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Abstract

Background—Exposure to secondhand tobacco smoke (SHS) can be a risk factor for chronic
obstructive pulmonary disease (COPD), but its role among relatively heavy smokers with potential
co-exposure to workplace vapors, gas, dust, and fumes (VGDF) has not been studied.

Methods—To estimate the contribution of SHS exposure to COPD risk, taking into account
smoking effects and work-related exposures to VGDF, we quantified SHS based on survey
responses for 1400 ever-employed subjects enrolled in the COPDGene study, all current or former
smokers with or without COPD. Occupational exposures to VGDF were quantified based on a job
exposure matrix. The associations between SHS and COPD were tested in multivariate logistic
regression analyses adjusted for age, sex, VGDF exposure, and cumulative smoking.

Results and Discussion—Exposures to SHS at work and at home during adulthood were
associated with increased COPD risk: odds ratio (OR) = 1.12 (95% confidence interval [CI]: 1.02—
1.23; p=0.01) and OR =1.09 (95% CI: 1.00-1.18; p=0.04) per 10 years of exposure adjusted for
smoking and other covariates, respectively. In addition, subjects with employment histories likely
to entail exposure to VGDF were more likely to have COPD: OR = 1.52 (95%Cl: 1.16-1.98; p<
0.01) (adjusted for other covariates). While adult home SHS COPD risk was attenuated among the
heaviest smokers within the cohort, workplace SHS and job VGDF risks persisted in that stratum.

Conclusion—Among smokers all with at least 10 pack-years, adult home and work SHS
exposures and occupational VGDF exposure are all associated with COPD.

Correspondence to: Mehrdad Arjomandi, M.D., Division of Pulmonary, Critical Care, Allergy & Immunology, and Sleep Medicine,
University of California San Francisco, San Francisco Veterans Affairs Medical Center, Bldg 203, Room 3A-128, Mailstop 111-D,
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mehrdad.arjomandi@ucsf.edu.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common and costly lung disease
accounting for major worldwide morbidity and mortality (1-4). Although the bulk of such
disease is attributable to tobacco smoking, there is growing recognition that other risk
factors are important contributors to COPD as well (5). Among these, exposure to various
occupational pollutants is believed to account for approximately 15% of the population
attributable fraction (PAF) of COPD (6-11). Work-related exposure to various particular-
and vapor-phase moieties, although heterogeneous, is often grouped collectively as vapors,
gas, dust, or fumes (VGDF)(12). In addition to VGDF, exposure to tobacco via secondhand
tobacco smoke (SHS) has also been identified as a COPD risk factor, including both
occupational and nonoccupational sources of SHS (8, 13, 14).

One particular challenge in estimating and even in perceiving COPD risk due to multiple
factors can be the relative dominance of smoking in disease causation. Thus, estimating risk
over and above smoking among persons with a heavy burden of current or past smoking is
especially important. Epidemiological studies have shown that the combined smoking and
VGDF occupational exposure carry an additive or modestly supra-additive COPD risk (15,
16). It may be reasonable, therefore, to extrapolate a similar pattern when SHS is combined
with smoking, VGDF exposure, or both, but this scenario has not been extensively
investigated.

In this analysis, we wished to estimate the separate and combined risks of COPD associated
with exposure to SHS in a cohort notable for a relatively heavy burden of cigarette smoking
(with a median of 40 pack-year smoking). We did so by analyzing SHS-associated risk for
COPD taking into account not only cumulative cigarette smoking but also work-related
VGDF exposure as well. We did this using data from a subgroup of the COPDGene cohort
that had occupational information relevant to job exposure. All COPDGene cohort members
were required to have at least a 10 pack-year history of cigarette use as a study entry
criterion. Because the population was heavily enriched with disease and all experienced the
predominant risk factor for COPD (that is, smoking), this provided a unique opportunity to
examine the superimposed incremental risks associated with exposure to SHS as well as
work-related VGDF.

Materials and Methods

Study Design and Subjects

This is a cross-sectional analysis of data for a subgroup of subjects enrolled in COPDGene
study. The design for COPDGene study has been previously described (17). Briefly, the

COPDGene study is a U.S.-based multicenter observational prospective study designed to
identify genetic factors associated with COPD that has enrolled 10,300 current and former
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smokers with or without a reported COPD diagnosis. The COPDGene study inclusion
criteria were: non-Hispanic White or African-American, current or former smokers (=10
pack-years), and age 45 to 80 years. Subjects reporting a medical diagnosis of selected
active lung diseases other than asthma, emphysema, chronic bronchitis, or COPD were
excluded (e.g., lung cancer). The study goals of the COPDGene study have been to
characterize phenotypes of tobacco smokers using spirometry, exercise tests, chest
computerized tomographic (CT) scans, medical history, medical questionnaires regarding
respiratory symptoms, and to perform genome-wide association studies (GWAS).

The data for the current study derives from a subgroup of 1,400 subjects who were enrolled
in the COPDGene study at a single study site, (National Jewish Health [NJH]) in Denver,
Colorado and further limited to those who had a history of current or past labor force
participation. This single study site uniquely elicited SHS exposure along with occupational
histories from its participants. Local institutional review board (IRB) approval to enroll
participants in this project was obtained and all subjects provided informed consent to
participate in the study. The dataset we analyzed was cleared of personal identifiers.

A key feature of the COPDGene study was to enroll a large cohort (10,000) of subjects, over
a range of COPD disease severity, including smokers without COPD at the time of
enrollment (although additional nonsmokers were also enrolled, they were not included in
the present analysis). For smokers in the COPDGene study, a minimum history of 10 pack-
years of smoking was required as a study entry criterion with the rationale that less exposure
than that would be inconsistent with smoking-related COPD, even mild disease. Other
cohort studies of COPD have also used minimum exposure thresholds of either 10 or 20
pack-years to define cohort eligibility (18, 19).

Study Procedures

Questionnaire including SHS and job histories were administered to all subjects recruited
between January 2008 and April of 2011. These questionnaire items adapted from
previously validated SHS and job history batteries developed by our research group (8, 20,
21) and were used as tools to quantify subjects’ SHS exposure at home and work and to
identify subjects’ occupation and industry of employment targeting the longest job held. In
addition, as part of the general COPDGene protocol, all subjects underwent spirometry to
determine the presence of COPD consistent with Global Initiative for Chronic Obstructive
Lung Diseases (GOLD) guidelines (22).

Smoking and Secondhand Tobacco Smoke Exposure Assessment

Smoking history was quantified by calculation of the total number of pack-years (number of
packs of cigarettes smoked per day multiplied by the number of years smoked). Exposure to
SHS history was quantified by the number of years that each subject reported being exposed
regularly to SHS at their home or work environments. Childhood and adult SHS exposures
at home were quantified by asking “Growing up until age 18, for how many years in total
did you live in the same household with someone else who smoked tobacco products?” and
“Since age 18, for how many years in total have you lived in the same household with
someone else who smoked tobacco products?’ Exposure at work to SHS was quantified by
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asking “Thinking about all of the jobs you have had, for how many years of your
employment have you been regularly exposed to another person’s cigarette smoke inside
Yyour workplace?”

Occupational Vapors, Gas, Dust, and Fumes (VGDF) Exposure Assessment

To examine the risk of development of COPD due to occupational exposures, we chose to
use a previously validated job exposure matrix (JEM) scoring system that allows for risk
assessment due to occupational VGDF exposure (6). Rather than depending on subject-
reported exposures that might be prone to report bias, the JEM approach uses open-ended
responses for the occupation and industry of subjects’ longest held job and assigns ordinal
exposure likelihoods of low, intermediate, or high probability of inherent job exposures
associated with COPD. The exposure categorization of this JEM is adapted from a European
job-code-based classification originally used to analyze asthma data from the Swedish
component of the European Community Respiratory Health Survey (23) and was later
adapted for COPD and applied to U.S. job data (9). It is important to note that the JEM
categorization captures a heterogeneous group of potential risk factors for the development
of COPD, collectively considered as likely exposure to VGDF.

Reported Respiratory Conditions

Spirometry

In addition to standard demographics, the survey questionnaire also elicited subject self-
report and report of a physician’s diagnosis of COPD and emphysema. Although other
health-related information was queried, we did not include additional variables (e.g., other
medical co-morbidities) in this analysis.

Spirometry was performed before and 15 minutes after administration of 180 mcg of
albuterol by metered dose inhaler using a ndd EasyOne Spirometer (ndd Medical
Technologies, Andover, MA) and according to American Thoracic Society performance
criteria (24). The best values for forced vital capacity (FVC) and forced expiratory volume
in one second (FEV1) were used from three acceptable F\VC maneuvers (24) obtained
approximately 30 seconds apart. Post-bronchodilator FEV and FVVC were obtained
consistent with GOLD guidelines (22). We used the lower limit of normal (LLN) to define a
reduced FEV; to FVC ratio (22, 25) rather than less than a fixed ratio of 0.70 to be
consistent with the practice used in the parent COPDGene study as well as other recent large
cohort investigations. For similar reasons, because higher GOLD stages are standardly
defined by the FEV being <80% predicted, we retained this convention rather than apply a
LLN approach to that criterion.

Diagnosis of COPD was defined as having a post-bronchodilator FEV, to FVC ratio less
than the LLN and a FEV <80% predicted (that is, GOLD stage 2 severity or higher as
defined by FEV1, but including the LLN criterion for FEV1 to FVC ratio as a basis for
establishing COPD). All other subjects were grouped together as smokers without COPD;
that is, subjects with normal FEV to FVC ratio by LLN and subjects with abnormal (Ilow)
FEV, to FVC ratio by LLN but with FEV1 =80% predicted (that is, GOLD stage 1 severity).
Individuals with GOLD stage 1 COPD are hypothesized to include a subgroup with early
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disease and a putative “normal” subgroup (17), and thus all the recent major COPD cohort
studies have evaluated those with GOLD stage 1 COPD separately from those with GOLD
stages 2—4 COPD (17-19). To ensure the correct determination of our outcome variable
(spirometric diagnosis of COPD), we elected to adopt this approach and group the subjects
with GOLD stage 1 COPD together with those smokers with normal FEV to FVC ratio.

Data Analysis

Data from questionnaires were then entered into a database in Microsoft Excel 2007, and
analyzed using STATA 12.0 (StataCorp LP, College Station, Texas, USA). As a primary
analytic endpoint, we defined the presence or absence of COPD as a dichotomous
spirometry-based outcome (as defined above). For secondary analyses, we also utilized
subject-reported condition data by redefining COPD as the presence of spirometric
obstruction as defined and a self-reported physician’s diagnosis of COPD or emphysema.

The primary predictor variable of interest was self-reported SHS exposure. Three separate
predictor variables of SHS exposure (childhood-home, adult-home, and work) were created
by calculating the sum of total number years of SHS exposure at home during childhood, at
home as an adult, and at work, respectively. We generated descriptive statistics for age, sex,
cumulative smoking, SHS, COPD by spirometry, and COPD by self-reported physician
diagnosis for all subjects, stratifying by low compared with intermediate or high VGDF
exposure likelihood (the latter two combined) for longest held job (defined by JEM, as noted
above), testing differences with chi-square or #test. We used logistic regression analysis to
test the associations between COPD as a dichotomous dependent variable and different SHS
exposures, occupational VGDF exposure (intermediate and high JEM likelihood exposure),
tobacco smoking, age, and sex. We initially tested each independent variable without
adjustment for covariates. To assess whether age was collinear with pack-years of smoking
or with years of childhood-home, adult-home, and work SHS exposure in our cohort, we
tested their correlations with age: smoking, = 0.30 [p < 0.01]; childhood-home SHS
exposure, r=-0.05 [p=0.08]; adult-home SHS exposure, 7= 0.15 [p < 0.01]; and work
SHS exposure, r=0.31 [p< 0.01]). Because the correlations were only moderate (< 0.40),
we included them in the same multivariate models. Since childhood-home SHS exposure
was not significantly associated with COPD in any preliminary models and neither its
inclusion or exclusion substantively altered multivariate estimates for the other covariates,
we did not include it in the final modeling. Odds ratios (ORs) were expressed per 10 years
SHS exposure for the two other categories of adult home and work, 10 pack-years smoking,
and 10 years of age.

As a sensitivity analysis, we re-estimated this model redefining COPD as the presence of
spirometric obstruction as defined above along with concomitant self-reported physician
diagnosis of COPD/emphysema, excluding from this analysis all those meeting one but not
both criteria.

We also carried out further logistic regression analyses stratifying by sex, age (stratified by
the median age of 62 years for the study group), and pack-years of smoking (stratified by the
median value of 40 pack-years for the group). The median values for age and smoking were
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chosen as the cut-points for stratification to generate relatively equal numbers of subjects in
each group, thus maximizing analytic power.

To estimate the proportion of COPD prevalence attributable to each of occupational VGDF
exposure, SHS exposure, and smoking with adjustment for all other predictors in the model,
we calculated the PAF using STATA 12.0 and consistent with the method of Greenland and
Drescher (9, 15, 26). The PAF is an estimate of the proportion of all cases of a disease in a
given population that would not have occurred in the absence of the exposure of interest.
The PAF for each variable was estimated from the multivariate logistic models using all
binary variables for adult-home and work SHS exposures, smoking, and occupational VGDF
exposure, and adjusted for age and sex. For these PAF estimates, smoking, adult, and
workplace SHS exposures were dichotomized to generate binary variables.

For the PAF calculations we chose breakpoints for dichotomization of smoking and
secondhand smoke exposure that captured a substantial real-world exposure but not an
unrealistically high value. Twenty pack-years of smoking is a commonly accepted cut-point
of clinical significance and we extended this to workplace secondhand smoke exposure.
Because the overall adult home exposure in our cohort was of somewhat longer duration, for
this metric, we chose a somewhat higher breakpoint at 30 years. In the final analysis,
smoking was dichotomized at =20 years vs. <20 (noting that for smoking the minimum for
entry into the cohort was 10 pack-years), while work and adult home SHS exposures were
dichotomized at the median (20 years) and upper quartile (30 years) of exposure,
respectively.

Subject characteristics

Of the 1,400 subjects who completed the questionnaire, 114 subjects (8.1%) had incomplete
key data, (missing information on SHS exposure, occupation, or smoking history) and thus
were excluded from the analysis. Altogether, data from 1,286 subjects were retained for
analysis. All subjects were current or former smokers with at least 10 pack years of
exposure, by COPDGene study design entry criteria. Overall, 97.9% of subjects reported at
least some history of regular occupational or home SHS exposure (83.7% and 93.2%
exposure to SHS at work and outside work environment, respectively). Childhood exposure
to SHS at home was reported by 81.3%.

The prevalence of COPD in the cohort defined by an FEV/FVC ratio < LLN and FEV{ <
80% predicted was 47.3% (7= 608), with a relative, but non-significant, higher proportion
of men (49.8%; 335 of 673) than women (44.5%; 273 of 613) having COPD (o= 0.06). The
prevalence of self-reported diagnosis of COPD in the cohort was 51.9% (1= 667),
distributed relatively evenly between men (52.9%; 356 of 673) and women (50.7%; 311 of
613). Overall, self-report of COPD misclassified 17.0% of all subjects: 12.9% (80 of 619)
who did not report having COPD or emphysema yet met the criteria (a post-bronchodilator
FEV, to FVC ratio less than the LLN and a FEV; <80% predicted) for COPD by spirometry
(false negatives), and 20.8% (139 out of 667) who reported having COPD or emphysema
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that did not meet criteria for COPD by spirometry (false positives) (Table S1 in
supplemental material).

Of all 1,286 subjects, 736 (57.2%) were classified based on the JEM as having low
likelihood of occupational exposures (largely white collar workers), while 550 (42.8%) were
categorized as having jobs with an intermediate or high likelihood of exposure to work-
related VGDF (Table 1). Smoking and work SHS exposure differed significantly (o < 0.05)
by occupational status, with greater exposure to both sources of tobacco smoke exposure
stepping up by likelihood of occupational VGDF exposure. Home exposure to SHS was not
significantly different between the low and intermediate/high VGDF exposure groups. There
was a non-statistically significant association (p = 0.10) between job exposure to VGDF and
self-reported disease vs. spirometric obstruction mismatch (50.0% of false negatives and
61.2% of false positives had low VGDF exposure risk exposure jobs; data not shown in
Table).

Associations of SHS, occupational VGDF exposure, and cumulative pack-years with COPD

Childhood home exposure to SHS was not significantly associated with COPD risk (OR
[95% CI]: univariate, 1.11 [0.95-1.30], p < 0.15; multivariate analysis including the other
exposure risk factors, 1.08 [0.88-1.23], p = 0.63). The results from univariate and
multivariate logistic regression models for the remaining risk factors are presented in Table 2
and illustrated graphically in Figure 1. Exposure to SHS at work and at home as an adult
were associated with COPD in both univariate and multivariate models, although the point
estimates of risk per 10 years exposure were decreased after adjustment for covariates (OR
[95% CI]: 1.09 [1.00-1.18], p=0.04 and 1.12 [1.02-1.23], p = 0.01 for adult home and
work SHS exposure, respectively). Occupational VGDF exposure group was also a
significant risk factor for COPD in both univariate and multivariate models; however, in the
multivariate modeling, the point estimate of risk of COPD increased (OR [95% CI]: 1.52
[1.16-1.98], p< 0.01). The cumulative cigarette smoking burden (in this all smoking cohort)
was also a significant risk factor in both models.

Re-analysis excluding all self-reported diagnosis-spirometry mismatches (n = 1067
remaining) yielded similar point estimates for the relative odds of COPD associated with
work SHS, occupational VGDF exposure, and pack years of smoking, although adult home
SHS exposure was less strongly associated (o= 0.07) (Table S2 in supplemental material).

Population attributable risk fraction of COPD

The PAF estimates for adulthood home SHS (30 years; the highest exposure quartile),
workplace SHS (20 years; median of exposure), and occupational VGDF exposure in the
study population (all persons with >10 pack-years history of smoking), after adjustment for
age, sex, and smoking intensity, were 4.5% [95%CI: 1.2%~7.7%], 9.0% [95%CI: 2.7%-
14.9%] and 8.9% [95%CI: 3.7%-13.9%], respectively (Table 3). In the same multivariate
modeling, 20 pack-years of smoking was associated with a PAF of 34.8% [95% CI: 17.7%—
48.3%], relative to less smoking (that is, from 10 [the minimum by definition in this cohort]
to up to 20 pack-years).

COPD. Author manuscript; available in PMC 2016 April 04.
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Stratification by age, sex, and smoking intensity

To determine whether age or sex affects the associations between SHS or occupational
VGDF exposure and COPD, we re-estimated the regression models after age and sex
stratification (Table S3 and S4 in the Supplemental material). Stratification by age at the
cohort median of 62 years indicated that adult home SHS exposure was only a significant
risk factor for COPD in the younger stratum (OR [95%CIl]: 1.18 [1.04-1.35], p=0.01). The
estimated effects for workplace SHS exposure stratified by age are similar to the non-
stratified estimate, although the confidence intervals are wider in the older group.
Occupational VGDF exposure, although yielding similar point estimates of risk, was only
significantly associated with COPD in the younger stratum (OR [95%Cl; p value]: 1.46
[1.00-2.13; p=0.04]; versus 1.34 [0.94-1.93; p=0.10] in younger and older subjects,
respectively).

Among women, adult home SHS exposure was significantly associated with COPD (OR
[95%CIl]: 1.23 [1.09-1.39], p< 0.01), while in men, the association was substantially
attenuated. By sex, workplace SHS was somewhat stronger and statistically significant in
men.

We further retested the univariate and multivariate logistic regression models (Table S5 in
supplemental material) stratified by smoking history of more or less than the median
smoking history of 40 pack-years. Exposure to SHS at work was a statistically significant
predictor of diagnosis of COPD even among relatively heavier smokers (OR [95%CI]: 1.13
[1.00-1.27], p=0.04), while adulthood home SHS exposure risk was attenuated in that
group and was not statistically significant. On the other hand, the cumulative burden of
smoking did not impact the estimated association between VGDF exposure and COPD risk
(OR [95%Cl; pvalue]: 1.52 [1.03-2.23; p=0.03] and 1.53 [1.07-2.20; p=0.02], for < 40
and > 40 pack-years of smoking, respectively).

Discussion

This relatively large, all-smoking cohort with a high prevalence of COPD provides a unique
opportunity to assess the associations between work and home exposures to SHS and
disease, while adjusting for demographics, occupational VGDF exposure, and, most
importantly, smoking-associated risk. Taking into account cumulative smoking, we found
that those with a history of SHS exposure at home during adulthood and at work had 9% and
12% increased odds of having COPD per 10 years of exposure, respectively. Given the
overall high-level of average adulthood home and work exposures of the cohort (over 18
years), these SHS exposures seem to have substantially contributed to COPD risk in this
cohort. Consistent with a previous report from the COPDGene study cohort, childhood home
exposure to SHS was not a significant contributor to COPD (27). In addition, we found that
subjects with intermediate and high likelihood of VGDF exposure in their longest-held jobs
had over 50% greater odds of COPD after adjustment for smoking.

The PAF estimates provide an alternate evaluation of the contribution of SHS and VGDF
exposures to COPD risk. The PAF estimates the proportional reduction in population disease
that would occur if the exposure in question were eliminated. Our PAF estimates suggest
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that the contribution of SHS exposure to development of COPD is not trivial compared to
that of smoking (4.5% and 9% reduction in COPD for adult home and work SHS exposures,
respectively). Altogether, the association of SHS exposure and COPD diagnosis that we
observed in our cohort indicates that, even among relatively heavy smokers (median
smoking history of 40 pack-years), exposure to SHS contributes to COPD risk. This is
biologically consistent with the observations that, while the concentration of SHS exposure
is less than that of inhaled mainstream smoke, SHS can be more toxic than the mainstream
smoke because of its differing constituents (28, 29).

In addition, the PAF estimate for VGDF exposure indicates that it also makes a contribution
to COPD risk (8.9% reduction in COPD for intermediate and high likelihood exposure). Of
note, the PAF associated with occupational VGDF exposure in this cohort was within the
range of other reported estimates and is consistent with the observation that the work-related
PAF for COPD is typically higher among non-smokers (and thus likely to be higher in
cohorts that include non-smokers along with smokers, unlike this study population)(9, 15,
30, 31).

The associations we observed appeared to differ by age, sex, and burden of smoking
exposure. In stratified analyses, COPD risk associated with adult home exposure to SHS was
manifested among the younger members of the cohort and in women, but not to the same
degree among the older age stratum or among men. On the other hand, work exposure to
SHS seemed to be more important among the older members of cohort and in men. In
addition to temporal trends, this very well may reflect age and sex differences in patterns of
home and work SHS exposure and have implications for targeted SHS prevention efforts and
disease surveillance. Interestingly, and in contrast to the adult home SHS exposure pattern of
risk, occupational exposure to SHS and VGDF were both risk factors for COPD, even in
subjects with a heavier cumulative burden of smoking. In terms of prevention, this supports
both workplace smoking bans and the enforcement of protective occupational permissible
exposure limits.

Recall bias and misclassification error are limitations in the survey-based measures of
cigarette smoking, SHS, and VGDF that we used. Of note, the JEM approach to assessing
VGDF exposure minimizes recall bias (6, 21). All study participants, by entry criteria, were
smokers and the group, overall, was heavily exposed. As such, the findings of the study are
only generalizable to smokers. We view this as an inherent strength of this analysis,
however, as it reflects the smoking burden consistent in a group with a high prevalence of
COPD. This is a cross-sectional study that cannot assess the prospective risk of COPD
development. It is also a subgroup from only one study site and thus cannot be generalized
geographically nor even to the entire COPDGene study group.

This also limits our power in terms of stratification although we maximized strata size by
using median cut-points that divided the cohort in half. We did not, for example, stratify by
current vs. former smokers for this reason. Our subgroup analysis provides an opportunity
for validation in the entire cohort (over 10,000 subjects in total instead of 1,400) which
might also allow the inclusion of additional lung function data, symptom reporting, and
radiographic findings to more thoroughly grade COPD severity as well as identifying a
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subset with emphysema. Finally, we defined COPD by the lower limit of normal (LLN)
approach rather than using the fixed ratio of FEV; to FVC (e.g., which, combined with
FEV < 80% predicted is the GOLD Stage 2 severity or higher), but this should not have led
to associations that we observed. In fact, since persons with GOLD Stage 1 COPD were
included in the disease-free referent category for these analyses, this would tend to attenuate
any associations with the risk factors we examined and, if anything, underestimate the PAF
contributions that they make to the burden of disease. Of further note, our sensitivity
analysis redefining disease as requiring both spirometric obstruction and a report of
clinically-defined COPD did not yield substantially different risk estimates.

In conclusion, we found that even in a group characterized by relatively heavy smoking,
adult SHS exposure is significantly associated with diagnosis of COPD. While the heavier
smoking accounted for more than a third of the attributable COPD risk, adult home and
workplace SHS exposures together accounted for about a third as much of that burden of
risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
COPD risk factors in a subgroup of the COPDGene study cohort in adjusted modeling.

Forest plot of odds ratios for presence of COPD (FEV to FVC ratio less than LLN and
FEV{ <80% predicted) of adult home and workplace SHS exposure after adjustment for
vapors, gas, dust, and fumes (VGDF) occupational exposure and other covariates.
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Subject characteristics by job exposure matrix likelihood of exposure among 1286 study participants, all at

reported longest-held job

Intermediate or High Risk

Subject Characteristics All Jobs Low Risk Exposure Job  Exposure Job p-value*
Number of subjects 1286 736 550 -
Age (years) 61.7+9.3 62.7+9.2 60.4+£9.2 <0.01
Male sex [N (%)] 673 (52.3%) 271 (36.8%) 402 (73.1%) <0.01
Current smokers 470 (36.5%) 229 (31.1%) 241 (43.8%) <0.01
Smoking (pack-years) 46.6 £26.0 443+247 49.6+27.4 <0.01
Age of smoking initiation (years) 16.9+4.1 173+4.1 165+4.1 <0.01
Age stopped smoking (years) 525+10.8 51.9+112 53.5+10.2 0.03
Years of smoking (years) 36.7+10.2 3591106 37.7+9.6 <0.01
Childhood home SHS exposure (years) 13.0+7.3 128+75 134+7.1 0.15
Adult home SHS exposure (years) 18.8+156 185+15.9 19.2+15.3 0.43
Workplace SHS exposure (years) 18.8+14.7  16.7+13.9 21.6+15.2 <0.01
COPD by spirometry [N (%)] 608 (47.3%) 325 (44.2%) 282 (51.5%) <0.01
Reported physician’s COPD diagnosis [N (%)] 667 (51.9%) 370 (50.3%) 297 (54.0%) 0.18

Table shows mean + SD for values in years or the number of subjects and percentages [N(%o)] in the study population.

COPD by spirometry defined as FEV1 <80% predicted and FEV1 to FVC ratio less than lower limit of normal (LLN) (See Methods). SHS =

Secondhand smoke.

*
pvalues are for comparisons between low vs. intermediate or high-risk exposure jobs for vapors, gas, dust, or fumes (VGDF) based on job

exposure matrix (JEM) assignment (see Methods). Bold values: p value <0.05.
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Table 2

Association between SHS Exposure by Source and spirometrically defined COPD

Unadjusted Model Multivariate Model

Risk Factors for COPD OR (95% Cl) pvalue OR(95% Cl) p-value

Adult home SHS exposure (per 10 years)  1.21 (1.13-1.30) <0.01  1.09 (1.00-1.18) 0.04
1.36 (1.26-1.47) <0.01  1.12(1.02-1.23) 0.01
Intermediate or high risk exposure job 1.34 (1.07-1.67) 0.01 152(1.16-1.98) <0.01

Work SHS exposure (per 10 years)
Smoking (per 10 pack-years) 1.27 (1.21-1.34) <0.01 1.17(1.11-1.24) <0.01
Age (per 10 years) 2.03(1.79-2.32) <0.01 1.79(1.55-2.07) <0.01
Male sex 1.23 (0.99-1.54) 0.06  0.79 (0.61-1.04) 0.08

COPD defined as FEV1 <80% predicted and FEV1 to FVC ratio less than lower limit of normal (LLN) (See Methods). SHS = Secondhand smoke.
For SHS, pack-years, and age, risk expressed per 10-year exposure increment.

Multivariate regression model includes all of the variables shown (model R2= 0.12; p<0.01). Bold values: pvalue <0.05.
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Table 3

Multivariate analysis of the population attributable risk fraction (PAF) for COPD associated with secondhand
smoke and work-related vapors, gas, dust, or fume (VGDF) exposure

Risk Factors for COPD OR (95% CI) pvalue PAF (95%CI)

=30 years of adult home SHS exposure  1.47 (1.11-1.93)  <0.01  4.5% (1.2%-7.7%)

220 years of work SHS exposure 1.45(1.13-1.86) <0.01  9.0% (2.7%-14.9%)
Occupational VGDF exposure 1.58(1.21-2.05) <0.01  8.9% (3.7%-13.9%)
=20 pack-years smoking 2.41(1.61-3.62) <0.01  34.8% (17.7%—-48.3%)

All risk factors shown are included in the model. COPD defined as FEV1 <80% predicted and FEV1 to FVC ratio less than lower limit of normal
(LLN) (See Methods). PAF = Population attributable fraction; SHS = Secondhand smoke; VGDF = vapors, gas, dust, and fumes. Greater adult-
home and work SHS risk defined dichotomously as =30 and =20 years vs. <30 and <20 years, respectively (including none); greater smoking
defined as =20 pack-years vs. from 10 (the minimum in the cohort) up to 20 pack-years. Multivariate model includes all of the risk factors shown as
well as age and sex. Bold values: p value < 0.05.
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