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Introduction

The Health Consequences of Smoking

Smoking has adverse health effects on the entire
lung—affecting every aspect of lung structure and
function—including impairing lung defenses against
infection and causing the sustained lung injury that
leads to chronic obstructive pulmonary disease
(COPD). In fact, among the postulated causes of COPD
are acute respiratory infections, for which smokers are
at an increased risk. This chapter addresses smoking
and acute and chronic respiratory diseases other than
lung cancer (see Chapter 2, “Cancer”), and discusses

Acute Respiratory Illnesses

the relevant evidence of the underlying mechanisms.
COPD was the focus of the 1984 Surgeon General’s
report (U.S. Department of Health and Human Ser-
vices [USDHHS] 1984), and a number of previous re-
ports have addressed acute respiratory infections,
which can range in severity from minor to fatal. This
chapter emphasizes acute respiratory illnesses and
COPD, which are leading causes of morbidity and
mortality in the United States and worldwide.

Acute respiratory illnesses are presumed to have
an infection as the predominant underlying cause.
Smoking might act to increase the frequency or sever-
ity of infections. In this section, acute respiratory in-
fections are examined separately for persons with and
without smoking-related chronic obstructive lung dis-
eases (COLDs), because patients with smoking-related
diseases have frequent exacerbations of their under-
lying diseases. Whenever possible, effects of smoking
that increase the incidence of disease are distinguished
from effects that relate to the severity of the disease.

A MEDLINE search was conducted to identify
relevant studies published between 1966 and 2000. To
identify studies focusing on the biologic basis of and
the evidence linking smoking and acute respiratory
infections in persons without COPD, the following
Medical Subject Headings (MeSH) terms were
searched: “respiratory tract infections” and “smoking,”
“respiratory tract infections” and “immunology,”
“smoking” and “immunology,” “nicotine” and
“immunology,” and “smoking” and “respiratory tract
infections” and “epidemiology.” To identify studies
focusing on smoking and acute respiratory infections
accompanied by COPD and asthma, the MeSH term
“lung diseases, obstructive” was searched in combi-
nation with multiple key words: “antibiotic(s),”
“respiratory infection(s),” “respiratory tract in-
fection(s),” “infection(s),” “Tecumseh,” “immuniza-
tion,” and “immunotherapy.” The MeSH terms

“pbronchitis” and “asthma” were also searched in con-
junction with the above key words. The searches were
then repeated substituting the key words “COPD,”
“chronic obstructive pulmonary disease,” “asthma,”
“chronic bronchitis,” and “acute bronchitis.” The
Cochrane database was also searched. All searches
included a hand search of bibliographies and authors’
files.

Acute respiratory illnesses are usually divided
into those that include the upper respiratory tract (nose
and pharynx) and larynx, and those that include the
lower respiratory tract (below the larynx). In people
with normal immune systems, viruses account for
most cases of upper respiratory syndromes (Gwaltney
1995¢): acute bronchitis (Gwaltney 1995a), bronchi-
olitis (Hall and Hall 1995), and a majority of pneumo-
nia cases (Marrie et al. 1989). Bacteria can cause phar-
yngitis (Gwaltney 1995b) and some pneumonias
(Marrie et al. 1989). Cigarette smoke combustion prod-
ucts reportedly increase morbidity and mortality in
acute respiratory infections by impairing physical de-
fenses in the respiratory tract, and by impairing cellu-
lar and humoral immune responses to microbes
(Donowitz and Mandell 1995). Moreover, the effects
of smoking can be expected to differ in respiratory in-
fections caused by viruses and in infections caused by
bacteria, because each class of microbes stimulates dif-
ferent immune responses specific to the infection
(Mandell et al. 1995).
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Surgeon General’s Report

Conclusions of Previous Surgeon
General’s Reports

Previous Surgeon General’s reports on smoking
and health have noted possible adverse effects of ciga-
rette smoking on acute respiratory infections. The 1979
report (U.S. Department of Health, Education, and
Welfare [USDHEW] 1979) cited data from the 1964—
1965 Health Interview Survey, which found a higher
age-adjusted incidence of self-reported influenza in
male and female smokers when compared with non-
smokers, and more upper respiratory illnesses (URIS)
in female smokers than in female nonsmokers. The
1989 report (USDHHS 1989a) identified a number of
studies that reported higher mortality ratios for smok-
ers than for nonsmokers suffering from respiratory
tuberculosis (the range of ratios was 1.27-5.0 in three
studies), and from influenza and pneumonia as one
combined category (the range of ratios was 1.4-2.6 in
seven studies). The 1990 report focused on the health
benefits of smoking cessation, and it comprehensively
reviewed evidence suggesting that smoking increased
the risk of acute respiratory illnesses (USDHHS 1990).

Providing a more detailed analysis of the
smoking-related mortality data presented in the 1989
report, the 1990 report identified exposure-response
relationships between mortality from pneumonia and
influenza and the number of cigarettes currently
smoked, and identified reductions in mortality rates
of former smokers in relation to years of not smoking
(USDHHS 1990). A review of possible mechanisms
related to acute respiratory illnesses documented a
variety of effects on host defenses: increases in periph-
eral blood total leukocyte counts, increases in poly-
morphonuclear leukocyte and monocyte counts,
decreases in monocyte intracellular killing, decreases
in the CD4/CDS8 ratio in heavy smokers, decreases in
concentrations of serum immunoglobulins (other than
IgE), an increase in alveolar macrophage release of
superoxide anions, a decrease in microbicidal activity
of the macrophages, and a blunted immune response
to an influenza vaccination. Although the 1990 report
noted that smoking cessation restored many of these
impaired defenses, it also found that few epidemio-
logic studies directly addressed the effects of smoking
on acute respiratory morbidity. Conflicting data were
observed for nonspecific acute lower respiratory ill-
nesses (LRIs), but findings for increased morbidity
from influenza virus infections in smokers were
more consistent. The 1994 report (USDHHS 1994),
which focused on young people, added little new
information.
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Biologic Basis

Animal Studies

More than 25 years ago, in vitro exposure of rab-
bit alveolar macrophages to a water soluble fraction
of tobacco smoke was shown to impair the ability of
macrophages to kill bacteria (Green and Carolin 1967).
An extensive body of data has since accumulated on
the effects of exposure to tobacco smoke on immune
and cellular function in animal models. However, dif-
ferences in responses among species to different ex-
perimental exposures of tobacco smoke and its prod-
ucts make it difficult to provide a simple, unifying
summary of the animal data. Impaired immunoglo-
bulin responses to immunization (Roszman and
Rogers 1973) and dose-dependent decreases in
responses to T cell and B cell mitogens have been
reported for both short-term in vitro (Roszman et al.
1975) and in vivo (Johnson et al. 1990) exposures to
tobacco smoke. Johnson and colleagues (1990) provide
a comprehensive review of in vivo subchronic expo-
sures in animals (Table 4.1) and of the voluminous
relevant animal toxicology literature through 1990.
In addition to the general immunologic effects sum-
marized in Table 4.1, direct effects of tobacco smoke
exposure on lung defenses include suppressed func-
tioning of bronchial-associated lymphoid tissue,
increased numbers of alveolar macrophages that have
a higher than normal metabolic rate, and increased
generation of reactive oxygen species precursors dur-
ing phagocytosis, but without changes in bactericidal
capacity (rat alveolar macrophages [summarized in
Johnson et al. 1990]).

Studies of the effects of nicotine on the immune
function of rodents provide some relevant insights into
the effects of tobacco smoke on host responses. Expos-
ing rats to a four-week continuous infusion of nico-
tine inhibited the increase of intracellular calcium that
usually happens when the T cell antigen receptor is
blocked (Sopori et al. 1998). The calcium ion plays a
role in the early receptor-mediated activation of cells
in general (Sopori and Kozak 1998), and this effect of
nicotine on calcium fluxes could explain a number of
observed nicotine effects on host defenses: (1) sup-
pressed febrile response to turpentine-induced ab-
scesses in mice (Sopori and Kozak 1998), (2) decreased
inflammatory response to influenza infections with an
increased proliferation of virus in mice (Sopori and
Kozak 1998), (3) decreased responses to T cell mito-
gens in mice (McAllister-Sistilli et al. 1998) (T cell an-
ergy [Sopori and Kozak 1998]), and (4) decreased
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The Health Consequences of Smoking

Table 4.1 Summary of subchronic exposure to cigarette smoke on immune function in animals*
Animal species Findings
Mice = Increased followed by decreased mitogenic response of spleen cells

= Decreased hemagglutinating and hemolytic antibody titers

= Decreased primary and secondary antibody responses in cells from lungs, spleen,
and lymph nodes (this finding was not uniform across studies)

= Decreased lymphocyte adherence and cytotoxicity

= Enhanced primary and secondary antibody responses

Monkeys = Decreased lymphocyte response to concanavalin A (a T cell mitogen)
= No effect on phytohemagglutinin and lipopolysaccharide (a B cell mitogen)

responses

= Decreased natural killer cell cytotoxicity

*Exposures ranged from 15-416 weeks (adapted from Table 2 in Johnson et al. 1990).

induction of antibody-forming cells and proliferative
response to anti-CD3 antibody in rats (McAllister-
Sistilli et al. 1998).

Human Studies

Studies of the effects of tobacco smoke on im-
mune function and host defenses can be broadly
grouped as those focusing on markers in peripheral
blood, serologic responses to specific antigens, and
markers in specimens obtained by bronchoalveolar
lavage.

Studies of immune response markers in periph-
eral blood to acute respiratory infections are summa-
rized in Table 4.2. However, the interpretive value of
many of these studies is limited by insufficient infor-
mation on the sources and health status of the partici-
pants. Of the studies noted in Table 4.2, only those by
Gulsvik and Fagerhol (1979), Tollerud and colleagues
(1989a,b), Mili and colleagues (1991), Kurtti and col-
leagues (1997), and Sankilampi and colleagues (1997)
are based on population samples with clearly defined
criteria for classifying the health status of smokers and
nonsmokers. Torres and colleagues (1996) also exam-
ined population samples in an effort to assess clinical
characteristics of COPD patients with community-
acquired pneumonia. The remaining studies have
small samples, and the sources of the participants are
not always clear. Although innumerable studies have
observed increased peripheral white blood cell counts
in smokers when compared with nonsmokers, the con-
sequences of this increase remain unclear, especially
because few data exist on the effects of smoking on
peripheral phagocytic and immune-competent cells.

Inconsistent findings in studies observing exposure-
response relationships based on the amount of smok-
ing may reflect varying definitions of smoking and the
small numbers of persons in some of the studies. Even
among those studies that were population-based or
those that were larger, exposure-response relationships
have not been consistently demonstrated (Gulsvik and
Fagerhol 1979; Petitti and Kipp 1986; Tollerud et al.
1989b).

Nasal mucociliary clearance is probably impor-
tant in the clearing of microorganisms from the
nasopharynx. A study of the rate of nasociliary clear-
ance found the rate of clearance to be delayed in smok-
ers (20.8 [standard deviation = 9.3] minutes versus 11.1
[standard deviation = 3.8] minutes in nonsmokers). In
this study the beat frequency of the cilia was not af-
fected in smokers, and this finding suggests that the
slower clearance is due either to a loss of cilia and/or
changes in the viscoelastic properties of nasal mucus
caused by cigarette smoke (Stanley et al. 1986). A study
of bacterial adherence to buccal cells found that Strep-
tococcus pneumoniae (S. pneumoniae) but not Hemophi-
lus influenzae (H. influenzae) had an increased adher-
ence in cigarette smokers. Since bacterial adherence to
the cell is the first step in the colonization of bacteria,
this finding may indicate an important mechanism for
enhancing bacterial colonization and infection in
smokers (Piatti et al. 1997).

Although smoking generally seems to suppress
immune function, the evidence does not suggest par-
ticular mechanisms by which smoking might act to
increase the risk of an acute infection (Table 4.2). One
possible mechanism relates to the effect of cigarette
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Table 4.2  Studies on the effects of smoking on markers of human immune function and host defenses,
derived from analyses of peripheral blood
Marker Findings in smokers compared with nonsmokers

White blood cell counts (WBCs)

Distribution of specific cell type

Cellular function

Immunoglobulin (lg)

Higher total WBC (Silverman et al. 1975; Miller et al. 1982; Tollerud et al.

1989a)

= differential count may not be altered (Tollerud et al. 1989a)

= questionable relationship to the amount smoked (Tollerud et al. 1989b)

= in African Americans, lymphocyte increases were greater than in-
creases in PMNs* (Tollerud et al. 1991)

= overall increase was less in African Americans (Petitti and Kipp 1986)

Increase in total number of T lymphocytes (Silverman et al. 1975; Miller

et al. 1982; Costabel et al. 1986)

= no increase in overall percentage (Miller et al. 1982)

= some studies documented lower CD4 and higher CD8 rates (Miller et
al. 1982; Tollerud et al. 1989b; Tanigawa et al. 1998) but other studies
did not (Costabel et al. 1986; Mili et al. 1991)

= higher CD4/CDS8 ratio (Tollerud et al. 1989b; Mili et al. 1991) except in
African Americans (Tollerud et al. 1991)

Decrease in NKT cells (Ginns et al. 1985; Tollerud et al. 1989a; Meliska et

al. 1995) except in African Americans (Tollerud et al. 1991)

Higher B cell counts in some studies (Mili et al. 1991; Tanigawa et al.

1998) but not in one study (Tollerud et al. 1989b)

Phagocytosis, Chemotaxis

= no effect on the PMN phagocytic index or on myeloperoxidase levels;
minimal effect on redox activation after an acute exposure (Corberand
etal. 1979)

= decreased activity in the chemotactic factor inactivator in vitro
(Robbins et al. 1990)

= decreased leukocyte migration (Johnson et al. 1990)

Lymphocyte function

= effects on mitogenic responses to phytohemagglutinin/concanavalin A
were variable (Daniele et al. 1977; Petersen et al. 1983; Meliska et al.
1995)

= reversible decreases in NK function (Johnson et al. 1990; Meliska et al.
1995)

= in vitro nicotine inhibition of NK function (Nair et al. 1990)

= Lower serum IgG, IgA, and IgM concentrations (Gulsvik and Fagerhol
1979; Mili et al. 1991; McMillan et al. 1997)
= Higher serum IgE concentrations (Burrows et al. 1981)

*PMNs = Polymorphonuclear neutrophil leukocytes.

'NK = Natural Killer.
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Table 4.2 Continued

The Health Consequences of Smoking

Marker

Findings in smokers compared with nonsmokers

Serologic responses to specific

Bacterial antigens

antigens = no association of 1gG titers with pneumococci in the elderly,
but titers to Hemophilus influenzae (H. influenzae) and Moraxella
catarrhalis were higher (Kurtti et al. 1997)
= reversible increases in antibody concentrations to the common
cell-wall polysaccharide of pneumococcal types 6A and 8
(Sankilampi et al. 1997)

Viral antigens

= ahigher H. influenzae titer response to natural influenza infection
but a lower response to vaccination (Finklea et al. 1971a)

= no effect on H. influenzae and single radial diffusion titers from
2 strains of influenza (Mancini et al. 1998)

= no evidence for a decreased efficacy of influenza vaccination in
persons aged 3 65 years (Cruijff et al. 1999)

Other

= An increased risk of carriage and acquisition of Neisseria

meningitidis in military recruits (Riordan et al. 1998)

smoke on the enhancement of IgE immunoglobulin
responses through effects on interleukin-4 (IL-4) pro-
duction by CD4 lymphocytes (Byron et al. 1994). IgE
levels tend to be higher in smokers than in nonsmok-
ers, and the age-related decline in serum IgE levels is
not seen in smokers (Burrows et al. 1981). Exposure to
cigarette smoke also skews immune responses away
from a T-helper (Th) 1 type response, characterized by
the production of interferon g, IL-2, tumor necrosis fac-
tor alpha, and IL-12 that lead to phagocytosis and the
destruction of microbial pathogens (Fearon and
Locksley 1996; Locksley et al. 1998). As a result, smok-
ing may enhance the ability of common respiratory
microbial pathogens (e.g., viruses) both to infect the
host and decrease the host’s ability to control the
infection.

Studies of markers in bronchoalveolar lavage
specimens provide additional insights into how expo-
sure to tobacco smoke could alter host defenses and
increase morbidity from acute infections (Table 4.3).
Moreover, the differences in marker profiles (e.g., dis-
tribution of CD4 and CD8 T lymphocytes) between
peripheral blood and bronchoalveolar lavage data sug-
gest that both systemic and pulmonary responses need
to be evaluated to assess the effects of smoking on host
defenses against respiratory pathogens. New data
from bronchoalveolar lavage studies also suggest that

smoking can alter regulation of the cytokine network.
The lower production in smokers of the cytokine 1L-1
by alveolar macrophages may be responsible for
decreased levels of serum immunoglobulins and de-
creased antibody responses to vaccines because of
IL-1's role in the production ofk light chains in B cells
(Yamaguchi et al. 1989). The suppression of regulatory
cytokines IL-1 receptor antagonist and IL-6 (Mikuniya
et al. 1999), the inhibition of the chemotactic factor
inactivator by tobacco smoke, and the increase in num-
bers of neutrophils in the lung (Robbins et al. 1990;
Costabel et al. 1992; Repine et al. 1997) could contrib-
ute to a heightened inflammatory response that in-
creases morbidity and/or mortality from a respiratory
infection.

In summary, since the last Surgeon General’s re-
ports to address the topic (USDHHS 1989a, 1990), new
evidence has emerged buttressing the biologic basis
of how cigarette smoking could increase the risk of
and morbidity from acute respiratory infections: (1)
animal data on the inhibitory effects of nicotine on
T cell receptor stimulation indicate a plausible basis
for the decreased mitogenic responses observed in
smokers; (2) bronchoalveolar lavage fluid in smokers
shows a more pro-inflammatory cytokine profile than
in nonsmokers, suggesting that dysregulation of the
cytokine network and inhibition of inflammation
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Table 4.3 Studies on the effects of smoking on markers of human immune function and host defenses,
derived from analyses of bronchoalveolar lavage fluid

Surgeon General’s Report

Marker

Findings in smokers compared with nonsmokers

Distribution of cell types (other = Lower CD4, higher CD8, and lower CD4/CD8 counts not found in

than macrophages)
1999)

blood (Costabel et al. 1986; Yamaguchi et al. 1989; Mikuniya et al.

= Higher numbers of alveolar macrophages (Holt 1987; Yamaguchi et al.
1989; Mikuniya et al. 1999)
= Higher numbers of neutrophils (Costabel et al. 1992)

Cellular function = Increase in activation of alveolar macrophages (Razma et al. 1984; Holt

1987)

— conflicting data on the expression of activation marker Human
Leukocyte Antigen (Clerici et al. 1984; Razma et al. 1984)
— conflicting data on antigen presentation and T cell activation by
alveolar macrophages (Holt 1987)
= Conflicting data on the uptake of opsonized bacteria and complement-
mediated phagocytosis (Holt 1987)
= A decreased response to phytohemagglutinin/concanavalin A
in lung lymphocytes was reversed 6 weeks after cessation (Daniele et

al. 1977)

= Decreased production of interleukin-1 (IL-1) by alveolar macrophages
after endotoxin stimulation (Yamaguchi et al. 1989); unstimulated
production of IL-1b did not increase (Mikuniya et al. 1999)

= No effects on tumor necrosis factor or IL-8 in unstimulated cells
(Mikuniya et al. 1999)

= Decreased IL-1 receptor antagonist in stimulated and unstimulated
cells, and decreased IL-6 only in stimulated cells; no effects on granu-
locyte macrophage colony stimulating factor (Mikuniya et al. 1999)

= Increase in IL-16 (lymphocyte chemoattraction factor) (Laan et al.

1999)

regulators provide a basis for more severe inflamma-
tion in smokers with respiratory infections; and (3) the
emergent understanding of the role of Th-1 and Th-2
lymphocyte phenotypes on immune responses to for-
eign antigens indicates that the capacity of cigarette
smoke to skew immune responses to a Th-2 pheno-
type could play a role in host responses to an infec-
tion. These immunologic alterations can be expected
to increase the risk of acute infections through various
effects on pulmonary airways, including decreased
ciliary function and impaired mucociliary clearance
(Janoff et al. 1987), and metaplasic changes in the air-
way epithelium (Sherman 1992) that diminish the ca-
pacity of physical clearance mechanisms.
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Acute Respiratory Infections
in Persons Without Chronic Obstructive
Pulmonary Disease

Epidemiologic Evidence
Influenza Infections

Some of the earliest studies of the effects of ciga-
rette smoking on acute respiratory infections focused
on the influenza virus (Table 4.4). Studies have shown
an increased incidence of clinical influenza illness and
infection in young, healthy smokers when compared
with young, healthy nonsmokers (Finklea et al. 1969,
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Table 4.4 Studies on the association between smoking and the occurrence of influenza virus illness

and infection

Study/method

Findings

Comments

Finklea et al. 1969

Surveillance of 1,900 male

cadets after the 1968 Hong

Kong A, influenza epidemic at

a South Carolina military

academy included

— standardized questionnaire

— serology and virus isolation

— outcomes based on influ-
enza symptoms and bed rest

— smoking by category and
number of cigarettes/day
(never smokers; former
cigarette, pipe, or cigar
smokers; or current smokers
of 1-20 cigarettes/day or
>20 cigarettes/day)

Finklea et al. 1971a
Serologic survey of 289 cadets
at the same South Carolina
military academy as above,
who were blood donors after
the 1968 Hong Kong A,
influenza epidemic

= Compared with nonsmokers

— heavy smokers (3 20 cigarettes/
day) had 21% more illnesses
and 20% more bed rest

— light smokers (<20 cigarettes/
day) had 10% more illnesses
and 7% more bed rest

= Smoking had no effect on severity
as measured by ratio of illness to
bed rest

= The number of cadets with
hemagglutination inhibition (HI)
titers >40 increased

— never smokers = 39%
heavy smokers = 50%

— clinically well smokers were
more likely to have titers >40
than clinically well never
smokers (36 vs. 20%)

= |ll smokers had a lower HI
antibody titer response than ill
never smokers to influenza A,
— well smokers had higher titers
compared with never smokers
= Smokers had a lower antibody
persistence 1 year after natural
infection or vaccination, com-
pared with never smokers
— there were no differences based
on the amount smoked
= |ll smokers had higher titers to
influenza B than ill never smokers
— smokers had lower responses
to vaccination with B antigen
and lower prevaccination titers

Findings were adjusted for
important confounders (e.g.,
socioeconomic class, vaccination
status); population was homoge-
neous by age, gender, and race;
OR* for heavy vs. never smokers
for illness was 1.52 and for bed
rest 1.33 (based on percentages
given in the text—actual numbers
were difficult to determine);
overall conclusion is that clinical
and subclinical illnesses increased
but severity did not

Findings were adjusted for
important confounders (e.g.,
socioeconomic class, vaccination
status); findings were not consis-
tent for influenza A, and B for ill
smokers compared with ill never
smokers; when these results were
combined with those from the
above study, A, data were
consistent with impaired immune
responses leading to an increased
susceptibility in smokers to
epidemic influenza and other
acute respiratory illnesses

*OR = Odds ratio.
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Table 4.4 Continued

Study/method

Findings

Comments

Kark and Lebiush 1981
Surveillance of a 1979 out-
break at a military base for
women in Israel (n = 176)

— retrospective assessment
of illness with standard-
ized questionnaire

— ill persons were identified
as nonsmokers (never and
former smokers) or current
smokers (occasional and
regular smokers)

Kark et al. 1982

Outbreak of influenza A,

among 336 male military

recruits in the winter of 1978

in Israel

— limited virus isolation

— postinfection serology

— clinic records were used
to assess morbidity

— smoking status was
determined with a ques-
tionnaire 8-10 weeks after
an epidemic, checked
against induction data

— ill persons were classified
as nonsmokers or current
smokers

fCI = Confidence interval.

Risk of influenza-like illness
among current smokers compared
with nonsmokers
- OR=1.44(95% CI', 1.03-2.01)
— 60.0% in current smokers vs.
41.6% in nonsmokers
Current smokers sought medical
attention more frequently than
nonsmokers (38.9 vs. 14.9%) but
had no differences in severity of
illness*
Population attributable risk (PAR)
estimate was 13% (95% CI, 9.9-
31.5)

18 of the 22 recruits tested

seroconverted to the epidemic

strain

Influenza-like illness in current

smokers compared with non-

smokers

— 68.5vs. 47.2%

— adjusted OR = 2.49 (95% ClI,
1.56-3.96)

Severity of illness in current

smokers compared with non-

smokers: adjusted OR = 2.56

(95% Cl, 1.60-4.12)

Suggestion of exposure-response

relationship with ordinal classifi-

cation of current smoking was not

significant

Seroconversion in smokers vs.

nonsmokers: OR = 1.46 (95% ClI,

0.96-2.28)

Attributable risk estimate among

current smokers was 31.2% (95%

Cl, 16.5-43.1)

PAR estimate for smoking for all

illnesses was 18.6% (95% ClI, 8.5—

27.5) (47% for current smokers)

— for severe illness: 25.7% (95%
Cl, 11.2-37.9)

— estimates explicitly accounted
for the prevalence of smoking

Study group selection was based
on high morbidity in the unit:
unknown biases were associated
with the selection process; PAR
estimates have limited utility and
suggest a small effect; retrospective
assessments of illness were not
verified; PAR estimate did not
specifically account for smoking
prevalence (34.6%)

Not clear if the medical evaluation
was standardized; adjusted for
confounding effects of education
and ethnicity

*Severity of illness was defined as mild (returned to duty after visiting the clinic) or severe (hospitalized at the base or

released from duty but not bedridden).
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Table 4.4 Continued
Study/method

Findings Comments

Petitti and Friedman 1985b = Smokers of low-tar vs. high-tar No effects were seen for the

Stratified random sample of
smokers and simple random
sample of never smokers from
current larger study based on a
U.S. health maintenance
organization database; 4,610
current smokers and 2,035
never smokers (6,645) enrolled
between July 1979 and Decem-
ber 1983
— standardized questionnaire
for tobacco tar yield was
based on the 1978 Federal
Trade Commission report
— medical record reviews
— outcomes were based on
acute respiratory diseases,
pneumoniaZinfluenza, and
chronic obstructive pulmo-
nary disease (COPD)

Cruijff et al. 1999

Double-blind, placebo control

trial of influenza vaccinations

in persons aged 3 60 years from

31 general medical practices in

the Netherlands during the

1991-1992 influenza season

— aquestionnaire was used to
obtain smoking history and
occurrence of influenza

— 321 smokers and 1,152
nonsmokers were catego-
rized as none, light (1-9
cigarettes/day), moderate
(10-19 cigarettes/day), or
heavy (3 20 cigarettes/day)

— serology

yield cigarettes had no under-

lying COPD; other findings

included

— OR (pneumoniaZinfluenza) =
0.9/5 mg decrease in tar (95%
Cl, 0.7-1.0)

— effects were not seen in
smokers of a single brand

Smokers of low-tar yield

cigarettes vs. never smokers

— OR (pneumoniaZinfluenza) =
1.7 (95% CI, 1.0-3.0)

— no control for underlying
COPD

No significant differences in rates

of infection with the influenza

virus between smokers and

nonsmokers

— trend toward increased rates
of infection in smokers who
received placebo

— when classified by the amount

smoked, increased smoking was

associated with a decreased
serologic infection rate in the

vaccine group, with an opposite

trend for the placebo group

— infection rates for the vaccine

group by smoking level:
none, 6%; light, 3%; moder-
ate, 3%; heavy, 0%

— infection rates for the placebo

group by smoking level:

none, 9%; light, 11%; moder-

ate, 13%; heavy, 15%
— no trends for clinical influenza
— no evidence of decreased
vaccine efficacy in smokers
— placebo data indicate that

smokers are at a greater risk for

serologic infections than non-
smokers (adjusted OR = 1.61)

broad category of acute respira-
tory infections (International
Classification of Diseases 460-466);
analyses were adjusted for age,
gender, race, and number of
cigarettes/day; the use of
nonstandardized medical records
is a serious limitation; age distri-
bution was not provided

Poor definition of clinical influ-

enza; vaccine efficacy evaluation
was complicated by the fact that
the highest rate of disease was in
smokers who received a placebo
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1971a; Kark and Lebiush 1981; Kark et al. 1982). An
attributable risk of 31.2 percent (95 percent confidence
interval [CI], 16.5-43.1) was reported for clinical in-
fluenza in U.S. male military recruits in a closed out-
break environment (Kark et al. 1982). The data for the
severity of an illness are less clear, with studies of
young, healthy persons providing conflicting results
(Table 4.4) (Finklea et al. 1969; Kark et al. 1982). The
evidence on smoking and influenza-like illnesses in
older populations is even more limited. A randomized,
placebo-controlled Dutch trial of influenza vaccines in
persons aged 60 years and older (Cruijff et al. 1999)
did not show an increase in clinical disease among
smokers, but did show an increase in asymptomatic
(by serology) infections in smokers in the placebo arm
of the trial (the odds ratio [OR] adjusted for age, gen-
der, and an underlying risk group = 1.61 [95 percent
Cl, 0.91-2.83]). A study of adults (age distribution not
given) from a health maintenance organization in the
United States found an increased OR for a physician/
nurse practitioner visit for pneumonia/Zinfluenza (no
distinction made) among smokers of high-tar cigarettes
compared with low-tar cigarette smokers (Table 4.4)
(Petitti and Friedman 1985b). Unfortunately, the study
depended on a medical record review of practitioner
diagnoses, with no criteria in the report as to how the
“pneumonia/influenza” diagnosis was assigned. With-
out these criteria, it is difficult to interpret the OR of
1.7 (95 percent Cl, 1.0-3.0) for the occurrence of illness
in smokers of low-tar cigarettes compared with non-
smokers, since this analysis was not adjusted for the
presence of COPD in the smokers.

Whether smokers have an increased risk of in-
fection with influenza viruses in contrast to more of-
ten having a clinically recognizable illness remains
clouded. A study of healthy U.S. military cadets found
evidence of increased asymptomatic infections among
smokers in addition to a larger percentage of smokers
with high hemagglutination inhibition (HI) titers
(>1:40) to influenza A (Finklea et al. 1969, 1971a). As a
group, however, ill smokers tended to have lower HI
titers to influenza A, than ill lifetime nonsmokers, af-
ter adjusting for the effects of illness and vaccination
status. Il smokers also had higher titers to influenza B
but poorer responses to vaccination with influenza B
antigen. Overall responses to vaccination with influ-
enza A and B antigens did not differ among various
smoking groups and lifetime nonsmokers. However,
smokers had a decreased persistence of antibody at a
one-year follow-up evaluation. In the Dutch study of
persons aged 60 years or older (Cruijff et al. 1999),
smoking status was inversely related to the likeli-
hood of a serologic infection among those who were
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vaccinated—possibly because smokers develop a
better immunologic protection after vaccination than
nonsmokers—but showed a direct relationship in those
who received a placebo (Table 4.4). These findings do
not suggest that smokers are less responsive to the ben-
eficial effects of influenza vaccination, at least in the
elderly.

Pneumonia and Infections with Pathogens
that Infect the Lower Respiratory Tract

Several well-designed and well-executed U.S.
population-based studies have provided evidence of
a link between cigarette smoking and acute lower res-
piratory tract infections (Table 4.5). A population-
based, case-control study of 205 cases of community-
acquired pneumonia (Almirall et al. 1999a,b) reported
an attributable risk of 23.0 percent (95 percent ClI,
3.3-42.7) for a history of ever smoking. An exposure-
response relationship based on the number of ciga-
rettes smoked per day was observed in former smok-
ers, who had an adjusted OR close to that of current
smokers of 10 to 20 cigarettes per day (Table 4.5). The
Centers for Disease Control and Prevention sponsored
a case-control study of invasive pneumococcal disease
based on a population surveillance system (Nuorti et
al. 2000). Although the number of cases for which
pneumonia was the underlying source of the invasive
disease was not given, pneumonia is likely to have
been the main diagnosis in the 216 (out of a total
sample of 228) cases in patients with bacteremia. The
population attributable risk estimate for smoking was
51 percent (no Cls were given), compared with 14 per-
cent for chronic illnesses. The authors estimated that
reducing the prevalence of smoking to 15 percent
among persons aged 18 through 64 years would pre-
vent 4,000 cases per year of invasive pneumococcal
disease in the United States. Of particular interest in
this study was the observation that after 10 years of
smoking cessation, the risk of invasive pneumococcal
disease reached that of nonsmokers.

Serologic evidence of infection with Chlamydia
pneumoniae (C. pneumoniae) was evaluated in a sample
from the European Respiratory Health Survey (Table
4.5) (Ferrari et al. 2000). The adjusted OR as evidence
of recent infection (1gG titer >512 or IgM titer >16)
with C. pneumoniae in smokers compared with non-
smokers was 3.51 (95 percent Cl, 1.26-9.67). Finally, a
matched, case-control study of community-acquired
infections with Legionella pneumophila was carried out
with cases derived from a prospective pneumonia sur-
veillance system in the United States (Table 4.5) (Straus
et al. 1996). The univariate OR for infection in current
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smokers compared with nonsmokers was 3.75 (95 per-
cent Cl, 2.27-6.17). However, in a multivariable logis-
tic regression model, an effect from current smoking
was observed only in those patients with no evidence
of an underlying disease (OR = 7.49 [95 percent ClI,
3.27-17.17]).

A study of Finnish twins (all zygosities) discor-
dant for smoking reported that male current and
former smokers were more likely to have evidence of
ongoing infections with C. pneumoniae (IgA titer >40)
than their male twins who had never smoked (Table
4.5) (von Hertzen et al. 1998a,b). Antigen-specific lym-
phocyte responses to C. pneumoniae, but not to other

The Health Consequences of Smoking

Chlamydia antigens, also were decreased in the male
smokers (von Hertzen et al. 1998b). No effects were
observed in female twins. The authors interpreted the
lymphocyte data as being consistent with Th-2 skew-
ing of the immune response in males. The gender dif-
ferences in these responses are not explained.

Data from several different types of studies have
suggested a link between smoking and infection with
Mycobacterium tuberculosis (Table 4.5). A study of one
million deaths from 1988-1990 in 98 urban and rural
areas of China estimated that 11.3 percent of deaths
from tuberculosis could be attributed to smoking
(Table 4.5) (Liu et al. 1998). Exposure-response

Table 45 Studies on the association between smoking and the occurrence of pneumonia and infection
with pathogens that infect the lower respiratory tract
Study/method Findings Comments
Population-based samples
Straus et al. 1996 < Univariate OR* for current None

Cases (n = 146) of community-
acquired Legionella identified
as part of a prospective
pneumonia surveillance from

smoking = 3.75 (95% CI', 2.27-

6.17) compared with nonsmokers

- OR=2.21(95% CI, 1.51-3.21)/
packs/day

15 hospitals in 2 Ohio counties = In multivariable models, smoking

from December 1990-October

had an effect only in cases without

1992 an underlying disease
— cases were matched to — adjusted OR =7.49 (95% ClI,
2 hospital controls (by 3.27-17.17)
gender, age, and underlying
disease)
— standardized questionnaire
— standardized home survey
Woo et al. 1996 = After adjusting for age, gender, No information was provided on

Random sample of 62 nursing
homes in the catchment area of
a tuberculosis referral hospital
in Hong Kong during Novem-
ber and December 1993
— cluster samples within each
home
— total n =587
— questionnaire for smoking
— skin testing performed by
trained medical students

previous hospitalization, and
association with other patients,
smoking was not associated with
a positive skin test

the definition of “clusters” used
for sampling; no estimates were
provided for smoking prevalence;
metrics used were not stated

*OR = Odds ratio.
'Cl = Confidence interval.

Respiratory Diseases 433



visited 8/5/2009

Surgeon General’s Report

Table 4.5 Continued
Study/method Findings Comments
Population-based samples
Liu et al. 1998 11.3% of tuberculosis deaths in Small subsample to validate

Study of smoking histories for

1 million persons who died

between 1986 and 1988, in 98

urban and rural areas in

China

— smoking histories were
obtained from next of kin
and friends (rural only)

— smoking histories were
available only up to 1980

— deaths were identified
from death certificates and
medical record reviews

Almirall et al. 1999a,b
Population-based matched
(gender and age) case-control
study of persons aged >14
years in Barcelona, Spain,
between 1993 and 1995
— 205 cases of community-
acquired pneumonia

— 475 community controls

— standardized questionnaire
with test-retest on a sample

men were attributed to smoking;
2.8% in women (smoking
prevalence was very low in
women)
Exposure-response relationship,
based on the number of ciga-
rettes/day in both urban and
rural environments for urban
male smokers vs. nonsmokers
— risk ratios for 1-19, 20, >20
cigarettes/day = 1.24, 1.48,
and 2.03, respectively
Exposure-response relationship
based on age when smoking
began
— risk ratios for urban male
smokers (began at age <20
years, 20-24 years, 3 25 years)
vs. nonsmokers were 1.86,
1.42, and 1.22, respectively

OR for pneumonia compared

with nonsmokers

— former: 1.77 (95% ClI,
1.05-3.00)

— current: 1.68 (95% ClI,
1.02-2.80)

EF: 23.0% (95% CI, 3.3-42.7)

Effects of the number of ciga-

rettes/day (adjusted OR) com-

pared with never smokers

— 1-9: 0.80 (95% CI, 0.32-2.05)

— 10-20: 1.40 (95% CI, 0.69—
2.81)

— >20: 2.77 (95% Cl, 1.14-6.70)

— former smokers: 1.58 (95%
Cl, 0.86-2.91)

smoking histories by spouses
(major source of data)

The analysis was restricted to
persons without COPDS; persons
whose illness met the case
definition of pneumonia, which
included those who received
therapy but had no clinical
findings, had findings confirmed
using x-ray; PARP estimates were
based on Miettinen’s EF', which
used exposures from the case
series; results were sensitive to
control for many factors (e.g.,
past history of a variety of
respiratory and chronic disease
conditions and medication use)

*EF = Etiologic fraction—proportion of disease attributable to a given factor.
SCOPD = Chronic obstructive pulmonary disease.

PPAR = Population attributable risk.

TMiettinen’s EF = CF, multiplied by EF, where CF, = case fraction in the higher risk category.
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Study/method

Findings

Comments

Population-based samples

Ferrari et al. 2000

Participants were adults aged

20-44 years from the Euro-

pean Respiratory Health

Study (n = 369) living in

Verona, Italy, from December

1992-June 1993

— standardized questionnaire
with a clear definition of
smoking

— serologic evidence of IgG
antibodies to Chlamydia (C.)
pneumoniae

— C. psittaci and C. trachomatis
antigens were used as
controls

Nuorti et al. 2000
Population-based, active
surveillance system in
Atlanta (Georgia),

Baltimore (Maryland), and

Toronto (Canada)

— 25% sample (n = 228) of
invasive pneumococcal
infections in nonimmuno-
compromised persons aged
18-64 years, studied
between January 1995 and
May 1996

— standardized interviews

— 301 controls obtained by
random-digit telephone
dialing

« OR for recent infections in
smokers of 20 cigarettes/day =
3.51 (95% ClI, 1.26-9.67) com-
pared with nonsmokers
— 25.7% of all smokers com-

pared with 9.0% of nonsmok-
ers had evidence of recent
infections

= Adjusted OR for current smok-
ers overall compared with
nonsmokers: 4.1 (95% ClI,
2.4-17.3)

= Adjusted OR for current smok-
ers based on cigarettes/day

- 1-14: 2.3(95% ClI, 1.3-4.3)

— 15-24: 3.7 (95% Cl, 1.8-7.8)

— 325: 55(95% ClI, 2.5-12.9)

= Exposure-response relationship
based on pack-years**

— OR among former smokers
according to years since
quitting compared with
nonsmokers
— <5years: 3.5(95% ClI,

1.3-9.8)
— 5-9years: 3.7 (95% ClI,
1.1-13.2)
— 310 years: 0.6 (95% ClI,
0.2-1.3)
= PARP estimate for smoking was

51% compared with 14% for

chronic illness (no Cls were

given)

Analyses were controlled for
gender, occupation, socio-
economic class, education, and
family size; IgG antibody >512
or IgM >16 was interpreted as
evidence of a recent infection

Only 2% of eligible cases died
before being interviewed; authors
estimated that if smoking preva-
lence decreased to 15% among
persons aged 18-64 years, 4,000
cases of invasive pneumococcal
disease per year would be
prevented in the United States;
the percentage of the 216 persons
with bacteremia cases who had
pneumonia was not given;
pneumonia would be expected to
be a major underlying source of
bacteremia; controlled for age,
gender, COPD, other chronic
conditions, socioeconomic class,
race, vaccination status, and
children in the home

PPAR = Population attributable risk.

**Pack-years = The number of years of smoking multiplied by the number of packs of cigarettes smoked per day.
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Study/method

Findings

Comments

Case-control studies

Buskin et al. 1994

Case-control study at a

tuberculosis clinic in Seattle,

Washington, 1988-1990

— newly diagnosed cases of
tuberculosis (n = 151)

— controls (n = 545) from the
same clinic

— standardized question-
naire

— smoking status and
cigarettes/day

Alcaide et al. 1996

Cases (n = 46) of newly

diagnosed tuberculosis in

patients aged 15-24 years in

Spain in 1992

— 46 controls with a positive
purified protein derivative
skin test but no clinical
evidence of disease

— standardized question-
naire and cotinine testing
were used to determine
smoking status

« No exposure-response relation-

ship with the number of ciga-

rettes/day

Adjusted OR (for age and

alcohol use) for smoking

duration compared with

controls

— 20-29 years: 1.8 (95% Cl,
0.7-4.6)

— 330 years: 2.6 (95% ClI,
1.1-5.9)

Adjusted OR for smoking = 3.6

(95% ClI, 1.5-2.2)

— results were not sensitive to
classification

— passive exposure had addi-
tive effects

Exposure-response relationship

with the number of cigarettes/

day

— 0: referent

— 1-20: adjusted OR: 3.0
(95% Cl, 1.3-7.9)

— >20: adjusted OR: 13.0
(95% Cl, 2.3-73.8)

Miettinen’s EFT: 48% (95% ClI,

13-69)

69% of eligible cases partici-
pated; 63% of eligible controls
participated; alcohol use and
smoking were correlated but no
data were given; numbers were
too small to evaluate smoking
effects in nondrinkers

Source or method of ascertaining
the controls was not stated;
sample size was based on a
smoking prevalence of 0.38,

OR = 4 with power 0.90; con-
trolled for age, gender, occupa-
tion, social class, and passive
smoking; marked differences in
social class between cases (13%
in the highest income group) and
controls (88% in the highest)

TMiettinen’s EF = CF, multiplied by EF, where CF, = case fraction in the higher risk category.
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Study/method

Findings

Comments

Case-control studies

Anderson et al. 1997

Inmates in South Carolina

prisons who had data on

tuberculosis status at intake

and who were re-evaluated

in a 1990 survey

— endpoint: skin test
conversion

— case (converter,n =116/
141)

— control frequency matched
by race (n =127/182)

— medical records

— computerized data re-
viewed from computer-
ized inmate records

— questionnaire on smoking
habits

Adjusted OR (race, age, gender,
and prison living conditions) for
conversion among smokers
compared with nonsmokers
— number of cigarettes/day
since incarceration
- 1-10: 1.88 (95% ClI,
0.96-3.69)
- >10: 1.87 (95% Cl,
0.92-3.78)
— cigarettes/day before incar-
ceration
- 1-20: 1.32 (95% ClI,
0.76-2.31)
- >20: 1.75(95% Cl,
0.83-3.71)
— duration of smoking (refer-
ent: never/former)
— 1-15years: 1.60 (95% ClI,
0.81-3.16)
— >15years: 2.12 (95% ClI,
1.03-4.36)

82% participation by cases; 70%
participation by controls; prison-
ers who smoked before incarcera-
tion decreased their smoking in
prison, but the authors could not
explain this decrease; the authors
suggest that an association
between long duration of smok-
ing and decreased mucociliary
clearance can explain the effects
of duration and the current
amount of smoking

Twin 