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Background: Cigarette smoking is the major cause of chronic
obstructive pulmonary disease, but studies on the contribution of
other smoking techniques are sparse.

Objective: To determine whether pipe and cigar smoking was
associated with elevated cotinine levels, decrements in lung func-
tion, and increased odds of airflow obstruction.

Design: Cross-sectional study.
Setting: Population-based sample from 6 U.S. communities.

Participants: Men and women aged 48 to 90 years without clinical
cardiovascular disease at enrollment who were part of MESA
(Multi-Ethnic Study of Atherosclerosis).

Measurements: The MESA Lung Study measured spirometry ac-
cording to American Thoracic Society guidelines and urine cotinine
levels by immunoassay on a subsample of MESA. Pipe-years and
cigar-years were calculated as years from self-reported age of start-
ing to age of quitting (or to current age in current users) multiplied
by pipe-bowls or cigars per day.

Results: Of 3528 participants, 9% reported pipe smoking (median,
15 pipe-years), 11% reported cigar smoking (median, 6 cigar-

years), and 52% reported cigarette smoking (median, 18 pack-
years). Self-reported current pipe and cigar smokers had elevated
urine cotinine levels compared with never-smokers. Pipe-years were
associated with decrements in FEV,, and cigar-years were associ-
ated with decrements in the FEV,-FVC ratio. Participants who
smoked pipes or cigars had increased odds of airflow obstruction
whether they had also smoked cigarettes (odds ratio, 3.43 [95%
Cl, 1.75 to 6.71]; P < 0.001) or not (odds ratio, 2.31 [Cl, 1.04 to
5.11]; P = 0.039) compared with participants with no smoking
history.

Limitation: Cross-sectional design.

Conclusion: Pipe and cigar smoking increased urine cotinine levels
and was associated with decreased lung function and increased
odds of airflow obstruction, even in participants who had never
smoked cigarettes.

Primary Funding Source: National Heart, Lung, and Blood Insti-
tute, National Institutes of Health.
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igarette smoking has decreased substantially in the

United States since the 1960s, from a prevalence of
33% in 1983 to 19.8% in 2007, and this decrease has
occurred in all age groups (1-3). Although less common
than cigarette smoking, pipe and cigar smoking have in-
creased substantially in the United States in recent years.
Smoking of all types of cigars increased by 46.4% from
1993 to 1997 (4), and pipe and cigar tobacco smoking
increased by 28% and 8%, respectively, from 2002 to
2006 (5). In 2005, 3% of high school students smoked
pipes and 13% smoked cigars. In 2006, the prevalence of
pipe and cigar smoking in the United States was 1% and
6%, respectively (5).

Cigarette smoking is the main cause of chronic ob-
structive pulmonary disease (COPD) (6, 7), the fourth
leading cause of death in the United States (8). A large
questionnaire-based cohort showed an increased risk for
COPD hospitalization and death in pipe smokers, as did a
second cohort for cigar smokers (9, 10). Both cohorts,
however, relied on hospital-discharge International Classi-
fication of Diseases, Ninth Edition, codes that included
COPD and asthma as the primary or secondary reason for
hospitalization. Chronic obstructive pulmonary disease is
defined by accelerated, age-related decrease in lung func-
tion (7); however, no U.S. studies have reported on the

possible effects of cumulative pipe and cigar smoking on
lung function.

We therefore examined whether current pipe and cigar
smoking resulted in biological absorption of tobacco
smoke, as assessed by urine cotinine levels, in a large cohort
study and tested the hypothesis that pipe smoking and,
separately, cigar smoking were associated with decreased
lung function and increased odds of airflow obstruction.

METHODS
MESA

The MESA (Multi-Ethnic Study of Atherosclerosis)
(11) is a multicenter prospective cohort study to investigate
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Context

Cigarettes are the major cause of chronic obstructive pul-
monary disease, but few studies have examined the asso-
ciation of pipe and cigar smoking with lung function. In
the United States, pipe and cigar smoking has increased in
recent years because some view these behaviors as health-
ier than cigarette smoking.

Contribution

Among 3528 participants in a population-based study,
those who did not smoke cigarettes but did smoke pipes
or cigars were more likely to have airflow obstruction than
never-smokers (odds ratio, 2.31 [95% ClI, 1.04 to 5.11]).
Decrements in lung function increased with pipe- or cigar-
years.

Implication

Advise patients who smoke pipes or cigars that risk for
chronic obstructive pulmonary disease is one of the rea-
sons they should quit.

—The Editors

the prevalence, correlates, and progression of subclinical
cardiovascular disease in persons without clinical cardiovas-
cular disease. In 2000 to 2002, MESA recruited 6814 men
and women aged 45 to 84 years from 6 U.S. communities:
Forsyth County, North Carolina; northern Manhattan and
Bronx, New York; Baltimore and Baltimore County,
Maryland; St. Paul, Minnesota; Chicago, Illinois; and Los
Angeles, California. Exclusion criteria included clinical car-
diovascular disease, body weight greater than 300 b, preg-
nancy, or impediment to long-term participation.

The MESA Lung Study enrolled 3965 MESA partic-
ipants of 4484 selected persons who were sampled ran-
domly among those who consented to genetic analyses,
those who underwent baseline measures of endothelial
function, and those who attended an examination during
the MESA Lung Study recruitment period in 2004 to
2006 (Figure 1). Asian participants were oversampled.

For the current cross-sectional study related to ob-
structive lung disease, we excluded 322 participants with a
restrictive pattern of spirometry, defined as FVC less than
the lower limit of normal (12) and an FEV,-FVC ratio
greater than 0.70.

Assessment of Exposure to Pipe and Cigar Smoke

We used self-administered items from the American
Thoracic Society questionnaire (13) to identify partici-
pants’ smoking histories for pipes, cigars, and cigarettes.
For pipes, we first asked participants, “Have you smoked at
least 20 pipe-bowls in your lifetime?” If they answered
“yes,” additional questions included, “How old were you
when you first started smoking pipes?” “On average, about
how many pipe-bowls a day do/did you smoke?” “Have
you smoked a pipe within the last 30 days?” and, if
relevant, “How old were you when you quit smoking
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pipes?” Similar items were asked about cigar smoking
and, separately, cigarette smoking. We used 20 cigars
and 100 cigarettes as the thresholds for ever smoking
cigars and cigarettes, respectively.

We calculated pipe-years at the time of spirometry as
the self-reported age of starting to the age of quitting (or
current age if participants still smoked) multiplied by the
number of pipe-bowls per day. We calculated cigar-years as
the self-reported age of starting to the age of quitting (or
current age if participants still smoked) multiplied by cigars
per day.

Cotinine Assessment

Cotinine measurements from urine collected on the
same day as questionnaire information were performed by
immunoassay (Immulite 2000 Nicotine Metabolite Assay,
Diagnostic Products, Los Angeles, California) at the Na-
tional Institute for Occupational Safety and Health Core
Laboratory. Intra-assay coefficient of variation was 2.02%,
and the minimum detectable concentration was 10 ng/mlL.
On the basis of the standard approach for statistical calcu-
lation of undetectable levels of biomarkers, we assigned
undetectable values of cotinine to 7.07 ng/mL (14). We
did not correct urine cotinine for creatinine clearance be-
cause of the generally healthy (mean serum creatinine level,
83.7 wmol/L [SD, 19.0] or 0.9 mg/dL [0.2]) and muld-
ethnic composition of the cohort.

Measurement of Confounders

We collected information on age; sex; race or ethnic-
ity; educational attainment; medical history; occupational
exposure to dust, fumes, or smoke; depth of inhalation of
cigarettes; environmental tobacco smoke exposure; and
family history of emphysema by using standardized ques-
tionnaire items (13). We defined asthma as self-report of
physician-diagnosed asthma before age 45 years. We chose
that age to avoid overcorrection for COPD misdiagnosed
as asthma in persons older than 45 years, which is common
(especially in women) (15). We measured height and
weight at the time of spirometry by using calibrated scales
and measures and calculated body mass index.

We calculated pack-years of cigarette smoking as
follows: the age of starting to the age of quitting (or the
current age for current cigarette smokers) X (cigarettes per
day/20). The number of cigarettes per day was assessed
twice over 4 years by the ATS questionnaire item, “On
average, about how many cigarettes per day do you
smoke?” (13), and by a second-time item, “On the av-
erage of the entire time you smoked, how many ciga-
rettes did you smoke per day?” We used the greater of
the 2 measures in calculations.

Spirometry

We measured lung function on spirometry in 2004 to
2006 in accordance with the American Thoracic Society/
European Respiratory Society recommended guidelines
(16). We conducted tests by using a dry-rolling sealed spi-
rometer and software that performed automated quality
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Figure 1. Study flow diagram.
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MESA = Multi-Ethnic Study of Atherosclerosis.
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checks as maneuvers were performed (Occupational Mar-
keting, Houston, Texas). All spirometry examinations were
reviewed by 1 investigator, and each test was graded for
quality (17). We defined low-quality spirometry as only 1
acceptable curve and excluded participants with no accept-
able curves.

We defined airflow obstruction as an FEV,—-FVC ratio
less than the lower limit of normal (12), in accordance with
recent recommendations (16).

Statistical Analysis

We tested differences in urine cotinine levels between
each self-reported current smoking technique and never-
smokers with the Wilcoxon rank-sum test. For this analy-
sis, we excluded 4 participants who reported use of nico-
tine replacement therapy. We hierarchically categorized
participants who reported more than 1 smoking technique
at the time of the cotinine measurement as described in the
footnote to Figure 2.

For analyses of smoking technique, the cohort was
categorized according to history of pipe or cigar smoking
only, cigarette smoking only, and pipe or cigar and ciga-
rette smoking. Decrements in lung function and in the log
odds of airflow obstruction were estimated for each cate-
gory of smoking history compared with never-smokers by
using linear regression and logistic regression. We modeled

Figure 2. Urine cotinine levels, by self-report of current
smoking technique.
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Lines represent the median cotinine values (log scale). Upper and lower
horizontal bars represent maximum and minimum values, excluding out-
liers. Box height represents the interquartile range. Box width is propor-
tional to sample size. Circles represent outlier values. 2 < 0.001 for all
smoking techniques versus never-smokers. Never-smokers (2 = 1620)
reported smoking fewer than 100 cigarettes, fewer than 20 pipe-bowls,
and fewer than 20 cigars in life. Cigar smokers (z = 47) reported current
cigar use but no current pipe or cigarette smoking. Pipe smokers (z = 6)
reported current pipe use but no current cigarette smoking. Cigarette
smokers (7 = 330) reported current cigarette smoking.
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lung function as a function of age, age2, sex, height,
height?, and race/ethnicity rather than by using the per-
centage of predicted approach due to known variation in
the performance of Third National Health and Nutrition
Examination Survey reference equations across racial or
ethnic groups in this cohort (17). In addition, we adjusted
subsequent models for the following potential causal con-
founders, all of which are likely to affect lung function in a
population-based cohort: educational attainment, cigarette
smoking status, pack-years, environmental tobacco smoke
exposure, dust exposure, body mass index, asthma before
age 45 years, and family history of emphysema. We han-
dled missing data for covariates with multiple imputation
(18).

Analyses of the relationships of cumulative pipe smok-
ing and cumulative cigar smoking to lung function and
airflow limitation used a similar modeling approach. We
performed these analyses in the entire cohort, repeated
them after exclusion of participants who smoked cigarettes
only, and restricted them to participants who had never
smoked cigarettes, thus minimizing residual confounding
by cigarette smoking,.

We performed analyses in SAS, version 9.2 (SAS In-
stitute, Cary, North Carolina). We used R, version 2.3.1
(R Foundation, Vienna, Austria), to generate plots.

Role of the Funding Source

The MESA and MESA Lung Study were funded by
the National Heart, Lung, and Blood Institute (NHLBI).
The MESA Lung Study was designed by the MESA Lung
Study investigators. The protocol was approved by the in-
stitutional review boards of all collaborating institutions
and by the NHLBI. The authors, together with other
MESA investigators, collected and analyzed the data,
vouched for the data and analysis, and wrote and submit-
ted the paper for publication. The NHLBI staff routinely
monitored study performance and participated in the in-
ternal review of the manuscript before submission.

RESULTS

Figure 1 shows the recruitment of the 3965 partici-
pants in the MESA Lung Study and subsequent exclusions.
The 3528 participants in the analysis of smoking technique
had a mean age of 66 years (SD, 10) and were 49% male,
35% non-Hispanic white, 26% African American, 22%
Hispanic, and 17% Chinese American. Nine percent re-
ported ever smoking pipes (median, 15 pipe-years [inter-
quartile range {IQR}, 4 to 46 pipe-years]), mostly in the
past. Eleven percent reported ever smoking cigars (median,
6 cigar-years [IQR, 0 to 26 cigar-years]), of whom approx-
imately one fifth currently smoked cigars. Fifty-two per-
cent reported ever smoking cigarettes, and 9% were current
cigarette smokers. Of 484 participants with a history of
pipe or cigar smoking, 88% also reported a history of cig-
arette smoking.
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Table 1. Characteristics of Participants, by Smoking History

Characteristic History of Smoking
None (n = 1620)* Pipes or Cigars Cigarettes Only Pipes or Cigars
Only (n = 56)t (n = 1424) and Cigarettes
(n = 428)%

Mean age (SD), y 65 (10) 65 (8) 66 (10) 67 (10)
Men, % 34 95 51 93
Race/ethnicity, %

Non-Hispanic white 28 64 35 57

African American 22 27 30 26

Hispanic 24 9 24 13

Chinese American 25 0 11 4
Educational attainment, %

Less than high school 18 0 18 8

High school graduate 19 5 19 15

Some college 25 18 31 29

College graduate 19 25 16 20

Postgraduate degree 19 52 16 28
Mean height (SD), cm 163 (10) 174 (9) 167 (10) 174 (8)
Mean body mass index (SD), kg/m? 27.5(5.2) 28.6 (3.7) 283 (5.7) 28.6 (4.6)
Cigarette smoking status, %

Never 100 100 — -

Former = = 82 83

Current — - 18 17
Mean pack-years of smoking (IQR), %8§ - - 17 (6-35) 20 (7-39)

0-10 - - 34 32

10-50 - - 52 52

>50 - - 14 16
Pipe-smoking status, %

Never 100 38 100 38

Former - 59 - 57

Current - 4 - 4
Median age started pipe smoking (IQR), y§ - 24 (20-30) - 23 (20-30)
Median age at last pipe in quitters (IQR), y§ - 30 (25-40) - 35 (27-45)
Median pipe-bowls smoked per day (IQR), n§ - 1(0-2) - 2 (1-4)
Median pipe-years (IQR), %8§ = 0(0-12) = 19 (4-50)

Missing - 26 - 7

0-10 = 51 = 36

10-50 - 17 - 34

>50 = 6 = 23
Cigar smoking status, %

Never 100 25 100 20

Former = 46 = 65

Current — 29 — 14
Median age started cigar smoking (IQR), y§ - 24 (20-40) - 25 (20-30)
Median age at last cigar in quitters (IQR), y§ - 35 (28-55) - 42 (33-50)
Median cigars smoked per day (IQR), n§ - 0 (0-1) - 1(0-2)
Median cigar-years (IQR), %8§ - 0 (0-10) - 7 (0-30)

Missing - 10 - 12

0-10 - 64 - 46

10-50 - 16 - 29

>50 - 10 - 12
Environmental tobacco smoke exposure, % 35 20 5 50
Family history of emphysema, % 4 0 4 6
Asthma before age 45y, % 8 11 7 10
Exposure to dust, % 30 43 40 47
Mean FEV, (SD), % predicted| 99 (16) 95 (13) 94 (19) 92 (18)
Mean FVC (SD), % predicted)| 98 (14) 98 (11) 97 (16) 97 (14)
Mean FEV,-FVC ratio (SD), % 77 (7) 74 (7) 73 (9) 71 (10)

IQR = interquartile range.

* Lifetime smoking history of fewer than 100 cigarettes, 20 pipe-bowls, or 20 cigars.

T Lifetime smoking history of at least 20 pipe-bowls or at least 20 cigars but fewer than 100 cigarettes. Among these 56 participants, 21 reported a history of smoking both
cigars and pipes.

¥ Lifetime smoking history of at least 20 pipe-bowls or at least 20 cigars in life and at least 100 cigarettes in life.

§ In participants with a history of smoking the given tobacco product.

|| Predicted values calculated by using Third National Health and Nutrition Examination Survey reference equations, with 0.88 correction factor for Chinese Americans

(12, 17).
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Table 1 shows the study sample stratified by smoking
technique into pipe or cigar smoking only, cigarette smok-
ing only, and pipe or cigar and cigarette smoking. Partici-
pants with a history of pipe or cigar smoking were more
likely to be male, to be white or African American, and to
have higher educational attainment.

Cotinine Levels, by Current Smoking Technique

To evaluate the biological plausibility of the effects of
pipe and cigar smoking in the lung, we assessed urine co-
tinine levels according to self-reported smoking technique.
Median cotinine levels were less than 10 ng/mL in never-
smokers (7 = 1620), 43 ng/mL in current cigar smokers
(n = 47), 1324 ng/mL in current pipe smokers (7 = 06),
and 4304 ng/mL in current cigarette smokers (2 = 330)
(all P < 0.001 vs. never-smokers). Figure 2 shows box
plots of urine cotinine levels, by type of current smoking
technique. Median cotinine levels were also elevated
among the 16 current cigar smokers (11 ng/mL [IQR, 7 to
206 ng/mL]; P < 0.001) and 2 current pipe smokers (164
ng/mL [IQR, 81 to 248 ng/mL]; 2 < 0.001) who reported

never smoking cigarettes.

Lung Function, Airflow Obstruction, and Smoking
Technique

Table 2 shows decrements in lung function and in
odds ratios for airflow obstruction according to categories
of smoking technique. Decrements in the FEV, were con-
sistent among participants with a history of pipe or cigar

smoking only, cigarette smoking only, and pipe or cigar
and cigarette smoking compared with never-smokers. The
decrement was modest and not statistically significant in
the 56 participants who smoked pipes or cigars only, was
greater and statistically significant in the much-larger
group who smoked cigarettes only, and was greatest in
those who smoked pipes or cigars in addition to cigarettes.
A similar pattern was evident for the FEV,~FVC ratio.

The odds of airflow obstruction were increased among
participants who smoked pipes or cigars only (odds ratio,
2.31 [95% CI, 1.04 to 5.11]; P = 0.039) compared with
never-smokers and were greatest among participants who
smoked pipes or cigars in addition to cigarettes.

Cumulative Pipe Smoking

In the entire sample, pipe-years were inversely associ-
ated with FEV, in the analyses adjusted for age, race/eth-
nicity, sex, and height (Table 3). This association persisted
in the fully adjusted model and after exclusion of partici-
pants who smoked cigarettes only. On restriction to par-
ticipants who never smoked cigarettes, effect estimates
were of larger magnitude but were not statistically signifi-
cant. Consistent, although generally nonsignificant, pat-
terns were evident for the FEV,—FVC ratio. The odds ratio
for airflow obstruction was increased in all analyses, and
the increase was statistically significant in fully adjusted
analyses in participants who never smoked cigarettes (odds
ratio, 2.13 [CI, 1.13 to 4.0]; P = 0.019).

Table 2. Decrement in Lung Function and Odds Ratio for Airflow Obstruction, by Smoking History*

Value History of Smoking
None (n = 1620)t  Pipes or Cigars Only P Value Cigarettes Only P Value Pipes or Cigars and P Value
(n = 56)* (n = 1424) Cigarettes (n = 428)§

FEV,, mL

Mean 2314 2299 2217 2187

Mean difference for model 1| O (reference) —50 (—146 to 46) 0.31 —98 (-128to —68) <0.001  —150 (=199 to —100) <0.001

Mean difference for model 29 0 (reference) —39 (—134 to 55) 0.41 —82 (—142to —22) 0.007 —160 (—266 to —55) 0.003
FVC, mL

Mean 3032 3075 3001 3017

Mean difference for model 1| O (reference) 22 (—93 to 137) 0.71 —32 (—661t02.4) 0.068 —28 (—85t029) 0.33

Mean difference for model 29 O (reference) 33 (—81 to 146) 0.57 —20 (—89 to 48) 0.56 -7 (=129 to 115) 0.91
FEV,-FVC ratio, %

Mean 76.5 735 733 711

Mean difference for model 1| O (reference) -1.4(-3.3t00.5) 0.150 —-2.6(—3.2to —2.0) <0.001 —3.5(—4.4to —2.5) <0.001

Mean difference for model 29 0 (reference) —-1.4(-3.2t00.5) 0.150 —2.2(-34to—1.1) <0.001 —43(-6.3t0 —2.3) <0.001
Airflow obstruction, %

Prevalence 7.6 17.9 16.1 21.04

Odds ratio for model 1|| 1 (reference) 2.24 (1.04 to 4.80) 0.040 2.15 (1.68 to 2.74) <0.001 2.42 (1.67 to 3.52) <0.001

Odds ratio for model 21 1 (reference) 2.31(1.04t0 5.11) 0.039 2.01 (1.31 to 3.08) 0.001 3.43 (1.75t0 6.71) <0.001

*95% Cls are shown in parentheses.

T Lifetime smoking history of fewer than 100 cigarettes, 20 pipe-bowls, or 20 cigars.

¥ Lifetime smoking history of at least 20 pipe-bowls or at least 20 cigars but fewer than 100 cigarettes. In these 56 participants, 21 reported a history of smoking both cigars

and pipes.

§ Lifetime smoking history of at least 20 pipe-bowls or at least 20 cigars and at least 100 cigarettes.

|| Adjusted for age, race/ethnicity, sex, and height.

91 Adjusted for age, race/ethnicity, sex, height, cigarette smoking status and pack-years, environmental tobacco smoke exposure, body mass index, education, family history

of emphysema, asthma before age 45 years, and dust exposure.
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Table 3. Decrement in Lung Function and Odds Ratio for Airflow Obstruction per 10 Pipe-Years*

Value Entire Samplet P Value

Mean difference for FEV,, mL
Model 1|| —10(—16t0 —4)  0.002
Model 21 —6(=12to —0.1) 0.045

Mean difference for FVC, mL
Model 1|| —7(-13to —0.2) 0.043
Model 21 -6 (—12to 1) 0.103

Mean difference for FEV,-FVC ratio, %
Model 1|| —0.10 (—0.2t0 0.02) 0.093
Model 21 —0.02 (=0.1 t0 0.1) 0.74

Odds ratio for airflow obstruction
Model 1| 1.03 (1.0 to 1.06) 0.075
Model 29 1.02 (0.98 to 1.05) 0.28

Excluding Participants Who P Value Restricted to Participants Who P Value

Smoked Cigarettes Only+ Never Smoked Cigarettes§
—13(=19to —7) <0.001 —28(—69 to 12) 0.168
—8(—13to —2) 0.010 —34 (-76 10 8) 0.108
-9 (—16to —3) 0.005 6 (—42 to 54) 0.80
-9 (-15to —2) 0.011 —2(—52to 48) 0.94
—0.16 (—0.3 to —0.05) 0.003 -0.7(-1.5t00.1) 0.089
—0.02 (=0.1t0 0.1) 0.70 —0.8 (—1.6 t0 0.06) 0.069
1.04 (1.01 to 1.07) 0.018 1.57 (0.91 to 2.72) 0.103
1.02 (0.98 to 1.06) 0.27 2.13 (1.13 t0 4.0) 0.019

*95% Cls are shown in parentheses.

13500 participants, 272 pipe smokers.

¥ 2076 participants, 272 pipe smokers.

§ 1667 participants, 26 pipe smokers.

|| Adjusted for age, race/ethnicity, sex, and height.

91 Adjusted for age, race/ethnicity, sex, height, cigarette smoking status and pack-years, cigar-years, environmental tobacco smoke exposure, body mass index, education,

family history of emphysema, asthma before age 45 years, and dust exposure.

The decrease in lung function from pipe smoking was
much larger in pipe smokers who smoked heavily. For ex-
ample, in fully adjusted analyses, the mean FEV, in the 64
participants in the full sample with 50 or more pipe-years
was 154 mL lower (CI, —262 to —47 mL; P = 0.005)
than that of participants who had never smoked pipes, and
the mean FEV,-FVC ratio was 2.1 percentage points
lower (CI, —4.1 to —0.1 percentage points; 2 = 0.039).

No evidence existed that these associations were mod-
ified by cigarette smoking in the entire sample (for exam-
ple, the P value for the interaction of pack-years with pipe-
years for the FEV, was 0.22). Because most pipe smokers
in this cohort were white and male, we repeated analyses
restricted to these groups and found consistent associations
(data not shown).

Cumulative Cigar Smoking

In the entire sample, more cigar-years were associated
with decreased FEV,, decreased FEV,—FVC ratio, and in-
creased odds ratio for airflow obstruction in the analyses
adjusted for age, race/ethnicity, sex, and height (Table 4).
Fully adjusted models yielded consistent associations,
which remained statistically significant for the FEV,-FVC
ratio. Results were similar after the exclusion of partici-
pants who smoked only cigarettes but were attenuated after
restriction to participants who never smoked cigarettes,
and there was evidence that the association of cigar-years
with FEV| in the entire sample was modified by pack-years
of cigarette smoking (P for interaction < 0.001).

The associations were qualitatively consistent in white
persons and in men (data not shown).

Cumulative Cigarette Smoking
By comparison, cigarette pack-years were inversely as-

sociated with FEV, (—46 mL per 10 pack-years [CI, —54
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to —38 mL per 10 pack-years]; 2 < 0.001) and the FEV,—
FVC ratio (—0.8% per 10 pack-years [CI, —1.0% to
—0.7% per 10 pack-years]; P << 0.001) and were associ-
ated with increased airflow obstruction (odds ratio, 1.20
[CI, 1.14 to 1.26]; P < 0.001) in the entire sample in fully
adjusted models.

Sensitivity Analyses

There was no evidence for effect modification of asso-
ciations of pipe-years and cigar-years with lung function by
race/ethnicity or sex. Results were similar in sensitivity
analyses in which pack-years of cigarettes were increased by
25% selectively among those who reported no current
smoking but had cotinine levels greater than 100 ng/mL
and after exclusion of participants with low-quality spirom-
etry (data not shown).

Discussion

Pipe and cigar smoking were associated with an ob-
structive pattern of spirometry characterized by decreased
FEV, and FEV,-FVC ratio and by an increased risk for
airflow obstruction in this large, multiethnic study. These
results, together with the extensive literature on the effects
of tobacco smoke on the development of COPD and the
increase in cotinine levels among current pipe and cigar
smokers in this cohort, suggest that pipe and cigar smoking
produce a measurable increase in the risk for COPD.

Tobacco smoke is the major cause of COPD (6, 19).
However, it is not entirely clear whether pipe and cigar
smoking damages the lungs via the same mechanism as
cigarette smoking. Some pipe and cigar smokers say they
do not inhale, or inhale less, than cigarette smokers. The
elevated cotinine levels in the current study, however, belie
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Table 4. Decrement in Lung Function and Odds Ratio for Airflow Obstruction per 10 Cigar-Years*

Value Entire Samplet P Value
Mean difference for FEV,, mL
Model 1| —11(=19to —3) 0.005
Model 21 —5(=12to0 3) 0.23
Mean difference for FVC, mL
Model 1| —1(-9t0 8) 0.91
Model 21 4(—4t013) 0.32

Mean difference for FEV,-FVC ratio, %
Model 1|
Model 21

—0.3(-0.4to —0.1) 0.001
—0.2(-0.3to —0.03) 0.019

Odds ratio for airflow obstruction
Model 1|
Model 21

1.05 (1.01 to 1.09) 0.015
1.03 (0.99 to 1.08) 0.135

Excluding Participants Who P Value Restricted to Participants Who P Value
Smoked Cigarettes Only+ Never Smoked Cigarettes§

—14 (=22 to —7) <0.001 —3(—18to0 11) 0.65
=7(=14to 1) 0.075 7 (—10to 24) 0.43
—2(—10to 6) 0.60 4(—14 10 22) 0.65

1 (=7 to 10) 0.80 15 (-6 to 36) 0.166
—0.3(-0.5t0 —0.2) <0.001 -0.1(-0.4t00.2) 0.40

—0.2 (—0.3 to —0.05) 0.009 -0.1(-0.4t00.3) 0.74

1.06 (1.02 to 1.11) 0.003 1.01 (0.90 to 1.14) 0.80

1.04 (0.99 to 1.08) 0.130  0.63 (0.26 to 1.54) 0.31

*95% Cls are shown in parentheses.

1 3479 participants, 334 cigar smokers.

$ 2055 participants, 334 cigar smokers.

§ 1672 participants, 38 cigar smokers.

| Adjusted for age, race/ethnicity, sex, and height.

91 Adjusted for age, race/ethnicity, sex, height, cigarette smoking status and pack-years, pipe-years, environmental tobacco smoke exposure, body mass index, education, family

history of emphysema, asthma before age 45 years, and dust exposure.

this notion and provide a biological measure of nicotine
exposure. Our results are also consistent with previous ob-
servations (20, 21) of elevated carboxyhemoglobin satura-
tions in pipe and cigar smokers, particularly among former
cigarette smokers who may be more likely to inhale than
persons who have never smoked cigarettes. Cigar smoke
particles have been shown to be deposited in the lung,
regardless of report of inhalation (22). These findings
strongly suggest that tobacco smoke from cigars and par-
ticularly from pipes is absorbed systemically.

Cotinine levels were lower among current pipe and
cigar smokers than among current cigarette smokers; how-
ever, relative differences in cotinine levels reflect differences
in nicotine absorption but not necessarily exposure to
harmful products of tobacco smoke. Most cigarettes are
filtered, whereas pipes and cigars are unfiltered and may
therefore yield a higher dose of tobacco smoke for the same
dose of nicotine. Furthermore, pipe and cigar smoke ex-
poses the smoker to more side-streamed smoke, which may
be particularly harmful (23, 24). However, similar effects
of pipe and cigar to cigarette smoking on CYP1A2 activity,
the major pathway that activates carcinogens from tobacco
smoke, and DNA adduct levels have not been found, pos-
sibly because of differences in inhalation (25).

Despite increases in pipe and cigar smoking, studies
on such smoking and lung function are few. We conducted
an English-language MEDLINE search through December
2009 to find studies that examined the association between
pipe or cigar smoking and lung function. Consistent with
our results, pipe and cigar smokers in the Copenhagen City
Heart Study had an increased rate of decline in lung func-
tion versus nonsmokers (26—28), as well as an increased
risk for mucous hypersecretion (28). The Copenhagen
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City Heart Study showed this association in a relatively
homogeneous European sample, whereas our study extends
these findings to a multiethnic sample in the United States.

Other studies of pipe and cigar smoking and COPD
have relied on International Classification of Disease—
based measures. In addition to the findings in the 2 U.S.
cohorts (9, 10), pipe and cigar smoking was associated with
increased mortality from emphysema and chronic bronchi-
tis in Sweden (29), and British men who switched from
cigarettes to pipes and cigars had an increased risk for
COPD death, ischemic heart disease, and lung cancer
compared with those who quit smoking all together (20).
A prospective cohort study in the Netherlands (30) showed
that pipe and cigar smoking was associated with reduced
life expectancy, although to a lesser extent than cigarette
smoking. Other studies (31, 32) investigating the effects of
pipe and cigar smoking are limited to overall mortality,
coronary artery disease, and risk for lung cancer.

Major strengths of this study include the large, multi-
ethnic, population-based sample with standardized mea-
sures of spirometry, cotinine, and pipe and cigar smoking,.
The major limitations are the cross-sectional design, the
retrospective ascertainment of cumulative pipe and cigar
smoking, and the relatively small proportion of partici-
pants who smoked pipes or cigars but not cigarettes. Cross-
sectional studies of lung function can yield different results
from longitudinal studies and are potentially subject to
selection bias. However, our cross-sectional findings are
consistent with the longitudinal results from Copenhagen
(26-28). Confounding, particularly by cigarette smoking,
may have contributed to the observed associations. However,
we controlled for precise measures of the major potential con-
founders, in addition to performing analyses stratified by
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smoking history, restricted to participants who never smoked
cigarettes, and using up-weighting estimates of cigarette pack-
years, all of which yielded consistent results.

Misclassification of smoking technique is unlikely to
have accounted for the differences in urine cotinine levels
between cigar and pipe smokers who never smoked ciga-
rettes. Only 13 (0.8%) of the 1620 participants who
reported never smoking had urine cotinine levels that
suggested active smoking (>100 ng/mL), and only 7
(0.4%) had levels that were unequivocally consistent
with active smoking (>500 ng/mL). Because of the gen-
erally healthy cohort and generally subclinical decre-
ments in lung function, recall bias of smoking history is
unlikely to have been substantial or differential with
respect to the outcomes.

Few participants smoked pipes or cigars but not ciga-
rettes. Effect estimates in this group were therefore rela-
tively imprecise; however, results for pipe or cigar smokers
as a group and pipe-years as a cumulative measure were
highly consistent with results from the entire sample
and were statistically significant for airflow obstruction.
The interaction term for cigar-years suggested a possible
greater effect of cigar smoking in participants who had
ever smoked cigarettes than in those who never smoked
cigarettes, which further research will have to refute or
confirm.

In conclusion, pipe and cigar smoking was associated
with decrements in lung function consistent with obstruc-
tive lung disease. These findings, together with increased
cotinine levels in current pipe and cigar smokers, suggest
that long-term pipe and cigar smoking may damage the
lungs and contribute to the development of COPD. Phy-
sicians should consider pipe and cigar smoking a risk factor
for COPD and counsel cessation of pipe and cigar smoking
regardless of cigarette smoking history.
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