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Background: The association between occupational exposure and COPD reported previously
has mostly been derived from studies relying on self-reported exposure to vapors, gases, dust,
or fumes (VGDF), which could be subjective and prone to biases. The aim of this study was
to assess the strength of association between exposure and COPD from studies that derived
exposure by job exposure matrices (JEMs).

Methods: A systematic search of JEM-based occupational COPD studies published between
1980 and 2015 was conducted in PubMed and EMBASE, followed by meta-analysis. Meta-
analysis was performed using a random-effects model, with results presented as a pooled effect
estimate with 95% confidence intervals (Cls). The quality of study (risk of bias and confounding)
was assessed by 13 RTI questionnaires. Heterogeneity between studies and its possible sources
were assessed by Egger test and meta-regression, respectively.

Results: In all, 61 studies were identified and 29 were included in the meta-analysis. Based on
JEM-based studies, there was 22% (pooled odds ratio =1.22; 95% CI 1.18-1.27) increased risk
of COPD among those exposed to airborne pollutants arising from occupation. Comparatively,
higher risk estimates were obtained for general populations JEMs (based on expert consensus)
than workplace-based JEM were derived using measured exposure data (1.26; 1.20-1.33 vs
1.14; 1.10-1.19). Higher risk estimates were also obtained for self-reported exposure to VGDF
than JEMs-based exposure to VGDF (1.91; 1.72-2.13 vs 1.10; 1.06—1.24). Dusts, particularly
biological dusts (1.33; 1.17—1.51), had the highest risk estimates for COPD. Although the major-
ity of occupational COPD studies focus on dusty environments, no difference in risk estimates
was found for the common forms of occupational airborne pollutants.

Conclusion: Our findings highlight the need to interpret previous studies with caution as self-
reported exposure to VGDF may have overestimated the risk of occupational COPD.
Keywords: COPD, occupation, airborne substances, job exposure matrices

Introduction

The importance of occupational exposure as a cause of COPD has been recognized for
decades.' A recent systematic review concluded that there is strong and consistent
evidence to support a causal association between occupational exposure(s) and COPD.*
Recent reviews have identified associations between a few specific occupational pollut-
ants, mainly dusts (silica, wood, coal, cotton, and grain) and fumes (rubber, welding,
and cadmium), and the development of COPD.** However, there is still an ongoing
debate on the relative importance of the different occupational pollutants forms (vapors,
gases, dusts, fumes, fibers, and mists) to which individuals may be exposed at work;
this information would be valuable when identifying suitable workplace interventions
and when planning adjustments at work for individuals either at risk of developing
work-related COPD or when improving work ability in individuals with COPD.
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The assessment of occupational exposure requires
collection of personal exposure data, which are often not avail-
able and, where present, are usually limited to a few industries
and substances. In the absence of measured exposure data,
epidemiological studies have relied on self-reported exposure
(questionnaires) to either specific substances®® or a combina-
tion of airborne substances, typically vapors, gases, dusts, or
fumes (VGDF),” ! which could be prone to recall bias.

Over the past two decades, job exposure matrices (JEMs)
have been increasingly used to estimate occupational expo-
sures, particularly in large-scale epidemiological studies, as
they are relatively easy to use and are economic. The major-
ity of JEMs are based on general population'>'* and rely on
expert knowledge of industries, work environments, and
determinants of occupational exposure to assign exposures
to a standard job classification coding system. A few work-
based JEMs have also been developed, which make use of
actual measured data (current or historical) from particular
work sites for the population of interest.'*'> Regardless of
JEM types their use has allowed the assignation of exposure
to specific substances as well as the full range of individual
pollutant forms (vapors, gases, dusts, fumes, fibers, and
mists) found in occupational settings.

This systematic review of JEM-based studies on occupa-
tional COPD aims to address the following questions:

1. Do different JEM types (based on general population
and workplace) provide similar risk estimates for dif-
ferent pollutant forms including the common aggre-
gate VGDF?

2. Are pollutant forms such as gases, vapors, fumes, and
fibers as important as dusts in the development of occu-
pational COPD?

3. Is the strength of association between different COPD
phenotypes and occupational airborne pollutants consis-
tent in JEM-based studies?

Methods
Study eligibility criteria, search strategy,

and terms
We carried out a systematic review and meta-analysis of
peer-reviewed articles that used JEMSs to assign exposures to
jobs for investigating the association between occupational
exposure and COPD phenotypes. The systematic review
was conducted adhering to the Preferred Reporting Items of
Systematic reviews and Meta-Analysis guidelines.'®

Papers published from January 1, 1980, to December 13,
2015, were identified through a systematic literature search
in PubMed and EMBASE. Search terms used for the

initial search are shown in Table S1. Bibliographies of
peer-reviewed publications on the subject were also screened
to ensure that no relevant papers have been missed during
our original searches.

We used a multistage iterative process to reduce the
initial search pool of citations down to a final selection as
shown in Figure 1. OPK and SS initially screened the titles
and abstracts of all publications identified. The search was
limited to human studies and English language. We included
studies on adults that used a JEM to assign exposure to jobs
with respiratory outcomes (COPD, chronic bronchitis, and
breathlessness) only. We applied a broad definition of COPD
(diagnosed by either a physician or on the basis of spirometry)
and chronic bronchitis (those diagnosed by physician or those
who completed Medical Research Council questionnaires
on chronic bronchitis). The definitions used are shown in
Table S2 for each study. Studies on environmental (outdoor
or domestic) exposure were excluded unless the exposure
occurred as part of an occupation, such as in traffic wardens
or car park attendants. Following studies were excluded:
1) studies on respiratory health effects due to smoking unless
they are related to the workplace, for example bar staff, and

61 peer-reviewed publications
identified from databases

5 additional papers identified
< through screening of published
reviews and original publications

y

66 papers reviewed by title and
abstracts

24 papers excluded as they were
> not related to JEMs and health
outcomes of interest

A

42 papers retained for detailed
content review

11 studies excluded further as they
> neither met the inclusion criteria
nor provided adjusted effect size

A

| Data extracted from 31 studies

2 studies excluded with no reported
confidence intervals

y

Meta-analysis of 29 studies

Figure | Flowchart of the number of articles in different stages of the selection
strategy.
Abbreviation: JEMs, job exposure matrices.
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2) studies on respiratory health effects from household air
pollution, for example burning of solid fuel. Case reports
and articles not related to occupation and the prespecified
respiratory outcomes were also excluded.

Data extraction and quality assessment
Information from selected publications were extracted inde-
pendently by two reviewers SS and SSS using a predefined
template on the following: gender, study population (gen-
eral population or workplace based), study design, types
of occupational airborne pollutants (specific substances),
formulations (paints and adhesives) and the six broader
forms of pollutants (vapors, gases, dusts, fumes, fibers, and
mists), JEM type (whether based on general population or
workplace), level of exposures assigned by the JEM (low,
medium, or high), confounder(s) adjusted for, respiratory
outcomes, and risk estimates. Publication(s) with any dis-
agreement in data extraction was further reviewed by OPK.
Data on effect size and 95% confidence intervals (Cls) both
before and after adjustment for confounders were extracted,
but only those data sets that adjusted for confounders includ-
ing smoking were used in the meta-analysis.

For studies conducted in the workplace, it was noted
whether workplace-measured exposure data were used to
inform the development of the JEM. All exposure esti-
mates derived using a specified expert JEM were labeled
as JEM based. Risk estimates for self-reported exposures
were also recorded (where available) in the selected JEM-
based studies.

The majority of JEMs provided respiratory risk esti-
mates for one of the six broad forms of pollutants: vapors,
gases, dusts, fumes, fibers, or mists, or the aggregate VGDF
(exposed to one of the four pollutant forms). In cases where
JEMs provided risk estimates for specific airborne chemical/
materials, those were allocated by SS and OPK to one of the
six broad forms of pollutants. For example, JEM-based risk
estimates for paints, cement, and asbestos were classified as
exposed to vapors, dusts, and fibers, respectively.

For each of the exposure estimates, information was also
collated on whether the assigned exposure was for the current
job, longest-held job, or an estimate of cumulative lifetime
exposure, and where specified the level of exposure (low,
medium, high) was also recorded. Of the different JEM types,
the ALOHA JEM has been commonly used to investigate
occupational COPD in particular for exposures to mineral
dusts, biological dusts, and gases/fume."

The quality of each selected study was assessed inde-
pendently by two authors (KBHL and OPK) using the RTI

Item Bank for Assessing Risk of Bias and Confounding
for Observational Studies of Interventions or Exposures,!”
with 13 questions covering 6 domains (selection bias, detec-
tion bias, performance bias, attrition bias, selective outcome
reporting, and confounding) and an overall assessment.
Responses to these RTT items consist of “yes” and “no”, plus

CEINT3

a combination of “partially”, “cannot determine”, and “not
applicable”. We recategorized those responses that reflected
high quality as conveying a low-risk bias, low quality as high-
risk bias, and “cannot determine” and “partially” as “unclear

risk of bias”, similar to that reported by Margulis et al.'®

Statistical analysis

All eligible studies were pooled, and sensitivity analysis was
conducted to assess the impact of methodological approaches
(study design, study population, JEM types, exposure to VGDF
[self-reported and JEM based], exposure to different individual
pollutant forms, and exposure duration estimates [current job
and cumulative]) by grouping them into different subgroups."
We used natural logarithms of odds ratio (OR) and the associ-
ated standard errors to estimate the pooled effect size of all
studies and the subgroups. Within-group heterogeneity was
assessed using O-tests and/or P statistics.?’ As there was huge
heterogeneity among studies, we used random-effects model to
calculate the pooled effect estimates. We assessed publication
bias by funnel plots and Egger regression.?! Meta-regression
was used to explore the sources of heterogeneity, including
gender, study design, JEM types, exposure period, and pollut-
ant forms. All analyses were performed using STATA (version
13; STATA, College Station, TX, USA).

Results

Study selection

A total of 61 articles were identified from the initial search
and an additional 5 articles identified from screening the
reference lists of previously published studies. Of them, 24
were excluded from further review as they were either not
related to respiratory outcomes of interest or did not use a
JEM to assign occupational exposures (Figure 1). Detailed
data for the 42 studies were extracted (Table S2).

Study characteristics

Of the 42 studies reviewed, 14 used JEMs that were devel-
oped using measured exposure data and applied to a specific
occupational group or industry particularly of silica carbide
workers,'3?> cement production plant workers,* smelters,>*2
woodworkers,'*?” and construction workers.”?%?° Most of
these JEMs were based on personal measured data and each
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current/former employee was assigned an exposure level
by the study authors. The remaining 28 studies used general
population—based expert JEMs to assign exposures to recorded
jobs, the most commonly used JEM being the ALOHA JEM
that was applied in 12 of the 42 studies. The other gen-
eral population JEMs used by researchers were the Blanc
JEM, 0113031 the NIOSH JEM,’3* and the MRC JEM.* %
We included 29 studies for meta-analysis; 13 were

Most of the studies had low risk of bias across the domains
(Table 1), although high risk of bias was noted in confound-
ing studies, particularly in studies without adjustment for
environmental tobacco smoke, and an unclear risk of detec-
tion bias was noted in the studies that did not clearly state if
assessment of exposure was blinded where possible.

A range of outcomes were reported in these 29 studies,
including shortness of breath (n=5), chronic bronchitis (n=15),

excluded which either did not meet the inclusion criteriaordid ~ COPD diagnosed by physician (n=10), and spirometry-defined

not provide adjusted effect size estimates for meta-analysis. COPD (n=17). Altogether these papers provided 575

Table | Results of quality assessment of the 29 studies included in the meta-analysis

References Types of bias assessed and question numbers

Selection bias, Performance Detection bias, Attrition bias, Selective Confounding  Overall

confounding bias confounding detection outcome assessment

(2 and 3 only) (6 only) bias (8 only) reporting

1 2 3 4 5 6 7 8 9 10 11 12 13
Paulin et al*” + o+ o+ + ? + . . L. + _ N
Toren and Jarvholm®  + + + + ? + + + + . + _ +
Dijkstra et al*’ + + o+ ? ? + . + + e + + +
Doney et al’ + o+ o+ ? ? + . ? L. 4 i 4
Rodriguez et al® + o+ o+ + ? + . . + . + _ +
Hansell et al® + o+ o+ ? ? + . _ + e 4 _ 4
Pallasaho et al*! + + o+ + ? + + - + . + _ +
Darby et al' + o+ o+ ? ? + . - + . + + ?
Mehta et al® + o+ + ? + + + PR + _ +
Nordby et al* + o+ 2 + ? + . . L. n _ N
Govender et al® + + 2 + ? + . . 4. + _ n
Soyseth et al** + o+ ! + ? + + ? L. + i 4
Skorge et al* + + 4+ + ? + + - + . + _ +
Jacobsen et al' + - 2 + ? + + _ + . + _ +
Blanc et al®' + 2 ? + ? + . + + . + _ +
Blanc et al*° + 7 4+ + ? + . — PR + _ 4
Rodriguez et al* + o+ 4+ + ? + . . + . + _ i
Jacobsen et al” + - 2 + ? + + + P + _ +
Weinmann et al*? + - o+ + ? + . + + . + _ +
Matheson et al* + + 1 + ? + . — PR + _ 4
Sunyer et al? + o+ 4+ + ? + + + + . + _ +
de Meer et al*® + o+ o+ ? ? + . + P + _ +
Trupin et al'' + + ! + ? + . — + . + _ +
Mastrangelo et al® + o+ + ? + . . + . + _ +
Zock et al® + o+ o+ ? ? + . + L. 4 _ +
Albin et al’ + o+ O+ ? ? + . _ + . 4 _ 4
Sunyer et al" + + o+ ? ? + . - . + _ +
Hsairi et al*? + o+ o+ + ? - . - + - + - +
Bakke et al®' + o+ 4+ + ? + . + + e + — ?

Notes: *, not applicable; +, low risk of bias; —, high risk of bias; ?, unclear risk of bias. List of the |3 questions from the RTI Item Bank are as follows: |. Do the inclusion/
exclusion criteria vary across the comparison groups of the study? 2. Does the strategy for recruiting participants into the study differ across groups? 3. Is the selection of the
comparison group inappropriate? 4. Does the study fail to account for important variations in the execution of the study from the proposed protocol? 5. Was the assessor
not blinded to the outcome, exposure, or intervention status of the participants? 6. Were valid and reliable measures not used or not implemented consistently across all
study participants to assess inclusion/exclusion criteria, intervention/exposure outcomes, participant benefits and harms, and potential confounders? 7. Was the length of
follow-up different across study groups? 8. In cases of missing data (eg, overall or differential loss to follow-up for cohort studies or missing exposure data for case—control
studies), was the impact not assessed (eg, through sensitivity analysis or other adjustment method)? 9. Are any important primary outcomes missing from the results?
10. Are any important harms or adverse events that may be a consequence of the intervention/exposure missing from the results? | |. Did the study fail to balance the
allocation between the groups or match groups (eg, through stratification, matching, propensity scores)? 12. Were important confounding variables not taken into account
in the design and/or analysis (eg, through matching, stratification, interaction terms, multivariate analysis, or other statistical adjustment such as instrumental variables)? |3.
Are results believable taking study limitations into consideration?
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individual risk estimates for one of the following pollutant
forms: vapors, gases, dusts, fumes, fibers, and VGDF. Dust
was the most commonly reported form of pollutant (n=312),
followed by fumes (n=133), with fibers and fumes being
least common (n<<20). In addition, nine studies included risk
estimates for self-reported exposures to VGDF.

Meta-analysis, risk estimates, and

heterogeneity
The main results are shown in Table 2. Overall, there was little
but significant heterogeneity among the studies (/’=46.8%,

Table 2 Occupational exposure and COPD from JEM-based studies

P<0.001), reducing only slightly (to 39.6%) when restricted
to studies that defined COPD by spirometry. The pooled
risk estimate was significantly higher (P<<0.001) among the
studies that used self-reported physician diagnosis (1.36;
95% CI 1.26—-1.47) compared to those that defined COPD by
spirometry (1.16; 1.12—1.20), giving an overall 22% increase
in odds (95% CI 18%-27%) across all studies. Females
tended to have higher COPD risk than males, and likewise
for general population—based studies (vs workplace) and
case—control studies (vs other designs). We also observed
a 28% higher risk for occupational exposures based on

Subgroup types Physician-diagnosed COPD Based on spirometry Physician- or spirometry-based
COPD
N Heterogeneity OR* (95% CI) N Heterogeneity OR* (95% CI) N Heterogeneity OR* (95% CI)
(" [%]; (" [%]; (P [%];
P-value) P-value) P-value)
All (JEM studies) 101,118 46.2; <0.001 1.36 (1.26-1.47) 160 39.6; <0.001 1.16 (1.12-1.20) 278 46.8; <0.001 1.22 (1.18-1.27)
Gender
Males only 49 43.2; 0.001 1.37 (1.22-1.55) 21 0.0;0.935 1.30 (I.11-1.53) 70 28.3;0.017 1.32 (1.21-1.45)
Females only 19 0.0; 0.606 2.56 (1.95-3.36) 18 0.0;0.503 1.17 (0.94-1.45) 37 30.0; 0.046 1.78 (1.42-2.23)
Males and 50 45.9; <0.001 1.23 (1.10-1.36) 121 48.0; <0.001 115 (1.11-1.20) 171 49.3; <0.001 1.18 (1.14-1.23)
females
Study design
Cross-sectional 80 35.3; 0.001 1.30 (1.18-1.44) 87 31.9;0.003 1.13 (1.04-1.23) 167 35.1; <0.001 1.21 (1.13-1.29)
Case—control 14 29.8;0.139 2.35(1.63-3.38) 34 41.2;0.0017 1.61 (1.40-1.84) 58 54.4; <0.001 1.75 (1.51-2.01)
Cohort 24 66.6; <0.001 1.24 (1.14-1.34) 39 0.0;0.622 1.08 (1.06-1.10) 53 26.8;0.041 I.11(1.08-1.14)
(longitudinal)
JEM types
General 108 45.6; <0.001 1.41 (1.28-1.56) 132 39.1; <0.001 1.19 (1.12-1.25) 240 45.7; <0.001 1.26 (1.20-1.33)
population
Workplace 10 33.4;0.141 1.20 (I.11-1.45) 28 37.2;0.026 1.10 (1.06-1.15) 38 47.3;0.001 [.14 (1.10-1.19)
based
Exposure period
Current/ 73 46.4; <0.001 1.50 (1.34-1.68) 101 35.8; <0.00I 1.18 (1.13-1.24) 174 47.3; <0.001 1.28 (1.22-1.35)
longest-held job
Cumulative 35 33.5;0.030 1.16 (0.96-1.41) 29 60.3; <0.001 1.22 (1.01-1.48) 64 48.2; <0.001 1.19 (1.05-1.36)
exposure
Exposure to VGDF
Self-reported 26 2.7, 0.424 2.33(2.12-2.5¢) 18 0.0;0.501 1.47 (1.30-1.66) 44 44.8;0.001 1.91 (1.72-2.13)
JEM based 23 44.5; 0.012 1.19 (1.10-1.30) 17 66.8; <0.001 1.07 (0.92-1.25) 40 58.8; <0.001 1.10 (1.06—1.24)
Level of exposure to VGDF
Low | - 0.99 (0.63-1.56) 3  91.7; <0.001 0.72 (0.17-3.08) 4  89.4; <0.001 0.77 (0.29-2.05)
Medium 4 72.4;0.012 1.07 (0.75-154) - - - 4 724;0.012 1.07 (0.75-1.54)
High 5 44.4;0.126 1.37 (1.00-1.86) 5  20.6;0.283 1.34 (1.07-1.68) 10 26.9;0.196 1.36 (1.14-1.63)
Exposure to the six individual pollutants forms (includes author assigned)t
Vapors 14 53.5; 0.009 1.24 (0.88-1.77) 24 16.1;0.239 1.26 (1.10-1.44) 38 33.3;0.026 1.24 (1.08-1.42)
Gases 26 0.0;0.610 1.09 (0.97-1.21) 23 10.4;0.319 1.12 (1.01-1.25) 49 0.0; 0.509 1.10 (1.04-1.17)
Dusts 62 49.1; <0.001 1.44 (1.24-1.66) 97 23.8;0.024 1.12 (1.08-1.16) 155 39.3; <0.001 1.37 (1.30-1.45)
Biological dusts 26 67.1; <0.001 1.90 (1.39-2.59) 33 10.6;0.294 1.16 (1.06—1.28) 59 49.6; <0.001 1.33 (1.17-1.51)
Mineral dust 25 0.0; 0.664 1.20 (1.09-1.31) 37 0.0;0.936 1.07 (1.04-1.09) 62 0.0;0.837 1.07 (1.05-1.09)
Fumes 33 14.6; 0.232 1.17 (1.03-1.34) 34 9.0;0.320 1.14 (1.09-1.21) 67 11.6;0.218 I.16 (1.09-1.23)
Fibers 3 71.0;0.032 2.99 (0.66—13.59) 2 0.0; 0.432 1.34 (0.72-2.47) 5 48.8;0.099 1.76 (0.89-3.47)

Notes: N is the number of individual point risk estimates from the studies; *compared to nonexposed individuals; fexposures to specific substances from JEM studies were
assigned by authors SS and OPK to one of the six pollutant forms, that is, vapors, gases, dusts, fumes, fibers, and mists, and VGDF. For example, the reported JEM risk

estimates for silica were assigned to dust.

Abbreviations: |EM, job exposure matrices; OR, odds ratio; Cls, confidence intervals; VGDF, vapors, gases, dust, or fumes.
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current/longest-held job compared to cumulative historical
exposure (19%). Higher risk estimates were reported in
studies that used expert general population JEMs (1.26;
1.20-1.33) compared to work-based JEMs (1.14; 1.10-1.19)
derived using measured exposure data.

JEM-based studies provided more modest risk estimate
(1.10; 1.06-1.24) compared to those with self-reported
VGDF exposure (1.91; 1.72-2.13). Exposure levels among
JEM-based studies showed a dose—-response effect. As
for the individual pollutants forms, no material difference
was found for VGDF. Biological dusts (1.33; 1.17-1.51)
produced higher risk estimates than mineral dusts (1.07;
1.05-1.09; Table 2).

Substantial heterogeneity was observed in studies report-
ing chronic bronchitis as an outcome, but not for breathless-
ness (Table 3). Similar to COPD, the pooled effect size for
breathlessness and chronic bronchitis was higher among

those with current/longest-held job compared to cumulative
historical exposure. Risk estimates from JEM-based studies
were also attenuated compared to those using self-reported
exposures. Similarly, there was no significant difference in
terms of the magnitude of association across different forms
of pollutants. However, studies using workplace-based JEMs
gave a higher pooled effect estimate (1.73; 1.37-2.19) for
chronic bronchitis compared to those that used JEMs for the
community (1.29; 1.23-1.35).

Funnel plots and Egger tests showed some evidence of
publication bias for studies with self-reported physician-
diagnosed COPD (bias =0.64, P<<0.001), chronic bron-
chitis (bias =0.36, P=0.022), spirometry-diagnosed COPD
(bias =0.50, P<<0.001; Figure 2), and combined COPD
(bias =0.63, P<<0.001; Figure 3) as outcomes. However,
the plots suggested no publication bias for breathlessness
(bias =0.37, P=0.135).

Table 3 Occupational exposure and respiratory symptoms and chronic bronchitis from JEM-based studies

Subgroup types Breathlessness Chronic bronchitis
N Heterogeneity OR (95% CI) N Heterogeneity OR (95% CI)
(I* [%]; P-value) (I* [%]; P-value)
All (JEM studies) 56 0.0;0.518 1.24 (1.17-1.31) 228 53.7; <0.001 1.33 (1.26—1.40)
Gender
Males only 30 24.4;0.115 1.25 (1.14-1.38) 8l 73.5; <0.001 1.31 (1.20-1.42)
Females only 17 0.0; 0.962 1.32 (1.19-1.48) 53 28.5; 0.030 1.22 (1.08-1.38)
Males and females 9 0.0; 0.754 1.13 (0.98-1.31) 94 12.5;0.163 1.37 (1.29-1.45)
Study design
Cross-sectional 24 20.8;0.179 1.23 (1.14-1.34) 194 56.5; <0.001 1.36 (1.28-1.44)
Case—control - - - - - -
Cohort (longitudinal) 32 0.0; 0.797 1.28 (1.15-1.41) 34 25.4;0.091 1.20 (1.08-1.34)
JEM type
Expert community JEMs 56 0.0,0.518 1.24 (1.17-1.31) 213 31.0; <0.001 1.29 (1.23-1.35)
Workplace-based JEMs - - - 15 92.1; <0.001 1.73 (1.37-2.19)
Exposure period
Current/longest-held job 45 0.0; 0.497 1.31 (1.22-1.41) 176 57.2; <0.001 1.33 (1.25-1.41)
Cumulative exposure I 0.0;0.918 1.15 (1.06—1.24) 36 29.6; <0.001 1.27 (1.14-1.42)
Exposure to VGDF
Self-reported 2 41.4;0.191 1.35 (1.14-1.60) 28 45.7; 0.005 1.60 (1.47-1.74)
JEM based 12 0.0; 0.572 1.22 (1.11-1.35) 35 23.5;0.108 1.24 (1.14-1.34)
Levels of exposure to VGDF
Low 4 0.0; 0.556 1.12 (0.88-1.43) I 0.0; 0.747 1.02 (0.90-1.16)
High 6 0.0; 0.520 1.56 (1.16-2.09) 12 0.0; 0.734 1.48 (1.28-1.70)
Exposure to the six individual pollutants forms (includes author assigned)*
Vapors - - - 37 19.7,0.148 1.40 (1.21-1.62)
Gases 14 21.3;0.222 1.21 (1.04-1.41) 42 33.6;0.020 1.21 (1.09-1.35)
Dusts 28 0.0; 0.526 1.25 (1.14-1.37) 17 32.5;0.001 1.42 (1.32-1.52)
Biological dusts 14 25.6;0.178 1.28 (1.08-1.52) 46 25.8; 0.059 1.33 (1.19-1.49)
Mineral dusts 14 0.0; 0.826 1.23 (1.08-1.40) 53 35.5; 0.006 1.38 (1.25-1.52)
Fumes 14 21.3; 0.222 1.21 (1.04-1.41) 52 36.4; <0.001 1.29 (1.16-1.42)
Fibers - - - 8 95.2; <0.001 1.60 (1.15-2.22)

Notes: N is the number of individual point risk estimates from the studies; *exposures to specific substances from JEM studies were assigned by authors SSS and OPK to one
of the six pollutant forms, that is, vapors, gases, dusts, fumes, fibers, and mists, and VGDF. For example, the reported JEM risk estimates for silica were assigned to dust.
Abbreviations: JEM, job exposure matrices; OR, odds ratio; Cls, confidence intervals; VGDF, vapors, gases, dust, or fumes.
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Figure 2 Funnel plot of studies reporting COPD (diagnosed by spirometry)
associated with exposure to occupational airborne pollutants.

We further assessed the contribution of various factors
(Table 2) toward heterogeneity by meta-regression. For
studies reporting self-reported physician diagnosis of
COPD, the factors contributing to heterogeneity were gender
(coefficient =—0.102, P=0.046), publication year (—0.040,
P<0.001), and JEM types (0.093, P=0.053) as was study
population (0.256, P=0.002) and JEM types (0.256, P=0.002)
for chronic bronchitis. None of the examined factors sig-
nificantly contributed toward the heterogeneity for COPD
defined by spirometry criteria or for shortness of breath.

Discussion

To our knowledge, this is the first systematic review and
meta-analysis of peer-reviewed studies that have used dif-
ferent population JEMs to assess the association between
the types of occupational airborne pollutants and COPD
phenotypes. Overall occupational exposure to airborne

Funnel plot with pseudo
95% confidence limits

0.5 1

1.5

Standard error of
log of odds ratio

Log of odds ratio

Figure 3 Funnel plot of studies reporting COPD (diagnosed by spirometry or
physician) associated with exposure to occupational airborne pollutants.

pollutants as assessed by JEMs showed a 22% increased risk
of COPD (diagnosed by physician or based on spirometry),
which was lower compared to the risk estimate obtained by
self-reported exposures. Although there was no significant
difference in COPD risk estimates for individual forms of
pollutants such as vapors, gases, dusts, and fumes, exposure
to biological dusts appeared to confer a higher risk than that
to mineral dusts.

Occupational exposure has been shown to be associ-
ated with COPD,'* but information on the role of different
airborne pollutants is limited to few specific substances and
industries. This may be partly due to the absence of reliable
measured personal exposure data and has been addressed
(over the past two decades) by the development and applica-
tion of JEMs to assign occupational exposures in COPD epi-
demiological studies. Nevertheless, the majority of studies on
occupational COPD to date have focused mainly on exposure
to dusts and fumes with little information on other forms of
airborne pollutants such as gases, vapors, fibers, and mists
to which individuals may be exposed either alone or more
commonly in combination with other pollutant forms.

General population—based studies often include the fol-
lowing question: In this job, are you exposed to VGDF?,
similarly, general population—based JEMs developed by
experts assign exposure to VGDF to different job types or
standardized international job codes. In this pooled analysis,
the risk for self-reported exposure to VGDF was 80% higher
compared to that estimated by expert general population—
based JEMs. This overestimation in self-reported exposures
to VGDF may be due to misinterpretation by study respon-
dents as being exposed to any chemical substance at work,
by all routes such as by dermal and inhalation routes. The
analysis of the JEM types also shows that JEMs derived using
measured exposure data produced more modest estimates
(1.14; 1.10-1.19) for occupational COPD compared with
the general population—based JEMs (1.26; 1.20-1.33), which
are based on expert knowledge, experience, and consensus.
A recent review and meta-analysis of population-based studies
which was limited to studies using the ALOHA JEM reported
that low exposure to mineral dust had 17% increased risk of
lung function defined COPD but surprisingly no association
with high exposure to mineral dust.*® Although measured
exposure data are only available in a limited number of COPD
epidemiological studies, this finding further supports the need
for reliable industry-based exposure estimates and the need to
validate expert-derived JEMs against measured data.

Although majority of substances reported in the literature
to be associated with occupational COPD are mainly dusts
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(silica, metals, wood, and coal) and fumes (diesel), such as
particulates, surprisingly we found no major difference when
comparing risk estimates for different pollutant forms. This
may be because of a lack of power, reflected by the fact that
the majority (71%) of risk estimates for COPD from JEM
studies were for dust or fumes, 26% of estimates were for
gases and vapors, and only a few for fibers and mists. It is also
important to note that the majority of individuals in industrial
workplaces are exposed to a combination of pollutants rather
than a single substance. For instance, a welder is exposed
to metal fumes as well as inorganic gases (eg, ozone) and a
carpenter may be exposed to organic solvents (adhesives and
paints) as well as wood dust. It is thus important that future
COPD JEM studies report and investigate the range and com-
bination of pollutants to which individuals may be exposed
over their typical work shift as well as common pollutants
associated with their job. Little is known about the importance
of the interaction of different forms of pollutants in occupa-
tional COPD, which was not possible to be investigated in
this study.

Of the different pollutants, dusts appeared to be the most
important. A number of JEM studies in particular those that
used the ALOHA JEM have provided risk estimates for
both mineral and biological dusts. Overall (for all popula-
tion JEMs), biological dusts produced higher risk estimates
for COPD compared with mineral dusts (metals, silica, and
cement). This finding is contrast to the findings of Alif et al,*
which did not find any association for the ALOHA JEM-based
studies. JEM studies other than those using the ALOH JEM
tend to provide risk estimates for all dusts ie do not differen-
tiate between dust types or include organic dusts within the
definition of biological dusts. The role and mechanism of
biological dusts in COPD warrants further investigation.

For chronic occupational diseases such as COPD, estima-
tion of cumulative occupational exposures would seem logi-
cal, but most of the JEMs assessed exposure for the current
or longest-held job and few studies provided estimates for
cumulative exposures. Nevertheless, cumulative exposure
estimates are only possible where historical measurements
of exposure is available for defined occupational groups
or where JEMs take account of different exposures over
decades. This presents a challenge for future studies on
occupational COPD.

Although this review attempts to capture all relevant infor-
mation on occupational exposures and COPD from reported
JEM studies, there is considerable variability between studies
as demonstrated by the heterogeneity for both exposure and
different definitions of COPD. This variability is expected

as all studies included in the meta-analysis are observational
by design due to the chronic nature of COPD and the fact
that majority of the studies attempt to estimate past occu-
pational exposures and investigate associations between
exposures and chronic effect. In the absence of randomized
controlled trials for meta-analysis, it is important to assess
and understand possible sources of heterogeneity. The expo-
sure heterogeneity may be explained by different definitions
and guidelines used by experts when developing general
population JEMs that are often not explained in detail. For
instance, only limited information is often available on how
exposed groups are defined and factors used in assigning the
levels of exposure (low, medium, high). It is also important
to note that when risk of exposure is assessed to a particular
pollutant, for example dusts, the reference category is usu-
ally defined as nonexposed to dusts but these individuals
may be exposed to other different combination of airborne
pollutants such as gases, vapors, and mists. In the case of
workplace-based JEMs, exposed and nonexposed, are usu-
ally well defined, but the reference group may vary between
studies which may affect the risk estimates. For COPD
outcomes, large variation exists depending on the definition
(diagnosed by doctor, symptoms, based on spirometry and
mortality); however, in case of spirometry, majority (70%)
of studies stated use of post-bronchodilators or followed the
American Thoracic Society or European Respiratory Society
spirometry guidelines. A further source of heterogeneity that
is to be introduced in this review is the use of ORs rather
than true relative risk, that is, the size of the effect may be
overestimated when prevalence is high. However, majority
of studies cited in this review were case—control or cross-
sectional studies for which the common measure of effect
size was OR. A further limitation of this review is that the
COPD risk estimates for self-reported exposures were limited
to those reported only in JEM-based studies, that is, occupa-
tional COPD studies that did not use JEMs but provided risk
estimates based on self-reported occupational exposures were
not included in this review. Majority of the above limitations
are a consequence of meta-analysis of observational studies,
that is combining diverse study designs and populations and
calculating of single summary estimates of exposure which
needs to be interpreted cautiously.

In summary, this review shows that while the majority of
studies on occupational COPD focus on dusty environments,
no difference in risk estimates was found for the common
forms of occupational airborne pollutants such as vapors,
gases, dusts, and fumes. However, biological dusts were
associated with higher risks of occupational COPD than
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mineral dusts. The review also shows that self-reported expo-
sure to VGDF provides higher risk estimates for occupational
COPD compared to exposure assigned using JEMs.
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