the nonsmoking controls. No relationship of this increased preva-
lence could be demonstrated to alpha,-antitrypsin deficiency (see
below). In addition, nonsmoking relatives and smoking controls
were observed to show approximately the same prevalence of ab-
normalities. However, due to the large proportion of females in the
nonsmoking relative group and to the clustering of two-thirds of
the affected relatives in 10 families, firm conclusions cannot at
present be drawn from this study concerning the reliative contribu-
tions of smoking and of heredity to the pathogenesis of COPD.

In order to determine the relative significance of smoking and
heredity in the pathogenesis of COPD, Cederlof, et al. (13, 46) have
used the twin-study methods on registries in both Sweden and the
USA. The specific details of this method are described in the sec-
tion on Coronary Heart Disease. As may be noted from a summary
of their work at the end of table A2, the authors compared the
symptom prevalence among monozygotic and dizygotie twins who
were both discordant and concordant for smoking habits. They
observed that the hypermorbidity for COPD symptoms related to
smoking persisted even after controlling for zygosity and concluded
that a causal relationship of smoking and COPD symptoms was sup-
ported. However, genetic factors were still found to have an appre-
ciable influence. Lundmann (159) has applied this method to the
study of pulmonary function. He studied 37 monozygotic and 62
dizygotic twin pairs, measuring forced expiratory volumes and
nitrogen washout gradients, and matched the various pairs for
smoking discordancy. He observed that both of these parameters
were adversely affected in twins who smoked and that these changes
were correlated with cigarette consumption. The results are out-
lined at the end of table A3.

Alpha,-antitrypsin {A,AT)—O0f more recent note and discus-
sion has been the discovery of an association between a hereditary
predisposition to COPD and the relative or absolute absence of
alpha,-antitrypsin, a serum glycoprotein enzyme. Eriksson (78)
was the first investigator to observe a relationship between the
presence of markedly decreased serum trypsin inhibitory capacity
and panlobular emphysema. Since Eriksson’s paper, much added
research has been published concerning many facets of this intrigu-
ing area.

It appears that A,AT deficiency is inherited as an autosomal
recessive trait (78, 216) although Kueppers (133) considers the
transmission to be by an autosomal codominant allele. It hds been
estimated that up to 5 percent of the general population may be
heterozygous for this gene (754) although full cross-sectional

studies of the population remain to be done.
Homozygous or severe deficiency of this enzyme has been asso-
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ciated with a particular type of pulmonary emphysema. While the
majority of lungs of emphysematous patients reveal bullous or
centrilobular deformities, particularly of the upper lobes, this
hereditary disorder reveals a panacinar change, most severe in the
lower lobes (101, 215, 226). Patients with emphysema who are
fcund to have the homozygous deficiency have been observed to
include a greater percentage of female patients than is usually ob-
served in the general emphysema population. Their disease begins
earlier, is more severe, is characterized by dyspnea rather than
cough, and frequently is unassociated with a history of preceding
bronchitis (101, 215, 226). Radiographic studies of A, AT-deficient
patients have revealed decreased vascularization of the lower lobes
and increased vascularization of the upper lobes (101, 213). It is
estimated that between 1 and 2 percent of patients with COPD have
this homozygous deficiency (78, 216). In family studies, it has been
found that almost all the homozygous individuals are symptomatic
by the age of 40 and that those who are not usuaily show alterations
in pulmonary function studies. Guenter, et al. (98) studied 7 per-
sons with homozygous deficiency. Of the five symptomatic individ-
uals, 4 smoked and all had abnormal timed vital capacity. Neither
of the two asymptomatic individuals smoked or had this change in
vital capacity. All 7, however, were noted to be hypoxemic at rest
and to have decreased pulmonary diffusing capacity.

It has been suggested (754) that the lack of this proteinase in-
hibitor in the serum of homozygous patients predisposes them to
emphysema in the following manner: Leukocytes present in the
blood contain significant amounts of proteinase enzymes as part of
the overall defense mechanism against infection ; the breakdown of
these cells during acute infection releases proteinases into the pul-
monary tissues and these, without the presence of a normal inhib-
itor, may contribute to the breakdown of the structural proteins of
lung tissue.

Heterozygous individuals have been defined as those who show
levels of A,AT intermediate between those of normals and those
with homozygous deficiency. At the present time, there is much
debate about whether or not heterozygotes for A,AT are at a
greater risk of developing COPD than are A,AT normals. A major
difficulty is the lack of a precise definition of heterozygosity. At
present, the best method for the determination of the level of A,AT
appears to be that of crossed serum immunoelectrophoresis be-
cause levels of trypsin inhibitory capacity (TIC) have been shown
to rise acutely with infections.

Welch, et al. (226) feel that heterozygotes do not show an in-
creased susceptibility to COPD. The heterozygotes which they
studied showed symptoms of bronchitis and did not present the
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lower lobe perfusion defects frequently noted in homozygotes. They
also found no difference in the number of COPD patients among the
heterozygotic and the general population. Other investigators, no-
tably Lieberman, et al. (153, 1.55), Kueppers, et al. (144), and
Larson, et al. (1:8) found signincantly increased percentages of
COPD patients among those with heterozygous deficiency as com-
pared with the general population. Lieberman, et al. (155) ob-
served that the percentage of heterozygotes among a group of
healthy industrial workers was 4.7 percent while that among a
group of patients with emphysema was 18.1 percent. In a recent
review, Falk and Briscoe (72) considered that the available evi-
dence points to an increased prevalence of COPD among hetero-
zygotes.

Of more central interest to this discussion, however, is the pos-
sible relationship of smoking to the predisposition of disease among
the heterozygote population. Kueppers, et al. (144) studied three
populations: younger controls, older controls, and a group of
COPD patients. They observed that of the 25 heterozygotes with
COPD, only 2 were over 70 years of age, both were female and non-
smokers. The remaining 23 were cigarette smokers. Nevertheless,
studies which adequately sort out the factors of genetic susceptibil-
ity and cigarette smoke exposure have yet to be reported.

An important question is to what extent the relationship between
smoking and COPD is influenced by identifiable genetic factors. At
present, it is possible to identify what appears to be only a very
small group of susceptibles for whom genetic factors may be para-
mount in the pathogenesis of their ailment. Of greater public health
import is whether lesser degrees of genetically identifiable suscep-
tibility interact with cigarette smoking to account for a significant
proportion of the problem.

AIR POLLUTION

Numerous epidemiological studies have been conducted in order
to examine the effect of air pollution on human nonneoplastic res-
piratory disease. Three major types of studies have been utilized:
observation of the mortality and morbidity due to an acute episode
of increased air pollution, observation of the day-to-day variation
in mortality and its relation to air pollution levels, and geographical
comparisons. The majority of studies fall into the third category,
and these are detailed in table AS.

A number of studies did not show an association among air pol-
Jution, respiratory symptoms, and pulmonary dysfunction (81, 204).
More recent studies which evaluated the factors of smoking, social
class, and air pollution separately noted a greater prevalence of
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COPD symptoms, pulmonary dysfunction, and COPD mortality
in areas of high pollution (12, 122, 146, 253). Lambert and Reid
(746) observed that in the absence of cigarette smoking the corre-
lation between COPD symptoms and air pollution was slight and
suggested that the two factors may interact to produce higher rates
of disease.

The evidence which has accumulated in the past 7 years gives
further support to the conclusion of the Surgeon General’s Ad-
visory Committee on Smoking and Health as stated in its 1964 Re-
port that: “For the bulk of the population of the United States, the
relative importance of cigarette smoking as a cause of chronic
bronchopulmonary disease is much greater than atmospheric pol-
lution or sccupational exposures.”

OCCUPATIONAL HAZARDS

Exposure to various dusty occupational environments has been
shown in many studies to be associated with the development of
various forms of nonneoplastic lung disease. Lowe (158), in a re-
view of the relationship of occupational exposure and chronic
bronchitis, noted that among workers exposed to dust significant
increases in COPD mortality were observed. These occupations
included coal mining, tinning, galvanizing, riveting, and caulking.
Commenting on a previously unreported study of more than 20,000
steel workers, he observed that the relationship between mean dust
exposure levels and COPD prevalence was much stronger among
smokers than among nonsmokers.

More recently, Bouhuys and Peters (37) reviewed those specific
industrial exposures related to lung disease. COPD was found to be
associated with exposure to coal dust, asbestos, bagasse dust, iso-
cyanates, various irritant gases, and textile dusts (cotton, flax, or
hemp).

Studies which have investigated the interrelationship between
smoking, industrial exposure, and COPD are listed in table A7. Ad-
ditional compounds, not listed in the table, but which also appear to
be related to COPD, are chlorine (49) and washing powder dust
(97). Cigarette smoking and harmful dust exposures appear to act
in a combined manner in the production of COPD.

Although an increased prevalence of COPD is found with cer-
tain occupational exposures, in none is the relationship as strong
as that between COPD and cigarette smoking. To demonstrate an
increased occupational risk, careful analysis of smoking habits is
required. The relative importance of cigarette smoking appears to
be much greater than occupational exposure as an etiologic factor

in COPD.
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Cadmium—Chronic industrial exposure to cadmium in man has
been found to induce pulmonary emphysema without significant
accompanying chronic bronchitis (34, 33, 210).

Nandj, et al. (I77) recently investigated the contribution of the
cadmium in cigarette smoke to the pathogenesis of emphysema.
Analyzing whole cigarettes, ash, and filters, thev found that an
average of 69 percent of the cadmium present in the cigarette (ap-
proximately 16 micrograms 20 cigarvettes) is inhaled in the smoke.
In a related study (153), these investigators showed that the level
of cadmium in water-soluble liver protein on autopsy was three
times greater in those patients with a history of chronic bronchitis/
emphysema than that found in those without such a history. Un-
fortunately, no smoking histories were available,

PATHOLOGICAL STUDIES

The relationship between smoking habits and pathological
changes in the bronchial tree and pulmonary parenchyma has been
investigated by several groups of workers. Metaplastic changes,
although found in nonsmokers, are much more common in smokers
(table 10, Cancer Chapter), and a dose-relationship of increasing
metaplasia with increased smoking has been evident in many of the
studies.

Pathological studies which deal primarily with pulmonary
parenchymal and non-metaplastic bronchial changes are presented
in table 8. Goblet cell distention, alveolar septal rupture, thickened
bronchial epithelium, and mucous gland hypertrophy have been
found to be more frequent in smokers than in nonsmokers. Auer-
bach, et al. (77) noted a dose-response relationship between the
amount of smoking and the degree of septal rupture.

Anderson, et al. (4, 3) studied the difference in the type of
emphysema shown by smokers and nonsmokers. In their study,
listed in table 8, they noted that the group of patients with panlobu-
lar emphysema was comprised of equal numbers of smokers and
nonsmokers while of patients with centrilobular emphysema, 98
percent were smokers. More recently, the same authors studied
lung macrosections from &0 nonsmokers. While most were normal,
24 demonstrated parenchymal dilatation and disruption consistent
with panlobular emphysema. Thurlbeck, et al.’ (217) have also ob-
served that centrilobular emphysema rarely occurs in nonsmokers.
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TABLE 8,—Studies concerning the relation of human pulmonary histology and smoking?
{(Actual number of deaths shown {n parcentheses)

SM = Smokers.

N8 = Nonsmokers

Avthor,
year, Number and
country, typeof Results Comments
refcrence population
Chang, 62 males and 43 Distention of goblet cells (by percent of smoking gyroup) The authors alse notwl
1957, femnles sutopsied 1 0f Maost of thot amokers’ Jungsy
U.S.A,, within & hours of None Few 14 of surface surface surface Whole aurface showed shorter cilin
Korea death (nodata NS({22) . 136 22.7 31.8 22,7 9.1 . and thicker epithelium
(47). avoilable on case SM(49) . 12.2 10.2 10.2 18.4 265 22.6 {20 pereent nonumokors
selection), and 36 pereent smokers
had respirutory disense.)
Ide et al, 93 males autopsied Mean thickness of trachcal and Mean eiliary height in trachea No cigar or pipe
1959, within 6 hours of bronchial epitheliune (u) in and bronchus on cigarctte smokers were included.
U.S.A. death, No cases cigarctte smokere und nonamokcrs amokcrg and nongmokers
(129), of pneumonia Trachea Bronchus Trachca Hronchus
or lung discase NS(23) 52.8 47.7 (23) 6.39 5.93
included. ‘Light (31) e, G200 57.5 (29) 5.62 5.49
Heavy(10) ............., 66.2 819 (10} 4.89 4.66
Auerbach 654 males over Agc-standurdized pereentuge distribution of subjects The authors alyo noted o
et al, 60 years of age according to degrec of rupture of the alveolar acplums dose-redpouse relativn-
1963, autopsied at Degree of rupture 0-0.25 0.5-0.75 1.0-1.25 1.5~1.78 2.0-2.25 £.5-3.00  ahip between smoking
U.S.A. East Orange Never smoked I T I | 50.6 24.9 3.6 1.6 and degree of rupture.
(7). V A Hospital, Current cigarette 4 5.1 16.2 3%.2 30.1  tNone had ever sraokid
{Current cigar 246 45,4 26.2 3.8 cignrettes regularly,
tCurrent pipe . oo 2n0 540 15.9 2.2 ..
Curront pipe, cignr 4.8 1.6 .5 33.6 7.6 .
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TauLE 8. —Studics concerning tho relution of human pulmonary histology und smoking (cont.)
(Actunl number of deuths shown in parentheses)

SM = Smokery. NS == Nonsmokers

Author,
yoar, Number and
country, typeof Resulta Commenta
reference population
Anderson 30 malew and Severity of emphyscma (mcan degree) The authors also noted that:
et al., 32 females Malcs Fomalea Every person showing ses
1964, (Caucasians) NS} ittt iie i 1.5 L (20 1.0 vere disense was namoker,
U.S.A. undergoing SMU3E) +vvveeenesininnecaeanans z.s}‘“”"‘”'r‘““” (12) 1.0} (<O 4 monk those with panlobu
(5). rouline autupsy lar emphysems, there way
{40-97 ycars an e¢qual distribution of
of Bge.) smokery and nunsmokers
while among those with
centrilubulur cmpliysema
98 pereent were smokery
and only 2 pereent were
nonymokers.
Anderson 107 mbnles and Percentage distribution of Mcan scurrity of emphyscma
ctal, 58 fematdes tobacco uscra in 165 necropaics Mean Statistical
1966, autopsied for Ly degrec of emphysema scverily Category Severity  Significance
U.S.A. whom smoking None . 36 (12/33) SM (114) 2.3
6. data was Mild ceeieo. 69 (BB/BAY O NS(S1) sieeieriininnn 0.9 ((P<0-00D)
available, Moderate ............0 91 (30/33) Male{107) ..o viiiiiiirinienes 22
Severe ueriiiiiiinn.. 93 (14/15)  Female(53) ...... . . 1a((p<O00D
Never smoked ...vvh e 09
<20 cigarettes/day . ...avaaan 1.9
20-40 cigarcttes/doy . oouove. 24
>40 cigarcttes/day ... .. . 2.3
Megahed 50 male patients Mucous gland hypertrophy
et al., with chronic Pereent
1867, bronchitis under- NS i e 29 (2/7)
Egypt guing bronchial SM 71 (33/43)} (p<0.02)
(162), biupsy and

Invage.
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TABLE 8.—Studies concerning the relation of human pubnonary histology and smoking (cont.)

(Actual number of deaths ahown in parentheses)

SM = Smokers, NS = Nonsmokers
Author,
year, Number and
country, type of Results Comments
reference population

Auverbach 562 raales au-

Daproc of trachcal and bromchial arteriolar thickening
{by peroentage of smokcrs)

et al, topsied at East

1968, Orange VA 0.00.3 0.5-0.0 1.0~14 1.56-1.9 2.04

U.S.A. Hospital. Never smoked (122) ...........ccovvve... 461 39.3 13.3 1.3 ..

(14). <20 cigarettes/day (120) PR § 22.0 33.6 28.4 44
20-40 cigarettes/day (2564) .. v B0 8.6 374 40.9 8.1
>40 cigarcites/day (66) ..........vvivuin, 13 1.4 31.6 45.3 206

! Numerous experiments detailing changes in bronchial epithelium are detniled tabularly in the Cancer chapter.



EXPERIMENTAL STUDIES

ANIMAL STUDIES

A number of investigators have studied the effect of the inhala-
tion of cigarette smoke on the macroscopic and microscopic strue-
ture of the tracheobronchial tree and pulmonary parenchyma of
animals. Studies dealing with metaplasia and cellular atypism of
the trachea and bronchi are listed in table A16 of the cancer chap-
ter. Studies more directly concerned with the pathology of COPD
are listed in table 9. They show that cigarette smoke exposure is
associated with changes similar to those found in humans with
COPD, i.e., bronchitis, parenchymal disruption, alveolar septal
rupture, alveolar space dilatation, and the loss of cilia and ciliated
cells in the bronchial mucosa.

The investigations of Auerbach and his coworkers (15, 16, 88)
have demonstrated by the use of both light and electron microscopy
that dogs who inhale cigarette smoke through tracheostomas de-
velop progressively more severe lesions of the bronchi and paren-
chyma with increased exposure to cigarette smoke. In electron
microscopic studies of specimens taken from the lungs of dogs thus
exposed to cigarette smoke, the following changes were observed:
In 5 dogs sacrificed after only 44 days of smoking exposure, there
was a proliferation of goblet cells as well as a partial loss of cilia
in the lining cells, and in 5 dogs sacrificed after 420 days or more of
exposure, the number of cell layers in the bronchial epithelium was
found to be twice that of the nonsmoking dogs. Goblet cells and
ciliated columnar cells were no longer present ; instead, the surface
was lined with columnar and cuboidal cells with stubby projections
in place of cilia. Mitotic figures were frequently observed in the
basal cells. These findings may be relevant to carcinogenesis as
well as to the development of COPD.

In a long-term experiment, carried out by the same group, dogs
were exposed to varying doses of cigaretfe smoke. Details of the
experimental procedure have been outlined in the section on Pul-
monary Carcinogenesis. The animals were separated into non-
smoker, filter-tip cigarette, nonfilter-light, and nonfilter-heavy ex-
posure groups. The dogs were “smoked” for 875 days, or approxi-
mately 29 months. The animals which died during the experiment
and the animals sacrificed after day 875 were examined for pgl—

. monary parenchvmal changes as well as for bronchial epithe.hal
alterations. As seen in figures 1 and 2, dose-related pathological
changes, including fibrosis and emphysema, were found in th‘e lung
parenchyma of the exposed dogs. These changes were similar to
those seen in the lungs of humans with COPD.
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TABLE 9.—Ezperinients concerning the effect of the inhalation of cigarette smoke upon the tracheo-bronchial tree and pulnonary

parenchyma of animals’
(Actua} number of animals shown in parentheses)

Author, A. Type of
year, Animal exposure
country, and B. Duration Results
reference strain C. Material
Leuchten- 603 CF| A. Inhalation, Number of mice showing specificd changes
berger, female mice. B. Up to 8 ciga- Number Number
et al., rettes/day for Months of of No Mild Scverc bronehitis
1960, up to 2 years. exposure cigarcttes mice change bronchitia with atypiam
U.S.A, C. Cigarette smoke, 0 0 160 146 2 2 (noatypism}
{182). 1-3 100-200 36 20 9 7
4-8 260-500 36 19 10 7
3-23 600-1600 34 19 1 8
1-23 26-1526 151 88 33 30
Hollund 60 rabbits, A. Inhalation, Cytology of trachcobronchial mucosa
ot al., B. Up w 20 ciga~ Generalized Generalized
1963, rettes/dny for Normal Focal hyperplasis hyperplasia cnphyacme
(123). 2.5, Controls (30121730 6/30 3/30 1/30
C. “"Normal ciga- Exposed e (30) 7730 10/30 8/30 11/39
rette smoke'’,
Hernandez  Adult Grey- A, Inhalation. Mean Mcean
et al, bound B. Twice daily/ Number of Tnumber of purenchymal Groups
16 dogs. 5 per week, gectiona months disruptivn/doy compured Hovalue
U.S.A. C. Cigarette 1. Controls (8)y112 .. 07150 1-111 inyigniticant
(rry. smoke, 1. All exposed (15}205 10.50 093813 11-1 insigniticant
111, Exposed <! year ..... (7) 98 4.60 0.6421 -1V p <0.05
IV. Exposed >1 year ..,... (8)107 14,74 1.2350 1v-1 p <0,02
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TABLE 9.—Experiments concerning the effect of the inhalation of cigarcite smoke upon the tracheo-bronchial tree and pulmonary

parenciuyma of antmals' (cont.)
{Actual number of animals shown in poaventheses)

Author, A, Type of
year, Animal CxXposuTe
country, and 3. Duration Results
reference strain C. Material
Aucrbach Beagle dogs. A. Active inhalation Controls ....{(10)—Nop cvidence of pulmonary fibrosis or septal rupture.
ctal, viu tracheonstomy, Exposed L(10) =Farly (sacrificed) :
1967, B. Up to 12 cigarettes 1. Alvevlur spnce dilotation,
U.S.A. per day for up 2. Pad-like sttachments 10 aiveolar septa.
{15, 16}, to 423 days., Medium exposurc: Seplal wall thickening.
C. Cigaretle smoke. Latcst cxposurc:
1. Focal subpleural pulmonary fibrosis.
2. Ruptured nlveolar sxepta,
3. Granulomata.
Frasca Beagle dogs. A, Activeinhalation Electron microscopic results:
et al, via tracheostomy. After 44 days ~ Increased number of goblet cells.
19608, B, Up tu 12 cigarettes Decreased number of ¢ilin un surface lining cells,
U.S.A. per day for up After 420 days— Increased number of epithelinl cell jayevs.
(88). to 423 days. Loss ol ciliated columnar cells.

C. Cigavette smoke.

Frequent interruptions in busement membyane,

! Numerous eaperiments detniling changes in bronchinl epithelium are detailed tabularly in the Cancer Chapter.
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SOURCES: Hammond, et al. (104).

Several investigative groups have exposed rodents to various
ambient concentrations of nitrogen dioxide over prolonged periods
of time. This gas is found in cigarette smoke and in some indus-
trially polluted air. The results of these studies are outlined in
table A10. It is clear that chronic exposure to low levels of NO, is
capable of inducing lesions in the bronchial tree although the rela-
tionship between these changes, cigarette smoking, and the devel—
opment of COPD remains to be determined.

Rosenkrantz, et al. (196, 197) have recently undertaken experi-
ments dealing with pulmonary cellular metabolism. They exposed
Swiss albino mice to cigarette smoke or its vapor phase for varying
lengths of time. On autopsy, animals exposed to cigarette smoke
showed elevations in the levels of lung DNA, lactate, and glycogen
which the authors conclude reflect hyperplasia and macrophage
infiltration. Similarly, a dose-related increase in lung hydroxypro-
line was observed. This was considered to be due to increased fi-

broblastic collagen synthesis.
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Aviado and coworkers have performed a series of experiments
on live animals and in heart-lung preparations to study the effect
of cigarette smoke on pulmonary physiology and structure (18, 19,
20, 21, 22, 179, 180, 199, 200, 201, 202). The authors observed that
cigarette smoke causes acute bronchoconstriction both by the re-
lease of histamine and the stimulation of parasympathetic nerve
pathways in the lung. Bronchial arterial injections of nicotine were
found to cause reactions similar to those observed after cigarette
smoke inhalation. The bronchoconstriction was usually followed by
bronchodilatation which the authors attributed to sympathetic
stimulation. As mentioned in the Chapter on Cardiovascular Dis-
eases, nicotine has been shown to induce the release of catechola-
mines.

Experiments by Aviado and coworkers as well as other authors
(66, 99) using guinea pigs showed that exposure to cigarette
smoke was associated with increased bronchopulmonary resistance
and decreased pulmonary compliance. The authors related these
changes to the bronchoconstriction of terminal ventilatory units.
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Similar experiments in dogs showed that the increase in resistance
following either cigarette smoke exposure or intravenous nicotine
could be blocked by pretreatment with atropine. As a parasympa-
thetic blocker, atropine would decrease the acute bronchoconstric-
tive phase.

Most recently, Aviado and his colleagues (20, 130) have at-
tempted to induce physiologic and anatomic changes similar to
those found in the lungs of patients with emphysema. They ex-
posed male rats to cigarette smoke, the introduction of the enzyme
papain, as well as to partial tracheal ligation. In 10 rats exposed
to cigarette smoke twice daily for 30 minutes over a period of 10
weeks, no changes in pulmonary compliance or resistance were
noted. Also, no abnormal histological changes were observed in the
group exposed only to cigarette smoke. However, animals who
underwent tracheal ligation as well as smoke exposure showed in-
creased numbers of enlarged air spaces and increased pulmonary
resistance when compared with animals who underwent only
tracheal ligation.

STUDIES IN HUMANS

The acute effects of cigarette smoke inhalation on bronchopul-
monary function in man have been investigated by a number of
workers. The results of these studies are presented in table 11. The
majority of studies, particularly the more recent ones, found that
the inhalation of cigarette smoke is associated with an acute in-
crease in pulmonary resistance and a decrease in pulmonary com-
pliance. Chapman (48) also observed decreases in pulmonary dif-
fusing capacity and arterial Q. tension. Chiang and Wang (51)
noted changes in nitrogen washout time and alveolar dilution fac-
tor, alterations which reflect impaired alveolar ventilation and gas
mixing.

James (121) examined the effect of prior smoking on the mul-
tiple breath nitrogen washout test in 41 pneumoconiotic miners and
5 normal young males. Prior smoking of a cigarette in the subject’s-
normal manner was found to adversely affect the indices of dis-
tribution in 20 percent of the miners and in all of the 5 normals
who smoked within one hour of testing. The author suggests that
smoking be prohibited prior to any series of pulmonary function
studies.

Anderson and Williams (9) studied the acute effect of ecigarette
smoke inhalation upon the ventilation-perfusion (V/Q) measure-
ments in the lung in normals and in patients with COPD. Cigarette
smoking was observed to cause acute changes in the V/Q measure-
ments, and the COPD patients were found to be particularly liable
to these changes. '
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Finally, Robertson, et al. (194) studied the effect of unfiltered
and filtered cigarette smoke and cigar smoke upon bronchial re-
activity in 19 of the most reactive persons in a group of 91 heavy
smokers. They observed that bronchial reactivity was significantly
reduced by increasing the retention efficiency of the filter and that
reactivity to inhaled cigar tobacco was no less than that to cigarette
smoke. They concluded that differences in inhalation account for
the difference in COPD prevalence observed between cigarette and
cigar smokers,

STUDIES CONCERNING PULMONARY CLEARANCE

Overall Clearance

The ability of the Inng to rid itself of inhaled particles that can-
not be easily exhaled is dependent upon a number of physiologic
mechanisms including ciliary activity, the mucous sheath, and the
pulmonary alveolar macrophage. Studies concerning the effect of
human cigarette smoking and the exposure of animals to cigarette
smoke on this elearance system are presented in table A13. LaBelle,
et al. (145) and Bair and Dilley (23) observed no change in clear-
ance following the exposure of rats, rabbits, or dogs to cigaretie
smoke. The latter authors noted, however, that normal clearance
rates obtained prior to smoking were too low to reflect any sig-
nificant change except complete cessation.

Albert, et al. (3) exposed donkeys to cigarette smoke via nasal
catheter and observed impairment of clearance times. Holma (125)
obtained similar results in rabbits.

In a related study, Albert, et al. (2) studied the bronchial clear-
ance times of 9 nonsmokers and 14 cigarette smokers in a total pop-
ulation of 36 subjects. The rates of bronchial clearance were slower
on the average in the cigarette smokers when compared with the
nonsmokers, although a wide variation was present in each group.
In relation to their study mentioned above, they also noted that the
shape of the whole lung clearance curves seen in smokers (with
markedly prolonged 50 percent clearance times) was similar to that
developed in the donkey following acute exposures to sulfur dioxide
or cigarette smoke.

Ciliary Function

Numerous experiments have shown that cigarette smoke or cer-
tain constituents of cigarette smoke adversely affect and can even
bring about a cessation of ciliary activity in respiratory epithelium
in vivo and in vitro in cultures of ciliated microorganisms. The re-
sults of a number of these experiments are presented in table 12.
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Ciliary activity has been shown to be affected by particulate matter
as well as by the gas phase components of cigarette smoke. The rel-
ative importance of these two large classes of components of smoke
in producing ciliastasis is presently a matter of some discussion.
Dathamn and Rylander (68, 64) consider the particulate phase to
be of greater importance while Battista and Kensler (28, 29) con-
clude that gas phase components are more important in the induc-
tion of ciliastasis. '

Studies investigating the effect of cigarette smoke on the
morphology of the tracheobronchial tree in animals have noted a
decrease or absence in the number of cilia in smoke-exposed ani-
mals. Recently, Kennedy and Elliot (71384) studied the effect of the
direct exposure of cigarette srhoke upon the electron microscopic
structure of protozoan mitochondria. After 42 minutes of exposure
to mainstream smoke, they noted destruction of the internal mem-
brane structure of the mitochondria.

Thus, cigarette smoke has been shown to be toxic to ciliary fune-
tion by pathological (including electron microscopic) and physio-
logical methods.

Phagocytosis

The effect of cigarette smoke upon pulmonary alveolar phago-
cytosis, one part of the clearance mechanism, has been studied by
several authors. Masin and Masin (I62) observed increased varia-
tion in the size of lipid inclusions in sputum macrophages obtained
from smokers as compared to those obtained from nonsmokers.
They attributed these differences to a combined effect of irritation
of the alveolar lining, increased turnover of alveolar cells, and in-
creased injury to the macrophages. Green and Carolin (96) noted
that cigarette smoke inhibited the ability of rabbit alveolar macro-
phages to clear cultures of S. aureus. This effect was noticeably
reduced by filtration. Similarly, Yeager (239) exposed rabbit
alveolar macrophages which had been induced by M. bovis to cigar—
ette smoke and observed a dose-dependent decrease in protein syn-
thesis. This alteration occurred at smoke solution concentrations
that did not affect cell viability. The alteration was only partly re-
versible and was due mainly to gas phase components. Myrvik and
Evans (175) observed similar protein synthesis alterations in
macrophages exposed to NO..

Roque and Pickren (195) obtained alveolar macrophages at
thoracotomy from 17 smokers and 4 nonsmokers. They found a
decrease in the activity of oxidoreductases and hydrolases in the
macrophages of smokers. The reduction in the enzymatic activity
was directly proportional to the amount of stored fluorescent ma-
terial present in the macrophages. This material was thought to
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TABLE 11.—Expcriments concerning the acute
g

effect of cigarette smoke inhalation on hwman pulmonary function

Author, A. Mcthod !
yuear, Number and B. Materinl ?
country, type of C. Duration of Resulta Commenta
reference populstion smoking
Bickerman 1. 66 male and A. Pulmonary Vital capacity (VC) Mazimal breathing capacity 9/91 patients showed

and 25 female function, 1. 10/91 decrease, 10/91 decrease. VYCincresae due to
Barach, patients B. 3 cigarettes, II. No significant change. No significant change. clearance of secere-
1954, with chronic C. 30 minutes, tions, All mild or
U.8.A. nontuberculous moderate smokers,
(81). respiratory

discuses

(avernge age

50).

II. 20 maleand

7T female

normal sub-

jecta (average

age 20).

Elch, I. 81 paticnts with A. Esophageal balloon Mecan airway resistance Mean airway compliance

et al, obstructive technlique to 1. Statisticoally significant No change.
1957, pulinonary mensure pulmonary Increuse.
US.A, emphyscma, complinnce ond 11, No chnnge, No change.
(78). U, 14 normal resistance. 111, No change, No change.

subjecty, B. 1 cigarette.

IIL. 5 paticnts with C. Undefined.
respiratory
complaints.

All habitual
smokers.




TABLE 11.—Luxperiments concerning the acute cffcet of clgarctie smoke inhalation on human pulmonary function (cont.)

Author, A. Method?
yeur, Number and B. Muterial!
country, typeof C, Duration of Results Comments
reference population smoking
Attinger 1. 20 normal A. Esophagal balloon I. No change. No change.
ot al,, subjuets technique to measure
1938, (19 Sm, pulmunary compliance
U.S.A. 10 NS). and resistance.
(13). I1. 34 puaticnts with B. 1-4 cigarettles, 1l. Expiratory resistance rose No change,

various discases;
9 rheumatic heart
diseases, 8 pul-
monary emphy-
semn, 7 asthma,
5 pulmonary
fibrosis,

5 undefined.

C. 10 minute interval
between
cigarettes,

significantly only nmong
patients with
emphysema,

Motley and

125 males and

A. Pulmonary

41 smokers Pulmonary ¢ompliance

Various groups of

Kuzman, 16 femules function. (3 normals, normals and cordios
1058, (24-70 years of B. 2 cigarettes. 33 patients Significant decrcase after pulmonnry patients
U.S.A. age—normals C. Undefinel. with cardio- smoking. showed little or no
(174). and patients), pulmanary chonge in arterial
discase). pQ, during exercise
and at reat fullows
ing cigarette smoke
nbnlation.

Nudel and I. 22 patients with A, Body plethy- Afrway conductance/thoracic gas volume Nicotine bitartrate
Coumroe, cardiepulmonary smography, I. 18/22 significant decrease (inhibited Ly pretreatment acrosol evoked no
1961, discase—~all B. 15 puffs. with isoproterenol ucrosvl), change.

U.SA. smokers, C. 5 minutes. II. 31/36 significant decrcase (inhibited by pretreatment
(178), IT, 36 normals {21 isoproterenol acrosol).

smokers, 15
nonsmokers).
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TABLE 11K rperiments concerning the acute effect of cigurette smoke fnfadution o fnonan pulmanary funelion (conl.)

Authour, A, Method t
yenr, Number and 5. Muterind?
country, type ot C, Duration ot Resulte Communts
reference population umoklng o

Stmanason, L ¥ mule nnd 7 AL Pulmonnry Mun FEV, o Mean FRY, o Nowlgnificant ehnnges
15, fennlo normals funetlan, {(Onmedintely nfter) {45 minutng tater) ohaerved in VLY /VE,
Bwoden, {muat vmokern), B, 12 elgnrettvy, 1. Slgnlfleant deerease. Naslgniliennt decreuse.

(to7). 1116 mnde nud 1 C. 6-0 minutes 11, Signiticont deerense, Significunt decrenne,
fomale pulmonary por clrnretie,
dixcise patlents
{must smokers) .

Zamel I. 8 mnlenand ¢ A. Body plethye Airway resistance
ctol, female nonsmokers, smography. I. Significant increase,
1063, I11. 8§ maleand 6 B. 1l cigaretie, 11, Significant {ncrense.
England, femnle smokers C., Undefined,

(240), (18-32 yenrs
of age.)

Chapman, I. 12 normel A. Pulmonary function 1. All showed a decrcase in diffusing capacity,
19635, volunteers Arteriul hlood 11, 4/6-—yignificant decrease in arterial 02 tension,
Ircland (all smokers). atudies. No change in vital capacity or FEV.
{48). 11. 6 patients with B. 1 cigoretie,

chronic non- C. Undefined.
apecific lung
disease,

McDermott I. 32 normals. A. Body plethy- Mcan airway resiatance Light amokcrs showed
and 11. 28 with chronle smography, 1. Significant incerease. greater changes than
Collins, bronchitia B. Cigarette. 11, Siguificant increase. heavy smokers,
1965, (Al ciga- C. Undefined.

Wales rette smokers
(160}, 3560 years

of age.)
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TABLE 11.—Ezperiments concerning the acute ¢ffect of cigaretie smoke inhalation on human pulmonary function (cont.)

Author, A.Mcthod?

year, Number and B. Material?
country, type of C. Duration of Results Commenta
reference population smoking

Miller and 10 normal A. Esophsgenl balloon Dynamic Ingpiratory and
Sproule, cignrette technique. FEV, ¢ compliance expiratory rcatatance
1966, smokers B. 1 cigarette. No significant Significont Significant
U.S.A, (40 years C. One inhalation change decrease, incrense
(166). of age}. every 30-60

seconds,

Sterling, 11 normal adults A. Body plethy- Airway resigtance
1067, (B smokers, smography. Significant increase {Return
England 3 nonsmokers), B. 15 inhalations. to normal in 80 minutes).

(210). C. § minutes,

Chiang and 7 male normal A. Pulmonsary function Nitrogen washout Lung clearance Alveolar dilution All lung volumcs,
Wang, nonsmokers Nitrogen washout. time indcx factor except for residual
1970, (18-43 years B. 2 cigarettes. Significant Significant Significant volume showed no
Formosa of age). C. Undefined. increase. increase. decreuse. significant ¢hange.
(61}, No sixnificunt

chunge in uny of
the low rates,

Guyatt 710 subjects; A. Body plethy- Bronchoconalriction On the aversge, nuns
et al, 508 smoked amography. Significant increase with smoking. smokers and ex-asmokors
1970, between mens- B. 1 cigarette. showed bronchudilation
England urce 202 C. Undefined. and smokers showed
(100}, did not emoke.

bronchoconstrictivn,
The nuthors pustulate
that the result nmong
nonsmokers is duo to
the relense of adrenal
hoymones in these sub-
jects.

? All the experiments listed concern studies of pulmonary function be-
fore and after smoking the epecified number of cigarettes {unless other-

wise specified).
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TABLE 12.—FEzperiments concerning the c¢ffcct of cigurctte smoke on human and animal pulmonary clearance
Author,
year,

country, Subjects Mecthod
reference

Rewults Commenta

Laurenti Swisa-Wobster Mice exposed to Significant incrense in 8. aurcus retention in mice exposed to:

ct al, male mice, aerosol of S. aurcus {n) hypuxia—rctention ratio 2.5 (10 percent 02).
1963, and sacrificed at (L) cigarctte smoke—retention ratio 4.5,
U.8.A. fntervals following
(149}, exposure to various
stimuli,
LsaBelle Albinoe female Silver ivdide or 17-30 hours ul exposure to cigarctle smoke coused no change in pulmonary
et sl, rabbits. colloidnl gold clenrance a3 cumpared with controls Lreathing room air.
1966, intratracheally,
U.S.A.
(143).
Baiy and Sprague-Dawley Radioactive aerosol. Acute exposure to cignrette smoke had no gross effect on clearance. Chronie
Dilley, female rata, exposure to cigarclte smoke (up to 18-20 cigarettes/7 bour day/5 day week
1967, male beagle dogs.  Radioactive aerosol. for up to 420 days) had no obscevable cfTects, The authors noted, however,
US.A, that normal clearance ratcs were too low to reflect anything but complete
(£3). cessation.
50 percent 90 percent + Approximate values.
clearance clecarance  Noneof 9 nonsmokers
Albert 36 subjects Radionctive tagged Number of  Average time time had 50 percent times
et al., undergoing 117 I"‘e()2 particles subjects age (minutcs) {mrnufces) over 200 minutes or
1969, experiments. measured with Nonsmokers .......ovvvevene 8 28 88 3587 90 pereent times over
U.S.A. Scintillation All smokers e, R V') 33 172 1406 600 minutes while
(2). counter, 20-29 cigarettes/day ..uhinn 1 29 181 1519 6/14 smokers exceeded
30~40 cignrettes/day ...... .. 1 36 163 t474 both these limits,
Uranium miners ... ........ 3 62 310 580
Cigar and pipe smokers e 4 46 87 316
Emphysemun patients ......... 2 66 330 5675
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TABLE 12.~—Ezperiments concerning the effect of cigarette smoke on human and animal pulmonary clearance (cont.)

Author,
Year,
country, Subjects Method Reaults Comments
reference
Albert Donkeys exposed Redioactive tagged Average Trachael tranait Those donkeys cxposed
et al, to cigarette Fco._, particles number time to the greatest
1969, smoke by nasal measured with cigarettes in Percent clearance Halftime clearance amount of smoke
U.5.A. catheter. Scintillation 2-hour period  Control  Cigarctte Control Ciparette Control Cigarctte showed residunl
{2), counter. 18-24 58 s} 1.2 1.9 0.6 1.2 impairment of
36 58 64 1.0 34 04 6.8 clearance for at least
2 monthy after acute
exposure.
Holma, Rabbits Cr®! monodisperse Exposure to fresh cigarctte smoke (1.5 cc. puffs, 40 puffa/8 minutes) caused
1969, (ancsthetized), polystyrene & “‘significant’ increase in lung retention 10 minutes following cessation of
U.S.A, aerogol, exposure.
(125).




originate in tobacco smoke. The authors suggested that the tobacco
smoke may have induced abnormalities in the mitochondria of the
macrophage. In a study of pulmonary macrophages harvested by
endobronchial lavage from smokers and nonsmokers, Pratt, et al.
(187) observed that the macrophages of smokers contained an ab-
normal pigment.

These studies indicate that the function of pulmonary clearance
carried on by the macrophage and ciliary systems is adversely af-
fected by cigarette smoke.

STUDIES CONCERNING THE SURFACTANT SYSTEM

The surfactant system of the lung consists of various biologically
active compounds such as phospholipids and mucopolysaccharides
which are present in the alveolar lining. Norma)] pulmonary fune-
tion is influenced and partly determined by the integrity of this
system (203). The purpose of the surfactant system is to main-
tain the proper amount of surface tension in the alveoli so that the
expansion and contraction of the alveoli are facilitated.

Studies concerning the effect of cigarette smoke upon the sur-
factant system and the surface tension of the pulmonary alveoli
are presented in table A14. Exposure of rat and dog lung extracts
to cigarette smoke has been found to induce a notable decrease in
the maximal surface tension demonstrated by the extracts (94,
165, 224). Cook and Webb (57) observed that surfactant activity
was diminished in smokers and in patients with pulmonary disease
when compared with healthy nonsmokers.

Scarpelli (203) in a recent review, concluded that the lowering
of maximal surface tension by cigarette smoke has been demon-
strated reasonably well. The relationship of these findings to the
pathogenesis of emphysema is unclear at this time.

OTHER RESPIRATORY DISORDERS

INFECTIOUS RESPIRATORY DISEASES

Several studies have examined the question of whether ciga-
rette smokers are at an increased risk of developing infectious res-
piratory and bronchopulmonary disease. Table Al5 presents a
summary of these studies. Lowe (157) observed an excess of
smokers among 705 tuberculosis patients, but Brown and Campbell
(48) in a similar study found that the difference was not present
when the cases and controls were matched for aleohol intake. More
recent studies have been concerned with the frequency of upper
respiratory infections among groups of smokers and nonsmokers.
A number of investigators (108, 181, 183) have reported increased
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rates of respiratory illnesses among smokers, Finklea, et al. {83)
studied a male college population (prospectively) during the
1968-69 influenza epidemic. They found that smokers of all amounts
experienced more clinical illness than did nonsmokers and that this
relation was dose-dependent. Similarly, smokers required more bed
rest than nonsmokers.

A survey conducted by the National Center for Health Statistics
(220), involving approximately 134,000 persons, showed that male
cigarette smokers reported 54 percent more cases of acute bron-
chitis than males who had never smoked cigarettes, while female
smokers reported 74 percent more acute bronchitis than did females
who had never smoked. Male cigarette smokers reported 22 percent
more cases of influenza than did males who had never smoked cigar-
ettes, while the female smokers reported an excess of 9 percent.

Experimental evidence in support of this relationship has been
noted by Spurgash, et al. (211). Mice were challenged with
Klebsiella pneumoniae or Diplococcus pneumoniae before or after
a single exposure to cigarette smoke. They observed that those ani-
mals exposed to smoke exhibited a decrease in resistance to respira-
tory infection, as shown by an increase in mortality and a decrease
in survival time. Preexposure to cigarette smoke was found to have
no significant effect on resistance of mice to influenza infection
initiated by zerosol exposure. However, exposure of infected mice
to smoke resulted in significantly higher mortality, thus suggest-
ing that cigarette smoke can aggravate an existing respiratory
viral infection.

In the light of the experimental evidence presented above con-
cerning the effect of cigarette smoke on pulmonary clearance,
phagocytosis, and ciliary function, it seems reasonable to conclude
that such changes in tracheobronchial physiologic function would
predispose a person to respiratory infections or aggravate already
existing ones. :

Further evidence is derived from the work of Henry, et al. (109)
and Ehrlich, et al. (75). These investigators exposed squirrel
monkeys to atmospheres containing 10 and 5 p.p.m. of nifrogen
dioxide. They observed that this exposure increased the suscepti-
bility of the animals to airborne Klebsielle pneumoniae as demon-
strated by increased mortality and reduced lung clearance of viable
bacteria. Infectious challenge with influenza virus 24 hours before
exposure to 10 p.p.m. was fatal to all monkeys within three days.
Infected controls showed symptoms of viral infection but did not
succumb to the infection. The extent to which the various oxides of
nitrogen present in cigarette smoke contribute to the increased sus-
ceptibility to respiratory disease noted in smokers is presently

undefined.
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POSTOPERATIVE COMPLICATIONS

Several studies have been published which examine the questions
of whether smokers run an increased risk of developing postopera-
tive pulmonary complications over nonsmokers undergoing similar
operations.

Morton (173) reported on a study of more than 1,100 patients
undergoing abdominal operations in which he found that cigarette
and mixed smokers were significantly more likely to develop bron-
chitis, bronchopneumonia, or atelectasis during the postoperative
period than nonsmokers (table A16).

Wiklander and Norlin (229) examined the incidence of post-
operative complications in 200 patients undergoing laparotomy in
the winter months when it was expected that pulmonary compli-
cations would be at their maximum. These authors found no sig-
nificant differences between the frequency of complications in
smokers and nonsmokers. No information about the definition of
a smoker and no data on dosage of tobacco smoke were reported.

Piper (186) observed the prevalence of postoperative pulmonary
complications in 150 patients undergoing laparotomy. Of the total
sample, 66.7 percent developed pulmonary complications during
the first postoperative week. All patients considered in the statis-
tical analysis as having pulmonary complications had radiographic
evidence of disease. Of the cigarette smokers, 73.5 percent had
complications as compared to 55.5 percent of the nonsmokers.
YWhen the smokers were divided according to dosage, heavy smok-
ers being those consuming more than 10 cigarettes per day for the
previous six months, 55 percent of light smokers and 88 percent
of heavy smokers were considered to have postoperative compli-
cations. Piper also reported that stopping smoking for up to four
days preoperatively had no apparent effect on the incidence of
complications.

Wightman (228) reported on the incidence of postoperative pul-
monary complications in 455 patients undergoing abdominal oper--
ations and in 330 patients undergoing other operations. Of the
cigarette smokers, 14.8 percent developed complications as com-
pared to 6.3 percent of the nonsmokers. The substantial difference
between these figures and those of Piper (186) is due to the latter’s
use of radiographic criteria alone. Wightman utilized only clinical
criteria.

Morton (172) has recently reported a study of postoperative
hypoxemia in 10 patients, 5 of whom were cigarette smokers. Four
of the smokers had chronic bronchitis. He found that the smokers
had a more pronounced decrease in arterial oxygen saturation, per-
sisting into the second postoperative day (table A17).
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