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Abstract

Introduction: The contribution of occupational exposure to the risk of chronic
obstructive pulmonary disease COPD in population-based studies is of interest. We
compared the performance of self-reported exposure to a newly developed JEM
in exposure-response evaluation. Methods: We used cross-sectional data from
Multi-Ethnic Study of Atherosclerosis (MESA), a population-based sample of 45-84
year olds free of clinical cardiovascular disease at baseline. MESA ascertained the
most recent job and employment, and the MESA Lung Study measured spirometry,
and occupational exposures for 3686 participants. Associations between health
outcomes (spirometry defined airflow limitation and Medical Research Council-
defined chronic bronchitis) and occupational exposure [self-reported occupational
exposure to vapor-gas, dust, or fumes (VGDF), severity of exposure, and a job-
exposure matrix (JEM)-derived score] were evaluated using logistic regression
models adjusted for non-occupational risk factors. Resulis: The prevalence of
airflow limitation was associated with self-reported exposure to vapor-gas (OR
2.6, 95%CI 1.1-2.3), severity of VGDF exposure (P-trend < 0.01), and JEM dust
exposure (OR 2.4, 95%Cl 1.1-5.0), and with organic dust exposure in females;
these associations were generally of greater magnitude among never smokers. The
prevalence of chronic bronchitis and wheeze was associated with exposure to VGDF.
The association between airflow limitation and the combined effect of smoking
and VGDF exposure showed an increasing trend. Self-reported vapor-gas, dust,
fumes, years and severity of exposure were associated with increased prevalence
of chronic bronchitis and wheeze (P < 0.001). Conclusions: Airflow limitation was
associated with self-reported VGDF exposure, its severity, and JEM-ascertained
dust exposure in smokers and never-smokers in this multiethnic study.

Background

Chronic obstructive pulmonary disease (COPD) is characterized by airflow
limitation that is not fully reversible, is usually progressive and associated
with inflammatory response to noxious particles and gasses (1). COPD is
one of the leading causes of morbidity and mortality worldwide. According
to the World Health Organization, COPD affects approximately 65 million
people worldwide and is responsible for approximately 3 million deaths
annually. This prevalence and associated mortality is projected to increase,
and by 2030 COPD is expected to be the third leading cause of death (2, 3).
In the U.S. in 2009, there were 137 082 deaths from chronic lower respiratory
disease (primarily COPD), the third leading cause of mortality (4, 5).
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The American Thoracic Society (ATS) estimated that
approximately 15% of COPD in the general population
is attributable to occupational sources (6). The esti-
mated cost of occupational COPD in the U.S. in 1996
was approximately $5 billion (7). The estimated frac-
tion of COPD attributable to work exposure in the U.S.
population is 19% overall and 31% among never smok-
ers (8). Several recent population-based studies show
associations between COPD and occupational risk fac-
tors, which include vapor-gas, dust, and fume (VGDF)
exposure (9-15). Few of these studies, however, have
included a large number of U.S. minority groups, that
may be at increased risk (16).

The aim of this study is to further identify and char-
acterize occupational risk factors for COPD in an older,
multiethnic U.S. sample using a newly developed job
exposure matrix (JEM) and questionnaire ascertained
exposure. Specifically, we aim to evaluate whether occu-
pational exposure to VGDF as ascertained by a ques-
tionnaire and JEM are risk factors for airflow limitation,
chronic bronchitis and wheeze.

Methods

Study Population

The Multi-Ethnic Study of Atherosclerosis (MESA)
recruited a population-based sample of participants
45-84 years old that were free of clinical cardiovascu-
lar disease in 2000—-2002 from six predominantly large
urban U.S. communities located in California, Illinois,
Maryland, Minnesota, New York, and North Carolina.
The participation rate was 60% among those screened
and deemed eligible (17). The four race/ethnicity
groups in this analysis were White, Black, Chinese, and
Hispanic.

The MESA Lung Study enrolled MESA participants
that were sampled from those that underwent baseline
measurements of endothelial function, consented to
genetic analyses, and underwent an examination dur-
ing the MESA Lung Study recruitment period between
2004 and 2006 (Figure 1) (18).

Occupational exposure assessment

We used two methods of occupational exposure assess-
ment: (1) responses to questions on exposure to VGDF;
and (2) JEM for the assessment of COPD risk con-
structed by NIOSH industrial hygienists. The JEM made
use of the self-reported current occupation and industry
if employed or the occupation where last employed if
retired (ascertained using questions, see Appendix). The
reported industry and occupation were coded by trained
staff from the National Institute for Occupational Safety
and Health (NIOSH) into U.S. Census 2000 occupation
and industry coding.

Construction of the NIOSH JEM
To construct a generalizable JEM, we used the Univer-
sity of California San Francisco (UCSF) JEM Census
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occupational codes and added the additional MESA
Census occupational codes not available in the UCSF
JEM (9). An industrial hygienist then constructed the
NIOSH JEM by assigning an exposure score (1, 2, or 3)
representing the likelihood of the presence and sever-
ity of the VGDF exposure (low, medium, and high) for
each Census occupation code based on expert opinion.
In addition, the method of exposure coding applied in
the Weinmann et al. (14) study was adopted for assign-
ing the exposure scores in this study (19). The hygienist
similarly created separate scores representing the likeli-
hood and severity of exposure to vapor-gas, fumes, dust,
and subcategories of dust (mineral; organic). Two certi-
fied industrial hygienists then reviewed the preliminary
JEM scores and assigned a final consensus score. Envi-
ronmental tobacco smoke was considered in the overall
VGDF score for occupations with likely exposure (e.g.,
bartenders and waitresses), although a separate expo-
sure score was not assigned.

Spirometry, airflow limitation, and respiratory
symptoms and diseases

Spirometry tests were conducted in 2004-2006 in
accordance with the ATS/European Respiratory Society
(ERS) guidelines (20) and all participants attempted at
least three acceptable maneuvers. Tests were conducted
using a dry-rolling-sealed spirometer and software that
performed automated quality checks as maneuvers were
performed (Occupational Marketing, Inc., Houston,
TX). All spirometry exams were reviewed by one inves-
tigator and each test was graded for quality; participants
with no acceptable curves were excluded (21). All par-
ticipants that completed an acceptable spirometry test
and had industry and occupation data (n = 3686) were
included in this study.

Airflow limitation was defined as the ratio of forced
expiratory volume in one second to forced vital capacity
(FEV,/FVC) below the lower limit of normal (LLN) and
FEV, < LLN (22). NHANES-based reference equations
(23) were used to estimate the LLN values, however, for
Asian-Americans, a correction factor of 0.88 was applied
to calculate the LLN for FEV, (21). The Hankinson ref-
erence equations including the correction factors for
Asian-Americans have been previously validated using
MESA data (21).

The other health outcomes investigated were symp-
toms of chronic bronchitis, wheeze, and self-reported
physician-diagnosed “chronic obstructive pulmonary
disease or COPD...or emphysema.” Chronic bronchitis
(Medical Research Council) was defined as 3 or more
months of chronic productive cough per year in 2 or
more years (Appendix). Wheeze was defined by the
question, “In the last 12 months, have you had wheezing
or whistling in your chest?”

The National Heart, Lung, and Blood Institute
(NHLBI) funded the MESA study and the ancillary
MESA Lung Study; the JEM coding was funded by the
National Institute for Occupational Safety and Health
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6,814 Enrolled into

MESA
| | 610 No Flow mediated dilation measure
l "| 196 No consent for genetic analysis
87 Lost to follow-up (dropped out/died)

5,921 MESA pool
from which MESA-
Lung was selected

I » 760 Not selected based on race/ethnicity
l breakdown requirements
5,161 Selected for

MESA-Lung
I | 677 Did not attend MESA examination
l ’| during MESA-Lung recruitment

4,484 Eligible
i » 519 Did not enroll

3,965 Enrolled into
MESA-Lung
I 13 Enrolled before spirometry exam began
¥ 20 Could not perform Spirometry
l 39 Refused spirometry
3,893 with
spirometry

l » 37 Had unusable spirometry

3,856 with valid
spirometry measures

I | 170 missing Exam 1 industry and
l "| occupation data

3,686 included in
occupation analysis

Figure 1. Algorithm of recruitment and exclusions for the MESA Lung Study occupational analysis.

(NIOSH). The MESA study protocol was approved by
the Institutional Review Board in each field center and
the NHLBI; the current analysis was approved by the
Institutional Review Board of NIOSH. Written informed
consent was obtained from each participant.

Data analysis

A logistic regression model was used to estimate the
association between occupational risk factors and
the dichotomous variable of airflow limitation. The
occupational risk was evaluated using self-reported
exposure and exposure established using the NIOSH
JEM. The occupational exposure variables individually
evaluated in the logistic model included self-reported
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exposures to vapor-gas, dust, fumes; severity of VGDF
exposure, years of exposure to VGDE, and exposure
scores assigned by the JEM. An additional variable
(number of VGDF agents) was created to reflect the
number of agents (i.e., vapor-gas, dust, and/or fumes)
to which the person reported exposure (none, one,
two, or three). The covariates adjusted for in the model
were age, gender, race/ethnicity, education, body mass
index (BMI), smoking status, pack-years, cigar-years,
pipe-years, environmental tobacco smoke, and asthma.
BMI was divided into four categories: < 25, 25 — <30,
30 — <35, and > 35 kg/m” to reflect the potential effect
of BMI on lung function (24). Since there were few par-
ticipants with BMI < 18 these were combined into the

Copyright © 2014 Informa Healthcare USA, Inc
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<25 category. In addition, separate models for never
smokers were evaluated.

To investigate the combined effect of the occupa-
tional exposure and smoking on the various health
outcomes, we created interaction variables combining
smoking status (ever/never) and occupational exposure
status [i.e., self-reported exposure (yes/no) or JEM (no
= low, yes = medium or high) for dust, vapor-gas, and
fumes, and VGDEF]. The data were then analyzed using
a model with three dummy variables comparing those
with occupational exposure only, smoking only, and
both smoking and occupational exposure to those with-
out any of the two exposures, to determine a trend in the
odds ratios. In addition, to test the interaction effect on
a multiplicative scale, we included in the logistic model
occupational exposure, smoking, and the interaction
term (9, 10).

Results

Demographic data for age, race/ethnicity, smoking status,
BM]I, and education are presented in Table 1. There were
3667 individuals with spirometry and complete infor-
mation used in this analysis out of 3686 included in the
occupational sample (Figure 1). The study sample was
36% non-Hispanic White, 26% African-American, 22%
Hispanic and 16% Chinese-American, and 44% had never
smoked cigarettes. Table 1 shows the characteristics of the
sample overall, stratified by race/ethnicity, and restricted
to never smokers (44%). A large proportion had education
beyond high school (66.7%) and 44.3% were employed
in the management or professional occupational group
while 19.3% were blue-collar workers. The prevalence of
moderate airflow limitation (FEV,/FVC < LLN and FEV,
< LLN) was 5.7% overall, 6.7% for males, 4.7% for females,
and 2.1% among never smokers.

Frequencies of occupational exposures as ascertained
by a questionnaire and by the job exposure matrix are
also presented in Table 1. For all participants, 37.9% self-
reported exposure to dust, 19.4% to vapor-gas, and 24.2%
to fumes, and 13.7% and 5.2% reported moderate and
severe VGDF exposure, respectively. According to the
JEM, the medium and high exposures totaled 12.0% for
dust (5.3% for mineral dust, 7.6% for organic dust), 17.6%
for vapor-gas, 4.6% for fumes, and the overall medium
to high VGDF exposure was 15.1%. The proportion who
were retired at the time of spirometry was 41.6%.

The adjusted odds ratios for the associations of
airflow limitation with occupational exposure, in
the whole cohort, show significant associations with
self-reported vapor-gas exposure (Table 2). The dose-
responses for severity of exposure and for the number
of exposures reached statistical significance at the
highest categories. The number of cases was, however,
too small to perform meaningful analysis using race/
ethnic stratification.

Among never-smokers, airflow limitation was associ-
ated with the highest severity of self-reported exposure
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to VGDF with the odds ratio almost seven times that
of “All” participants (Table 2). Among never-smokers,
there was also an increasing trend in the odds of airflow
limitation as the number of VGDF agents (exposure to
0, 1, 2, or 3 agents) increased, P < 0.01, with exposure
to three agents associated with five times higher odds
of airflow limitation (OR 5.1, 95% CI 1.5-16.7). Addi-
tionally, never-smokers exposed to VGDF for 15 or
more years had over triple the odds of airflow limitation
(OR 3.3, 95% CI 1.3-8.7). Also among never-smokers,
the odds of airflow limitation was more than doubled
with self-reported exposure to vapor-gas (OR 2.7, 95%
CI1.1-6.7) and increased 4-fold with exposure to fumes
(OR 4.2, 95% CI 1.7-9.9) in comparison to those not
exposed.

For associations with exposure to dusts as ascertained
by the JEM, the odds ratios for airflow limitation doubled
for highest level of exposure, especially among males,
and nearly tripled for organic dust exposure among
females (Table 2). We did not find significant association
between airflow limitation and the JEM VGDF score
(results not shown). There was a low Spearman rank cor-
relation (0.21, P < 0.001) between self-report of VGDF
and the JEM VGDE. Figure 2 shows the odds ratios for
self-reported exposures (vapor-gas, dust, fumes, and the
severity of exposure to VGDF) and airflow limitation.

Odds ratios for the associations between airflow limi-
tation and the combined effect of smoking and each of
the occupational exposures are reported in Table 3. For
all the exposures (vapor-gas, dust, fumes, and VGDF)
there was an increasing trend in the odds ratios, includ-
ing for the category with both exposures present. How-
ever, none of the odds ratios for the interaction effect
were statistically significant at p < 0.05 level, rejecting
the hypothesis that there is multiplicative interaction.
The combined associations were similar for males and
females.

Self-reported doctor-diagnosed COPD associations
reached statistical significance with self-reported dust
exposure among “All” participants (OR 1.7, 95% CI 1.0—
2.6), vapor-gas among “All” participants (OR 2.0, 95% CI
1.2-3.3), especially among females, and self-reported
years of exposure to VGDF for 1-15 and over 15 years
(Table 4). COPD also was associated with self-reported
exposure to all three VGDF agents among “All” partici-
pants (OR 2.6, 95% CI 1.4-5.0), among females (OR 6.0,
95% CI 1.9-19.2), and among never-smokers (OR 14.2,
95% CI 2.1-94.9). COPD was associated with severity of
exposure, especially in the highest severity category (OR
2.8,95% CI 1.3-6.1).

Chronic bronchitis was associated with self-reported
dust, vapor-gas, fumes, severity of exposure, years of
exposure and the number of VGDF agents (Table 5, Fig-
ure 2), but not with the JEM exposure scores. Likewise,
wheeze was associated with self-reported dust, vapor-
gas, fumes, severity of exposure, years of exposure, and
the number of VGDF agents (Table 5, Figure 2), but not
with the JEM exposure scores.

JOURNAL OF CHRONIC OBSTRUCTIVE
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Table 1. Characteristics of participants in the MESA Lung Study and occupational exposure as ascertained by questionnaire and NIOSH job-exposure matrix (JEM) (continued)

Characteristic All Males Females Never-smokers
n = 3667 n=1878 n=1789 n=1605
Age, mean (SD) 61.1(9.8) 61.4 (9.9 60.7 (9.7) 60.5 (9.9)
Race/ethnicity, %
White 36.1 36.2 36.0 31.9
Chinese 15.5 16.7 14.2 23.1
Black 26.4 25.2 27.6 22.7
Hispanic 22.1 22.0 222 22.3
Smoking status, %
Never 451 34.0 56.6 100.0
452 55.8 34.2 -
Ry 9.8 10.2 9.3 -
Current
Cigarette pack-years, mean (SD) 12.5 (22.6) 16.1 (25.5) 8.8 (18.4) -
Pipe-years, mean (SD) 3.8 (26.1) 7.4 (36.1) 0.0 (0.6) -
Cigar-years, mean (SD) 3.1(23.7) 5.7 (31.8) 0.3(8.6) -
% Height (cm), mean (SD) 166.3 (9.9) 172.9 (7.5) 159.5 (7.2) 164.3 (9.9)
,E' Weight (kg), mean (SD) 78.7 (17.1) 83.6 (15.7) 73.4(17.1) 75.7 (16.6)
% Body mass index, %
o] <25 30.2 28.5 31.9 34.5
§ 25—<30 39.5 45.6 33.1 37.9
5 30—<35 20.3 20.3 20.4 18.9
g >35 10.0 5.6 14.7 8.7
.g Environmental Tobacco Smoke
o Do not live with adult smoker 57.8 66.7 485 66.6
8= Live <21 years with adult smoker 30.1 25.7 34.6 221
Zg Live >21 years with adult smoker 12.1 7.6 16.9 1.3
= Education, %
% § Less than high school diploma 15.4 14.8 16.2 15.3
= ? High school diploma 17.9 185 20.5 18.0
E 2 Some college/tech school 28.3 26.6 30.0 25.4
g Bachelor’s degree or higher 38.4 43.2 334 414
E Occupational group, %
g Management/professional 44.3 46.9 41.6 46.0
“-é Service 15.5 12.9 18.3 16.2
'g Sales and office 20.8 14.0 28.0 21.4
% Blue-collar 19.3 26.2 12.2 16.4
(s Moderate airflow limitation, % 5.7 6.7 4.7 2.1
g Asthma, self-report, % 11.6 9.1 14.2 11.3
O COPD, self-report doctor diagnosed (emphysema or COPD), % 2.9 383 2.5 0.8
Chronic bronchitis," % 8.0 8.1 7.9 57
Wheeze in last year, self-report, % 13.9 12.4 15.5 9.9
Dust, % 37.9 419 33.8 32.7
Vapor-gas, % 19.4 26.1 12.3 15.3
Fumes, % 24.2 30.5 17.7 18.4
Severity, %
None 55.7 51.5 60.0 61.4
Mild 25.5 28.5 22.3 23.1
Moderate 13.7 14.3 13.1 11.7
Severe 5.2 5.7 4.6 3.8
No. of VGDF agents*
0 55.6 51.5 60.0 61.3
1 21.0 18.4 23.8 20.8
2 10.0 10.8 9.1 8.4
3 13.4 19.4 7.0 95
(Continued)
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Table 1. Characteristics of participants in the MESA Lung Study and occupational exposure as ascertained by questionnaire and NIOSH job-exposure matrix (JEM)

Characteristic All Males Females Never-smokers
n = 3667 n=1878 n=1789 n=1605
Years exposure VGDF, %
None 56.2 51.8 60.7 62.0
<15 21.9 22.6 211 19.1
>15 22.0 25.6 18.2 18.9
Dust JEM, %
Low 88.0 83.2 93.1 90.6
Medium 9.2 11.9 6.3 7.4
High 2.8 49 0.6 241
VGDF JEM, %
Low 85.0 78.3 91.9 87.7
Medium 9.8 14.0 5.4 8.5
High 5.8 7.7 2.7 3.8

Medical Research Council (MRC) defined chronic bronchitis. “The number of VGDF agent was determined by exposure to gas/vapor, dust, and/or fumes.

Table 2. Adjusted Odds Ratios (OR) for the association of airflow limitationt with occupational exposures ascertained using questionnaire and NIOSH job-exposure

matrix (JEM)
Exposure All Males Females Never-smokers
n = 3508; airflow n = 1782; airflow n = 1726; airflow n = 1581; airflow
limitation = 196 limitation = 115 limitation = 81 limitation = 32
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Dust 1.23 (0.88-1.72) 1.21(0.77-1.90) 1.23 (0.74-2.06) 1.98 (0.88-4.49)
Vapor-gas 1.55 (1.06-2.26) 1.55 (0.97-2.47) 1.36 (0.70- 2.65) 2.71 (1.09-6.71)
Fumes 1.39 (0.97-1.99) 1.47 (0.93-2.32) 1.28 (0.71-2.33) 4.15 (1.74-9.87)
Severity of VGDF
None 1.0 1.0 1.0 1.0
Mild 1.18 (0.79-1.75) 1.24 (0.74-2.08) 1.09 (0.58-2.06) 1.64 (0.57-4.72)
Moderate 1.48 (0.94-2.34) 1.22 (0.65-2.31) 1.82 (0.92-3.61) 2.64 (0.85-8.20)
Severe 213 (1.21-3.74) 1.57 (0.72-3.46) 2.99 (1.29-6.93) 14.75 (4.06-53.63)

X’-trend, p-value

Years exposure VGDF, %
None
<15
>15
X’-trend, p-value

No. of VGDF agents*

N = O

3
X’-trend, p-value

Dust JEM

Low

Med

High

X2- trend, p-value
Organic dust JEM

Low

Medium

High

X’-trend, p-value

7.5,p < 0.01

1.31 (0.88-1.94)
1.31 (0.88-1.94)
2.0,p=0.16

1.0

1.40 (0.93-2.11)

1.40 (0.81-2.40)

1.69 (1.06-2.70)
5.1,p<0.05

1.0

1.08 (0.60-1.94)

2.35 (1.10-5.04)
3.3,p=0.07

1.0

1.39 (0.70-2.77)

2.31 (0.93-5.74)
3.8,p=0.05

1.3,p=0.25

1.60 (0.95-2.71)
1.10 (0.64-1.91)
0.3,p=0.60

1.0

1.28 (0.71-2.32)

1.45 (0.71-2.98)

1.62 (0.91-2.88)
2.9,p=0.09

1.0

0.85 (0.40-1.81)

2.28 (1.03-5.07)
23,p=0.13

1.0

0.83 (0.31-2.20)

2.23 (0.87-5.76)
1.5,p=0.21

7.0,p < 0.01

0.98 (0.51-1.86)
1.63 (0.91-2.95)
23,p=0.13

1.0

1.54 (0.87-2.73)

1.35 (0.57-3.19)

1.53 (0.63-3.68)
1.4,p=0.23

1.0
1.80 (0.69-4.74)

1.0,p=0.32

1.0
2.87 (1.05-7.87)

3.3,p=0.07

13.9, p < 0.001

2.42 (0.90-6.52)
3.31 (1.26-8.69)
6.2,p<0.05

1.0
1.82 (0.63-5.22)
3.64 (1.12-11.92)
5.07 (1.54-16.69)
8.8, p < 0.01

1.0

1.99 (0.49- 8.11)

1.87 (0.16-21.66)
0.89,p=0.34

1.0
3.04 (0.67-13.69)

0.4,p=0.53

'0dds ratios for airflow limitation adjusted for age, race/ethnicity, gender, BMI, smoking status, cigarette pack-years, pipe-years, cigar-years, environmental tobacco smoke, asthma, and education.
*The number of VGDF agent was determined by exposure to gas/vapor, dust, and/or fumes.
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Figure 2. Adjusted 0dds Ratios for airflow limitation, chronic bronchitis, wheeze and self-reported exposures. TSeverity is the most severe exposure to VGDF.

Table 3. Adjusted Odds Ratios (OR) for association of airflow limitation with the interaction of smoking and occupational exposures from questionnaire and NIOSH
job-exposure matrix (JEM).

Smoking/JEM-dust
Never/no

1.0

1.0

S
Ire}
=
~
o
c
o
ol
&
o
c
o
‘E Interaction association Al Males Females
b n = 3511; airflow n = 1785; airflow n = 1726; airflow
o limitation = 196 limitation = 115 limitation = 81
8 %‘ OR (95% Cl) OR (95% Cl) OR (95% Cl)
o) ;’; Smoking/dust’
g2 Never/no 10 10 10
%f § Never/yes 1.73 (0.84-3.56) 1.40 (0.43-4.59) 2.12 (0.84-5.34)
£ o] Ever/no 4.57 (2.62—7.96) 4.65 (1.91-11.28) 5.08 (2.39-10.81)
B E Ever/yes 5.47 (3.07-9.76) 5.97 (2.42-14.68) 5.15 (2.28-11.66)
-é Smoking/vapor-gas
:g Never/no 1.0 1.0 1.0
= Never/yes 2.14(0.97-4.72) 2.07 (0.62-6.98) 2.33(0.78-6.94)
2 Ever/no 4.37 (2.71-7.05) 5.03 (2.23-11.34) 4.36 (2.33-8.15)
B Ever/yes 6.10 (3.46-10.77) 7.43 (3.10-17.82) 4.52 (1.83-11.15)
B Smoking/fumes
% Never/no 1.0 1.0 1.0
a Never/yes 3.00 (1.44-6.27) 2.82(0.86-9.31) 3.58 (1.35-9.49)
2 Ever/no 5.30 (3.15-8.92) 5.99 (2.50—14.34) 5.54 (2.77-11.08)
8 Ever/yes 6.30 (3.52-11.30) 8.00 (3.19-20.04) 5.02 (2.09-12.08)
Smoking/any VGDF*
Never/no 1.0 1.0 1.0
Never/yes 2.47 (1.20-5.12) 2.63 (0.78-8.86) 2.59 (1.02-6.60)
Ever/no 5.09 (2.70-9.61) 5.92 (2.04-17.17) 5.31 (2.28-12.33)
Ever/yes 6.97 (3.68-13.20) 8.21 (2.83-23.85) 6.71 (2.86-15.78)

1.0

Never/yes 1.39 (0.39-4.88) - 3.33(0.85-12.98)
Ever/no 3.94 (2.57-6.03) 4.16 (2.14-8.08) 4.00 (2.23-7.15)
Ever/yes 4.83 (2.61-8.96) 5.13 (2.26-11.64) 3.77 (0.99-14.30)
Smoking/JEM-vapor-gas

Never/no 1.0 1.0 1.0

Never/yes 0.46 (0.11-2.03) 0.48 (0.06-3.93) 0.54 (0.07-4.40)
Ever/no 3.44 (2.26-5.23) 3.94 (2.01-7.73) 3.47 (1.98-6.09)
Ever/yes 3.15 (1.76-5.64) 3.78 (1.69-8.46) 1.81 (0.54-6.02)

T0dds ratios for airflow limitation adjusted for age, race/ethnicity, BMI, asthma, and education.
iSmoking was ever (former or current) or never.
*Exposure was dichotomized into any of the agents (Vapor-gas, Dust and/or Fumes).
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Table 4. Adjusted Odds Ratios for Self-reported Physician Diagnosis of COPD, with occupational exposure from questionnaire

Occupational Risk Factors for Airflow Obstruction

Characteristic All Males Females Never-smokers
n = 3508; COPD = 98 n = 1758; COPD = 55 n=1701; COPD = 42 n=1581; COPD = 12
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Dust 1.65 1.04-2.63 1.63  0.87-3.07 1.81  0.88-3.72 4.61 1.17-18.17
Vapor-gas 1.96 1.18-3.27 1.36  0.72-2.58 336 1.41-8.01 2.90 0.70-12.07
Fumes 1.44  0.87-2.36 0.93 0.49-1.78 292 1.31-6.50 6.25 1.37-28.57
Severity of VGDF
None 1.0 1.0 1.0 1.0
Mild 196 1.15-3.33 1.42  0.69-2.91 3.18 1.39-7.26 2.14 0.44-10.32
Moderate 193 1.01-3.67 117 0.47-2.94 3.58 1.37-9.36 160  0.17-14.95
Severe 2.80  1.29-6.09 305 1.22-7.61 125 0.23-6.74 1519 1.92-120.5
X*-trend, p-value 8.8,p < 0.01 3.7,p=0.05 41,p<0.05 47,p=0.03
Years exposure VGDF
None 1.0 1.0 1.0 1.0
<15 217 1.26-3.74 1.64  0.79-3.40 327 1.37-7.83 3.46 0.85—-14.07
>15 1.84 1.06-3.17 154  0.74-3.18 2.38 1.00-5.65 1.86 0.31-10.97
X-trend, p-value 5.6, p < 0.05 1.5,p=0.22 5.0,p < 0.05 1.3,p=0.26
No. of VGDF agents’
0 1.0 1.0 1.0 1.0
1 231  1.34-3.96 2.04 0.96-4.32 273 1.21-6.17 1.38 0.25-7.66
2 131 0.59-2.90 095 0.33-2.75 211 0.61-7.32 2.90 0.28-29.98
3 259 1.35-4.98 168  0.75-3.79 6.00 1.88-19.20 1422 2.13-94.88
X’-trend, p-value 7.0,p <0.01 0.9,p=0.34 9.1,p<0.01 6.5,p =0.01

'0dds ratios for self-reported physician diagnosis of COPD or emphysema adjusted for age, race/ethnicity, BMI, smoking status, cigarette pack-years, pipe-years, cigar-years, environmental

tobacco smoke, asthma, and education.
#The number of VGDF agent was determined by exposure to vapor-gas, dust, and/or fumes.

For chronic bronchitis, the combined effect of smok-
ing and self-reported VGDF exposure or JEM assigned
VGDF exposure was evaluated in a manner similar to
airflow limitation. Similarly, for all the exposures (vapor-
gas, dust, fumes, and VGDF) there was an increasing
trend in the odds ratios, including for the category with
both exposures present (results not shown). However,
none of the odds ratios for the interaction effect were
statistically significant at p < 0.05 level, rejecting the
hypothesis that there is multiplicative interaction.

Discussion

We found that airflow limitation, physician-diagnosed
COPD, chronic bronchitis, and wheeze were associated
with self-reported occupational exposure to vapors, gas,
dust and fumes in a large, multi-ethnic study of partici-
pants 45 to 84 years of age when initially recruited dur-
ing 2000-2002. Associations were particularly strong
among never smokers and for the severity of exposure.
This study adds to our understanding about the associa-
tion of VGDF exposure on non-malignant respiratory
conditions and about the two methods of ascertainment
of occupational exposure: self-reported using a ques-
tionnaire and a JEM.

We found that airflow limitation was associated with
JEM-assigned scores for VGDEF, dust and organic dust.
To compare results for self-reported dust exposure with

www.copdjournal.com

those for JEM-assigned dust exposure (low, medium,
or high), the self-reported exposure had elevated odds
while with the JEM the highest assigned dust category
was significant (Table 2). The increased risk associated
with highest JEM dust exposure category was primarily
in males. This result may suggest that the JEM’s three
levels of exposure categorization may better capture
the highest exposure level while the dichotomous self-
reported dust exposure cannot differentiate the expo-
sure levels.

Using the JEM, we also investigated the association
of airflow limitation with exposure to organic dust for
which we did not have self-reported data, and found
that for “All” participants there was an increasing trend
for airflow limitation and the level of exposure (i.e., low,
medium, and high) (X* = 3.8, P = 0.05). The association
was statistically significant in females. This indicates
that the JEM method may be useful also in the evalu-
ation of occupational exposures for which self-report
data are not available.

Among never-smokers (Table 2), associations with
airflow limitation were observed for self-reported
severity of VGDF exposure, the number of self-re-
ported agents, and number of years exposed to VGDF
agents. These findings are consistent with a study
reported by Blanc et al. (9) where self-reported VGDF
and JEM assigned VGDF exposure were found to be
associated with COPD. However, in our study we did
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Table 5. Adjusted Odds Ratios for chronic bronchitist and wheeze* with occupational exposure from questionnaire

Characteristic All Males Females Never smokers
Chronic bronchitis n = 3508; n = 1782; chronic n = 1726; chronic n = 1581; chronic
chronic bronchitis = 280 bronchitis = 143 bronchitis = 137 bronchitis = 91
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Dust 1.95 1.49-2.55 245 1.66-3.61 1.60 1.09-2.33 1.96 1.23-3.12
Vapor-gas 1.54 1.13-2.09 1.87 1.28-2.75 1.1 0.65-1.91 1.33 0.75-2.38
Fumes 1.66 1.25-2.20 1.81 1.24-2.65 1.46 0.95-2.26 1.39 0.82-2.38
Severity of VGDF
None 1.0 1.0 1.0 1.0
Mild 1.83 1.35-2.48 214 1.38-3.30 1.58 1.02-2.44 1.12 0.63-1.98
Moderate 2.04 1.42-2.93 2.73 1.65-4.53 1.48 0.87-2.54 2.25 1.23-4.13
Severe 1.70 1.00-2.88 1.25 0.54-2.89 2.38 1.17-4.84 3.38 1.43-7.97
X2-trend, p-value 14.7,p < 0.001 8.1,p<0.01 6.8, p < 0.01 10.8, p = 0.001
Years exposure VGDF
None 1.0 1.0 1.0 1.0
<15 1.57 1.13-2.17 1.77 1.11-2.82 1.36 0.86-2.16 1.23 0.69-2.19
>21 5) 2.23 1.63-3.03 2.52 1.61-3.94 2.05 1.32-3.19 1.81 1.04-3.13
X'-trend, p-value 22.9,p < 0.0001 16.6, p < 0.0001 10.1,p < 0.01 5.4,p <0.05
No. of VGDF agents*
0 1.0 1.0 1.0 1.0
1 1.58 1.14-2.20 1.38 0.81-2.35 1.7 1.11-2.63 1.48 0.85-2.60
2 241 1.64-3.56 2.85 1.67-4.87 1.91 1.07-3.41 1.56 0.73-3.30
3 2.15 1.47-3.15 2.53 1.57-4.08 1.57 0.79-3.14 2.09 1.04-4.18
X*-trend, p-value 22.9,p < 0.0001 18.6, p < 0.001 51,p<0.05 4.8,p<0.05

X2-trend, p-value

Years exposure VGDF

44.6, p < 0.0001

25.5, p < 0.0001

18.9, p < 0.0001

é‘ Wheeze n = 3508; wheeze = 488 n = 1783; wheeze = 219 n=1726; wheeze = 269 n=1564; wheeze = 156
; OR 95% Cl OR (95% Cl) OR (95% Cl) OR (95% Cl)
é Dust 1.76 1.43-2.18 213 1.54-2.95 1.56 1.17-2.08 1.83 1.28-2.63
3 Vapor-gas 1.62 1.26-2.07 1.65 1.20-2.28 1.52 1.03-2.23 1.32 0.84-2.08
E’ Fumes 1.53 1.21-1.92 1.60 1.16-2.21 1.43 1.02-2.01 1.64 1.09-2.47
. Severity of VGDF

None 1.0 1.0 1.0 1.0

Mild 1.67 1.30-2.14 2.0 1.37-2.90 1.46 1.04-2.04 1.39 0.90-2.13

Moderate 1.95 1.45-2.61 2.61 1.69-4.03 1.54 1.02-2.32 1.98 1.20-3.27

Severe 3.15 2.16-4.60 3.03 1.75-5.26 3.52 2.04-6.07 4.55 2.35-8.81

20.6, p < 0.0001

None 1.0 1.0 1.0 1.0

<15 1.97 1.54-2.53 2.60 1.79-3.79 1.51 1.07-2.13 1.72 1.09-2.70
>15 1.92 1.48-2.48 1.93 1.31-2.85 2.04 1.44-2.90 1.55 0.97-2.48
X*-trend, p-value 28.9, p < 0.0001 12.5, p < 0.0001 16.9, p< 0.0001 8.2,p<0.01

No. of VGDF agents*

0 1.0 1.0 1.0 1.0

1 1.84 1.42-2.37 2.23 1.47-3.37 1.62 1.16-2.25 1.72 1.12-2.63
2 1.75 1.25-2.45 2.09 1.28-3.41 1.52 0.95-2.45 1.66 0.92-2.97
8 214 1.57-2.90 2.41 1.60-3.63 1.92 1.17-3.16 2.11 1.22-3.67
X’-trend, p-value 27.2,p < 0.0001 17.3, p < 0.0001 9.5,p < 0.01 8.8,p<0.01

T0dds ratios for MRC defined chronic bronchitis adjusted for age, race/ethnicity, BMI, smoking status, cigarette pack-years, pipe-years, cigar-years, environmental tobacco smoke, and

education.

*0dds ratios for wheeze in last 12 months adjusted for age, race/ethnicity, BMI, smoking status, cigarette pack-years, pipe-years, cigar-years, environmental tobacco smoke, and education.
*The number of VGDF agent was determined by exposure to vapor-gas, dust, and/or fumes.

not find a significant association between airflow
limitation and the JEM VGDF. The low Spearman
rank correlation between self-reported VGDF and the
JEM VGDF may indicate that the participants’ own
knowledge of their exposure was better than the JEM

JOURNAL OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

when the information about the longest held job was
not available.

Self-reported doctor-diagnosed COPD was associ-
ated with self-reported dust, vapor-gas, number of years
of exposure to VGDF, increasing severity of exposure to
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VGDE, and increasing number of agents (Table 4). Some
of the odds of COPD were increased 2-fold or greater
among never-smokers. This result is consistent with a
study by Blanc et al. (9).

Chronic bronchitis is a major component of COPD;
therefore Medical Research Council (MRC)-defined
chronic bronchitis as determined by several ques-
tions was evaluated for association with occupational
exposure (Appendix). Chronic bronchitis was associ-
ated with self-reported occupational exposure to dust,
vapor-gas, fumes, severity of exposure to VGDF, years
of exposure to VGDE, and with the increasing number
of agents (none, one, two, or three) of vapor-gas, dust,
and/or fumes (Table 5). This result reinforces the well-
known association between occupational exposure and
“industrial bronchitis” (15, 25-27). We also investigated
the association of chronic bronchitis with the combined
effect of smoking and each exposure. The results (not
tabulated) were similar to those for airflow limitation.

Wheeze is a symptom often associated with airflow
limitation (28, 29). In our study, wheeze within the last
year was associated with occupational exposures to
vapor-gas, dust, fumes, a progressive gradient of sever-
ity of exposure to VGDE, and with the increased num-
ber of the VGDF agents reported by participants. These
associations were also consistent by gender and among
never smokers (Table 5). The associations of chronic
bronchitis and wheeze with occupational exposure were
stronger than with airflow limitation.

This study has some limitations, which are: 1) Tem-
porality cannot be determined; 2) Questionnaire data
pertaining to past occupational exposure may be prone
to recall bias in that respondents with disease or symp-
toms may have considered the presence and more severe
exposure than respondents without symptoms. The use
of both questionnaire self-reported exposure and JEMs
should help reduce potential for misclassification bias
(9, 30, 31). Since participants may not be aware that they
have airflow limitation, differential misclassification
would be less likely for this outcome than for reported
symptoms of chronic bronchitis and wheezing. 3) For
some outcomes, the highest JEM exposure category had
insufficient sample size to determine a significant trend.
4) Another important limitation is that the JEM assess-
ment was based on the most recent job. Almost 42% of
the MESA-Lung participants were retired at the time of
spirometry and only the most recent job prior to retire-
ment was reported. This lack of information on the lon-
gest held job may have decreased concordance between
the JEM and self-reported exposure and reduced the
ability of the JEM to detect the effects of occupational
exposure on disease.

The MESA study was designed prospectively to study
subclinical factors for cardiovascular disease (CVD)
and thus individuals with existing clinical CVD were
excluded at the onset of the study (17). CVD is one of the
factors that occur with the highest COPD comorbidity
(32—34). This exclusion may have introduced a survivor

www.copdjournal.com
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bias among elderly participants; yet, it is unlikely to have
affected participants under 65 years. When investigat-
ing the prevalence of airflow limitation and self-report
of severity, the sensitivity analysis results for the most
severe category were similar for those under 65 years
(n =2133) and those over 65 years (n = 1375) (OR 1.8,
95% CI 0.9-3.6 vs. OR 2.2, 95% CI 0.9-5.8). Therefore,
with respect to airflow limitation, survivor bias appears
to be less likely in this population. However, Sin et al.
reported that reduced FEV] is a risk for cardiovascular
mortality; therefore excluding those with cardiovascular
disease may also exclude individuals with reduced FEV,
and COPD in this study resulting in reduced odds ratios
for airflow limitation (32).

Conclusion

We found significant associations between the preva-
lence of airflow limitation and occupational exposure
ascertained by both self-report and JEM. We did not
find an association between COPD and the combined
effect of occupational exposure and smoking on the
multiplicative scale, but there was an indication of an
increased risk of COPD when both exposures were pres-
ent. We developed an expanded COPD JEM based on
the methodology of a previously developed JEM for use
in future studies. Chronic bronchitis and wheeze each
were associated with self-reported exposures (vapor-
gas, dust, fumes, and VGDF exposure severity, years of
exposure, and number of agents). Smoking cessation
programs combined with the reduction of occupational
exposures should be pursued to reduce the prevalence
of COPD in workers.

Abbreviations

CI confidence interval

MESA Multi-Ethnic Study of Atherosclerosis
JEM job exposure matrix

UCSF University of California San Francisco
FEV, forced expiratory volume in one second

FEV,/ FVC ratio of forced expiratory volume in one
second to forced vital capacity

LLN lower limit of normal — the LLN approxi-
mates the one-sided 95% confidence limit
for the expected value, where 5% of healthy
persons who have never smoked would be
identified as abnormal using the LLN

MRC Medical Research Council
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Appendix: Pertinent Questions
from Questionnaires

A trained interviewer administered a Respiratory Ques-
tionnaire to the MESA-Lung participants. Information
from the MESA-Lung study in this analysis was supple-
mented through other MESA questionnaires where
participants were asked to identify race/ethnicity using
the 2000 Census questions. The respondents were then
categorized into one of four racial/ethnic groups.

The script provided to the interviewers for the ques-
tion was extracted from page 13 of the “MESA-Lung
Field Center Manual of Operations and Procedures Ver-
sion 1.9 April 8, 2005. The interviewers were instructed
to read every question EXACTLY as written, including
the responses. For clarification, they were instructed to
re-read the question and answers for the participant. If
the participant had questions regarding the definitions
for the three questions, they were only allowed to pro-
vide the definitions in the “Note” section. The number
of times (interviews) that the note for the questions was
used was not captured.

The occupational exposure was determined by the
following questions:

Q.13. Have you ever been exposed at work to:
(This is “ever” exposure, and it does not have to be daily
exposure).

O Vapors or gas Answer “yes” or “no” or “don’t know”.
Note: vapors are really synonymous with gas, that is
the form into which liquids are naturally converted
by the action of a sufficient degree of heat.

O Dust Answer “yes” or “no” or “don’t know”.

Note: dust is fine particulate matter which is light
enough to be to be easily raised and carried up into
the air.

O Fumes Answer “yes” or “no” or “don’t know”.

Note: fumes are volatile matter produced by and
usually accompanying combustion (where there’s
smoke, there’s fumes — although the converse is not
completely true).

If yes to any of the above, answer the following:

For how many years were you exposed at work to
vapors, gas, dust or fumes?

Provide the number of years. ___ years

How long ago was your last exposure?

Select “current” or provide the number in months OR
in years.

___current OR___months OR____years

Was the exposure “mild” or moderate” or severe’?
mild moderate ___severe

Select one. Note that the exposure is in order of increas-
ing level.
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Wheezing was determined by the following question:
In the last 12 months, have you had wheezing or
whistling in your chest?

Yes

No

Asthma was determined by the following question:
Have you ever had asthma?

Yes

No

COPD was determined by emphysema questions and
the following question:

Has a doctor ever told you that you had any of the
following:

Chronic obstructive pulmonary disease or COPD?
Yes

No

Don’t know

MRC Bronchitis is based on cough and phlegm ques-
tions from the spirometry questionnaire:

“Do you usually bring up phlegm from your chest on
most days for 3 or more months during the year?”

“For how many years have you brought up phlegm from
your chest like this?”

“Do you usually have cough on most days for 3 or more
months during the year?”

If respondent has a cough on most days for 3 or more
months during the year, usually brings up phlegm from
chest on most days for 3 or more months during the year
and did this for 2 or more years, it was considered MRC
Bronchitis.

Emphysema was based on the Medical History interview
administered questionnaires from Exam 1 — 4. During
Exam 1, the interviewer asked, “Has a doctor ever told
you that you have any of the following;

Q.1 Emphysema?”
Yes

No

Don’t know

During Exams 2—4, the interviewer asked,

Q.2 Has a doctor told you that you have developed any
of the following since your last MESA visiton____:
Emphysema?

Yes

No

Don’t know

The occupation was determined by the following four
open-ended questions from the survey:

Q.9 For whom do/did you work? (name of company,
business, organization or other employer) If you
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are not working now, please respond regarding manager, auto mechanic, accountant, grinder
your main occupation before you stopped working. operator, etc.)

Q.10 What type of business or industry is/was this? (e.g., Q.12 What are/were your most important activities or
hospital, newspaper publishing, mail order house, duties? (e.g. patient care, directing hiring policies,
auto repair shop, bank, etc.) repairing automobiles, reviewing financial records,

Q.11 What kind of work do/did you do or what was operating grinding mill, etc.)

your job title? (e.g. registered nurse, personnel
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