 the numberof deaths fromCOLD was
Statistics indicate that in
2.36 times higher among men than among women (9th ICDA nos.
490, 491, 492, and 494-496). In the prospective studies reviewed
above, it is also apparent that the relative risk
for death from COLD
was greater for male smokers than for female smokers, although
bothmaleandfemalesmokersexhibited
a greater riskthan
nonsmokers for death fromCOLD. These differences are most likely
a consequence of differences in male and female smoking patterns.
The women in these studies tended to smoke
fewer cigarettes, inhale
less deeply, and begin smoking later inlife than the men. They more
frequently smoked filtered and low tar and nicotine cigarettes and
to pulmonary irritants than men.
had less occupational exposure
These differences in mortality fromCOLD are narrowing becauseof
a more rapidrise in female mortality from
COLD (see Table1).
Figures 6 and 7 help to explain the malefemale differences in
COLD mortality ratios in the prospective mortality studies and in
US. COLD death rates. The figures are descriptions of the prevalence of cigarette smoking insuccessive 10-year birth cohorts of men
and women as those cohortsprogressed through the years1900-1980
(Harris 1983). Examination of these figures revealed several important findings. Relatively few women took up smoking prior to 1930.
The heaviest smoking cohorts of men have a prevalence of over 70
percent compared with 45 percent of women, and the male cohorts
withthesepeakprevalencesareolderthanthefemale
cohorts.
progressive
However, as discussed earlier,theincrementaland
nature of cigarette-induced lung injury results in both prevalence
and durationof cigarette smoking havinga n impact on COLD death
rates. Therefore, in examining Figures 6 and 7 it is important to
of smoking
consider thespan of years of a givenprevalence
maintained by a given birth cohort as well as the peak prevalence
achieved by that cohort.The COLD death rates should then be
proportional to the area under the prevalence curve described by
each cohort,rather than to the
peak of that curve.
A careful examination of Figure 6 reveals that the area under the
prevalence curve for the cohort born between 1921 and 1930 is less
than the area under the curvefor the cohort born between 1911 and
1920, in spiteof their similar peak prevalences. This difference
is due
to the more rapid decline in prevalence with
age in the 1921 to 1930
cohort. Similarly, the cohort born between 1901 and 1910 partially
compensates for a peak prevalence that is lower than the 1911 to
1920 cohort by having a somewhat a broader base.Each of the
cohorts born prior to 1900 have substantially smaller areas under
their curves than those born during the first three decades of this
century. These differences in prevalence
are reflected in the changes
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FIGURE 6.-Prevalence of cigarette smoking among
successive birth cohorts of men, 1900-1980,
derived from smoking histories in the National
Health Interview Survey (HIS)
SOURCE:Harria 1983.

in age-specific death rates portrayed in Figure 8 and Table 5. The
oldest age group (75-84) continues to show a rapid rise in COLD
death rates as those birth cohorts with increasing prevalence and
duration of smoking move into this age range. In the age range
65-74
the rates rose rapidly from 1960 through the mid 1970s, but seem to
be leveling off, consistent with the fact that this age group is now
made up entirelyof men born after1900. In the age range 55-64 the
rates suggest a slightdownturnbeginninginthe
mid 1970s,
coincident with the entry of the 1921 to 1930 birth cohort into this
age group. The numbers for the age range 4 5 5 4 a r e too small to
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FIGURE 7.-Prevalence of cigarette smoking among
successive birth cohorts of women, 1900-1980,
derived from smoking histories in the National
Health Interview Survey (HIS)
SOURCE: Hame 1963

permit firm conclusions, but also suggest that a downturn in rates
occurred in this group in the 1960s.
late
A close examination of Figures 6 and 7 also offers a n explanation
of the differences in mortality ratios for men
and women observed in
the prospectivestudies. COLD is a slow, progressivedisease, and
death from COLD usually results only after extensive lung damage
has occurred. The fact that death from
COLD is unusual prior to age
45 reflects, in part, the30 or more years requiredfor cigarette smoke
to damage enough lung to result in death. The substantial ventilatory reserve of the lung allows a significant amountof damage to exist
in a person without symptomatic limitation or risk
of death from
COLD. The prospective mortalitystudieswere
conductedin the
1950s and 1960% a point in time approximately 30 years after the
beginning of the rise in smoking prevalence among women demon7. Even the oldercohorts,wheresignificant
stratedinFigure
mortality might be expected, had begun smoking largely after 1930,
and therefore had a shorter duration of smoke exposure than the
men born in the same years. This shorter duration of the smoking
habit, together with the previously described tendency of women to
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FIGURE8.-Age-specific
COLD mortality rates for white
men in theUnitedStates, 1960-1977
N O T E ICDA Nos. 4%92
and 519.3.
SOURCE. National Center for HealthStathtica (1982).

smoke fewer cigarettes per day and to inhale less deeply, would be
expected to result in less cumulative lung damageat any given age.
This difference in extentof lung damagecould explain the difference
in COLD mortality ratios between men and women observed in the
prospective mortality studies.
The British doctors study examined the risk
of COLD death for
maleandfemalephysicianswhosmokedsimilarnumbers
of
cigarettes per day (Table
41, and the mortality ratios were similar
for
similar numbersof cigarettes smoked per day.
In summary, data from the prospective studies indicate that the
relative risk of death from COLD is greater for male smokers than
for female smokers. These differencesare most likely a consequence
of differences in female smoking patterns.
Women tend to smoke
fewer cigarettes, inhale less deeply, and begin to smoke later in life
than men. These differences in mortality fromCOLD are narrowing
because of a more rapid rise in female mortality fromCOLD than in
male COLD mortality. This reflects the narrowing in differences
between male and female smoking patterns and the rising prevalence of female smokers insuccessive cohorts born between1920 and
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TABLE 5.-Agespecific

COLD death rates per 100,000

population
Age

Year
1960
1961
1962
1963
1964
1965

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

4

s

55-65

674

7544

8.6
7.6
9.6
11.7
12.1
12.4
12.4
12.4
13.1
13.9
13.6
13.5
13.0
12.7
12.8
11.9
12.2
11.4

36.1

82.9
87.9
107.2
131.2
131.6
153.6
161.9
164.8
186.7
189.5
196.5
195.6
204.8
210.1
204.8
207.6
210.7
206.1

101.8
111.8
136.7
169.6
181.9
216.6
244.8
248.6
286.5
294.3
311.5
327.4
351.4
378.4
380.4
399.7
419.7
431.5

38.7

44.2
52.3
51.8
57.8
61.9
61.2
67.4
67.5
68.1
67.4
67.7
69.9
64.8
64.7
64.0
60.1

SOURCE National Center for Health Statistics (1982).

1950. These data are ominous for women, portending a rising
mortality fromCOLD over the nextdecades.
Amount Smoked and Mortality From COLD

Six of the major prospective studies evaluated the influence
of
differentsmoking levelson mortalityfrom COLD. Thesestudies
employed a variety of measures of tobaccoexposure,including
number of cigarettes smoked per day, gramsof tobacco smoked, and
total number of cigarettes smoked in a lifetime. The data, presented
in Table 4, show a gradient in risk for mortality from COLD as the
number of cigarettes smoked per day increases and as the cumulative number of lifetimecigarettes smokedincreases.In
the US.
veterans study, smokersof two packs or more per day had 22 times
therisk ofCOLD death of nonsmokers.Furthermore,mortality
ratios between the two followup periods forbronchitis and emphysema actually increased overall andby the amountsmoked (Figure 9).
The authors noted that this was the only major disease
of those
associated with cigarette smoking that
showed such an increase,
suggesting that mortality ratios have been increasing over time at.
all levels of smoking. In the British and Japanese studies, women
smokers at the highest levels exhibited a 32- and an 11-fold higher
risk for deathfrom COLD (respectively) thantheir nonsmoking
counterparts.Thevariabilityin
COLD mortalityratiosnotedin
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1
I

0

8 112years
16years

ons smoker

All cigarette
smokers

17.45

1-9

10-20

21-39

Cigarettes smoked per day

FIGURE 9.-Bronchitis and emphysema for male smokers
number of cigarettes smoked per day, U.S.
veterans study, V/,-year and 16-year followup
Table 3 is much less evident whenthe mortality ratiosare presented
by amount smoked.
In summary, the degree of tobacco exposure strongly affects the
risk for death fromCOLD in men and inwomen. This clearcut doseresponse relationship enhances the strength of the causal relationship between smoking and
COLD.
InhalationalPracticeand

Mortality From COLD

The inhalation of tobacco smoke is the major mechanism whereby
are exposed tothe
potentially
bronchialandalveolartissues
damaging effects of tobacco smoke. In the British doctors study,
subjects who acknowledged inhaling exhibiteda 1.53-fold higher risk
for COLD death as compared with those who stated they did not
of their
inhale (see Table 6). However, allsmokers,regardless
inhalational practice, exhibited higher risk for
COLD mortality than
did nonsmokers.
In the retrospective study from northeast England (Dean
et al.
1977, 1978), the riskamongmenformortalityfromchronic
bronchitis steadily declined with a decrease in the depth of inhalation (Table 7). Among women, the risk for mortality from chronic
bronchitis was lower for all other groups thanfor those who stated
they “inhaled a lot.”
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TABLE 6 . 4 O L D mortality by inhalation practice, British
doctors study, men
Number of

Cause of deaths
death
Chronic
andand emphysema
pulmonary heart disease

71

Annualized death
rate
per
100,oOO men responding
to question: do you inhale?

YeS

No

89

58

Risk in inhalers
compared with unity
in noninhalers

1.53

Table 7.-Relative
risk for mortality by depth of
inhalation, 1963-1972, second retrospective
mortality study in northeast England
Relative risk for
chronic bronchitis
Depth of inhalation
A lot (base)
A fair amount

A little
None

Men

Women

1.00

0.98
0.62

1 .oo
0.54
0.41

0.58

0.58

SOURCE Dean et al. (1977,1978)

Results from prospective mortality studies comparing
COLD death
rates by inhalation are identical to those observed in the morbidity
studies, which have consistently shown
that COLD is more prevalent
among inhalers than noninhalers (Ferris et al.
1972; Comstock et al.
1970; Rimington 1974).
These data suggest that inhalational practice affects the risk of
mortality from COLD. People who inhale deeply experiencea higher
risk for mortalityfrom COLD than people who do notinhale.
Regardless of theirinhalationalpractice,
however, smokersstill
experience higherrates of death fromCOLD than nonsmokers.
Age of Initiation and COLD Mortality

Another indicator of exposure to tobacco smoke that may influence riskfor mortality fromCOLD is the age of initiation of smoking.
If their smoking habits are otherwise similar, people who take up
smoking a t a younger age have a greater total exposure to tobacco
smoke than those who take up smoking later in life, and might be
expected to experience greater adverseconsequences from smoking.
In the Japaneseprospective study (Hirayama 19811, men who began
to smoke before the age of 19 exhibited slightly higher mortality
ratios for emphysema than did men who began to smoke after the
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TABLE &--Numberof deaths from chronic bronchitis,
emphysema, and pulmonary heart disease in excigarette smokers, by years of cessation, versus
number of deaths in lifelong nonsmokers,
British doctors study
Number of deaths in en-smokers,
divided
number
lifelong
nonsmokers
expected
smokers
in
in
Years of
cessation

0'

(5

5-9

35.6

34.2

47.7

by

10-14

>14

7.3

8.1

Number of deaths

2

' Current smokers.

age of 20. In the retrospective study from northeast England (Dean
et al. 1977, 1978), the relative risk for death from chronic bronchitis
of 25 was 60 percentof
among menwho began to smoke after the age
that of men who began to smoke between
the ages of 15 and 19.
Among women in the same study who began to smoke between the
ages of 15 and 19, the relative riskfor death from chronic bronchitis
was 1.28-fold higher than for women who began to smoke after age
25; however, the numberof deaths was small.
SmokingCessationand

COLD Mortality

The effects of smoking cessation on mortality from COLD were
examined in the British doctors study and the U.S. veterans study.
In the British doctors study, men who quit smoking experienced no
change in mortality fromCOLD in thefirst 4 years and a rise in the
next 5 years; presumably, this is related to the
presence of many
people in this group who quit smoking for health reasons (Table 8).
Thereafter, ex-smokers experienced lower death rates from COLD,
although their rates were still higher than thoseof the nonsmokers.
Femaleex-smokersalsoexperiencedlowermortalityrates
than
current smokers, but the rates in ex-smokers were still higher than
those in nonsmokers.
In the U.S. veterans study, ex-smokers who had quit for reasons
other than ill health experienced lower mortality rates for COLD
than did current smokers. However, the benefit of cessation upon
was heavily dependent upon the prior
level of
risk for mortality
smokingandthelength
of time of cessation. Thesedataare
presentedinTable
9. Ex-smokers who hadsmoked less than 10
cigarettes per day had a 1.64-fold higher riskfor mortality from
COLD than nonsmokers; in contrast, ex-smokers who smoked more
than 39 cigarettes per day had a 9.91-fold higher rate of death from
COLD than nonsmokers. For anygiven number of cigarettes smoked
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TABLE 9.-Mortality ratios for bronchitis and emphysema
in nonsmokers and in ex-smokers and current
smokers by number of cigarettes smoked daily
and number of years of cessation, U.S. veterans
study
Ciearettddav
0

< 10

10-20

21-39

1.M)

-

-

-

-

1.64
4.84

5.35
11.23

7.68

9.91
21.98

Smoking status

smoker

Nonsmoker
Ex-smoker
Current

-

> 39

17.45

Years of cessation
Nonsmoker
1.00

Current
smoker

<5

5 9

10-14

15-20

$20

12.07

11.66

14.35

10.19

566

2.64

per day,however, ex-smokers hada lower risk than current smokers.
As in the British study, mortality ratios initially increased over the
first 9 years of cessation. After the first9 years, mortality ratios for
ex-smokers fell,but never reached the
level of the nonsmoker.
Two studies have evaluated mortality
rates from COLD among
physicians, a group amongwhom many quit smoking to protect their
health. Fletcher and Horn (1970) assessed the mortality rates from
bronchitis among physicians in England and Wales. Among doctors
aged 35 to 64, there was a 24 percentreductioninbronchitis
mortality between 1953-1957 and 1961-1965, as compared with a
reduction of only 4 percent in the national bronchitis mortality rates
for men of the same age in England and
Wales. Enstrom (1983)
assessed mortality trends from COLD in a cohort of 10,130 physicians in California. The standardized mortality ratio for bronchitis,
emphysema, and asthma among male California physicians relative
to American white men declined from 62 during the period 1950 to
1959 to 35 during theperiod 1970to 1979.
In summary, cessation of smoking leads to a decreased risk for
mortality fromCOLD as compared withthat of current smokers. The
residualrisk of death,fortheex-smoker
is determined by the
person's prior smoking status and the numberof years of cessation.
However, the residual risk remains larger than that
of the nonsmoker, presumably because of the presence of irreversible lung damage
acquired during priorsmoking.
PipeandCigarSmoking

Mortality From COLD

Several of the prospective epidemiological studies examined the
relationship between pipe and cigar smoking and mortality from
COLD. The data from these studies indicate that pipe smokers and
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TABLE 1 0 . 4 O L D mortality ratios in male pipe and cigar
smokers, prospective studies
Type of smoking

Total
Cigar
Non-

pipe

pipeCigarette
and

Mixed

smoker
Category
Study only cigar only only

American Cancer
Society Sstate
Britishdoctors

COLD total
Emphysema
Bronchitis

1.00 1.77 1.29

COLD total

1.00

2.85

Emphysema
1.00 Bronchitis
Canadian veterans

24.67

11.33

4.00

7.00

6.67

COLD total
Emphysema
1.00
1.00 Bronchitis

3.33
3.57

American Cancer
Society 25state

COLD total

US. veterans

COLD total
Emphysema
1.00
Bronchitis
1

1.00

(8.5year
followup)

US. veterans

COLD total

(l6year
followup)

9.33

5.85
11.42

.75
2.11
1.37

Emphysema
1.00
Bronchitis

6.55'
10.08
14.17
4.49

.OO

.79
1.24
1.17

2.36
2.13
1.28

1.00

0.84*

1.445

4.754

2.533

13.13'

Bronchitis,
emphysema
1.00

.99

1.31
1.17

I Mortality ratios for agea 55 to 64 only are presented
'Pure cigar.
Pure pipe.
'Pure cigarette

cigarsmokers alsoexperience
highermortalityfrom
COLD as
compared with nonsmokers. However, the risk of dying from COLD
is less than thatof current cigarette smokers
(Table 10).
International Comparison of COLD Death Rates andSmoking
Habits: The EmigrantStudies

Reid (1971) reportedthat
age-adjusted mortalityratesfrom
chronic nonspecific lung disease among British citizens varied with
migration patterns. British menliving in the UnitedKingdom had a
chronic,nonspecific lung disease deathrate of 125per 100,000,
whereas migrants to the UnitedStates experienced a mortality rate
U.S.
of only 24 per 100,000,which is similar to the rate found in the
population. Differences in cigarette smoking and air pollution were
excess in
identified as the major factors contributing to the real
bronchitismorbidity experienced by the Britishin
theUnited
Kingdom. Rogot (1978) conducted a study of British and Norwegian
emigrants to the 'United States. The mortality rate from
chronic
nonspecific lung disease (CNSLD) in Great Britain is about fivefold
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that in the United States, whereas the mortality rate from CNSLD
in Norwayisslightlylower
than that in the
United States. In
contrast, the British migrant rates were about equal to those
of
native-born Americans and the Norwegian migrant rates were the
lowest. Mortality rates for CNSLD were higher for smokers thanfor
nonsmokersinallgroups.These
data suggest that ethnic origin
plays a minor role, if any, in determining COLD risk. Regardless of
country of origin,thesestudiesindicatethat
tobacco smokers
experience higher mortality rates for
COLD than do nonsmokers.
COLD MortalityAmongPopulationsWith

Low SmokingRates

Numerous studies have reported that certain population groups
who traditionally abstain from cigarette smoking
for religious or
otherreasonshave
lower mortality rates fromthosediseases
traditionally related to tobacco use. The 1982 and 1983 Reports of
the Surgeon
General,
The Health Consequences of Smoking
(USDHHS 1982, 19831, extensively reviewed this phenomenon as it
relatestocancerandcardiovasculardiseasesamong
Mormons,
Seventh Day Adventists,andothers. BecauseAmish are seen as
strict and fundamentalist in outlook, it is assumed that their use of
tobacco is severely restricted. While cigarettesare largely considered
taboo, pipe and cigar smoking and tobacco chewing are widespread
(Hostetler 1968). Hamman et al. (1981) examined the major causes of
death in Old Order Amish people in three settlements in Indiana,
Ohio, and Pennsylvania to determine if their lifestyle altered their
mortalityriskcomparedwithneighboring
non-Amish. Mortality
ratios from all respiratory diseases were significantlylower by over
80 percent in Amish men 40 to 69 years old, and by 50 percent in
those 70 and older. In the chronicpulmonarydiseasecategories
including emphysema, bronchitis, and asthma,
only one Amish male
deathoccurred,whereasapproximately
23 wereexpected.
The
pattern of mortality r-om chronic respiratory diseases was similar
for Amish women.
SummaryandConclusions

1. Data from both prospective and retrospective studies consistently demonstratea uniform increase in mortality from
COLD
for cigarettesmokerscomparedwithnonsmokers.Cigarette
smoking is the major cause of COLD mortality for both men
and women in the United States.
2. The death rate fromCOLD is greater for men than for women,
mostlikelyreflecting
the differencesinlifetimesmoking
patterns, such as a smaller percentage of women smoking in
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past decades, and their smokingfewer cigarettes, inhaling less
deeply, and beginning to smoke laterlife.
in
3. Differences in lifetime smoking behavior
are less marked for
younger age cohorts of smokers. The ratio of male to female
mortality fromCOLD is decreasing becauseof a more rapid rise
in mortality fromCOLD among women.
4. The dose of tobacco exposure as measured by number of
cigarettes or duration of habitstronglyaffectstherisk
for
death from COLD in both men and women. Similarly, people
who inhale deeply experience an even higher riskfor mortality
from COLD than thosewho donot inhale.
5. Cessation of smoking eventually leads to a decreased risk of
mortalityfrom
COLD comparedwith
that of continuing
smokers. The residualexcess risk of death for the ex-smoker is
directly proportional to the overall lifetime exposure to cigarette smoke and to the total number of years since one quit
smoking. However, the risk of COLD mortality among former
smokers does not decline to equal that of the never smoker
even after20 years of cessation.
6. Several prospective epidemiologic studies examined the relationship between pipe and cigar smoking and mortality from
COLD. Pipe smokers and cigar smokers also experience higher
mortality from COLD comparedwithnonsmokers;however,
the risk is lessthan thatfor cigarette smokers.
7. There are substantialworldwide differences in mortality from
COLD. Some of thesedifferencesareduetovariationsin
terminology and in death certification in various countries.
Emigrant studies suggest that ethnic background is not the
major determinantfor mortality risk due to
COLD.
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Introduction

It is usual to think of chronic airflow obstruction as being caused
by airway narrowing or loss of airflow driving pressure-the elastic
recoil of the lung (Macklem 1 9 7 1 k r both. Lesions of the airways
are often divided into those of the “large airways” and thoseof the
“small airways.” The reasons for this
division are both historical and
conceptual. Hogg et al. (1968) showed that in patients with chronic
obstructive lung disease(COLD) the major siteof airway obstruction
lay in airways that were peripheral to the wedged catheter that the
researchers used to partition airway resistance. The catheter was
wedged in airways 2 or 3 mm in diameter, and thus the airways
peripheral to the catheter included the smallest bronchi (airways
with cartilage in their walls) and bronchioles (conducting airways
without cartilage in theirwalls). Since both bronchi and bronchioles
were involved, Hogg and associatesused the term “smallairways’’ to
describe them, which has since become a popular term. Conceptually,lesions of airways may consist of an intraluminal component
(mucus) or a mural component.Most of the mucus in the airways is
thought to be secreted by the tracheobronchial submucosal glands
(Reid 1960);these are mainly confined to airways more than 2 or 3
mmin diameter, or largeairways. Because of the documented
association between chronic productive cough
and airflow obstruction (Fletcher et al. 1959), for a ‘long time it was thought by many
thatintraluminalmucuswas
a majorsource of chronicairflow
obstruction. Thus, the notion developed, without proper substantiation, thatcentralairwaysobstructionwasduetointraluminal
mucus and peripheral airway obstruction was due to inflammation
and narrowing. It is also true that many have equated emphysema
with loss of elastic recoil, but when this has been examined in vivo
(Park et al. 1970; Boushy et al. 1970; Gelb et al. 1973; Berend et al.
1979; Pare et al. 1982) or in excised lungs (Berend et al.1980; Silvers
et al. 19801, the association has not been close, with some notable
exceptions (Niewoehner et al. 1975; Greaves and Colebatch 1980).
Thurlbeck (1983) reviewed the evidence and argued thatloss of recoil
in emphysematous lungs may not be due to the lesions of emphysema per sebutto
defectsin apparently morphologically normal
intervening lung tissue.
The classical approach to considering the different sites
of flow
obstruction is used inthischaptertoanalyzetherelationship
betweensmoking
andthe
morphologic lesionsassociatedwith
chronic airflow obstruction in humans. Lesions of the large airways
(bronchi) are discussed first, followed by small airways, and then by
alveolated structures. It has very recently
become apparent thatit is
as well as emphysema
important to include respiratory bronchiolitis
in the last category (Wright et al., in press); thisissue is discussed in
the paragraphson peripheral (small) airways.Definitions and a brief
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review of the diseases involved are provided. This chapter attempts
to present the morphologic changes
associated with chronic obstructivelung disease. Thedetailed epidemiologic andexperimental
evidence relatingcigarettesmokingand
COLD arepresented
elsewhere in this
Report.
LesionsAssociatedWithChronicAirflowObstruction

Central Airways
Mucus
Itisconvenientto
discuss intraluminalmucusandincreased
tracheobronchialmucusgland
size together,becausethey
are
thought to be related (Reid 1960). Chronic bronchitis is defined as
“the condition of subjects with chronic or recurrent excess mucus
secretion into the bronchial tree” (Ciba Foundation Guest Symposium 1959). Because there isnowaytoaccuratelymeasure
the
amount of mucus secreted into thebronchi, the empirical approach
was taken that production of any sputum was abnormal. Chronic
was defined as “occurring on most days for at least 3 months of the
year for at least 2 successive years” (Ciba FoundationGuest
Symposium 1959). Afurtherqualification
was that such sputum
production should not be on the basis of specific diseases such as
tuberculosis, bronchiectasis, or lung cancer.
The initial step was
to correlate chronic bronchitis, as defined
above, with lesions in the central airways. This was first done by
Reid (1960), who assessed gland size by comparing the thickness of
the submucosal bronchial mucus glands in histologic sectionsto the
thickness of thebronchial wall. Thelatterwas
defined as the
distance from the basement membrane
of the epithelium to the
inner periochondrium. This measurement isnow known as the Reid
Index.Thisincreasehasbeenconfirmed
by severalobservers
(Thurlbeck et al. 1963; Thurlbeck and Angus 1964; Mitchell et al.
1966; MacKenzie et al. 1969; Scott 1973), but not by all (Bath and
Yates 1968; Karpick et al. 1970). An important observation was that
there was a distinct overlap in the value of the Reid Index between
bronchiticsand
nonbronchitics (ThurlbeckandAngus
1964) as
opposed to Reid’s 1960 findingthatthereweretwo
completely
separate groups. In practical terms, this meant that the Reid Index
had limitations in predicting the
presence or absence of chronic
bronchitis. More important, it
suggested a broadborderbetween
health(nonbronchitis)and
disease(bronchitis). For a variety of
technical reasons (Jamalet al., in press), the Reid Index isa difficult
measurement to use; thus, other measurements of mucus gland size
were developed. The most popular was the volume density of mucus
glands, i.e., the ratio of area of mucus glands to area of the entire
bronchial wall as seen on histologic slides (Hale et al.1968; Dunnill
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et al. 1969; Takizawa and Thurlbeck 1971; Oberholzer et al. 1978).
Other methods included absolute gland
size (Restrepo and Heard
1963; Bedrossian et al. 1971) and a radial intercept method (Alli
1975). The size of the acini (tubules)
of mucus glands, the number per
unit area, and the ratio of mucus to serous tubules have also been
used (Reid 1960).
The Reid Index, the volume densityof mucus glands, and the ratio
of mucus to serousacinihavebeenexaminedinsmokersand
nonsmokers; the results are shown in Table 1. When one considers
the overwhelming association between smoking and chronic bronchitis in living subjects, differences in mucus gland size are insignificant. For example, three laboratories
(Reid 1960; Thurlbeck et al.
1963; Thurlbeck and Angus1964; Scott 1973) have founda difference
in Reid Index between smokers and nonsmokers; two have not (Bath
and Yates 1968; Hayes 1969). The results from volume density of
mucus glandsare clearer-Ryder et al. (1971) found a higher volume
density of mucusglandsinbothmaleandfemalesubjects.In
populations of mixed sex, Cosio et al. (1980) and Pratt et al. (1980)
found a higher volume density of glands, but Sobonya and Kleinerman (1972) and Scott (1973) did not. When observers have expressed
their morphologic findings as either “normal” or “abnormal” (using
different criteria), the smokers have been significantly abnormal in
all the studies (Field et al. 1966; Megahed et al. 1967; Petty et al.
1967; Vargha 1969). The balance of the evidence is that there is an
increase in mucus gland size in smokers. The discrepancy between
the clinical and themorphologic findings may reflect several factors:
the wide variationinmucusgland
size innormalsubjects,the
difficultiesinmeasuringthe
Reid Index and volume density of
mucusglands, thedifferentwaysinwhichthecaseshavebeen
collected, and the errors inherent
inassessingsmokinghistories
from analysis of charts; also, the fact that mucus glands can enlarge
terminally(Helgason et al. 1970) mightobscure true differences
between the two groups. In addition, submucosal gland enlargement
is a nonspecific change that can also occur in pneumoconiosis and
cystic fibrosis.
Mucus is also secreted by goblet cells, most of which are in the
major airways.Pratt et al. (1980)showed that goblet cellsconstituted
10.7 percent of the cellsinthecentralairways
of nonsmoking
nontextile workers and 20.4 percent in smoking nontextile workers.
Interestingly, they found a n 18 percent frequency of goblet cells in
nonsmoking textile workers; the frequency was about the same in
smokers, whether or not they were textile workers.
Other Abnormalities of Central Airways
A variety of other changes have been
describedin the central
airways in patientswithchronicairflowobstruction,including
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TABLE 1.4omparison of mucus gland size in smokers
and nonsmokers
Findings in smoking category
Assessment of
mucus gland
enlargement
Reid index

Mucus gland
proportion

Non-

Light and
moderate

Heavy

0.46
0.45

0.43
0.53

smokers
smokers
Smokers
smokers
Author
Reid (1960)
Thurlbeck et al. (1963)
Thurlbeck and Angus (1964)
Bath and Yates (1968)
Hayes (1969)
Scott (1973)

0.43

0.44
0.33

Ryder et al. (1971) (men)
Ryder et al. (1971) (women)
Sobonya andKleinerman (1972)
Scott (1973)
Cosio et al. (1980)
Pratt et al. (1980)

Frequency of cases
Field etal. (1966) (men)
with MGH' expresedField et al. (1966) (women)
as apercentage of
Megahdet a l . (1967)
case6 in thegroupPettyetal.
(1967)
Vargha (1969)

0.45
0.32
0.41

17.8%
14.5%
14.5%
10.7%
11.2%
14.1%

0.50
0.49
0.49
0.46

17.1%
14.4%

Increased
12.6%
9.3%
12%
18%
14%
8.8%
18%

37%
26%
61%
37%
44%

' MGH = Mucus gland hypertrophy.

inflammationandedema
of the wall (Reid 19541, increasein
bronchial smooth muscle (Hossain and Heard 1970; Takizawa and
Thurlbeck 1971), and diminished cartilage, which is related more to
emphysema than to chronic bronchitis (Thurlbeck et 1974a).
al.
Peripheral (Small) Airways
General Review

As indicated, it was as recent as 1968 that the obstructionin
patients with chronic airflow obstruction was conclusively shown to
be due mainly to lesions in airwaysless than 2 or 3 mm in diameter.
However, abnormalities in these airways had long been recognized.
Indeed,Laennec
(1962) pointed outin
1826 thatair remained
trapped in emphysematous lungs even when the major bronchi had
been opened, and hereasoned that the source of the air-trapping was
obstruction in the airways peripheral to the
opened ones. Sincethen,
numerous descriptions have been made of the peripheral airways in
severe chronic airflow obstruction (see Table 2). Smokers were not
comparedwithnonsmokersinany
of these series. The probable
reason is that for a long time it was thought that bronchiolitis was
a n infective complication of chronic bronchitis. Only very recently,
and from studies in patients with mild chronic airflow obstruction,
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has the linkbetween smoking and peripheral airwaylesions become
established.
Hogg et al. (1968) not only found that the peripheral airways were
the site of airflow obstruction in patients with severe disease, but
also observed thatperipheralairwayscontributed
only about 15
percent of resistanceto flow innormallungs.
It followed that
considerable disease could be present in these peripheral airways
withoutairwayresistance
being measurablyincreased.Itwas
reasoned also that standard tests of expiratory function, suchas the
FEVI and the FEF25-75, might not be abnormal in the presence of
a variety of “tests of small airway function”
significant disease. Thus
were devised; these evolved to the single breath nitrogen washout
test and to flow volume studies, in some instances comparing the
effect of breathing helium mixtures with the
effect of breathing
room air. It soon became apparent that thesetests could be abnormal
when the FEVl was greater than the 80 percent predicted and that
tests of small airway functioncould return to normal aftercessation
of smoking (Buist et al. 1976, 1979; Beck et al. 1981; Bouse et al.
1981). The term “small airways disease” was andis often applied to
these abnormalities. It then became of interest to determine what
the lesions in the airways were. Long before this, Reid (1955) had
studied nine lungs resected from patients with chronic bronchitis
and two lungs fromchronicbronchiticsobtained
at autopsy. She
found excess intraluminal mucus and narrowing and obliterationof
airways, as assessed subjectively. Because the surgical patients also
had lung cancer, most likely they were chronic smokers. Matsuba
and Thurlbeck (1973) compared the airwaysof chronic bronchitics to
those of nonbronchitics in nonemphysematous lungs. All the bronchitics were smokers and two nonbronchitics were smokers.
Morphometrically, they foundobvious narrowing of airways less than 2 mm
in diameter,which also contained excess mucus.
Theimportantstudy
byCosio
et al. (19781, usingsurgically
resected lungs,showed for the first time that abnormaltests of small
airway function were related to abnormal morphology. There were
A variety of abnormali34 smokers and2 nonsmokers in their group.
ties were observed, including inflammation, squamous cell metaplasia, ulceration, fibrosis, pigmentation, and increased muscle. They
observedlesions (thetotal
developed a score thatsummedthe
pathology score), and divided their patients into four groups on the
basis of this score. They showed that as the total pathology score
increased, tests of small airway function(single breath nitrogen test
and flows on air and helium mixtures) deteriorated,as did standard
tests of pulmonary function suchas the FEVI and FEFwx. The data
concerning smoking are hard to interpret, but the smoking index
(number of cigarettes smoked perdaytimesnumber
of years
smoked) increased from groupsI to 111 and was similar in groups I11
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TABLE 2.-Occurrence of lesions of peripheral airways in
patients with severe chronic airflow obstruction
Authors

Abnormalities
Disease investigated

found

Laennec (1962)

Emphysema

Obstruction to flow in peripheral
airways

SpainandKaufman
(1953)

Emphysema

Muralinflammationand
of bronchioles

Reid (1954)

Chronic bronchitis

Bronchiolitis, bronchiolar obliteration, and mucus plugging

Leopold and Gough
(1957)

Centrilobular emphysema

Inflammation, fibrosis with
narrowing of 60% of bronchioles
supplying centrilobular space

McLean (1958)

Emphysema

Inflammation of proximal respiratory bronchioles, mucus
plugging, and l o s s of bronchioles

Anderson and Foraker
(1962)

Emphysema

Collapse of bronchioles due to
l o s s of alveolar attachments

F’ratt et al. (1965)

Centrilobular emphysema

Loss or distortion of the
radial support of bronchioles

Anderson and Foraker
(1967)

Emphysema

Loss of bronchiolea in patients
under age 70

Hcgg et al. (1968)

Emphysema with severe
chronic airflow obstruction

Inflammationand fibrosis of
bronchi and bronchioles and
mucus plugging

Mitchell et a l . (1968)

Chronic airflow
obstruction and severe
emphysema

Inflammation,atrophy, goblet
cell metaplasia, squamous
metaplasia, and mucus plugs
in bronchioles

Bignon etal.
(1969. 1970)

Cor pulmonale and
centrilobular emphysema

Inflammatory narrowing and
fibrosis, l c s s of bronchioles,
and mucus plugging

Karpick et a l . (1970)

Respiratory failure

Goblet cell metaplasia

Linhartova et al.
(1971)

Emphysema

Plugging of bronchioles with
inflammatory cells and mucus

Matsuba and Thurlbeck
(1972)

Severe emphysema and
chronic airflow limitation

Loss of lumen of airways less
than 2 mm in diameter due
primarily to narrowing and
mucus plugs

Linhartova et al.
(1973, 1974, 1977)

Emphysema

Distortion. tortuosity. and
irregular narrowing of bronchioles

Scott and Steiner
(1975)

Cor pulmonale

Lack of tilling bronchioles of
less than 1 mm

Scott (1976)

Chronic airflow obstruction

Loss of airway lumen

Mitchell et al.
(1976)

Chronic airflow obstruction
obstruction

Chronic inflammation (r=0.48),
narrowing (0.291, fibrosis (0.27).
goblet cell metaplasia (0.241,
and fewer small airways (-0.18)

228

fibrosis

and IV. The lesions that were different in group I1 from lesions in
group I were squamous cell metaplasia, inflammation, and fibrosis.
Fibrosis andsquamous cell metaplasiaincreasedsteadilyfrom
groups I to 111. Increased muscle and goblet cell metaplasia occurred
only in group IV. One extrapolation of these data is that inflammationintheperipheralairways
is theinitialevent
produced in
responsetocigarettesmoke.Thisinflammationleadsto,or
is
associated with, squamous metaplasia and muralfibrosis. Goblet cell
metaplasiaandincreaseinmusclesubsequently
occur and are
associated with decrementsof function.
Berend et al. (1979) did a similarstudy on21 smokersand 1
nonsmoker,andadded
theimportantinformationthatairway
narrowing occurred and was associated with abnormalities
of the
single breath nitrogen washout test and the FEFzm. The datawere
et al. 1981b) and showed that
reanalyzedsubsequently(Berend
inflammation was thelesion associated with the most abnormalities
in tests of expiratory function. Airway inflammation
was significantly related to abnormalitiesof the FEVI, FEFs75,
slope of phase I11 of
the single breath nitrogen test, and closing volume expressed as a
percentage of vital capacity. The authors also noted that
as the total
pathologyscoregotworse,
theairwaysdiminishedincaliberin
surgically derived lungs, but not in autopsy lungs. They noted that
airway caliber was larger in autopsy lungs than surgical lungs, and
suggested thatthisrepresentedfunctionalnarrowingduetoincreasedmuscletone,whichwascaused
by release of mediators
affecting the muscle directly or reflexly.
Studies of lungs at autopsyhave shown correlationsbetween
airway lesions and abnormal tests of function. Petty et al. (1980,
1982) have shown that correlations exist between inflammation, and
increasedmuscleandelevationsinthe
closingcapacity;
that
occlusion of airways by cells andmucus,inflammation,andincreased airway muscle are related to abnormalities of the slope of
phase I11 of the nitrogen washout; that airway narrowingis closely
related to theFEV1, FEFwm, and slightlyless well related toclosing
et al. (1981a) showed a n association
capacity.Similarly,Berend
between post-mortem closing capacity and both peripheral airways
inflammation and a total pathology score. Decrease in maximum
flow at a transpulmonarypressure of 5 cm Hz0 wasrelatedto
inflammation and the total pathology score, but not as well related
to airwaynarrowing(BerendandThurlbeck
1982). Morphologic
abnormalities similar to those found in autopsy lungs have been
found insurgically
excised lungsderivedalmostentirelyfrom
smokers, and these in turn have been related to abnormal tests of
small airway function.
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Smoking and Lesions of Peripheral (Small) Airways
An increase in goblet cells wasthe first abnormality of peripheral
airways noted in smokers. The observation was made in bituminous
0.66 percent of peripheral
coalworkers.
In nonsmokers,about
airway cells were found to be goblet cells; in smokers, this rose to
about 1.0 percent (Naeyeet a1 1971).
The critical observation, both factually and
conceptually, was that
of Niewoehner et al. (1974). In an autopsy study of men under the
age of 40 who died suddenly elsewhere than in the hospital, they
compared lesionsof bronchioles and respiratorybronchioles (airways
with both nonrespiratory epithelium and
alveoli in their walls) in
smokers andnonsmokers. Emphysematous lungs were excluded, and
the smoking history was obtained by personal interview with close
found
relatives,using a standardquestionnaire.Theresearchers
that intraluminal mucus, muraledema,peribronchiolarpigment,
peribronchiolar fibrosis, denuded epithelium,
mural inflammatory
cells, and respiratory bronchiolitis were more severe in the smokers.
The last three were significantly different statistically. They emphasized the importance of respiratory bronchiolitis, which consisted of
aggregates of brown macrophages inand around thefirst and second
orderrespiratory
bronchioles and wasassociatedwithedema,
fibrosis, andepithelialhyperplasiainadjacent
bronchioles and
alveolar walls. Bronchiolitis was found in all of the smokers, but in
only 5 of the 20 nonsmokers, and it was the lesion that showed the
greatest difference between smokers and nonsmokers. Since respiratory bronchiolitis was found in precisely
the same regions where
centrilobular emphysema is found in subjects 20 years older, the
researchers suggested that thislesion might evolve into emphysema.
This observation fits well the proteolytic-antiproteolytic hypothesis
of the pathogenesis of emphysema.
EbertandTerracio
(1975) compared the peripheral airways in
resected lungs of 22 smokers and 3 nonsmokers and found that the
number of Clara cells (the tallnonciliated airway cells thought to be
secretory, although the nature of their secretion is not completely
certain) was diminished,as assessed subjectively, and the numberof
goblet cells was increased,as assessed quantitatively.
Two laboratories have concentrated on the
association between
smoking and lesions of vessels as well as of airways. One has used
autopsyderived lungs (Cosio et al. 1980; Hale et a1 1980); the other,
surgically excised lungs (Wright et al. 1983a, b, in press). The first
material has the advantage that the entire lung can be examined,
but has thedisadvantage that agonal changes may affectthe airway;
the second has the advantage that agonal changes are absent and
structure-functionalstudiescan
be done, but has the serious
disadvantagethatusually
only a part of the lung is examined.
Because of the wide variation in severityof emphysema from lobe to
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lobe, emphysema in thewhole lung cannotbe assessed from a single
lobe. Also, airwayinflammationmaynot
be evenlydistributed
through the airways (Berend1981;Hale et al.1980).
Cosio et al. (1980) studied 14 nonsmokers with an average age of
71.6 years and 25 long-term smokers with an average age of 58.4
years.Thetotal
pathologyscorewassignificantly
higher in the
smokers; in them, but not in the nonsmokers, the total
pathology
score was significantly related to age. Respiratory bronchiolitis was
more common in the smokers, and of the components of the total
pathology score, goblet cell metaplasia (p <0.001), inflammation of
the bronchiolar wall (p <0.01), and smooth muscle hypertrophy (p
<0.05) were significantly more abnormal in the smokers. Smokers
had an excess of airways less than400 p in diameter, also related to
thetotal
pathologyscore.Becausegobletcell
metaplasiaand
increasedsmoothmusclewerenotsignificantlyincreasedin
the
researchers’ previous study of young smokers (Niewoehner et al.
1974), they concluded that these lesions were a late complication of
cigarettesmoking.Theynotedthatthere
wasaconsiderable
similarity of all lesions of both smokers and nonsmokers, and felt
that this indicated the existence of other causes of small airway
lesions. They also made the interestingsuggestion that the relationship between the total
pathology score and the proportionof airways
less than 400 p indiametermightindicate
apredisposition of
subjects with small airways to
develop peripheral airway lesions.
Wright et al. (1983b) studied 9 nonsmokers,51 current smokers, 18
ex-smokers who had quit less than 2 years, and 19 ex-smokers who
had quit more than 2 years. The only lesion of the bronchioles that
distinguished the nonsmokers from the smokers and the long-term
ex-smokers was goblet cell metaplasia, although there wereobvious
differences in pulmonary function among these groups. The significance of goblet cell metaplasia may be related to mucus production
in airways not usually lined by mucus. There is evidence that they
are lined by surfactant. If this is displaced by mucus with a higher
surfacetension it will produce narrowing difficult todetect by
standard morphologicalmethods.Respiratorybronchiolitiswas
more severe inthe smokers andex-smokers than in thenonsmokers.
No differenceswerenotedbetween
the ex-smokers and smokers.
This study has recently been extended (Wright et al., in press), and
correlations between both bronchiolar inflammation and respiratory
FEV1 were evident. Whenthe FEVl was greater
bronchiolitis and the
than the 80 percent predicted, the most important determinant of
was respiratory
abnormalities of tests of smallairwayfunction
bronchiolitis. Thus, respiratory bronchiolitismay not only represent
a stage in the pathogenesis of centrilobular emphysema, but also
result in abnormalities of the single breath nitrogen test and other
tests of small airway function.
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It is not certain why cessation of smoking results in improvement
of lung function. The mostlikely reversible parameter is inflammation; the lackof difference between nonsmokersand the other groups
in the studyby Wright et al.(198313) is very surprising inview of the
observations of Niewohner et al. (1974) and Cosio et al. (19801, but
may be due to the very small numberof nonsmokers studied andthe
fact that the nonsmokers had lung lesions for which resection was
performed. An additional factor is the use of lobes in the study,
which in the small groupof normals may produce distortions in the
data because of lobar variations in the total
pathology score.
Vmcular Lesions Related to Smoking

At first sight it may appear surprising that vascular lesions are
detectableinasymptomaticsmokersorthosewith
onlymild or
moderate chronic airflow obstruction. On reflection, this could be
anticipated. Severe chronic airflow obstruction, usually related to
smoking, is often accompanied by pulmonary artery hypertension;
mildchronic airflow obstructionmight be associated withmild
pulmonary artery hypertension and vascular
lesions. The first study
(Hale et al. 1980) involved the same cases reported by Cosio et al.
(1980). They found that the smokers had an increased number of
arteries less than 200 p in diameter and also an increased medial
andintimalthickness
of thepulmonaryarteries.Theintimal
thickness was increased more in those vessels of less than 200 p in
diameter. Both intimal and medial thickness were directly related to
the total pathology score. Wright et al. (1983a) found an increase in
the vessel area from anaverage of 0.12 mm2 innonsmokersto
approximately 0.3 mm2 insmokers.Intimalarea
expressed as a
proportion of vessel area increased; there was an absolute increase
of
the medial area, but no proportional change. The adventitial area
also increased in absolute terms, but the adventitial proportional
wedge
area was decreased andwasrelatedtothepulmonary
at rest,but
pressure.Pulmonaryarterypressureswerenormal
abnormal and reversible by oxygen on exercise in the smokers with
the worst airway inflammation and emphysema.

Emphysema
Of the lesionsassociated with chronicairflowobstruction,emphysemahasbeentheone
mostclearlyassociatedwith
tobacco
smoking. There are several different typesof emphysema, however,
and cigarette smoking has
not been clearly linkedto, or examined in,
all forms of the disorder. Therefore, the definition andclassification
of emphysema are reviewed beforediscussing the association between smokingand emphysema.
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FIGURE 1 . 4 m p o n e n t s of the acinus
NOTE: TB: terminal bronchiole;

RBI,

R&. RB3: the three orders of respiratory bronchioles: A D alveolar duct;

AS alveolar sac.
SOURCE: Thurlbeck (1976).

Definition
Emphysema is defined as a n abnormal enlargement of the air
spaces of the lung accompanied by destruction of alveolarwalls
(World Health Organization 1961; American Thoracic Society 1962).
Thus, emphysema is a disorder of anatomy, and one must know the
to understand the pathology of
appropriate normal anatomy in order
emphysema.Thestructure
involved is theacinus,theunit
gasexchanging structure of that partof the lung containingalveoli. The
last purely conducting airway is the terminalbronchiole; structures
distal to it constitute the acinus. The acinus
is a complex unit, but a
simplified model will suffice (Figure 1).The structures immediately
before theterminal bronchiole are therespiratory bronchioles,
which, as indicated previously, have both alveoli and nonalveolated
epithelium forming their walls; thus, respiratory bronchioles both
conduct and exchange gas. Proceeding distally, progressively more
alveoli appear in the walls
of respiratory bronchioles, of which there
are three orders in the usual model of the acinus. Alveolar ducts
succeed respiratory bronchioles, and their walls are entirely alveolated. Alveolar ducts lead into alveolar
s a c s , the terminal respiratory
structures, which are likewise completely alveolated.

Classification
Emphysema is classified by the way it involves the acinus, and
four forms of emphysema are usually recognized (Thurlbeck 1976):
(1) proximal acinar emphysema,(2) panacinar (panlobular) emphyse233
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ma, (3) distal(paraseptal)acinaremphysema,and
emphysema.

(4) irregular

ProximalAcinarEmphysema

In proximal acinar emphysema, the respiratory bronchioles are
selectively or dominantly involved. Emphysema involving the proximal part of the acinus is found in two different circumstancescentrilobular emphysema and
focal emphysema.
Proximal acinar emphysemais the common form of nonindustrial
of thedistal
emphysemaand is associated withinflammation
airways (Leopold and Gough 1957) and of the walls of emphysemaas
tous spaces. Thisform of emphysemaisusuallyreferredto
centrilobular emphysema (Figure 2) because the lesions lie close to
the center of the secondary lobules. The emphysematous spaces are
foundmorefrequentlyin
theupper
zones of the lungs, and
centrilobular emphysema is usually more severe there (Thurlbeck
1963a). Involvement of the lung is characteristically quite uneven;
somerespiratory
bronchioles arespared
or slightly
involved,
whereas others close by may be severely affected, producing large
is frequently
emphysematous spaces. Centrilobularemphysema
associated with chronic bronchitis, and is the form of emphysema
most commonly encountered in patiepts with symptomatic chronic
airflow obstruction.
Focal emphysema, or simple pneumoconiosis of coalworkers, also
involves the proximal part of the acinus. It canbe distinguished from
centrilobular emphysema in that thereis always a heavy deposit of
coal around the emphysematousspaces, the enlargement of respiraprocessis more
tory bronchioles is usuallymoderate,andthe
uniform through the lung. Simple pneumoconiosisis usually associated with only mild impairment of function, producing only minor
abnormalities of gas exchange (Morgan and Seaton
1975).
Panacinar(Panlobular)Emphysema

In panacinar or panlobularemphysema, there ismore or less
uniform involvement of the acinus (Figure 3). Controversy exists
concerningthedistinctionbetweencentrilobularandpanacinar
emphysema; somebelieve them to be different conditions (Anderson
and Foraker 19731, but othersbelieve them to have the same
clinical
and functionalassociations (Mitchell et al. 1970). The reason for this
associations of
disagreement is discussed below. Fourdifferent
panacinar emphysema aredescribed (Thurlbeck 1976), each with its
specific clinicopathologic associations.This view is not sharedby all,
however.
The classicalassociation of panacinaremphysema is with a,antitrypsin deficiency (Eriksson 1965), most commonly with the PiZ
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FIGURE 2 . 4 n t r i l o b u l a r emphysema
NOTE: See fwtnote to Figure 1 for definitions.
SOURCE: "hurlbeck(1976)

Septum

FIGURE 3.-Panlobular

emphysema

NOTE: See footnote to Figure 1 fordefinitions.
SOURCE:"hurlbeck (19761.
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phenotype. It is probable that other forms of Pi-associated emphysema, such as PiSZ, are also panacinar in type. Familial emphysema
unassociated with a,-antiprotease deficiency has been shown to be
panacinar (Martelli et al. 1974). Familial emphysema is characteristically worse in the lower zones of the lung. Severe, pure panacinar
emphysema is uncommon.
at
Localized panacinaremphysema is foundfairlyfrequently
autopsy(Thurlbeck 1963a). It isfoundmorecommonlyinolder
people and is usually not associated with clinical evidence of chronic
airflow obstruction. Under these circumstances, it is more frequent
in the lower and anterior partsof the lung. It may represent a focal
exaggeration of the aging process in the lung, which includes a well
documented set of changes (Thurlbeck 19761, including changes in
the shape of the lung with an increase in anteroposterior diameter,
the distance
loss of volume density of alveolar walls, increase in
between alveolarwalls, decrease of alveolar surface area, increase in
volume density of alveolar ducts, and decrease of volume density of
alveoli. The reason for referring to these changes with age as the
“aging lung” rather than “senile emphysema”is that it is a normal
change, affecting virtually all people. The definiticq of emphysema
requires that the enlargment and destruction
of respiratory tissuebe
abnormal; therefore, it is probably inappropriate categorize
to
these
changes as emphysema.
Bronchial andbronchiolarobliterationmaybe
associated with
panacinar emphysema. Most commonly it is associated with SwyerJames (1953) or MacLeod’s (1954) syndrome of unilateral pulmonary
hyperlucency, in which one lung or a major portion of the lung is
unduly transradiant. The
involved region or regions of the lung
characteristically trap air on expiration so that the mediastinum
then moves to the unaffected side. The syndrome is usually due to
severe acute bronchitis and bronchiolitis in childhood, resulting in
obliteration of airways. A detailed study of the lung parenchyma in
cases of unilateralpulmonarytransradiancyhasneverbeen
reported, but it seemslikely that emphysema may not be present in
the affected lung tissue. However, when emphysema is present, it is
panacinar intype.
Panacinar emphysema maybe found inthe lower zones of the lung
in patients with upper zonal centrilobular emphysema. The combination of the twoforms of emphysema is probably the classical
finding in patients with severechronic airflow obstruction, and it is
alsoonereason
for the controversyconcerning
similaritiesor
differences between centrilobular and panacinar emphysema. Transitions, real or imagined, maybe apparent between the upperzonal
centrilobularemphysematous spaces and lower zonal panacinar
emphysema in this situation. Somebelieve the transitions are real,
andmaintainthat
centrilobularemphysema
has progressedto
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FIGURE 4.-Distal

or paraseptal acinar emphysema

N O l E See footnote to Figure 1 for definitions.
SOURCE Thurlbeck (1976).

panacinar emphysema and that these lungs should be classified as
examples of centrilobular emphysema. Others feel that it is panacibe classified differentnar emphysema, and thus the same lung may
ly.
Distal(Paraseptal)AcinarEmphysema

Distal(paraseptal)acinaremphysema
is thethirdgenerally
recognized form of emphysema. In thisform, the alveolar ducts and
sacs are predominantly involved, andtheremay
be substantial
associated fibrosis (Figure 4). Since the distal acinus abuts
on pleura,
vessels, airways, and lobular septa, the emphysema is worse in these
regions. Theoccurrence of distalacinaremphysemaalongthe
lobularseptahad
led to theterm“paraseptal
emphysema.’’ A
characteristic clinicalassociation of distalacinaremphysema
is
spontaneous pneumothoraxof young adults(Edge et al. 1966).
IrregularEmphysema

In irregular emphysema, the acinus is irregularly enlarged (Figure
5). It is nearly always associated with scarring. It may be the most
common form of emphysema,becausenearlyalllungs
on close
examination will disclose a scar associated with emphysema. The
majority of these examples of irregular emphysemaare unassociated
with symptoms.
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FIGURE 5.-Irregular

emphysema

NOTE: See footnote to Figure 1 for definitions.
SOURCE:Thurlbeck (1976).

Tobacco Smoking and Emphysema

The apparently neat and orderly
classification described aboveand
the classical examples of emphysema illustrated in original articles ’
and monographs should not obscure the lackof agreement between
expert observers in the classification
of severely emphysematous
lungs (Thurlbeck et al. 1968, Mitchell e t al. 1970). Severe emphysema is usually atypical in morphology, and often more than one type
of emphysema is present. It might be more rational to speakof “end
stage emphysema” when describing a n extensively damaged lung,
rather than attempting tofit all of the damage under oneclassification.
to differing assessThese differences in classification may lead
ments of. degrees of association between smoking and individual
forms of emphysema. For example, Anderson and Foraker
(1973)
found that all of their 21 patients with centrilobular emphysema
were cigarette smokers, whereas
8 of the 17 patients with panacinar
emphysema were cigarette smokers. Contrarily, Mitchellal..et(1970)
found that 20 of their 21 patients with centrilobular emphysema
were cigarette smokers and all 6 of their patients with panacinar
emphysema were cigarette smokers.
Including allof the different abnormalitiesdescribed above under
thesingleterm“emphysema”mayleadto
confusion aboutthe
relationship between smoking and emphysema. Each
of the different
forms of emphysema may have different etiologies; while cigarette
smoking is clearlyimplicatedin
the etiology of centrilobular
emphysema (Mitchell et al. 1970, Anderson and Foraker 1973), it
may not play a role in irregular or distal acinar emphysema andis
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clearlynotimplicatedinthe
etiology of unilateralpulmonary
transradiancy.
Another problem is thesensitivitywith
which emphysema is
recognized. Thurlbeck (1976) reviewed the incidence of emphysema
found at autopsy in 28 series. An extremely wide variation has been
recorded, including three series with an incidence of 100 percent.
The variation in incidence probably represents the care with which
the lung is examined and the threshold for defining emphysema
being presentas much as a true difference in incidence.
It is notrelevanttothepresent
discussion whetherrareor
unusual disease processes can cause abnormal enlargement of the
air spaces or whether, after careful and exhaustive search, all lungs
demonstrateminute areas of focal enlargement.Thelunghas
substantial ventilatory reserve; therefore, what is significant is not
the presence or absenceof any emphysema, but rather the extent or
severity of the emphysematous change in the lung. What
is both
clear and relevant to the present discussion is that the relationship
between smoking and emphysema represents
a n association between
is
smoking and the severity
of emphysema, and that the relationship
between smoking and those forms
of emphysema commonly foundin
patients withCOLD.
In 1963, clinicopathologic findings (Thurlbeck 1963b) in a group of
patients dying at the Massachusetts General Hospital showed that
18 of 38 patientswithoutemphysemawerecigarettesmokers,
whereas all of the 19 patients with severe emphysema were cigarette
smokers. A formal study of the relationship between emphysema
and smoking was first made by Anderson et al. (1964), who showed
that one-third of patients without emphysema,
19 of 37 patients with
mild emphysema, 19 of 23 patients with moderate emphysema, and
all 6 patients with severe emphysema were smokers. In
1966, a n
extendedstudy(Anderson
et al. 1966) found in the fourgroups,
respectively, that 12 of 33 patients, 58 of 84 patients, 30 of 33
patients, and 14 of 15 patients were smokers. Mitchell et al. (1964)
found 62 smokers among 85 patients with no or mild emphysema
and 39 smokersamong
40 patientswithmoderateorsevere
et
emphysema. These researchers also extended their series (Petty
al. 1967) and found 6 nonsmokers among 57 patients with moderate
emphysemaand
1 nonsmokeramong
61 patientswithsevere
emphysema. A very dramatic difference was
shown between smokers
and nonsmokers by Ryder et al.(1971).Figures 6 and 7 indicate very
graphically the rarity of emphysema of even moderate severity in
nonsmokers and the high incidence of emphysema in smokers over
50 years of age. Of the 21 patients in their serieswhose lungs had a
more than 25 percentinvolvement by emphysema, only 1 was a
nonsmoker.
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FIGURE 6.-Percentage of lung occupied by emphysema in
nonsmokers
SOURCE: Ryder e t al. (1971).

Only a small effect of smoking was noted in coal minersby Naeye
et al. (19711, a n increase from 24.3 percent of the lung involved in
nonsmokersto 30 percent in smokers.Amuchgreater
effect of
smoking was notedby Auerbach et al.(19721, who studied lungs from
2,613 autopsies and were able to obtain smoking histories 1,831
in of
the patients. They found that 10 percent of male patients who had
not smoked had emphysema; this percentagerose to 53.5 percent for
pipe smokers and cigar smokers, 86.9 percent for smokers of less
than a pack per day, and 99.7 percent for smokers of more than a
packperday.
Of the 130patientswithsevereemphysema,
126
smoked more than a pack a day, 2 smoked less than a pack, 2 were
pipe or cigar smokers, and none were nonsmokers. Their findings
were subsequently extended and confirmed by histologic examination of these lungs (Auerbach et al. 1974). Findings in women were
similar. Spain et al. (1973) studied lungs from 134 persons who died
suddenlyand
unexpectedly and who had no previousknown
pulmonary disease. In men, they found a n incidence of emphysema
of more than grade 20 (mild emphysema) of 10 percent in nonsmokers, 36 percent in smokersof less than a pack per day, and39 percent
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FIGURE 7.-Percentage of lung occupied by emphysema in
smokers
SOURCE Ryder et al.(1971).

in smokers of more than a pack. In women the incidences in the
same categories were 0, 17, and 23 percent, respectively. Bonfiglio
and Schenk(1974) found that thediagnosis of emphysema was made
in 40 percent of autopsy protocols from smokers and in 12 percent
from nonsmokers.
Using the autopsypopulations of teachinghospitalsinthree
separate cities, Thurlbeck et al. (1974b) reportedtheaverage
andfemalenonsmokers
emphysema score per decadeformale
combined with ex(Figure 8) and for maleandfemalesmokers
smokers (Figure 9). The severity of emphysema is expressed using
the panel grading method (Thurlbecket al. 1970). With this method,
a score of up to 25 is “mild emphysema.’’ As Figure 8 indicates, in
nonsmokers there is an increasing average severity of emphysema
with age, starting in the fifth decade, reaching a n average score in
the eighth and ninth decades
of 10 to 15 in men and4 to 6 in women.
exThere is a dramaticdifferenceinmaleheavysmokersand
smokers, for whom the average score of 25 to 30 in the seventh
decade is maintained forthe nexttwo decades. The numberof heavy
smoking and ex-smoking women is very small, and the effects in
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women are more modest, with an average emphysema score of 8 to
12 fromthe sixth to the ninth
decade.
Pratt et al. (1980) studied the effect of smoking on cotton textile
workers and on workersnot exposed to cotton. They found that the
incidence of centrilobularemphysemawas
6.7 percentin nonsmokingnoncotton-textileworkers,
6.9 percentinnonsmoking
cotton-textileworkers, 26.5 percentinsmoking
non-cotton-textile
workers, and 26.2 percent in smoking cotton-textile workers. The
variation in the incidence of centrilobularemphysemainvolving
more than 25 percent of the lung was even more dramatic-1.1,0.4,
11.0, and 12.6 percent for the respective categories.
of the types of
Thus,despite the limitations in interpretation
emphysema and in recognition of the presence of emphysema, the
association between smoking and emphysema-particularly severe
emphysema-is overwhelming. In the various series referred to, of
the 227 patients with severe emphysema, only 3 were nonsmokers.
Summary and Conclusions

1. Smoking induces changes in multiple
areas of the lung, and the
effects in the different areas may be independent of each other.
In the bronchi (the large
airways), smoking results in a modest
increase in size of the tracheobronchial glands,associated with
an increase insecretion of mucus, and ina n increased number
of goblet cells.
2. In the small airways(conducting airways 2 or 3 mm or less in
diameter consisting of the smallest bronchi and bronchioles) a
number of lesions areapparent.Theinitial
response to
smoking is probably inflammation, with associated ulceration
andsquamousmetaplasia. Fibrosis, increasedmuscle mass,
of
narrowing of the airways, and an increase in the number
goblet cellsfollow.
3. Inflammation appears to be the major determinant of small
airways dysfunction and may be reversible after cessation of
smoking.
4. The most obvious difference between smokers and nonsmokers
is respiratory bronchiolitis. This lesion may be an important
cause of abnormalities in tests of small airways function, and
may be involved in the pathogenesis of centrilobular emphysema.Theseverity
of emphysema isclearlyassociatedwith
smoking, and severe emphysema is confined largely to smokers.
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EFFECTOFCIGARETTESMOKINGON
INFLAMMATORY AND IMMUNEPROCESSES
IN THELUNG
Cigarettesmoke
is a complex mixture of severalthousand
different constituents that may produce physiologic and pathologic
changes. This discussion focuses on thecellularandimmune
responses of the lung to cigarette smoke, the mechanism by which
smokingcancauseemphysema,and
theimpact of smoking on
mucociliary clearance. The last 20 years have witnessed dramatically increased understanding of cigarette-induced lung injury, particularly emphysema, thus enhancing our understandingof the process
by which cigarette smoking can
lead to emphysema.
Introduction

Inhalation of cigarette smoke markedly alters the inflammatory
and immune processes in the lung, leading to increases in the total
number of inflammatory cells andtochangesin
cell typeand
function. These effectsof cigarette smoke on lung inflammatory
cells
mayplay a roleindecreased
pulmonaryhost defenses against
various microorganisms andthe development of lung cancer,chronic
bronchitis,andpulmonaryemphysema(USPHS
1971, 1972, 1973,
1974,1975; USDHHS 1981).
Effect ofSmoking on Numbersand Types of Inflammatory
Cells

One of the most consistently observed effectsof cigarette smoking
on the lung is a marked increase in the numbers of inflammatory
cells, especiallyat sites of disease. Increased numbers of inflammatory cells havebeenseeninpathologicalstudies
of thelungs of
cigarette smokers, as well as in lungsof animals exposed to cigarette
smoke. In addition,
increased numbers of inflammatory cells occurin
bronchoalveolar lavage fluid of cigarette smokers and in
lavage fluid
of animals exposed to cigarette smoke.
Spain and Kaufman (1953) noted inflammatory changes in the
lung bronchi of cigarette smokers. Later, Anderson and Foraker
(1961) described the presence of an alveolitis, and McLean (1959)
described the presence of a bronchiolitis in these patients. In an
autopsy study of patients with early emphysema (McLaughlin and
Tueller 1971), numerousabnormal,brownish-pigmentedalveolar
macrophages were found in adjacent, otherwise intact parenchyma,
but none were found in normal lungs. Identical pigmented macrophages werefoundinthesputum
of patients obtainedfrom
apparently healthy cigarette smokers. The frequency of occurrence
of these macrophages in the tissue appeared to be related to the
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number of cigarettes consumed. Niewoehner et al. (1974) evaluated
the lungs-of young smokers and controls of comparable age from a
population thathad experiencedsuddennonhospital
deaths.In
smokers, a characteristic lesion occurred in the form of respiratory
bronchiolitis associated with clusters of pigmented alveolar macrophages. This lesion was present in the lungs of all smokers studied,
but was rarely seen in nonsmokers. Lungs of smokers also showed
small, but significant, increases in mural inflammatory
cells and
denuded epithelium in the membranous
bronchioles as compared
with controls. Theresearchers
suggested thatthisrespiratory
be
bronchiolitismay
be a precursor of emphysemaandmay
responsible for the subtle functional abnormalities that are
observed
in young smokers. Mitchell et al. (1976) also noted the presence of
significantamounts
of inflammationinthesmallairways
of
cigarette smoker lungs, and Cosio et al. (1978) suggested that the
primary lesion in the small airwayswas a progressive inflammatory
reaction, leading to fibrosis with connective tissue deposition in the
airway walls. These lesions were closely correlated with abnormalities in pulmonary function.
As noted above, most early investigators concentrated on the role
of the increasednumbers
of pigmentedalveolarmacrophages
present at disease sitesincigarette
smokers.Thesepigmented
macrophages, becauseof their numbers and prominent
coloration on
histologic sections, were initially the sole focus of research on the
inflammatory response in these patients. More recently, however,
Ludwig et al. (1983) evaluated the relationship between cigarette
smoking and the accumulation of neutrophilsinthelungs
of
smoking and nonsmoking humans. Human lungs were
obtained from
5 nonsmokers who experienced
autopsies of 10 cigarette smokers and
nonhospitaldeath.Thesestudiesindicated
a markedincrease in
neutrophil infiltration in the lungs of cigarette smokers compared
with nonsmokers, andidentified the site of the accumulation as the
alveolarsepta.Neutrophilswere
found inthe alveolarwalls of
smokers both with and without emphysema. The researchers
concluded that a marked neutrophil accumulationoccurs in the lungsof
cigarette smokers, that it precedes the development of emphysema,
and that it continues once emphysema is established. They further
suggested that the neutrophils mayplay a role in the destruction of
the alveolar septa of the lungs in cigarette smokers. The
presence of
increased numbers of neutrophils in cigarette smokers’ lungs has
also been documented by extracting inflammatory cells from open
lung biopsies of smokers and nonsmokers (Hunninghake and Crystal
1983). A higherpercentage
of theseinflammatorycellswere
neutrophilsinsmokers
comparedwithnonsmokers.
Finally,the
of
associationbetween cigarettesmokingandincreasednumbers
inflammatory cells, including neutrophils, at disease sites has also
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beenconfirmedin
numerousanimalstudies(Frascaetal.
1971;
Dahlgren et al. 1972; Rylander 1974; Park et al. 1977).
Increased numbers of inflammatory cells in the lungs of smokers,
as compared withnonsmokers,havealso
been observed by all
investigators performing bronchoalveolar lavage studies (Davis
et al.
1976; Demarest et al. 1979; Harris et al. 1970, 1975; Hunninghake et
al. 1979a, 1980a; Hunninghake and Crystal 1983; Hunninghake and
Gadek 1981-1982; Hunninghake and Moseley, in press; Reynolds et
al. 1977; Reynolds and Newball 1974, 1976; Rodriquez et al. 1977;
Warr et al. 1976,1977; Warr and Martin 1974,1978). Such increases
have been detected additionally in lavage fluidof animals chronically exposed to cigarette smoke (Davies e t al. 1977; Flint et al. 1971;
Holt et al. 1973). The majority of these studies have demonstrated
increases in both the number 'of macrophages and the number of
neutrophils, although Hoidal and Niewoehner (1982) found increases
only in the former.
The presence of neutrophils in the lungsof cigarette smokers is of
interest because these cells contain elastase, a n enzyme believed to
be important in the pathogenesis of emphysema (Lieberman 1976;
Karlinsky and Snider1978; Kuhn and Senior 1978; Carp and Janoff
1978; Snider and Korthy1978; Schuyler et a1 1978; Janoff et al. 197'1;
Hunninghake et al. 1979a; Hunninghake and Crystal 1983; HunninghakeandGadek
1981-1982; Hunninghakeand Mosley 1984;
Laurel1 and Eriksson 1963). Alveolar macrophages have also been
implicated as a source of a n elastase-like metalloprotease (Harriset
al. 1975; Rodriguez et al. 1977). Thisenzymeisnotinhibited
by
alphal-antitrypsin (alAT) (Banda and Werb 1981), the major antielastase in the lower respiratory tract (Gadek et al. 1981). Although
macrophages are clearly present in large numbers in
the alveolar
structures of smokers (Niewoehner et al. 1974; Harris et al. 19751,
severallines
of evidencesuggest
thatneutrophilsmay
play a
significantandperhaps
more importantroleinincreasingthe
elastase burdenof the lungs.
First,neutrophilsstoreandreleasesignificantly
more elastase
than do alveolar macrophages (Barrett 1977; Rodriguez et al. 1977;
Levine et al. 1976). Comparative estimates of elastase production by
human neutrophils and alveolar macrophages suggest that neutrophils are at least 1,000 times more potent elastase producers (Janoff
et al. 1979).
Second, although alveolar macrophages of cigarette smokers have
been shown to release elastase in vitro (Rodriguez et al. 19771, it is
not clear whether the elastase was produced by these cells or was
secreted by other types of cells, such as neutrophils, and subsequently ingested by the macrophages (Janoff et al. 1977). In this regard,
recent studies by Campbell et al. (1979) and McGowan et al. (1983)
have shown that alveolar macrophages are capable of phagocytosing
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neutrophil elastase via a receptor-mediated mechanism; some of the
elastaseremainsenzymaticallyactive
for upto 48 hours.These
findings suggest that alveolar macrophages may, in fact, be capable
of both decreasing and increasing the protease burden of the lung.
Third, once a neutrophil has left its vascular space,its lifespan is
only a few hours; when the neutrophil dies, it may release at least a
portion of its preformed enzymes, including elastase. Thus, when a
neutrophil is present within a tissue, it is possible that thetissue will
be exposed not only to the elastase secreted
by the neutrophil while
it is functional, but also to the elastase storedby the neutrophil and
releasedwhen theneutrophildisintegrates.Inthiscontext,the
finding that neutrophils represent only a small percentage of all
inflammatory and immuneeffector cells inthe smoker’s lungs would
not preclude the smoker’sexposure to a large chronic burden of
neutrophil elastase. In contrast, the alveolar macrophage has
a halfet al. 1976), and it stores little,
if any,
life of months to years (Thomas
elastase (Rodriguez et al. 1977; Levine et al. 1976).
Macrophages may also play an important role in this process by
secreting a potent chemotactic factor for neutrophils (Hunninghake
by the following
and Crystal 1983). Thishypothesisissupported
observation: alveolar macrophagesof cigarette smokers spontaneously release a chemotacticfactorforneutrophils,whereasalveolar
macrophages of nonsmokers do not. In addition, in vitro exposure to
cigarette smoke particulates results in the release of a chemotactic
factor from the alveolar macrophages of nonsmokers. The migration
of neutrophils to the lung inresponse to the chemotactic factor may
be augmented by factors in cigarettesmoke. In this regard,McCusker et al. (1983) have shown that nicotine is a potent chemokinetic
factorforneutrophils,enhancingthemigration
of these cells to
other chemotactic factors.Once neutrophils are present in the lung,
they may release elastase, because both cigarette smoke (Blue and
Janoff 1978) and the macrophage-derived chemotactic factor stimulate thesecells to releasethe enzyme (Gadeket al. 1979a, b).
The postulated release of elastase by neutrophils could also partly
explain how thenumber of macrophages are increasedinthis
disorder. Fragments of elastin (which are probably generated by the
release of neutrophil elastase at sites of disease activity) are potent
chemoattractants for blood monocytes, the precursors of alveolar
macrophages (Senior et al. 1980; Hunninghake et al. 1981). These
fragments of elastin possess no chemotactic activity for neutrophils.
Effect ofSmoking on theMorphologyandFunction
Inflammatory Cells

of

No size differences have been observed between alveolar macrophages from smokers and those from nonsmokers whenthe cells are
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fixed in suspension immediately after bronchoalveolar lavage (Table
1). Harris and coworkers (1970) observed a mean size of 23.3 pm
(range, 10 to47 pm) for nonsmokers and26.4 pm (range, 12 to
53 pm)
for smokers. Reynolds and Newball (19741, using similar methods,
did not find any size differences between smoker and nonsmoker
alveolar macrophages.
The morphology of smoker macrophages clearly differs, however,
from that of nonsmokers (Table 1). Macrophages of smokers show
increased numbers of large lysosomes, phagolysosomes, endoplasmic
reticulum, ribosomes, and Golgi vesicles (Golde 1977; McLemore et
al. 1977; Martin 1973; Warr and Martin1978; Rasp et al. 1978; Pratt
et al. 1971; Brody and Craighead 1975). These findings are generally
associated with activated mononuclear phagocytes, and these macrophageshaveprobably
become activated by the ingestion of the
particulates present in cigarette smoke. Smoker macrophages have
pigmentedinclusions that appear to have platelike or needlelike
configurations when seen by electronmicroscopy (Golde 1977; Warr
and Martin 1978; Pratt et al. 1971; Brody and Craighead 1975).
Studies of the nature of these inclusions by X-ray analysis suggest
theymay be, at leastinpart,particulates
of aluminumsilicate
(Brody and Craighead 1975). Together with in vitro studies showing
that alveolar macrophages are activated following phagocytosis of
particulates (Hunninghake et al. 1980a), these findings are compatible with the notion that macrophages of smokers are activated in
vivo.
Alveolar macrophages from cigarette smokers have a n increased
ability to generate superoxide anion
(Hoidal et al.1979a, 1980, 1981),
the functional effects of which include an increased capacity to kill
lungfibroblasts.Theseobservationssuggest
that alveolarmacrophages from cigarette smokers are increasingly able to injure lung
parenchymal cells, and that they may contribute to observed
the
loss
of lung cells in the alveoli of patients with pulmonary emphysema.
A variety of other effector functions of smokers’ alveolar macro1).Alveolar macrophages
phages have also been evaluated (Table
a normal or increased ability
from cigarette smokers appear to have
to migrate in response to chemotactic factors (Demarest et al. 1979;
Warr and Martin 1974). They differ, however, from normal alveolar
macrophagesinseveralotherrespects:forexample,increased
glucose utilization has been reported in some studies (Harris et al.
19701, but wasnormalinothers
(Hoidal etal. 1979a).Oxygen
consumption has been reported to be normal (Hoidal et al. 1979a),
but the protein content of these cells has been increased (Harris et
al. 1975; WarrandMartin
1978). Alveolarmacrophagesfrom
smokersreleaseless
PGE, andthromboxane
B, thannormal
et al. 1981), suggesting thatcigarette
macrophages(Laviolette
smoking induces a lesion in phospholipid hydrolysis or the mecha259

TABLE l.-Cigarette-smokinginduced abnormalities in the
inflammatory and immune effector systems >
within human alveolar structures
Findings

Parameter

Cell types present
Total number of cells
Percent polymorphonuclear leukocytes
Percent T lymphocytes
Percent B lymphocytes
Lymphocyte function
Response to mitogens
Macrophage structure
Diameter
Ruffling of cell surface
Number and size of cytoplasmic structures
Abnormal cytoplasmic inclusions

Macrophage properties and function
Surface receptors
IgG-Fc
C3b
Phagocytosis and killing of microorganisms
Bacteria
Fungi
Effector and accessory cell function
responsiveness to chemotactic factors
Casein
Activated serum
Function as accessory cell to lymphocytes
Responsiveness to MIF
Production of neutrophil chemotactic factor
Secretion of superoxide anion
Secretion of elastase
Release of prostaglandin E, and
thromboxane B,
Miscellaneous properties and function
Glucose utilization
Oxygen consumption
Proteincontent
Content of various enzymes

Elastase
Acid protease
Neutral protease
Esterase
Acid phosphatase
pglucuronidase
Lysozyme
Aryl hydrocarbon hydroxylase
Angiotensin+onverting enzyme
Spreading and adherence properties

Pinocytosis
Content of a,-antiproteinase
SOURCE: Adapted from Hunninghake et al. (1979).
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in smokers

Increased
Incred
Increased or normal
Normal
Decreased
Normal
Decreased
Increased
Pigmented inclusions,
particulates with plate or
needlelike configuration,
presence of aluminum silicate

Normal
Decreased
Normal or decreased
Normal

Increased
Normal
Decreased
Decreased
Increased
Increased
Increased
Decreased
Increased or normal
Normal
Increased
Increased
Increased
Normal
Increased
Increased
Increased
Normal or increased
Increased
Increased
Increased in presence of serum,
decreased nylon adherence
Decreased
Increased

nismregulating hydrolysis. Smokermacrophagesalsoappearto
have increased amounts of various enzymes, including acid protease
(Harris et al. 19751, neutral protease (Harris et al. 19751, esterase
(Harris et al. 1975),acid phosphatase (Martin 19731, angiotensinconverting enzyme (Hinman et al. 1979), P-glucuronidase (Martin
19731, lysozyme (Martin 19731, andarylhydrocarbonhydrolase
(Cantrell et al. 1973; Harris et al. 1978; McLemore et al. 1977b, c,
1978; McLemore and Martin 1977). The functional significance of
increased amountsof these enzymesis not entirely clear.
In addition to itseffects on the inflammatory and immune
effector
cells in the lung, cigarette smoke may also affect the
composition of
epithelial surface fluid. For example, some investigators have found
that the amount
of immunoglobulin G (I&) present in lavage fluid
is
increased (Reynolds and Newball 1974); others have noted normal
levels (Warr etal. 1977). Interestingly, cigarette smoking appearsto
cause a significant decrease in the secretory component of immunoglobulin A (IgA) inthelavagefluid
of some people whosmoke
cigarettes (Merrill et al. 1980). This effect most likely indicates a
subtle injury to the epithelium
of the lung thatproduces this factor.
The only additional factors that have been reported to be abnormal
of
in lavage fluidof cigarette smokersare an increase in the amounts
fibronectin (Villiger et al. 1981) and a decrease in the function, but
not the amount, of a,AT (Gadek et al. 1979; Janoff et al. 1979). This
latter finding has been disputedby others (Stone et al.
1983).
Emphysema
A number of lines of evidence link the cellular changes described
above with the development of emphysema. They include observations in populations deficient in a,AT, in animal models
of emphysema, andmost important, in human cigarette smokers.

Populations Deficient in Alpha,-antitrypsin
Eriksson (1965) described thecharacteristicfeatures
of a,ATdeficiency-associated lungdisease.Approximately
60 percent of
affected individuals develop symptomsof airways obstruction by age
40, and 90 percent by age 50. Excluding the influence of cigarette
smoking, there is no sexual predominance of disease. Kueppers and
a decade earlierin
Black (1974) found that dyspneaoccurred
cigarette smokers (35 years in smokers versus44 years in nonsmokers), and estimated that 70 to 80 percent of all PiZZ persons (where
Pi= protease inhibitor)will develop lung disease. Larsson (1978) has
projected that nearly 60 percent of PiZZ people will ultimately die of
lung-related disease.
Orell and Mazodier (1972) reviewed the morphologic features of
a,ATdeficiency-associated emphysemaandfoundprimarilythe
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panacinar or panlobular form. Emphysematous lesionsmay
be
distributeduniformlythroughoutthelungs(Orelland
Mazodier
1972), but frequently show a predominant lower lobe distribution
(Greenberg et a1 1973).
In people genetically deficient in alAT, the increased numbers of
inflammatory cells found in the lungs of smokers probably present
a n increased elastase burden to the lung and magnify the proteaseantiprotease imbalance. This may explain the deleterious effects of
(1974)
cigarettesmokeinthis
population. KueppersandBlack
reviewed data on the impact of cigarette smoking inpeople severely
deficient in a,AT and concluded that, in addition to experiencing
earlieronset of respiratorysymptomsandpulmonary
function
abnormalities, cigarette smokersdie at an earlier age from respiratoryfailurethansimiliarly
afflictednonsmokers.Theincreased
prevalence of emphysema in populations deficient in a,AT, plus the
exacerbation of this lungdisease by smoking, suggeststhat proteaseantiprotease imbalance may also play a role in the development of
emphysema by smokers who are notdeficientin
a,AT.This
suggestion has resulted in a substantial body of research that has
characterized a,AT, defined the natureof elastase-induced emphysema, and clarified and supported the protease-antiproteasehypothesis of cigarette-induced emphysematous lung injury.

Alpha,-antitrypsin
The deficient constituent of a,-globulin was initially described by
Schultze et al. (1955) as a1-3,5-glycoprotein but later renamed a,antitrypsin (a,AT) when it was found to inhibit trypsin activity
(Schultze et al. 1962). Subsequently, a,AT has been shown to inhibit
a variety of proteolyticenzymes
includingneutrophilelastase
(Ohlsson 1971), neutrophil collagenase (Tokoro et al. 1972; Ohlsson
1971), cathepsin-G (Travis et al. 1978), chymotrypsin (Travis et al.
1978; Rimon et al. 1966), plasmin(Rimon et al. 1966), thrombin
(Rimon et al. 1966), Hageman factor cofactor (Crawford and Ogston
1974), coagulation factor XI (Heck and Kaplan 1974), acrosin and
kallikrein (Fritz et al. 1972a, b), urokinase (Crawford and Ogston
1974; Clemmensen and Christensen 1976), and renin (Scharpe et al.
1976). Although the range of proteases inhibited by a,AT appears
broad,the association rate constants of theseenzymesfora,AT
differ (leukocyte elastase > chymotrypsin > cathepsin-G > trypsin
> plasmin > thrombin) (Beatty et al.1980), and the inhibitory role
of a,AT against enzymes withlow association rate constants, such as
trypsin, may be negligible. The names a,-protease inhibitor or a,proteinase inhibitor better describe this broader range of inhibitory
functionsandarepreferred
by someauthors.In
deference to
historicalusageandin
accord withtherecommendations
of the
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Nomenclature Meeting for this substance (Cox et al. 1983), the name
a,AT has been retained in this
discussion.
The inhibitor alAT is a polymorphic plasma protein (Fagerhol and
Cox 1981; Cox and Celhoffer 1974; Cox etal. 1980; Cox 1981;
Fagerhol and Braend 1965) encoded by two codominant autosomal
alleles and inherited as a single Mendelian trait. The basal serum
concentration is genetically determined (Eriksson 1964; Kueppers et
al. 1964; Fagerhol and Gedde-Dah1 1969; Talamo et al. 1966). More
than 31 allelic variantsor Pi types (where Pi, or protease inhibitor, is
the symbol assigned the genetic locus of the a,AT allele) have been
identified (Cox and Celhoffer 1974; Cox et al. 1980; Cox 1981). The
variants are designated by capital letters, B through Z, corresponding to their approximate electrophoretic
mobility,relative to the
anode, in acidstarch gel electrophoresis or their relativepositions on
polyacrylamide isoelectricfocusing. New variants arenamed according to the conventionsestablished
by the FifthInternational
Workshop on Gene Mapping and the Nomenclature Meeting
for
a,AT (Cox et al. 1980).
The M allele (PiM) has a gene frequency of about 0.9 and is the
most common Pi type in allpopulations tested (Kueppers 1978). The
a,AT serum concentration inPiMM homozygotes is between 1.3 and
2.2 g/liter (depending onthe method of measurement and the purity
of standard) (Kueppers 1968; Jeppsson et al. 1978a) and, by convention, defines normal. Pi types with decreased circulating levels of
a,AT include (serum concentration
expressed as percent normal)
null 0% (Feldman et al. 1975; Talamo et al. 19731, Mmalton and
Mduarte 12% (Cox 1976; Lieberman et al.1976), Z 15% (Laurell and
Eriksson 1963; Fagerhol and Laurell 19701, P 30% (Fagerhol and
Hauge 19691, S 60% (Fagerhol1969),and 168% (Arnaud et al. 1978).
PiZ was the first variant recognized (Laurell and Eriksson 1963)
and is the Pi typemost frequently associated with a serum deficiency
of a,AT(Kueppers 1978). Its allelefrequencyvariesmarkedly
between different ethnic and racial
groups. In the United States, the
allele frequency is greater than 0.010 in whites but nearly zero in
blacks (Kueppers 1978). Approximately 1 in 2,000 whites is homozygous forthe Z gene (Laurell and Sveger
1975).
Although a decrease in hepatic synthesis is probably the major
mechanism for quantitatively significant reductions in serum a,AT,
the factors that modulate such synthesis are only partially understood (Morse 1978). Impaired hepatic secretion, as evidenced by the
presence of intrahepatic cytoplasmic inclusions containing accumulations of a,AT polypeptides(Blenkensopp andHaffenden 1977),
occursinpersons
with the PiZ genotype. It is uncertain if these
intrahepatic inclusions exert a negative feedback inhibition on the
hepatocyte and thereby retard
biosynthesis of alAT. Intrahepatic
inclusions are not found with the S and null Pi types (Carrel1 et al.
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19821, suggesting that decreased synthesis, independent of impaired
secretion, is primarily responsible for the reduced serum levels of
a,AT. Catabolic studies of the PiM and PiZ proteins have identified
similarhalf-livesinthecirculation,
6 to 7daysand
5 days,
respectively (Laurel1et al. 1977; Jeppsson et al.1978b). It is therefore
unlikely that accelerated peripheral catabolism contributes significantly to serumdeficiencies ina,AT.
In addition to quantitative
deficiencies in serum a,AT,a reduction
in serum inhibitory capacity
could also result from a loss in the
functionalactivity of alAT. Most geneticvariants, however, are
functionally equivalent to normal a,AT
(Pi")
in their capacities to
inhibit both trypsin and elastin
(Billingsley and Cox 1982).
The inhibitor a,AT is a low molecularweight (51,000 daltons)
(Mega et al. 1980; Carrell et al.1981; Chan et al.1976; Pannell et al.
1974; Jeppssonet al. 1978) protein comprised of a single polypeptide
chain containing 394 amino acid residues. Three carbohydrate side
chains are attached, each containing terminal sialic acid residues
(Mega et al. 1980; Carrell et al. 1981). The a,AT reacts stoichiometrically with free protease in a ratio of 1:l;one mole of a,AT inhibits
one mole of protease andyields a stable complex (Cohen 1973). An in
vitro study (James and Cohen 1978) found, however, that complete
inhibition of elastaserequiresmolarratios
of a,ATtoelastase
greater than 2.2:l. This phenomenon may be explained by elastase
having two major sites of attack on a,AT. Attack against one site
leads to a conformational change in a,AT and inhibition of elastase,
whereasattackagainsttheother
site resultsin
cleavage and
inactivation of a,AT. The a,AT-proteasecomplexes that form during
proteaseinhibition arenotreutilized
by the body (Balldin et al.
19781, and the body supplies of a,AT are replenished via de novo
synthesis by the liver.
In addition to hepatic
biosynthesis, a,AT is synthesizedby a t least
two other endogenous sources.Both human peripheral lymphocytes
and rat alveolar macrophages have been shown to synthesize a,AT.
Ikuta et al. (1982) demonstrated that concanavalinA-stimulated
monocytes interact with human peripheral lymphocytes, causing a
threefold increase in a,AT synthesis. Whiteet al. (1981) cultured rat
alveolar macrophages and recovered newly synthesized radio-labeled
(%S)a,AT from thecell culture medium. Macrophages and lymphothe sites of
cytes, by virtue of their close physicalproximityto
connectivetissueinjury,mayplay
a significantroleindefense
againstproteolyticdestruction.The
physiologic significance of
extrahepatic synthesisof a,AT remains speculative,however.
Whilecertainchemicaland
physiological aspects of a,AT are
clear, the exactbiochemical mechanism by which it causes protease
inhibition is uncertain.It is generally agreed that the reactive center
of a,AT is located on a single serine-methionine segment peptide
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bond on the carboxyl-terminal end (Carrel1et al. 1982; Kurachi et al.
1981).

ProteolyticEnzymesInducingEmphysematousChange
Proteolyticenzymeshavebeen
a major focus of investigation
following the demonstration by Gross et al. (1965) of papain’s ability
to induce emphysematous changes in rats.
Papain
Papain, a proteolyticenzymewith
a broadrange of substrate
specificities (Bergmann and Fruton 1941; Kimmel and Smith 1953),
reproducibly causes emphysema-like lesions in a variety
of experimental animals following aerosolizationorintrachealinstillation
(Gross et al. 1965; Palecek et al. 1967; Goldring et al. 1968; Caldwell
1971; Pushpakom et al.1970; Marco et al.1969). A number of studies
havehelpedtoclarifythecriticalimportance
of elastolysisin
papain-induced emphysema.
of
Snider et al. (1974) tested amorphous and crystalline forms
papain and found that the emphysema-inducing propertiesof these
preparations were directly proportional to their abilities to degrade
and solubilize elastin.Heatinactivation
of papaindestroyed its
emphysema-inducing capabilities. Similarly, intratracheal pretreatment of hamsterswithhumana,AT,aninhibitor
of papain
elastolytic
activity,
ameliorates
papain-induced
emphysematous
changes (Martorana and Share1976). Furthermore, Blackwood et al.
(1973) showed thatthe elastolyticactivities of several microbial
enzymes, rather than their nonspecific protease activities, correlate
best with the enzyme’s ability to induce emphysematous changes
following intravenous administration to rats. Snider et al.
(1977)
as collagenase
showed that enzymes lacking elastolytic activity, such
or trypsin,do not produce emphysema in hamsters.
Whereas these studies support the notion
that the earlyhistologic
changes induced by papain area direct consequence of its elastolytic
activity, they do not preclude the possibility that endogenous factors
maycontributetosubsequentdisease
progression. Sniderand
volumes in
Sherter (1977) noted a gradual increase in static lung
hamsters following a singleintratrachealinjection
of pancreatic
elastase.Stoneetal.
(1979) followed the fate of tritium-labeled
pancreatic elastase and found that enzymatically active preparations are retained longer within the lung than inactive preparations,
and that W-guanidated elastase remains bound to lung matrix
for at
least 96 hours. This suggeststhat tissue-bound elastase may continue
to digest elastin for extended periodsof time. Martorana et al.(1982)
found no progression in the mean linear intercept measurements or
internal surface areas in the lungsof papain-treated dogs between 3
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and 6 monthsaftertreatment.However,themeanpulmonary
arterial pressure and pulmonary arteriolar resistance did increase
during this interval.
Papain-treated animals exhibit the expected physiologic changes
of emphysema: increasedRV, FRC, and TLC, decreased elastic recoil,
increased static lung compliance at middle and low lung volumes,
and reduced diffusing capacity (DLcoVA and DLco) (Caldwell 1971;
Pushpakom et al. 1970; Marco et al. 1969; Giles et al.1970; Johanson
and Pierce 1973). Studies by Kobrle et al. (1982) have shown that
following papain administration the elastic fibers are disrupted and
that the elastin content of the lung initially decreases, but later
returns to normal aftera period of accelerated synthesis. Thenewly
synthesized fibers are disordered; however (Kuhn and Senior 1978;
Kuhn and Starcher1980).
Pancreatic Elastase
The ability of porcine pancreatic elastase to rapidly hydrolyze
insoluble elastin(PartridgeandDavis
1955) anditscommercial
have led to its
availabilityin a highlypurifiedcrystallineform
extensive use as an experimental agent for inducing emphysema in
1978). Lesionsresemblinghuman
animals(KarlinskyandSnider
panacinar emphysema canbe induced in hamsters within2 hours of
intratracheal instillation of pancreatic elastase (Kaplan et al.1973).
The severity of the lesions, as assessed by histologic or physiologic
criteria, is dose related (Raub et al.1982), with adult animals being
more susceptible to pancreatic elastase than young animals (Lucey
and Clark 1982). Within a few hours of intratracheal instillation in
hamsters, hemorrhagic lesions developand aninflux of polymorphonuclear leukocytes is seen (Hayes et al. 1975; Kuhn and Tavassoli
1976). Digestion of elastin fibers is apparent in the pleura and in the
alveolar walls by 4 hours, but is more extensive a t 24 and 48 hours
(Kuhn et al.1976). By day 4, there is a diminution in the numberof
polymorphonuclearleukocytes(PMNs),butmanymacrophages
remain (Morriset al.1981).The hemorrhage and cellular infiltration
resolves within 3 weeks, and the ensuinglesions resemble panacinar
emphysema (Kuhn et al. 1976). Over 95 percent of the detectable
urinary excretion of desmosine and isodesmosine, amino acid
markers of in vivo elastolysis, appears within 2 days of elastase
instillation; only small amounts canbe detected by day 3 (Goldstein
and Starcher 1977). Kucich et al. (1980) developed a hemagglutination inhibition assay to measure elastinderived peptides in serum,
and found that elastin-derivedpeptides could bedetected in the
serum of dogs for a period of 12 days following administration of a 25
to 50 mg dose of porcine pancreatic elastase andfor 40 days following
a 100 mg dose. Janoffetal.
(198313) foundincreasesinurinary
desmosine excretion during the first48 hours following endobronchi266

a1 instillation of pancreaticelastasetosheep;increasesinmean
linear intercepts and decreases in lung ventilation and
perfusion
were found after 4 weeks. All changes correlated positively with the
elastase dose. Studies have shown a decrease in the lung elastin
contentwithinthe
first 24 hours of intratracheal injection of
elastase (Kuhn et al. 1976; Ip et al. 1980; Goldstein and Starcher
1977). Physiologic studies (Snider and Sherter
1977; Snider et al.
1977) of experimental animals after pancreatic elastase administration have shown increasesin the lung
compliances and in the
volume
at specified transpulmonary pressures (25 and
of air within the lungs
-20 cm Hzo). These physiologic alterations appear to progress in
severity for about 26 weeks following exposure to elastase (Snider
and Sherter1977).
Inspite of substantialexperimental verification of ability of
pancreatic elastase to induce emphysematous changes in animals
following intratracheal instillation, there is little evidence implicating endogenouspancreatic elastase in the pathogenesis
of pulmonary
emphysema in humans. A serine endopeptidase of pancreatic origin
(elastase 2) has been shown to circulate in human blood (Geokas et
al. 1977). However, the enzyme is rapidly bound to serum inhibitors
a,AT and a,-macroglobulin (a,M) and inactivated (Gustavsson et al.
1980). Although a,Melastase complexes retain enzymatic activity
against low molecular weight synthetic elastin substrates (N-succinyl-Lalanyl-Galanyl-Galanine-4-nitroanilide)
(Twumasi and Liener
1977; Barrett and Starkey 1973); highmolecularweightproteins
such as elastin are preventedfrom reaching the enzyme and are not
hydrolyzed (Barrett and Starkey
1973).
Attempts to induce emphysematous changes via the intravenous
injection of elastasehavemetwithlimited
success. Hamsters
injected intravenously with nonfataldoses of pancreatic elastase fail
to show histologic changes characteristic of emphysema (Schuyler et
al. 1978) and do not manifest detectable reductions in lung elastin (Ip
et al. 1980). However,elasticrecoilislost
at low lung volumes
(Schuyler et al. 1978). Fierer et al. (1976) has noted enlargements in
the airspaces of rats treated intravenously with large
doses (330 U)of
pancreatic elastase. They also found increases in the mean linear
intercepts and rarefication of the amorphous components of elastin
within the lungs. It is doubtful, however, if proportionally similar
intravenous levels of pancreaticelastase occur inhumanswith
pulmonary emphysema.
Polymorphonuclear Leukocyte Elastase
Polymorphonuclear leukocytes (PMN) appear tobe a more plausiblesource of endogenous elastaseinthehumanlungthanthe
pancreas, and aremore likely to be incriminated in the pathogenesis
of naturally occurring pulmonary emphysema.
PMNs contain elasto267

lyticenzymes(Janoff
1973; Ohlsson and Ohlsson 1974; RindlerLudwig et al. 1974) that can be released in active form within the
lung. Experimental studies have clearly demonstrated the abilityof
PMN elastase to degrade,lung elastin and to induce emphysematous
lesions in animals.
Marco et al. (1971) and Mass et al. (1972) induced experimental
emphysemain dogsby theadministration of aerosolized crude
leukocyte homogenates. Using purified human leukocyte elastase,
Janoff et al. (1977) demonstrated the abilityof the enzyme to digest
dog lung elastin in vitro and to cause significant dilation
of terminal
respiratorystructureswheninstilledinto
isolatedperfused
dog
lungs.Thein vivo intratrachealinstillation of humanleukocyte
90
elastasein dogs produces foci of alveolardestructionwithin
minutes of administration (Janoff et al. 1977). Senior et al. (1977)
studiedtheeffects
of intratracheally injected human leukocyte
elastase on hamsters and founda reduction in lung elastin in treated
animals, as well as mild patchy airspace dilation. Sloan et al. (1981)
were able to show that purified dog leukocyte elastase could also
produce emphysematous lesions in dogs when instilled endobronchially.
Guenter et al. (1981) developed a dogmodel of experimentally
inducedemphysemathat
avoided the necessity of intratracheal
instillation of enzymes. They repetitively injected E. coEi endotoxin
intravenously, thereby inducing extensive leukocyte sequestration
within the lungs of the dogs. A previous study had shown that the
sequestered cells degranulate and disintegrate within the vascular
bed (Coalson et al. 1970). Histologic studies of these dogs revealed
mild airspacedestructionandprominentintra-alveolarfenestrations.
Alveolar Macrophage Elastase
In a widely cited article (Mass et al. 19721, dog alveolar macrophage homogenates (obtainedby the method of Brain 19701, administered to two mongrel dogs produced “some dilatation and nonuniformity in the size of the airspaces accompanied by some alveolar
walldestruction”inone
of the dogs. Theother dogshowed no
evidence of emphysema.
In spite of the paucity of animal data, the pulmonary alveolar
macrophage (PAM) has been the focus of much investigation. Both
experimental and clinical evidence is available that implicates this
cell in the pathogenesisof pulmonary emphysema.
Two possible mechanisms by whichmacrophagesmaymediate
the
tissue injury are being actively studied. One mechanism involves
release of elastolytic enzymes followed by unrestrained proteolysis.
The second mechanism involves either a direct or an indirect injury
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following the releaseof toxic forms of partially reduced oxygen such
as superoxide anions, hydroxyl radicals,
and hydrogen peroxide.
Theability of humanalveolarmacrophagestosynthesizeand
secrete an elastolyticenzymedistinctfromPMNelastase
is the
subject of controversy. Although human alveolar macrophages have
been shown to synthesize a metalloprotease distinct from the serine
protease(elastase)
of the PMNs(DeCremoux
et al. 19781, its
hydrolytic activity against insoluble elastin substrate has not been
conclusively demonstrated (Hinman et al. 1980; Levine et al. 1976).
Interpretation of the observation that human alveolar macrophages
raised in cell culture systems secrete
an enzyme with true elastolytic
activity against insoluble elastin (Rodriguez et al. 1977; DeCremoux
et al. 1978) is complicated by the fact that alveolar macrophages bind
and internalize PMN elastase (Campbell and Greco 1982; White et
al. 1982; Campbell and Wald 1983). Hinman et al. (1980) detected a
calciumdependent metalloprotease in the culture medium and in
the cell lysates of humanalveolarmacrophagesandinitially
demonstrated elastolytic activity against synthetic elastin substrate
and soluble elastin by both the culture medium fluid and the cell
lysates. However, after 3 and 5 days of culture, no detectable activity
against insoluble elastin was evident. The authors calculated that
theinitialelastolyticactivity
observed couldbe
quantitatively
explained by PMN contamination.Therecognitionthathuman
alveolar macrophages internalize human PMN elastase (Campbell
and Greco 1982; White et al. 1982; Campbell et al. 1979; Campbell
and Wald 1983) and that the internalized
PMN elastaseretains
enzymaticactivityfor
at least48hours
(McGowan etal. 1983)
suggests an alternative explanation.
Green et al. (1979) subcultured human alveolar macrophagesfor 3
months and found measurable elastase activity against solubilized
elastin during the entire period. They concluded that the elastase
activity appeared to be synthesized continuously rather than being
internalized from external sources.
Insummary,humanalveolarmacrophagesreleaseelastolytic
enzymes capableof digesting connective tissue. Whetherthe elastase
released by these cells represents an enzyme synthesized denovo or
a previously internalized PMN elastase is uncertain and requires
further study.
Human alveolar macrophages, especially from cigarette smokers,
secrete highly reactive oxygen species (Hoidal et al. 1979a) that are
capable of directly injuring endothelial cells (Sacks et al. 1978) and
fibroblasts (Hoidal et al. 1981) and of inactivating a,AT (Carp and
Janoff 1979, Janoff 1979a).
Whole cigarette smoke inhibits PMN chemotaxis in vitroa dosein
dependent manner (Bridges et al. 1977). However,whenalveolar
macrophages are exposed to cigarette smoke either in vitro
or in
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vivo, they release a PMN chemotaxic factor (Hunninghake et al.
1980c) (see above).

Protease-Antiprotease Hypothesis
Theproteaseantiprotease hypothesisproposes that enzymatic
digestion of lung parenchyma occurs as a direct consequence of a
genetic or acquired imbalance of the proteaseantiprotease system
and that the subsequent repair
of connectivetissueis
unable to
return the structures to normal. This
hypothesis derives principally
fromtwoobservations:
(1) people geneticallydeficientina,AT
(Laurel1 and Eriksson 1963), the major antielastase of the lower
respiratory tract of humans (Gadek et al.
1981a), are at greatly
increased risk of developing pulmonary emphysema, and (2) proteolytic enzymes produce physiologic and anatomic lesions resembling
emphysema when administered to experimental animals (Gross et
al. 1965). Attempts to integrate the clearly established relationship
of cigarette smoking and pulmonary emphysema with the
proteaseantiprotease hypothesis have led investigators to search for ways in
which smoking perturbs this balance.
Increased Elastase Owing to the Cellular Response to Smoke
At least five variables, aside fromthe genetically determined level
of antiprotease activity, could influence the elastase burden of the
lungs. Thesevariablesinclude
(1) anincreaseinthenumber
of
elastase-containingcellswithin
the lung,(2) a n increaseinthe
quantity of prepackaged or newly synthesized elastase per cell,
(3)
the quantity of elastase released from the cells, (4) the proximity of
the elastase to suitable substrate, and (5) the extracellular milieu
(i.e., pH, ionicstrength, and factors such
as platelet factor4).
Number of Cells

As discussed earlier, the human cigarette smoker has increased
numbers of alveolar macrophages in the bronchoalveolar lavages
compared with nonsmokers (Rodriguezet al. 1977; Harris etal. 1975;
Reynolds and Newball1974; Hoidal and Niewoehner1982). Holt and
Keast (1973b) found sustained elevationsof pulmonary macrophages
in mice exposed to cigarette smoke. Cigarette smoke has been shown
torecruitPMNsintotheairways(Kilburnand
McKenzie 1975;
Rylander 1974) and to inducealveolarmacrophagestorelease
a
chemotacticfactor
for PMNs(Hunninghake
et al.1980~).The
circulating PMNs are reportedto be increased in cigarette smokers
(Corre et al. 1971; Galdston et al. 1977). Hunninghake et al. (1980~)
and Reynolds and Newball(1974) found increased numbers of PMNs
in the lavage fluid of smokers, but Hoidal and Niewoehner (1982)
reportedsimilarnumbers
of PMNsin the lavages of cigarette
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smokers and nonsmokers. Hunninghake and Crystal(1983) obtained
isolated cell suspensions fromthe bronchoalveolar lavage fluids and
from open lung biopsies of nonsmokers and cigarette smokers with
a
bothnormallungparenchymaand
sarcoidosis. Theyfound
significantly increased number of neutrophils and macrophages in
the lavage fluid and in the
biopsy specimens from cigarette smokers
as compared with nonsmokers, both in patients with normal lung
parenchyma and in those with
sarcoidosis.
Elastase Content

Harris et al. (1975) found a n increase in the elastase-like esterase
andproteaseactivity
of macrophagesobtainedfromsmokers
as
compared with nonsmokers. Galdston et al. (1977) found the PMN
elastase levels of circulating PMNs to be elevated in patients with
chronic obstructive lung diseaseand suggested that the intracellular
elastase levels may be genetically determined (Galdston et al.1973).
Other investigators (Lamet al. 1979; Rodriquez et al. 1979) reported
et al. (1980) failed tofindany
similarfindings,butKramps
correlation between the PMN elastase levels and obstructive lung
diseasein PiZZ patients,althoughthey
did note a difference in
PiMM patients. Lonky et al. (1980) demonstrated that dogs infected
with Type3 pneumococcus had increased PMN elastase-like
esterase
activity within theircells, suggestingan acute phase reaction.
Release
A variety of mechanisms may lead to the extracellular releaseof
lysosomal contents.Theseinclude celllysis, regurgitationduring
phagocytosis, reverse endocytosis, humoral mediation, and cytochalasin B treatment of cells (Klebanoff and Clark 1978). Wright and
Gallin (1979) showed that migration of PMNs is associated with the
leakage of various enzymes. Sandhaus (1983) found that migrating
humanneutrophilsdegradeelastininvitrointhepresenceor
absence of human a,AT. A similar mechanism may occur during
neutrophil migration in vivo. Hutchison et al. (1980) found that the
soluble fraction of cigarette smoke suppressed the release of lysosomal enzymes (acid phosphatase and acid ribonuclease) from PMNs
abtained from healthy persons, but not from the PMNs
of emphysematous patients. Blue and Janoff (1978) demonstrated that the
water-insoluble fraction of cigarette smoke has a cytotoxic effect on
PMNs in vitro and causes them to release their lysosomal contents,
including beta-glucuronidase, acid phosphatase, and elastase. Eliraz
et al. (1977) found that canine alveolar macrophages and PMNs,
when stimulated with the water-soluble fraction of cigarette smoke,
secrete elastase.Abboud et al. (19831, however, compared the release
of elastase and S-glucoaminodase from PMNs obtained from ciga27 1

rette smokersandwiththat
fromnonsmokersand
found no
differences. In vitro stimulation of these cells by ?ither phagocytosis
or chemotacticpolypeptides did not alter theresults. These researchers concluded that chronicsmoking
does notaffect
neutrophil
elastasereleaseinvitroandthatamongsmokersthere
is no
significant relationship between in vitro neutrophil elastase release
and abnormalities in lung function.
They speculatedthat some of the
differences between studies may be related to experimental conditions, suchas the concentrations of cigarette smoke.
Because the mechanisms involved in the release of intracellular
contents are complex and the representativeness of in vitro conditionstoin
vivo events is uncertain,definite conclusions await
further studies.
Proximity

Elastolytic activity is conditioned by the absorption of elastase
onto elastin substrate (Robert and Robert 1970); the adsorption, in
turn, results from the electrostatic attraction
betweennegatively
charged carboxylate groups of elastin and positively charged groups
of elastase (Hall andCzerkowski 1961; Gertler 1971). Campbell et al.
(1982) found that a,AT has less inhibitory activity against PMN
elastase derived from cells in contact with substrate than against
PMNelastasefreeinsolution.
Theyreasoned
thatthepartial
exclusion of proteaseinhibitors from thePMNconnectivetissue
interface may accountfor this phenomena and maybe an important
factor in elastase-mediated injury. Focusing more onthe macroenvironmentwithinthelung,Janoffetal.(1983~)
found thatthe
bronchoalveolarlavagefluids
of youngasymptomaticcigarette
smokers contain significantly more elastase activitythan thelavage
fluids from nonsmokers. Kucich et al. (1983) found that the serum
lung elastinderived peptideswereelevated
in some smokers and
most patients with COLD, suggesting that elastolysis may be taking
place in smokers andCOLD patients.
Milieu

A number of in vitro experiments have examined chemical
the
and
physical conditions that modify neutrophil elastase kinetics. Lestienne and Bieth (1980) demonstrated that human leukocyte elastase
activity is activated in thepresence of substrate excess, hydrophobic
solvents, and increasing ionic strength. The adsorption of sodium
dodecyl sulfate (SDS),a hydrophobic, anionic ligand, ontothe surface
of elastin enhances the elastolytic activity
of pancreaticelastase
(Kagan et al. 1972). Lonky et al. (1978) showed that platelet factor 4
(PF,) in physiologic concentrations is capable of in vitro stimulation
of human neutrophil elastase (HLE) against lung elastin.Low doses
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of HLEinstilledintratracheallyinhamstersfailedtoinduce
physiologic, morphologic, or biochemical changes, but following the
addition of PF4, a significant injury was evident, and
the elastin
content of the lung was lowered by 20 percent (Lonky et al. 1978).
Boudier et al. (1981) demonstrated that human leukocyte cathepsinG, an enzymein
the azurophilicgranulesthat
possesses little
intrinsic elastolytic activity, stimulates the rate of solubilization of
human lung elastin by HLE. The elastolytic activity increased by
morethan five timestheHLEratewhentheHLEcathepsin-G
mixture was present in equimolar concentrations. The relevance of
thesefindingstothe
physiologic conditions that prevailin vivo
requires further study.
Laurent et al. (1983) recently discovered that the water-soluble
components of filtered cigarette smoke suppress, aindosedependent
manner, the lysyl oxidase-catalyzed oxidation of the epsilon-amino
groups of lysine residues in tropoelastin. This step is essential the
for
formation of covalent cross-links between neighboring elastin polypeptidechains
that,inturn,are
necessaryfornormalelastic
strength within the lung.
Decreased Antiprotease Owing to Oxidation
A comprehensivereview of the role of oxidative processes in
emphysema has recently been published by Janoff et al. (1983a). In
vitrostudieshaverevealedthatoxidantssuch
as chloramine T
(Abrams et al. 1981) or ozone (Johnson 1980) cause a loss in the
inhibitory capacity of a,AT for neutrophil elastase. The mechanism
of inactivation has been identified as the oxidation of methionine
and tyrosine residues (Johnson and Travis 1979; Cohen 1979; Carp
and Janoff 1978) within the a,AT molecule. Chloramine T, when
administered differentially todogs, reduces EIC > TIC of serum and
also results in emphysema (Abrams et al. 1981). Cigarette smoke is
also known to contain oxidants (Stedman 1968; Pryor et al. 1983).
Aqueous solutions of cigarette smoke reduce the elastase inhibitory
capacity of human serum (Carp and Janoff 1978) and result in less
binding of elastase to a,AT in vitro (Carp and Janoff 1978). Some
investigators have found that the a,AT activity is reduced in the
lavage fluids (BALF) obtained from human cigarette smokers and
from rats exposed to cigarette smoke (Gadek et al. 1979; Carp et al.
1982; Janoff et al.1979a). Stone et al. (1983)reported similarlevels of
functionala,-antitrypsininthebronchoalveolarlavagefluids
of
humansmokersandnonsmokers.JanoffandChan
(1984) have
suggested that thisdifference in results may reflect the timing
of the
lavageinthesestudies,
as rats chronicallyexposedtocigarette
smokehadrapidinactivation
of a,-antitrypsin following smoke
exposure,butalsohad
a morerapidrecovery
of a,-antitrypsin
activity than did rats acutely exposed to smoke. Stone et al. also
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recognized that their study may not have detected a reduction in
alpha,-antitrypsin activityif it was accompanied bya rapid recovery
to normal levels. Methionine sulfoxide peptide reductase, a n enzyme
present in human PMNs, can reactivate alAT
oxidized by chloramine T or by the myeloperoxidasesystem, but alAT exposed to
cigarette smoke plus peroxide (Carp
et al. 1983) has been shown to
be
either resistant to reactivationby the myeloperoxidase system (Carp
et al. 1983) or incompletely reactivated (Jameset al. 1984).
Human ceruloplasmin has been shown to prevent
myeloperoxidase mediated oxidation of a,AT under specified conditions of pH
and solvency (Taylor and Oey 1982), although the role played by
ceruloplasmin in limiting oxidationby phagocytes in vivo is unclear.
lysosomal
Taylor et al. (1983) examinedplasmaandleukocyte
samples from a group of COLD patients and measured the ability
of
these samples to inhibitlipid peroxidation. While they reasoned
that
inhibitors of peroxidation could protect a,AT from inactivation by
neutralizing lipid free radicals, they found that inhibition required
factors from both plasma andlysosomal extracts and that the factor
was not ceruloplasmin. Two of ten emphysematous patients had
reduced plasma factor activity, and one of these patients also had
reducedlysosomal factor. Controls had normal values
for both of
these factors.
Galdston et al. (1984) examined serum ceruloplasmin concentrations and antioxidant activity in male and female smokers. Smokers
of both sexes had higher serum ceruloplasmin concentrations than
didnonsmokers; women inbothsmokingcategorieshadhigher
concentrationsthantheirmalecounterparts.Serumantioxidant
activity showed a significant positive correlation with serum ceruloplasmin levels; however, for comparable ceruloplasmin concentrations, serum antioxidant activity was significantlylower in smokers
than in nonsmokers
of both sexes. The researchers suggest that
cigarette smoking may cause partial inactivation of serum antioxidant activity that
is accompanied by an insufficientincreasein
ceruloplasmin concentration.
Endogenous phagocytes are also capable of generating oxidants
(Babior 1978; Klebanoff and Clark 1978). The phagocyticenzyme
myeloperoxidase, in the presence of hydrogen peroxide and halide
ions,oxidativelyinactivates
a,AT (Matheson e t al. 1979, 1981).
Smoking, as described above, elevates the oxidative metabolism in
lung macrophages (Hoidal and Niewoehner 1982; Fox et al. 1979;
1980; 1981).
Thus, it is clear that the oxidants present in cigarette smoke and
the lungmacrophages of smokers can inactivate alAT. This inactivation, coupled with the increased elastase burden that may result
from the inflammatory cell response of the lung to smoke,could tip
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the balance of the proteaseantiprotease system in the direction of
elastin degradation.
Explanation for Upper Lobe Distribution
In accord with the protease-antiprotease hypothesis, emphysematous lesions resultfromtheunrestrainedproteolytic
digestion of
connectivetissueelements.Theregionaldistribution
of lesions
within the lungis thought tobe conditioned by both biochemical and
physiological variables.
The predilection of lower lobe involvement in persons with a,AT
deficiency is hypothesized to result from a n increased number of
elastase-containing cells because of the higher vascular perfusion to
this area inerectman.This
excesscouldoccurbecause
of the
of higher blood flow
deposition of senescent leukocytes in these areas
(Guenter et al. 1981). In addition, inhaled particulates preferentially
deposit in the lower lobes (Milic-Emili et al. 1966; Dollfuss et al.
1967), andthe
leukocytesreleasetheirenzymeextracellularly
during the ingestion of these particulates. Because of the genetic
is unopposed and
deficiency of a,AT,theproteolyticactivity
destruction occurs.
The predominance of upper lobe lesions in cigarette smokers with
normalsystemic levels of a,AT is againthoughttoresultfrom
variations of ventilation and perfusion within the lung (Cockcroft
and Horne 1982). However, in normal individuals the proteolytic
activityduetothe
excess particulate deposition inthebases
is
inhibited by a,AT that isreplenished by the increasedvascular
perfusion also occurring inthe bases. The upper lobes, although less
well ventilatedthanthe
lower lobes, neverthelesshavehigher
venti1ation:perfusion ratios because of the proportionately greater
fall in perfusion. The oxidative inactivation of a,AT by cigarette
smokein the upper lobes thereforemaynot
becompensated by
vascularrepletion of the inactivated a,AT, and an imbalance
of
protease-antiprotease may occur. The upperlobe injury may thenbe
magnified by mechanical stresses caused secondary to the negative
intrapleuralpressuresgenerated
by gravitational forces inerect
man (West1971).
Animal Models of Emphysema
Spontaneous Emphysema

Emphysema occurs spontaneously in animals in forms resembling
the typesseeninhumandisease(KarlinskyandSnider
1978).
However, the low incidence and unpredictable occurrenceof disease
as experimental models.
in animals greatly limit their utility
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ExperimentallyInducedEmphysema

A number of insults, including oxides of nitrogen, cadmium salts,
whole cigarettesmoke, ozone exposure,andproteolyticenzymes,
have been used to induce or augment emphysematous lesions in a
variety of experimental animals. The reader interested ina comprewell-documented article
hensive reviewof this topic is referred to the
by KarlinskyandSnider
(1978). The evidenceforeach
of these
insults, as they pertainto cigarette smoke, is reviewed below.
Oxides of Nitrogen

Oxides of nitrogen, present in the gas phase of smoke, appear to
induceorpotentiateemphysema-likelesionsinsomeanimals
(Karlinsky and Snider1978).
Nitrogen dioxide (NO,) exposure causes airway narrowing and an
increase in theproteolytic burden within the lungsof experimental
animals. Airway narrowing is postulated as a contributing factor in
et al. 1980).
the pathogenesis of pulmonaryemphysema(Juhos
Following exposure to NO,, rats develop bronchiolar stenosis. The
nitrogen dioxide exposure also induces a n influx of alveolar macrophages (AM) and polymorphonuclear
leukocytes
(PMNs)
(cells
known to contain proteolytic enzymes) into the lungs (Juhos et al.
1980). Kleinerman et al. (1982) demonstrated a n increased number of
alveolarmacrophagesandPMNsinlunglavagesfromhamsters
exposed to NO,. Although there is no detectableincreasein
the
elastolytic activity from lung lavages of NO,-exposed animals, the
cell-free culture medium from macrophage cultures of NO,-exposed
animals does show a twofold to fivefold increaseinelastolytic
activity during the first 2 weeks of exposure (Kleinerman et al.
1982).
Nitrogen dioxide exposure has not been shown to cause alveolar
septal disruption, an essential feature of centrilobular emphysema,
but it does result in a significant reduction in the internal surface
area inthelungs
of hamsters exposed for 12 to 14 months
(Kleinerman and Niewoehner1973).
CadmiumSalts

Animals exposed to cadmium, a constituent found in the particulate phase of cigarette smoke, develop a number of histologic and
biochemical changes that maylead to emphysematouslesions.
Exposed animals develop pulmonary edema, vascular congestion,
intraparenchymal hemorrhages, and a loss of Type I pneumocytes
(Palmer et al.1975; Strauss et al. 1976), and PMNs and mononuclear
cells influx into the lungs (Snider et al.1973). The animals develop
acute peribronchial damage followed by the accumulation of granulation tissue near the respiratory
bronchioles,thickenedalveolar
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septa, and distortion and distentionof neighboring alveoli (Snideret
al. 1973). These histologic changes are more suggestive of the scar or
paracicatricialform of emphysemathanthecentrilobularform
reported in some industrial workers exposed to CdC1, (Princi 1947).
Thisdisparityinresponseto
CdC1, could be relatedto species
differences or the interactionof CdC1, with other factors.
When hamsters are exposed to CdC1, plus beta-amino proprionitrile (B-APN), a n inhibitor of lysyl oxidase, they develop thin-walled
subpleural bullae and airspace enlargements resembling panlobular
emphysema(Niewoehner and Hoidal 1982). The mean linear distancebetweenalveolarinterceptsissignificantlyincreased;pressure-volume studies show overinflation and increased compliance of
the lungs (Niewoehner and Hoidal 1982). This study suggests that
CdCl,, perhaps in conjunction with some other as yet undetermined
agent, maybe important in the pathogenesis
of pulmonary emphysema. The fact thatCdC1, is a constituent of cigarette smoke (Randiet
al. 1969) lends support to this hypothesis.
Cigarette Smoke

Cigarette smoking has been clearly identified as a major causal
factorin the development of pulmonaryemphysemainhumans
(Auerbach et al. 1972; 1974; Petty et al. 1967; Andersen et al. 1967;
Niewoehner et al. 1974; USDHEW 1979). However, an animal model
for the development of emphysema using the inhalationof cigarette
smoke alone has not beenconvincingly demonstrated. Parenchymal
disruption resembling human emphysema has been reported in some
dogs following prolonged cigaretteexposure,butthishistologic
pattern is not uniformly present (Hernandezet al. 1966; Auerbach et
al. 1967a; Zwicker et al. 1978).
This difficulty in developingan animalmodel for cigarette-induced
emphysema may relate to the reluctance
of animals to inhale smoke
and the relatively long duration of exposure required to produce
emphysema in humans. However, it may also result from the need
for a combination or sequence of effects to induce emphysematous
change. That is, a n increased elastase burden might be necessary
(secondary to the cellular response to smoke)
before the oxidant
damage of smoketoa,AT,ortorepairmechanisms,resultsin
emphysema. Hoidal and Niewoehner (1983) examined this question
in hamsters exposed to low doses of smoke and elastase. Neither
exposure alone resulted in significant emphysematous change, but
the combinedexposure did causechange.Thissuggests
that an
increasedelastaseburdenmay
be a precondition for smokinginduced emphysematous lung injury, and may also explain the long
exposure period required in humans prior
to the demonstrationof a n
increased prevalenceof emphysema in smokers.
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Experimental studies have shown that cigarette smoke can induce
a number of cellular, biochemical, and metabolic changes within the
lungs that may be causally relatedto the development of emphysema. Macrophages andleukocytes, cells known to contain proteolytic
enzymes, are recruitedto
thelungs of hamsters(Kilburnand
McKenzie 1975)and guineapigs (Flint et al. 1971) following exposure
to cigarette smoke, thereby increasing theproteolytic burden of the
lungs. Conversely, the a,AT activity decreases in rats after inhalation of cigarette smoke(Janoff et al. 1979a). The increased proteolytic burden within the lungs coupled with the concomitant diminution in inhibitory capacity tends to create
a protease-antiprotease
imbalance and a situation whereby unrestrained connective tissue
destruction mayoccur.
The Effects of Smoking on CellularandImmune
Mechanisms

Defense

There are important functional differences between macrophages
from smokers and those from nonsmokers (Table 1).For example,
Warr and Martin (1977) demonstrated that receptors for the third
component of complement (C3b) are decreased in number or function
on the surface af smokers’ alveolar macrophages. The receptors for
the Fc portion of IgG, however, are normal on thesecells (Warr and
Martin 1977). Animportantfunction
of the C3b receptoris to
a u h e n t the attachment and phagocytosis of microorganisms and
particulates by the macrophages. It is not clear whether this subtle
defect in cell function results ina significant alteration inphagocytosis or clearance of particulates or microorganisms by these cells. In
this regard, the phagocytosis and killing of a variety of microorganisms by smokers’alveolarmacrophageshavebeenshowntobe
normal by Harris et al. (1970) and &hen and
Cline (1977). One
report by MartinandWarr
(1977), however,suggests thatthe
is decreasedin
capacity of alveolar macrophages to kill bacteria
smokers.
The observation that human alveolar macrophages from cigarette
smokers function normally to kill microorganisms appears to
differ,
at first glance, from a number of animal studies demonstrating that
thecapacity
of alveolarmacrophagestophagocytoseandkill
bacteria is impaired following exposure to cigarette smoke (Holt and
Keast 1973; Rylander 1971,1973). In these animal studies, there was
a n initial decrease in the numbers of alveolar macrophages and a
decrease in their bactericidal function
following exposure to cigarettesmoke.Withprolonged
exposure,however, thenumber of
macrophagesincreasedandtheirabilitytokillmicroorganisms
returnedtonormal(Rylander
1973, 1974). Theseobservations
suggest that cigarette smoke, initially, is toxic to alveolar macro278

phages. However, it is likely that themacrophages, with time, adapt
to the presence of cigarette smoke. In addition, a subpopulation of
macrophages that are moreresistanttocigarettesmokemay
increase in number in the lung. The macrophages isolated from the
lungs of smokersresemblethoseisolatedfromanimals
following
prolonged exposure to cigarette smoke. The acute
effects of cigarette
smoking on the number and functions of alveolar macrophages in
man has not been systematically evaluated.
Alveolar macrophages of cigarette smokers appear to interact in
an abnormal fashion with lymphocytes (Table 1). In this regard,the
alveolarmacrophagesfromcigarettesmokersfunction
poorly as
accessorycells inpresentingantigentoautologouslymphocytes
(Laughter et al. 1977).This latterdefect may befurther magnified by
the observation that lymphocytes from cigarettesmokersalso
respond poorly tomitogens(Neher
1974; Daniele et al. 1977).
Additional evidence foran abnormal interactionof macrophages and
lymphocytes in lungsof cigarette smokers is a decreased response of
alveolarmacrophagesto
the lymphokine,macrophagemigration
inhibitoryfactor(Warr
1979). Theseobservationssuggest
that
cigarette smoking may have broad effects on the ability of the lung
to generate a cellular immuneresponse.
In Vitro Effects of Cigarette Smoke on Inflammatory and
Immune Effector Cells
The most readily demonstrable effect of cigarette smoke, in vitro;
is a decrease in cell viability (Holt et al. 1974; Holt and Keast 1973;
Nulsen et al. 1974; Weissbecker et al. 1969). Atrelatively low
concentrations,cigarettesmokeand
its constituentsrapidlykill
alveolarandperitonealmacrophagesinvitro.
Lymphocytes and
polymorphonuclearleukocytes are alsoverysusceptibletothese
agents (Holtet al. 1974; Blue and Janoff1978).
Whensublethalamounts
of cigarettesmoke are employed, a
number of metabolic and functional changes occur in macrophages.
as is thefunction of a number of
Phagocytosisisdepressed,
macrophage enzymes (Vassallo et al. 1973; Green 1968a, b, c, 1969,
1970; Green and Carolin 1966, 1967; Green et al. 1977; Powell and
Green 1971; Hurst and Coffin 1971). In addition; protein synthesisis
also depressed (Yeager 1969; Low 1974), and stimulatoryeffects have
beennoted.Whilecigarettesmokedepressesphagocytosis
and
intracellular killing, nitrogen dioxide increases the metabolic activity of macrophages (Vassallo et al. 1973). Similar effects have been
observed undersomeconditionswithcigarettesmoke(Holtand
Keast 1973; Leuchtenberger and Leuchtenberger1971). Results from
a number of investigators suggest that the balance between stimulation and inhibition of macrophage activity is determined by dosage,
with stimulation occurring at low exposure levels and inhibition at
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higher concentrations (Holt and Keast1973; Lentz andDiLuzio 1974;
York et al. 1973). The most potent stimulation occursafter prolonged
exposure tolow levels of the agent.
These in vitro effects of cigarette smoke are also seen acutely in
vivo following exposure to smoke. The immediate effect of exposure
to cigarette smoke, and to agents present in thesmoke, is a decrease
in viability of the pulmonary alveolar macrophages (Holt and Keast
1973a, b; Rylander 1971, 1973; Coffin et al. 1968; Dowel1 et al. 1970;
HoltandNulsen
1975; Gardner et al. 1969). Althoughnot well
studied, it is also likely that cigarette smokeis toxic to polymorphonuclear leukocytes(Blue and Janoff 1978). Insupport of these
of
observations are studiesdemonstratingthatacuteexposure
experimentalanimalsto
tobacco smoke, orto
components of
cigarette smoke, also lowers their resistance to bacterial infection
(Rylander 1969, 1971; Acton and Myrick 1972; Gardner et al. 1969;
Goldstein et al. 1971; Huber and LaForce 1971; Huber et al. 1971).
Short-term exposure to componentsof cigarette smoke, particularly
nitrogen oxide, hasalso
reducedresistancetoviralinfection,
probably by inhibiting interferon production by macrophages (Valand et al. 1970). As noted above, these in vitro and acute in
vivo
effects of cigarette smoke are not seen following long-term in vivo
exposure in animals;very little work has been done on the effects of
cigarette smoke in vitro, using human
cells. However, several studies
have shown that cigarette smoking andnicotine, at levels comparable to those encountered in the circulation of smokers, produce a
slight but significant depression of PHA-stimulated DNA synthesis
in human peripheral blood lymphocytes (Neher 1974; Silverman et
al. 1975; Vos-Brat and Rumke1969).

The Effect of Cigarette Smoke on Antibody Production
Theavailabledataonantibody
production in human smokers
suggest that cigarette smoking may depress these
responses. The
production of antibodies was investigated in a large study involving
influenzavaccination.Smokersin
the populationexhibited
increasedsusceptibilitytoinfectionduring
an influenzaoutbreak
(Finklea et al. 1969, 1971). Prior to immunization with influenza
vaccine, smokersexhibitedsignificantly
lower titers of specific
antibodies than did nonsmokers. Immediately following vaccination
of both groups, the smokers developed levels of antibodies comparabletothose
of nonsmokers. However, the antibody titer inthe
smokers fell below their nonsmoking counterpartswithin a few
weeks, and by a yearafter vaccination the smokersexhibited
markedly depressed levelsof circulating antibodies.
The capacityof cigarette smoking to alter antibody
production was
alsostudied by evaluatingthecapacity
of a fetustostimulate
lymphocytotoxicantibodies against HLA antigensinthemother
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(Nyman 1974). Sera from a large number of pregnant women were
tested for the presence of lymphocytotoxic antibodies against a 4 8
donor panel. The smokers exhibited a significantly lower incidence
of theseantibodiesthan
did nonsmokers,andthedivergence
between groups increased with the number of deliveries. Infections
duringpregnancywere
observedsignificantlymoreoftenin
the
smokers in this trial.
In several animalmodels, acute exposure towhole cigarette smoke
or components of cigarette smoke depressed the numbers of antibody-forming cells inthe spleen and the serum
levels of antibodies in
animals exposed to a variety of antigens (Miller and Zarkower1974;
Zarkower and Marges 1972; Zarkower et al. 1970). The depression
was greatestwhentheantigenwasadministered
by a n aerosol
(rather thanby systemic inoculation), indicatingthat smoke appears
to exert an effect close to the point of entry. Prolonged exposure
ultimately resulted in severe depression bothlocal
in and in systemic
antibody responses (Esber et al. 1973; Holt et al. 1976; Thomas et al.
l973,1974a, 1974b, 1975).
Although it is tempting to relate these abnormalities in immune
response to the known association between cigarette smoking
and
increasedincidence of upper respiratory infection, it is not clear
whether the subtledefects in immune functions can entirely account
for the infections present in cigarette smokers. Clearanceof bacteria
from therespiratorytract
is a complexprocess
that involves
interplay between a variety of different mechanisms, only some of
which include the function of alveolar macrophages andthe capacity
of the lung to mount cellular and humoral immune
responses. Other
abnormalities present in cigarette smokers
that could account for
this increased incidence of infection include a markedly abnormal
trachealbronchialclearance
of particulatesandanincreased
adherence of bacteria to airway epithelium
(reviewed in USPHS
1971, 1973, 1974).
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EFFECTS OF CIGARETTE SMOKE ONAIRWAY
MUCOCILIARYFUNCTION
Introduction

There is extensive literature on the effects of cigarette smoke on
mucociliary clearanceintheairways,withthemajority
of the
reports appearing between 1965 and 1975. Different experimental
approacheshavebeen
used, includingin vivo measurement of
mucociliary function in animal models and in human subjects. The
results of some of these studies have been contradictory, presumably
because of differences in experimental techniqueor the influence on
mucociliary function of factors other than cigarette smoking. For
example, tracheal mucociliary transport appears todecline with age
in normal subjects (Goodman et al. 1978), an important phenomenon
to consider when assessing the effects of long-term cigarette smoking. Another complicating factor is the clearly demonstrated impairment of mucociliary function produced by chronic bronchitis even in
nonsmokers, such as in patients with cysticfibrosis (Wood et al.
1975) or immunoglobin deficiency (Mossberg et al. 1982). Therefore,
it is difficult to separate the direct effects of cigarette smoke on
mucociliary functionfromthose
of smoking-associatedchronic
bronchitis.Finally,invitrobioassaysforciliotoxicitymaynot
reliably reflect the effects of cigarette smoke on the mucociliary
apparatus in the intact airways. Thus, Dalhamn et al. (1967) found
that smoke produced by cigarettes containing a high concentration
of hydrogen cyanide was more ciliotoxic in vitro
than that produced
by cigarettes containing a low concentration of hydrogen cyanide,
and the two types of cigarettes caused a comparable reduction of
mucus transport invivo.
This review is divided into three parts. Thefirst part summarizes
the normal structure and function of the mucociliary system in the
airways. The second part deals with the direct effects of short-term
and long-term cigarette smoke exposure on
mucociliaryfunction,
and the third part
discusses mucociliary function in chronic bronchi-

tis.
Normal MucociliaryFunction

Theprincipalfunction
of the airway mucociliarysystemis
its
by physical
contribution to host defenses. Thisisaccomplished
removal of inhaled foreign material from the ciliated airways by
mucous transport and by biochemical and immunological processes
that protect against invasion of the mucosa by infectious agents.
Normal mucociliary clearance depends upon an optimal interaction
between cilia and mucus.
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Cilia
The respiratory mucosa from the proximal trachea
to the terminal
cilia
bronchiolesconsists
of a pseudostratified epitheliumwith
protruding from the luminal surface of columnar cells (Figure 1).
The larynx contains a mucus-secreting squamous epithelium over
most of itssurface,and
cilia arepresent only inthe posterior
commissure (Wanner 1977). The major cell types in the respiratory
mucosa arebasal cells, intermediate cells,nonciliated columnar
cells, ciliated columnar cells,and goblet cells. In the larger airways,
the major part of the epithelial surface is
ciliated. Theratio of
ciliated columnar cells to goblet cells is approximately 5:l in the
trachea, with a relative decrease in the number of both cell types
toward the peripheral airways. The surface
of each ciliated columnar
of 6 pm
cell contains approximately200 cilia with an average length
and diameter of 0.2 pm. Both ciliated and nonciliated columnar cells
arecharacterized by microvillion theirluminalsurface.These
measure 0.3 pm in length and 0.1 pm in diameter. The ultrastructure of cilia in l o w s animals and mammals is remarkably similar.
Each cilium containslongitudinal
microtubules thatappear to
representcontractileelements.
Two single microtubulesform a
central core, and nine microtubules with a doublet structure are
arranged in a circular fashion in the peripheryof the cilium. A basal
body in the apexof the cell corresponds to each cilium. Circular and
radial bridges havebeendemonstratedbetweentheperipheral
microtubules and between the peripheral and central microtubules.
These bridges (dynein arms, nexin links, radialspokes) appear to be
crucial for ciliary bending.

Mucus
Respiratory secretions consist of mucus produced by submucosal
glands and gobletcells and tissue fluid. The total volume of all
mucus-producing structures has been estimated at approximately 4
ml in human lungs;submucassal glands make up most
of this volume
(Wanner 1977). The submucosal glands are under parasympathetic
nervouscontrol,with
anestimateddailyvolume
of respiratory
secretionsbetween10and100
ml. Human respiratory secretions
water. Therest
consists of
containapproximately95percent
micromolecules (electrolytes and amino acids) and macromolecules
(lipids, carbohydrates, nucleicacid,mucins,immunoglobulins,enzymes, and albumin). In situ, the respiratory secretions take the
form of two layers, i.e., periciliary fluid (sol phase), and mucus (gel
phase), as shown in Figure 1. Mucus has been clearly identified as
the product of submucosal glands and goblet cells; the origin of the
periciliaryfluidhas
notbeendefinitelyestablished,although
transepithelial water transport appears to
be the most likely source.
In central airways, the mucus layer is 5 to 10 pm deep and may be
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FIGURE 1.4chematic representation of normal mucosa
(central airway) with the components of the
mucociliary apparatus
NOTE: Fromtop(airwaylumen)
to bottom. note mucus layer, periciliaryfluid layer, epitheliumwitha
predominance of crliated columnar cella and an interspersed goblet cell, basement membrane, and submucceal
gland.
SOURCE:Wanner (1979).

discontinuous. In peripheral airways where submucosal glands
are
absent and goblet cells are rare, mucus is either absent or present
only in small quantities. Regeneration
of injured ciliated respiratory
epithelium takes approximately 2 -weeksinanimals;theexact
regenerationtime
of damaged humantracheobronchialciliated
epithelium is not known (Wanner 1977). It appears that regeneration
does not begin until 2 to 3 days following mechanical injury.

Mucociliary Interaction
Mucociliary interaction depends on ciliary activity, the rheologic
propertiesanddepth
of themucuslayer,andthedepth
of the
The viscoelasticproperties of mucus are
periciliaryfluidlayer.
determined by its biochemical characteristics (disulfide cross-linking
and hydrogen bonding between glycoprotein molecules and water)
(Wanner 1977). Cilia beat in one plane, with a fast effective stroke
(power stroke) in the cephalad direction and
a recovery stroke thatis
two to three times slower. Adenosine triphosphate has been identified as theenergysource
forciliarybending.Inmammals,
the
average normal ciliary beat frequency is approximately 1,000 beats
per minute,withcoordinated
motion inadjacent
ciliaon
an
individualcell andincilia
of adjacent cells. Thisiaterciliated
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TABLE 2.-Measurement
humans

of airway mucociliary function in

Method

Reference

radioactive
Clearance of inhaled
aercsols from the lungs

Morrow et

Transport of

Friedman
(1977)
al. et

discrete
markers

al.

(1967)

Sackner et a l . (1973)
Central
airway
clearance
of inhaled
Yeates
et
boli of radioactive microspheres

al.

(1975)

pattern of motion by which adjacent cilia beat one after another to
generate a wave of ciliary motion is called metachronism.
The “normal” thickness of the periciliary fluid layer is less than,
or a t best equal to, the length of the ciliar shafts, which measure
approximately 6 pm in the central airways. The luminal surface of
the mucus layer appears smooth, whereas the surface in contact with
the cilia is irregular, and the mucus penetrates between the ciliary
shafts. This penetration and the
claw-like projections at the cilia tips
may further facilitate the mechanical interaction betweencilia and
mucus.Inthetrachea,the“normal”surfacemucustransport
velocity is between 5 and 20 mm per minute depending upon the
method of measurement. Mucous transport velocity decreases
toward the peripheral airways.
The three principal methodsfor the measurement of tracheobronchial mucociliary function in humans are listed in Table 2. All of
these have been used in studies of the effects of cigarette smoke on
mucociliary function.
Theoretically, mucociliary dysfunction can result from alterations
in ciliary beat frequency and coordination, the quantity and viscoelastic properties of mucus, and the thickness
of the periciliary fluid
layer. In addition, focal destruction of the respiratory epithelium,
producing areaswithout cilia or mucus, is alsoassociated with
impaired or absent mucociliary transport.
Effects of Cigarette Smoke on MucociliaryFunction

The irritant effects of cigarette smoke on mucociliary clearance
were recognized by Mendenhall and Shreeve(1937). They observeda
decrease in the transport rateof carmine particles on the mucosa
of
excised cat tracheas after bringing them in contact with cigarette
smoke, either directlyor by dissolving it in thesolution in which the
tracheaswereimmersed(MendenhallandShreeve
1937, 1940).
These earlyfindings were confirmed by Hilding (1956) and Dalhamn
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(1959) approximately 25 years ago. Since then,investigations to
assess the effects of cigarette smoke on ciliary activity and mucociliary transport have proliferated. Because cigarette smoke can impair
mucociliary transport by interfering with ciliary activity or mucus
secretion, the studies relating to these two component functions are
discussed separately and are complemented by a review of experiments involving mucociliary transport, the ultimate expression of
mucociliary function.
The effects of cigarette smoke on mucociliary function have been
extensively studied in vitro, in intact animal models, and in human
subjects.Comparisonamong
theresults
of theseexperimental
approaches is difficult, as there are major differences in inhalation
patterns even between animal models and human
subjects. Cigarette
smoke ismodified during itspassage through the upper airways, and
this may vary depending upon the
mode of inhalation. By using
smoke produced by radietracer spiked cigarettes, it has been shown
that mice, who are obligatory nose breathers, retain 50 percent of
the inhaled radioactivity in the nasal passages, 20 percent in the
lungs, and the rest in the
esophagus, stomach, and other organs
(Page et al.1973). Using artificial airwaysto bypass the nasopharynx
in experimental animals eliminates the problem of nasal cigarette
smoke absorption, but also prevents
the oral modification of cigarette smoke that is a typical feature of human smoking. In subjects
inhalingcigarettesmokefrom
a smokedosageapparatusthat
delivers standard puffs, 86 to 99 percent of most components of gas
and particulate phases of cigarette smoke are retained, with the
exception of carbonmonoxide (CO), of whichonly 54 percent is
retained (Dalhamn et al. 1968). Much of the smoke appears to be
retained in the mouth. In human subjects who hold cigarette smoke
intheirmouth
for 2 seconds, 60 percent of the water-soluble
components of thegasphase,
20 percent of the water-insoluble
components of the gas phase, and 16 percent of particulate matter
are absorbed or retained in the upper airways (Frances et al. 1970;
Stupfel et al. 1974). This marked modification of cigarette smoke
might decrease its ciliotoxiceffectin the lower airways. Passing
a chamber with wet surfaces
unfiltered cigarette smoke through
before bringing it in contact with ciliated epithelium decreased the
cilioinhibitory capacity of the cigarette smoke (Kaminski et 1968).
al.
When filtered cigarette smoke was used, the wet surfaces had no
additional effect on ciliotoxicity, indicating that the mucosa of the
upper airway may serve as a filter (Kaminski et al. 1969). Similar
observations havebeenmadewhencigarettesmoke
was passed
1969).
through a water trap (Albert et al.
Because of the differences in inhalation pattern between humans
and animals, it might
be argued that nasal mucociliary function
should be measured to assess the effects of inhaled cigarette smoke
287

TABLE 3.-Effects of cigarette smoke on airway
mucociliary system
Impaired mucociliary

Expcsure

Yee

Short term
Long term

Ciliary dysfunction

Mucus hypersecretion

YeS
YeS

?

clearance
?

YeS

in animal models. However, it has been clearly shown that nasal
mucociliary transport is not a good marker of tracheobronchial
mucociliary transport because of differential responses at the two
sites. For example, exposure tothe whole cigarette smoke of up to30
cigarettes does not impair nasal mucociliary transport in donkeys
(Frances et al.19701, whereas the same numberof cigarettes clearly
alters tracheobronchialdeposition
andclearance
of radioactive
aerosols (Albert et al, 1969). Likewise, Hilding (1965) has concluded
from his studies that the nose is not a n acceptable organ for the
study of the effects of cigarette smokeon mucociliary transport.
Realizing the problemswith
experimental models of ciliary
function in response to cigarette smoke inhalation, Dalhamn (1969)
postulated that a properexperimental designshouldfulfill
the
level of
following requirements: (1) the exposurepatternand
cigarette smoke inhalation should simulate thatof natural smoking
in humansubjects, (2)cigarette smoke should be delivered in air and
not as a n aqueous solution, (3) the components of inhaled cigarette
smokeshould be analyzed, and (4) exposureshould be of long
duration. Although these criteria are obviously not met by many of
the studies quoted in this review, understanding these principles
allows a more critical assessment of the reported results as shown in
Table 3.
Short-Term Exposure
The effects of short-term cigarette smoke exposure on the morphology of the respiratory mucosa have not been investigated in
man.Cigarettesmokeresiduehas
beenshown tocauseciliary
damage in cultured rabbit tracheal epithelium with a contact-timedependent effect(Kennedy and Allen 1979). The mostconsistent
abnormalities were cellular desquamation and alterations in
mitochrondria, cilia, and microvilli, some of which occurred as early as 1
hour after exposure commenced.
Cytotoxicity has also been observed after short-term exposure of
ciliated epithelium to aqueous extracts of cigarette smoke condensate in vitro (Donnelly 19691, but it is difficult to extrapolate data
from these in vitro studies to the
vivo
inconditions that occur during
cigarette smoking.
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Cilia
With a few exceptions, e.g., Proetz (1939), most investigators have
demonstrated an irritant effect of smokeonciliatedepithelium,
usuallycharacterized by ciliostasis.Residues of cigarettesmoke
passed through an aqueous medium have been shown
to produce
ciliostasisinprotozoa (Weiss and Weiss 1964; Wang 1963) and in
fragments of humanrespiratoryepithelium(Ballenger
1960). In
fragments of rat trachea, brief exposure to whole cigarette smoke
appearstoelicit
a biphasicresponse,
with a short period of
stimulation during 1 to 2 minutes followed by a marked decrease in
ciliary beat frequency(Guillerm et al. 1961, 1972). In an excised
rabbittrachea model,71 1-ml puffs or 35 10-ml puffs of whole
cigarettesmokewerenecessarytoproduce
ciliostasis; similar
relationshipsweredemonstratedinthetracheas
of living cats
(Dalhamn 1970; Dalhamn et al. 1968). Severalinvestigatorshave
established a stimulus-response relationship between dilutions of
aqueous cigarette smoke extract and the time of exposure required
for total stoppage of ciliary beat frequency in different experimental
models (Donnelly 1969, 1972; Das et al. 1970; Donnelly et al. 1981).
The mechanism by which cigarette smoke acutely depresses ciliary
function is not clearly known, but may involve enzyme inhibition of
adenylate kinase, thereby reducing adenosine triphosphate
(ATP),
the energy source for ciliary bending (Mattenheimer and Mohr
1975;
Schabort 1967). Ciliary function in response to short-term cigarette
smoke inhalation has not been studied in man.
Mucus

Very little is known about the quantity and
rheologic properties of
airway secretions after short-term cigarette smoke exposure.A brief
exposure of slugs to cigarette smoke has been reported to stimulate
the production of mucus containing a n increased number of acid
glycoprotein fibers (Wilde 1981). The significance of this observation
with respect to the human respiratory tractis not clear, except that
a n increasednumber
of acidglycoproteinfibers
hasalso been
demonstrated in sputum obtainedfrom cigarette smokers.
Mucociliary Interaction
Using a variety of different techniques in animal experiments,
ciliarydysfunction andimpairment of mucociliary transport by
short-term exposure to cigarette smoke have been demonstrated in
rats (Iravani 1972; Dalhamn 1964; Ferin et al. 1966), rabbits
(Dalhamn 1964; Holma 1969), cats (Carson et al. 1966; Dalhamn
1964, 1969; Kaminskietal.
19681, dogs (Guillerm etal.
1972;
Sakakura and Proctor 1972; Isawa et al. 1980),donkeys (Albert et al.
1974, 19691, chickens,.and sheep (Stupfel et al. 1974). A few reports
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have not demonstrated that short-term exposure to smoke depresses
mucociliary function in animal models (La Belle et al.1966; Bair and
Dilley 1967). The reasons for the discrepancy between these and the
previously listed studies are not clear,but
may be related to
methodology and dose of exposure. Stimulus response curves between dose of cigarette smoke andthe
degree of mucociliary
inhibition havebeen shown in airwaysof chickens and dogs (Battista
and Kensler 1970b; Sakakura andProctor 1972; Isawa et al.1980).In
one study, for example, 9 puffs of nonfiltered cigarette smoke had
variable effects on tracheal mucociliary transport in intact dogs, but
tracheal mucociliary transport was consistently inhibited by 12 puffs
(SakakuraandProctor
1972). Likewise, the number of 4-second
exposures to cigarette smoke (separated by 1 minute) required to
reduce mucus transport in intact chicken tracheas by more than 90
percent has been shown to increase with increasing dilutions (from
50 to 3 percent) of smoke in air (Battista and
Kensler 1970b).
Measurements of mucociliary clearance in man immediatelyafter
smoking one or more cigarettes have shown conflicting results, with
either increased (Albert et al. 1973; Camner et al. 1971; Albert et al.
1975; Camner and Philipson 1971,1974), inconsistent, orunchanged
rates (Yeates et al. 1975; Pavia et al. 1971; Goodman et al. 1978) or
decreased (Nakhosteen et al. 1982) rates.Transient
effects on
mucociliary clearancehave been reportedinbothsmokers
and
nonsmokers (Hilding 1956; Pavia et al. 1971). Such differences
between human subjects may reflect a difference in the dose and
inhalation pattern of cigarette smoke.

Long-Term Exposure
In dogs inhaling cigarettesmoke through a tracheostomy, histologic changes havebeen observed in the bronchi after 229 to 421 days of
exposure (Auerbach et al. 1967b). Thesechanges
consisted of
epithelial hyperplasia, decreased number of ciliated cells, and areas
of squamous metaplasia. This may be criticized as a poor model of
cigarette smoking in humans because the upperairway, which
absorbs part of the smoke and decreases its toxicity, is bypassed. The
irritant effect of cigarette smoke on the tracheobronchial mucosa
could be enhanced in this model. However, inflammatory changes in
the airwayshave
also been observed in animals that inhaled
cigarette smoke via their upper airways (Leuchtenbergeret al. 1958;
Rylander 1974; Mattenheimerand Mohr 1975; Parketal.
1977;
Basrur and Basrur 1976; Jones et al. 1973; Iravani 1973). Various
types of lesions have been observed, including tracheal and bronchial
epithelial hyperplasia (Park et al. 1977; Frasca et al. 19741, goblet
cell proliferation and submucosal gland hypertrophy (Jones et al.
1973; Park et al. 1977), bronchiolar metaplasia of mucus-secreting
cells (Basrur and Basrur1976), increased quantities of airway mucus
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that appear to be adherent to submucosal gland openings (Iravani
1973), and a decreased number of ciliated epithelialcells (Basrur and
Harada 1979). One study suggesteda dosedependence of the mucosal
lesions when comparing hamsters exposed to either four cigarettes
per day or eight cigarettes per day for 2 weeks (Basrur and Basrur
1976). The pathologic changes produced by long-termcigarette
smoke exposure appear to be reversible if the exposure time is not
excessive. Thus, inflammatory changes in the airways of hamsters
exposed to cigarette smoke for 4 weeks showed marked reversibility
with a recovery time of several weeks (Basrur and Harada 1979).
The histologic changes in the airways of cigarette smokers are
similar to those produced by cigarette smoke in animalmodels, and
consist of varying degrees of denudation of the ciliated epithelium,
a n increaseinthenumber
of gobletcells,submucosal
gland
hypertrophy, and squamous metaplasia (Regland et al. 1976; Jones
1981). Morphometric studies have demonstrated an increased quantity of mucus in the airway lumen without
histologic evidence of
coexistentemphysema
or a history of obstructivelungdisease,
whereas this is not observed in the lungs of healthy nonsmokers
(Niewoehner et al. 1974; MatsubaandThurlbeck 1971). Electron
microscopic examination of ciliatedepitheliuminsurgicallung
specimensobtainedfromcigarettesmokers
has revealedciliary
abnormalities consisting of compound cilia, single axoneme,
intracyctoplasmic microtubulardoublets,andciliawithinpericiliary
sheaths (McDowell et al. 1976). If bronchial biopsy material is usedto
detect ciliary abnormality in cigarette smokers, the results must be
interpretedwithcaution,
for a single biopsy may bemisleading
owing to thefocal nature of the lesions (Foxet al. 1981).
The morphologic changes of the respiratory mucosa in animals
exposed tocigarettesmoke
for prolongedperiods and in human
of mucociliary
cigarettesmokersstronglysuggeststhepresence
dysfunction. This has been clearly demonstrated, particularly with
respect to the production and clearanceof mucus.

Cilia
Ciliary function after long-term cigarette smoke exposure has not
been extensively studied. Iravani and
Melville (1974) demonstrated a
decreaseinciliarybeatfrequencyintheairways
of hamsters
exposed to cigarette smoke for 1 year; however, in rats also exposed
for 1 year under almost identical conditions, ciliary frequency was
generally increased, although there were zones of ciliary inactivity
ordiscoordination.
A sustainedinhibition
of adenylatekinase
activity in ciliated tracheal cells of hamsters exposed to cigarette
smoke for up to 9 months has also been reported (Mattenheimer and
Mohr 1975). Because inhibition of this enzyme leads to a decreased
generation of adenosine triphosphate, the energy source of ciliary
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bending, a decreased ciliary activity mightbe expected (Mattenheimer and Mohr 1975).
Mucus
Mucushypersecretionhasbeenclearlydemonstratedin
the
airways of several animal species exposed to cigarette smoke for
prolonged periods of time (Battista and Kensler 1970a; Iravani and
Melville 1974). Rheologic measurements of airway mucus have not
been reported in such animal experiments, butbiochemical analysis
hasrevealedthe
presence of serumproteinsthatmighthave
cilioinhibitory effect (Dalhamn andPira 1979; Battista 1980). Mucus
hypersecretionmayoccur as early as 1 month after beginning a
smoke inhalation equivalent to
as little as one cigarette per day
(Battista and Kensler 1970a). Rheologic and biochemical examinations of airway secretions in healthy smokers have not been carried
out, primarily because these subjects
do not havea productive cough.
Once a smoker develops chronic productive cough, he or she is no
longer considered healthy, but by definition, has chronic bronchitis.
Mucociliary Interaction
Long-termeffects
of cigarette smoke on airway mucociliary
transport have been studied in different animalspecies. In purebred
beagle dogs exposed to cigarette smoke (100 cigarettes per week) for
13.5 months via a mask that administered cigarette smoke through
nose for 1.5 hours twicedaily, tracheal
both the mouth and the
mucus transport rate was decreased to approximately 30 percent of
that observed in control animals (Wanner et al. 1973). Pulmonary
function did not differ significantly between the two groups. It has
subsequentlybeenshown
thattheabnormalityin
mucociliary
transportin beagles mayalready be present after 6 months of
cigarettesmokeexposure(Park
et al. 1977). An impairment of
mucociliary clearance with long-term cigarette smoke exposure has
also been demonstrated in rabbits, guinea pigs, rats, and chickens
(Okajima 1971; Rylander 1971b; Iravani and Melville 1974; Battista
and Kensler 1970a). In some of those experiments, impairedmucociliary clearance was already observed 4 weeks after the beginning of
exposure.
The long-termeffects of cigarette smokingon mucociliary function
inhuman
subjects has been investigated by aerosol clearance
techniques and discrete marker transport techniques. Some of the
investigators using radioactive aerosols demonstrated no abnormality of overall clearance in habitual cigarette smokers, particularly in
those who already may have had symptoms
of chronic bronchitis
(Sanchiz et al. 1972; Yeates et al. 1975; Pavia et al. 1970; Pavia and
Thomson 1970). However, the deposition of the inhaled radioactive
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aerosol is morecentralinnormalsmokersandinpatientswith
chronicbronchitis
thanin
nonsmokers(Lippman
etal.
1970).
Because clearance is faster in central airways than in peripheral
airways, this centralization
of aerosol deposition may compensatefor
the overalldecreaseinmucociliaryclearance.Investigations
that
haverelatedmucociliaryclearanceto
deposition patternhave
generally found an impairmentof mucociliary clearance in cigarette
smokers (Lourenco et al. 1971; Camner et al. 1973a; Camner and
Philipson 1972, 1974). Camner and Philipson (1972), in a study of 10
pairs of twins discordant for cigarette smoking,
showed a significantly lower average clearance rate in smokers compared withnonsmokers; in 5 pairsclearance was slower inthesmokerthaninthe
nonsmoker, whereas in the remaining 5 pairs there was no difference. Analysis of regional clearance has produced further evidence
that overall clearance of inhaled radioactive aerosols may fail to
detect a n abnormality in mucociliary clearance. Thus, Bohning and
co-workers (1975) studied the deposition andclearance of 7 km
diameterparticlesinthetracheobronchialtree
of sixpairs
of
monozygotic twins,four of whom werediscordant for cigarette
smoking. They found comparable overall mucociliary clearance in
the smoking and nonsmoking pairs, but more central deposition and
slower central clearance in the smokers. Others have reported an
impairment of peripheral mucociliary clearance and alveolar clearance aswell (Matthys et al. 1983; Cohn et al.1979).
Discreteparticletechniquesinvolvingeither
bronchoscopy or
radiography have been used to assess mucus transport in central
airways, notably the trachea.
Most investigatorshavereported
a
decrease of tracheal mucus velocity in healthy smokers, with values
ranging between 20 percent and 80 percent of those of nonsmoking
controls (Goodman et al. 1978; Toomes et al. 1981; Nakhosteen et al.
1982).
Thebulk
of the evidenceindicates
that long-termcigarette
smoking alters mucociliary transport mechanisms and that these
changes can occur as early as 1 year after smoking onset. Partial
recovery of mucociliary transport has been observed incigarette
smokers after cessationfor 3 months ormore, but not after1week of
cessation (Camner et al. 1973). These observations have also been
supported by animal experiments (Albert et 1971).
al.

Fractionation and Filtering of Cigarette Smoke
Whole cigarettesmoke is composed of volatileelements
and
particulatematter,andithas
become customarytodistinguish
between the gas phase and the particulate phase. The gas phase,by
definition, consists of the components that remain after cigarette
smoke has been “effectively” filtered by passing it through appropriate filters (Dalhamn 1966; Kensler and Battista 1963; Falk et al.
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1959). The major constituents of the particulate phase are nicotine,
phenols, hydrocarbons, aldehydes and ketones, organic acids, and
alcohols. Although 95 percent of the gas phase (approximately 300
ml per cigarette) consists of combustion products and admixed air
(nitrogen, oxygen, carbon dioxide, carbon monoxide) in concentrations that do not affect mucociliary transport, some trace gases are
important(Battistaetal.
1962). These include nitrogen dioxide,
ammonia, cyanides, aldehydes, ketones, acrolein, and acids. As is
shown below, some controversies still remain about whether the gas
phase or theparticulate phase of cigarette smoke is primarily
responsible for its depressant effect on mucociliary activity. This
problem is relevant when comparing the effects on mucociliary
clearance of low tar versus high tar cigarettes, low nicotine versus
high nicotine cigarettes, and filtered versus nonfiltered cigarettes.
Dalhamn (1966)reviewed the controversy over the separateeffects
of thegasandtheparticulate
phases of cigarette smoke on
mucociliary function. In protozoa, both phases of cigarette smoke
have been shown to possess ciliotoxic properties (Kennedy and
Elliott 1970). Falk and associates (1959) reported that exposure to
whole cigarette smoke for 30 seconds resulted in a biphasic response,
with an initial stimulation, followed by depression with a minimum
value at about 15 minutesand a tendencytoward recovery 45
minutes after exposure. Removal of the particulatematterin
cigarette smoke by passing it through filters
decreased its depressant
effect on mucus transport, indicating thatthe major effect on
mucociliary clearance was related to the particulate phase. Similar
observations have been made by others (Rylander 1970; Falk et al.
1959). In contrast, Kensler and Battista (1963) incriminated the gas
phase of cigarette smoke; they exposed strips of rabbit trachea to
smoke from different cigarettesfor 12 seconds and identified various
gas phase constituents as having a depressant effect on mucus
transport. These findings have also been confirmed by others in in
vitro and in in vivo animal experiments (Kensler and Battista1963;
Hee andGuillerm 1973; Dalhamn 1956; Albert et al. 1974; Carson et
al. 1966).
The most comprehensive study of individual gas and semivolatile
constituents of cigarette smoke has been conducted by Petterson et
al. (1982). Using chicken tracheal organ cultures, they showed that
a t a 5 mm concentration, 36 percent of 316 different compounds
caused ciliostasis after 15 seconds of exposure, but 50 percent were
without effect after an exposure time of 60 seconds. On the basis of
this criterion of separation, either alkylated phenylethers, benzonitriles, benzaldehydes, benzenes, napthalenes and indoles, or a-saturated, f3-unsaturated ketones and aldehydes, or aliphatic alcohols,
aldehydes, acids, and nitrates were found to be ciliotoxic. Inactive
compounds included benzoic acids, esters, polyaromatic hydrocar294

bons, amines, and N-heterocycles (except indoles). With respect &
aldehydes, the time to ciliostasis on tissues of rabbit trachea has
been reported shortest for formaldehyde, followed by acetaldehyde,
acrolein, crotonaldehyde, and methacrolein. The ciliotoxic effects of
aldehydes havebeen confirmed by others using different experimental approaches (Guillerm et al. 1968; Hee and Guillerm 1973;
KenslerandBattista
1963). Ithas also been shown thatacute
acrolein inhalation causes denudation of ciliated cells, goblet cell
discharge, exfoliation of surface epithelial cells, and infiltration of
inflammatory cells in the lower airways of several different mammals (Dahlgrenet al. 1972). Another volatile constituentof cigarette
smoke withmarked
cilioinhibitory effects is hydrogen cyanide
(Wynder et al.1965a).
Weissbecker et al. (1971) used a different approach to assess the
effects of several volatile cigarette smoke constituents on mucociliary transport in the cat trachea.The addition of individual volatile
cigarette smoke components (isoprene, nitric oxide, andnitrogen
dioxide) to carbon-filtered cigarette smoke either aggravated the
impairment of tracheal mucus velocity produced by the filtered
smoke or abolished the protection afforded by the carbonfilter.
When these constituents were added to whole cigarette smoke, no
furtherimpairment
of mucus transport velocity was observed,
cigarette smoke of receptors
indicating a saturation bywhole
responsible for mucociliary depression.
A direct relation has been reported between tar content and the
ciliotoxic effect of cigarette smoke (Dalhamn and Rylander 1967;
Falketal.
1959). However, Falkand associates (1959) found no
difference between low tar and high tar cigaretteresidueswith
regard to in vitro mucociliary transport. The effects of nicotine on
mucociliary transport are also controversial, although more investigators have demonstrated a lack of effect (Falk et al. 1959; Guillerm
et al. 1972; Rakieten et al. 1952; Donnelly 1972) than a depression of
mucociliary transport (Carson et al. 1966). Indeed, a biphasic dosedependence has been suggested, with stimulationat lower concentrations and depression at higher concentrations (Tsuchiya and Kensler
1959). The stimulation of mucociliary function may be related to
stimulation of nicotinic ganglionic receptors causing cholinergic
ciliostimulation. This is based on the observation that the stimulating effect of nicotine-containing cigarettes on the metachronal wave
frequency in the maxillary sinus
of anesthetized rabbitsis blocked by
atropine and hexamethonium (Hybbinette1982).
Among the different cigarette tobacco additives, menthol does not
interfere with mucociliary transport (Rakieten et al. 1952). With
respect to phenols, one investigator has reported that theciliotoxicity of cigarette smoke produced by freeze-dried tobaccois the same as
that produced by conventionally cured tobacco although the former
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contains less phenol (Enzell et al. 1971). On the other hand,phenols
have been shown to impair mucociliary activity andmucus transport
both in vitro (Dalhamn and Lagerstedt 1966; Bernfeld et al. 1964;
Dalhamn 1968) and invivo (Dalhamn 1968). Dalhamn and associates
(Dalhamn and Lagerstedt 1966; Dalhamn 1968) have even attempted
to relate the toxicity of various phenols totheir boiling points.
Addition of the anti-inflammatory agents phenylvinyloxadiozole and
phenylmethyloxadiozole to tobacco has been shown to reduce the
ciliotoxicity of tobacco smoke (Dalhamn and Rylander 1971; Rylander 1971b; Dalhamn 1969), and treatment of rats undergoing longterm exposure to tobacco smoke with phenylmethyloxadiozole has
been shown to protect theanimalsagainstthe
cigarette-smokeinduced increase in the number of goblet cells in the respiratory
mucosa (Jones et al. 1973).
It can be concluded from these studies that both the particulate
phase and the gaseous phase of cigarette smoke impair mucociliary
function, that a large number of volatile components are ciliotoxic,
that nicotine may or may not contributeto ciliotoxicity, and that the
anti-inflammatoryagents
additive phenol is ciliotoxic, butthe
phenylmethyloxadiozole and phenylvinyloxadiozole afford partial
protection against the deleterious effects of cigarette smoke. The
mechanisms by which the various constituents of cigarette smoke
interfere with mucociliary transport are unknown. On the basis of
experiments in the fresh water mussel, it has been suggested that
ciliotoxicity depends on their pH in solution (Wynder et al. 1963). It
should be noted, however, that such in vitro experiments requiring
an aqueous medium do not necessarily reflect the type of exposure
occurring in smokers in whom contact between cigarette smoke and
the ciliated epitheliumis made by impingement orbypass.

Effects of Filters
Because the toxic effect of cigarette smoke on mucociliary transport mechanisms seems to reside both in the gas phase and in the
particulate phase, the filtering of cigarette smoke before inhalation
may be protective. It hasbeen clearly shown that a longer exposure
time is needed for ciliostasis to occur with smoke from filtered
cigarettesthan from unfilteredcigarettes,with
respect to both
ciliary activity in vitro and mucociliary transport in vivo (Dalhamn
and Rylander 1964; Dalhamn 1964).
Four major types of filters have been evaluated: cellulose acetate
(Cambridge filter), charcoal, glass fiber, and aqua. The histologic
changes in the airways of.guineapigs exposed to unfiltered cigarette
smoke for 4 to 8 weeks were not seen when cigarette smoke was
passed through a Cambridge filter(Rylander
1974). Likewise,
Kaminski and coworkers (1968) have shown that cellulose-acetate
filters provide protection for the mucociliary activityin the cat
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trachea. Similar results have been obtained in other experiments
involving in vitro and invivo systems (Dalhamn and Rylander1968;
Donnelly 1972; Wynder et al. 1965b), and cellulose-acetatefilters
have beenfound to reduce the inhibitoryeffect of cigarette smoke on
tracheal epithelial adenylate kinase activity in hamsters
exposed for
1 to 5 days (Mattenheimer and Mohr1975). Charcoal filters are also
capable of reducing the ciliotoxicity of cigarette smoke (Kaminskiet
al. 1968; Kensler and Battista 1963; Battista and Kensler 1970a, b).
In onestudy
involving cattracheas,short-termexposureto
a
standardized dose of cigarette smoke decreased particle transport
rates by 50 percent when unfiltered smoke was used, by 40 percent
when the cigarette smoke was
passed through a cellulose-acetate
filter, and by 20 percent when a carboncellulose filter was used
(Carson et al. 1966). In another comparison of different studies, a
charcoal filter was more effective than a cellulose-acetate filter in
reducing the metachronal wave frequency and mucus transport of
the eulamellibranch gill in vitro (Wynder et al. 1965b). Glass-fiber
andaquafiltersweregenerally
lesseffective(Isawa
et al. 1980;
Wynder et al. 1965b).
Asexpected,betterprotectionmight
beprovided by combined
filters because they remove components of the particulate and the
gaseous phase of cigarette smoke more effectively. Thus, a combination of cellulose-acetate and charcoal filter has been found to be
more effective than either filter alone (Dalhamn
1966; Wynder et al.
1965b).
MucociliaryFunctioninChronicBronchitis

Since chronic bronchitis is defined clinically as chronic productive
cough ratherthan by clearly definedmorphologic or functional
abnormalities (American Thoracic Society 1962), some of the previously reviewed studies of mucociliary function in cigarette smokers
may have included patients with chronic bronchitis
as well. Conversely, most patients with chronic bronchitisare cigarette smokers
or havebeencigarettesmokersin
thepast.Althoughit
is very
difficult to separate the directeffects of cigarette smoke onmucociliary transport from those related to the pathophysiologic changes of
chronic bronchitis, the discussion herein is limited to mucociliary
function in chronic bronchitis without considering the directeffects
of cigarette smokeon the mucosa.
The histologic changes of the mucociliary apparatus in chronic
bronchitis include hypertrophy and hyperplasia of the submucosal
glands, a n increase in the number and distribution of goblet cells,
and gobletcell
metaplasiainsmallerairways
(Reid 1967). In
addition, atrophy of the columnar epithelium (Wright and Stuart
1965)and spotty squamous metaplasia (Kleinerman and
Boren 1974)
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have been reported. A decrease in both the number of ciliated cells
and the mean ciliary length has been noted in the larger airways in
patients with chronic bronchitis (Wanner19771, and electron microscopic examinations of the airway epithelium show subtle abnormalities in bronchial biopsy material (Miskovitz et'al. 1974). Auerbach
and associates (19621, in a large post-mortem study of cigarette
smokers, reported epithelial lesions with loss of cilia in up to 30
percent of random sections, compared withapproximately
15
percent of sections from nonsmokers. These ultrastructural changes
consisted of swelling and serration of the epithelium with transformation of the goblet cell granules. Thecapsule surrounding thecilia
was irregular, with areas of breakage and outward projections; some
cilia showed fibrillar degeneration or were fused to form compound
cilia.
is a frequent
The presence of visible respiratorysecretions
endoscopic finding in patients withchronic bronchitis, and increased
amount of bronchial secretions canbe seen on pathologic sections of
the lung (Kleinerman and Boren 1974; Hogg et al. 1968). Thus, the
morphologic changes of chronic bronchitis involve both the ciliary
apparatus and the
mucus-producing structures.

Cilia
Invitroexamination
of ciliated lower airwayepithelial cells
obtained from chronic bronchitis patients by brushing has failed to
reveal an abnormalityinbeat
frequency Wager etal.
1980).
However, in vitro study of ciliary function is of limited informative
value since the ciliated cells are suspended in an artificial medium
and are not exposed to their natural milieu. This may explain the
discrepancy between this study andone reported by Iravani and Van
As (1972), in which ciliary motion was observed in vivo with an
incident light technique. In the carefully dissected tracheobronchial
tree of rats with experimental chronic bronchitis, the ciliary system
showed discoordination and zonal akinesia. In addition, reversals of
transport direction, whirlpool formations, and inactive zones without
ciliary motion as large as 2 mm by several hundred pm were seen.
Mucus
Thedistribution,amount,
and rheologic properties of mucus
within the airways have not been studied in chronic bronchitis, but
extensive literature exists on the biochemistry (Boat and Mathews
1973) and rheology of expectorated sputum from patientswith
chronic bronchitis. These results must be interpreted with caution,
partly because of contamination with saliva and the rapid physical
alteration of expectoratedsputum,andpartly
because normal
respiratorysecretions for comparison are virtually impossible to
obtain. Mucoid sputum of patientswith
chronic bronchitis is
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biochemically similartosputum
of normal subjects induced by
hypertonic saline aerosol, with the exception of a slightly higher
fucose and neuraminic acid content in the former (Lopata et al.
1974). In purulent sputumfrom these patients, biochemical changes
typical of inflammatory conditions (increases in the dry weight and
deoxyribonucleic acid content and increased cross-linking by hydrogen bonding) were observed. Reid (1968)showed that theneuraminic
acid content of sputum is increased in chronic bronchitis, suggesting
augmented secretion by the mucus-producing structures. This finding is supported by histochemical studies indicating distended acini
of the submucosal glandsinpatientswith
chronic bronchitis
compared withnormal subjects, along with an increasein the
volume of both the acid and the neutralmucopolysaccharide-producing acini(Reid 1968).
Impaired mucus transport in chronic bronchitis may, in part, be
related to the rheologic abnormalities of respiratory secretions.
Deviation from the ideal ratio between viscosity and elasticity may
prevent an optimal interaction between cilia and mucus, thereby
decreasing mucus transport rates (Dulfano and Adler 1975; Adler
and Dulfano 1976). Highervalues of sputum viscosity and lower
values of sputum elasticity havebeen observed during exacerbations
of chronic bronchitis than during clinical stability (Dulfano et al.
1971). Inaddition,purulentsputum
has a higher viscosity than
mucoid sputum(Charmanand
Reid1972; Mitchell-Heggs etal.
1974),suggesting a relationship between the concentration of certain
mucus constituentsandmucus
rheology. Indeed, examination of
sputum obtained from patients with chronic bronchitis has shown
positive correlations between protein content (particularly IgA) and
mucus glycoprotein content on the one hand and viscosity on the
other (Harbitz et al. 1980;Lopez-Vidriero and Reid 1978). That
altered rheologic properties of airwaysecretions play a role in
abnormal mucociliary clearance has been suggested by an observed
relationship between in vivo mucociliary clearance, in vitro transportability of expectorated sputum (using the frog palate), and the
viscoelastic properties of sputum (Puchelleet al. 1980).

Mucociliary Interaction
Mucus transport has been studied either by directly or indirectly
observing the motion of discrete particles placed on the tracheal
mucosa (Santa Cruz et al. 1974; Goodman et al. 1978) or by the
deposition pattern and clearance rates of inhaled radioactive aerosols (Lourenco 1970; Camner et al. 1973a, b; Luchsinger et al. 1968;
PatrickandStirling
1977; Dulfano et al. 1971). In one study, a
marked slacking of tracheal mucus velocity was found in 15 patients
with chronic bronchitis who were between 57 and 71 years of age
(Santa Cruz etal. 1974). Clinical examination and pulmonary
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FIGURE Z-Comparison of mean (S.E.in bracket) tracheal
mucociliary transport velocity among young
nonsmokers (n= lo), elderly nonsmokers (n=7),
healthy young ex-smokers (n=9), healthy
young smokers (n=16), and patients with
chronic bronchitis (n= 14)
SOURCE: Goodman et a l . (1978).

function tests diagnosed thesepatients as having both chronic
bronchitis and emphysema. Mucociliary clearance of inhaled aerosols is also altered in patients withchronic bronchitis. The clearance
of inhaled particles from the lung is influenced by the deposition
pattern, which in turn depends on particle size and flow regime in
the airways. Clearance rates, therefore, can be interpreted only if
particle deposition is carefully monitored (Pircher etal. 1965;LopezVidriero 1973). Coughing, which is difficult to control insuch
patients, may also contribute to the clearanceof particles (Toigo et
al. 1963). For these reasons, it is not surprising that mucociliary
clearance has been reported to be increased (Muller et al. 1975;
Luchsinger et al. 19681, normal (Thomson andShort 1969), or
decreased (Lourenco 1970; Camner et al. 1973a, b; Tiogo et al. 1963;
Mossberg and Camner 1980; Agnew et al. 1982) in patients with
chronic bronchitis.
Once a subject has developed chronicbronchitis, cessation of
smoking does not reverse the effect on mucociliary function, and a
similar impairment of mucociliary transport has been reported in
smokers and ex-smokers with this disorder (Agnew et al. 1982; Santa
Cruz et al. 1974; Goodman et al. 1978). Persistence of mucociliary
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dysfunction in patients with chronic bronchitis after cessation of
smoking has also been reported ina small prospective study (Camner
et al. 1973b).
Thus, both patients with chronic bronchitis and healthy smokers
exhibit an impaired mucociliary function. However, the magnitude
of the impairment is not the same as suggested by Goodman et al.
(19781, who demonstrated a greater impairment of tracheal mucociliary transport rates in smokers and nonsmokers with chronic
bronchitis than in healthysmokers (Figure 2).
The consequences of airway mucociliary dysfunction have not
been satisfactorily examined, butmay include increased susceptibility to respiratory infections, airflow obstruction by excessive airway
secretions, and increased risk of carcinogenesis resulting from
prolonged contact between inhaled carcinogens and the respiratory
epithelium (Matthys et al. 1983; Hilding 1957; Moersch and McDonald 1953).
SummaryandConclusions
1. Increased numbers of inflammatory cells are found in the
lungs of cigarette smokers. These cells include macrophages
and, probably, neutrophils, both of which can release elastase
in the lung.
2. Human neutrophilelastase produces emphysema when instilled intoanimal lungs.
3. Alpha,-antiprotease inhibits the action of elastase, and a very
small number of people with a homozygous deficiency of alantiprotease are at increased risk of developing emphysema.
The a,-antiprotease activity has been shown to be reduced in
the bronchoalveolar fluids obtained from cigarettesmokers
and from rats exposed to cigarette smoke.
4. The proteastxmtiprotease hypothesis suggests that emphysema results when there is excess elastase activity as the result
of increased concentrations of inflammatory cells in the lung
and of decreased levels of a,-antiprotease secondary to oxidation by cigarette smoke.
5. Cigarette smokers havebeen shown to havea more rapid fall in
antibody levels following immunization for influenza than
nonsmokers. Whole cigarette smoke has been shown to depress
the number of antibody-forming cells in the spleens of experimental animals.
6. Cigarette smoke produces structural andfunctional abnormalities in the
airway mucociliary system.
7. Short-term exposure to cigarette smoke causes ciliostasis in
vitro, but has inconsistent effects on mucociliary function in
man. Long-term exposure tocigarette
smoke consistently
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causes an impairment of mucociliary clearance. This impairment is associated with epithelial lesions, mucus hypersecretion, and ciliarydysfunction.
8. Chronic bronchitis in smokers and ex-smokers is characterized
by an impairment of mucociliary clearance.
9. Both the particulate phase and the gas
phase of cigarette
smoke are ciliotoxic.
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Introduction

Following the initial reports in the early 1950s linking cigarette
smoke with lung cancer,the pathogenic role of cigarette tar content
received considerable emphasis. Because thetar fraction of the
smoke contained the bulk of the carcinogenic effect of whole smoke,
and because lung cancer riskwas closely related to other measuresof
total smoke exposure (number of cigarettes smoked per day, depthof
inhalation, etc.), it was suggested that risk might be related to the
amount of tar generated by differentcigarettes. This prompted
healthauthoritiesto
advise smokers who were unable to quite
smoking to switch to low tar cigarettes (US.Senate 1967; Health
Department of the United Kingdom 1976). To facilitate this process,
the Federal Trade Commission published smoking-machine assays of
the tar andnicotine yield of different cigarette brands (Pillsbury et
al. 1969). This approach to low tar and nicotine cigarettes was based
on the assumption that smoking lower yielding brands, as determined by a smoking-machine, would resultin
a proportional
reduction in the lung’s exposure tothese toxic substances.This
approach to “safer” cigarette
smoking has been promoted by the
tobacco industry and apparently accepted by the smoking public, as
evidenced by the escalationinsales
of low tar and nicotine
cigarettes. However, there is increasing evidence that thisconcept of
a “less hazardous”cigaretteis
misleading; althoughdefinitive
studies are still awaited, it appears that switching from regular to
low tar and nicotine cigarettes may not substantially reduce the risk
of chronic airflow obstruction.
Problems of Measurementby Machine

The first step in evaluating the relative health risks of different
cigarettes is to establish some standardized measure of the toxic
substances in different cigarettes in order to facilitate comparison.
Quantifying each of the several thousand constituents of cigarette
smoke for each brandof cigarette, andassessing the changes in these
constituents as the
manufacturing
and
agricultural
processes
change, would be a truly herculean task; therefore, a more modest
goal of quantifying tar and nicotine yields was accepted. To date, the
yields determined by the Federal Trade Commission have been the
most widely adopted. These measurements are obtainedwith a
laboratory smoking-machine, which consists of a syringe pump that
takes a 35 ml bell-shaped puff from a cigarette, over a 2-second
period, once per minuteuntil
a predetermined butt lengthis
reached, either 23 mm for nonfiltered cigarettesor 3 mm longer than
the filter overwrap for filter-tipped cigarettes (Pillsbury et al. 1969).
These parameters are based on observations of smoking patterns in
seven subjects in Europe in 1933 (Kozlowski 1983).Today’s cigarette
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ismarkedlydifferent
from that smoked in 1967 when these
parameters were established,yet thesameparametersarestill
employed.
Measurements obtained using these parameters indicatea marked
reduction in the tar and nicotine yield of cigarettes over the last
decade (Figure 1). In addition to the actual tar and nicotine yield of
the tobacco, the yield measured by a smoking-machine is influenced
by many factors, including cigarette lengthand diameter,porosity of
the cigarettepaper, presence of a ventilatedor an unventilated
filter, butt length, number of puffs, interpuff interval, puff volume,
puff duration, puff pressure profile, and frequency of puffing at
different stages of cigarette consumption. The number of puffs is
importantindetermining
the tar yield of a cigarette,andthe
number of puffs taken from some brands with the official smokingmachine has significantly declined in recent years (Kozlowski 1981).
Since puffs are taken at l-minute intervals, a more rapidly burning
cigarette will have a smaller number of puffs. The burning time of
the cigarette is determined by porosity of the cigarette paper, the
amount of tobacco in the cigarette, and the diameter
of the cigarette
column. In a survey of Canadian cigarettes between 1969 and 1974,
Kozlowski et al. (1980b) noted a significant reduction in the number
of puffs taken in theofficial assays over this time period, which was
strongly correlated witha reduction in tar yield. Omission of the last
fewpuffs
canmarkedly
affect tar yield, because tar delivery
increases with each puff, and the lastfew puffs from a cigarette can
contain twice as much tar as the first few puffs (Wileyand Wickham
1974).Currently published yields do not indicate the number of puffs
taken, which may range from 7 to 12 and may result in a marked
variation of the tar yield.
Ventilatedcigarettefilters,
which causeinhaled smoke to be
diluted with air, are one of the major methods of achieving low tar
yields (Gori and Lynch 1978). Cigaretteswithventilatedfilters
constitutedabout 25 percent of all cigarette sales in the United
States in 1979 (Hoffmann et al. 1980). During systematic interviews,
Kozlowski et al. (1980a) found that from 32 to 69 percent of low tar
smokers block these filter perforations with their fingers or lips, a
feature unaccounted for by smoking-machines. This hole blocking
increased the yield of toxic products by 59 to 293 percent.
If a person smokes a cigarettein a manner identicalto the
smoking-machine, the delivery of tar and nicotine to the mouth will
be the same as that estimated by the machine. Human smoking
patterns arediverse, however, and show considerable variation from
the machine parameters;puff volumes range from less than 20 ml to
more than 90 ml (Tobinand Sackner 1982), compared with the fixed
35 ml volume employed by the machine. Differences in puff profile
from the bell-shaped puff used by the machine also alter cigarette
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FIGURE 1.-U.S. sales-weighted average tarand nicotine
yields
SOURCE: Amencan Cancer Society (1981).

yield. Numerous studies indicate that smokers compensate
for lower
yieldingcigarettes by alteringtheirstyle
of smoking.Foreach
different cigarette brand, smokers may have
a different smoking
pattern. To provide moremeaningfulinformation,smoking-machines should be designed to reproduce variations in the manner of
smoking each cigarette brand, and their assays should provide both
an average and a range of tar and nicotine yields depending on the
individual pattern of smoking (USDHHS1981).
Many investigators have examined the relationship between the
machinedetermined nicotine yield of a cigarette and the concentration of nicotine or its metabolites in
blood or urine.A fair correlation
was observed in some studies (Goldfarb et al. 1976; Herning et al.
1983), but most studies have revealed a poor correlation (Russell et
al. 1975, 1980; Sutton 1982; Feyerabend 1982; Benowitz et al. 1983).
Machinedetermined nicotine yield accounts for only from4 (Russell
et al. 1980) to 25 percent (Herning et al. 1983) of the variation in
blood nicotineconcentration,whereas
50 to 60 percent of the
differencesin blood nicotinelevels are attributable to individual
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smoking behavior. Theoverriding importake of thepattern of
smoking indetermining nicotine delivery from a cigarette was
underlined in a recent study demonstrating
that thenicotine content
of the unburnedtobacco was similar for cigarettes with high and low
nicotine yields determined by smoking-machine assays (Benowitz et
al. 1983).
The concept of providing the smoker with information on cigarette
yield need not be abandoned. Smoking-machines can be designed to
control the puff number, puff volume, puff pressure profile, puff
duration, puff interval, butt length,position of the cigarette during
and between puffs, and “restricted” or “free” smoking, i.e., whether
the butt endis closed or open (Creighton and Lewis (1978a, b). These
parameters should be determined and used to obtainan average and
a range of yields for each brand. Measurement of cigarette yield
should include assays not only of tar and nicotine but also of carbon
monoxide and other toxic substances, because compensatory smoking behavior may alter the exposure to each substance beyond that
expected on the basis of tar and nicotine delivery.
Effect ofLowTarandNicotineCigarettesonCoughand
PhlegmProductionandDevelopmentofChronicObstructive
LungDisease

Cigarette smokers account for the vast majority of deaths from
chronic obstructive lung disease (COLD) (Peto et al. 1983), and the
relative risk for the effects of smoking on mortality from COLD is
even greater than thatfor lung cancer (see the chapter on Mortality
in this Report). Chronic obstructive lung disease in smokers may
take the following three forms: (1)cough and mucus hypersecretion,
(2) airway obstruction, and (3) emphysema. Frequently the three
components coexist, as all are related to cigarette smoking, but the
agents in cigarette smoke responsible for each type of lung injury
may be different. Over the past 25 years, considerable progress has
been made in our understanding of the role of cigarette smoking in
the pathogenesis and natural history ofCOLD, but most of the
available data have not related lung function to cigarette
yield.

Epidemiologic Studies
The cardinal importanceof cigarette smoking in the pathogenesis
of
COLD
has been repeatedly documented, andgenerally
the
severity of disease increases with increasing cigarette consumption
(Ferris et al.1976).Because of this dose-response relationship, it has
been hoped that a reduction in cigarette yield by filtration or other
means would reduce therisk of disease (Gori 1976). Available
epidemiologic studies of the effect oflow yield cigarettes on the
development ofCOLD have shown variable results, which reflects
336

marked differences between the studies in terms of the population
studied, sample sue, variation in cigarette brands, reference period
of thestudy,criteria
of respiratoryinvolvement,
andtype
of
statistical analysis, and whether the study was
of a cross-sectional or
a longitudinal design. Separating the studies by the three components of smoking-induced COLD indicates that there is a growing
body of data on the effect of cigarette yield on the development of
mucushypersecretion
andairwayobstruction,butcurrentlyno
information on the development of emphysema.
Several studies have examined the
effect of cigarette yield on
respiratorysymptomsandhave
observed a relationshipbetween
reduction in cigarette yieldand theprevalence of cough (Comstock et
al. 1970; Freedman and Fletcher 1976; Fletcher et al. 1976; Dean et
al. 1978; Schenker et al. 1982) and phlegm production (Comstock et
al. 1970; Rimington 1972; Hawthorne and Fry 1978; Higenbottam et
al. 1980b). Tar yield was not defined in some of these earlier studies
(Comstock et al. 1970; Rimington 1972; Dean et al. 1978; Hawthorne
and Fry 19781, but instead a comparison was made between smokers
of plain cigarettes and smokers of filter-tipped cigarettes. The tar
yield was specified in some studies: in the recent study by Schenker
et al. (1982) it ranged from 0.4 to 28 mg; in the studiesby Freedman
andFletcher (1976), from17to
20 mg; andinthestudies
by
Higenbottam et al. (198Ob), from 18 to more than 33 rng, higher than
that observedin many of today’s cigarettes.In a cross-sectional
survey of over 18,000 men (Higenbottam et al. 1980b1, the beneficial
effect of low tar cigarettes onphlegmproductionwaslostwhen
subjects smoked 20 or more cigarettes per day, as their prevalence of
phlegm production increased to thatobserved in higher tar cigarette
smokers.Incontrast,inanother
cross-sectional study of 5,686
women (Schenker et al. 19821, cigarette tar content was a significant
riskfactorforchroniccough
and of borderlinesignificancefor
phlegm production; this effect of cigarette tar content was independent of the number of cigarettes smoked per day. Chronic cough or
phlegm production was approximately twice as common in smokers
of high tar (at least20 mg) cigarettes as it was inlow tar (less than 10
mg) smokers. In the latter study, however, multiple logistic regression analysis indicated that the risk of chronic cough and phlegm
production is more strongly affected by daily cigarette consumption
4.5 times morecommon in
than by tar content; these symptoms were
smokers of 25 or more cigarettes per day than in smokers
of less than
15 cigarettes per day.
A smallnumber of studieshaveexaminedtheimportance
of
cigarette yield on change in pulmonary function. In
a prospective
study of 680 men, Comstock et al. (1970) noted that smokers of plain
cigarettes, compared with smokers of filter-tipped cigarettes, had a
lower FEVl at entry into the study.
Followup measurements showed
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a greater mean reduction of FEVI in users of filter-tips, so that the
of followup.
reduction was similar in the
two groups after 5 to 6 years
Unfortunately, the variance of the data was not stated, and tests of
statistical significance were not performed. In another longitudinal
survey of 1,355 men, Sparrow et al. (1983) determined the effect of
cigarette tar content, which ranged from less than 16 mg to more
than 22 mg, on pulmonary function. Multiple regression analysis
indicated that tar content did not significantly influence baseline
spirometry or repeat measurements after 5 years of followup. Crosssectional epidemiologic surveys also indicate no relationship between abnormalpulmonary function and the use of filter-tipped
versus plain cigarettes (Beck et al. 1981) or cigarette tar content
(Higenbottam et al.1980b)(Figure 2).
Interpretation of these studies as evidence that cigarette tar and
nicotine yield is not an important factor in the
development of COLD
is premature.First,
cross-sectional studiesare limitedin
their
capability of defining the naturalhistory of a disease. Second, COLD
has a very slow progress, and Fletcher et al. (1976) suggest that a
span of approximately 8 yearsis necessary toestablish rates of
change of spirometricvalueswith
sufficient confidence even to
distinguish between smokers and nonsmokers. Third, we have no
information on the baseline pulmonary function of smokers at the
time they choose between high or low tar and nicotine cigarettes.
Significant differences in pulmonary function have been observed
between young adults who decide to smoke and those whoavoid
cigarette smoking (Tashkin et al.1983),and itis possible that similar
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function differences may exist in subjects who choose between high
or low tar and nicotinecigarettes.Fourth,the
yield of tar and
nicotine used in many of these studiesdoes not lie in the same range
as that produced by many of today’s cigarettes.
However, the possibility that cigarette tar content is related to the
development of cough and phlegm, but not of dyspnea or airflow
obstruction, is consistent with current concepts of COLD. In a study
of 792 men followed over a n 8-yearperiod, Fletcher et al. (1976)
observed thatcigarettesmokersweresusceptible
to two distinct
chroniclung diseases-mucus hypersecretionandchronic
airflow
obstruction. This has recently beenconfirmed in a large prospective
study (Peto et al. 1983) of 2,728 men, followed over 20 to 25 years,
which showed thatthe risk of deathfrom COLD was strongly
correlated with initial degree
of airflowobstruction, but boreno
relationship to initial mucus hypersecretion.
Given the evidence that mucus hypersecretion may dependon the
tar fraction of cigarettesmoke,whiledevelopment
of airflow
obstructionismore
closely linkedto
thenumber of cigarettes
smoked, Higenbottam et al. (1980b) reasoned that these differences
might be dueto a reductionin theparticulatephaseproducts,
without a decreaseinthegasphaseproducts,inthe
low tar
cigarettes. They hypothesized that tar droplets and soluble gases,
such as sulfur dioxide and hydrogen cyanide, are more likely to be
deposited or absorbed in the large airways where mucus
is produced.
The smaller airways, the earliest site
of airflow obstruction, are
exposed to a lower concentration of tar, but toa full concentration of
insoluble gases suchas nitrogen dioxideand ozone.
This lineof reasoning is in agreement with several studies showing
a reduction in lung cancer with the
use of low tar and nicotine
cigarettes (Wynder et al. 1970; Lee and Garfinkel 1981; Rimington
1981; Hammond et al. 1976). The tar fraction is the component of
cigarette smoke particularly linked with the development
of both
lungcancerandmucushypersecretion.Althoughclinicianshave
long linked chronic bronchitis (mucus hypersecretion) with emphysema,recent evidenceindicates thatmucushypersecretion
isnot
predictive of airflow obstruction, but is significantly greater in those
smokers who develop lung cancer (Peto et 1983).
al.

Mechanisms of LungDamage
Studies of the mechanism of cigarette-smoke-induced lung damage
havecontributedsignificantly
to thepresentunderstanding
of
COLD. Cigarette smoke may initiate and aggravate lung injury
by a
number of mechanisms and mayalsointerferewith
the lungs’
defense responses.
These mechanisms include the protease-inhibitor imbalance theory for the pathogenesis of emphysemawherebyalveolar
wall
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digestion results from an excess of proteases, a deficiency of their
inhibitors, or a combination of bothfactors (see thechapter on
Mechanisms in this Report). The sources of endogenous proteases
include polymorphonuclear neutrophils and alveolar macrophages,
both of which are found in increased number in
the lungs of cigarette
smokers. Protease releasefrom both macrophages and neutrophils is
increased in the presence of cigarette smoke (Rodriquez et al. 1977;
Blue and Janoff 1978). In health, proteases are continually inhibited
by al-antitrypsin, whereas proteases cause unimpeded digestion of
lungtissueinpatientswithal-antitrypsin
deficiency, with a
markedly increased riskof emphysema. In addition to increasingthe
protease burden, cigarettesmoke causes a functional inhibitionof alantitrypsin through theaction of oxidants in cigarettesmoke (Janoff
et al. 1979).
The relative potency of smoke from cigarettes of varying tar and
nicotine yields in stimulating protease production and release and in
inhibiting al-antitrypsin has received scant scientific investigation.
Travis et al. (1980) tested the effect of both filtered and unfiltered
cigarette smoke on the elastase inhibitory activity of al-antitrypsin.
Filtered smoke reduced elastase inhibitory activityby 3 percent, and
a 19 percent reduction was observed with unfiltered smoke; the tar
content of the respective smokes was not stated. The researchers
reasoned that this small
in vitroeffect would be greatly magnified by
in vivo conditions in the lung, particularly through its huge surface
area. In addition to examiningthe effect of filters, &hen and James
(1982)recently examinedthe effect of tar and nicotine content on the
elastase inhibitory capacityof al-antitrypsin. The oxidantcapacity of
cigarette smoke was also examined using a chromogenic electron
donor. Aqueous condensates of cigarette smoke were obtained from a
variety of b r a d s ranging in tar content from about 1 mg to more
than 20 mg. Reported tar and nicotine content correlated well with
the amountof measured oxidantsand theability of a brand to reduce
the elastase inhibitory capacity of al-antitrypsin. Filters were found
to remove 73 percent of the oxidants from the aqueous smoke
solutions. While these findings suggest that low tar and nicotine or
filter-tippedcigarettes could reduce a smoker’s predisposition to
enzymatic lung damage and consequent COLD, it should be noted
that neither study examined the effect of lower yield cigarettes on
protease production. Morosco and Gueringer (1979) demonstrated a
greater increase in elastase indogs exposedto high nicotine cigarette
smoke compared with low nicotine cigarette smoke. More important,
these studies havenot taken intoaccount the compensatory changes
in smoking pattern likely to result withlower yield cigarettes.
The airwayresponse to acute exposure to cigarette smoke has been
examined by several investigators employing spirometry (Da Silva
and Hamosh 1981), body plethysmograph (Nadel and Comroe 19611,
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and breathing pattern analysis (Tobin et al. 1982a). Airway narrowing has been consistently observed by some investigators (Nadeland
Comroe 1961; Sterling 1967; Tobin et al. 1982a), but others report a
variable response (Higenbottam et al. 1980a; Rees et al. 1982). In
some studies, the acute airway response was unrelated to cigarette
yield (Higenbottam et al. 1980a), but in most investigations (Robertson et al. 1969; Tobin et al.1982a; Rees et al. 19821,smoking a low tar
or filter-tipped cigaretteinduced less acute bronchoconstriction. The
acute airway response is probably localized to the larger airways, as
acutecigaretteexposureresultedinnochangeinthenitrogen
washout test of small airway function (Da Silva and Hamosh 1973;
Tobin et al. 1982a). These observations on the relative bronchoconstrictor response of various types of cigarettes may be important in
our understanding of why some smoking novitiates persist with the
habit despite the initial unpleasant reactions (Tashkin et al. 19831,
but it is unlikely that repeated episodes of smoking-induced acute
airway narrowing finally result COLD.
in
Future studies examining the mechanism
of smoking-induced lung
of cigarette yields,
injury must not only take into account the range
as determined by a smoking-machine, but also consider variations in
smoking behavior. Puff volumes may vary considerably with nominal cigarette tar and nicotinecontent, thusalteringtherelative
amount of various toxic substances yielded by different cigarettes.
Similarly, inhalation profiles are of a diverse nature (Tobin et al.
198213) and are likely to significantly alter the distribution, penetration, and retentionof cigarette smoke constituents in the lungs.
VariationinSmokingPatternWithSwitchingtoLow
NicotineCigarettes

Tar and

Low tar and nicotine cigarettes have gainedconsiderable popularity among the smoking
public, partly on the premise that a reduction
in the nominal tar and nicotine yield resultsin a proportional
reduction in the health hazardsof cigarette smoking. The validityof
this approach to cigarette smoking is contingent on the accuracy of
smoking-machines in reflecting the actual manner of puffing and
also on the smoker not altering smoking behavior to compensate
for
variationsinnominal
tar andnicotinecontent.
Shouldsmokers
develop compensatory alterations in their smoking behavior, this
would not only reduce the relevance of the smoking-machine assays
but might also alter the proportionatedelivery of the different toxic
substances in cigarette smoke and expose the smoker to concentrations beyond those predicted by the smoking-machine.
34 1

Smoking Behavior
Nearly 40 years ago, Finnegan et al. (1945) studied the effect of
alterations in cigarette nicotine content on smoking behavior and
noted no changeincigarette
consumption. It is only in the last
decade, with the increasingpopularity oflow
tar and nicotine
cigarettes, however, thatthis question hasattracted significant
interest. The results of 38 studies examining alterations in smoking
behavior with a reduction in cigarette yield are shown in Table 1.
Considerable differences can be observed between the studies, partly
reflectingvariations
inthe
level of cigarette yield reduction,
alterationsinothercigarette
constituents, type andduration of
switching procedure, parameters evaluated, and techniques used in
their measurement.
Most studies agree that smokersrarelyincrease
their daily
cigarette consumption upon switching from higher to lower yield
brands. Reports are almost equally divided as to whether a smoker
increases the number of puffs per cigarette or shows no change on
switching to a lower yielding brand. There is an almost unanimous
consensus that smokers take a larger puff volume from a lower
yielding brand. Studies of puff volume also indicate huge variation
between individual subjects (Guillerm and Radziszewski 1978;Herning et al. 1981; Tobin and Sackner 1982; Herning et al. 1983) and
that considerable increases in puff volume may occur on switching
subjects
from a higher to a lower yielding brand,withcertain
increasing their puff volume by up to 75 percent (Tobin and Sackner
1982). This compensatory increase in puff volume may be observed
within a single experimental session (Tobin and Sackner 1982) and
maintained over several weeks (Rawbone et al. 1978; Stepney 1981).
Full compensation for a lower yielding cigarette is generally not
achieved by smokers taking a large puff volume (Rawbone et al.
1978; Herning etal. 1981; Tobinand Sackner 1982).
Instrumentation is requiredto quantitatively assess the patternof
smoking, but it is important to realize that such instrumentation
may, in itself, alter usual smoking behavior. Puff volume has been
almost universally measured by using a specialized cigarette holder
incorporating different flowmeter designs (Frith 1971; Adams 1977;
Rawbone et al. 1978).These devices consist of two tubes connected to
a pressure transducer that measures the pressuredrop across a
small resistance (a filter insert) in the holder; the flow measured is
integrated to obtain volume. Use of a cigarette holder has been
shown to increase the rate of puffing and puff volume, compared
with measurements made with the cheek inductive plethysmography coil (Tobinand Sackner 1982).
Unlike the compensatory increases in puff volume, measurements
of the subsequent inhalation volume-which includes the volume of
smoke mixed with air inhaled into thelung-have shown no change
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on switching to a low yield cigarette. Likewise, in one short-term
study (Tobin and Sackner 1982), duration of inhalation showed no
yield. Perhapscompensatory
relationship to nominalcigarette
changes in inhalation parameters require a longer period of time
than puff volume does.
Measurement of carboxyhemoglobin (COHb) concentration has
been proposed as an index of the pattern of inhalation (Wald et al.
1975,1978). While COHb providesvaluableinformation
on the
amount of carbon monoxide absorbed from the lung duringcompensatory alterations in smoking behavior, it is a n indirect index and
provides complementary information on cigarette smoke inhalation
ratherthan
replacingdirectmeasurements
of the volume of
inhalation.

Carbon Monoxide Uptake
Unliketarand
nicotine,which are presentintheparticulate
phase, carbon monoxide (CO) is a constituent of the vapor phase of
cigarette smoke. For this reason, cigarettes purported to produce a
low tar and nicotine yield may not necessarily provide a lower yield
of carbon monoxide. Compared with tar and nicotine yield, carbon
monoxide yield is moredependentoncigarette
design,including
such features as paper porosity and perforations in the filter tips.
These factorsregulatethedilution
of smokewith airandthe
burning profile of the cigarette, and thus can significantly reduce
carbon monoxide yield. Wald (1976) showed that the carbon monoxide yield of filter-tipped cigarettes was28 percent higher than thatof
plain cigarettes, although the average nicotine
yield was lower in the
filter-tipped cigarettes. He reasoned that smoke passing through a
cigarette is diluted by air entering through the porous cigarette
paper. However, the filter of filter-tipped cigarettes is surroundedby
relatively nonporous paper, resulting in a higher content of carbon
monoxide exiting from the proximal cigarette end. Perforations in
thefiltertipcircumventthis
problem andsignificantlyreduce
carbon monoxide yield (Hoffmann et al.1980; Wald and Smith1973).
Manyinvestigatorshavemeasured
COHb or carbon monoxide
concentrationinexpiredgas
following cigarettesmokingand
compared the levelsachieved insmokingbrandswithdifferent
nominal yields (see Table 1). An increase, decrease, or no change in
carbon monoxide intake has been observed, depending on relative
differences incigarette
design andexperimental procedure. As
expected, unventilated
filter-tipped
cigarettes
produced higher
COHb levels than those observed with unfiltered cigarettes (Wald et
al. 1977). This is inagreementwithinformation
provided by
smoking-machine assays (Wald et al. 1973), but the use of ventilated
COHb levels similar to those
filter-tipped cigarettes may produce
observed with unfiltered cigarettes despite lower carbon monoxide
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yields on smoking-machine assay (Wald et al. 1977). Comparison of
cigarettes with a marked difference in nominal carbon monoxide
yield usually results in a lower COHb level when the lower yielding
brand is being smoked (Russell et al. 1973;Turner et al.1974; Sutton
et al. 1978; Ashton et al. 1979);but over the rangeof different carbon
monoxide yields there is a poor correlation between levels of COHb
and measured carbon monoxide yield. Similar information has been
observed using expired carbon monoxide concentrations.

Nicotine Uptake
It hasbeen long considered that nicotine might serveas a primary
reinforcer of cigarette smoking and that smokers might adjust their
smoking behavior to regulate their level of nicotine intake. Several
investigators have measured the blood, urinary, or salivary levels of
nicotine or its major metabolitecotinineduring
the smoking of
cigarettes of varyingnominal
nicotine yields (see Table 1). A
reduction in blood (Russell et al. 1975; Sutton et al. 1978; Ashton et
al. 1979; Hill and Marquardt 1980) and urinary (Goldfarb et al. 1976;
Ashton et al. 1979; Stepney 1981) nicotine levels or in plasma (Hill
and Marquardt 1980; Stepney et al. 1981) and urinary (Ashton et al.
1979; Hill and Marquardt 1980) cotinine levels has generally been
observed on switching to a cigarette with a lower nominal nicotine
yield. However, smokers show variable degrees of compensation for
the lower yield, as there is generally a poor relationship between
nominal nicotineyield and measured blood nicotine levels (Russell et
al. 1980; Sutton et al. 1982; Feyerabend et al. 1982; Benowitz et al.
1983).
Relating nominal nicotine yield and blood nicotine levels, Ashton
et al. (1979) estimated that smokers compensated for about twothirds of the difference in nominal yields when they switched from
medium nicotine cigarettes to high or low nicotine brands. Using a
stepwisemultiple regression analysis of nicotine yield and blood
nicotine concentration, Russell et al. (1980) observed a significant,
but very weak, correlation (r=0.21) between the two measurements,
but the nominal nicotine yield of the cigarettes accounted for only
4.4 percent of the variability in blood nicotine concentrations. The
use of absolute rather than logarithmic analysis in this study has
been criticized (Kozlowski et al. 1982; Herning et al. 1983), and the
criticism involved the problems of trying to predict doses to
individuals rather than the dose to groups. In another study using
log-linear regression analysis (Herning et al.19831, a better correlation was observed between nominal nicotine yield and theincreasing
blood nicotine after smoking (r=0.5), but this study used Kentucky
reference cigarettes rather than commercial brands, and these low
yield cigarettes have less nicotine in the unburned tobacco than
commercial low yield brands. Such a relationship still accounted for
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only 25 percent of the individual differences in blood nicotine levels,
whereas 50 to 60 percent was accountedfor by individual differences
in smoking behavior (Herning
et al. 1983).
Additional information on compensatory alterations in nicotine
intake has been provided by studying the mouth exposure index,
of cigarettebutts for nicotine
which is calculatedfromanalysis
content and a knowledge of the retention efficiency of the filter tip
(Ashton and Watson 1970). Because the amount of nicotine retained
by a filter is proportional to the amount that passes through, it is
possible to estimate the amountof nicotine presented to the smoker
from the nicotine content of the filter. Results using thisindex have
revealed a greater variation between individual studies(see Table 1)
than observed with blood nicotinemeasurements.Thismay
be
related to the fact that filter efficiency is usually determined by a
machine, but retention of nicotine is also dependent on theway the
cigarette is smoked; therefore, the retention efficiency of the filter
may vary between smokers.

Role of Tar Content
The observations thatsmokersadapttheirsmokingbehavior
according to the nicotine delivery
of a cigarette and that many
of the
toxiceffects of smoking appear to be related to tar rather than
nicotine content has led to the suggestion that altering the tar to
nicotine ratio might produce
a cigarette less hazardous to health
(Russell 1976; Stepney 1981). A cigarette with a medium nicotine,
low tar, and low carbonmonoxideyield
might beadvantageous.
While nicotine has been the component most extensively studied, it
may not be the only substance responsible for the addictive power of
tobacco. It is not possible to separate theeffects of tar andnicotine in
most studies, as their respective yields usually show a very close
correlation.
Usingresearchcigarettes
providing threedifferent
yields of
nicotine and two different yields of tar, Goldfarb et al. (1976) found
evidence of compensation for nicotine but not for tar content. The
authors urged cautious interpretation of the results because of the
limited range of tar yields examined. Examining a large number of
subjects smoking cigarettesof varying tar and nicotine yield, Waldet
al. (1981) found that both tar and nicotine were significantly related
to blood COHb,taken as a n index of cigarette smoke inhalation.Twoway analysis of variance of the dataindicated that afterallowing for
the effect of either tar or nicotine yield, the COHb index was no
longer significantly influenced by the other. A cross-over study of
medium tar smokers who were switched to low nicotine, low tar
cigarettes and medium nicotine,low tar cigarettes has been reported
by Stepney (1981). While the intake of carbon monoxide was least
with the medium nicotine,
low tar cigarette, the mouth exposure
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index to tar was similar among the brands. Indeed, the pattern of
smoking adopted by the subjects was more effective in reducing the
difference in tar delivery between the cigarettes than incompensating for nicotine delivery. Further evidence indicating the importance
of cigarette tar deliveryindetermining
smoking behavior was
reported by Sutton et al. (1982). Using multiple regression analysis,
they observed that when nicotine yield was controlled, smokers of
lower tar cigarettes had higherblood nicotine levels than smokers of
higher tar cigarettes, indicating that they inhaled a greater volume
of smoke. In contrast, when tar yield was controlled, smokers of
lower nicotine cigarettes had lower blood nicotine concentrations
than smokers of higher nicotine cigarettes,indicating that they
inhaled less smoke. These resultssuggest some compensation for tar
over ar_d above any compensation for nicotine. It may be that
nonpharmacologic, sensory stimulation by factors such as the flavor
of cigarette smoke may be more importantthan
nicotine in
determining smoking behavior.
These new observations, especially on the role of tar delivery,
require further investigation. Most published research consists of
controlledswitchingexperiments
in which the subject smokes
cigarettes of varying yields (see Table 1).Further studies of smoking
behavior insubjects who havevoluntarily chosen cigarettes of
different yields are needed. The absence of an acceptable, palatable
“standard”researchcigarettecontinues
to be an impediment to
research in thisarea.
VariationsinPattern

of Cigarette Smoke Inhalation

While cigarette smoking is the single most important factor in the
development or” COLD, the majority of smokersnever develop
clinically significant airflow obstruction(Fletcher
et al. 1976).
Despite the clear dose-response relationship between number of
cigarettes smoked and deathfrom COLD, attempts at identifying the
individu.al susceptible smoker on the basis of number of cigarettes
smoked have had very limited
success.
Another approach to identifying the susceptible smoker is to study
the manner of smoking, as this is probably a major determinant of
the lung’s exposure to cigarettesmoke. Cigarette smoking consists of
two phases: initially, the smoker takes a puff into the mouth, and
after a variable 1 to 4 second pause, the smoke mixed with air is
inhaled into the lungs (Rawbone et al. 1978; Higenbottam et al.
1980a; Tobin andSackner
1982). Individual differences inthe
pattern of cigarette smoking such as the size of the puff volume, the
duration of holding the smoke in the oral cavity before inhalation,
and the depth and duration of inhalation are among the important
factors determining the relative concentration
of smoke constituents
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that reach the lung.Despite its significanceindeterminingthe
distribution and deposition of cigarette smoke, the mode of inhalation following the puff has received scant scientific investigation.
A number of epidemiologic studies have examined the relationship
between cigarette smoke inhalation, based on the smoker’s subjective estimation, and the severity of pulmonary disease. Results of
these studies are conflicting; some investigators reported an association between smoke inhalation and the presence of mucus hypersecretion (Rimington 1974; Schenker et al. 1982; Dean et al. 1978) and
decline in pulmonary function (Ferris et al. 1976; Bosse et al. 1975),
and others observed no relationship between inhalation and pulmonary dysfunction (Beck et al. 1981; Schenker et al. 1982). The
inconsistenciesinthese epidemiologic studiesmay be due to the
smokers’ inability to accurately describe their inhalation pattern.
There are three reports of therelationshipbetweensubjective
estimations of cigarettesmokeinhalationanddirect
objective
measurement. Rawbone et al. (1978) found that the rating on a
visualanalogscalewas
a good predictor of inhalationvolume
(r=0.65). Conversely,Tobin et al. (1982a)notedno
relationship
between inhalation volume and the smoker’s perception of depth of
inhalation, indicated on a visual analog scale (r=0.04);
a similar
finding was reported by Adams et al. (1983) (r=0.04). Standardizing
the inhaled volume for vital capacity did not improve the relationship. Other investigators using measurements of COHb observed a
weakrelationshipbetween
self-estimated inhalationand COHb
concentration (Stepney 1982; Wald et al. 1978). Measurements of
COHb reflect the amountof cigarette smoke absorbedby the lung. In
additiontobeing
affected by thedepth
of inhalation, COHb
concentration is influenced by the varying carbonmonoxide yields of
different cigarettes, the number of puffs per cigarette, puff volume,
pulmonaryfunction-particularlydiffusingcapacity
andalveolar
ventilation-and hemoglobin
concentration (Wald et al. 1978; Rickert et al. 1980). Therefore, it yieldsvaluablecomplementary
information, but it does not provide a direct measure of the pattern
of inhalation (Tobin et al. 1982a; Guyatt et al. 1983).
Direct measurements of the patternof cigarette smoke inhalation
have been reported fora small numberof smokers. Initially, thepuff
a variable
from the cigarette is taken into the mouth, and after
pause of 1 to 4 seconds, it is inhaled into the lungs (Rawbone et sl.
1978; Higenbottam et al.1980a;Tobin and Sackner1982; Tobin et al.
1982a; Adams et al. 1983). Higenbot,tam et al. (1980a) reasoned that
this pause, while holding the smoke in the mouth, minimized the
irritant qualities of cigarettr: smoke. In a group of five subjects who
were requested to inhale smoke directly into their lungs, without
an
intervening pause in the mouth, consistent acute airway narrowing
wasobserved. In contrast, smokers adopting the usual
two-phase
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smoking pattern showed a variable airway response. The authors
suggested that buccal absorption of water-soluble compounds, such
as sulfur dioxide and acrolein, together with precipitation
of tar,
minimized the irritating qualities of cigarette smoke. They observed
no relationship between the acute airway response and amount of
smoke inhaled in the regular
two-phase smokers, although there
appeared to be a relationship in those directly inhaling smoke into
their lungs. However, there is a marked discrepancy in the inhalation volumes reported inthisstudy
compared with the values
reported in other studiesof cigarette smoke inhalation, probably due
to the inaccuracy of the magnetometers employed for the measurements; therefore, a statement regarding the relationship between
depth of smoke inhalation and the acute airway response may be
misleading.
Thereport
thatacuteairway
narrowingis
uncommon after
cigarette smoking is in disagreement with the findings of several
investigators who have observed bronchoconstriction to be a common
phenomenon after acute smoke exposure (Nadel and Comroe 1961;
Sterling 1967; Da Silva and Hamosh 1981;Tobin et al. 1982a);
however, it is certainly plausible that the response is greater in
smokers who inhale smoke directly into thelungs than in two-phase
smokers. The frequency of direct inhalation of cigarette smoke into
the lungs is unknown. In a small study of 10 smokers, Tobin and
Sackner (1982) observed 1 subject who showed an approximately 50
ml expansion of the abdominal compartment simultaneously with
taking thepuff from the cigarette.
Adams et al. (1983) studied therelationship between puffing,
cigarette smoke inhalation, and partitioning of airflow between the
nose and mouthin 10smokers. After taking thepuff into the mouth,
two subjects actively exhaled 80 ml and 200 ml volumes, respectively, before the subsequent inhalation. In this situation, the
volumes of
smoke might be expelled from the mouth, and little,
if any, would be
available for subsequent inhalation into the lungs. The frequency of
this smoking pattern was not given, but another report from the
samelaboratory
(Rawbone etal.
1978) indicated thatit
was
uncommon. There was marked intersubject variation in the partitioning of airflow between the nose and mouth duringsmoking, with
four subjects inhaling almost exclusively through the mouth, four
inhalingpredominantlythrough
the nose, andtheother
two
demonstrating both patternsof inhalation. The importance
of factors
indeterminingwhethercigarette
smoke isinhaled as a bolus
followedby a subsequent “chaser” of air or is evenly distributed
throughout the inhaled volume of air remains to
be determined.
Considerable discrepancies exist between published reports of the
volume of air mixed with smoke that is inhaled into the lungs, with
reported mean inhalation volumes of 34 to 152 ml (Higenbottam et
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FIGURE 3.-Pattern of inhalation of cigarette smoke mixed
with air, in two smokers
SOURCE: Modified from Tobm et al. (1982b).

al. 1980a), 450 to 485 ml (Guillerm and Radziszewski 19781, 389 to
1,136 ml (Adams et al. 1983),750 to 2,000 ml (Rawbone et al. 19781,
and 170 to 1,970ml (Tobin et al. 1982b). Amajorfactorin
the
discrepanciesbetweenthesestudies
is probably the inaccuracies
inherent in some of the methods employed in the measurements, as
discussed by Tobin and Sackner(1982). When inhalation volumes are
standardized for body size by relating them to vital capacity, marked
interindividual variation is still observed (Figure 3), with inhalational volumes ranging from 9 to 47 percent of the vital capacity and a
group mean value of 20 percent (Tobin et al. 1982b). Smokers show
considerable variation in inhaled volumes while smoking
a single
cigarette. The volumeof inhalation bearsno relationship to cigarette
consumption in terms of pack-years (Tobin et al. 1982b). Similarly,
duration of inhalation showsconsiderablevariationbetween
sub
jects, with mean individual values ranging from 1.7 to 7.3 seconds
(Adams et al. 1983; Tobin et al. 1982b). Repeat measurements a t
intervals of up to 10 months apart indicate thatindividual subjects
tend to maintain a fairly constant inhalation volume, duration of
inhalation,and associated breathholdtime
(Tobin et al. 1982b;
Adams et al.1983).
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The pattern of cigarette smoking shows a wide degree of intersubject variability, including differences in the number of puffs, puff
volume, holding pause in the mouth, exhalation of smoke from the
mouth before inhalation, partitioning of airflow between the nose
andmouth,and
volume andduration of inhalation. Given this
degree of variation, it is not surprising that smokers might show
wide differences in their individual susceptibilitiesto lung injury. In
a study relating inhalation volum-tandardized
for vital capacity-to the timevolume and
flow-volume components of a forced vital
capacity maneuver,no significant correlation was observed (Tobin et
al. 1982b). Although this lack of a relationship might be interpreted
as indicating that the pattern of smoking is unimportant in the
development of lung disease, it may also reflect the fact that
pulmonary function was normal or near normal in the majority of
subjects and that the study
was of a cross-sectional design.
Use of Additivesin Low TarandNicotineCigarettes

The nominal tar and nicotine yield of cigarettes has continually
decreased since the time of the initial reports linkingsmoking with
lungcancer (USDHHS 1981). In 1954, the average tar yield per
cigarette was 38 mg, and in 1980 it was less than 14 mg. Initially, tar
reduction was achieved by decreasing the cigarette tobacco content
or removing tar by smoke filtration, bothof which probably resulted
in a lower smoke exposure. Since 1971, the reduction in tar yield has
exceeded therelative
reduction in the weight of tobacco per
cigarette; this difference has increased since 1975 (USDHHS 1981).
Manufacturing technology has progressed beyond simple reduction
in tobacco content: the yield and composition of smoke can be
modifiedby genetic modification of the tobacco leaf (Tso1972a1,
changes in ita cultivation and processing (Tso 1972b),changes in the
porosity of cigarette paper, and alterations in filter design (Kozlowski et al. 198Ob).
When initially introduced, lower yield cigarettes lacked palatability and acceptability. Advertisements for the current low tar and
nicotine cigarettes emphasize their flavor, presumably achieved by
the use of additives inthe processing of the tobacco. Additives
employed may include artificial tobacco substitutes (Freedman and
Fletcher 1976),flavor extracts of tobacco and other plants,
exogenous
enzymes, powdered cocoa (Gori 19771, and other synthetic flavoring
substances. Perhaps more additives are being used in the new lower
tar and nicotine cigarettes than in the older brands, and new agents
may also be in use. Some of the substances, such as powdered cocoa,
have been shown to further increase the carcinogenicity of tar (Gori
19771, andothers may resultin increased or new anddifferent
health risks. The pyrolytic products of these additive agents may
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produce novel toxic constituents. A characterization of the chemical
composition andadverse biologic potential of theseadditives is
urgentlyrequired,but
is currently impossiblebecause cigarette
companies are not required to reveal what additives they employ in
the manufactureof tobacco (USDHHS 1981).No government agency
is empowered withsupervisoryauthorityinthemanufacture
of
tobacco products. With this lackof basic information and the usually
prolonged latent period before manifestation of the adverseeffects of
smoking, it is likely that a long time period will elapse before we
know the hazardsof the new cigarettes in currentuse.
ResearchRecommendations

1. Longitudinal epidemiologic studies are needed to determine
the risk for pulmonary symptoms and dysfunction in smokers
of cigarettes with the low tar and nicotineyieldsfoundin
currently popular brands.
2. Further researchis needed to determine the relative
potency of
high and low tar and nicotine cigarettes in inducing elastase
release and producing functional inhibition
of al-antitrypsin
activity.
3. Development of an animal model of cigarette-smoke-induced
emphysema would be advantageous in determining the relative
risk of lung injuryof cigarettes of different composition.
4. Moreinformation is required on the smokingbehavior of
smokers who have voluntarily switched from high to low tar
and nicotine cigarettes.
5. The role of cigarette tar, as opposed to nicotine content, in
determining smoking behavior needs be
to defined.
6. Standardresearchcigarettes
of varying tarand
nicotine
contents that are palatable and acceptable to smokers need to
be developed.
7. Therole of variationinsmokingbehaviorindetermining
susceptibility to lung injury needs to be defined. Studies are
required to determine the effect of smoking patterns on the
distribution and penetrationof the smoke aerosol into the lung.
8. More information is needed on the composition and adverse
biologic effects of flavoradditivesincigarettes
andtheir
pyrolytic products.
SummaryandConclusions

1.The recommendation for those who cannot quit to switch
to
smoking cigarette brands with low tar and nicotine yields, as
determined by a smoking-machine, is based on the assumption
that thisswitch will result in a reduction inthe exposure of the
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lung to these toxic substances. The design of the cigarette has
markedly changed in recent years, and this may have resulted
in machinemeasured tar and nicotine yields that do not reflect
the real dose to thesmoker.
2. Smoking-machines thattakeinto
account compensatory
changes in smoking behavior are needed. Theassays could
provide both an average and a range of tar and nicotine yields
produced by different individualpatterns of smoking.
3. Although a reduction in cigarettetar content appears toreduce
the risk of cough and mucushypersecretion, the risk of
shortness of breathand
airflow obstruction may not be
reduced. Evidence is unavailable on therelative risks of
developing COLD consequent to smoking cigarettes with the
very low tar and nicotine yields of currentand recently
marketed brands.
4. Smokers who switch from higher to lower yield cigarettes show
compensatory changes in smoking behavior: the -number of
puffs per cigarette is variably increased and puff volume is
almostuniversally increased, although the number of cigarettes smoked per day and inhalation volume are generally
unchanged. Full compensation of dose for cigarettes with lower
yields is generally not achieved.
5. Nicotine has long been regarded as the primary reinforcer of
cigarette smoking, but tar content may also be important in
determining smoking behavior.
6. Depth and duration of inhalation are among the most important factors in determiningthe relativeconcentration of smoke
constituents that reach the lung. Considerable interindividual
variation exists between smokers with respect to the volume
and duration of inhalation. This variation is likely to be an
important factor in determining the varying susceptibility of
smokers tothe development of lung disease.
7. Production oflow tar and nicotine cigarettes has progressed
beyond simple reduction in tobacco content. Additives such as
artificial tobacco substitutes and flavoring extracts have been
used. The identity, chemical composition, and adverse biological potentialof these additivesare unknown at present.
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Introduction

This chapter explores recent data that relate involuntary cigarette
smoke exposure to the occurrence of physiologic changes, symptoms,
and diseasesinnonsmokingadultsandchildren.Health
effects
a subject that hasbeen extensively
related to fetal exposure in utero,
studied, are not discussed, although instances where such exposure
may relate to potential developmentare pointed out. The interested
reader is referred to several excellent recent
reviews for a more
complete treatment of this issue (USDHEW 1979; USDHHS 1980;
Abel1980; Weinberger and Weiss 1981).
Differences inCompositionofSidestreamSmokeand
MainstreamSmoke

Involuntary (passive)smokingisdefined
as the exposure of
nonsmokers to tobacco combustionproductsfrom
the smoking of
others. Analysis of the healtheffects of passive smoking requires not
only some knowledge of the constituents of tobacco smoke, but also
some quantitation of tobacco smoke exposure. Tobacco smoke in the
mainstream smoke and
environment is derived from two sources:
sidestream smoke. Mainstream smoke emerges into the environment
after having first been drawn through the cigarette,
which filters
some of the active constituents. The smoke is then filtered by the
smoker’s own lungs, and exhaled. Sidestream smoke arises from the
burning end of the cigarette and enters directly into the environment. Differences in the temperature of combustion, the degree of
filtration, and the amount of tobacco consumed all lead to marked
differences in the concentration of the constituents of mainstream
smoke and sidestream smoke (USDHEW 1979; Sterling et al. 1982;
Brunneman et al. 1978; National Academy of Sciences 1981;
Rylander et al. 1984). Many potentially toxic gas phase constituents
are present in higher concentration in sidestream smoke than in
mainstream smoke (Brunnemanet al. 1978) (Table 11, and nearly 85
percent of the smokein a room resultsfromsidestream
smoke.
Smaller amountsof smoke are contributed to the environmentfrom
the nonburning end of the cigarette by diffusion through the paper
wrapping and by the smoke exhaled by the smoker. Therefore, both
active and passive smokers may be similarly exposed to sidestream
smoke. Mainstream smoke is inhaled directly into the lungs and is
diluted only by the volume of air breathed in by the smoker when he
or she inhales. Sidestream smokeis generally diluted in a considerably larger volume of air. Thus, passive smokers are subjected to a
quantitatively smaller and qualitatively different smoke exposure
than active smokers. The quantificationof the exposure of a passive
smokertothesesidestreamsmokeconstituents
is oftendifficult.
Factors such as the type and number
of cigarettes burned, thesize of
365

the room, the ventilation rate, and thesmoke residence time are all
importantvariablesindetermining
levels of exposure. Thus, no
single variable accurately characterizes exposure to smoke constituents.
Repace and Lowrey (1980, 1982,1983) have shown that,to a
reasonableapproximation, exposure totheparticulate
phase is
predicted by theratio
of the smokerdensityto
the effective
ventilation rate of the area in which the smokers are located.
Measurement of Exposure

Levels of indoor byproducts of tobacco smoke, with measurements
made under realistic exposure conditions, are presented in Table 2.
Among the constituents that have been measured, nitrogen oxide,
carbon monoxide, nicotine and respirable particulates, nitrosamines,
and aldehydes have been shown to be significantly elevated indoors
as a result of cigarette smoking. Nitrogen oxide is rapidlyoxidized to
nitrogen dioxide (NG) in air, and reaches equilibrium with outdoor
levels of NO;!, provided there are suitable airexchange rates and no
other indoor sources, such as a gas stove. The particulate concentration indoors clearly increases with increasing numbers of smokers,
although the background level is determined by the outdoor level.
The conclusions from the few studies that actually measureventilation rates during exposure suggest that under “normal” air circulation conditions, carbon monoxide (CO) levels will be relatively low,
but still may exceed the ambient air quality standard of 9 ppm
(NIOSH 1971). However, even modest reductions in ventilationrates
can lead to CO accumulation.
A variety of measures have been utilized to quantify the nonsmoker’s exposure to tobacco smoke. No singlemeasure
has been
uniformly accepted as characterizing the level of smoke. Nicotine is
the mosttobacco-specific of thesemeasures, butit is relatively
of the airwith
complicated and expensive to measure and settles out
theparticulate phase, making it a poor measure of gasphase
constituents. In addition, nicotine may rapidly deposit on surfaces
and subsequently evaporate into the environment (Rylander et al.
1984), making it a poor measure of acute smoke exposure levels.
Measurements of total particulate matter area broader measure of
smoke exposure, particularly if the measurements are limited to
particles in the respirable range and to environments without other
major sources of respirable particles. Thesmoke particles also settle
out of the air and therefore may not reflect the levels of gas phase
constituents, and a wide variety of otherdusts may contribute
particulates to the air, particularly in the occupational setting. A
number of authors have measuredlevels of CO. This measurement is
relatively simple and a measure of absorption (carboxyhemoglobin)
366
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is also readily available. CO reflects the gas phase components of
smoke andthusmaynot
reflect the levels of particulatephase
constituents.There
are also a number of other CO sources in
theexternalenvironment
(e.g.,
addition to cigarettes,bothin
automobiles) and in the indoor environment (e.g., gas stoves). As a
result, even the subtraction of external atmospheric levels may not
entirely eliminate the contribution
of other sources of CO to the
indoor environment.
Given these problems, use of several of these measures, or the
tailoring of the measurement to the phenomenon being measured,
seems appropriate. The measurement of total particulate matter
may be a reasonable indicator of exposure to the particulate phase
of
smoke, once the measurement is limited to respirable particulates
and oncebackgroundlevelswith
the same level of activity,but
without smoke,are subtracted.Relatively precise methods have been
developed topredictthe
levels of exposuretocarbonmonoxide
(Jones and Fagan 1975; Coburn et al. 1965) and total particulate
matter (Repace and Lowrey 1980) that would be expected in rooms of
different size and ventilationwithdifferentrates
of smoking.
Stewart et al. (1974), using blood donors, found the median blood
carboxyhemoglobinlevelforsmokers
and nonsmokers in selected
populations to be 5.0 and 1.2 percent, respectively. This corresponds
to a steady state ambient CO level of 7 ppm, which represents a
combination of atmospheric pollution from cigarette smoke and the
background level of urban pollution and is consistent with the levels
described in Table 2. Exposure levels to carbonmonoxide are highly
dependent on ventilation,occupancy, smokingrates, andbackground
levels in the ambient air. The half life of carboxyhemoglobin is
approximately 4 hours, making blood carboxyhemoglobin a useful
biologic monitor of acute exposure to passive smoking, but one that
does not provide usefuldata for chronic exposure.
Assessment of chronic exposure with a biologic marker requires
the ability to measure some accumulating product
of smoke. To date,
substances such as cotinine (Matsukura et al. 1979; Langone et al.
1973; Williams et al. 1979; Feyerabend and Russell 1980; Russell et
al. 1982), thiocyanate (Bottoms et al. 1982; Cohen and Bartsch 1980),
and polonium-210 (Radford and Hunt 1964; Littleand McGendy
1966) have been measured in active smokers. Plasma and urinary
nicotine,plasma and urinary cotinine, and salivary
nicotine and
cotinine have been reported in nonsmokers
exposed to tobacco smoke
(Jarvis andRussell 1984; Russell and Feyerabend 1975; Feyerbend et
al. 1982). Of these measures, it would appear that urinary cotinine
offers the most promise as a n index of exposure. However, there are
nopublished data usingthesemeasures
as biologic markers of
chronic involuntary smokeexposure.
383

Incontrast to physiologic investigations, epidemiologic studies
have used the number of smokers in the home or in the working
environment as the principal exposure variable. These relatively
crude indices, in general, ignore time spent with the
smoker and the
environmental factorsknown to influence ambient smoke concentration noted above.
In summary, involuntary smoking research deals with an exposure that is qualitatively and quantitatively different from that of
active smoking. Adequate characterization of passive exposure in
both epidemiologic and physiologic studies is substantially more
difficult for involuntary exposure than for active smoking exposure.
While the active smoker’s total current cigarette consumption is
relatively easily quantitated,the lower dose and greaterinfluence of
ventilation and ambient environment for involuntary smoke exposure makesassessment of exposure one of the most important
methodologic issues of this research. Clearly, a biologic marker of
chronic exposure that reflects the amount of tobacco smoke to which
nonsmoking persons are exposed would be a useful tool. In addition,
carefully formulated questionnaires quantifying
passive smoking are
also necessary, and may prove equally valid for assessing exposure.
No single index has yet been accepted by all investigators,and
comparison between studies remains difficult. However, Repace and
Lowrey (1983) have estimated that the nonsmoking population may
be exposed to from 0 to 14 mg of tar per day, with an average exposure of 1.43 mg per day.
AcutePhysiologicResponse
Environment

of theAirwaytoSmokeinthe

Relatively little acuteexposure data exist concerning the effects of
passive inhalation of cigarette smoke on pulmonary function (Table
3). The data that are availablehave been obtained in exposure
chambers under carefully monitored and controlled circumstances
(Pimm et al. 1978; Shephard et al. 1979; Dahms et al. 1981).
Pimm and colleagues (1978) exposed nonsmoking adults to smoke
in an exposure chamber. Relatively constant levels of carbon
monoxide (approximately 24 parts per million) were achieved in the
chamber during involuntary smoking. Peak blood carboxyhemoglobin levels were always less than 1 percent in subjects before smoke
exposure, but were significantly greater during the study exposure.
Lung volumes, flow volume curves, and heart rate were measured
for all subjects. Measurements were made at restand following
exercise under control conditions and smokeexposure conditions.
Flow at 25 percent of the vital capacity decreased significantly with
smoke exposure at rest in men and with exercise in women. The
magnitude of the change was small: a 7 percent decrease in flow in
384
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men and 14 percent in women. No other consistent changes in lung
function were observed. Shepardand coworkers (1979) utilized a
similar crossover design in a chamber of exactly the same size as
Pimm’s. Their results were almost identical, with a small (3 to 4
percent) decrease in FVC, FEVI, Vrnaxm,and Omax%.
They concluded
of the magnitudeanticipated from an
that thesechangeswere
2 hours(the
exposure
exposure of less than 1/2 cigarettein
anticipated for a passive smoker).
Dahms et al. (1981) used a slightlylargerchamberwith
an
estimated peakCO level of approximately 20 parts per million. They
found no change inFVC, FEV1,or FEFwnafter1 hour of exposure in
normal subjects. This experiment was not blinded and had no sham
exposure.
Thedata from thesestudies suggest thatinvoluntary smoke
exposure can probably produce measurable, albeit small, changes in
the airways of normal individuals. This response is consistent with
the acuteresponse to the inhalationof cigarette smoke by the active
smoker, and itis not surprising that high dose involuntary exposure
to tobacco smoke might produce similar results. The magnitude of
these changesis small, even at moderate to highexposure levels, and
it is unlikely that this change in airflow per se results in symptoms;
however, it may be only one manifestation of a broader irritant
response to smoke in nonsmokers.
SymptomaticResponses to ChronicPassiveCigaretteSmoke
ExposureinHealthySubjects

Eye irritation is the most common complaint experienced by
normal people acutely exposed to cigarette smoke. In one study, 69
percent of subjects reported ever experiencing this symptom (Speer
1968). Headache,nasal
irritation,and cough were reported by
approximately onethird of the subjects in this and other investigations (Weber and Hertz 1976; Slavin and Hertz1975).Several factors
may alter theprevalence of irritant symptoms, including the amount
of smoking, the size of the area involved, the humidityand
temperature of ambient air, and the extent
of ventilation (Johansson
1976). No longitudinal studies of these irritant effects (e.g., develop
ment of increased sensitivity or tolerance) have
been reported.
Weber (1984) has examined the effect of dose and duration of
exposure to environmental tobacco smoke on subjective reporting of
eye irritation and objective measurement of eye blink rate. Figure 1
reveals that both eye irritationand
blink rate increasewith
increasing dose of smoke exposure, and that substantial subjective
irritationand objective increase in blink rate occur at levels of
smoke exposure (COlevels of 20 to 24 ppm) equivalent to thoseused
to evaluate pulmonary function changes in
response to environmen386
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FIGURE 1.-Mean subjective eye irritation, mean eye blink
rate, and concentrations of some pollutants
during continuous smoke production in an
unventilated climatic chamber
N O T E Thirty-three SubJeCts; ventilation r a k 0.01 h l , eye irritation index calculated from the answers to four
questions concerning eye irritation; 0 min = measurement before smoke production.
SOURCE: Weber 11984).

tal tobacco smoke exposure. Both irritation and blink rate increase
with duration of exposure to environmentaltobacco smoke (Figures
2 and 3). After 60 minutes of exposure, distinct changes are evident
in level of irritation with a smoke exposure of 1.3 ppm CO, and the
blink rate increased with smoke exposures as low as 2.5 ppm CO.
These levels of smoke exposure (1.3 to 2.5 ppm CO) are well within
those measured under realistic conditions
(see Table 1). Therefore, it
is possible to demonstrate an objective irritant response in normal
subjects at levels of smoke exposure substantially lower than the
levels where anairway response(alsopresumably
anirritant
response) has been demonstrated. Whether this difference represents
a difference in threshold for irritation in the eye and airway or
a
limitation in the ability to measure subtle changes in the airway is
uncertain.

eye irritation index

3-

/----

10 PPm

5 PPm
2-

2.5 ppm

1.3 ppm

control
1-

0

20

40

60

exposure min

FIGURE 2.4ubjective eye irritation due to environmental
tobacco smoke, related to smoke concentration
and duration of exposure
NOTE:CO values are levelsduring smoke production minus background level before smoke production; 32 to 43
subjects; 0 min = measurements before smoke production.
SOURCE:Weber (1964)

Chronic respiratory symptoms have been reported most commonly
in children. Studies from several different countries (Table 4) have
shown a positive relationship between parental cigarette smoking
and the reportingof the symptoms of chronic cough, chronic phlegm,
and persistent wheeze (Colleyet al. 1974; Bland et al. 1978; Lebowitz
and Burrows 1976;Weiss et al.1980; Ware et al.1984;Schilling et al.
1977; Kasuga et al. 1979; Schenker et al. 1983). Some of these studies
may be confounded by an increased reporting of symptoms in the
child by parents who smoke and have symptoms (Colley et al. 1974;
Bland et al. 1978; Kasuga et al. 1979) or by the child’s own smoking
habits (Colley et al. 1974; Bland et al. 1978; Kasuga et al. 1979).Not
all studies show statistical significance for all symptoms (Lebowitz
and Burrows 1976; Schilling et al. 1977; Schenkeret al. 1983).
However, a consistent finding in all reported data is an increase in
symptoms with an increased number of smoking parents in the
\
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home. This effect persists after controlling for parental cough and is
most marked in thefirst year of life.
Britishresearchers,studying
a birth cohort,demonstrated a n
increased incidenceof wheezing over a 5-year period among nonasthmatic children who had two parents who smoked. However, when
a
examined by logisticregression,parentalsmokingwasnot
significant predictor of Occurrence of wheeze or the future occurrence of asthma (Bland et al. 1978). In a subgroup of t h e c o h o r t 4 6 1
children of asymptomaticparents,Leederand
colleagues(1976a)
foundnosignificant
trend in asthma-wheezesymptomswithincreasing levels of parental smoking over a 5-year period. In a study
of 650 children aged 5 to 10 years (Weiss et al. 19801, a significant
trend in the reported prevalence of chronic wheezing with current
parental smokingwasfound;
the rates were 1.85 percent, 6.85
percent, and 11.8 percent for zero, onesmokingparent,andtwo
smoking parents, respectively. Although the data given are for all
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households, when the analysis was restricted to those households
where neither parentreported symptoms, the results were identical,
suggesting that in this population, significant reporting bias was not
responsible for the observed results. Lebowitz and Burrows (1976),in
a group of 463 current-smoking and never-smoking households with
children below age 15, found trends-but no statistically significant
differences-for a variety of symptoms, including wheeze most days,
in households with smokers. In the same study, among 849 households with older children andadults,there
were no significant
differences for any symptom prevalence between current-smoking
and never-smoking household members. In a general population
study, Schilling et al. (1977) reported no association between wheeze
and involuntarysmoking.
A preliminary report from one of the largest studies currently
under way (Speizer et al. 1980) indicated no association of persistent
wheeze with the presence of smoking in the household for approximately 8,000 children aged 6 to 11 in six communities. However,
subsequentanalyses of thesesamecohortswiththeaddition
of
approximately 2,000 more children and a more detailed assessment
of the smoking behavior of each parent revealed a positive relationship that increased with the amount of maternal smoking and was
only modestly affected by takingintoaccounttheparents’
own
symptoms (Ware et al.1984).Dodge (19821,studying third and fourth
grade children, found that symptoms, including wheeze, were related
to both the presence of symptoms in the parents and thenumber of
smokers inthe
household. Thegradient
of the wheeze effect
persisted even after excluding the potential effect of reporting bias
by symptomaticparents. Few data are available on the level of
exposure necessary to produce symptoms or on the implication of
these symptoms for future lung growth and development. No data
are currently available on the relationship of passive smoking to
other putative risk factors for wheezing such as atopy, respiratory
infection, and increased levels of airways responsiveness, nor are
sufficient data available to estimate whether these early exposures
affect the occurrence of respiratory disease later in life. The
characteristics of the child who may be susceptible to this type of
exposure are unknown. However, the data are
sufficiently consistent
to suggest that pediatricians should routinely inquire aboutsmoking
habits of parents when caring for children with chronic or recurrent
respiratory symptoms and illnesses. It would also be prudent to
advise parents of children who are suffering from recurrent respiratory illnesses or persistentwheeze or asthmanot to smoke.
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Respiratory Infections in ChildrenofSmokingParents

Bronchitis and pneumonia and other lower respiratory illnesses

are significantly more common in the first year of life in children
who have oneor two smoking parents (Table5). Bonham and Wilson
(1981) showed that in 1970 the majority of homeswithchildren
under 17 years of age hadat least one smoker. Thus,
passive smoking
by children,eveninearly
childhood,iswidespread.
Harlapand
Davies (1974) studied 10,672 births in Israel between 1965 and 1968
and observed thatinfants whose motherssaidthey
smoked (as
determined at a prenatal visit) experienced a 27.5 percent greater
hospital admission rate for pneumonia and bronchitis than children
of nonsmokingmothers. In addition,theydemonstrated
a doseresponse relationship between the amountof maternal smoking and
the number of hospital admissions for these conditions. It shouldbe
noted that the mothers were reporting prenatal smoking and not
postnatal smokingfor the first year of life.
1963 and 1965 in
British investigators studying live births between
London alsoobserved a n increasedfrequency of bronchitis and
pneumoniainthe
first year of lifeassociatedwithinvoluntary
smoking that did not carry over to years 2 to 5 (Colley et al. 1974).
This effect was independent of parents’ own symptoms and increased
with the amount of smoking by parents. Bronchitis and pneumonia
also increased witha n increased number of siblings, and thiswas not
controlled in the analysis.
Fergusson et al. (1981), studied 1,265 New Zealand children from
birth toage 3. They demonstrated a n increase in both bronchitis and
pneumonia and lower respiratory illness during the first 2 years of
life in childrenwhose mothers smoked. Correctionsfor maternal age,
familysize, and socioeconomic status did notaffect
thelinear
relationship between the degree
of maternal smoking and therate of
respiratory illness. This effect declined with the increasing age
of the
child.
Leeder and colleagues (1976b) studied a British cohort of children
1963 and 1965 anddemonstratedthatparental
bornbetween
cigarette smoking was associated significantly with bronchitis and
pneumonia during thefirst year of life. A dose-response association
persisted after correction for parental respiratory symptoms, sex of
the child, number of siblings, and a history of respiratory illness in
the siblings.
Pullan and Hey(1982)studied childrenwho were hospitalized with
documented respiratory syncytial virus (RSV) infection in infancy.
They found a significant difference inthe smoking habits of mothers
at the time of the infection, compared with children hospitalized for
other illnesses-including respiratory diseases for which RSV infectionwasnotdocumented.Thesechildrenreported
a n excess
occurrence of wheeze and asthma andhad lower levelsof pulmonary
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function that persisted to age 10. The authors could not distinguish
between the possibilities that infection caused damage that persisted
and affected the maturation of the lung or that these children were
already more susceptible to severe RSV infection. Greenberg et al.
(1984) examined the tobacco smoke exposure of infants in the first
year of life by measuring urinary cotinine-tocreatinine ratios. They
found that infantsof mothers who smoked had a ratio of 351 ng per
mg, as contrasted with a ratio of 4 ng per mg in infants of mothers
who did not smoke. Breast-fed infants wereexcluded because of the
presence of nicotine in the breast milk
of mothers who smoke. A
dose-response relationshipwaspresentbetweenthe
cotinine-tocreatinine ratio and the reported level of maternal smoking in the
previous 24 hours. This study suggests that infants of mothers who
smoke absorb measurable amounts of the smoke from this environmental exposure.
Rantakallio (1978) studied over 3,600 children for 5 years, half of
whom had mothers who smoked and half of whom did not. Children
of mothers who smoked had a 70 percent greater chance of being
hospitalized for a respiratory illness than children of nonsmoking
mothers.
Some of thesestudiesmay
beconfounded
by the increased
reporting of symptoms in the child by parents who smoke and have
symptoms (Cameron et al. 1969; Said et al. 1978; Leeder et al. 1976b),
but in those studies in which parental symptoms were controlled, the
effects persisted. Other studies maybe influenced by the child’s own
smoking habits (Said et al. 19781, although the majority of research
examinedchildrenin
a n age rangeinwhichsmoking
would be
unlikely.
In summary, several studies suggest important increases in severe
respiratory illnesses, particularlyintheveryyoung(lessthan
2
years old) children of smoking parents. Young children may represent a more susceptible population for adverse effects
of involuntary
smoking than older children and adults. The amount of time spent
with active smokers, particularly by children under 2 years of age
with smoking mothers, may be an important factor. How in utero
exposure influencesthis riskis unknown.
PulmonaryFunction in Children of SmokingParents

In recent years, a number of studies have examined the relationship of parental cigarette smoking to pulmonary function in children
(Table 6). The majority of these studies have been cross sectional
(Tager et al. 1979; Weiss et al. 1980; Veda1 et al., in press; Burchfiel
et al., 1983; Tashkin et al. 1983; Hasselblad et al. 1981; Ware et al.
1984) andhavedemonstrateddecreasesin
level of pulmonary
function (FEVo.75, FEV1, FEFw75, and flows at low lung volumes) in
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children of smoking mothers compared with children of nonsmoking
mothers.
In some studies, there seems to be a dose-response relationship
(Tager et al. 1979; Weiss et al. 1980);i.e., the greater the number of
smokers in the home, the lower the level of function. When analyzed
by multiple regression techniques, maternal smoking hasthe
greatest impact (aswould be expected from the greatercontact time
with the child), and a dose-response relationship with the amount
smoked seems to exist (Weiss et al. 1980; Tager et al. 1979; Ware et
al. 1984; Veda1 et al., in press). Younger children seem to be more
adversely affected than older children (Tager et al.1979;Weiss et al.
19801, and clearly there is an added effect in older children if they
themselves smoke (Tager et al. 1979).
Tager and colleagues (1983) followed 1,156 children for 7 years to
determine the effect of maternal smoking on growth of pulmonary
function in children. After correcting
for previous level of FEV1, age,
height, personal cigarette smoking, and correlation between mother’s and child’s pulmonary function, maternal smoking was associated with a reduced rate of annual increase in FEVl and FEFzw5. The
magnitude of the effect was consistent with a 3 to 5 percent decrease
in expected lunggrowthdueto
thematernal smoking effect,
constant over the time period of the study. Because so few mothers
changed their smoking habits, the study did not attempt to differentiate between postnatal and in utero effects of involuntary smoke
exposure.
Ware et al. (1984)followed 10,106 white childrenfor two successive
annual examinations. The FEV, was 0.6 percent lower in the
children of smoking mothers at the first examination and 0.9 percent
lower at the second examination. Thesedifferences were statistically
significant, but represent very small absolute differences. In this
study,andin
the otherstudiesthat
show smallchangesin
pulmonary function, it is not clear whether these changes represent
small changes occurring uniformly among the children of smoking
mothers or somewhat larger changes occurring ainsmall subpopulation of susceptible children.
Theavailable data demonstrate that maternal
smoking affects
lung function inyoung children. However, the absolute magnitudeof
the difference in lung function is small;it is unlikely that this small
difference, per se, is of functional significance. The concern generated by the demonstration of even small differences is directed at the
future lung function of those children, particularly if they become
active cigarette smokers as adults. The possibility that this difference in lung function may resultfrom pathophysiologic mechanisms
similar to those present in active smokers raises the concern that
these childrenmay be “sensitized” to smoke at an early age, and that
this “sensitization”mayresult
i n a more rapid decline in lung
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function as adults, particularly if they become smoking adults. No
data are currently available to establishthe role, if any, of the small
physiologic changes in children on the development of adult obstructive lungdisease.
PulmonaryFunctioninAdultsExposed
Cigarette Smoke

to Involuntary

White and Froeb (1980) reported on2,100 asymptomatic adults
drawn from a population about to enter a physical fitness program.
They demonstrated statistically significant decreases in FEVl and
MMEF as a percent of predicted in nonsmokers exposed to tobacco
smoke in thework environment compared with nonexposed workers.
The decrementwas comparable tothat seen in smokers inhaling1to
10 cigarettes per day. However, the absolutemagnitude of the
difference in mean levels of functionin the smoke-exposed and
unexposed groups was quite small: 160 ml(5.5 percent) for FEVl and
465 ml/sec (13.5 percent) for MMEF. Carbon monoxide levels were
measured in the workplace and ranged from 3.1 to 25.8 ppm. The
population was self-selected, response was related to current workplace exposure and did not account forpeople whochanged jobs, and
it is unclear how the ex-smokers in the population were handled in
the analysis.
Comstock et al. (1981) examined 1,724 subjects drawn from two
separate studies in Washington County, Maryland. They found no
statistically significant greater risk of having an FEVl less than 80
percent of predicted in male nonsmokers exposed to wives’ cigarette
smoke at home. Schilling et al. (1977)did not find an effect of passive
smoking exposure in adults. Both of these studies included adults in
their samples who were relatively young and generally would not
have had a long-term passive exposure in adult life. This point was
from France.
broughtout
by a recentlyreportedlargestudy
Kauffmann et al. (1983) reported on a seven-city investigation in
which a total of 7,818 adults were studied. In a subsample of 1,985
nonsmoking women aged 25 to 29, in which 58 percent were exposed
to smoking husbands, there was a significant difference in level of
MMEF between truly nonsmoking women and women of comparable
ages exposed to passive smoking. This effect did not become apparent
until age 40. These changes were small, and although not adjusted
for differences in body size,may suggest a possible effect of long-term
exposure in adult life.
The physiologic and clinical significance of these small changes in
be determined. In addition,
pulmonary function in adults remains to
variables such as ventilation, room size, number of rooms in the
home, duration of contact with the active smoker, and number of
cigarettes smoked could significantly influence total exposure and
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need to be exploredmorefully.Differences
in theseexposure
variables and the characterization of exposure may explain some of
the differences in these study results (Table
7).
The Effect ofPassiveSmokeExposure
Allergies,Asthma, and COLD

on PeopleWith

There are verylimited data on the effects of passivesmoke
exposure in patients with preexisting pulmonary disease, and the
availabledataare
conflicting.Clinical studieshave suggested a
relationship between respiratory symptoms in asthmatics and exposure to parental cigarette smoke, but
methodologic problems complicate the interpretationof the limited available data.
O’Connel! and Logan (1974) identified 37 asthmatic children who
were “bothered” by parental cigarette smoke. Parents of 20 of the
children stopped smoking and 18 (90 percent) of the 20 children had
a n improvement in symptoms. The control group
consisted of 15
children (2 werenot
followed up) whose parents didnot
stop
smoking. Only 4 (27 percent) of the children in the control group
improved. The self-selection of those parents who quit, subjective
criteria for improvement, and an unclear durationof followup limit
the interpretation of this data. Gortmaker and
coworkers (1982)
studied two populations of children aged newborn to 17 years. They
found a significant association between parental reporting of children’s asthma and maternal smoking. Maternal smoking alone was
associated with approximately 20 percent of all asthma. The effect
persisted when age and sex of the child, allergies, and family income
No controlwas
andeducationwerecontrolledintheanalysis.
attempted for the children’s own smoking habits or for increased
reporting of symptoms in children of symptomatic parents. Other
population-based studies (Lebowitz and Burrows 1976; Speizer et al.
1980; Schilling et al. 1977) have not shown such results.
Dahms et al. (1981) studied 10 patients with bronchial asthma and
10 normal subjects passively exposed to smoke in an environmental
chamber. Pulmonary function was measured at 15-minute intervals
for 1 hour after smoke exposure.
Blood carboxyhemoglobin levels
were measured before and after the 1-hour exposure. Carboxyhemoglobinlevels in subjects with asthma increased from
0.82 to 1.20
percent.Innormalsubjectstheincreasewasfrom
0.62 to 1.05
percent.Theincreasesin
carboxyhemoglobin inthe twostudy
groups were not significantly different. Asthmatic subjects had
a
decrease in forced vital capacity (FVC),forced expiratory volume in 1
second (FEVd,and maximum mid expiratory flow rate (MMEF) to a
levelsignificantlydifferentfrom
their preexposurevalues.The
decreasesinasthmaticsubjectswerepresent
at 15 minutes,but
worsened over the course of the hour to approximately 75 percent
of
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the preexposure values. Normal subjects had no change in
pulmonary function with thislevel of exposure. In this study, subjects were
notblinded
as tothe
exposureandwere
selectedbecause
of
complaints about smoke sensitivity. Shephardet al. (19791, in a very
similarexperiment, subjected 14asthmaticsubjects
to a 2-hour
cigarette smoke exposure in
a closed room (14.6 m3). The carbon
monoxide levels (24 ppm) were similar to those predicted the
in study
of Dahms and coworkers. No blood carboxyhemoglobin levels were
measured. Subjects were randomized and blinded to sham (no smoke)
and smoke exposureand tested on two separate occasions. Data were
expressed as a percentagechangefrom
thesham exposure. No
significant changes in FVC or FEVl were observed between sham
and smoke exposure periods, although 5 of 12 subjects did report
wheezing or tightness in the chest on the day of smoke exposure.
The limited existing data yield conflicting results concerning the
relationship betweenpassivesmokeexposure
andsymptomsin
patientswith known pulmonary disease. Further study of this
important questionis warranted.
Summary and Conclusions

1. Cigarette smoke can make a significant, measurable contribution to the level of indoor air pollution at levels of smoking and
ventilation that are common in theindoor environment.
2. Nonsmokers who report exposure to environmental
tobacco
smoke have higher levels of urinary cotinine, a metabolite of
nicotine, than those who do not report such exposure.
3. Cigarette smoke in the air can produce a n increase in both
subjective and objective measures of eye irritation. Further,
some studies suggest that highlevels of involuntary smoke
exposure might produce small changes in pulmonary function
in normalsubjects.
4. The children of smoking parents havea n increased prevalence
of reportedrespiratory
symptoms, and have an increased
frequency of bronchitis and pneumonia early life.
in
5. The children of smoking parents appear to have measurable
but small differences i n . tests of pulmonaryfunctionwhen
compared with children
of nonsmoking parents. The significance of this finding to the futuredevelopment of lung disease
is unknown.
6. Two studies have reported
differencesinmeasures
of lung
functioninolderpopulationsbetweensubjectschronically
exposed to involuntary smoking and those who were not. This
difference was not found ina younger and possibly less exposed
population.
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7. The limited existing data yield conflicting results concerning
the relationship between passive smoke exposure and pulmonary function changesin patients with asthma.
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CIGARETTESMOKE DEPOSITION IN THE
LUNG
Introduction
PreviousReports of the SurgeonGeneral on the health consequences of smoking have focused on characterizing and quantifying
responses to the inhalation of cigarette smoke.Typically, dose is
given in terms of packs per day or cumulative pack years. However,
a more accurate description of dose would include how much smoke
is inspired into the respiratory tract,how much is deposited and fails
to exit with the expired air, and the
fate of the deposited smoke.
A commonly heldfallacy is that “livingin New Yorkislike
smoking two packs per day.” Is the amountof particles produced by
smoking comparable to that encountered in urban air pollution? A
person who smokes two packs of cigarettes per day with a n average
tar rating of 20 mg per cigarettewould breathe in800 mg of material
per day, or 292 g of tar per year. A reasonable value for urban air
would be 100 pg, or 0.1 mg per cubic meter. The average person
breathes approximately 20,000 liters, or 20 cubic meters, of air per
day. Thus,2 mg of material per day, or0.73 g of particulate per year,
would be inspired. At the outset, it is evident that the amount of
smoke entering the lungs
is considerably greater than the amount
of
particulates from air pollution.
This chapter emphasizes the size and aerodynamic properties of
smoke and relates them to the fraction of the inspired smoke that
deposits in the lungs. Also considered is where the smoke deposits,
and its possible fate is described.
The particulate phaseof cigarette smoke, commonly knownas tar,
is inhaled as a n aerosol into a smoker’s respiratory tract. An aerosol
is defined as a suspension of solid or liquid particles in a gas (Hinds
1982). In the case of cigarette smoke, the aerosol contains ambient
air as well as the gases, liquids, and solids produced during tobacco
combustion. The particulates include a wide variety of organic and
metalliccompounds,
many of which are toxic tolung tissues.
Hydrocarbons, aldehydes, ketones, organic acids, alcohols, nicotine,
and phenols are among them. Metallic compounds such as radioactivelead and polonium are alsopresent.Thegasphase
is also
complex; inadditiontothenitrogenand
oxygen intheair,
considerable amounts of carbon dioxide and carbon monoxide are
present, and also significant amountsof cyanides, acrolein, nitrogen
oxides, and ammonia. The precise quantitative composition of the
tobacco smoke varies with many different factors, including the type
of tobacco plant grown, the soil used to grow the plant, the method
of
curing the leaves, the temperature of combustion during smoking,
and the composition and physical properties of the cigarette paper
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and other additives. As the cigarette butt length decreases, many
substances that have previously condensed on the remainingtobacco
are revaporized. Generally, as butt length shortens, the smoke from
the cigarettecontainsanincreasingconcentration
of thesesubstances. Most of these constituents insmoke are toxic to lungtissues.
Their toxicity extends from impairment of mucociliary transport,
critical for clearing particles from the lungs, to carcinogenic and
cocarcinogenic activities (Wynder and Hoffmann 1979; Battista
1976). To understand where the numerous particulates in cigarette
smoke deposit in the lungs and how they are removed is important
for determining the pathologic effects of chronic cigarette smoking.
Characterization of anAerosol

To predict the deposition patterns of any aerosol, such as cigarette
smoke, it is necessary to know the size, shape, and density of the
individualparticles
or droplets. Describing the distribution of
particle diameters is essential. It is convenient to describe particle
size as an aerodynamic diameter rather than as an actual particle
size based on optical measurements, because the former is a better
predictor of aerodynamic behavior (Hinds 1982). Aerodynamic
diameter is defined as the diameter of a sphere of unit density that
has the same settling velocity as the particle being measured. This
may be expressed as a count median aerodynamic diameter(CMAD)
("AD).
These are,
and a massmedianaerodynamicdiameter
respectively, the diameters for which half of the number or mass of
the particles are less than thatdiameter andhalf are more.
Characterization of Cigarette SmokeAerosols

Theparticulatesincigarette
smoke have been measured by
several investigators using a variety of analytical devices. Because of
different apparatus and different methods of smoke generation and
dilution, results vary but are reasonably consistent. McCusker et al.
(1983) used a device called the single particle aerodynamic relaxation time (SPART) analyzer to determine the size of particulates
from several brands of cigarettes, with and without filters. The
mass
median aerodynamicdiameter ("AD)
for allbrandsaveraged
approximately 0.46 pm; it was not markedlydifferent when the
filters wereremoved. These measurements showed that, even with a
filter, billions of particles are present in an average 35 ml puff of
cigarette smoke generated by an automatic smoking-machine. Particulate concentrations per ml ranged from 0.3 X lo9 to 3.3 X lo9,
depending on whether the cigarettes were rated ultra-low, low, or
reduced particulateconcentration
medium in tar content.The
principally from filter
reported for low tar cigarettesresults
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efficiency and air dilution of the smoke. When the specially designed
filters were removed or the vent holes were covered, as could be
accomplished by the smoker’s fingers, particulate concentrations per
milliliterincreasedto
levels comparabletothat
for higher tar
content cigarettes.
Hinds (1978) compared the particulate size distribution in cigarette smokeusing a n aerosolcentrifuge and acascadeimpactor.
Although these devices are based upon different physical principles,
Hinds found that the results were comparable. The MMAD values
ranged from 0.37 to 0.52 pm. Variations depended primarily upon
the dilution of the smoke. The MMAD and concentration values
reported by Hindsand coworkers (1983) weresimilartothose
reported by Keith and Derrick (1960), who used a specially modified
centrifuge, called a conifuge, to analyze cigarettesmoke. Particulate
analysis by a light scattering photometer yielded a n MMAD of 0.29
pm and particulate concentrations of 3 X 1010 per ml (Okada and
Matsunuma 1974). Carter and Hasegawa (1975) “fixed” cigarette
particulates with methyl cyanoacrylate,a method that may produce
artifacts, and measured a mean diameter of 0.48 pm from electron
micrographs of the particulates. Earlier methods of measurement
werebased upon the collection of smokeparticulates on various
surfaces. Harris (1960) reported a range of 0.16 to 0.54 pm from a
replica of cigarette smoke particulates that included
a correction for
droplet-spreadingduringsamplepreparation.LangerandFisher
(1956) found a median range of 0.6 pm, but made no correction for
droplet-spreading during samplecollection.
Time and concentrationare important modifiers of tobacco smoke.
Cigarette smoke aerosols contain volatile components, and evaporation gradually reduces particle diameters. It
is also true that with
the extremely high particle concentrations encountered in mainstream smoke, the aerosol can agglomerate rapidly because nearby
particles collide with each other
and coalesce. If smoke is cooled
(reducing the vapor pressure of the volatile components) and diluted
(reducing the probability of particle collisions) the particle size will
be more stable. Thus, it is difficult to reliably measure the size and
concentration of particles in cigarette smoke produced under realistic experimental conditions.
The size and concentration of the particulates are alsoaffected by
the decreasing length of a cigarette as it is smoked. McCusker et al.
(1983)found the particulate concentrationt o be 67 percent greater in
the last three puffs of a filtered cigarette than in the first three.
Ishizu et al. (1978) also reported that particulate concentrations in
unfiltered cigarettes increased and that the mean geometric diameter of the particles decreased with decreasing cigarette length. They
attributed the formereffect to thedecreased filtration by the tobacco
column and the latter effect to the shorter length traveled
by the
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particles to reach the butt end and, hence, the decreased time for
particulate coagulation. Inaddition, theirresultsillustratethat
filters may trap the larger particles and generate more uniform
aerosols; McCusker et al. (1983) noted no change in MMAD between
the first and last three
puffs of filtered cigarettes. Ishizu et al. (1978)
also reported that larger puff volumes decreased the average
particulate diameters. This can
affect interpretation of experimental
data in that standard cigarette smoking-machines draw 35 ml puff
volumes, whereas Hinds et al. (1983) reported that 54 ml was the
average puff volume measured in smoking subjects.
of the
Particle size is a critical factor in determining what fraction
particles that enter the respiratory tractwill deposit there and fail
to exit with the
expired air, as well as where they will deposit.
Submicrometric particles will deposit not only in small and large
airways, but also in alveoli. Breathing pattern is also important (see
review by Brain and Valberg 1979). Large tidal volumes will favor
alveolar deposition. Higher inspiratoryflows will promote deposition
at bifurcations. Breath-holding is important,because the greater the
elapsed time before the nextexpiration, the higher the fraction
deposited (collection efficiency).
Individual anatomic differences may influence the amount and
distribution of deposited particles. The cross-section of airways will
influence the linear velocity of the inspired air. Increasing alveolar
size decreases alveolar deposition.
FactorsThat Affect ParticulateDeposition

A typical puff volume is approximately 30 to 70 ml. It is usually
inspired with a volume of ambient air that is one to two times the
normal tidal volume. Particle size not only can change in experimental equipment as described above, but also may change within the
human respiratory tract.
After a volume of smoke is drawninto the mouthandupper
respiratory tract of a smoker, it may be retained in that humidified
air before deep inhalation. Here too, the particulates can change in
size through coagulation or evaporation. They can also grow because
of the particulates’ affinity for water, termed hygroscopicity (Davies
1974; Hiller 1982b). Other aspects of each smoker’s behavior may
also influence dose. Most manufacturers achieve low tar yields by
the use of ventilated cigarette holders; this causes the inhaled smoke
to be diluted with air. However, 32 to 69 percent of interviewed
smokers of cclow’’tar cigarettes reported that they blocked these
filter preparations with their fingers or lips. This causes dramatic
increases in the amountof tar and nicotine in a way not predicted by
studies using smoking-machines (Kozlowski et al. 1980).
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Suchindividualdifferencesincigaretteuse
as well as other
strategies designed to increase the inhalation of tar and nicotine
probablyaccountfor
the poor correlationbetweenthemachine
determined nicotine yield of a cigarette and the concentration of
nicotine or its metabolites in blood or urine(Russell et al. 1975,1980;
Sutton et al. 1982; Feyerabend et al. 1982; Eknowitz et al. 1983). For
example, Herning and coworkers
(1981) demonstrated that when low
nicotine cigarettes are used, most smokers compensate by increasing
the puff volume. In addition, Tobin and Sackner(1982) reported that
some subjects increase their puff volume by up to 70 percent after
switching to low tar cigarettes. In some instances, this compensatory
increase occurred during a single experimental session. In contrast,
a few smokersmayreducesmoke
depositionin theirlungs by
retainingthe smoke intheirmouth
for several secondsbefore
inhaling it. Stupfel and Mordelet-Dambrine (1974) showed that if a
smoker holds the smoke in his mouth 2for
seconds, 16 percentof the
particulate matter is removed. Also, 60 percent of the water-soluble
components of the gas phase are absorbed by. the upper airways.
Chronic smoking also causes alterations in lung structure
that
affect deposition patterns. Sanchiset al. (1971) studied thedeposition
of a n aerosol of radioactively labeled albumin inhaled by smokers
and nonsmokers. They found less aerosol deposition in the alveolar
region of smokersthan of nonsmokers and suggested thatthe
differencemaybe
the result of alterations in the small airways
produced by chronicsmoking.Similarresultswerereported
for
hamsters exposed to cigarette smoke for 3 weeks prior to a single
exposure of radioactively labeled cigarette smoke (Reznik
and Samek
1980). More labeled smoke concentrate was found in
the lungs of
hamsters notpreviously exposed to cigarette smoke.
The rate and pattern of breathing can also affect the totaldose of
cigarette particulates deposited in the lungs. Dennis (1971) reported
that exercise increased the percent deposition of two experimentally
generated aerosols in human subjects. Increased
deposition was also
measured in exercising hamsters that inhaled
a radiolabeled aerosol
(Harbison and Brain 1983). These results aremost relevant to those
who smoke when ventilation is increased while working or shortly
after a period of exercise.
Deposition of Cigarette Smoke Particulates

Thefactors
discussed inthe
previoussectionillustratethat
experimental measurements of the size and concentration of cigarette aerosols are insufficientfor
the prediction of deposition
patterns. Cigarette smoke is a mutable aerosol, which complicates
the collection of accurateand reproducible dataregarding
its
particulate composition. In addition,alterationsinrespiratory
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structure and respiratory rate can affect the deposition of particulates. These complexities stress the importance of actual measurement of the regional deposition of cigarette smoke particulates in
human lungs. However,few
data have been published on this
important area, despitethe prevalence of smoking and its impacton
human health. Most of the available informationon the deposition of
cigarette smoke particulates is based upon theoretical or physical
of differences inthe
models of the lungsandmeasurements
concentration of aerosol between inhaled air and exhaledair.
A model to predict the percent deposition of particles based upon
MMAD was presented by the Task Group on Lung Dynamics of the
International CommissiononRadiological
Protection (1966).The
respiratory tract was divided into three mainregions: nasopharynx,
trachea and bronchi, and alveoli. In conjunction with estimates of
particulate clearance, deposition calculations were made for these
regions at three different inhalation volumes. This model suggests
that 30 to 40 percent of the particles within the size range present in
cigarette smoke will deposit in the alveolar region and 5 to 10
percent will deposit in the tracheobronchial region. This model also
emphasizes the impact of particle solubility on the total integrated
dose over time.Brain and Valberg (1974)developed convenient
nomograms and a computer program to demonstrate how particle
solubility and particle size significantly affect the net amount of
particulates retained in the
lungs.
Aerosol deposition has also been studied in airway casts. Physical
models of the upper airways of human lungs have been made by a
double casting technique in order to study particulate deposition at
several airway generations (Schlesinger and Lippmann 1972).Lungs
obtained at autopsy were filled with wax or alloy. When these
materials became solid, the tissue was removed and the casts were
coated with silicon rubber or latex. Thewax or alloy was then melted
and removed, leaving a cast of the original airways. Different flow
rates and particulate sizes were used to study deposition patterns.
Schlesinger and Lippman (1978)reported a correlation between the
deposition sites of test aerosols in the lung casts and the most
common sites of origin of bronchogenic carcinoma in humans. Both
occurred preferentially at bifurcations. Martonen and Lowe (1983)
added an oropharyngealcompartment and a replica cast of the
larynx to the tracheobronchial casts in order to better simulate air
flow patterns in the upper respiratory tract. They used these models
to evaluate the amount of cigarette smoke condensate deposited in
the airways at different flow rates. More condensate was present at
branching regions, especially at carinal ridges. Aerosol was also
deposited preferentially alongposterior airway walls.
Most experiments designed todetermine aerosol deposition in
human subjects measure differences in aerosol concentration before
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and after inhalation.Hindsandassociates
(1983) measured the
percent massof inhaled tobacco smoke particulates that
deposited in
male and female smokers.
A transducer placed in the filter of a
smoked cigaretterelayedinformationto
a n automatic smokingmachine to duplicate inhaled puff volume. This method was used to
produce a more natural smoking pattern. Comparisons were then
madebetweenparticulatemassconcentrationsin
the machinegenerated smoke and the amount of smoke actually exhaled by the
smoker.Withthesemeasurements,
a 57 percent deposition of
the
particulatemasswasseeninmen.Thiswasgreaterthan
significant 40 percent collection efficiency measuredinwomen
(p < 0.01). No data regarding particulatesize or deposition sites were
reported. Hiller andcoworkers (198213) also measured thedeposition
fraction of an aerosol containing three different sues
of polystyrene
latex spheres in nonsmoking humans. They measured a 10 percent
deposition for 0.6pm (MMAD) spheres,which is similartothe
results of Davies et al. (1972) and Muir and Davies (1967) using 0.5
pm aerosols and of Heyder et al. (1973) using aerosols with a 0.2 to
1.0 pm range. The size ranges of these aerosols are comparable to
thoseexperimentallymeasuredincigarettesmoke,as
previously
discussed. These percentages are lower than thoseobserved by Hinds
et al. (1983), probably reflecting differences in breathing patterns.
The measurements of Hinds et al. (1983) were made with realistic
breathing patterns used during smoking; the other investigators had
used normal breathing patterns. Increased breath-holding following
inspiration probably accounts for the enhanced collection efficiencies.
Particulate Retention in theLung

The amountof particulates retained in the lung
at different times
following theinhalation of an aerosol such as cigarettesmoke
depends upon the balance between the amount that deposits in the
respiratory tract and the efficiency of the lung clearance mechanisms in the airways andalveoli. Particles depositing in the airways
are entrained in the mucus layer lining these
passages. This layer is
swept toward the mouthby the action of ciliated cellsand eventually
swallowed. Macrophages present in the airways may also phagocytose deposited particulates andare also carried toward the mouthby
the mucociliary transport system. Particulates reaching the alveolar
region-those that are usually smaller than several micrometers in
size-are soon engulfed by alveolar macrophages. These cells gradually migrate toward the airways and exitthe lung via the mucociliary escalator.Dissolution is also an important clearance mechanism
for soluble particles. Clearance mechanisms are a dynamic component of normal lung function and operate to keep the lung sterile.
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Lung disease and cigarette smoking itself can affect particulate
clearance and retention in
smokers’ lungs. Previous studies have
shown that smokers have different aerosol deposition patterns and
slower clearance rates than nonsmokers (Albeit et al.1969; &hen et
al. 1979; Sanchis et al. 1971). These alterations in clearance are, in
part, caused by components in cigarette smoke that are ciliotoxic
(Battista 1976) and impair phagocytosis by alveolar macrophages
(Ferin et al.1965). Clearance mechanismsin smokers may be further
compromised by lung diseases, such as emphysema and fibrosis, and
by exposure to air pollutants. Oxidants in photochemical smog, such
as ozone andnitrogen
oxides, are toxic to ciliated cells and
macrophages (Bils and Christie 1980).
Measurements of retention of cigarette particulates in the lungs
over time are difficult to estimate from data obtained with airway
casts or from differences in the aerosol concentration of inhaled and
exhaled smoke because these methods do not take clearance
mechanismsinto account. Unfortunately, few data are available
regarding the actual retention and sites of deposition of cigarette
smoke particulates in either humans or animals. The most accurate
method is quantification of particulate deposits in individual pieces
of tissue dissected from the lung. Impossible in living animals, this is
a tedious procedure with animal lungs or human material obtained
at surgery or autopsy and is especially difficult with large lungs.
Little et al. (1965) examined lungs from humans at autopsy and
suggested a correlation between the sitesof bronchogenic carcinoma
in the lungs of smokerswith the deposition ofpolonium21°,
a
radioactive component of cigarette smoke. Resnik and Samek (1980)
used a radioactive markertostudytheretention
of smoke in
hamster lungs. They exposed hamsters to thesmoke from cigarettes
containing a labeled component in the tobacco and then measured
the amount of radioactivity present in different lobes. They found
that more radioactivity was present in the lung tissue of hamsters
not previously exposed to unlabeled cigarette smoke. However, the
clearance of the labeled component from the lungs was slower in the
group previously exposed to smoke. There are problems with using
animal models for smoke uptake. Most rodents are obligatory nose
breathers, and significant fractions
of the smoke may be taken upas
it passes through the upper airways. Page et al. (1973) studied mice
using radiolabeled cigarettes. They found that 50 percent of the
deposited smoke was recovered from the nasal passages. About 30
percent was recovered from the esophagus, stomach, andother
organs, and only 20 percent was present in the lungs. Exposing
animals via a tracheostomy avoids this excessive and unnatural
deposition in the nose, but it bypasses the mouth and larynx, which
may remove some particles duringsmoking in man.
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Passive Smoking
Recentlyconcern has increased regarding the health
effects of
cigarettesmokeinhaled
by nonsmokers, a phenomenoncalled
passivesmoking. The smoke is composed of that exhaled by the
smoker and the sidestream smoke
produced by the burning cigarette
between inhalations. The concentrationof respirable particulates in
areas where there are smokers can range from 100 to 700 pg/m3.
This is up to 25 times higher than that found in nonsmoking areas
(Repace and Lowrey 1980). Using mean deposition values of 11 and
70 percent for the passive smoker and theactive smoker, respectively, from the data presented by Hiller et al. (1982), the deposition
would be approximately 0.55 mg for a nonsmoker overa n 8-hour day
in a room with 500 pg/m3 of smoke. In comparison, a smoker would
deposit approximately 400 mg of tar in his or her lungsif he or she
smoked two packs of cigarettes with a n average tar ratingof 20 mg
per cigarette during the same time period. As has been discussed
earlier, the rate and pattern of breathing can also affect the total
dose of cigarette particulatesdeposited in thelungs.
Although theamount
of smokedepositing
inthelungs
of
nonsmokersduring passivesmoking
is small compared tothat
encountered by the activesmoker,largenumbers
of people are
involved. In the UnitedStates in 1979, 36.9 percent of men and 28.2
percent of women were current smokers (USDHEW 1980).
Conclusions

Cigarette smokeis the most important causeof chronic obstructive
lung disease. This significant response is matched by the significant
dose of toxic particulates received by therespiratorytract
of
smokers. The particle size of cigarette smoke is so small that little
protection is offered by the filtering capacity of the upper airways.
Cigarettesmokepenetrates
deep into the lungs and reaches the
small airways and alveoli. The fraction of the smoke deposited is
high because most smokers employ some breath-holding
following
inhalation of a puff. Their attemptto enhance deposition of smoke is
successful, resultinginincreasedlungburdens
of toxic smoke
products.
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CIGARETTE SMOKE TOXICOLOGY
Introduction
The inhalation toxicity of tobacco smoke has become one of the
major public health problems of the 20th century. The chemical
complexity of tobacco smoke confounds the task of identifying its
toxic constituents. Tobacco smoke is comprised of thousands of
chemical components arisingprimarily
from volatilization and
pyrolysis of the tobacco leaf (Stedman 1968; Green 1977). The
as
chemical gamutruns from traces of elementalmetals,such
cadmium, to nonvolatile whole tobacco leaf components that have
escaped degradation during the burning process (USDHHS 1981).
Approximately 90 percent of the individual constitutents areorganic
compounds associated with both the particulate phase and the gas
phase (Guerin 1980). It is not surprising that chronic inhalational
exposure to this diverse mixture of potentially bioactive compounds
can evoke a wide variety of toxicologic responses. Over the years,
scientific and public concern has centered primarily on the carcinogenic and atherogenic effects of tobacco smoke. In contrast, relatively little is known about the involvement of tobacco smoke constituents in the pathogenesis of chronic obstructive lung disease (COLD)
(USDHHS 1981).
For the most part, smoke constituent toxicity studies, both
epidemiologic (Dean et al. 1977; Higenbottam et al. 1980) and
toxicologic (Walker et al.1978; Lewis et al. 1979;Coggins et al. 19801,
have been confined to a comparison of the varyingamounts of
particulate matter or tar delivered by smoke. Instudies of this
nature, attempts havebeen made to distinguishbetween the relative
toxicities of the vapor phase and the particulate phase of tobacco
smoke. The generalconclusion reached is thatgas phasecomponents
thatpenetratetothesmall
airwaysand
alveoli may play a
significant role in the production of peripheral airway and parenchymal diseases such as emphysema, whereas particulate phasecomponentsthat deposit inlargerairways
may play a role inthe
development of disorders of the more proximal airwayssuch as
chronicbronchitis (USDHHS 1981). Thisgeneralization may not
always hold, however. For example, in a review of the effects of
smoking on mucociliary clearance, Newhouse (1977) noted considerable disagreement among investigators with regard to whether the
vapor phase or the particulate phase was the major factor in smokeinduced dysfunction of the mucociliary transport system. Also,
Coggins and associates (1980) observed an increase in both peripheral and central airway goblet cell number in rats after exposure to
tobacco smoke from which most of the vapor phasehad been
removed. Cohen and James(1982) found that thelevel of oxidants in
tobacco smoke (oxidants havebeen implicated in the pathogenesis of
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emphysema) correlated with the amount
of particulate matter in
smokefromvariousbrands
of cigarettes.Atpresent,therefore,
attemptsto associate a specific toxicologic responsesolelywith
either thevapor phase or the particulate phase
of tobacco smoke are
not recommended.
Because so little is known regarding the role of specific constituents or phases of tobacco smoke in the pathogenesis of COLD, this
section of the Report is organized on the basis of specific insults to
the respiratory system that maybe brought on by exposure to whole
tobacco smoke andthat mayleadto
structuralandfunctional
changes within the lung. Included,as available information permits,
are data on the known contribution of individual smoke constituents
or phases to a specific insult.Humanandanimalstudies
are
described separately to provide a perspective on the extent to which
animal research has verified or extended clinical research and vice
versa.
PreliminaryConsiderations

Tobacco smoking is generally accepted as the majorcause of
COLD (USDHEW 1979; USDHHS 1981). COLD is often subdivided
into three categories: (1) uncomplicated bronchitis, characterized by
mucus hypersecretion and cough, (2) chronic bronchitis withbronchiolar inflammation and obstruction of distal airways, and (3) pulmonary emphysema, characterized
by distal air space enlargement with
loss of alveolar interstitium. These three pathologic conditions are
often considered collectively within the context of COLD because
theycan coexistin the lungs of smokers and becausesigns and
symptoms associated with one condition may presage the development of another.
Effects on AirwayFunction and Ventilation

Human Studies
Cigarette smoke appears to have both chronic and acute
effects on
airway function. In adults, smoking over a period of years leads to
narrowing of and histopathologic abnormalitiesinsmallairways
(Ingram and O’Cain 1971; Cosio et al. 1980; Suzuki et al.1983). Even
in teenagers, regular smoking for 1 to 5 years is sufficient to cause
demonstrablechangesintests
of smallairwayfunctioninsome
smokers (Seely et al.1971); the lungsof young cigarette smokerswho
diesuddenly show definitepathologicchangesin
theperipheral
airways (Niewoehner et al. 1974).
The acuteresponse to cigarette smoke has been reported involve
to
large airways, small airways, or both. Costello and associates (1975),
in a study of asymptomatic smokers and nonsmokers, found that
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tests of small airway function (maximum expiratory flow volume
curves, closing volume, and frequency dependence of compliance)
wereunaltered
after smoking one cigarette; however, specific
fell
airways conductance, a measure of largeairwayfunction,
significantlyinboth
groups. Essentially the sameresultswere
obtained by Gelb and associates (1979), who reported a decrease in
airways conductance but little or no change in volume of isoflow
(another test of small airway function) in healthy nonsmokers after
smoking one cigarette. Likewise, McCarthy and colleagues (19761,
using several different tests, found no evidence for an acute effect .of
intensive cigarette smoking on small airways, but did demonstrate
increasedlargeairwaysresistance.Thedecreasein
conductance
caused by cigarette smoke has been shown to occur within 7 or 8
seconds of a single inhalation (Rees et al. 1982), and filtration seems
to reduce the degree of bronchoconstriction (Da Silva and Hamosh
1980). Irritant effects of tobacco smoke are not limited tothe
particulate phase, because exposure to oxides of nitrogen at levels
present in cigarette smoke also can precipitate acute bronchospasm
(Tate 1977). Nicotine does not appear tobe responsible for the acute
bronchoconstriction that accompanies cigarette smoking (Nadel and
Comroe 1961).
Zuskin and coworkers (1974) showed thatinhealthyhuman
subjects, smoking one or two cigarettes decreased flow rates on
maximum andpartial
flow-volume curves, and concluded that
smoking causes acute narrowing of smallairways. Da Silva and
Hamosh (1973) and Sobol and colleagues (1977) measured airways
conductance, as well as maximum midexpiratory flow rates, and
concluded that both large and small airways
are probably affected by
the acute inhalationof cigarette smoke.
Though the bronchoconstrictive response to cigarette smoke has
most often been attributed to a cholinergic reflex originating with
stimulation of irritant receptorsin the airways, there are data
suggesting that histamine may also be involved. Walter and Walter
(1982b) found a significant increase in the number of degranulated
basophils in the blood of smokers 10 minutes after smoking
compared with just before smoking. There is also some evidence to
indicate that smokers may differ from nonsmokers in their responsiveness to inhaled histamine(Brown et al.1977; Gerrard et al.1980)
as well as methacholine (Malo et al. 1982; Kabiraj et al. 1982;Buczko
et al. 19841, but smoking immediately priorto an inhalationtest does
not appear to affect bronchial responsiveness to either histamineor
methacholine (McIntyreet al. 1982).
Asthmatic subjects have a greater than normal susceptibility to
the bronchoconstrictive effects of cigarette smoke when the smoke is
actively inhaled. The question whether tobacco smoke plays a role in

allergic asthma has yet to be resolved completely (USDHEW 1979;
Shephard 1982;Burrows et al. 1984).

Animal Studies
Binns and Wilton (1978) studied the acute ventilatory response to
cigarette smoke in rats. They found that within the first 3 minutes
after initiation of smoke exposure, tidal volumefell to 80 percent of
the preexposure level, then rose to 160 percent after 9 minutes of
exposure; respiratory rate dropped to 40 percent of the preexposure
level within 1 minute and remained there for the duration of the
exposure period. There was no adaptation of the acute ventilatory
response after 4 weeks of daily smoke exposures. In a similar study,
Coggins and associates (1982)found that rats exposed to a relatively
low dose of cigarette smoke demonstrated a persistent depression in
tidal volume and breathing frequency, whereas animals
exposed to a
relatively high dose exhibited a n increase in tidal volume with no
change in frequency.
Acute airway responses to cigarette smoke have not been studied
as extensively in animalsas they have been in man. Experiments in
anesthetized dogs (Aviado and Palecek 19671, rabbits (Sellick and
Widdicombe 19711, and cats (Boushey et al. 1972) indicate that acute
is
smokeexposureelicitsreflexbronchoconstriction.Therealso
evidence from experiments with isolated monkey lungs that smoke
1982a).
exposures stimulate histamine release (Walter and Walter
Histamine appears to be responsible, at least in part, for mediating
the increase in collateral resistance dogs
in following administration
et al. 1982).
of cigarette smoke (Gertner
The chronic effects of cigarette smoking on pulmonary function in
dogs were studied by Park andcoworkers (1977).Active inhalation of
100 and 200 puffs of diluted (1:4)smoke 5 days per week for periods
of 6 months and1 year, respectively, did not produce any noteworthy
effects of chroniccigarette
changesinpulmonaryfunction.The
smoke exposure on ventilation inrats were studied by Loscutoff and
coworkers (1982). Animals exposed for up to 24 months to cigarette
smoke containing various amountsof tar and nicotine were foundto
have higher tidal volumes and lower respiratcry rates than shame x p o d animals.Themostpronouncedchangeswereseenin
animals exposed to smoke from low tar, high nicotine cigarettes.
Histopathologic examination of lungstakenfromtheseanimals
revealedprimarilygranulomatous
lesions withno
evidence of
emphysematous changes (Wehneret al. 1981).Roehrs and colleagues
(1981) used operant conditioning techniques to get
baboons to smoke
40 cigarettes per day for 3 years. Measurements of lung volumes,
compliance, andexpiratory flow showed nodifferencesbetween
smoking animals and sham animals, but airway reactivity to inhaled
methacholine wasdecreasedinanimals
that had smoked.Subse429

quently, Wallis and associates (1982) reported that both acute and
chronicinhalation of nicotinemimicked
this effect of cigarette
smoke on bronchial reactivity inbaboons.
Effects on Permeabilityof the PulmonaryEpithelium

The pulmonary epithelium functions to protect underlying structures from injurious agentsdeposited in the airway lumen. Cigarette
smoke has beenshown todiminishthisprotectivefunction
by
increasing epithelial permeability in all regions of the tracheobronchial tree (Simani et al. 1974). In the airways, irritant receptors
located just beneath epithelial tight junctions are more
accessible
following exposure to tobacco smoke. Stimulation of these receptors
is thought to initiate rapid changes in ventilation and to induce
bronchoconstriction (Widdicombe 1977). Likewise, mast cells, a
source of potent bronchocomtrictive mediators,become more accessible to inhaled toxicants after smoke exposure(Guerzon et al. 1979).
In the alveolar region, an increase in epithelial permeability may
promote the transfer of noxious smoke constituents and endogenous
proteases totheinterstitium,therebyfacilitatingdisruption
of
alveolar septa.

Human Studies
Subepithelialstructures of the lung are important targets
for
smoke-induced injury, and research has shown that tobacco smoke
alters epithelial permeability to
allow offendingagents to gainaccess
tothesestructures.Mintyand
colleagues (1981) showed that,
compared with nonsmokers, smokers had significaytly shorter halftime lung clearanceas measured with inhaled radiolabeled aerosols.
After cessation of smoking, half-time clearance increased, but at 21
days it was still significantlyless than that reportedin nonsmokers.
Using similar techniques, Kennedy and colleagues (1984) compared
pulmonary epithelial permeability and bronchial reactivity to inhaledhistamineinsmokersandnonsmokers.Theseresearchers
found increased permeability in smokers, but could find no evidence
of increased reactivity. Although the mechanism by which cigarette
smoke induces a n increase in alveolar epithelial permeability is not
fully understood, it has been suggested that carbon monoxide may
play an important role, with possible additional contributions from
nicotine and oxides of nitrogen (Jones et al. 1980).

Animal Studies
In studiesof rabbit tracheal ringsexposed in vitro, justa few puffs
of diluted cigarette smoke have caused ultrastructural changes in
tracheal epithelial cells and an increase in the size of intracellular
spaces, but junctionalcomplexes between cellsremain intact(Davies
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and Kistler 1975). Boucher and associates (1980) found that, comparedwithcontrols,guinea
pigs exposed to 100 ormore puffs of
cigarettesmokeexhibited
a significantlyfastertransferrate
for
horseradish peroxidase across tracheal epithelium. These animals
alsodemonstrated
progressive
a
disruption of epithelialtight
junctions as a function of the dose of tobacco smoke. Hulbert and
associates (1981) reported that smoke-inducedincreasesin
guinea
pig airway permeability were transient, reaching maximum
levels at
30 minutes after acute exposure
to 100 puffs and returning to control
levels12 hours later. Gordon andassociates (1983) reported that
acuteexposure (48hours) of hamstersto NOz causeda marked
increase in bronchiolar and alveolarepithelialpermeabilityto
horseradishperoxidase.Restoration
of theepithelialbarrier
was
noted 48 hours after exposure in these animals. Ranga and associates
pig tracheal
(1980) demonstrated a similarincreaseinguinea
epithelial permeability upon exposure toNOz for 14 days.
Effects onMucociliaryStructureandFunction

The mucociliary system provides the lung with one of its most
effective lines of defense against inhaled pollutants. Disruption
of
this systemenablespollutantstoremainincontactwiththe
respiratory membranes for prolonged periods and increases the risk
of toxic damage. Tobacco smoke can adversely affect mucociliary
function by increasing the amount or viscosity of respiratory tract
secretions orby depressing ciliary activity directly (Newhouse 1977;
Wanner 1977).
Effects on Cells:PulmonaryAlveolarMacrophagesand
PolymorphonuclearLeukocytes

Pulmonaryemphysema
is believed toresult
from the slow
degradation of the elastin framework of lung parenchymal tissue.
Degradation of elastin is most likely initiated by elastolytic enzymes
releasedlocallyin
thelungand
notadequatelyinhibited
by
endogenous antiproteases. Recent studies of the effects of cigarette
smoke on these cellular sourcesof elastolytic enzymes haveprovided
additionalinsightsintotherelationships
betweensmoking
and
pulmonary emphysema. (See chapter
5$

Human Studies
Normally, pulmonary alveolar macrophages (PAMs) function as a
defense mechanism against particulate material
deposited on the
respiratorysurfaces of thelung. However, cigarette smoke can
induce a number of changes in PAMs that may promote excessive
degradation of native lung tissue. For example, PAMs from smokers
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have elevated elastase levels, and these cells may secrete elastase in
vitro (Harris etal. 1975; Rodriguez et al. 1977; Hinman et al. 1980).
Further, P A W from smokers have been shown in vitro and in vivo
to bind and internalize elastase released from polymorphonuclear
leukocytes (PMNs) (Campbell et al. 1979; White et al. 1982). It has
been suggested that during thephagocytosis of smoke particulates by
PAMs, elastolytic enzymes may be released into extracellularspaces
(Hocking and Golde1979; Brain 1980; KuhnandSenior
1978).
Numerous investigators have reported significantly
greater yields of
PAMs from the lungs of smokers compared with nonsmokers (Green
et al. 1977; Roth et al. 1981;Hoid,al and Niewoehner 1982). The
effects of smoking on PAM mobility are unclear. Some researchers
havereported a significantincrease in chemotactic migration of
PAMs fromsmokersversus
PAMs from nonsmokers (Warrand
Martin 1974), but others have been unable to observe such an effect
(Demarest et al.1979).
Macrophages from smokers exhibit various morphologic, metabolic, and functional abnormalities. Structural changes noted in the
PAMs of smokers include a slight increase in cellular diameter, the
presence of “smokers inclusions” consisting predominantly of kaolinite particles (which have been shown to be cytotoxic to humanPAMs
in vitro (Greenet al. 1977))and increased numbers of lysosomes and
phagolysosomes (Brody and Craighead 1975). Perturbations in several metabolic pathways have been observed in PAMs from smokers,
and acrolein in smoke has been implicated in this toxicity (Green et
al. 1977; Lavioletteet-31.
1981). The production of superoxide
radicals and hydrogen peroxide (Hz02),both of which inhibit lung
antiproteases, has been reported to be enhanced in the PAMs of
smokers (Hoidal et al. 1981). Smokers’ PAMs have also been shown
to release chemotactic substances for PMNs (Gadek et al. 1978;
Hunninghake et al. 1980). Additionally, there is evidence suggesting
that PAMs from smokers secrete factorsthat promote the release of
elastases from PMNs (Cohen et al. 1982).
As with PAMs, PMNs have been found in elevated numbers inthe
lungs of smokers (Reynolds and Newball 1975; Hunninghake et al.
1980a; HunninghakeandCrystal
1983). Exposure of PMNs to
cigarette smoke condensate in vitro hasbeen shown to promote the
release of elastolytic enzymes (Blue and Janoff 1978). Hutchison and
coworkers (1980) found that theparticulate phaseof cigarette smoke
stimulated therelease of lysosomal enzymes from human PMNs, but
they did not quantitate this release specifically for elastases. A
recent studyby Totti andcolleagues (1984) showed that nicotine was
chemotactic for human PMNs and thatit enhanced PMN responsiveness to other chemotactic factors. These results are in contrast with
a previous study by Bridges and coworkers (1977) showing that
nicotine, when used in higher concentrations than those employed
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by Totti andcolleagues, inhibited the chemotactic response of PMNs
to casein.
In a preliminary laboratory study, Janoff and
colleagues (1983)
found that smokers have elevated levels of PMN elastase in their
lung fluids compared with nonsmokers. This finding is of particular
interest in that human PMN elastase has been shown to induce
emphysema in animals (Janoff et al. 1977; Senior et al. 1977; Snider
et al. 1984).There is also evidence that cigarette smoke alters PMN
metabolism in such a way as to favor the release of toxic oxygen
metabolites. PMNs from smokers with an elevated white blood cell
count show a marked increase in the release of superoxide anions
compared with PMNs from nonsmokersor with PMNs from smokers
with a normal white cell count (Ludwig and Hoidal 1982). These
unstable oxygen metabolites have harmful effects on various cells
and tissues in vivo and in vitro (Sachs et al. 1978; Fridovich 1978),
and are capable of injuring phagocytes and promoting the release of
proteolytic enzymes (Hoidaland Niewoehner 1982).Oxidants derived
from PMNs are also capable of inactivating lung antiproteases in
vitro; this may be yet another mechanism by which smoke-affected
PMNs contribute to the development of emphysema (Zaslow et al.
1983).

Animal Studies
Laboratory animal studiesof the effects of cigarette smokeon lung
free-cell population andintegrityhave yielded results similar to
those obtained from human studies. Recruitment of PAMs to the
lungs following cigarette smoke exposure has been demonstrated in
a number of animal species, including mice (Matulionisand Traurig
1977; Guarneri 1977); hamsters (Hoidal and Niewoehner 19821, and
monkeys (DeLucia and Bryant1980).In the rat,PAM recruitment in
response to smokeexposureappearsvariable.Intworelatively
similar studies, one groupof investigators (Drathet al. 1978) found a
depression in the number of PAMs in the lungs of rats exposed to
et al. 1978)
smoke for 30 days,whereasanothergroup(Walker
reported a significant increase in the numberof PAMs after 6 weeks
of smoke exposure.
Severalauthorshave
described the effects of cigarettesmoke
exposure on the morphology of rat PAMs. Observed changes include
increases in PAM size, lipid vacuoles, and lysosomes, as well as the
presence of “smokers inclusions” (Walker et al. 1978; Davies et al.
1978; Lewis et al. 1979).Cigarette smoke exposure of mice induces a
similar patternof morphological changes in PAMs (Matulionis
1977).
Alterations of PAM phagocytic capacity have been demonstrated
in animals exposed to cigarette smoke. Fogelmark and colleagues
(1980) reported a doserelated increase in therate of phagocytosis of
fungal spores in vitro by PAMs from hamsters and rats that had
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been exposed tocigarette smoke. Theability of rats to mobilize
PAMs in response to a bacterial challenge does not appear to be
altered by cigarette smoke exposure (Guarneri 1977), nor is there a
significant effect upon PAM phagocytosis of Staphylococcus aureus
in rats after 30 days of smoke exposure (Drathetal.
1981).
Macrophages from miceexposed to cigarette smoke for 4 weeks
secrete significantly higher amounts of elastase than PAMs from
controls. However, it is not known whether this effect is due to the
stimulation of resident macrophages or to therecruitment of a
highly exudative population of macrophages to the lungs (White et
al. 1979).
A number of metabolic abnormalities have been noted in PAMs
from smokeexposed animals (Low et al. 1977). Among these is an
increase in oxidative metabolism resulting in an increased production of superoxide anions. Hoidal and Niewoehner (1982) showed
that enhanced oxidative metabolism in hamster PAMs was diminished if the particulates were filtered from the smoke. However,
other workers (Drathet al. 1981) studying smoke enhancement of rat
PAM oxidative metabolism have attributed this effect to the vapor
phase of smoke. In another study of PAM oxidative metabolism in
rats exposed to cigarette smoke for 180, days (Huber et al. 19801, it
was reported that metabolism was activated after 30 days, and at the
same time PAM superoxide dismutase (an enzyme that detoxifies
superoxide radical) activitywas depressed by 30 percent.
Animal PAMs, likehuman PAMs, cansecrete PMNdirected
For example,
chemotacticfactor in response tovariousstimuli.
Gadek and colleagues (1980) demonstrated that noninfectious particulate material stimulated the release of PMN-specific chemotactic
factor from guinea pig PAMs. Perhaps tobacco smoke particulates
might evoke a similar response.
Owing tothe ease with which PMNs can be harvested from
peripheral blood, most research concerning the effects of tobacco
smoke on PMNs has been conducted using human cells. In one
laboratory study, hamsters exposed to cigarette smoke for 2, 8, and
20 hours showed a progressive recruitment of PMNs to the lungs.
Control saline aerosol and filtered smoke did not stimulate recruitment of PMNs, suggesting that this effect of cigarette smoke resides
in the particulatephase (Kilburnand McKenzie 1975).
Effects onProteaseInhibitors

In addition to efforts to characterize the effects of tobacco smoke
on cellular sourcesof elastolytic enzymes, considerable research has
gone into delineating the effects of tobacco smoke on the protease
inhibitor defense mechanism in the lungs. While several protease
inhibitors have been identified, a,-protease inhibitor (a,Pi) is consid434

ered to be the most important in neutralizing the effects of elastase
(Gadek et al. 1981). Chemical oxidants are known to inactivate a,Pi
and diminish its capacity to inhibit elastase bothin vitro and invivo
(Abramset al. 1980). Cigarettesmoke is an abundant source of
chemical oxidants that can exert the same
effect on a,Pi and thereby
reduce lung defenses against endogenous elastases.

Human Studies
The toxic effect of tobacco smoke on protease inhibitors has been
demonstrated in a variety of experimental situations. Janoff and
Carp (1977) reported that tobacco smoke condensate suppressed the
inhibitory action of human serum, purified a,Pi, andbronchopulmonary lavagefluidsonbothporcine
andhuman
elastase.The
suppression of human serum elastase inhibitory capacity by smoke
condensate solutions in vitro has also been demonstrated by others
(Ohlsson et al. 1980).
Comparison of the protease inhibitory capacity of serum samples
from smokers and nonsmokershas revealed a significant depression
insmokersthat
is correlatedwithsmokinghistory(Chowdhury
1981; Chowdhury et al. 1982). The latter studies also reported that
the depression of serum protease inhibitors was related to an effect
of smoke on the inhibitors per se, and not to
a decrease in serum
antiproteaseconcentration.Still,the
effect of tobacco smoke on
serum and lung lavage fluid antiprotease concentration and activity
remainscontroversial.Severalinvestigatorshavereportedthat
smokers have elevated serum protease inhibitor
levels (Rees et al.
1975; Ashley et al. 1980); others (Olsen et al. 1975; Warr et al. 19771,
like Chowdhury and colleagues, have shown .no difference in serum
or lavage fluid protease inhibitor concentrations between smokers
and nonsmokers.
Gadek and associates (1979) compared a,Pi activity of lung lavage
fluids taken from smokers and nonsmokers andfound that smokers
had a twofold depression of functional a,Pi activity. The activity of
a,Pi in this studywas tested against porcine pancreatic elastase.In a
similar study (Carpet al. 19821, in which human neutrophil elastase
was used, bronchoalveolar lavage fluids obtained from smokers had
40 percent less a,Pi activity than fluids from nonsmokers.However,
Stone and colleagues (1983) found that smokers’bronchoalveolar
lavage fluids did not exhibit decreased functionala,Pi activity when
tested against either porcine pancreatic elastase or human neutrophil elastase, and suggested that increasedelastasederivedfrom
neutrophils may be the main factor in the genesis of emphysema in
smokers.
a functional deficiency inbronchialmucus
Smokersmayhave
protease inhibitor (BMPi) activity. A comparison of BMPi obtained
from tracheal aspirates of smokerswith BMPi fromnonsmokers
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revealed that smokers’ BMPi was 20 percent less active againstPMN
elastase than nonsmokers’ BMPi (Carp and Janoff 1980a).
Specific cigarette smoke constituents that may be responsible for
the inactivation of lung protease inhibitors havenot been identified.
Nicotine and acrolein were studied for their ability to suppress alPi
activity and were found to be ineffective (Janoff and Carp 1977).
Severalstudieshave
shown that oxidizing compounds such as
chloramine-T
and
Nchlorosuccinimide
can
oxidize methionine
groups on a,Pi and reduce its activity against porcine pancreatic and
human PMN elastases(Cohen 1979;Johnson andTravis 1979; Satoh
et al. 1979; Abrams et al. 1980; Beatty et al. 1980). This hasled to the
current belief that oxidants in cigarette smoke may be involved in
the inactivation of protease inhibitors(Janoff et al. 1983). In addition
tofreeradicals(Pryor
1980), cigarette smoke contains oxides of
nitrogen possessing their own free radical properties and able to
react with olefins in the gas phase or with peroxides to generate
potent oxy-radicals (Dooley and Pryor 1982; Pryor et al. 1983).
As mentioned previously, smoke condensate solution suppresses
theelastase
inhibitory capacity of serum a,Pi invitro.This
suppressioncan be prevented by the incorporation of phenolic
antioxidants into the test media (Carp and Janoff 1978). Similarly,
BMPi suppression by smoke condensatecan
be prevented by
antioxidants (Carp and Janoff1980a). &hen and James (1982) used
o-dianisidine oxidation to quantify the levels of oxidants in tobacco
smoke condensates from various brands of cigarettes andfound that
oxidant levels correlated with capacity to suppress a,Pi deactivation
of elastase. Further, this studyprovided evidence that peroxides and
superoxideanionswere
responsible for the loss of a,Pi activity,
because inclusion of catalase and superoxide dismutase in the test
system reduced smoke condensate effects on alPi activity. Bronchoalveolar fluid from smokers contains some amount of oxidantinactivated a,Pi, as evidenced by the presence of methionine
sulfoxide residues (Carpet al. 1982).
In addition to the numerous oxidizing agents present in cigarette
smoke, byproducts of smoke-stimulated phagocyte metabolism represent another potential source of oxidants capable of inactivating
lung protease inhibitors. Carp and Janoff (1979) demonstrated that
phagocytosing human PMNs produce activated oxygen species that
diminish the elastase inhibitory capacity of human serum and pure
alPi in vitro. These workerspresented
evidence to show that
hydroxyl radicals resulting from the reaction
between superoxide
were responsible for this effect. The inactivation of
anions andH202
alPi by a myeloperoxidase-mediated reaction was also described in
thestudy, which concurs with otherstudiesdemonstratingthat
purified myeloperoxidase, in conjunction with H,O, and a halide ion,
can inactivate a,Pi in vitro (Matheson et al. 1979, 1981). Further
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work has shown that activation of human blood monocytes, PMNs,
and PAMs by use of a membrane-perturbing agent (as opposed to
phagocytosis) results in the release of superoxide anions and H,Oz
and the suppression of serum elastase inhibitory capacity (Carp and
Janoff 1980b). Clark and colleagues (1981) have demonstrated that
the myeloperoxidase-H,O,-halidesystem from chemically stimulated
PMNs oxidizes a,Pi in vitro. Similar evidence ascribing inactivation
of BMPi to the myeloperoxidase-H,O,-halide system has been
reported(CarpandJanoff
1980a). Inthestudiesnoted
above,
phagocyte-derived oxidants were shown tobe capable of inactivating
a,Pi when porcine pancreatic elastase was used
as the substrate.
These findings were recently extended
to include the more pathophysiologically relevant protease, human neutrophil elastase (Zaslow et
al. 1983). Little is known aboutin vivo inactivation of protease
inhibitors by phagocyte-derived oxidants, other than that inactive
a,Pi (in the oxidized state) has been found in the synovial fluid of
patients with inflamed joints (Wong and Travis 1980). The extent to
whichoxidantsfromstimulated
phagocytesplay
a roleinthe
suppression of lung a,Pi activity in smokersis at present unknown.

Animal Studies
Although most of what is known about cigarette-smoke-induced
oxidant injury to lung protease inhibitors has been derived from
human studies, some work has gone into the
effects of cigarette
smoke on lung protease inhibitors in laboratory animals. It has been
demonstrated that verybrief exposure of rats to cigarette smoke can
cause a significant reduction in the elastase inhibitory capacity of
a,Pi obtained from lung lavage fluid (Janoffet al. 1979). Very likely
this toxic effect of cigarette smoke is caused by oxidant damage to
protease inhibitors, because treatment of the lavage fluid with a
reducing agent partially restored normal elastase inhibitory capacity and because animals rendered oxidant tolerantby preexposure to
a significantreductionin
a,Pi activity
ozone did notexhibit
following exposure to cigarette smoke.
Effects on LungTissueRepairMechanisms

A preponderance of theresearchtoelucidatemechanisms

by
whichcigarettesmokinginducesemphysemahas
focused on the
factors that initiate lung tissue degradation. Recent studies suggest,
however, that the increasedrisk of emphysemaassociatedwith
cigarette smoking may be due partially to the effects of smoke on
lung repair mechanisms.
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Human Studies
For the most part, work concerning the effects of cigarette smoke
on lungrepairmechanismshas
been conducted inexperimental
animals. It has been shown, however, that cigarette smoke contains
an inhibitor that can prevent the cross-linking of human fibrin
polymers and thereby impede normal tissue repair (Galanakis et al.
1982).Smoke and smoke constituents havealso been shown to induce
membranedamageinhumanlung
fibroblasts (Thelestam et al.
1980). Of 464 smoke constituents tested, approximately 25 percent
caused membranedamage.The
most activeconstituents
were
amines, strong acids, and alkylated phenols; nitriles and polycyclic
aromatic hydrocarbons were inactive.

Animal Studies
Cigarette smoke has been shown to affect elastin synthesis in vitro
and elastin repair invivo. Laurent and coworkers (1983) determined
the effect of solutions of smoke condensate on elastogenesis in vitro
by measuring the formation of desmosine (one of the major crosslinking amino acids of elastin) during conversion of tropoelastin to
elastin. Using a cell-free system of purified tropoelastin from chick
embryo aorta or porcine aorta and lysyl oxidase purified from chick
embryo or bovine lung, these investigators found that desmosine
synthesis was inhibited from 80 to 90 percent in the presence of an
aqueous solution of the gas phase of cigarette smoke. Elastin repair
in vivo has been reported to be retarded by tobacco smoke. Osman
and colleagues (1982) showed that hamsters with elastase-induced
lung injury resynthesized elastin at a reduced rate if they were
exposed to six or seven puffs of whole cigarette smoke hourly for 8
hours per day duringthe repair period.
SummaryandConclusions

1. The m a s median aerodynamic diameter of the particles in
cigarette smoke has been measured to average approximately
0.46 pm, and particulate concentrations have been shown to
range from 0.3 X loBto 3.3 x loBper milliliter.
2.The particulate concentration of the smoke increases as the
cigarette is more completely smoked.
3. Particles in thesize range of cigarette smoke will deposit both
in the airways and in alveoli; models predict that 30 to 40
percent of the particleswithin
the size rangepresentin
cigarette smoke will deposit in alveolar regions and 5 to 10
percent will deposit in the tracheobronchial region.
4. Acute exposure to cigarette smoke results in an increase in
airway resistance inboth animals and humans.
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5. Exposure to cigarette smoke results in a n increase in pulmonary epithelial permeability inboth humans and animals.
6. Cigarette smoke has been shown to impair elastin synthesis in
vitroandelastinrepairin
vivo in experimentalanimals
(elastin is a vital structural element
of pulmonary tissue).
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Introduction
Although a variety of health care providers have attempted to
change the smoking behavior of the groups with whom they work
(USDHEW 19791, most of the research in this area, and thisreview,
is confined to patient populations or patient groups who
provide
opportunities for physician intervention. The nature and extent of
the relationship between patient and physician enhances the opportunity for long-term behavior change. Major international studies
on
utilization of health care reveal that 70 percent or more of North
Americans see a physician at least once a year (Kohn and White
1976; National Center for Health
ServicesResearch 1983; Pacific
Mutual 1978; National Center for Health Statistics 1982). Given this
frequency of contact between smokers and their physicians, some 38
million of the 54 million adults in the United States who smoke
if
could be reached annually witha smoking cessation message. Even
only 5 to 10 percent quit ona long-term basis,the potential impactof
free medical
such contact is enormous. A recent study comparing
care to insurance plans requiring shared
cost by participants did not
show a beneficial impact onsmoking(orotherhealthhabits
associated with coronary heart disease and some types
of cancer)
from the averageof one to two more encounters per yearfor several
years (Brook et al. 1983). The authors comment that “these health
habits, especially smoking, were at levels at which substantial health
benefit from behavior change was
possible” (p. 1432).Thus, physician
contact alone does not increase smoking behavior change. Rather, a
mix of physician, motivation, educational, and training efforts are
doubtless called for.
Many techniques have been described in the literature to assist
physicians in treating cigarette smoking in their patients (Allaire
1983; Best 1978; Bohm and Powell 1982; Danaher et al. 1980; Fowler
1983; Hochbaum 1975; Hymowitz 1977; IndykeandEllis
1980;
Luban-Plozza 1977; Pechacek andGrimm
1983; Pechacek and
McAlister 1980; Pomerleau 1976; Rose 1975/76; Rosser 1977; Russell
1971; Secker-Walker andFlynn 1983; Sherin 1982; Shipley and
Orleans 1982; Windsor et al. 1979). Theserangefromsupplying
information about smoking and health with advice to quit smoking
toimplementing complexbehaviormodificationtechniqueswith
routine monitoring and long-term
followups.
Lichtenstein and Danaher (1978) have described a hypothetical
model for thevariousrolesthatthephysiciancanperform.
“(1)act as a model
According to their formulation, the physician can
of a healthylifestyle
by notsmoking,
(2) provide information
if
clarifying the risks associated with smoking and the risk reduction
the patient stops, (3) encourageabstinence by directadvice and
suggestions, (4) refer the patient to a smoking cessation program,
and (5) prescribe and follow up the use of specificcessation and
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maintenance strategies in his or her
own office management” (p.
233). This scheme isa hierarchical one, with each
role subsumingthe
behavior of the ones that precede it. Other roles such as political
lobbyist and researcher are related only indirectly to patient care
(Rosen and Ashley 1978).
In addition to advising their patients
to quit, a n overwhelming
majority of physicians have quit smoking; the prevalence of smoking
among physicians hasmost recently been estimated at 10 percent or
less in the United States,
considerably below that of the general
population (Enstrom 1983; Fletcher and Doll 1969; Garfinkel 1976;
USDHEW 1976; Sachs 1983). Physicians are, therefore, carrying out
their role as exemplars. In a major national survey, over 90 percent
agreed that it was their responsibility to set a good example for
patients by not smoking cigarettes (USDHEW 1976).With regard to
other roles, the majority of reports (both research and advisory)
indicate that physicians usually function as information providers
and advicegivers.However,
evaluations of treatment procedures
that can be used for referral or in-depth treatment have also been
carried out. It is expected that as results become known and more
referral agencies are available, more physicians will be expanding
their roles.
The literatureon rates at which physicians advise patients to quit
smoking shows a disparity between physician estimates and patient
reports.Overtime,
the proportion of physiciansrecommending
cessation has increased dramatically. A mid-1960s survey revealed
that 38 percent of physiciansclaimed that they advised “all” or
“almost all” (95 to 100 percent) of their patients who did not have
smoking-relateddisorderstoquitorcut
down (GreenandHorn
1968). Eightyeightpercent of physiciansclaimed they gave this
advice to patients with lung and pulmonary
conditions. In 1979,85 to
92 percent of physicians participating in the evaluation
of a quit
smoking kit said they had spokento smoking patients in thepast few
weeks, advising quitting to6 to 7 out of the last 10 smoking patients
seen (American Cancer Society 1981). In a 1981 survey of primary
care practitioners in Massachusetts,90 percent of all physicians who
responded said they routinely asked about smoking; however, only
58 percent felt “very prepared” to counsel patients, and
a mere 3
percentfelttheywerecurrently“very
successful”inhelping
patients to change their smoking
behavior (Wechsler et al. 1983).
Ninetyeight percent of a Canadian sample of primary care physicianssurveyedin
late 1981-1982 reportedadvisingpatients
who
smoke to stop, with 45 percent claiming some success (Battista 1983;
Battista and Spitzer 1983). There is evidence that smoking physicians feel less comfortable in dispensing advice to quit smoking and,
therefore, do it less forcefully (American CancerSociety 1981).
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The majority of persons who smoke feel ‘that physician advice to
quit or cutdown on smoking would be influential (American Cancer
Society 1977; Pacific Mutual 1978). In a 1978 survey of the public,
doctor’s advicewas perceived tobethemost
effective means of
prompting cessation or reduction among six alternatives considered,
the other five being prohibition of smoking at work and in public
places; urging by children, spouse, or relatives;highertaxeson
tobacco; antismoking informational campaigns a t work; and antismokingadvertisingon
television(Pacific Mutual 1978). Inthis
survey, 76 percent of smokers reported thatdoctor’s advice would be
“very” or “somewhat” effective in this regard. Given this general
level of enthusiasm andconfidence in physiciandelivered messages,
actual rates of reported advice are quite low. In the survey just
reported, only8 percent of former smokers spontaneously mentioned
a doctor’s recommendation as a cause of their cessation, although 51
percent cited health reasons
(Pacific Mutual 1978). In the1975 Adult
Use of Tobacco survey, a full 64.6 percent of male and60.8 percent of
female current smokers claimed they had never
received advice from
any doctoraboutquitting,cutting
down, orcontinuingsmoking
(USPHS 1976). About 20 percent of currentsmokershadbeen
advised to quit.Combining advice to quit or cut
down, the percentage
rose to approximately 35 percent. A somewhat lower estimate of
physician advice was obtained from a nationwide study of approximately 8,000 people (Stewart et al. 1979). Advice to quit or cutdown
was reported by 22.4 percent, and lack of advice by 77.6 percent.
However, patient recall for the details of a physician visit may be
flawed. In one study, almost complete recallof cessation advice was
reported 1 year later (Mausner 1970), but in a second study only 50
percent of patients recalled cessation advice 2 months after it was
given (Rose and Udechuku 1971).
It seems quite likely that physicians do offer varying degrees of
advice and guidance to their patients (Fowler and Jamrozik
1983;
Wechsler etal.
19831, andin
view of the decreasein
social
acceptability given to the smoker, more physicians will be spending
more of their time and energy in this way in the future.
A growing
number of editorials in medical journals have been devoted to the
importance of primary prevention and to motivating physicians to
this task(Check 1979; Yankauer 1983).
This chapter reviews and summarizes studiesof smoking cessation
invariousgroups
of patients,with a special focus onphysician
intervention. Four classes of patients are considered: general practice, obstetric, pulmonary disease,
and cardiovascular disease. Reviews of this literatureshow a positive relationship between severity
of disease and the likelihood of quitting smoking (USDHEW 1979,
1980; LichtensteinandDanaher
1978; Pederson 1982). However,
Pederson cautions that a causal interpretation of this relationship
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may not be warranted, as physician involvement may be greater and
the effect of physician advice more salient or intense with sicker
patients. In addition, a section on research using nicotine chewing
gum as a treatment is included. Suggestions regarding future
research and treatmentare also presented.
Patient Groups

General Practice Patients
Unlike the physician whose practice involves mainly patients with
pulmonary or cardiac disease, a large proportion of the general
be spentin lifestyle modification of a
practitioner’stimemay
preventive nature with patients who are not experiencing smokingrelated problems. It may be that compliance among these patientsis
dependent upon diagnosis, but no available studies have related the
reason for the office visit to success or failure in quitting, although
most counseling is said to take place during regular checkups or
during visits for respiratory problems, much less often than during
visits for unrelated major medical problems or minor problems
(Battista 1983).
Ninestudieshavedealt
specifically withgeneral practice patients. Mausner et al. (1968) followed 157 smoking patients of two
physicians sharing an office. One physician advised all the smokers
in his practice who came to his office over a 2-month period to quit
(n= 121). Patients were told that smoking was harmful, and were
given written information on quitting techniques as well as lobeline,
a nicotine substitute. The other physician made no special mention
of smoking (n=36 patients). A t a &month followup, 33 percent of
those who were told to quit had reduced the amount they smoked,
compared with 9 percent in the group without suchcessation advice.
Reduction was defined as a decrease of at least 10 cigarettesper day.
There was no validation of self-report. The factors found to be related
todecrementin
smoking werehigherinitial
consumption and
number of pack-years; a marginally significant relationship with
being male was noted, and for both sexes it was the heavier smokers
who changed.
Porter and McCullough (1972) compared the smoking behavior of
101 randomly selected patients who were counseled by one general
practitioner about their smoking with 90 patients who were not
counseled. Counseling consisted of advice, discussion, and a leaflet.
after 6months
There was no significant difference inquitrate
between the two groups: 2.5 percent in the counseled group and 4.4
percentin the not counseled groupquit. No validation was performed.
Handel (1973) followedfor 1year a group of 100 patients whom she
had advised in 1-to 7-minute messages to quit smoking. The advice

was followed by 38 percent of the men and 11 percent of the women.
Eighteen percent of the remaining male smokers and 22 percent of
the female smokers reported reducing consumptionby more than 50
percent. No control group was included in
this study.
Pincherle and Wright (1970) reported a smoking intervention in a
clinic that provided health examinations of business executives on
an annual or biannual
basis. Physicians were encouraged to deliver
a
strongantismoking message, and abookletwas
madeavailable.
Results varied among the 10 participating physicians; between 17
and 35 percent of the 1,493 smokersseen at a followup visit at
approximately 18 months had stopped smoking cigarettes or had
reduced their smoking more than 30 percent. There were no controls
or validation of self-report. Thedoctor’s own past or present smoking
habits only partially accounted for the variation in success rates (cf.
American Cancer Society 1981). The quitrate of 19 percent reported
by Richmond (1977) in a similarsetting is consistentwith their
findings. Inpreliminaryfindings,
Rosser (1979) reportedthat 10
percent of smokers counseled by family physicians about cardiovascular risk reduction report smoking cessation
1 or 2 years later.
In a large-scale studyof 2,138 patients of 28 London physicians in
fivepractices,Russell
et al. (1979) assessed the effectiveness of
physician smoking advice in comparison with no advice. Assignment
to group was by day of attendance at practice. Four groups were
used: a noninterventioncontrol, aquestionnaire-onlycontrol,
an
advice-only group, andan
advice group receiving a two-page
a warning of subsequent followup. Advice was
pamphletand
delivered in the physician’s own style in a 1- or 2-minute message. At
l-year followup, the overall quit rate was 14.4 percent-respectively
for each group, 10.3, 14.0, 16.7,and 19.1 percent. The percentagesof
patients who stopped within 1 month of the initial visit and who
were still abstinent at followup were 0.3, 1.6, 3.3, and 5.1 percent,
respectively. These results were statistically significant, indicating
that advice to quit was effective and enhanced by written material
and information about a subsequent followup. The major effect was
to increase motivation in termsof the percentage of patients in each
group attempting to quit but not the success rate of quit attempts,
and to reduce relapse
at the 1-year point compared withthe initial1month assessment. One can interpret this
as due to the limitedscope
of advice, focused on health education, and not to quitting skills. Quit
rates differed markedlyamongphysiciansandwereinversely
related to the patient’s initial consumption. Validationof the verbal
report of abstinence on a very small subsample of patients, using a
measure of nicotine concentration in saliva, revealed
a low deception
rate (7 percent), which may have been unreliable, owing to patient
selection methods.
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In an attempt to replicate findings of Russell et al. (1979)in a
Canadian sample, Stewart and R m e r (1982)randomly assigned 691
patientsto one of three groups: control, advice, and advice plus
pamphlet. There were no differences between the groups; only 3 to 4
percent of patients had stopped smoking at the 5month followup
and were still abstinentat 1 year. At that later followup, the overall
success rate was 11.7 percent; no objective measure of smoking
status was included. The researchers note that the
control group had
a higher rate of long-term quitting (3.1percent) than in the Russell
group’s 1979 study (0.3and 1.6percent).
A second study by Russell et al. (1983b)enrolled a sample of 1,938
cigarette smokers, aged 16 and older, who visited 34 general
practitioners insix group practices in Kent
and London in November
1980. All smokers were included and were assigned in balanced
design by weekof attendance toone of three groups; nonintervention
controls, 1 to 2 minutes of advice in the physician’s own style plus
booklet and warning of followup, and similar advice plus booklet
plus offer of a nicotine gum prescription. A questionnaire was mailed
and a personal followup was performed after 4 months and 1 year.
Patients who did not provide adequate data at both points were
counted as smokers. Two-thirds of those who claimed to have quit at
each time point werechecked by measurement of expired air carbon
monoxide. At 1 year, self-reported quit smoking rates in the three
groups were 13.4, 10.8,
and 16.2 percent (p <0.02),respectively. For
those patients not smoking at 4 months and at 1 year, the cessation
rates were 6.0, 6.4, and 11.9 percent, respectively (p <0.02). After
correction for those who refused or failed chemical validation (22
percent) and for those who switched from cigarettes to pipes or
cigars, the cessation rates were 3.9, 4.1,
and 8.8 percent (p <0.001).
Compared withthis group’s earlierstudy (Russell et al. 19791,
cessation rates in these nonintervention controls (also see Stewart
and Rosser 1982)are much higher (3.9versus 0.3 percent), but the
rates are not directly comparable because the initial followups are
not identical (1month versus 4 months). However, cessation rates in
the advice/booklet/warning groups are quite similar (5.1versus 4.1
percent). Cessation rates in the nicotine gum group are discussed
later in this chapter.
Wilson et al. (1982)reported that a simple followup procedure may
enhance theeffects of physician advice. A groupof 211 smokers over
16 years of age attending two middle-class, university-based practices in Hamilton, Ontario, over a &month period were recruited.
Nonsmokers, pregnant womenwho
smoked, and smokerswith
communication disorders or terminalillness were excluded. All
participatingpatients
received brief (3 to 5 minute)intensive
counseling to quit smoking and a pamphlet and, subsequently, were
randomly assigned to one of two groups. The 106 smokers in the
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treatment group were given followup appointments at 1, 3, and 6
months to review and discuss problems, while the control group of
105 smokers received followup appointments as neededfor complaints, but no further smoking cessation counseling. In the treatmentgroup,23percentreportedcessation
at 6 to14months,
compared with 12 percent of the control condition (p <0.05). When
losses at followup were counted as continuing smokers, the success
rates droppedto19.8 and 10.5 percent, respectively. No objective
validation was included. Success in quitting was significantly related
to several factors: having made previous attempts to quit, judging
that itwould not be extremely difficult to quit, and smoking regular
tar cigarettes (versuslow tar).
PregnantPatients

A number of studiesconcernsmokingcessation
andpregnant
women, a group of patients who arenotexperiencingsmokingrelateddisease,
but for whomcontinuedsmoking
hasserious
implications. It has been documented that smoking during pregnancy, especially in the last trimester, can result in suchconsequences
as reduced birthweight and increased fetal and neonatal mortality
(Landesman-Dwyer andEmanuel
1979; USDHHS 1980; USPHS
1973). Someevidencealsosuggests
thatlactationinsmoking
mothers is inhibited and that smoking during pregnancy may be
related to childhood hyperkinesis (Denson et al. 1975) and develop
mental retardation (Landesman-Dwyer and Emanuel 1979). According to Fielding and Yankauer (19781, the pregnant woman has been
largely ignored as a target for smoking cessation techniques because
evidence concerning the dangers to the fetus is just beginning to
emerge.Increasingconcern
is beingexpressedfor
thepregnant
smoker(USDHHS 1980), andmanysmokingcessationstrategies
have been described to assist women (Gastrin 1983; King and Eiser
1981; Kretzschmar 1980).
The prevalence of smoking during pregnancy and rates of physician advice to quit or cut
down have been previously summarized
(USDHHS 1980). Almost 60 percent of physiciansspecializingin
obstetrics and gynecology who participated in the 1975 CDC Survey
of Physician Advice claimed that they advised most to all of their
pregnant patients to quit or to cut down (Danaher 1978). As in the
general population estimates of remembered physician advice cited
earlier, fewer women report such advice given during pregnancy.
About 24 percent of women last pregnant during the 5 years from
1970 to 1975 remembered suchadvice (Harris 1979).
Rates of cessation amongregularsmokersduringpregnancy
ranged from 0.9 to 35 percent, with a median of approximately 20
1980Report of the
percent, in the 11 studies summarized in the
Surgeon General The Health Consequences of Smoking for Women
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(USDHHS 1980). Results of more recent studieswere consistent with
the median figure. Hackett (1979) interviewed 57 women a t various
stages of pregnancy, and 16 percent reported quitting at some time
in the prenatalperiod. Fried et al. (1980)reported a similar quit rate
in a group of 67 smokers. The 1980 National Natality Survey (NNS)
examined changes in smoking and drinking behavior among 4,405
mothersduringpregnancy
(NCHSR 1983). Questionnaires were
mailed 6 months after delivery to married mothers who delivered
live-born infants.Nonmarriedmothers
were not included in the
analysis because of problems with the State government requirement of confidentiality.Mothers were much more likely to stop
drinking than to stop smoking duringpregnancy. Of those who
engaged in the behavior before pregnancy, 30 percent stopped
drinking compared with almost 18 percent who stopped smoking.
White mothers had the highest
smoking rates before pregnancy (32.0
percent) when compared with blacks (24.8 percent), Hispanics (23.3
percent), and others(19.9 percent). No significant differences by age,
race, or Hispanic origin were found in the proportion who stopped
smoking, although blacks appeared to have slightlylower quit rates
(13 percent) than eitherwhites (18 percent), Hispanic(25 percent), or
other mothers (21 percent). Educational attainment, however, was
directly related to the tendency to stop smoking. Of white mothers
who smoked, the proportion who stopped during pregnancy ranged
leasteducation (did not
from 10 percent for motherswiththe
graduate from high school) to 24 percent of mothers with the most
education (16 or more years education).
Three studies have combined observations of smoking discontinuanceinpregnancywith
some interventional tactic. Baric et al.
(1976) found that their entiresample of 134 pregnant Britishwomen
thought smoking could be harmful to the fetus, but only 16 percent
received this information from a doctor; most had received it from
the media. A total of 24 patients (18 percent of the sample) quit
smoking on their own; 63 of the remainingwomen participated in an
intervention program involving exposure to educational material by
a “doctor,” and 47 served as controls. Subsequent analysis revealed
that while the groups did not differ significantly in the number of
women who quit smoking 11 weeks followingtreatment (14 percent),
significantly more in the interventiongroup modified their consumption.
Dalton et al. (1981) surveyed smoking behavior (using self-report
only) in 282 pregnant British women, of whom 49 percent smoked at
the beginning of pregnancy. Thirty-two percentof the smokers in the
sample claimed they were given no medical advice to quit smoking.
Ten percent reported quitting
smoking during pregnancy. A local
and a national poster and leaflet campaign designed toincrease
smoking cessation rates at a prenatal clinic had no effect. The advice
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to curtail smoking was given in a minimal fashion, and rarely by
generalpractitioners. Knowledge of thehazards of smokingwas
higher among thosewho acknowledged receiving advicethan among
those not acknowledging advice.
Also, those who quit were better
informed about fetal hazards
than those who continued to smoke.
Using a breath test for carbon monoxide to validate self-report,
smoking status was assessed in 175 pregnant women of moderate to
low socioeconomic status in Pittsburgh (Hughes et al.
1982). Most
women (61 percent) were in the third trimester
of pregnancy. At the
beginning of pregnancy, 55 percent of the women reported smoking;
of these, 19 percent reported that they had quit and
37 percent
reported that they had reduced their smoking rate during pregnancy. The rateof false positive results among self-reported nonsmokers
was 12 percent, and the rate of false negative results among selfreported smokers was 12.5 percent. Both continuing smokers who
reduced consumption and quitters made those changes in the first
trimester, and gave pregnancy-related reasons
for changing their
smoking behavior. However, none of the pregnancy-related factors
examined were statisticallyassociated with quitting or cutting
down.
Most of the continuing smokers expressed a desire to quit or to cut
down and wished to receive treatment, but only 1 woman (of 80)
attended a free cessation program nearby. The
authors note that
interventions scheduled early in pregnancy during prenatal outpatient visits would be optimal for such a group.
A fourth test of an intervention designed for pregnant smokers
was reported by Danaher et al. (1978). Eleven women participated in
a &week program delivered by behavioral scientists that included
instruction in behavior
modification,deepmuscle
relaxation, and
educational information. Of the eight women who completed the
program, four quit smoking and another three markedly
reduced
consumption. At a 9-month followup, three women were completely
abstinent, and onewomen was smoking lessthan one cigarette daily.
No control group was included in this study, so it is not possible to
evaluate the relative
effectiveness of the treatmentpackage.
Finally, three randomized trials of smokingcessation interventions with pregnant women have been reported. Donovan (1977) and
co-workers (Donovan et al. 1975) randomly assigned 588 pregnant
British women to a controlor a n interventiongroup
receiving
intensive antismoking information. Unfortunately, the number
of
at least for theduration of their
patientsachievingabstinence
pregnancieswasnotreported.Therewas
a significantlylarger
reductioninamount
smoked by theinterventiongroupthan
by
controls,however.Almostone-third
of a group of women who
voluntarily quit resumed smoking before the end of pregnancy, a
finding not replicated in
US.women by Sexton and Hebel (1984).
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Bauman et al. (1983) reasoned that exposure to alveolar carbon
monoxide (CO) levels in pregnancy would provide a concrete
demonstration of a current and personal consequence of smoking.
All pregnant women attending a public prenatal clinic over a 6month period were randomized to experimental and control groups;
47 percent of the 170 women were smokers. Experimental subjects,
both smokers and nonsmokers, observed their CO levels in a group
setting. Control subjects did not have the CO intervention. All
subjects were read a script on smoking, CO, and adverse effects of
smoking during pregnancy; health educators implemented all procedures. In the experimental group, there were 36 women smokers
exposed to their own 0;
the control group contained 43 smokers.
Six weeks after the intervention, there was no difference in quit
rates between the two groups (7 percent of experimental subjects and
13 percent of control subjects had quit) or on five other measures of
smoking behavior. After adjusting for covariates used in assessing
attrition effects and comparison group equivalence, CO levels were
significantly lower in the treatment group. The authors concluded
that the interventionhad either a small or no influence on cigarette
smoking.
The first prospective, randomized, controlled clinical trial demonstrating that a reduction of smoking produces a favorable change in
infant birthweightcontained
an effective smoking intervention
(Sexton and Hebel 1984). Pregnant women who smoked at least 10
cigarettes per day at the beginning of pregnancy and who had not
passed their 18th week of gestation were eligible for entry into the
trial. A total of 935 women were recruited from the practices of 52
private obstetricians and a university hospital’s obstetric clinic in a
large metropolitan area; subjects were randomly assigned to experimental and controlgroups. Subjects in both groups reportedsmoking
an average of a pack a day at thebeginning of pregnancy, but to have
reduced their smoking to about 11 cigarettes per day by the time of
randomization. The smoking intervention was delivered by health
educators, and consisted of encouragement and assistance to stop
smoking throughinformational
and behavioral strategies.Each
woman received a minimum of one personal visit, supplemented by
telephone and mail contacts. The controlsubjects received no contact
until followup. A questionnaire and saliva sample (for thiocyanate
analysis) were obtainedat randomization and during thefollowup in
the eighthmonth of pregnancy. A t followup, 43 percent of women in
the treatment group and 20 percent of women in the control group
reported quitting smoking. Overall, there was a significantly greater
reduction of smoking in thetreatment group; groupmeans for
number of cigarettes smoked per day were 6.4 for experimental
subjects and 12.8 for control subjects, respectively. Mean thiocyanate
levels were significantly lower in the experimental group than in the
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controlgroup,verifyingself-reporton
a group level.Cessation
results in the control group, contrary to the findings
of Donovan
(1977), showed that very few women who quit smoking in the first
trimester resumed smoking during the pregnancy;
also,very few
who had not quit in thefirst trimester quit on their own later in the
pregnancy. This study clearly demonstrated
that an “antismoking
intervention is feasible to conduct, accepted by pregnant women, and
effective in producing a reduction in smoking,and most important of
all, that cessation even during pregnancy improves the birthweight
of the baby” (Sexton and Hebel 1984, p. 915). These are important
results, obtained in a relatively high risk study group,
and deserve to
be followed up.
Patients With Pulmonary Disease

A large proportion of the patients seen by a pulmonary specialist
are experiencing,firsthand,
thehealth problemsresulting from
continuedsmoking(Pederson
1982; Windsor et al. 1979). The
literature cited below demonstratesthatthepresence
of serious
illness adds credence to
the physician’s message and is related to
increased compliance (Cooperstock and Thom 1982; Daughton et al.
1980; Davison and Duffy 1982; Hall et al. 1983; Pederson and
Baskerville 1983; Pederson et al. 1982). The evidence continues to
accumulate that smoking cessation is followed by favorable changes
in cardiopulmonary functioning (Ball and Turner 1974; Buist et al.
1976, 1979; Peterson et al. 1968; Schuman 1971; World Health
Organization 1975) and in morbidity and mortality (Hammond1965,
1966; Kuller et al.1982; USDHHS 1981;UUSDHEW 1979; Weinblatt
et al. 1971; Wilson 1973).
A number of studies (Baker et al. 1970; Burns 1969; Burnum 1974;
Dudley et al. 1977;Guzman 1978; Mausner 1970;Peabody 1972;
Pederson et al. 1980; Raw 1976; Rose and Hamilton 1978; Rose and
Udechuku 1971; Williams 1969) have investigated smoking cessation
among patients with respiratory disease. Table 1 summarizes these
studies, including data on subject groups, sample sizes, quit rates,
and durationof followup.
. Elevenstudieshaveinvestigatedquit
rates amongpulmonary
disease patients following physician advice (Baker et al. 1970; Burns
1969; Burnum 1974; Cooperstock and Thom 1982; Daughton et al.
1980; Davison and Duffy 1982; Guzman 1978; Mausner 1970;
Peabody 1971; Trahair 1967; Williams 1969). Compliance rates vary
from 15 percent to 51 percent, but noneof these studies includednoas a test of the effectiveness of physician
advicecontrolgroups
counseling. A trend toward lower quit rates has occurred in the more
recent studies.
None of the investigations attempted to identify patient characteristics associated with compliance,although some results suggest that
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suchrelationshipsmayexist(Burns
1969; Mausner 1970). Two
retrospective studies (Dudley et al. 1977; Pederson et al. 1980) used
multivariate techniques to determine the sociodemographic, physiological, and psychological variablesthatarerelatedtoquitting.
Dudley et al. (1977)found that “good psychosocial assets, psychological stability, and the ability to express depression openly” (p. 367)
discriminated between quitters and
noriquitterd.Since their measurements were madecross-sectionally, the question remains whether these variables are causes or effects of smoking cessation. In a
sample of 117 pulmonary patients, 27 percent of whom quit after
physician advice, Pederson et al. (1980) found that abstinence was
related to primary diagnosis (those with COLD were more likely to
quit), age (older or younger versus middle-aged), and sex(women
were more likely to quit) in orderof predictive power. These results
could have been biased,however, because a number of patients were
lost to followup and no objective verification of smoking status was
Used.

Pederson et al. (1982) conducted a prospective study of 308 newly
diagnosed respiratorypatients,andusingmultivariatestatistical
models, accurately categorized 92 percent of the samples as continuing smokers or quitters, following physician advice. This model was
subsequently validated ina second group of similar patients with89
percent accuracy. In both groups, cessation rates (self-report only)
were approximately 15 percent (Pederson and Baskerville 1983).The
variables from entry questionnaires usefulfor discriminating smokers from quitters at followup were prediction of the patient as to
smoking status at followup, age, addiction as the major reason for ,
smoking,desire toquit,educational
level, socioeconomic status,
of
number of children at home, and being married.Prediction
quitting, increasing age, desire
for quitting, socioeconomic status,
and being married were positively associated with quitting. Addiction, having children at home, and middle educational level were
negatively associated.
Threeinvestigators(Hall
et al. 1983; Raw 1976; Rose and
Hamilton 1978) tried to vary the type of advice given in order to
increase compliance. Raw (1976) found that increasing the motivatinginformationaboutthe
risks of smoking and the benefits of
cessation by a psychologist subsequent tophysician advice to quitdid
not have a positive effect on compliance, but donning a white coat
did. The physician advice itself reduced smoking significantly among
advised patients compared with among nonadvised patients. Additionally, the group for whom the psychologist wore the white coat
duringtheinterview(motivating
or placebo) reducedsmoking
significantly more than the no-white-coat group did. The dependent
variablewasthepercentreductioninsmoking
level (number of
cigarettes smoked) at %month followup by self-report alone. Unfor468

tunately, the sample was small ( n = 401, and abstinence rates were
not reported. The author suggests that the white coat is an advisor
characteristic that can increase
effectiveness of advice.
Hall et al. (1983) found no difference in 6-month abstinence rates
between two groups of cardiopulmonary patients (n= 35) randomly
assigned to a health motivation and self-management treatment(26
percent abstinence) or to an aversive smoking treatment (6 percent
abstinence), both led by nonphysician health professionals. Results
summarizing attrition rate and outcome (post-treatment and a t 6month followup) generallyfavoredthehealthmotivationgroup,
however.
The London Civil Servants Smoking Trial (Rose and Hamilton
1978) was a randomized controlledtrial of 1,445 menat high risk for
cardiorespiratory disease. Following a screening examination, 714
men were randomized to an intervention group and731 to a normal
care group. For the normal care group, the results of the examination wereforwarded to thegeneralpractitioner,leavingfurther
action to him. The men were not aware they were in the trial. They
were invited to returnfor the 1-year and3-year examinations as part
of the research. Men in the intervention group were invited
by letter
to discuss the results of their examination with
a physician(all
accepted). The 15-minute appointment consisted of strong advice to
quit smoking, risk appraisal (oriented to fitness and
well-being more
thantodisease),benefits
of cessation, andthepracticalities
of
stopping-choice and personalizedmotivation. Two booklets were
provided, prepared especially for the study. Three further interviews
werescheduled at 1-week, 10-week, and 6-monthpoints. All men
(interventionandcontrol)
who attendedthe1-yearand
3-year
examinations completed a self-administeredquestionnaire;some
were completed by mail. No validation of self-report was made. At
the 1-year examination, 51 percent of intervention subjects and 10
percent of control subjects reported cessation of cigarette smoking;
excluding those men who had switched
to pipes or cigars, rates of
tobacco abstinence drop to 38 and 8 percent, respectively. Of all the
men who stopped within thefirst year, 80 percent did so immediately
afterthe first interview.At 3 years, 36 percent of intervention
subjects and 14 percent of controlsubjectswere-riotsmoking
cigarettes; total tobacco abstinence rates were 23 and 10 percent,
respectively. A number of personal characteristics assessed at entry
were associated with increased probabilityof cessation: smoking less
than 20 cigarettesperday,notinhaling,use
of filtertips,prior
attempts to stop, marital status “other than married,” professional
or executive employment category, and neuroticism (Eysenck Personality Inventory). The level of abstinence achieved in the treatmentgroup is comparabletoseveralotherstudieswithsimilar
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patients (Baker et al. 1970; Burns 1969; Mausner 1970; Pederson et
al. 1980) and is closer to the remainder than control group results.

Patients With Cardiac Disease
Thestudies concerned with smoking cessation amongcardiac
patients further support thenotion that presence of disease may be
an important precursor of compliance. The occurrenceof a myocardial infarction (MI) is a dramatic event that,in many patients, should
add credence to the physician’s admonishments. Evidence demonstrates thatreduction or cessation of smoking is positively related to
survival in MI patients (Hickey et al. 1983; Mulcahy et al. 1975,
1977; Pentecost 1980; Salonen 1980; Sparrow et al. 1978; USDHHS
1983) and isnegativelyrelated
to a coronaryevent
following
uncomplicated angina (Hubert et al. 1982). It appears that smoking
cessation decreasesmortality
among post-MI patients, so that
attempts toincrease compliance among this groupcould have life-ordeath ramifications.
Table 2 summarizes the studies on this patient group. Successful
smoking cessation is relatively high among survivorsof MI (Baile et
al. 1982; Burnum 1974; Burt et al.1974; Cooperstockand Thom 1982;
Croog and Richards 1977; Halhuber 1978; Hay and Turbott 1970;
Kirketal.
1980; Kornfeld et al. 1982; Lloyd and Cawley1980;
Mallaghan and Pemberton 1977;Mayou et al. 1978; Ronan et al.
1981; Sillett et al. 1978; Weinblatt et al. 1971; Wilhelmsson et al.
1975).Cessation rates range from 22 to 94 percent, with the majority
of studies falling in the 40 to 60 percent range. The discrepancies in
rates are partially attributable tosample size variations or duration
of followup. A trend is apparent, however, with more recent studies
reporting lower rates.
In a recent review of the literature on smoking following myocardial infarction, Burling et al. (1984) discuss four major methodological limitations in these studies. First, the
definition of abstinence
varies among studies, ranging from zero to five cigarettes per day;
also, the period over which abstinence is measured, from the MI
continuously tc followup, should be specified.
Second, self-report of smoking status is rarely verified; a few
studies haveused biochemical validation Baile et al.1982; Burling et
al. 1982; Kirk et al. 1980; Ronan et al. 1981; Sillett et al.1978; Wilcox
et al. 1979). Rates of deception have varied from approximately 25
percent of patients claiming abstinence (Sillettet al. 1978; Wilcoxet
al. 1979) to much lower estimates of discrepancy between self-report
and objective measure (Baile et al. 1982; Burling et al. 1982; Kirk et
al. 1980; Ronan et al.1981).
and amount of
Third, specification of the treatment-the time
antismoking advice delivered-is not always explicit. Advice can be
verbal or verbal plus written, and the intensity of the message has
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varied from routine to strong. Results have generally been better
when stronger advicewas delivered (Burlinget al.1982).
For example, inan experimental test of the effect of intense advice
on post-MI cessation, Burt et al. (1974) routinely assigned 210 male
patients to intense or to routine advice conditions. Abstinence rates
were higher in the intense advice condition, 62 versus 27.5 percent.
The intense intervention consisted of telling the patient repeatedly-in
the critical careunit,during
convalescence, andduring
followupnever to smoke again in his lifetime, plus giving him a
pamphlet. However, other attempts to increase cessation rates by
using group counseling (Raheet al. 1979) or exercise with or without
counseling (Sivarajan et al. 1983) showed no differences in abstention rates for treatment groups and control groups.
Fourth, a variety of subject and environmental factors that may
influencecessation haverarely beensystematicallyexamined
or
controlled.Theseincludeage,sex,race,severity
of the MI, and
personality and environmental factors.Age is not found tobe related
to cessationinmost
studies (e.g., Baile et al. 1982; Croog and
Richards 1977; Salonen 1980; Sparrow et al. 1978; Weinblatt et al.
1971). Both of the studies presenting dataon sex differences in postMI cessation have notedsomewhathighercessationratesamong
males; however, sample sizes were small and the differences were
not statistically significant (Baile et al. 1982, Sparrow et al. 1978).
Racial datahavenot
been available for nonwhitepopulations.
Greater severity of an MI has been associated with higher smoking
cessation rates (Baile et al. 1982, Wilhelmsson et al.1975). Personality and environmental factors are complex, and only a few relationships havebeen explored.For example, neither Baile et al. (1982) nor
Croog and Richards (1977) foundassociationswithany
of the
sociodemographic or Health Belief Model variables measured, but
Baile et al. (1982) did identify anenvironmental factor-being
offered cigarettes by visitors-that influenced
resumption of smoking amonghospitalized post-MI patients.
Thedescriptivestudy
by Baile et al. (1982) provided several
suggestions for intervention with post-MI patients-introducing the
intervention prior to hospital discharge and as early in the hospitaliinvolving
zation as is feasible,evenin the critical care unit, and
family members and visitors in the effort to prevent resumption of
smoking. This study was not designed to assess the mechanism by
which relapse was negatively associated with severity of the MI, but
the authors offered several possibilities: the presence of subjective
factors such as specific illness symptoms, general malaise or level of
fear, communications from the medical staff regarding severity of
heartattack,intenseand
specific advice toquitsmoking,
or
differential medical treatment that might haveaffected the patients’
smoking behavior. These factors should be considered in the design

of futureexperimentalevaluation
of post-MI smokingcessation
interventions.
Moving onfrom
thepatient
withestablishedcardiovascular
disease to people classified as “at risk,” it is found that a number of
largecontrolled trials of riskreductionhavedemonstrated
that
counselingonindividual
specific riskfactorsandexposureto
smoking cessation techniques canbe effective. Thesetrials have been
discussed in detail in the 1983 Report of the Surgeon General The
Health Consequences of Smoking (USDHHS 1983). Rose and Hamilton and theircolleagues (Rose 1977;Rose and Hamilton 1978;Rose et
al. 1982) have found higherabstinence levelsin a group given
intense advice and educationas compared with a control group. The
Multiple Risk Intervention Trial (MRFIT) (Ockeneet al. 1982b),with
12,866 high risk men, reported 40 percent abstinence in the special
intervention group and 21 percent in the usual care group. Similar
results were found in Britain (Rose et al. 1980) as part of the WHO
multifactorialtrial
(WHO EuropeanCollaborativeGroup
1982).
Other smaller scale studies have generallyfound that high risk men
are susceptible to risk-reduction interventions (Cooper et al. 1982;
Malotte et al. 1981; Powell and Arnold 1982). For the most part,
thesestudieshavebeen
well designed andmanyhaveincluded
objective validationof verbal reports.
The Use of NicotineChewing Gum

A pharmacological aid to smoking cessation designed to decrease
the smoker’s desire for nicotineand to relieve withdrawal symptoms
hasrecently become available as a prescriptionproductin
the
United States after development in Europe; current information and
researchhas
been summarized (Grabowski andHall, inpress;
HughesandMiller,unpublishedmanuscript).The
new aid is a
chewing gum containing 2 mg nicotine bound to a n ion exchange
resin forcontrolledrelease
and bufferedfor
rapidabsorption
through the buccal mucosa. Compared with the rapid elevation of
blood nicotine levels achieved after smoking a cigarette, peak blood
levels with 2 mggum are lower and are achievedmore slowly
(Russell et al. 1976a;McNabb et al. 1982). Although blood levels may
peak within minutesfollowing smoking, peak levels occur after20 to
30 minutes of chewing the gum, presumably not reproducing the
pleasure of smokingbecause of the slower,nonbolus release of
nicotine (Russell et al. 1980).Nicotine chewing gumis indicated as a
temporary aid to the cigarette smoker seeking togive up his or her
smokinghabitwhileparticipatingin
a behavioralmodification
program under medical supervision. Theefficacy of nicotine chewing
a behavioral modificagum use without concomitant participation in
tion program has not been established. Thus, nicotine gum
could aid
’
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in thecessation processby allowing the smoker to break the smoking
habit with abrupt cigarette cessation, while gradually withdrawing
from nicotine. In controlled studies, evidence has been offered that
nicotine gum can relieve withdrawal symptoms (Jarvis et al.
1982;
Schneider and Jarvik1984; Schneider et al.1983; Hughes et al. 1984;
West et al. 1984).
According to Hughes and Miller (unpublished manuscript), contraindicationsincluderecent
MIS orlife-threateningarrythmias,
severeorworseningangina,oractivetemporomandibularjoint
disease. Nicotine may aggravate coronary heart disease, vasospastic
diseases,
hypertension,
diabetes,
and
hyperthyroidism.
Because
nicotine is swallowed during use of the gum,people with peptic ulcer
or esophagitis may be particularly a t risk. These contraindications
are based on known or presumed relationships between nicotine and
theseconditions,andnot
upon direct tests of nicotinegum use.
Women who are pregnant or nursing shouldalso avoid gumuse
because nicotine decreases fetal breathing movements andis secreted in maternalmilk (USDHHS1980).
Common side effects of use include air swallowing, belching, jaw
ache, sore mouth or throat, upset stomach,
hiccups, nausea, and
mouth ulceration (Fagerstrom 1982; Jarvis et al. 1982; Russell et al.
1980; Schneider et al. 1983). Most side effects can be diminished by
proper instruction on mode of chewing. The percentage of subjects
who may become dependent upon gum use is not well known. In two
studies, 3 to 7 percent of all subjects were considered dependent by
the investigators(Jarviset al. 1982; Raw et al. 1980).
Given that nicotinegumdoesappeartoalleviatewithdrawal
symptoms, to what extent has it beenefficacious in cessation? Early
studies of cessationwereconfounded
by allowingsmokersto
simultaneously smoke and chew the gum (Brantmark et al. 1973;
Puska et al. 1979; Russell et al. 1976b). More recently, controlled
clinic-support studies have shown enhancement of both short- and
long-term success rates with nicotine gum (Fagerstrom 1982; Jarvis
et al. 1982; Schneider et al. 1983). Success has been attributed to an
interaction between the active gum and the support systems in ways
not yet understood. Schneider
et al. (1983) compared nicotine and
placebo gum in both dispensary and clinic settings. There was no
effect of active gum in the dispensary setting; subjects chewed the
gum for a very short time period and resumed smoking quickly. In
the clinic conditions, the nicotine gum produced significantly higher
success rates than placebo, with a peakdifferenceachieved
at 6
months (48 percentversus
20 percent). Inotherstudieswith
followups of from 3 to 12 months, cessation rates were higher
for
groups receiving active gum than for placebo gum groups or groups
receiving other treatments(Fee and Stewart1982; Hjalmarson 1983;
Jarvis 1983; Malcolm et al. 1980; Raw et al. 1980). Fagerstrom’s
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(1982) work suggests that highly nicotine-dependent smokers may be
the best candidatesfor gum use.
Studies conducted in physicians’ offices have produced mixed
results. In a study using over 1,500 patients with smoking-related
diseases attending a hospital or chest clinic, there was no reported
superiority of nicotinegumcomparedwithseveralconditions
involving usual physicianadvice toquitand
a booklet (British
Thoracic Society 1983). Overall, 9.7 percent of patients were abstinent at 1 year, but approximately one-fourth of patients claiming
abstinence had carboxyhemoglobin and plasma thiocyanate concentrations typical of smokers. This study has been criticized
for the
manner in which the gum was administered to the patients (Jarvis
and Russell 1983). On theotherhand,Fagerstrom
(1983) found
nicotine gum use tobe statistically superior toa no-gum condition at
l-year followup in a 13-physician study involving145 patients.
Similarly, Russell and his colleagues (Russell et al. 1983a,b), in a
welldesignedstudy involving 1,938 generalpracticepatients,
observed a difference for the same time period. Success rates in the
nicotinegumplusadvicegroupwereaboutdoublethosein
the
nonintervention andadvice-only groups (8.8 percent versus 4 percent
not smoking at 4 months and at 1 year). These results are based on
all smokerswho saw their physician regardless of desire to quit. The
higher success rate of thegroup offered the nicotinegumwas
achievedeven though only 53 percenttried the gum.The selfselected subgroup who used more than one box of gum (105 pieces)
had an adjusted
long-term successrate of 24 percent.
Reasons for the inconsistent results may relate to differences in (1)
instructions on gum use given to the patient, (2) distribution of the
offered in the
gum (whetherit was provided directly to the patient or
form of a prescription), (3) patientpersonalitycharacteristicsor
(4) supportor
followup inadditionto
motivationforsmoking,
providing the gum, and (5) sample sizes and duration of followl1p.
The first four of these factors can all affect compliance, which
is
deemed critical for effective use of the gum in physician practice.
Key questions remaining to be systematically tested relate to what
constitutes optimal gum use, such as dose, frequency, and duration
(Schneider et al. 1983). Future research should resolve the general
usefulness of this pharmacologic treatment as well as the appropriate adjunct treatment strategies.
DiscussionandSynthesis

MethodologicalConsiderations
There is marked variation in themethodology and presentation of
results from the studiesincluded in thisreview, posing problems for
well
comparison. To begin with,interventionsarenotalways

specified, making it difficult to categorize or to evaluate any given
which the interventechnique. This is particularly true in studies in
tionconsisted of a very brief warningtoquit
delivered inthe
physician’s own style. Any accompanying written material is often
onlyvaguely
described. There are, of course, studiesin which
interventions are well detailed, such as the MRFIT trial (Ockene et
al. 1982b). In this relativelynew area of smoking cessation research,
as much detailas
it is particularly important to researchers to report
possible on their intervention and control
methods.
In evaluating the success of interventions, standard definitions of
outcome need to be agreed upon. These include total abstinence from
tobacco use, not just cessation of cigarette smoking or reduction in
total amountsmoked. If multiple measuresare preferred, abstinence
shouldalways be reported. Objective validation of self-report is
critically important, especially when at-risk or patently ill patients
may be biased toreportabstinence.Followupperiodsshould
optimally be at least 1 year. When subjects are lost to followup, the
method of calculating success rates should be clearly specified. For
example, the most conservative criterion would dictate classifying as
smokerssubjects who refusemeasurement.Other
problemsmay
includeincomplete
data because of nonsurvivors,especiallyin
medical populations. If results are based only on those successfully
followed, as much information on lost subjects as is possible should
be provided. In retrospective studies, memory bias may also influence results. Other problems common to smoking cessation research
include inadequate samplesizes, which reduce statistical power; lack
of comparisonorcontrolgroups;
andthefailuretoselectan
appropriate design, such as randomization or a quasiexperimental
model. Design, methodology, and interpretation issues in smoking
researchhave
been treatedinothersourcesingreaterdetail
(Pederson 1982; USDHEW 1979; USDHHS 1982,1983).

Trends in the Literature
When considering quit rates among the various patient groups
discussed in thisreview, it is important tokeep two considerations in
mind.First,quit
rates canvary
as a function of the type of
intervention, not only by patient group. For example, the highest
quit rate amongcontrolledpregnancy
interventions (Sexton and
Hebel 1984) was found in the study with the largest subject sample
and strongest design, and consisted of a multiple contact intervention. Second, of the four classes of patient considered, persons with
pulmonaryandcardiac
diseasedifferqualitativelyfrom
general
practice and pregnant patients. The first two categories of patients
have diseases directly related to their smoking behavior; risks and
consequences of continued smoking canbe personalized and detailed.
On the other hand, general practice patients may not be coming in
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for a problem directlyrelated to their smoking. Battista (1983)
reported that antismoking counseling was delivered by 99 percent of
primary care physicians in his survey sample when the reason for
the medical visit was related to smoking, but by only 52 percent
when the medical problem was unrelated and a mere 11 percent
when the visit was for a minor problem. Finally, pregnant patients
seen routinely for prenatal care are usually not ill, and may have
difficulty personalizing the risks to the fetus and to themselves,
especially if they have smoked through previous pregnancies and
borne healthybabies.
Notwithstanding these limitations, some trends are evident in the
literature: the quit rates in recent research appear lower than in
older studies, and a positive association between severity of disease
and quit rate can be noted. There are exceptions to these generalizations, but the intention in presenting them is to bring
some order to
the results.
The series of studiesexaminingquit
rates among pulmonary
patients indicate a decrease in success over time, with more recent
studiesreporting lower rates.Thesamegeneraltrendappears
among post-MI patientgroups when data from groups receiving
treatmentin
addition to physician advice are excluded. This
apparent decline in effectiveness may be attributable to higher
spontaneous quit rates in the population of smokers. Because more
people are quitting on their own, fewer current smokers and more
ex-smokers are presenting themselves to physicians. Included in the
group of ex-smokers are those who a decade or two ago would have
stopped on the advice of their physician, but who have quit because
of media educational campaigns. Physicians specializing in pulmolefttodeal
with the more
nary or cardiac disease arethen
recalcitrant, hard-core group. In addition, current patients may be
more honest in reporting failureto quit, and there are measures for
objectively verifying verbal reports (e.g., expired air carbon monoxide, carloxyhemoglobin, saliva or blood thiocyanate, saliva or blood
cotinine).
Although thereare
comparatively few studies with general
practice patients and pregnant women, these two groups show fairly
low abstinence rates. As mentioned above, when attending for
routine visits, these patients are generally healthier than those with
chronic pulmonary disease or cardiac disease. They are also less
likely to be visiting the physician for an illness related to smoking.
When treated with a powerful intervention, however, high cessation
rates (over 40 percent) have been reported (Sexton and Hebel 1984).
The quit rates among patients with pulmonary disease vary from
12.5 to 76 percent. The highest rates are found in studies including
patients who have ever smoked in the past, as well as those who are
smoking at the timeof treatment (Daughton et al.1980; Dudley et al.

1977; Mausner 1970). When these studiesare excluded, the betweenstudy rates clustermore closely between 20 and 40 percent. In
general, it appears that patients with MI, especially those receiving
strong advice, are much more likely to quit smoking than are other
patient groups, with40 to 50 percent abstinence levels being the rule
rather than theexception. This finding matches the most successful
behavioral interventions reported in the general smoking cessation
literature-thoseprogramswithstrongmaintenance
as well as
cessationcomponents(USDHHS
1982). Thepotential
effect of
continued smoking on future health status for cardiac patients has
a n immediacy that appears to motivate positive action. Six studies
investigating severity of diagnosis (Baile et al. 1982; Campbell et al.
1983; Dudley et al. 1977; Mausner et al. 1970; Sillett et al. 1978;
Wilhelmsson et al. 1975) support thisrelationship;one does not
(Weinblattetal.
1971). It is possible that the health benefits of
cessation have been underestimated to date, if the most severely ill
patients are the
most likelyto quit.
Although this discussionimplies a causal relationship between
severity of disease and compliance, other explanations are possible.
Factors such as personality characteristics that are differentially
related to diagnosis and ease of quitting may influence results. In
addition,physicianinvolvementmaybemuchmore
intense with
patients who havemoreseverediagnosesandmay
be causally
related to differentialoutcome.

Patient Variables Related to Abstinence
Therehavebeen
a number of attemptstorelatevariablesto
successful quitting among patient groups. The underlying rationale
of these attempts can be conceived as a search for possible causal
factors.Multivariatestatisticalprocedureshavebeen
used to
generatepredictive
models,whichmay
serve as the basisfor
theorizingaboutmechanicsinvolved
in explaining whysome patients quit smoking and others do not. The results with respiratory
patients of Dudley et al. (1977) and Pederson and her colleagues
(Pederson et al. 1980, 1982; Pederson and Baskerville1983)were
described earlier.Examiningthe
psychological andbehavioral
variables, the retrospective study of Dudley et al. (1977) identified
good adjustment variables as predictors of succew, and the prospective studies (Pederson et al. 1982; Pederson and Baskerville 1983)
found that prediction of quittinganddesire
for quittingwere
positivelyassociated
with success, but addictionwasnegatively
associated. In theMRFIT program (Ockene et al. 1982a), men at high
risk for CHD who were classified as Continuing Successes (stopped
smoking and maintained abstinence) were characterized as having,
incombination(andindecreasingorder
of importance),ahigh
expectation of success, few cigarettes smoked upon entry, low stress,
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ease of prior cessation attempts, a long period of prior abstinence,
and a high degree of personal security. Together,the combination of
high stress andlow psychosocialassets actedas barriers to long-term
smoking cessation, characterizing the “problem smokers’’ (the
combined group of nonstoppers and recidivists). The congruency of
these findings suggests the need to “develop systematic and convenient ways to collect and use data regarding a participant’s
experiences of stress and psychological assets,” according to Ockene
et al. (1982a, p. 26). As studies of self-attribution of change related to
positive outcome (selfefficacy) in smoking ceesation have shown
(USDHHS 19821, these and related psychosocial variables may be
criticalpredictors for all persons attempting smoking cessation.
Thus, this approach should be expanded and tested on other patient
populations.

Physician Variables Related to Effectiveness
Success rates in physician intervention studies havebeen shown to
vary as a function of the participating physicians as well as of the
interventions they employ (Ewart et al. 1983; Pincherle and Wright
1970;Rose and Hamilton 1978; Russell etal. 1979). While most
smoking cessation studies using behavior modification techniques
attempttostandardizetheinterventionandtoeliminate
differences among those deliveringit, physician intervention studiesoften
involve advice delivered in the doctor’sown style and hope to
capitalize on the personal interaction with the patient, e.g., Russell
et al. (1979). As this stage of research it is sometimes difficult to
separate out thevarious factors contributing tothe degree of success
of a particular intervention.
Both types of intervention and physician factors were found to be
important in determining success rates in two studies reported by
Ewart et al. (1983). using two very different patient populations,
asbestosexposed shipyard workers (n =871) and low-income women
attending family planning clinics (n=1,179).Physicians saw all
patients only once; assignment to group was random in the shipyard
study and controlled by clinic in the family planning population
(quasiexperimental design). In both studies, the more detailed
advice effort consisted of a physician’s warning to stop smoking with
up to 5 minutes of individually focused cessation counseling. The
comparison technique consisted of a simple warningby the physician
(shipyardworkers) or viewing an educational film (low-income
women). Cessation rates at 1year in the detailed advice group were
double those in the comparison group in both studies. Mean quit
rates were not reported, but variability
in physician success was
examined. In the shipyard study, success rates were defined as the
proportion of patients counseled by the physician who quit smoking

within 3 months. Among the four participating physicians, success
rates ranged from6 to 14 percentat the 1-year followup.
Success rates were examined by types of patients assigned to each
physician and by differences in physician behavior. Patient characteristics did notexplainthevariable
rates of successbetween
different physicians. These included medical symptoms, demographics, physiological characteristics, and a number of behavioral variables that have been found to predict smoking
cessation (number of
cigarettes smokeddaily,motivation
toquit,andlength
of past
nonsmoking periods). On the other hand, physician motivation and
effortinpatientcounselingemerged
as important factors. When
physician successrates were examined as a function of time since the
continuing medicaleducation (CME) training programovera
9month period, all physicians were shown to become less effective as
time passed, but two of the four had dramatic drop-offs in effectiveness.Declining
rates of success were associated withlack
of
compliance with the protocol by failing to have the patient select a
target date for quitting smoking. (Both patient and physician had
been asked specifically about this in an exit interview. The proportion of patients who reported agreeing on such a target date was
treated as an indirect marker of co:npliance.) Target date setting in
noncompliantphysiciansdecreasedfrom23percent
of patients
counseled in the first 3-month period to 3 percent in the final 3month period, with a concomitant decrease in success from 15 to 2.0
percent. In comparison,the two more successful physiciansset target
3dates with57 and 49 percent of their patients in the first and final
month study periods, and achieved 15 and 9 percent success rates,
respectively. Furthermore, with the passage of time, the two less
compliant physicians altered their pattern
of target date setting with
patients, providing such advice tomany fewer lightersmokers
(under 20 cigarettes per day) but maintaining the rate
of advice with
heavier smokers. The authors interpreted thisas a selective shift of
effort, but it can be seen also as a simple diminution of effort with
theformergroup
of patients because the proportion of heavy
smokers advised did not actually increaseover time.
In the familyplanningclinicstudy,maintenance
of physician
performancewasinfluenced
by afeedback intervention.Performancewasmonitored
by asking patients who had just seen the
physician whether they had been counseled to quit smoking; when
the percentage of patientsreporting advicedeclined, a private
personalcommunicationwasmadewith
the physician. For both
physicians involved in this study, the percentage of patients counseled to quit smoking rose after each feedbacksession.Although
physiciansmayadequately
learnantismokinginterventionswith
training, thesetwo studies show that their application of such skills
may decline with time and their own modifications of the interven483

tions, two sources of variability that arepotentially controllable with
regular feedback sessions. Ewart et al. (1983) suggest that experimental designs include collecting continuous time series data that
can be analyzed for individual and group performance trends. Such
analyses will also provide a means of testing the generalizability of
these findings.

Conclusions

Recommendations for Physicians
Patients,particularlythose
who are not experiencing life and
death decisions in which continuation of smoking is relevant, find it
difficult to comply with their physicians’ advice to quit. Griffiths has
observed, however, “Physiciansfrequentlyget
discouraged with
their rate of success, about one out of five, in helping patients to stop
smoking. They forget, however, that their rate of success in curing
lung cancer is much lower” (Griffiths 1981). As we have seen, a 20
percentcure
rate would indeed be high for a truly minimal
intervention. What are some of the actions that thephysician who is
interested in preventive action can take to assist his or her patients
to stop smoking?
Some suggestions come from a theoretical formulation known as
the Health BeliefModel (Becker 1974,1976; Becker et al. 1979).
According to the model, the following elements are hypothesized to
determine behavior: the individual’s readinessto
take action,
determined by perceived susceptibility to the illness and perceived
severity of the consequences of the illness; the individual’s evaluation of the feasibility and efficacy of health behavior; the individual’s evaluation of barriers to the healthbehavior; and a cue to action
that triggers the behavior. On several of these elements, patients
who are experiencing respiratory and cardiac problems have much
more clearlydefined reasons tobe compliant withthe request to quit
smoking than patients seen in general practice. Thus, they would be
seen as having stronger healthbeliefs. Women who are pregnant fall
somewhere inbetween, depending on just how harmful theyperceive
their smoking to be to themselves and the fetus(Dalton et al. 1981).
The clinician may succeed in motivating the members of the latter
two groups by intensifying the message. Support for this position is
found in studies that have compared more intense with less intense
advice (Burt 1974;Ockene et al. 1982b;Raw 1976;Rose 1977).
Other models with a more social learning and social psychological
orientation pose as central concepts the belief in personal control
(Bandura 1973) and the need for relearning to change the conditioned emotional schema that contribute to maintaining smoking
(Leventhal and Cleary 1980). Social support has also been raised as
a n important theoretical variable (Ockene et al. 1982a; USDHHS
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1980). Practical applications of such approaches might be assessing
andbolsteringthe
self-confidence of a patient wishing toquit
smoking andinvolving a spouse in thecessation effort.
The physician’smessage must be tempered with other factors,
such as the strength of already existing beliefs and the mechanisms
forcontinuedsmoking.Work
by Leventhal (1968, 1970) on the
communication of fear messages suggests that such messages may
interfere with adoption of a recommended health-facilitating behavior. For example, he found that smokers areless likely to undergo a
chestX-ray after viewing a filmed lungcanceroperationthan
smokers who do not view the film, because the experience produces
a n increased fear that interferes with the
goal of the advice. The
extent of the interference is probably related to the purpose that
smoking serves for the person (whether it is arousal reducing or
habitual).
Physicians should also appreciate the importance of both physiological andpersonalityvariablesthatleadtotheinitiationand
maintenance of smoking (USDHEW 1979; USDHHS 1982). Likewise,
they shouldconsider both the habitual and the
addictive components
of smokingbehaviorandtheconsequent
difficulty in producing
extinction (APA 1980; NIDA 1979). When these factors are considered, it is not surprising that a brief warning to a “healthy” patient
is not effective. Inthiscontext,“healthy”relatestothelack
of
current major symptomsthat the smoker relates to smoking.
Physicians do not need to assume full responsibility for helping
patients quit smoking, however. Lichtenstein and Danaher’s (1978)
model suggests that thephysician can become involved with patients
at a variety of levels, although Wilson et al. (1982) indicate that
continuingcontactwith
the patient can be useful.Chu and Day
(1981), Ewart et al. (1983), and Spencer (1983) have shown that
awareness of smoking and providing antismokingmaterials for
clinicaluse can motivate physicianstowardincreasedeffort
with
smoking patients. Wechsler et al. (1983) found that 81 percent of
primary carephysicians surveyed personally provided patient education as opposed to having a nurse or other health
professional deliver
it. They were more likely to want to learn abouta specific area (e.g.,
smoking cessation techniques) in CME classes if they believed in the
importance of changing behavior in that area and had confidence in
their chances of success in helping patients. Thus, physician selfefficacy is an important concept indeliveringsmoking cessation
advice. The mostvaluabletypes
of assistanceidentified
by the
physicians in this studywereinformation
on referral sources,
financial reimbursement for health-promotion services and staffing,
for physicians,
literature for distribution to patients, and training
support staff, or both. The directprovider role, as well as other roles
for the physician (such as referral to treatment), hasbeen described,
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and practical guides that cover the physician’s involvement on a
number of levels do exist (Pechacek and Grimm 1983; Shipley and
Orleans 1982). Smoking cessation materials prepared especially for
the physician are available from the National Cancer I n s t i t u t e t h e
Helping Smokers Quit Kit-and from the American Cancer Society-the Physician’s Help Quit Kit. These kits have
not yet been
formally evaluatedfor efficacy.

Future Research
Anumber of salient issues for future researchin the area of
physician intervention emerge from this review. First of all, the
interventions that will work best for physician providers have yet to
be identified. For example, is a minimal intervention like simple
advice to quitthe optimal use of a physician’s time, or canphysicians
successfully integrate a multicomponent or multistage intervention
into theirpractice and achieve substantially higher quit rates? What
techniques supplementary to physician advice will yield maximum
return in cessation? What are the differential effects of advice alone
and of the offer of treatment on the likelihood of cessation? How does
one improve the communication skills of physicians practicing
health education with patients?
Second, will different interventions work best for different patients classified according to disease status? Will tailoringtreatments according to patient group or to individual patient characteristics be useful (Best 1975;Best and Steffy 1975; Eiser 1982)? Can the
physician employ a sequential model of smoking behavior (Prochaskaand
DiClemente 1983) so that interventionscan be staged
according to the patient’s readinessto quit smoking?
Third, what kind of training in smoking cessation will be most
effective for physicians? Training formats rangefrom noninteractive
materials such as printed matter and audio or
video cassettes to
as CME classes or otherinstructor-led
formalprogramssuch
workshops or programs. Should role modeling and direct practice
under supervision be used to help teach skills? What educational (or
other) efforts will be needed to sustain physician counseling efforts
and success?
Fourth,what are the variablescontrollingdifferential
success
rates among physicians? Are they personal variables, like smoking
status (American Cancer Society 1981; Danaher 1978), or traininginfluenced performance factors such as consistency of applied effort
et al. 1983)? How can physician motivation to
overtime(Ewart
counsel patients be increased and maintained? How can physicians
best be delivered feedback about their counseling performance as
well as the efficacy of their efforts?
Fifth, future research needs to pay closer attention tomethodological considerationsthat will facilitate testinghypotheses and evaluat-

ing outcomes.These havebeensummarizedearlierand
involve
design considerations, assignment of patients to groups, followup of
outcome, and objective verificationof self-report.
Sufficient evidencehas been presented here to support an
effective
role for the physician, as the leading andmost credible figure in the
health care world, in smoking cessation efforts.As Cullen and Gritz
(1983) stated, “The most effective technique to be employed, as well
as when and with what specific group, can await further research.
But given the importanceof smoking as the most potent, preventable
pathogen still responsible for a substantial amount
of premature
mortality, morbidity, and health care costs, there is no longer an
excuseforphysicians
toleave this effortsolely tootherhealth
professionals” (p. 224).
Summaryand Conclusions
1.At least 70 percent of North Americans see a physician once a
year. Thus, an estimated 38 million of the 54 million adults in
theUnitedStates
whosmokecigarettes
could be reached
annually with a smoking cessation messageby their physician.
2. Current smoking prevalence among physicians in the United
States is estimated at 10 percent.
3. While the majority of persons who smoke feel that physician
advice to quit or cut
down would be influential, there isa
disparity between physicians’ and patients’ estimates of cessation counseling, with physician advice being reported by only
approximately 25 percent of current smokers.
4. Studies of routine (minimal) advice to quit smoking delivered
by general practitioners have shown sustained quit rates
of
approximately 5 percent. Followupdiscussions enhancethe
effects of physician advice.
5. A median of 20 percent of pregnant women who smoke quit
spontaneouslyduringpregnancy.Thatproportioncan
be
doubled by an interventionconsisting of healtheducation,
behavioral strategies, and multiple contacts.
6. Large controlled trials of cardiovascular risk reduction have
demonstrated that counseling on individual specific risk factors, including smoking cessation techniques, can be effective.
7. Studies of pulmonaryandcardiacpatientsindicatethat
severity of illness is positively related to increased compliance
in smokingcessation. Survivors of a myocardial infarction have
smoking cessation rates averaging
50 percent.
8. Nicotine chewing gum has been developed as a pharmacological aid to smoking cessation, primarily to alleviate withdrawal
symptoms. Cessation studies conducted in offices of physicians
who prescribe the gum have produced mixed results, however,
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with outcome depending on motivation and intensity of adjunctive support or
followup.
9. Physician-assisted intervention quit rates vary according tothe
type of intervention, provider performance, and patient group.
In general, quit rates in recent research appear to
be lower
than inolder studies.
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Introduction
Communitystudies
of smokingcessation
and prevention are
defined as research in which geographically defined populations or
age cohorts are selected for experimental intervention or as control
or comparison groups. Inthis chapter, four major studies
of cessation
are described, and related research findings are briefly considered.
Threemajorstudies
of prevention are alsoreviewed, withless
extensive presentations of other recent research. The theoretical
background for these studies is outlined, methodological issues are
discussed, and directionsfor futureresearcharesuggested.It
is
concluded that community studies represent a significant emerging
paradigm for public health research.
The first public health “revolution,” the recently achieved control
of major infectious disease, evolved in two phases: (1) recognition
that certain aspects of the environment are associated with disease,
and (2) establishment of sanitation facilities and services, such
as
refuse collection and plumbing systems, for entire communities of
people. Basic public health engineering that was revolutionary a
century ago is now taken for granted by society. Today we emphasize
the second public health “revolution,” the current efforts to control
chronic disease through behavior change. This development has also
evolved in two stages: (1)recognition of behaviors, such as cigarette
smoking, as being associated with disease, and (2) development of
new services to change those behaviors (Wynder
and Hoffman 1979).
As might be expected, this most recent history of public health is no
less turbulent than thatwhich preceded it.
Various factors have hindered progress. After the basic causes of
smoking-related diseases were recognized,there hasbeen a tendency
to invest scarce resources in increasingly intricate studies
of disease
causation processes. In addition, once funding is secured for intervention to reduce smoking, efforts often
focus on individual-level,
clinically oriented interventions (Lichtenstein 1982). If these interventions do not succeed, society is inclined to “blame the victim,”
much as the poor were held responsible for the microbes in their
water by 19th century socialconservatives.The
socioeconomic
gradient in rates of smoking and smoking-related disease may also
slow society’s response at a community level to this modern,
noncommunicable disease epidemic. The greatest factor inhibiting
progress,however,is the cost of prevention.Suchcosts are compounded by politicalobstacles
stemmingfromthetremendous
influence of the tobacco industry, which employs thousands
of people
and regularly deliversa substantial portionof tax revenues(Breslow
1982; Fritschler 1975; Sapolsky 1980). On a national scale, dramatic
changesin
tobacco consumptionhaveoccurredinresponseto
successive measures(Warner 1977; Warner and Murt
19821, but
thesehavebeenlimitedlargely
to higher incomegroups.Few
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examples of bold community or regional efforts comparable to those
involved in thecontrol of infectious disease have been witnessed, and
the prevalence of smoking has declined much less dramatically
among women and haseven increased in some minorities.
Characteristics of aControlled CommunityStudy

For this discussion, a controlled community studyis defined
according to thescope of intervention and qualityof research design,
with the essential feature being identification of natural, locationbased aggregations of individuals as well as formal and informal
social systems. In a community study, the entire population of a
geographic area is considered, so that a church or worksite is not a
community itself, but one of many systems constituting the total
network of interactions. The term “community” originally referred
to small systems numberingno more than several thousand persons.
This discussion, however, includes research on towns, counties, or
other relatively inde$ndent zones with up to severalhundred
thousand inhabitants. Because educational systems representall age
cohorts of youth, school-based studies are also reported. Studies of
entire States or nations are only briefly considered.
Because the population size to be addressed is a limiting factor in
any social program, thelargenumbers
of peopleinvolved in a
community study dictate selection of intervention methods. Clinical
or other people-oriented approaches that typify behavioral research
on smoking cessation and prevention (Bernstein 1969; Bernstein and
McAlister 1976; Pechacek and McAlister 1980; Lando and McGovern
1982; Lichtenstein 1982) are not feasible for programsdirected
towardmanythousands
of people. Community studiesinstead
emphasize large-scale delivery systems suchas the mass communication media. Because communityparticipationis
now considered
essential for success, such studies also include community organization programs seeking to stimulate interpersonal communication in
ways that arefeasible on a large-scale basis. Community studies also
may involve environmental change, such as programs to modify the
purchase price or availability of consumer products or to sanction
public behaviors.
Because the emphasis herein is on controlled community research,
attention is limited to studiesin which valid inferences can be made
concerning the effects of intervention on smoking rates in an entire
population. The essential elements are use of adequate measures of
smoking behavior applied over time in order to estimate long-term
trends, and equally important, the inclusion of control or reference
areas for the purpose of comparison. There are, of course, many
questions and controversies regarding the usefulness and validity of
large-scale experimental or quasiexperimental research (Campbell
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and Cook 1979). Social policies such as thoseneededtosharply
reduce smoking are not likely tobe introduced without experimental
trials, however, and the studies reported hereinprobably represent
thebestcurrentlyattainable
compromisebetween externaland
internal validity. Given the very small number of studies meeting
even the minimal methodological criteria, it would beunwise to
restrictthis review tothestandardsrequired
by laboratoryor
clinical studies.
Theoretical Background

Effective mass
communication,
community
organization,
and
environmental change require a theoretical basis for planning. Most
community studies of health promotion and disease prevention are
basedon fundamental theories and conceptsfrom the behavioral
sciences. The most important of these are briefly outlined
below.

Mass Communication
Theories on mass media effect have changed during
the recent
history of communication research, and several clear stages have
beenidentified (Klapper 1960; Griffiths and Knutson 1960; Atkin
1979; Flay et al. 1980; Wallack 1981). Media were initially considered
nearly omnipotent in directly altering behavior, but it was later
discovered that they are incapable of producing effects independent
of other, more powerful social forces: The most recent view is that
mass media may have effects, but
that they are small and largely
dependent on facilitation from interpersonal influences and favorableenvironmentalcircumstances.Notwithstandingtheselimitations, shifts of a few percentage points in consumer preferences may
be very significant in product marketing, while similar reductions in
chronic disease-promoting behaviors may have enormous absolute
significance in a population of several millions. One mass media
effect that is agreed upon by mostcommunicationscientistsis
termed the “agenda-setting function” (McCombs and Shaw 19721, in
which the media powerfully influence topicsgenerated in formal and
informal social gatherings. Media communication can also inform
and teach simple skills (Bandura 1977). But the manner in which
people actually behave with regard to a particular topic of discussion, and whether or not information or skills are actually
used,
dependsmoreuponinterpersonalforces
than upon the media
messages themselves.
CommunityOrganization
The theories and concepts that underlie community organization
are less well developed than thoseappliedtomediaplanning.
Although there is broad agreement that theeffects of the media are
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enhanced by interpersonal factors, thereis no clear consensus on the
exact identityof those factorsor how they canbe feasibly modified in
entire communities. A useful principle is derived from Bandura’s
(1977) distinction between factors influencing acquisition of new
behaviors and thoseinfluencingperformance
of new behaviors.
Media communications can model new behaviors so that they are
learned (acquired) on a cognitive level (the person knowshow to
perform the behavior). Howwer, cueing and feedback (direct social
reinforcement) are usually needed for behavioral learning, or actual
performance of the new behavior. Numerous studies of learning via
media communication show that when a complex behavior is being
learned, effectiveness is sharply enhanced by providing supplementary interpersonalcommunication for encouragement, feedback, and
reinforcement(Bandura 1977). To create feedback and reinforcement in a community setting, organizations must be involved to
provide roles and structure for interpersonal communication. Where
formal social networks are not involved, communication and influence will be diffused through families and other informal systems
(Meyer et al. 1977). The effectiveness of interpersonal communicationcan be greatlyenhanced, however, by organizing formal or
semiformal structures, such as learning groupsusing leaders trained
to lead discussions, answer questions, and provide encouragement
and followup. Various campaigns in agricultural development illustrate theseprinciples (Green 1970; Rogers and Shoemaker 1971).
A related factor isthe notion of generalized social support (Caplan
et al. 19‘i5), which refers not to the differential social reinforcement
of specific behaviors, buttothegeneralextent
andquality of
interpersonal relationships. Social relations appear to be generally
helpful, probably because of their “stress-buffering” effects. Social
ties within the family probably enhance cessation and prevention of
tobacco use. For example, spousal support leads to higher successful
quit rates (West et al. 1977; Mermelstein zt al. 1983). and lower rates
of teenage smokingoccur in families in which neither parent smokes
(National Institute on Education 1979). The general enhancementof
interpersonal support networks is, of course, a primary objective of
religious groups and social work and most other helping professions.

Environmental Change
There are also theories and concepts from which environmental
changescan be planned(Bandura 1977; Craik 1973), the basic
principle of which is tomodify the availability andcost of products or
behaviors (such as by limiting supply or prohibiting behaviors in
public settings). Not all such measures can be applied by communities as defined herein. For example,regulations on mass media
advertising can probably be controlled in most cases only at the
Federal level, although billboard advertising may be amenable to
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more local control. Other promising interventions such as taxation
(Lewit et al. 1981; Fugi 1980) can be applied within fairly small
localities, but the risk of “black market” competitionislessened
when economic controls are fairly uniform across larger geographic
units.Productavailabilityandregulation
of behaviorcan
be
achieved by towns or countries, but restrictive regulations almost
invariablyarouse oppositionunless the public is willing to selfenforce the restrictions. Therefore, it
is legitimate to favor voluntary
restraints over those that require formal
policing. Syme and Alcalay
(1982) call for intervention and prevention effortsat the community
level using a public education agenda. Such programs will seek
to
increase public awareness of the health consequences of smoking,
create an atmosphere iil which smoking is recognized as a minority
behavior, influence public policy, and increase antismoking advzrtisements.
Breslow (1982) hasrecently
reviewed theenvironmentaland
public policy approaches to smoking control and calls
for a “comprehensivestrategythat
will mobilize allavailableresources
most
effectively” (p. 149). He advocates Federal, State, and local legislation as the most important forms of social action directed toward
action alternatives as well as research. He states that “protection
and advancementof economic interests will generally fallow prevailing ideology. Finding ways of cutting through theeconomic barriers,
as always, will pose a challenge topublic health. While compromises
will be necessary, the objective of steady movement toward the goal
now seems attainable”(p. 149).
Cessation Studies

Controlled communitystudiesonsmoking
cessation arestill
relativelyscarce.However,community
trials forcardiovascular
disease prevention, in which cigarette smoking
is the majorrisk
factor, are providing some of the best examples of research in this
area. These studies have tended to focus on cessation among adults
because primary outcomes of the trials include possible short-term
(5- to 10-year)effects oncardiovascularmortalityandmorbidity
rates that could hypothetically result from widespread adult cessation. These studies were reviewed in depth in the1983 Report of the
Surgeon General The Health Consequences of Smoking (USDHHS
1983).

Stanford Three-Community Study
The most well known U.S. cardiovascular community study was
conducted in California by Farquhar, Maccoby, and colleagues at
Stanford University (Farquhar et al. 1977; Maccoby and Alexander
1980; Meyer et al. 1980). Beginning in 1972 and endi;lg in 1976, the
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study was supportedthrough theNationalInstitutes
of Health
research grant program and involved threesmall communities
(population of each was approximately 20,000) nonrandomly assigned to control, media-only, or media and face-to-face programs.
The threetowns are all within 100 miles of Stanford University. The
control town, Tracy, is located in an inner valley and not exposed to
media sources common to the other two towns, Gilroy and Watsonville. Gilroy, assigned to the media-only condition, is situated in a
coastal valley, and Watsonville, receiving a small additional interpersonal communication program, is on the coast. In Watsonville, a
cardiovascular high risk group including many smokers
(n = 169)was
identified, and 113 cases were randomly assigned at a 2:l ratio for
face-to-face intervention. Thethree towns are demographically
similar, although the proximity of Watsonville and Gilroy to the
larger cities of Santa Cruz and San Josegives them more cosmopolitanfeaturesthan
Tracy. Nevertheless, the research design was
probably the best balance of feasibility and external and internal
validity that could have been achieved in that setting given the
limited availableresources.
In each town, multistage probability samples of households were
contacted and invited to a survey station where questionnaires and
physiological measures wereadministered.Thesesurveyswere
applied in the autumn months, beginning in Watsonville in September and ending in Tracy in November. Approximately 600 persons
aged 35 to 59 were sampled at each location. The measurements
included questions aboutsmoking, and serum samplesfrom high risk
participants were analyzed to estimate thiocyanate concentrations
as a check on inaccurate reporting of smoking status (Meyer et al.
1980). Thesemeasurements
were takenannually
for 4 years,
yielding a picture of 3-year smoking trends among the survey
participants inthe threecommunities.
The program of media communication was conducted over 3 years
(1973 to 1975),with greatest intensity in the
first and second years of
work. Television, newspapers, radio, billboards, and directmail
model
advertisingwere designed to provide informationandto
attitudes and skills that would promote behavioral changes associated with lowered cardiovascularrisk,such as weight reduction,
lowered fat consumption, and increased exercise. To encourage
cessation of smoking, informationabout itsharmful effects was
given, along with advice on how to stop smoking. In booklets mailed
to the sampled households in Gilroy and Watsonville, instructions
were provided for simple self-control skills (Meyer et al. 1980). In
brief television and radio communications, actors were shown
recommending or modeling cessation of smoking in a variety of
authoritative and entertaining
ways.
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The face-to-face, intensive instruction program was provided for
113 randomlyassignedhighriskparticipantsinWatsonville,
of
whom 107 started treatment, and77 continued for the second annual
examination.Activitieswere
based onprinciples
of behavioral
psychology and group dynamics and weredesigned to reinforce and
train skills for behavior change (Meyer et al. 1980). The first-year
programconsisted of classes and homevisits,mostly
during the
summer of 1973. During the summer of the following year, aggressive followup activities were conducted to reinforce smokers
who
reported cessation and to encourage and train those who were not
yet able to quit. This maintenance program included training in
stress management and other intensive, individual counseling
for
those who consented to continuing contact.
In the third year, the
activities were gradually reduced to telephone contacts and a small
“reunion” in the summer
of 1975.
The resultsof the program among high risk participants in each
of
the four surveys aredisplayed in Figure 1.Over the 3 years of study,
the prevalence of smokingdecreasedmarkedlyamong
the group
receiving media and face-to-face communication. The group receiving media intervention showed an initial decline as compared with
the control group, but the change did not differ from the modest
reduction observed in Tracy over the entire 3-year period. Because
the high risk samples included most
of the older smokers in the
survey samples from each community, the data on cessation in the
complete samples correspondedclosely to thatof the high risk group.
The serum thiocyanate tests indicated very slight overreporting of
cessation(Farquhar et al. 19771, but self-reportedcessation rates
were not adjusted for thiocyanate findings (Kasl
1980). There was
some attrition in this longitudinal study, but not enough to account
for the clear differences in cessation rates between the intensively
instructedandtheotherparticipants.Adjusting
for attrition, 32
percent reported sustained cessation in the intensive intervention
group (Meyer et al.1980). This research supports the hypothesis that
face-to-face communication is a necessary part of asuccessful
community program to reduce smoking. Farquhar andcolleagues
his
(Farquhar et al. 1981) conclude thatthe question of how such
communicationcan be feasibly and cost-effectively provided on a
widespread basis remains tobe answered by further studies, and this
conclusion will be notedin a later section.A number of critical
comments can be made in regard to the Stanford threecommunity
study,andthesehave
been thoroughly discussedin
numerous
publications(Leventhal and Cleary 1980; Meyer et al. 1980). The
primaryshortcomingsconcernthequasi-experimentalresearch
design andtheinabilitytogeneralizefromthelongitudinally
followed study group to the entire community.
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FIGURE 1.4mparison of cessation rates among smokers
in communities subjected to varied intensities
of education, the Stanford threecommunity
study
SOURCE: Farquhar et a l . (1981).

Australian North Coast

Program

A trial very similar to the Stanford threecommunity study was
conducted by the regional Health Department of New South Wales,
Australia (Egger et al. 1983), beginningin 1978 and, as in the
Stanfordstudy,usingsmallcommunitypopulations
of 12,000 to
27,000 persons. The towns of Tamworth, Coffs Harbor, andLismore
wereassigned to one of three conditions:control,mediaonly,
or
combined media and community programs. Thethree towns were all
Sydney.
between 300 and 400 milesfrom the research center in
Coffs Harbor, themedia-only town, was approximately halfthe size
of the other twocommunities.Tamworth
was notserved by the
regional administrative center in
Sydney.
In each town, a series of random sample surveys was conducted.
Interviews and physiological examinations were requested from up
to -two adults in randomly sampled households. Those who refused
appointments were given self-report questionnaires to be completed
at home. Separate samples were drawn in 1978,1980, and
1981 with
the objective of measuring 600, 1,200, and 1,200 different persons in
the 3 respective years. Smoking behavior, attitudes, and knowledge
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regarding smoking were measured, and in
1980 and 1981, serum
thiocyanatevaluesweredetermined
for a randomlyselected
5
percent subsample. Measures were also made
of other cardiovascular
disease risk factors in accordance with the program’s primary goal.
The media program included output from a television station, a
radio station, and several small newspapers, supplemented
by other
materials such as stickers, posters, T-shirts, andballoons. The three
stages of the media campaign were designed to sequentially raise
awareness, provide information, and stimulate action. Advertising
time was purchased to insure presentation
of television commercials
during peak viewing periods. Beginning in October 1979, the print
advertisementsweresuspended
for severalmonthsbecause
of a
complaint to the Media Council of Australia. The overall campaign
continued for approximately 1 year. The community program-that
was applied in Lismore was varied. Several different kinds
of groups,
clinics,workshops, and other interpersonal support systems were
organized;physicianswerealsoinvolved.
A total of 386 smokers
participated in these activities, most (150)joining a l d a y workshop.
by
The3-month
success rate insmokingcessation,measured
telephone interview, was 16 percent for the workshop participants.
The highest success rate (48 percent) was found for the 40 persons
whoreceived help kits from physicians. The community program
also included other programs
(e.g., forphysical fitness and stress
management), which may have facilitated the cessationof smoking.
The results of the project were based on
the three independent
sample surveys. The authors point out that “there was substantial
confounding owing to age
and sex differences between towns”
(p.
1127). Analyzingresultsaccordingto
a multiple logistic model
controlling for age and sexdifferences, a significant treatment effect
(p=0.05) was observed. Thiocyanate analyses showed no difference
between towns in the small estimated invalidity of self-reports (3
percent). Among menand women in various age groups, consistently
different rates of change in prevalence of smoking were found. In
Lismore, absolutepercentagereductionsrangedfrom
6 to 15
percent. In the media-onlytown (Coffs Harbor) absolute 6 to 11
percentreductionswereestimated.
InTamworth(thecontrol)
absolute reductions of only 2 to 5 percent were found. The researchers found no evidenceof effects on knowledgeor attitudes.
Many criticisms can be made from the standpoint of a clinical
scientist accustomed to dealing with individual subjects in highly
controlled settings. If limitations to inference are clearly acknowledged, however, the Australian study provides a practical illustration of what may be achieved through community intervention. The
findings are basedon independentsamples,andthusrepresent
changes that seem to have occurred on a communitywide basis. The
magnitude of theapparent effectwas
particularlyencouraging
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among the youngest age groups (18 to 25) where absolute reductions
in prevalence of smoking showed a threefold difference between the
maximum intervention (15.6 percent) and controltowns (5.0 percent). The most significant limitation arises out of the nonrandom
assignment of communities and problems with their comparability.
Swiss National Research Program

Another important community study
was conducted in Switzerland (Autorengruppe Nationales Forschungsprogramm 1984; Gutzwiller and Schweizer 1983). Four communities of 12,000 to 16,000
inhabitants were selected, two each from the German-speaking and
the French-speaking parts of the country. A fifth community in the
Italian-speaking region was also studied,but only forepidemiological
purposes.French-speaking and German-speakingpairswererandomly assigned to intervention (Nyon) or regular care (Solothurn
and Vevey) conditions. This projectwasconductedover
a 4-year
periodwith
researchsupport
from the Swiss National Science
Foundation. A baseline assessment was made in late 1977 and early
1978 by strat,ifiedrandomsampling
andexamination
of 2,000
personsaged16to
69 ineachcommunity.Withattrition
of
approximately 30 percent, this sample was resurveyed at the end of
1980, at which time another independent sample
was drawn and
surveyed. A questionnairewas used to determine smoking behavior,
and plasma thiocyanate was measured on a subsample of respondents.Otherhealth-relatedfactorssuch
as blood pressure, lipid
fractions, exercise tolerance, and psychosocial adjustment were also
measured.
The community interventions were conducted over 2.5 years in
Nyon, withguidingprinciples
of “active local participation”and
“integrationintoexisting
local healthand social services.” The
centralfeature was theestablishment of aCitizen Health Action
Committee in each of the two towns, with a coordinator assigned to
guide local planningandimplementation.
Media andcommunity
organizations were combined to promote a variety of programs in
each location, including classes, self-help groups,
and meetings to
discuss topics such as environmentalregulation viapublic nonsmoking areas.
The results of this study are moderately encouraging. Within the
sample population surveyed at baseline and followup, 26 percent of
theregularsmokersintheinterventioncommunitiesreported
cessation. In thecontrol areas, 18 percent of the corresponding group
reportedcessation. Theinvestigatorsalsoreport
effectson other
cardiovasculardiseaseriskfactors,althoughplasmacholesterol
reductions were significant only forwomen in the German-speaking
region. A cost-benefit estimation model has been applied to the data
and results indicate a twofold cost-benefit ratio. The use of indepen512
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dent surveys and the random assignment of communities represent
significant methodological strengths as compared with the Stanford
andAustralian studies.However, therural communitiesinthis
study were very small, and only fourwere included. The final report
has been presented to formal decisionmakers to determine whether
broader national effortsare warranted.

The North KareliaProject
The best documented long-term community study is being conducted inFinland by Puska and colleagues (Puskaetal. 1979, 1981,
1983a; PuskaandKoskela
1983; McAlister etal.
1982). Also
beginningin1972 and continuing to the present, the research
is
comparingchangesincardiovasculardiseaseriskfactorsintwo
neighboring counties of eastern Finland, Kuopio and North Karelia.
Both are large rural areas with numerous small farming, lumber,
or
miningcommunitiesand
a singlemajortown.NorthKareliais
representative of eastern Finland as a whole in having one of the
world’s highest rates of cardiovascular disease (Pyorala 1974; World
Health Organization 1975). Financial support for the intervention
came from theFinnishMinistry
of Health, following a formal
request from leaders in North Karelia for help in reducing the high
mortality and morbidity levels. Research funds were awardedby the
Academy of Finland. The neighboring county
of Kuopio was selected
as a reference or control location. In North Karelia,a broad program
was implemented to provide new services, education, and
training
through community health centers, the mass media, and a variety
of
community organizations. During the second 5 years of the project,
media programs were carried out on a national level, with special
organizing and supportfor activities in North Karelia.
In both counties, independent samples of households were drawn
in 1972,1977, and1982, with approximately 5,000 persons aged 25 to
59 in 1972 sampled in each area in the first two surveys and about
4,000 aged25 to 64 sampled in the 1982 measurement. Response
rates were generally excellent, and nearly 90 percent of the sample
participated by attending local survey centers in the spring of each
of the survey years (1972, 1977, 1982). Self-reported cigarette-smoking behavior was measured in all three surveys. In the 1977 survey,
serum thiocyanate values were estimated
for a subsample, and in the
1982 survey, for all participants. For the 1977 sample, there was 99
percentagreementinsmokingstatus(smoker/nonsmoker),and
whenclassified by intervals of 5 or 10 cigarettes, the agreement
between results was 93
and 97 percent, respectively (Puska et al.
1979). The age-adjusted partial correlation between daily reported
number of cigarettes and serum thiocyanate in 1982 was approximately 0.7 among men and women in both areas. In the years when
the larger surveys were not conducted, smaller samples
(1,200 to
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3,500)were selected yearly for
a postal survey of North Karelia.
Together, these measurementsprovide a comparative view of trends
over 10 years in thepopulations of both counties and a year-to-year
picture of the changes in North Karelia.
The program of service, education, and training
was very broad in
scope. Initially, an intensive educational campaign was conducted
for reduction of cigarette smoking with cooperation from the news
media.Physiciansand
public healthnursesstaffingcommunity
health centers were provided special training and were encouraged
to recommend cessation to all patients visiting the centers. Tensof
thousands of leafletsand posters weredistributedtoencourage
nonsmoking. With assistance from Heart Association volunteers in
each small community, informal restrictionson smoking and pointof-purchase advertising were adopted. During 1976 and 1977, these
measures became part
of a package of nationallegislation that
increased cigarette tax revenue, directed health services to provide
information services, limited publicsmoking, and banned tobacco
advertising.
During the second 5-year period, a n effort was made to provide
nationwideapplications,whilemaintainingintensivecommunity
work in North Karelia.A series of programs was broadcast nationally on television to demonstrationhow “average” people stop smoking
(Puska et al. 1981). In association withthesebroadcasts,special
organizing campaigns were conducted in North Karelia to increase
social support for
people
attemptingtoquit.Theseactivities
occurred in the wintersof 1978, 1979, 1980, and 1982 and were seen
nationally by a majority of the population, with higher viewership in
North Karelia. During thefirst broadcast series, a n effort was made
to encouragetheformation
of informalvolunteer-ledself-help
groups toview the broadcasts together. Very few volunteers succeeded in establishing groups, however, and focus in subsequent years
has been on training volunteers to provide even less formal cueing,
reinforcement, and support in their incidental, day-today contacts
with cigarette smokers (Puska
et al. 1981).
The results to date (Puska and Koskela 1983) are presented in
Table 1. Over the10-year period, self-reported numbers of cigarettes
smoked per day fell by more than one-third among men in North
area, aless than 10 percent
Karelia. In the control or reference
reduction was observed. Changes in prevalence of smoking account
for most of this difference. No evidence of a n effect occurred among
women, with rates of smoking going up in both areas. In Figure 2,
the year-to-year data for 25- to 29-year-old men and women in North
Karelia show aninterestingpattern,withthesharpest
declines
amongmenassociatedwith
the first year of work and with the
television broadcasts and associated activities in 1978 to 1980 and in
1982. Since 1978, when new antismokinglawswere
passed, the
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proportion of male smokers aged 15 to 64 has changed from 44 to 31
percent in North Karelia, and from
39 to 35 percent in therest of the
country, a difference of 9 percent in absolute rates of change over
that 4-year period. Although the effect of changes in smoking cannot
be separated from theeffects of new hypertension services and other
measurestopreventcardiovasculardisease,there
is some early
by the
indication that mortality rates may have been influenced
program:a 24 percentdeclineincardiovascular
deaths has been
observedin NorthKarelia,comparedwith
a 12percentdecline
et al. 1983a,b).
nationally in Finland (Puska
TheNorthKareliaProjecthas
received muchattention,and
variouspoints
of controversyhavebeenwidelydiscussed.The
methodology of the study does not compare with that achieved in
controlled clinical trials, but it may have been the optimal design
that was feasible in the circumstances. Puska and his colleagues
point out that “it is easy to say that the North Karelia Project was
successful because of the unique historical background and because
the conditions in North Karelia were favorable
for the program.
great concernwasexpressed
However, att h e planningstage,
because the area was rural, of low socioeconomic status with high
unemployment, and so forth.” Because a large number of independent units were not randomly assigned to experimental and control
conditions, the Finnish study cannotbe taken as a conclusive test of
the effects of community programs, but it does provide a promising
illustration and evaluation of what can be achieved through broad
Its major
and vigorous interventiontoreducesmokingbehavior.
strengths are the relatively large number of different communities
that were studied and the
10-year followup interval.

Other Large-Scale Studies
There have been a number of other large-scale controlled studies,
single and multifactor clinicaltrials, and worksite trials that provide
a context for the consideration of the community-level intervention
studies described above. These studies were discussed in the 1983
Report of the Surgeon General The Health Consequences of Smoking
and include the London Civil Servants Smoking Trial (Rose and
Hamilton 1978; Rose et al. 1980, 1982), the Goteborg (Sweden) study
(Werko 1979; Wilhelmsen 1981; Wilhelmsen et al. 19721, the Oslo
(Norway) study (Hjermannet al. 1981; Holme et al. 19811, the World
(WHO European
Health Organization European Collaborative Trials
Collaborative Group 1974; Kornitzer et al. 1980a,b) and the Multiple
Risk FactorInterventionTrial
(MRFIT) (Hughesetal.
1981;
MRFIRG 1982).In the sole American study (MRFIT), 12,866men, 35
to 57 years old and at high risk for coronary heart disease (CHD),
were entered into a randomized clinical trial designed to test the
effect of a multifactor intervention program on CHD morbidity and
515

C

0
LD

0

0

0

0

N

-

-

0

0

Percentage of smokers

FIGURE 2.-Prevalence of smoking among men and
women,aged 25-29, North Karelia, 1972-1982
SOURCE: h s k a and Kcskela (1983)

mortality. They were followed for an average of 7 years. At intake,
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TABLE 2.--Results of community studies compared with
other large-scale studies
Years of
Study

Stanford Three
Community study
Australian
North Coast
studv

Net percent
reduction
in smolung'

study

3

15-20

3

15

3

8

10

25'

2-10

5-25

Srrengths

Weaknesses

Matched
communities

Panel study
only

Independent
Problems
samples

with
comparability
of m u p s

Randomization,
independent
samples

Small size and
number of
study sites

Numerous
communities,
independent
samples

Nonrandom
assignment

~~

S w k National
Research
program
North Karelia
Project

studiesS

Other largewale

~~~

~~

Internal
validity

External
validity

~

' Difference between percent reduction in proportion of smokers in the maximum

intervention Venus control
conditions.
'Difference between percent reduction in the mean number of cigarettes smoked per day among men.
Clinical and worksite trials: the London Civil Servants SmokingTrial. the Goteborg study, the @lo study, the
WHO Collaborative Trial,and the MultipleRisk Factor Intervention R i a l .

the self-reported prevalence of smoking was 64 percent. The 6,428
men randomized into the Special Intervention (SI) group received
intensive group sessions, personal instruction, and otherfollowup to
encourage and support cessation of smoking, as well as intensive
assistance to alter other CHD risk factors. There were 6,438 men in
the group randomlyassigned to Usual Care (UC).At 6-year followup,
self-reported cessation rates were 43 percent in the SI group and 25
percent in the UC group. Thiocyanate analyses showed a necessity
for small adjustments in these figures to42 percent and 24 percent,
respectively, a statistically significantdifference (p< 0.01). Comparison of the results from the four community studies with thosefrom
the large-scale studies, as shown in Table 2, indicatesdistinct
similarities. The individual studies each have
somewhat different
weaknesses, but all indicate that absolutereductionsin smoking
prevalence ininterventioncommunities
are about 12 percent
greater than reductions in comparison communities.
Severalambitiouscommunitystudies
of cardiovascular disease
prevention are currently in progress with support from the National
Heart, Lung, and Blood Institute,but
no additional data on
community-level intervention are available. At Stanford University,
a largestudy of two interventionandthree
control towns with
several hundred thousand residents has been in progress since 1978
and is projected to continue for at least 10 years (Farquhar 1978). A
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similar study, with three matched pairs
of variously-sized towns and
cities, has been in progress in Minnesota since 1979 (Blackburn et
al., in press; Blackburn, in press; Blackburn and Pechacek, in press).
X smallerstudy of one RhodeIsland to^.% andone town in a
neighboring State began ir, 1980 (Lasater 1983). Because ithas
become clear that community studies arethe most natural and costeffectivemethodfor
testing newpublic health servicestoreduce
chronic disease (Farquhar 1978; Puska et a!. 1983a, b), more of these
efforts may be useful, particularlyif costs can be reduced and, where
possible, absorbed into existingservices.

Related Studies of Cessation
A number of recent efforts have increased understanding of and
confidence inthemethods
employed in large-scale community
studies. Research on methods of stimulating interpersonal support
for mass media programming is particularly relevant (Colletti and
Brownell 1982). In quasiexperimental studies,McAlister et al.(1980)
and Puska et al. (1981) have reported methods for facilitating the
effectiveness of televisedsmokingcessationclasses
inFinland.
Formal self-help groups appear difficult to organize, but reorganization of less formal social reinforcementinnaturalinteraction
settings appears feasible and effective. Related studies of television
and other media-basedmethods are described by Danaher et al.
(1983), Best (19801, h a t h a r (1981), and others. Dubren (1977a, b),
Brengelmann (1976), and the American Cancer Society (1981) found
that effects of mediaprogramsmay
be enhanced if a telephone
hotline is offered. Flay et al. (198313) used a school-based,familyoriented prevention program that included a five-segment television
componen; to be aired thefollowing week to encourage participation
of cigarette-smoking parents. Overall, parents of students in experimentalgroupswereoverthreetimesmorelikelyto
view the
cessationsegment than parents of control students, with similar
differencesobservedfor
the proportions of successful parental
attempts to quit. Within the experimental groups, teacher training
had a significant effect (p< .Or) on raising participation i-Ptes by
parents of program students. Considering only homes with smokers,
51 percent of the students with trained teachers reported that
at
leastonecigarettesmokingadult
viewed oneormorecessation
segments,comparedwith
37 percent of students withuntrained
teachers. Furthermore, 38 percent of parents with trained teachers
attempted to quit smoking, compared with 24 percent of parents of
students with untrained teachers (p<.OOl). At 1-year followup, the
cessation rates in the two groups were 19 and13 percent, respectively, according to children’s reports of parental behavior. The validity
of the indicators of adult smokingbehavior is at issue; student
reports could containbias,which
willbe
estimated in further
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analyses.Nevertheless,theseresults
suggest that children can
enhancethe
effectiveness of a media program inencouraging
parents to stop smoking, and that organized social reinforcement is
important in mass media smoking cessation programming (Flay et
al. 1983b). More research is needed on these and other methods of
large-scale social reinforcement and support for cessation of smoking.
Some attention has been given to environmental changes that
might contribute to the cessation of cigarette smoking. Evidence
indicates that smoking can be regulated by counteradvertising,
restrictions on advertising, warning labels, and symbolic or governmentalactionssuch
as the Surgeon General’s Report of 1964
(Warner 1977). Complete prohibition of smoking is not an acceptable
alternative, but restrictions on smoking locations may be helpful for
people attempting to quitvoluntarily (Horwitz et al.1982). Taxation
of cigarettes has provided an effective deterrent in some population
groups, particularlyamong younger men (Lewit et al. 1981). In
Finland,cigarettetaxeshave
been increased and a portion (0.5
percent) of the funds are dedicated to support services to reduce the
prevalence of smoking (Puska andKoskela 1983).Similarly, integrated environmental and educational interventions may be useful in
further large-scale efforts.

PreventionStudies
Although evidence increasinglyindicates thatit is more cost
effective to prevent the onset of smoking among young people than
to change the dependent behavior of adults, smoking prevention has
received far less attention than cessation in controlled community
research. This canbe attributed to the complex processes involvedin
the onset of smoking (e.g., Evans 1976; Leventhal and Cleary 19801,
to the extended timespan required for proper evaluation of prevention studies, and to the overall tendency of the health sciences to
focus more on individual-level research than on primary prevention
studies in which whole populations must be followed; Research on
the prevention of smoking onset was considered in detail in the 1982
Report of the Surgeon GeneralThe HealthConsequences of Smoking:
Cancer (USDHHS 19821, and only selective studiesare reviewed
herein. Although there are no currently available published reports
on controlled communitystudies of smoking onsetpreventionin
whole populations, a number of school-based studieshave been
conducted recently that involve large proportions of particular agegrade cohorts in discrete
communities.
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Stanford Study
In one such studyMcAlister et al. (1979,1980b)assigned the 1978
seventh grade cohorts in two similar suburban California towns to
control (receiving Usual Carc health education) or to a special peer
preventionprogramtodetertheonset
of smoking.Thespecial
intervention program consisted of 7 classroom hours distributed over
the school year in which 15- to 17-year-old peer leaders led Socratic
dialogues,roleplays,
andsimpleconteststoreinforcesmoking
avoidance behavior among 12-year-old students and to promote the
socialdesirability of nonsmoking. Role plays and simple contests
were used to help students learn assertive ways
of declining offers to
smoke, emphasizing counterarguments to the kinds
of perceived peer
social pressures that may be associated with the onset of smoking
(McAlister et al. 1979). Several followupsessionswereconducted
when the study cohort reached the eighth grade.
At baseline and threefollowup points, students in the control and
the environmental groupsprovided anonymous self-reports of smoking through classroom surveys. Participation rates were close to 100
percentinallsurveys,andthemeasuresweresupplemented
by
collecting samples of exhaled breath at followup. These repeated
surveys provided good measures of smoking prevalence in the agegradesstudiedinthetwosimilarsuburbancommunities,and
although attrition and replacement may have threatened inference,
the findings in Figure 3 indicate that the special intervention may
have had a preventive effect. Notethat the dependent variableis the
percentage of participants who reported smoking during the previous week. Definitions of smoking in adolescents often differ, making
results difficult to compare. Over 2 years of initial followup, the rate
of self-reported smoking onset diverged sharply inthe two age-grade
cohorts, and differences persisted overa n additional yearof followup
(Telch et al.1982).

TheNorthKarelia Youth Project
Stemming from the North Karelian project described in an early
section, a youth program was initiated in six rural communities in
eastern Finland (Vartiainen et al. 1983). Two urban and two rural
communitieswereassignedtointensive(directcontactwiththe
experimenter) or countywide (teacher-led) intervention programs in
North Karelia. Two matched communities were selected as controls
in the neighboring province of Kuopio, and subjects were seventh
grade students (average age
of 13 years) in the autumn
of 1978. From
a population of 897 available students, nearly all participated in the
baseline survey; 95 percent participated in a 2-year followup; and 88
percentparticipatedin
a second followup 30 monthsafterthe
program began. The survey included measurements of self-reported
smoking and related variables as well as serum thiocyanate levels.
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FIGURE 3.--Longterm effects of a peer group training
course on smoking behavior of 13-year-old
students
SOURCE: Telch et al. (1981).

The special intervention spanned the seventh and eighth grade
years and included 10 hours of instruction in theintensive program
and 5 hours in thecountywide program. The methods were based on
those employed by McAlister et al. (1980), as reportedin
the
preceding study. Peer leaders, students 1 to 2 years older than the
subjects, were the primary agents used to deliver the antismoking
message. The program used role play andother activelearning
techniques to teach skills for resisting the social and psychological
pressuresto
smoke andto reinforce negative attitudes toward
smoking.
The results indicateda preventive effect from the special intervention, as shown inFigure 4. Amongboys, the followup rates of
smoking at least once a month were significantly lower in the four
intervention schools (21 to 24 percent) than in the reference area
communities (39 percent). Results for girls were less conclusive, but
the overall difference between groups at followup was significant: a
17 percent rate of smoking at followup in intervention schools and a
24 percent rate in control schools. Analysis of the serumthiocyanate
samples showed that 2 to 3 percent of the professed nonsmokers gave
inaccurate self-reports, but the slight underreporting was greater in
the control schools-indicating that inferences from the reported
findings werenot significantly threatened by self-report biases.
Other Prevention Studies
In a more rigorous study, Flay etal. (1983a)assigned 22 schools in
Canada, some randomly, to receive special interventions or to serve
as controls. The smoking prevention curriculum consisted of three
major components, using the social psychological model delivered in
522

40

Reference area

Autumn
I 978

Autumn
1980

Spnng
1981

FIGURE 4.-Percentage of children who reported smoking
at least once a month in baseline survey (1978)
and two followup surveys (1980and1981)
SOURCE Vart~ainenet ai. (1983).

six l-hour weekly sessions during gradesix. The social psychological
model aims at developing future attitude and behavior changes and
acquiringsocialskills,and
involves elicitinginformationfrom
children rather than providing it for them. The three components
focused on smoking consequences and reasons for smoking, social
influencespromotingsmoking,anddecisionmakingandpublic
commitment. Two boostersessions were deliveredinboth
grades
seven andeight.Short-termfindings
show a preventiveeffect,
manifested in grade seven by a n increased level of experimental
smokinginthe
controlgroupcomparedwith
theexperimental
group. In another study, Worden et al. (1983) tracked changes in
smoking rates in two towns receiving a mass media campaign and a
high-intensityprogram of adult communicationskillsrelatedto
adolescent smoking prevention. Over 1 year of followup, onset rates
were markedly greater among a set of comparison towns receiving
only the media campaign and some low-intensity community intervention.
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McAlister(1983) randomlyassignedmembers
of five matched
pairs of community and neighborhood schools to serve as controls or
to receive a n experimental prevention program. The study included
students in thefirst year of secondary school (sixth or seventh grade)
in 1979 in coastal and inlznd California towns and inner-city and
suburban locations near Boston, Massachusetts. Over 2 school years
of initial followup, sharply lower smoking onset rates were observed
in some of the schools receiving the experimental programs. The
findings are difficult to interpret andsuggest that variability among
highly diverse community age-grade cohorts, inconsistent implementation, and other related factors threaten inferences that may
be
drawn from studiesof relatively small numbersof unique age-grade
cohorts. Preventive effects on smoking onset have been reported by
other investigators in Houston (Evans1976), Minnesota (Hurd et al.
19801, New York(Botvin et al. 19801, andelsewhere;theywere
reviewed extensively in the 1982 Report of the Surgeon General The
Health Consequences of Smoking (USDHHS1982).Thesestudies
have tended to show positive results for the nontraditional health
education methods, particularly those using peer teaching and role
plays of saying no orresisting social pressurestowardsmoking.
Currently, large-scale research on the prevention
of smoking is in
progress in the community studiesof cardiovascular disease prevention that were cited ina previous section,as well as in other research
centers in the United States and abroad. Internationally,
Sweden
has declared the creation of a “Smoke-Free Generation,” and other
of smoking
countries have taken various steps to deter the onset
(Wake et al. 1982).
Although studies were not sufficient to confirm the hypothesis, it
is probable that young people not strongly dependent ontobacco are
mostsensitiveto
thevarious“environmental”
policy options for
smoking reduction. For example, the price elasticity of decisions to
smoke regularly (smoking status)
is -1.4 for males aged 20 to 25, but
et al. 1981).
. b i d i c a t e s that .a 9
lower for oldermen(Lewit
price of *metmight yield a 15 percent
on of male samakers in the pinger age group
related to the marketing, price, or availability of cigarettes tend to be implemented in whole States or nations
and are not amenable to controlled demonstration research. However, as local authorities play an increasing role in various matters,
opportunities forinnovativecommunitylevelresearchmaybe
available.

Tltb

Methodological issues

In view of the high costsof clinical trials, suchas those incurredby
the Multiple Risk Factor Intervention Trial, a strong argument can
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be made for the cost effectiveness and generalizability of community
studies of chronic disease prevention (e.g., Farquhar 1978). However,
there are methodological problems with the community studies that
deserve careful consideration. In order to ensure strict adherence to
assumptions of thestatisticaltheoriessupportingexperimental
inference,independentunits
of observationmust
besampled.
Because the behavior and disease rates of people within a community are obviously not independent, the data from geographic units
must be aggregated a t various levels, such as family, neighborhood,
community, and region. Thus, for example, smoking rates in three
communities assigned tothreedifferentexperimental
conditions
must be treated as three discrete observations, but having only one
observation per condition does not permit use of traditional statistical procedures for hypothesis testing. By assigning more than one
community to each condition, betweencommunity variance can be
estimatedto provide more valid tests of programeffect. As the
statistical theory guiding community studies
becomes more developed (Flay and Cook 1981), futureresearchmay
beexpected to
involve more sites, with fewer cases sampled
in each site.
Another problem concerns the comparability of groups. Unless a
large number of communities are randomly assigned to conditions,
the strictmethodologist can identifyobvious threats to experimental
validity. For example,it mightbe natural toexpect a bias towardthe
application of experimental programs in settings favorable to the
adoption of innovation, while using “less interested” communities
for the controlgroup.Thisinevitably
raises questionsabout the
comparability of communities with regard to socioeconomic status,
cosmopolitan features, or other hard-to-measure social characteristics. If the experimental group has
afavorablepredisposition
-at
baseline, inferences about changes in health-related variables
are
severely threatened. When a high degree of demographic similarity
between communities canbe demonstrated, confidence in inferential
statistics is enhanced. If possible, the communities to be compared
should be assigned randomly to experimental groups or to control
groups.
Problems with comparability are also introducedby the possibilities of experimental contaminationor confounding effeets of competing experimental programs. This issue mustbe thoroughly analyzed
with respect to the North Karelia Project, where it appears that
program results for dietary change and controlof hypertension have
been diluted by programspillover and the establishment of new
health services in the reference (control) area.
Related to the issue of comparability of groups within a study is
the problem of generalization to broader populations. For example,
some groups that fall into the lower socioeconomic strata have not
followed the generalpopulation trend toward smoking cessation and
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mayalso be at increasedriskforsmoking-relateddiseasefrom
concurrentindustrial exposures.Results of trials involving such
populations (WHO European Collaborative Trials) should be examinedforoveralloutcome
as well as evaluation of programmatic
elements wherever possible. Differential effectiveness of intervention techniques with varying populations remains to be established.
Another methodologicalquestionisraised
by studies that rely
primarily on self-reports that may be biased by intervention
programs (Evans et al. 1977; Benfari et al. 1977; Pechacek et al., in
press). Physiological indicatorsof cigarette smokingare expensive in
studies involving large numbers of individual measurements. Most
researchers take physiological measurements from a subsample of
the groupproviding self-reports. If there is no evidence of self-report
bias between groups, experimental comparisons canbe based on the
self-report data. However, the usefulness of this procedure depends
upon thestatistical
power of the test comparingrelationships
betweenself-reports and physiological measuresinthedifferent
experimental groups. Tests basedonvery
smallsubsamples will
almost certainly show no statistically significant evidence of selfreport bias, but only because they lack the statistical
power to detect
the relativelysmall
differences that might confound inference.
Numerous othermethodological points are pertinent to the
review of
community studies. For example, cohort studiesthat track individuals over time maybe much less generalizable than those that involve
repeated independent surveys, but are critical for studying develop
need
ment of certain behaviors,such as smoking onset. A great
exists, therefore, for morefocused awareness on the various methodological concerns that limit the interpretationof community studies.
Directions for FutureStudies

There is a clear need for further research on community-level
intervention to reducesmoking. The challenge is to develop relatively inexpensive methods that can be easily implemented on a largescale basis. This will involve refinements in three broadactivity
categories: (1)education and instruction related to
smoking, smoking
cessation,andsmokingprevention;
(2) social reinforcementin
support fornonsmokingbehavior;
and (3) environmental changes
related to cigarettes and cigarette
smoking.
Education and instruction methods are needed to convey information,attitudes,andskills
more effectively as theyrelatetothe
cessation and prevention of smoking. For example, as the factors
contributing to the process of smoking cessation and prevention are
identified (DiClemente and Prochaska 1982; McAlister 1983; Leventhal et al. 19801, they can be modeled via television or other forms of
mass communication. Although the schools have a n obvious role in
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smoking prevention, the kinds of educational activities that appear
to produce results are not easily adopted by traditional educators.
Innovativeeducation and training programs can
be marketed to
those willing to pay for therapeutic or consultative services related
to smoking cessation and prevention, butless costly methods needto
be developed for communitywide application. The establishment of
smoking cessation programs within existing health services and the
integration of chronic disease prevention with mental health promoand
tion are alsoneeded to effect broad-scalesocietaleducation
change.
Growingevidenceindicates
that the socialreinforcement and
support provided in formal therapies can
be effectively evoked at far
less expense by self-help groupsand naturalhelping networks. Inthe
North Karelia Project, community volunteers were taught to reinforce learning of smoking cessation skills from television (Puska et
al. 1981). Children may also be powerful, natural sources of social
reinforcement (Flay et al. 1983b). Related methods are being applied
in other ongoingcommunitystudiestoharnesstheinfluence
of
natural social networks for antismoking campaigns (Pechaceket al.,
in press). In addition to reinforcing specific behaviors and attitudes
related to smoking prevention and cessation,
social environments
to people trying to cope
can give more general support and assistance
with stress, strain,and conflict. Given therelationship between
chronic smoking, stress, and alienation, it is reasonable to expect a
positive effect from interventions that reducestress, improve coping,
and increasesocial support (Colletti and Brownell 1982).
Other community efforts are being made in noncontrolled contexts, as in the following examples.First, the AmericanCancer
Society has introduced a n “Adopt A Smoker” program to involve exsmokersintheannualGreatAmericanSmokeout
Day. Second,
community physicians are being urged to increase thefrequency and
intensity of cessation advice givento smokers. Finally, thetelevision
and newspapermediahave
become involved intheantismoking
campaign,frequentlyincludingprogrammingandarticlesthat
feature behavioral scientists discussing smoking behavior and the
techniques of quitting.
Options for environmental change and
public policy are varied and
complex (Farquhar et al. 1981).The outright prohibitionof smoking
is not feasible, but limited prohibitions on smoking
in public and
some private places can have desirable effects in shifting negative
attitudes. Restrictions on marketing aredifficult on a local level, but
constraints on advertising or availability may have
a powerful effect.
As indicated in a previoussection, new taxes or otherbroad
environmentalchanges are morelikely to affect youngsmokers
among whom dependence is not firmly established. Thus, they may
be expected to have cumulative, long-termeffects on future smoking
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rates. There is a role for research in clarifying optimal forms
of
restriction,but is hasnot beenimplemented,eveninworksites
where the effects of restrictions could be evaluated (Orleans and
Shipley 1982).
Future studies must also develop a n integrated model for combiningcessation
andpreventionactivities.Althoughthe
processes
involved in the adoption of smoking are clearly different from those
be
involved in its discontinuance, there are commonalitiesto
explored to find moreefficient strategies for smoking reduction. The
research of Flay et al: (1983a) is particularly promising inthis
regard. Any program that changes perceptions of social norms or
other environmental factors may influence nonadoption or discontinuance of cigarette smoking, but effects will probably be greatest
on young people not dependent on tobacco or on older age groups
where the adverse health effects of smoking are already becoming
apparent.
SummaryandConclusions

1. Community studies of smoking cessation and prevention are
becoming a n establishedparadigmforpublichealthaction
research. Such studies emphasize large-scaledelivery systems,
such as the mass media, and include community organization
programs seeking to stimulate interpersonal communication in
ways that are feasible on a large-scale basis.
2. Although there are methodological limitations to nearly all
communitywidestudies,
theresults
yield fairlyconsistent
positive results, indicating that large-scale'programs to reduce
smokingcan be effective in whole populations.Person-topersoncommunicationappearsto
be a necessary part of a
successful community programto reduce smoking.
3. Further research is needed, with both improved methodology
and more emphasis on low socioeconomic status groups that
have not yetshown population trends toward reduced smoking.
4. Several promising directions for research
are clear, but the
most important future trendswill be toward the establishment
of smoking reduction programs within existing health services,
the combination of chronicdiseasepreventionwithmental
health promotion via mass media and community intervention,
and the development of social policy to establish integrated
strategies for smoking cessation and prevention.
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INDEX
Chronic ?,Lucc1ve

Lung Disease is abbreviated as COLD throughout this index.

ACROLEIN
alpha,-antitrypsin effect, 436
alveolar macrophage effects, 432
cilioinhibitory effect, 295
gas phase component, 294, 417

ADDICTION
cessation of smoking, relationship,

468, 481, 485
ADDITIVES
(See also MENTHOL; PHENOL)
low yield cigarettes, increasing use,
13, 352, 354
ADOLESCENTS
(See also CHILDREN)
increased cough in smokers, 6
prevalence of cough and amount
smoked, 64
sex differences in prevalence
of
respiratory symptoms, 66
small airways dysfunction in smokers, 37, 427
smoking rates with smoking and
nonsmoking parents, 506

ADVERTISING
(See also MASS MEDIA)
government regulation of tobacco
advertising, 506-507, 514, 520,

527
promotion of cardiovascular risk reduction, 508
smoking cessation or reduction effects, 457
AGE DIFFERENCES
airflow obstruction incidence, 103
cessation rates in postrMI patients,

475
cessation 8ucces8, 468
chronic airflow obstruction, prevalence, 78
chronic bronchitis, prevalence, 4&

47

COLD mortality, 191-192, 197,
203-205

AGE DIFF'ERENCFS-Contd.
cough and phlegm, prevalence, 48,
65-68
emphysema, severity in smokers
and nonsmokers, 126. 241-242
initiation of smoking and COLD
mortality, 209
lung pathology insmokers, 124125, 231
mucociliary transport, 283
pulmonary function, 6
pulmonary function in children of
smoking parents, 398
pulmonary function, rate of d e
cline, 9, 137
reductions in smoking with community intervention studies, 511512
small airways dysfunction, 9, 2930, 3235, 37-39, 136-137
AIR POLLUTION
(See also PASSIVE SMOKING)
airflow obstruction relationship,
105
bronchitis morbidity factor, 212
COLD mortality factor, 192
lung clearance effect, 424
particulates exposure compared
withsmoking, 417
workplace levels and pulmonary
function, 31
ALCOHOL CONSUMPTION
abstinence in pregnancy, 462
airflow obstruction relationship,
105-106
ALLERGY
atopy and pulmonary function, 106
lung hypersensitivity and airflow
obstruction, 104-105, 118
skin test reactivity and incidence
of airflow obstruction, 103
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INDEX
Alpha,-antiprotease See ALPHA,ANTITRYPSIN
ALPHA,-ANTITRYPSIN
antiprotease activity, 262-264
deficiency in panacinar emphysema, 234-235
elastase inhibition, 8, 11, 301
genetic deficiency, 9-10, 83, 104,
118, 129-137,261-262, 275
oxidants and decreased inhibitory
capacity, 273-274, 435
papain elastolysis, inhibitor, 265
tar and nicotine content effect on
elastase inhibition, 340
tobacco smoke effects, 434-437

Alpha,-proteinase inhibitor
see ALPHA,-ANTI+M~YPSIN
ALVEOLAR MACROPHAGES
changes in smokers, 255-257, 259,
261,278-279
changes induced by tobacco smoke,
431434
emphysemapathogenesis, role, 268270
increased numbers in smokers, 11,
270-271,301
increased numbers withnitrogen
dioxide, 276
lung clearance mechanisms, role,
423-424
neutrophil chemotaxis, role, 258
toxicity of cigarette smoke, 279-280
ALVEOLITIS
smoking relationship, 255

AMISH
COLD mortality, 213
AMMONIA
gas phase component, 294, 417

ANGINA
contraindication for nicotine chewing gum, 477
Antibodies See IMMUNE SYSTEM

ANTISMOKING CAMPAIGNS
(See also SMOKING INTERVENTION STUDIES)
smoking behavior, effect, 457
smoking cessation at prenatal clinics, effect, 462463

ASBESTOS
cessation s u c c e ~in exposed s h i p
yard workers, 482-483
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ASTHMA
bronchoconstrictive effect of smoke
inhalation in asthmatics, 428429
children of smoking parents, 389,
392-393, 403
mortality in California physicians,
211
nonsmokers exposed to tobacco
smoke, 403, 405-406
reversibility of airflow obstruction,
75

ATROPINE
cilioinhibitory effect, 295

AVERSIVE SMOKING
cessation effectiveness, 469

BACTERIA
ziearance from respiratory tract,
281
macrophage bactericidal capacity in
smokers and nonsmokers, 278279
reduced resistance to infection in
smokeexposed animals, 280

BEHAVIOR MODIFICATION
physicians’ efforta to get patients
to quit, 455
social reinforcement in community
intervention trials, 506

B I R T G H T
maternal smoking relationship,

461,

464-465
BRONCHIOLITIS
childhood, association with s u h e quent panacinar emphysema,
236
COLD, roleinpathogenesis, 11
pathology, 223, 230-231
smoking relationship, 242, 255-256

BRONCHITIS
(See also MUCUS HYPERSECRE
TION)
abnormalities in regional gas exchange, 22
aerosol clearance effects, 292-293
childhood, association with panacinar emphysema, 236
children of smoking parents, 13,
393.405
definition, 4 5 4 6 , 224
excessive morbidity in Britain, 212
mortality and age of smoking initiation, 209-210

INDEX
BRONCHITIS-ConM.
mortality and depth of inhalation,
208
mortality and smoking habit, 201
mortality in physicians, 211
mucociliary dysfunction, 12, 283,
297302
natural history, 115
particulate phase components, role,
426
pathology, 227, 229
prevalence, 46
smoking relationship, 48, 255

BRONCHOCONSTRICTION
dogs exposed to cigarette smoke,
429
induction by cigarette smoke, 428,
430
inhalation pattern relationship,
349-350
low yield cigarettes effect, 341

CADMIUM
induction of emphysematous lesions
in animals, 276
tobacco smoke component, 426

CARBON DIOXIDE
gas phase component, 417

CARBON MONOXIDE
breath test to demonstrate smoking
effects in pregnant women, 464
breath test to validate self-reported
cessation, 460, 463
gas phase component, 417
increased alveolar epithelial perme
ability, role, 430
indoor air pollutant, 366,383
low-tar and low-nicotine cigarettes,
yields, 345-346

CARBOXYHEMOGLOBIN
asthmatics exposed to tobacco
smoke, levels, 403
inhalation pattern relationship,
345,349
measure of carbon monoxide a b
sorption, 366, 383
nonsmokers exposed to tobacco
smoke, levels, 384

CARCINOGENESIS
consequence of mucociliary dysfunction, 301

CASEIN
chemotaxis of polymorphonuclear
leukocytes, effect, 433

480-144 0 - 85

-

CATALASE
reduction of smoke effects on alpha,-protease inhibitor, 436

CERULOPLASMIN
prevention of alpha,-antitrypsin oxidation, 274

CESSATION OF SMOKING
(See also REDUCTION OF
SMOKING)
cardiopulmonary function improve
ment, 465
COLD incidence and progression effects, 7-8
COLD mortality relationship, 10,
210-211,214
community intervention studies, 15,
503-5243
cough and phlegm reduction, 9, 48,
137
emphysema morbidity and mortality, 126
emphysema severity in ex-smokers,
241-242
emphysematous changes, effect,
127-129
lung clearance effects, 430
mechanical properties of lungs, effect, 123
morbidity and mortality reduction,
465
mucociliary transport effects, 293,
300
parents, effect on children’s asthma, 403
physicians, 456
pulmonary function effects, 9, 227,
232,242
pulmonary function effects, rate of
decline, 9, 11G118, 137
reasons given by ex-smokers, 457
respiratory symptoms in ex-smokem, 67
role of physicians, 14, 455488
sex differences in pulmonary function effects, 104
small airways function effects, 11,
4042, 44, 137
CHEST INFECTIONS
airflow obstruction, role in etiology,
8 3 , 107
CHILDREN
( S e e also ADOLESCENTS)
influence on parental smoking cessation, 468
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INDEX
CHILDREN-GmM.
pulmonary function effects of
smoking, 398
respiratory illnesses and subsequent
airflowobstruction, 104, 106, 118
respiratory infections and COLD
susceptibility, 7
respiratory symptoms, parental
smoking relationship, 13, 38f%
389, 392-393, 397-398, 402-403,
405
school-based prevention programs,
519-524

CHLORAMINET
inhibitory capacity of alpha,-antitrypsin, effect, 273-274,436
Chronic airflow obetruction See

PULMONARY FUNCTION
CIGAR SMOgERS
COLD mortality, 10, 211-212, 214
cough and phlegm prevalence, 48
emphysema incidence at autopsy,

240
former cigarette smokers, 460

See MUCOCILIARY TRANS
PORT
CORONARY HEART DISEASE
Cilia

contraindication for nicotine chewing gum, 477
COTININE
nicotine exposure in nonsmokers,
measure, 13, 383, 405
urinary levels in children of smoking mothers, 397

COUGH
(See also

MUCUS HYPERSECRE

TION)
children of smoking parents, 388
contribution to pulmonary clearance, 300
increase in smokers, 6
low yield cigarettes effect, 336-339,

354
prevalence in smokers vs. nonsmokers, 9
tobacco smoke exposure as factor,

386

CREATININE
urinary levels in children of smoking mothers, 397

CROSSCULTURAL STUDIES

COLD mortality, 10-11, 212-214
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CYSTIC FIBROSIS
impairment of mucociliary transport, 283
submucosal gland enlargement, 225

DIABETES
contraindication for nicotine chewing gum, 477

EDUCATIONAL ATTAINMENT
cessation of smoking, relationship,
462, 468

ELASTASE
experimental induction of emphysema, 8, 122-123,134,266-270
increase in people deficient in alpha,-antitrypsin, 262
increased activity in smokers, 271,
301
inhibition by alpha,-antitrypsin,
30 1
inhibition by protease inhibitors,
434-435, 437
low yield cigarettes effects, 340
pathogenesis of COLD,role, 11
physiochemical conditions that
modify kinetics, 272-273
proximity in elastin degradation,
role, 272
release by macrophages and neutrophils, 257-258,271-272,301,
432-434
ELASTIN
chemoattractant for blood monocytes, 258
degradation by elastase, 8
degradation by elastase, role of
proximity, 272
degradation by papain, 265
synthesis and repair, cigarette
smoke effect, 14, 438-439
EMPHYSEMA
age of smoking initiation and mortality, 209-210
amount smoked and seventy, 11,
137
animal models, 275-278, 433
bronchiolitis as precursor, 256
COLD disease process, 21
definition and characterization,
119-120
detection, 120
gas phase components, role, 426
irreversibility, 75

INDEX
EMPHYSEMA--Contd,
lung clearance mechanisms effect,
424
mechanical properties of lungs in
etiology, 122-123
mortality in physicians, 211
oxidants inpathogenesis, 42-27
pathogenicmechanisms, 11-12, 261,
275-301, 431, 435, 437
pathology, 223, 226,23&242
peripheral airway resistance, 22
protease-antiprotease imbalances in
pathogenesis, 11, 262, 27CL278,
301, 339-340
pulmonary function, 26, 121-122
quantification, 120-121
smokingrelationship, 8, 10, 125135, 255
ESOPHAGITIS
contraindication for nicotine chewing gum, 477
EXERCISE
cessationin post-MI patients, effect, 475
lung deposition of aerosols, effect,
421
promotion incommunity interventionstudies, 508

EYES
irritation following acute exposure
to tobacco smoke, 13, 386-387,
405

FAMILY
influence of support on smoking
cessation, 457, 485, 506
recidivism prevention in post-MI
patients, 475

FIBROBLASTS
membrane damage caused by tobacco smoke, 438

FIBROSIS
lung clearance mechanisms, effect,
424

FILTER CIGARJITTES
(See also LOW YIELD CIGARr

n

)

amount smoked and prevalence of
mucus hypersecretion, 65
cilioinhibitory capacity, 287
filter use and cessation probability,
469
mucociliary transport effects, 296297

FILTER CIGARE"=ontd.
pulmonary function effects, 116

GENFX'IC FACTORS
alpha,-antitrypsin deficiency, 9-10,
83,104,118,129-137,261-262,
275
development of airflow obstruction,
104,106-107

GROUP COUNSELING
cessation rates in post-MI patients,
effect, 475
HEADACHE
after acute exposure to tobacco
smoke, 386
HEXAMEI'HONIUM
cilioinhibitory effect, 295
HISTAMINE
involvement in bronchoconstrictive
response to smoking, 428
reactivity in smokers and nonsmokers, 430
release in animals exposed to tobacco smoke, 429

HYDROGEN CYANIDE
ciliotoxicity, 283,295
HYDROGEN PEROXIDE
alpha,-protease inhibition, effect,
436
enhanced production inalveolar
macrophages in smokers, 432
inactivation of alpha,-antitrypsin,
274

HYPERKINESIS
maternal smoking relationship,

461

HYPERTENSION
cardiovascularriskreduction
program, factor, 515
contraindication for nicotine chewing gum, 477
pulmonary artery, association with
chronic airflow obstruction, 232

HYPERTHYROIDISM
contraindication for nicotine chewing gum, 477

IMMUNE SYSTEM
ABH antigens and airflow obstruction, 105

COLD susceptibility,factor, 7
smoking effects, 12, 255, 27S281,
301
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INDEX
INFLUENZA
increased susceptibility in smokers,
12, 2 8 0 , 301

Involuntary smoking See PASSIVE
SMOKING
ISOPRENE
mucociliary transport effects, 295

ISOPROTERENOL
reversal of airways reactivity, 105
LACTATION
inhibition by maternal smoking,
461

LEAD
particulate phase component, 417

LEGISLATION
restrictions on smoking in public
places, 507, 514, 520, 527

LOBELINE
nicotine substitute, 458

LOW WELD CIGARETTES
(See also FILTER CIGARETTES)
additives, 13, 352-354
cessation success and tar yield, 461
COLD mortality, 198,201,203
COLD risk, 12-13, 336-341, 354
lung cancer mortality relationship,
339

mucociliary transport effects, 294
particulate concentrations and size,
416419

research recommendations, 353
respiratory symptoms, 66
smoking behavior effects, 341-348,
354

tar yield and respiratory s y m p
toms, 65
LUNG CANCER
aerosol deposition at bronchogenic
carcinoma sites, 422
low yield cigarettes relationship,
339

mortality in smokers, 336
polonium deposition and site of
bronchogenic carcinoma, 424
smoking behavior relationship,
333
smoking relationship, 255

LUNGS
cigaretteinduced disease, pathology,
11

growth in children of smoking
mothers, 398
localization of emphysematous lesions, 275
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LUNGMntd.
pulmonary epithelial permeability
and smoking, 43CL-431, 439
tissue repair, cigarette smoking effects, 437

Macrophages See ALVEOLAR
MACROPHAGES
MARITAL STATUS
cessation of smoking, relationship,
468-469

MASS MEDIA
(See also ADVERTISING)
antismoking educational campaigns,
480

community intervention studies, 15,
505-506, 50&514, 523, 526, 528

televised smokingcessation classes,
519

MATERNAL SMOKING
(See also PARENTAL SMOKING;
PREGNANCY)
fetal and childhood effects, 461
prenatal smoking and respiratory
infections in children, 393

METHACHOLINE
responsiveness and airways reactivity, 105
responsiveness and smoking, 42%
429

METHOL
mucociliary transport effects, 295
Minority groups See RACIAL/

ETHNIC DIFFERENCES
MORBIDITY
bronchitisin Britain, 212
chronic airflow obstruction, 68-118
chronic mucus hypersecretion,
4573

COLD prevalence and inhalation
practices, 209
emphysema, 11%135
improvement following cessation of
smoking, 465
small airways dysfunction, 22-44
smoking and COLD morbidity, EL10

MORTALITY
cardiovascular diseases, declines related to risk factor reduction
program, 515
cessation of smoking relationship,
465

COLD, airflow obstructionrelationship, 339

MORTALITY-Contd.
COLD, mucushypersecretionrelationship, 339
COLD, smokingrelationship, 8, 1011, 189-214,336
fetal and neonatal, maternal smoking effect, 461
myocardial infarction patients who
quit smoking, 470
predictive effectiveness of FEV,, 72

MUCOCILIARY TRANSPORT
chronicbronchitis, 297301
filters, effect, 296-297
lung clearance of deposited particulates, 423424
normal function, 283-286
smoke constituents, effect, 2 9 3 - 2 9 6 ,
426

tobacco smoke, effect, 12, 290-296,
301302, 418, 431

MUCUS HYPERSECRETION
cigarette smoke effects, 11,107,
292, 302

COLD disease process, 21
COLD mortality relationship, 339
cough and phlegm, relationship to
airflow obstruction, 68-73
cough and phlegm, relationship to
sex and age, 65-68
cough and phlegm, relationship to
smoking, 47-48, 63-65
inhalation depth relationship, 349
low yield cigarettes, effect, 336-339,
354

measurement of cough and phlegm,
4546

phlegm in smokers vs. nonsmokers,
9

prevalence and amount smoked,
137

prevalence of cough and phlegm,
46-47

MYELOPEROXIDAS
inactivation of alpha,-antitrypsin,
274, 436-437

MYOCARDIAL INFARCTION
cessation of smoking in post-MI patients, 15, 470, 475476, 480481,
487

contraindication for nicotine chewing gum, 477

N-CHLORSUCCINIMIDE
reduction of activity of alpha,-antitrypsin, 436

NEUTROPHILS
changes induced by tobacco smoke,
255261, 432-434

chemotaxis inhibition by cigarette
smoke, 269-270
decrease following elastase instillation, 266
elastase source, 257-258,267-268,
271-272

increased numbers insmokers,
256-257,27C-271,

11,

301

increased numbers with nitrogen
dioxide, 276
migrationin response to macrw
phage chemotactic factor, 258
toxicity of cigarette smoke, 279-280

NICOTINE
alpha,-protease inhibitor effect, 436
alveolar epithelial permeability effect, 430
blood levels with nicotine chewing
gum, 476
bronchialreactivity effect in baboons, 430
bronchoconstriction effect, 428
chemokinetic factor for neutrophils,
2 5 8 , 432-433

compensatory behavior in smokers
of low nicotine cigarettes, 421
DNA synthesis effect, 280
indoor air pollutant, 366
machine-determined yields and actual intake, 335-336, 3 4 H 4 7
mucociliary transport effects, 295
nonsmokers exposed to tobacco
smoke, levels, 383
particulate phase component, 417
reinforcer of smoking behavior, 13
saliva levels to validate cessation
reports, 459

NICOTINE CHEWINGGUM
cessation aid, 14,460, 476-478, 487

NITRIC OXIDE
mucociliary transport effects, 295

NITROGEN DIOXIDE
effect on macrophages, 279
emphysematous lesions in animals,
role ininduction, 276,
gas phase component, 294
mucociliary transport effects, 295
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INDEX
PARTICULATES--Contd.
aerodynamic diameter, 418-420,
438
exposure measurement, 383
indoor air pollutants, 366
ingestion by pulmonary macrophages, 259
lung deposition, 420-422, 425, 438
lung retention, 423-424
PASSIVE SMOKING
acute airway response, 384, 386
children, respiratory infections related to parental smoking, 393,
397
children, subsequent susceptibility
to COLD, 7
COLD risk effect, 13
deposition of particulates in lungs,
425
OCCUPATIONS
exposure measurement, 316, 383(See also WORKF’LACE)
384
coal miners, 2 3 0 , 234, 240
patients with preexisting pulmograin elevator workers, 31
nary disease, 403-405
industrial workers, 277
prevalence of respiratory s y m p
iron foundry workers, 42
toms, 66
physicians, 14-15, 194, 198,
206,
pulmonary function in children, pa2 0 8 , 210-211,4 5 5 4 8 8 , 511, 514,
rental smoking relationship,
527
shipyard workers, 482483
397402
steelworkers, 30, 43
pulmonary function relationship,
textile workers, 225, 242
402-403
OZONE
sidestream vs. mainstream smoke,
lung clearance mechanisms, toxic
365-366
effects, 424
symptomatic responses, 386-392
preexposure and cigarette smoke
PEPSIN
effects in animals, 437
emphysema induction in experimental animals, 123
PAPAIN
PEPTIC
ULCER
emphysemapathogenesis, role, 2%
contraindication for nicotine chew266
ing gum, 477
PARENTAL SMOKING
(See also MATERNAL SMOKING) PEROXIDASE
transfer a c r w tracheal epithelium,
children’s encouragement to quit,
431
effect, 519-520
PERSONALITY
influence on adolescent smoking
cessation of smoking factor, 469,
rates, 506
481482,485
pulmonary function in children,
PHENOL
397-398, 405
mucociliary transport effects, 295respiratory infections in children,
296
393, 397, 405
P-HYLOXADIOZOLE
respiratory symptoms in children,
anticiliotoxic effects, 296
13, 388389,392, 403, 405
PHENYLVINYLOXADIOZOLE
PARTICULATES
anticiliotoxic effects, 296
(See also TARS,TOBACCO)

NITROGEN OXIDES

acute bronchoepasm effects, 428
epithelial permeability effects, 430431
gas phase component, 417
indoor air pollutant, 366
lung clearance mechanisms, toxic
effects, 424
NITROSAMINES
indoor air pollutants, 366
Nonsmokers See PASSIVE
SMOKING
NOSE
irritation following acute exposure
to tobacco smoke, 386
NURSES
involvement in community interventionstudies, 514
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INDEX
Phlegm See MUCUS HYPER
SECRETION
PHYSICIANS
cessation of smoking and COLD
mortality, 210-211
COLD mortality, 194, 198, 206,208
involvement in community intervention studies, 511, 514, 527
smokingcessationin patients, role,
14-15, 455-488
smoking prevalence, 14, 456

PIPE SMOKERS

COLD mortality, 10, 211-212,214
cough and phlegm prevalence,48
emphysema incidence at autopsy,
240
former cigarette smokers, 460
PNEUMOCONIOSIS
pathology, 225,234

PNEUMONIA
children of smoking parents, 13,
393, 405

POLONIUM
deposition a t site of bronchogenic
carcinoma, 424
particulate phase component, 417

POLYCYCLIC AROMATIC
HYDROCARBONS
fibroblast membrane effects, 438

Polymorphonuclear leukocytes See
NEUTROPHILS
PREGNANCY
(See also MATERNAL SMOKING)
antibody production in pregnant
smokers, 280
cessation of smoking, 14, 479-480,
487
motivation for quitting, 484
physician intervention and cessation of smoking, 461465

PREVENTION OF SMOKING
community intervention studies, 15,
520524

PROTEASEANTIPROTEASE
IMBALANCE
alpha,-antitrypsin deficiency, 130
effect of oxidants, 275
emphysemapathogenesis, 11, 262,
270-278, 301, 339340
smoke exposure effect, 277-278

PULMONARY FUNCTION
airway lesions relationship, 227,
229
asthma patients, 13, 403, 405-406

PULMONARY FUNCTION-Contd.
children of smoking parents, 13,
393, 397398, 405
chronic airflow obstruction, 4244,
68-118,223-232
cigarette smoke effects, 6, 9, 191,
427430, 438
emphysema, 121-122
expiratory airflow obstruction as
COLD disease process, 21
inflammation and small airways
dysfunction, 11
inhalation depth relationship, 349
low yield cigarettes relationship,
337338, 354
occupationalexposurerelationship,
107
passive smoking effects, 13, 384386, 402-403, 405
people deficient in alpha,-antitryp
sin, 262
small airways dysfunction, 22-44,
136-137,227

RACIAL/ETHNIC DIFFERENCES
cessation of smoking during pregnancy, 462
chronic airflow obstruction, prevalence, 78
COLD mortality, 11, 191, 214
COLD risk, 212-213
serum concentrations of alpha,-antitrypsin, 263
smoking prevalence trends, 504

RECIDIVISM
post-MI patients, environmental
factors, 475
pregnant smokers, before end of
pregnancy, 463

REDUCTION OF SMOKING
(See abo CESSATION OF
SMOKING)
physician intervention, effectiveness, 458459
pregnant women, 463465
psychologist’s advice, effectiveness,
4-69

RESPIRATORY SYNCYTIAL
VIRUS INFECTION
children of smoking mothers, 393,
397

SEX DIFFERENCES
airflow obstructionprevalence,
83

78,
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INDEX
SEX DIFFERENCES-Contd.
cessation of smoking, 468
cessation rates in post-MI patients,
475
cholesterolreduction, 512
chronic bronchitis mortality, 210
chronic bronchitis prevalence,
4 6
47
COLD mortality, 10, 189, 192, 203207, 213-214
community intervention effectiveness, 511, 514
cough and phlegm prevalence, 48,
65-68
emphysema incidence at autopsy,
240-241
emphysema severity a t autopsy,
241-242
particulates deposition, 423
preventive effect of school-based
smoking interventions, 522
pulmonary function after passive
smoking, 384-386
reduction of smoking following physician intervention, 45-9
small airways dysfunction, 9, 2 8 ,
37-40, 137
smoking patterns and pulmonary
function, 32-33, 35, 104
smoking prevalence, 504
Small airways disease See PULMO-

NARY FUNCTION
SMOKING BEHAVIOR
cigarette yields, effect, 13, 6 4 , 334335
inhalation pattern and cessation
probability, 469
inhalation pattern and COLD mortality, 208-209,214
inhalation pattern and
COLD susceptibility, 7, 348-352,354
low yield cigarettes relationship,
12-13, 341348, 354
lung deposition of particulates, effect, 42C-423, 425
lung injury relationship, 341

SMOKING INTERVENTION
STUDIES
(See also ANTISMOKING CAMPAIGNS)
cessation and prevention effects, 15
community cessation studies, 5 0 6
505, 507520, 528
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SMOKING INTERVENTION STUDIES-Contd.
community prevention studies, 520524, 528
methodological issues, 524-526, 528
research needs, 526-528
theoretical basis, 505-507

SMOKINGMACHINES
comparability to actual smoking behavior, 12, 6 4 , 333-336, 341, 3 5 4 ,
420421

SMOKING P A n E R N S
age of initiation and COLD mortality, 209-210
alveolar macrophage changes and
amount smoked, 256
cessation probability and amount
smoked, 459,469, 481
COLD morbidity relationship, 9
COLD mortality and amount
smoked, 10, 198, 201,203, 205208,210-211,213-214
COLD severity relationship, 336
cough and phlegm prevalence, 9,
4748, 137
determinants of airflow obstruction,
92, 103-104
emphysema a t autopsy and amount
smoked, 240-241
emphysemaseverity, 10, 137
, emphysematous
changes
and
amount smoked, 126127
mucus hypersecretion and amount
smoked, 6 3 4 5
pulmonary function and amount
smoked, 6 7 , 9, 69, 115, 117,
131, 137
respiratory symptoms prevalence,
73
small airways dysfunction and
amount smoked, 32-35, 39, 43,
136137

SMOKING PREVALENCE
physicians, 456, 487
trends invariousdemographic
groups, 503-504

SOCIOECONOMIC STATUS
cessation of smoking, relationship,
468-469
pulmonary function relationship,
108
reduction in tobacco consumption
in higher income groups, 503
smoking prevalence, 525526, 528
trend toward reduced smoking, 15

INDEX
Sputum See MUCUS HYPERSECRETION
STRESS
cessation success relationship, 481482
chronic smoking relationship, 527
management training to maintain
nonsmoking, 509
SUPEROXIDE DISMUTASE
activity depression by tobacco
smoke, 434
reduction of smoke effects on alpha,-proteaseinhibitor, 436
SUPEROXIDE RADICALS
alpha,-protease inhibitor activity,
effect, 436
generation by alveolar macrophages
in smokers, 259, 432
release from neutrophils in smokers, 433

TARS, TOBACCO
(See also PARTICULATES)
ciliotoxic effect, 295
cough and phlegm production relationship, 337
exposure in nonsmokers, 384
mucushypersecretion relationship
12, 339
pulmonaryfunctionrelationship,
338
respiratory symptoms effect, 65
smokingbehaviorrelationship,
13,
347-348, 354

TAXES
increases as part of community intervention trials, 514

TAXUntd.
revenues contributed by tobacco industry, 503
smoking deterrent effectiveness,
457, 507, 520, 527
THIOCYANATE
plasma levels to validate self-reports of cessation, 512
saliva levels to validate self-reports
of cessation, 464
serum levels to validate self-reports
of cessation, 508-509, 511, 513,
518, 521-522
TOBACCO SMOKE
aerosol characterization, 417-420,
438
deposition and toxicity, 14
mainstream vs. sidestream smoke,
365-366
toxicology, 426-439
TRACHEA
epithelial permeabilityin smoke-exposed animals, 430431

WHEEZING
children of smoking parents, 388389, 392-393

WOOD SMOKE
airflow obstruction, etiologic factor,
83

WORKPLACE
(See also OCCUPATIONS)
air pollution and pulmonary function, 31
smoking prohibitions and cessation,
457
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