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ABSTRACT

Introduction Smoked tobacco is a leading risk

factor for cardiopulmonary disease. Pipe and cigar use
remains common among US adults, yet its risks remain
insufficiently understood.

Methods We analysed data from five pooled cohorts
with adults enrolled from 1971 to 2011 with follow-up
through 2018. Pipe/cigar use was defined by baseline
self-report. Forced expiratory volume in 1s (FEV.), forced
vital capacity (FVC) and FEV. /FVC ratio were measured
by spirometry. All-cause mortality, coronary heart
disease mortality and hospitalisation, respiratory-related
mortality, and chronic obstructive pulmonary disease
(COPD) mortality and hospitalisation were classified

via adjudication or validated algorithms. Associations
were estimated with linear mixed models and Fine-
Gray subdistribution hazards models adjusted for
sociodemographic and clinical factors.

Results Among 22823 participants (mean (SD) age
48.0 (15.7) years; 44.9% male sex; 70.5% white, 25.4%
black, 2.4% Hispanic/Latino), 2621 (11.5%) reported
ever pipe/cigar use, including 518 (2.3%) exclusive
users without cigarette history. Compared with never
tobacco users (n=9931), exclusive pipe/cigar use was
associated with faster decline in FEV, (3.36 mL/year;
95% Cl 1.99 to 4.72), FVC (3.73 ml/year; 95% Cl 2.05
to 5.42) and FEV./FVC (0.031 per year; 95% CI 0.008
to 0.054). Exclusive users had higher all-cause mortality
(adjusted HR (aHR) 1.24; 95% CI 1.08 to 1.41), COPD
hospitalisation/mortality (aHR 2.02; 95% Cl 1.41 to
2.90) and preserved ratio impaired spirometry (aHR 1.83;
95%Cl 1.24 10 2.71).

Conclusion Pipe and cigar use was associated with
accelerated lung function decline and increased mortality
and cardiopulmonary events, including among never
cigarette users. These findings underscore the need for
prevention and cessation efforts targeting non-cigarette
tobacco.

INTRODUCTION

Smoked tobacco is estimated to account for one
in six deaths due to non-communicable disease,' 2
due in large part to its causal role in the develop-
ment and progression of cardiovascular disease and
chronic obstructive pulmonary disease (COPD).
While rates of cigarette use have declined in recent
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Cigarette smoking is an established cause of
cardiopulmonary disease, but evidence on pipe
and cigar use is limited. Prior studies were often
small, lacked diversity and did not separate
exclusive pipe/cigar users from those who also
smoked cigarettes. Despite ongoing use of non-
cigarette tobacco products in the USA, their
long-term health risks remain poorly defined.

WHAT THIS STUDY ADDS

= In a large, multiethnic US population with
prospective follow-up, exclusive pipe or cigar
use was associated with accelerated lung
function decline, higher all-cause mortality and
increased risk of chronic obstructive pulmonary
disease-related hospitalisation or death, even
among adults who never smoked cigarettes.
Exclusive pipe or cigar users also had increased
risk of incident preserved ratio impaired
spirometry, a pattern linked to cardiopulmonary
morbidity and mortality.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings challenge the perception of
pipe and cigar smoking as safer alternatives
to cigarettes and highlight their independent
health risks. Public health messaging,
prevention and cessation interventions
should address non-cigarette tobacco use
explicitly. Clinicians may need to incorporate
pipe and cigar use into risk assessment and
counselling, while policymakers could consider
strengthening regulation and surveillance of

these products.

decades, tobacco use remains common, and non-
cigarette tobacco products such as pipes and cigars
continue to be used by millions of US adults.” Cigar
use has been linked to cancer and other cardiopul-
monary diseases and represents a meaningful source
of health loss due to smoked tobacco.*®

Of an estimated 46million current tobacco
users in the USA in 2021, 8.6 million (18.7%)
were smoking cigars and 2.3 million (5.0%) were
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smoking pipes.® Analyses of excise tax data estimated that cigar
and pipe consumption increased by 180% and 556%, respec-
tively, from 2000 to 2015.” This may be because non-cigarette
tobacco use (including pipes and cigars) is frequently perceived
as lower risk compared with cigarettes.® A recent report from the
US Government Accountability Office notes that pipe tobacco
and some large cigars are taxed at lower rates compared with
cigarettes, and that these tax rate differences may have led to
market shifts among these products.’

While it was previously thought that cigar and pipe users
do not inhale smoke during use, studies have shown that cigar
and pipe smoke is likely inhaled, though potentially to a lesser
extent than cigarette smoke.’” ™' Other characteristics of pipe
and cigar tobacco products may increase the risk of respiratory
damage, including a higher pH of pipe and cigar smoke that
makes it more readily absorbed across the respiratory lining,*
higher average weights of tobacco compared with cigarettes'”
and comparable or higher levels of toxic chemicals compared
with cigarettes.'> While major public health agencies note the
risks associated with pipe and cigar use, these products did not
come under US Food and Drug Administration (FDA) regulatory
authority until 2016. Since then, FDA rules requiring warning
labels on pipe and cigar products have been struck down by
federal courts, making compliance with warning labels largely
voluntary for these products."

Research on the health effects of pipe and cigar use remains
limited. Many prior studies have been characterised by relatively
small and non-diverse samples, limited control for confounding
and lack of distinction between pipe and cigar users with or
without concurrent cigarette use.'* We therefore aimed to test
associations of pipe and cigar use with rate of lung function
decline and risk of adverse health outcomes, including cardiopul-
monary events, in a large, multiethnic, US general population-
based meta-cohort of adults, with separate analyses including
versus excluding those with a history of cigarette use.

METHODS

Study population

The National Heart, Lung, and Blood Institute (NHLBI)
Pooled Cohorts Study'® harmonised data from nine US general
population-based cohorts that enrolled participants from 1971
to 2011. This report includes data from five cohorts that had
comprehensive smoking assessments and two or more longi-
tudinal spirometry measurements: the Atherosclerosis Risk in
Communities Study (ARIC)," the Coronary Artery Risk Devel-
opment in Young Adults Study (CARDIA)," the Framingham
Offspring Study,’® the Health Aging and Body Composition
(HABC) study® and the Multi-Ethnic Study of Atherosclerosis
(MESA)*® (online supplemental eTable 1). All studies were
approved by the institutional review boards of the collaborating
institutions and all participants provided written informed
consent at the time of enrolment. This meta-cohort anal-
ysis was approved by all cohorts and the institutional review
board at Columbia University Irving Medical Center (approval
IRB-AAAB1971).

Smoking assessments

Smoking history was self-reported at baseline and follow-up
exams. Questionnaires included items on current and previous
cigarette, pipe and cigar use (online supplemental eTable 2,
eFigure 1). Responses were harmonised systematically and
reviewed cross-sectionally and longitudinally for consis-
tency; incongruent responses were reconciled or, if necessary,

censored.”! Baseline pipe or cigar use was classified as never
versus ever use (hereafter, ‘ever pipe/cigar’) and current versus
non-current or never use (‘current pipe/cigar’). Participants were
classified into one of four mutually exclusive categories of pipe/
cigar use at baseline: no history of cigarette, pipe or cigar use
(‘never users’), history of cigarette use only (‘exclusive cigarette
users’), history of pipe or cigar use only (‘exclusive pipe/cigar
users’) or history of cigarette and pipe or cigar use (‘cigarette and
pipe/cigar users’).

The primary exposures and comparisons of interest were (1)
ever pipe/cigar use versus never pipe/cigar use, analysed among
the entire study sample, and (2) exclusive pipe/cigar use versus
never cigarette or pipe/cigar use, analysed in the subgroup of
never cigarette users.

Lung function

Prebronchodilator forced expiratory volume in 1 s (FEV,) and
forced vital capacity (FVC) were measured using water-seal,
dry-rolling seal or flow-sensing spirometers following Amer-
ican Thoracic Society (ATS)/European Respiratory Society
(ERS) guidelines current at the time of the exams.” Lung
function measurements were subsequently harmonised and
quality-controlled by a scoring rubric based on 2005 ATS/ERS
standards.”” Reference equations derived from the US popu-
lation using the National Health and Nutrition Examination
Survey III data were used to determine per cent predicted values
based on age, sex, height, race and ethnicity.” Participants with
fewer than two valid spirometry measurements meeting quality
standards were excluded from the analysis. The first spirometry
exam coincided with the baseline assessment of pipe or cigar use
in all cohorts (online supplemental eFigure 1).

To account for the physiological decline in lung function asso-
ciated with ageing and to minimise potential bias from fixed
thresholds, incident airflow limitation (AL) and preserved ratio
impaired spirometry (PRISm) were defined using the lower limit
of normal (LLN) for FEV, and FEV /FVC. These thresholds
were derived from Global Lung Function Initiative (GLI) refer-
ence equations, treating the race of all participants as ‘other’,
consistent with prior studies using GLI reference equations in
diverse populations.*** Incident AL (FEV /FVC below the LLN)
and PRISm (FEV/ less than the LLN and FEV /FVC greater than
or equal to the LLN) were classified by longitudinal spirometry
among participants with normal baseline lung function.

Clinical outcomes

All-cause mortality was ascertained by proxy interview, with
validation by death certificate, hospital records or the National
Death Index (online supplemental eTable 3). Cause-specific
outcomes were respiratory-related mortality, coronary heart
disease (CHD)-related mortality and composite outcomes of
COPD-related hospitalisation or death (‘COPD-related events’),
chronic lower respiratory disease (CLRD)-related hospitalisation
or death (‘CLRD-related events’) and CHD-related hospitalisa-
tion or death (‘CHD-related events’). These outcomes were clas-
sified by adjudication via medical record review by clinical events
committees or using administrative criteria following previously
validated protocols."” Data were available from all cohorts for
all-cause mortality, CHD-related mortality and events and inci-
dent PRISm and AL. Data for respiratory-related mortality were
available from ARIC, CARDIA, HABC and MESA, and data on
COPD-related events and CLRD-related events were available
from ARIC, HABC and MESA.

2

Gardner WM, et al. Thorax 2026;0:1-9. doi:10.1136/thorax-2025-224461

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xxa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
'salelIqIT AlSIaAIUN BIGWINIOD 1B 9Z0T ‘¥ YdJBIN UO /w02 [wig xeloyy/:dily woly papeo|umod ‘9z0z Y21 € UO T9bze-G20Z-Xeloyy9eTT 0T Se paysiignd 1sil :xeloyL


https://dx.doi.org/10.1136/thorax-2025-224461
https://dx.doi.org/10.1136/thorax-2025-224461
https://dx.doi.org/10.1136/thorax-2025-224461
https://dx.doi.org/10.1136/thorax-2025-224461
https://dx.doi.org/10.1136/thorax-2025-224461
http://thorax.bmj.com/

Respiratory epidemiology

Covariates

Birth year, age, sex, race/ethnicity and educational attainment
were self-reported at the cohort baseline exam. Race/ethnicity
was categorised using the 2000 US Census approach.” Height
and weight were measured using standard methods and used
to calculate body mass index (BMI). Hypertension was defined
by self-reported physician diagnosis, systolic blood pres-
sure=140 mm Hg, diastolic blood pressure=90 mm Hg or use
of antihypertensive medications. Diabetes was defined by self-
reported physician diagnosis, fasting plasma glucose greater
than 125 mg/dL or use of oral hypoglycaemic agents or insulin.
Estimated glomerular filtration rate (eGFR) was based on base-
line laboratory testing, calculated by the Modification of Diet in
Renal Disease equation and categorised as less than 30 mL/min,
30-59mL/min and 60 or greater mL/min. Histories of clinical
CHD, heart failure (HF) and stroke were classified based on self-
reported physician diagnosis.

Statistical analyses

Linear mixed models were used to test associations of pipe/
cigar use and repeated lung function measures. Separate models
were conducted for the three lung function outcomes (FEV,,
FVC and FEV /FVC). Lung function was regressed on ever and
current pipe/cigar use (vs never pipe/cigar use) at baseline and,
in a subgroup analysis limited to never cigarette smokers, exclu-
sive ever and current pipe/cigar use (vs never cigarette or pipe/
cigar use). Models were adjusted by age (time-variant), birth
year, sex, race/ethnicity, educational attainment, height (time-
variant), weight (time-variant), source cohort and site. Birth year
was modelled as a potential confounder due to secular changes
in the tobacco marketplace that could contribute to differences
by birth cohort. Multiplicative interaction terms with age were
included for all time-invariant covariates (birth year, sex, race/
ethnicity, educational attainment, study cohort and site). For
analyses including current or former cigarette users, models
were adjusted for cigarette smoking status (time-varying) and
pack-years of cigarette smoking at baseline. The models allowed
for study-specific unstructured variance/covariance matrices of
the visit-specific residuals, which allowed for between-study
and between-visit heterogeneity of variances and serial autocor-
relation of within-person residuals. Linearity, homoscedasticity
and normality assumptions were confirmed using residual plot
analyses.

Associations between pipe/cigar use and clinical outcomes
were analysed using Kaplan-Meier curves and hazard models
with separate analyses for pipe or cigar use among all partic-
ipants and exclusive pipe or cigar use compared with never
users of cigarettes, pipes or cigars. For all-cause mortality, we
used Cox proportional hazards models.® For cause-specific
outcomes, we used Fine-Gray subdistribution hazard models*” to
account for the competing risk of death from other causes. For
incident PRISm and AL, we used Fine-Gray models with death
as the competing event. Data were available through 2018 with
administrative censoring of follow-up after this point. Models
were adjusted for all covariates included in the mixed models
(with the substitution of BMI for separate height and weight
variables) as well as hypertension, diabetes, CHD, HF and stroke
at baseline. The proportional hazards assumption was confirmed
by examining scaled Schoenfeld residual plots and using the
Schoenfeld residual test.

Linear mixed models of lung function decline were performed
using SAS software V.9.4 (Cary, North Carolina). Cox propor-
tional hazards and Fine-Gray subdistribution hazard models were

fitin R (V.4.0.2). We used complete case analysis, restricting each
analysis to participants with non-missing values for the outcome,
exposure and all covariates. To assess potential selection bias, we
compared baseline characteristics of included versus excluded
participants (online supplemental eTable 4). A two-tailed alpha
of 0.05 was considered statistically significant for all models.
Due to the potential for type 1 error, subgroup analyses should
be interpreted with caution.

RESULTS

Participant characteristics

There were 22823 participants across five cohorts included in
lung function analyses (table 1, online supplemental eFigure 2).
At baseline, the mean age of participants was 48.0£15.7 years,
10253 (44.9%) were male, 5806 (25.4%) were non-Hispanic
black, 16 080 (70.5%) were non-Hispanic white and 537 (2.4%)
were Hispanic/Latino. With respect to tobacco exposures, 9931
(43.5%) were never-users, 10271 (45.0%) were exclusive ciga-
rette users, 518 (2.3%) were exclusive pipe/cigar users and
2103 (9.2%) were cigarette and pipe/cigar users. Pipe or cigar
users were predominantly male (96.7%). Among ever pipe/cigar
users, the mean age of initiation was 29.0+10.5 years, the mean
total years of pipe/cigar use was 11.3+11.3 years, and 24.8%
were current users. Among exclusive pipe/cigar users, mean
age of initiation was 25.9+8.6 years, mean total years of pipe/
cigar use was 15.0£12.4 years and 42.7% were current users.
Mean pack-years of cigarette use among exclusive cigarette users
was 21.7%+21.4 years compared with 28.5+15.9 years among
users of both cigarettes and pipes or cigars. Median duration
of follow-up was 12.6+9.9 years, with median number of
spirometry assessments of 2 (Q1-Q3 2-3). Comparing study
participants to those excluded due to insufficient spirometry
or covariate values, included participants were more likely to
be younger but otherwise had similar rates of ever and current
pipe/cigar use (online supplemental eTable 4). The characteris-
tics of participants in the clinical outcomes analyses were similar
(online supplemental eTables 5 and 6).

Lung function

Compared with never pipe/cigar users, ever pipe/cigar use was
associated with a greater rate of decline in FEV, (2.38 mL/year,
95%CI 1.71 to 3.04), FVC (2.60mL/year, 95%CI 1.78 to
3.41) and FEV /FVC (0.017 per year, 95%CI 0.005 to 0.029,
figure 1). Associations with current pipe/cigar use (vs never pipe/
cigar use) were similar. Ever/pipe cigar use among all partici-
pants was not associated with incident AL or PRISm (online
supplemental eTable 7).

Among never cigarette users (N=10449), exclusive ever pipe/
cigar use was also associated with a greater rate of decline in
FEV, (3.36mL/year, 95%CI 1.99 to 4.72), FVC (3.73 mL/year,
95%CI 2.05 to 5.24) and FEV /FVC (0.031 per year, 95% CI
0.008 to 0.054; Figure 1) compared with never pipe/cigar users.
Results for current exclusive pipe/cigar use versus never pipe/
cigar use among never cigarette users were similar, although the
association with FEV /FVC decline was not statistically signifi-
cant. Exclusive pipe/cigar use was also associated with incident
PRISm among never cigarette users (adjusted subdistribution
HR (asHR) 1.83, 95%CI 1.24 to 2.71; online supplemental
eTable 7), but not incident AL. Results were qualitatively similar
in sensitivity models including males only, though no models
of FEV /FVC were statistically significant (online supplemental
eFigure 3). In those cohorts that measured pipe and cigar use
separately, sensitivity analyses with separate models for pipe and
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Table 1 Baseline characteristics, stratified by cigarette, pipe and cigar use

Never users of cigarette or

Exclusive cigarette Exclusive pipe/cigar Cigarette and pipe/

pipe/cigar users users cigar users Total
(N=9931) (N=10271) (N=518) (N=2103) (N=22823)
Age, mean=+SD, years 46.7+16.4 47.2+15.0 54.2+13.2 56.7+12.7 48.0+15.7
Male, number (%) 3230 (32.5) 44388 (43.7) 508 (98.1) 2027 (96.4) 10253 (44.9)
Race/ethnicity, number (%)*
White 6479 (65.2) 7441 (72.4) 425 (82.0) 1735 (82.5) 16080 (70.5)
Black 2886 (29.1) 2500 (24.3) 89(17.2) 331 (15.7) 5806 (25.4)
Hispanic 276 (2.8) 231(2.2) 4(0.8) 26 (1.2) 537 (2.4)
Other race 290 (2.9) 99 (1.0) 0(0.0) 11 (0.5) 400 (1.8)
Education, number (%)*
Less than high school 755 (7.6) 1226 (11.9) 37(7.1) 204 (9.7) 2222 (9.7)
High school 2874 (28.9) 3227 (31.4) 111(21.4) 475 (22.6) 6687 (29.3)
Some college 2040 (20.5) 1964 (19.1) 52 (10.0) 348 (16.5) 4404 (19.3)
College or more 4262 (42.9) 3854 (37.5) 318 (61.4) 1076 (51.2) 9510 (41.7)
BMI, mean+SD 26.9 (5.5) 26.8(5.2) 27.8(4.1) 27.6 (4.1) 26.9(5.2)
Cigarette pack-years, mean+SD NA 21.7 (21.4) NA 28.5(15.9) 22.9(22.4)
Cigarettes per day, mean+SD NA 17.3(12.3) NA 21.3(13.6) 18.0 (12.6)
Pipe/cigar use
Current pipe/cigar use, number (%) NA NA 221 (43.4) 429 (20.9) 650 (2.9)
Pipe/cigar age of initiation, mean+SD NA NA 25.9 (8.6) 29.7 (10.7) 29.0 (10.5)
Pipe/cigar years, mean+SD NA NA 15.0 (12.4) 10.7 (11.0) 11.3(11.3)
Lung function
% predicted FEV, baseline, meanSD, 98.3 (14.2) 93.0 (16.5) 97.0 (14.4) 92.3(17.1) 95.3 (15.8)
% predicted FVC baseline, mean+SD 99.9 (13.4) 97.8 (14.1) 98.2 (13.1) 96.6 (14.2) 98.6 (13.8)
FEV /FVC baseline, mean=SD 0.78 (0.07) 0.75 (0.08) 0.75 (0.06) 0.72 (0.09) 0.76 (0.08)
Number of spirometry measures, median (Q1-Q3) 3 (2-4) 2 (2-3) 2 (2-3) 2 (2-3) 2 (2-3)
Years of follow-up, mean+SD 13.7 (10.3) 12.2 (9.7) 10.5 (8.9) 9.3(8.3) 12.6 (9.9)
Cohort*
ARIC 4699 (47.3) 5211 (50.7) 297 (57.3) 1240 (59.0) 11447 (50.2)
CARDIA 2534 (25.5) 1906 (18.6) 32 (6.2) 120 (5.7) 4592 (20.1)
FHS-0 877 (8.8) 1642 (16.0) 75 (14.5) 111 (5.3) 2705 (11.9)
HABC 654 (6.6) 506 (4.9) 83 (16.0) 368 (17.5) 1611 (7.1)
MESA 1167 (11.8) 1006 (9.8) 31 (6.0) 264 (12.6) 2468 (10.8)

*Table shows column percentage.

ARIC, Atherosclerosis Risk in Communities; BMI, body mass index; CARDIA, Coronary Artery Risk Development in Young Adults; FEV,, forced expiratory volume in 1 s; FHS-O,
Framingham Offspring Study; FVC, forced vital capacity; HABC, Health Aging and Body Composition; MESA, Multi-Ethnic Study of Atherosclerosis.

cigar use showed similar magnitude of effects on lung function
as the results with the pooled exposure definition (online supple-
mental eFigure 4). Sensitivity analyses among former smokers
showed qualitatively similar, though statistically insignificant,
results (online supplemental eFigure 5).

Clinical outcomes
Of 27129 participants with follow-up for clinical events, there
was a median follow-up of 22.7 years (Q1-Q3 12.2-28.4) for
all-cause mortality and CHD-related mortality, 22.2 years (Q1-
Q3 11.8-28.5) for respiratory-related mortality, 21.6 years (Q1-
Q3 11.7-28.2) for CHD-related events and 14.9 years (Q1-Q3
10.0-24.0) for COPD-related events (online supplemental
eTable 6).

Among never users of cigarettes, exclusive pipe/cigar use was
associated with increased hazards of all-cause mortality (aHR

1.24, 95%CI 1.08 to 1.41) and COPD-related hospitalisation
or death (asHR 2.02, 95%CI 1.41 to 2.90) (table 2, figure 2).
Significant associations with CHD-related and respiratory-
related mortality were not observed, although event rates were
relatively low. In sensitivity analyses including males only (online
supplemental eTable 8) and additional control for eGFR (online
supplemental eTable 9), results were qualitatively similar. Results
were consistent when stratified by cohort (online supplemental
eFigure 6). Survival curves for all clinical outcomes for pipe/
cigar use among all participants (online supplemental eFigure 7)
and among never cigarette users (online supplemental eFigure 8)
are available in the online supplemental materials.

DISCUSSION
Pipe or cigar use was associated with greater decline in lung
function and adverse clinical outcomes in a large, multiethnic,
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FEVA FVC FEV1/FVC
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Figure 1

Associations between pipe or cigar use and lung function decline. Lung function decline was estimated using linear mixed models with

study-specific unstructured variance/covariance matrices of the visit-specific residuals. The coefficient for the interaction term of exposure and age
was interpreted as the longitudinal association with rate of change in lung function. All models were adjusted by age, sex, race/ethnicity, educational
attainment, height, weight, study cohort and site. For analyses including current or former cigarette users, models were adjusted for cigarette smoking
status (time-varying) and pack-years of cigarette smoking at baseline. Multiplicative interaction terms with age were included for all time-invariant
covariates. Error bars represent 95% Cls. FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity.

US general population-based meta-cohort of adults. Among
adults with no history of cigarette use, exclusive pipe or cigar
use was associated with greater all-cause mortality as well as
CHD-related and COPD-related hospitalisation or death. These
findings support the need for prevention and cessation efforts
targeting non-cigarette tobacco use and suggest that adults with
a history of pipe or cigar use, with or without cigarette smoking,
warrant enhanced cardiopulmonary risk mitigation.

This is the first large US general population-based study, to
our knowledge, to establish associations of pipe or cigar use with
accelerated loss of lung function, including in adults who never
smoked cigarettes. The observed lung function decline among
pipe and cigar users is likely mediated through similar patho-
physiological mechanisms as cigarette smoking. Combusted
tobacco smoke contains chemical constituents including reactive
oxygen species, carcinogens and inflammatory mediators. These
compounds trigger oxidative stress through generation of free
radicals, causing DNA damage, lipid peroxidation and protein
oxidation in airway epithelium.?® Chronic inflammation in turn
promotes protease-antiprotease imbalance and airway remodel-
ling characteristic of obstructive lung disease.”’

While the estimated annualised decrease of 3—4 mL per year in
FEV, and FVC is modest in absolute terms, it was equivalent to
approximately 13% of the unadjusted mean decline in non-users
of pipes or cigars. A prior systematic review of 26 studies found
that continuing cigarette smokers had 10.8 mL per year greater
decline in FEV, compared with never smokers,”’ and more
recent results from the NHLBI Pooled Cohorts Study demon-
strated an approximately 9 mL/year greater FEV, decline among
current cigarette smokers compared with never smokers.?! Thus,
the effect magnitude we observed for pipe/cigar use represents
approximately 30%-40% of that seen with cigarette smoking.
This attenuated effect could be due to differences in inhalation

patterns, with pipe/cigar users practising more, but not exclu-
sively, oropharyngeal inhalation.'” Differences in use frequency
may also result in differences in cumulative exposure,'* though
the unfiltered nature of pipe and cigar smoke may partially offset
this through increased toxicant delivery per smoking episode.*

Our results are consistent with prior cross-sectional results
from the MESA study, showing that greater years of pipe smoking
were associated with lower FEV, and greater years of cigar
smoking were associated with lower FEV /FVC.’' However,
whereas that cross-sectional analysis associated ever and exclu-
sive pipe/cigar use with prevalent AL, we did not identify associ-
ations with incident AL over longitudinal follow-up; rather, we
identified an association of exclusive pipe/cigar use with inci-
dent PRISm. This finding nonetheless has clinical implications,
since PRISm has been linked to increased risks of cardiovascular
and respiratory morbidity and mortality.”® Our results regarding
accelerated lung function decline are broadly consistent with
results from the Copenhagen City Heart Study, where decline in
FEV, was greatest for exclusive cigar or cheroot users compared
with any other tobacco use group or non-users of tobacco.** Our
study examined both former and current pipe or cigar users, of
whom current users demonstrated slightly greater acceleration
in lung function decline, whereas the Copenhagen City study
was limited to current users.

Pipe or cigar use was also associated with increased risk of all-
cause mortality and cardiopulmonary events among never-users
of cigarettes. Our results showing increased risks of all-cause
mortality among exclusive pipe or cigar users are consistent
with recent results from the National Longitudinal Mortality
Study, showing elevated risks of mortality associated with
exclusive cigar use.® Although prior research generated mixed
results, our findings confirm and extend several prior studies
that had notable limitations, including reliance on data collected
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Table 2  Associations between pipe or cigar use and clinical outcomes

Respiratory-related

All-cause mortality CHD-related mortality  CHD-related events mortality COPD-related events

Entire sample (N=27129)
Ever pipe/cigar

Events (at risk) 1753 (3454) 260 (3454) 608 (3325) 107 (3092) 534 (2951)

Incidence density rate per 10K 291.00 43.16 109.89 20.47 123.09

person-years
Never pipe/cigar

Events (at risk) 7804 (23 675) 799 (23 675) 2593 (23 327) 440 (19 516) 2134 (15 882)

Incidence density rate per 10K 159.93 16.37 55.46 11.14 82.81

person-years

HR for ever pipe/cigar vs never 1.05 (0.99 to 1.11, 0.12)

pipe/cigar (95% Cl, p value)

Never cigarette users (N=11781)

Exclusive pipe/cigar

49 (640)
40.29

Events (at risk) 305 (640)

Incidence density rate per 10K 250.80

person-years
Never cigarette or pipe/cigar
2887 (11 141)
120.75

291 (11 141)
1217

Events (at risk)

Incidence density rate per 10K
person-years

HR for exclusive pipe/cigar vs never 1.24 (1.08 to 1.41, 0.002)
cigarette or pipe/cigar (95%Cl, p
value)

HRs for all-cause mortality were calculated using Cox proportional hazards regression.

0.94 (0.80 to 1.10, 0.44)

1.10 (0.78 to 1.54, 0.60)

1.00 (0.90 t0 1.10,0.94)  0.98 (0.77 t0 1.25,0.90)  1.09 (0.98 to 1.21, 0.12)

117 (614) 9 (520) 46 (493)
105.59 9.32 57.13

915 (11 029) 81 (9490) 324 (7423)
39.36 4.05 25.67

1.16(0.93t0 1.44,0.19)  1.48(0.68 t0 3.23,0.32)  2.02 (1.41 to0 2.90, <0.001)

All other HRs are subdistribution HRs from Fine-Grey subdistribution hazard models. Models were adjusted for baseline age, sex, race/ethnicity, education, study site, BMI, and
diagnosis of hypertension, coronary heart disease, heart failure and stroke. Regressions were stratified by study, allowing for cohort-specific differences in the underlying baseline

risk.

BMI, body mass index; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease.

over 50 years ago, limited racial and ethnic diversity and/or
minimal adjustment for potential confounders, such as prevalent
cardiometabolic disease.’®™’

Of note, concurrent or alternating use of cigarettes, pipes and
cigars is common,® as evidenced by the relatively small sample
size of exclusive pipe/cigar users in our population. We found
no statistically significant increased risk of all-cause mortality,
COPD-related events and CHD-related events among ever pipe/
cigar users when including concurrent or former cigarette users.
We suspect that this was due to the strong association of these
outcomes with cigarette use—which was adjusted for in these
analyses—and thus should not detract from the overall findings
that pipe or cigar use was associated with a range of adverse
health outcomes.

Our findings have several implications for public health
messaging and clinical practice. First, they strengthen the evidence
base supporting health warnings on pipe and cigar products.
Second, our results showing adverse health effects of pipe and
cigar use support recent government reports advocating for the
elimination of excise tax disparities between tobacco products to
reduce economic incentives for substitution.” Finally, our results
highlight the need for greater clinical attention to pipe and cigar
use in smoking cessation guidelines and clinical pathways, which
often focus predominantly on cigarette smoking without explicit
guidance or evidence for pipe/cigar use.’’

Strengths of our study include a large, multiethnic, US general
population-based sample; prospective longitudinal lung func-
tion measurement and event ascertainment; and analysis of

both ever and exclusive pipe/cigar use, with robust confounder
adjustment. Nevertheless, there are several relevant limitations.
First, use of cigarettes, pipes and cigars was self-reported and
thus subjected to potential reporting biases and misclassification.
Previous research based on these data has suggested that misclas-
sification of smoking status, if present, is likely small.*! Second,
we were unable to capture variation in frequency, duration and
volume of pipe or cigar use, or inhalation patterns, which could
modify the health risks of these products. Relatedly, we were
unable to capture variation in the design and types of pipes
and cigars, which may carry different cardiopulmonary risks.'*
Included cohorts also did not assess for cannabis use, and some
cigar use may be more related to cannabis rather than tobacco
use. Recent evidence has shown that consumption of cannabis
in a tobacco-derived cigar shell may increase the risk of starting
cigarettes or tobacco-based cigars.’® Additionally, pipe or cigar
users in our sample were predominantly male, which may limit
generalisability of the results to female pipe or cigar users.
This limitation is common to most pipe and cigar research, as
males are significantly more likely to use non-cigarette tobacco
products.’” Nonetheless, our results in analyses limited to male
participants were consistent with the main results. Our estimates
of lung function were based on prebronchodilator spirometry,
as postbronchodilator spirometry was unavailable. However,
prebronchodilator spirometry has been shown to predict health
outcomes with similar accuracy to postbronchodilator spirom-
etry in population studies.*” Finally, pooling data across cohorts
can introduce heterogeneity, yet data were systematically
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Figure 2 Survival curves for exclusive pipe/cigar use among never cigarette users. CHD, coronary heart disease; COPD, chronic obstructive
pulmonary disease; LLN, limit of normal; PRISm, preserved ratio impaired spirometry.

harmonised, analyses accounted for both cohort and site effects,
and analyses fully stratified by cohort yielded similar results.

These findings show that pipe or cigar use was associated with
accelerated lung function decline and adverse cardiovascular and
respiratory health outcomes, independent of cigarette use, in a
multiethnic population of US adults. Our results highlight the
need for comprehensive interventions for education, prevention,
cessation and mitigation of the risks of non-cigarette tobacco
use.
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