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__________________________________ S U M MARY 

BACKGROUND: The exacerbation of asthma by work­
place conditions is common, but little is known about 
which agents pose a risk. 
OBJECTIVE: We used data from an existing survey of 
adults with asthma to identify occupational exposures 
associated with severe exacerbation of asthma. 
DES I G N: Questionnaires were completed by 557 work­
ing adults with asthma. Severe exacerbation of asthma in 
the past 12 months was defined as asthma-related 
hospitalization, or reports of both unplanned asthma 
care and treatment with a short course of oral 
corticosteroids. Occupational exposures for the same 
time period were assessed using an asthma-specific job 
exposure matrix. We modeled severe exacerbation to 
yield prevalence ratios (PRs) for exposures while 
controlling for potential confounders. 

WORK-RELATED ASTHMA comprises occupation­
al asthma (OA) that is caused by conditions at work 
and work-exacerbated asthma (WEA), in which 
existing asthma is made worse by workplace condi­
tions. 1 Work-related asthma is common, with work 
accounting for an average 16.9% of all new adult­
onset asthma cases,2 and with WEA detected in an 
estimated 21.5% of working adults with asthma.3 

While substantial costs and lost work time are 
associated with both WEA and OA,4,5 WEA has 
received less attention in terms of research and 
prevention efforts. l WEA is potentially preventable 
by minimizing harmful workplace exposures,3 but a 
better understanding of which agents pose a risk is 
needed to guide prevention efforts. While surveillance 
in the United States indicates that WEA is frequently 
caused by irritants, low molecular weight (e.g., acids, 
bases, aldehydes) and high molecular weight (e.g., 
latex) agents are also implicated.6 The absence of 
denominators (i.e., the number of workers exposed) 

RES U L T s: A total of 164 participants (29%) were 
positive for severe exacerbation, and 227 (40.8%) were 
assessed as being exposed to asthma agents at work. 
Elevated PRs were observed for several specific agents, 
notably the irritant subcategories of environmental 
tobacco smoke (PR 1.84, 95%CI 1.34-2.51) among all 
participants, inorganic dusts (PR 2.53, 95%CI 1.37-
4.67) among men, and the low molecular weight 
subcategory of other highly reactive agents (PR 1.97, 
95%CI 1.08-3.60) among women. 
CONCLUSION: Among working adults with asthma, 
severe exacerbation was associated with several occu­
pational agents. 
KEY W 0 R D s: work-exacerbated asthma; job-exposure 
matrix; occupational epidemiology 

prohibits using surveillance data to estimate agent­
specific risk. 

We used data from a previous study to identify 
occupational risk factors for exacerbation of asth­
ma. 7 In previous analyses of data from this study, we 
determined WEA status on a case-by-case basis. 
However, for the current investigation, we modeled 
severe exacerbation of asthma and determined which 
occupational exposures were associated with it, while 
simultaneously controlling for potential confounders. 
We assessed occupational exposures using a new 
asthma-specific job-exposure matrix (JEM).8 

STUDY POPULATION AND METHODS 

The details of the study are presented elsewhere. 9 The 
protocol was approved by the Human Subjects 
Review Board of the National Institute for Occupa­
tional Safety and Health (NIOSH, Washington DC, 
USA), and all participants provided informed con­
sent. Study participants were patients at a health 

Correspondence to: P K Henneberger, Division of Respiratory Disease Studies, National Institute for Occupational Safety 
and Health, Centers for Disease Control and Prevention, 1095 Willowdale Road, MS H2800, Morgantown, WV 26505, 
USA. Tel: (+1) 3042856161. Fax: (+1) 304 285 5820. e-mail: pkhO@cdc.gov 
Article submitted 13 February 2014. Final version accepted 15 October 2014. 



maintenance organization (HMO) in the state of 
Massachusetts, USA. The HMO electronic medical 
records were reviewed during 2000-2001 to identify 
cases of asthma aged 18-44 years. Invitees were 
required to have active asthma as indicated by a 
recorded asthma diagnosis and treatment for asthma 
in the past 12 months. With the goal of studying 
exacerbation rather than onset of asthma during the 
12 months before interview, we reviewed paper 
medical records to confirm that asthma onset was 
at least 1 year before enrollment, and excluded those 
who reported their first asthma attack as occurring 
<14 months before interview. A total of 598 (61 %) 
of the 978 invitees completed a telephone question­
naire during 2001-2002; 41 were excluded because 
they had been unemployed in the previous 12 months, 
leaving 557 participants for the current analysis. 

Responses to questionnaire items provided infor­
mation on occupations, severe exacerbation of 
asthma, and demographics. Each job worked in the 
past 12 months was coded using the 1988 Interna­
tional Standard Classification of Occupations (ISCO-
88).10 We assessed occupational exposures with a 
new asthma-specific JEM initially intended for use in 
Northern Europe, called the N-JEM.8 Development 
of the N-JEM followed the same principles used to 
create an earlier asthma JEM.ll,12 Two industrial 
hygienists assessed each occupation as exposed, not 
exposed, or uncertain/low exposed. The 'exposed' 
label was assigned to occupations judged as having at 
least half of the workers with a high probability of 
exposure. The raters judged exposure (no/yes) for 
each of several subcategories in four major categories 
of agents: high molecular weight (HMW), low 
molecular weight (LMW), irritants (IRR), and 
accidental peak exposures to irritants (PEAKS). 
Assessments were then discussed with two occupa­
tional medicine specialists until consensus was 
reached. 8 

We defined severe exacerbation of asthma based on 
self reports if in the past 12 months the participant 
had either been hospitalized for asthma, or received 
both unplanned care for an acute asthma attack (at a 
doctor's office, urgent care facility, or emergency 
department) and a short course of oral corticosteroids 
for asthma. This definition is consistent with recent 
recommendations for defining severe exacerbation of 
asthma. 13,14 

As the outcome was relatively common, we 
calculated prevalence ratios (PRs) rather than odds 
ratios,15,16 using a Cox regression model with robust 
variance l7 and a constant follow-up time.18 We fitted 
a base model for severe exacerbation using the 
following candidate variables: sex (female vs. male), 
age in years (30-38 and 39-44 vs. 18-29), highest 
education (college degree or more vs. some college or 
less), race (non-white vs. white), cigarette smoking 
(ever vs. never), age at asthma onset (~18 vs. <18 
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years), history of allergies based on whether a doctor 
had ever said the participant had hay fever or skin 
allergies (yes vs. no), and asthma severity based on 
review of the medical records (persistent vs. intermit­
tent).19 We used forward selection and backward 
elimination, with P 0( 0.15 as the criterion for 
retention in the model. Occupational exposure 
variables developed using the N-JEM were then 
added to the base model, as detailed in the Results. 
Statistical tests were considered significant if P 0( 

0.05. All data analyses were conducted using SAS@ 
software version 9.2 (Statistical Analysis System, 
Cary, NC, USA). 

RESULTS 

The 557 participants included approximately twice as 
many women (68%) as men (32%), and were 
overwhelmingly White (94%). The median age was 
34 years, the median age at asthma onset was 13, and 
345 (62%) participants had experienced onset before 
the age of 18 years; 40% were smokers (18% current, 
22% former), 74% had allergies, and 37% had 
completed at least college education. The distribution 
by level of asthma severity was 31 % mild intermittent 
and 69% mild/moderate/severe persistent. The group 
had worked 771 jobs in the 12 months before 
interview, with two thirds (n = 377, 68%) working 
one job, onefourth (n=151, 27%) two jobs, and only 
a few three (n = 25), four (n = 3), or five (n = 1) jobs. 
The participants worked primarily in white collar and 
service jobs (n = 480,86%, in ISCO-88 Groups 1-5) 
and infrequently in blue collar jobs (n = 90, 16%, in 
ISCO-88 Groups 6-9). Women were more likely than 
men to have jobs as technicians and associate 
professionals and service workers, but were less likely 
to be employed in craft trades and as plant and 
machine operators and assemblers. 

Approximately two in every five participants (n = 

227, 40.8%) were assessed by the N-JEM to have 
experienced occupational exposure to asthma-related 
agents (i.e., HMW, LMW, IRR, and PEAKS) in the 
past 12 months (Table 1). IRR was the most common 
exposure, with about one fourth of all participants 
(27.1 %), and environmental tobacco smoke (ETS) 
was the most common IRR subcategory (11.3 %). The 
other major agent categories in decreasing frequency 
were HMW (13.8%), LMW (4.8%), and PEAKS 
(1.1 %). More men than women were exposed to 
asthma agents (48.3% vs. 37.1 %, P = 0.02); men 
were more likely to have IRR and LMWexposures, 
and less likely to be exposed to HMWagents (Table 
1). Many exposure subcategories had small sample 
sizes when the data were subdivided by sex. 

Severe exacerbation was reported by 164 partici­
pants (29%). It was more common among women 
than men and those with persistent than intermittent 
severity, and was less common among the oldest 
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Table 1 Frequency of asthma-related occupational exposures as assessed by the N-JEM for the 771 jobs worked by 557 adults with 
asthma 

All Men Women 
(n = 557) (n = 180) (n = 337) 

Occupational exposure assessed by the N-JEM n(%) n(%) n(%) 

Any exposure to asthma-related agents (HMW+LMW+IRR+PEAKS)* 227 (40.8) 87 (48.3) 140 (37.1) 

HMWagents 77 (13.S) 15 (S.3) 62 (16.4) 
Animal antigens, mixed agricultural agents (animals) 4 (0.7) 0 4 (1.1) 
Flour and plant antigens, mixed agricultural agents (not animals) 9 (16) 6 (3.3) 3 (OS) 
Mite and insect antigens, enzymes, molds, bioaerosols 9 (1.6) 7 (3.9) 2 (0.5) 
Latex 56 (10.1) 3 (1.7) 53 (14.1) 
Pharmaceutical products 16 (2.9) a (0) 16 (4.2) 

LMWagents 27 (4.8) 16 (S.9) 11 (2.9) 
Highly reactive agents, acrylates 9 (1.6) 5 (2.S) 4(11) 
Highly reactive agents, epoxy 10 (1.8) S (4.4) 2 (0.5) 
Other highly reactive agents, such as amines, aldehydes, acids, 

anhydrides, chromates, curing agents, reactive gases and dyes 10 (1.8) 4 (2.2) 6 (1.6) 
Highly reactive chemicals, isocyanates 12 (2.2) 10 (5.6) 2 (0.5) 

IRR agents 151 (27.1) 7S (43.3) 73 (19.4) 
Cleaning agents 12 (2.2) 6 (3.3) 6 (1.6) 
Organic dust, textile industry 1 (0.2) 1 (06) a 
Organic dust. wood or paper 16 (2.9) 14 (7.S) 2 (0.5) 
Inorganic dusts and fumes, mining and building construction 

workers, and others exposed to inorganic dusts 21 (3.S) 19 (10.6) 2 (0.5) 
Metalworking fluids 12 (2.2) 11 (6.1) 1 (03) 
Combustion particleslfumes: vehicle/motor exhaust 47 (S.4) 25 (13.9) 22 (5.S) 
High probability of exposure to ETS 63 (11.3) 20 (11.1) 43 (11.4) 

PEAKS 6 (1.1) 5 (2.8) 1 (0.3) 
Uncertain or low exposure* 31 (5.6) 5 (2S) 26 (6.9) 
Unexposed 303 (54.4) 90 (50.0) 213 (56.5) 

* As four of the 227 participants with HMW, LMW, IRR, or PEAKS exposure had another job with uncertain or low exposure, they were also counted among the 31 
in this other category. 
N-JEM = asthma-specific job-exposure matrix: HMW = high molecular weight; LMW = low molecular weight; IRR = irritant: PEAKS = accidental peak exposures to 
irritants; ETS = environmental tobacco smoke. 

partICIpants (Table 2). Severe exacerbation showed 
little variation in frequency by education, race, 
smoking status, age at asthma onset, and history of 
allergies. The crude frequency was greater among 
participants with occupational exposure than among 
those with no exposure (35% vs. 25%, Table 3). By 
occupational exposure subcategories, crude values 
were notably high for the LMWagents epoxy (40%), 
other highly reactive agents (50%), and isocyanates 
(50%), and the IRR agents inorganic dusts (52%), 
metalworking fluids (42%), and ETS (48%). 

The base regression model for severe exacerbation 
included covariates for sex, age (39-44 years vs. other 
ages), and asthma severity (persistent vs. intermit­
tent). Participants with jobs that had no asthma­
related exposures populated the common reference 
category for all occupational covariates. We did not 
estimate PRs for exposure categories with <5 
exposed participants or no severe exacerbation cases. 
The PR for any exposure to asthma-related agents 
(other than uncertain or low exposure) was 1.43 
(95% confidence interval [Cll 1.10-1.84, P = 0.007) 
(model not shown). We fitted separate models for 
each exposure category and subcategory (Table 4). 
All PRs for major exposure categories exceeded 1 and 
were statistically significant for LMW agents, IRR 
agents, and PEAKS. As all six participants with 

PEAKS also had IRR exposure and three had LMW 
exposure, it was impossible to evaluate the effect of 
PEAKS separately. With LMWand IRR in the same 
model (not shown), the PR (1.58, 95%CI 1.20-2.08, 
P= 0.001) forIRR was similar to that observed when 
this exposure was in a model by itself, but the PR for 
LMW agents was no longer statistically significant 
(1.47, 95%CI 0.94-2.29, P = 0.09). 

An association with severe exacerbation of asthma 
was observed for seven exposure subcategories (Table 
4) when each agent was included in a regression 
model with the potential confounders: the LMW 
agents epoxy (PR 2.50, P = 0.046), other highly 
reactive agents (PR 1.93, P = 0.03), and isocyanates 
(PR 3.11, P = 0.001); and the IRR agents inorganic 
dusts (PR 3.61, P < 0.0001), metalworking fluids (PR 
2.84, P = 0.005), combustion particles (PR 1.52, P = 
0.07), and ETS (PR 1.88, P = 0.0001). Many 
participants experienced concurrent exposures and, 
in particular, exposure to inorganic dusts was related 
to all other implicated exposures except ETS. Epoxy 
and isocyanates overlapped so completely with 
inorganic dusts that it was impossible to test for their 
independent effects, while inorganic dusts had an 
effect that was separate from these two exposures 
(data not shown). In a model with the other five 
exposures, both inorganic dusts (PR 2.41) and ETS 



Table 2 Frequency of severe exacerbation among 557 
working adults with asthma by selected characteristics 

Nin 
Severe exacerbation 

Characteristic category n(%) P value* 

Sex 0.007 
Male 180 39 (22) 
Female 377 125 (33) 

Age, years 
18-29 202 69 (34) Reference 
30-38 184 51 (28) 0.21 
39-44 171 44 (26) 0.10 

Highest educational level 
Some college or less 350 107 (31) Reference 
College degree or more 207 57 (28) 0.51 

Race' 0.59 
White 524 153 (29) 
Non-White 31 11 (35) 

Cigarette smoking status 
Never 334 96 (29) Reference 
Former 123 37 (30) 0.87 
Current 100 31 (31) 0.76 

Age at asthma onset, years 0.56 
<18 345 98 (28) 
;.18 212 66 (31) 

History of allergies' 0.64 
No 147 46 (31) 
Yes 410 118 (29) 

Asthma severity 
Mild intermittent 171 35 (20) Reference 
Mild persistent 170 59 (35) 0.005 
Moderatelsevere persistent 216 70 (32) 0.01 

* Based on continuity-corrected X2 statistic. 
t Missing for two participants. 
t Doctor told participant s/he had hay fever or skin allergies. 
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(PR 1,84) had strong positive effects (P < 0,05), while 
the PR for other highly reactive agents was elevated 
but not statistically significant (PR 1,65, P = 0,08; 
Model A, Table 5), 

Small sample sizes limited the exposure subcatego­
ries that we could examine separately for men and 
women. The model for men (Model B, Table 5) 
included covariates for four of the IRR agents 
implicated above, but excluded other highly reactive 
agents because only four men were exposed. The 
statistically significantly positive findings for men 
were inorganic dusts and ETS, similar to the findings 
for all participants. Women had sufficient sample 
sizes for only three of the seven exposures implicated, 
and this did not include inorganic dusts. The 
regression model specific to women (Model C, Table 
5) had elevated PRs for other highly reactive agents 
(PR 1.97, P = 0.03) and ETS (PR 1.50, P = 0.03). 

DISCUSSION 

IRRs had the strongest association with severe 
exacerbation of asthma, and particularly the exposure 
subcategories of inorganic dusts and ETS, Based on 
surveillance conducted in the United States, mineral 
and inorganic dusts are frequently identified as the 
putative cause of WEA,6,20 Exposure to ETS was the 
most common occupational exposure among the 16 
exposure subcategories, and has frequently been 
reported as a cause of WEA in other studies.6,21-24 

Table 3 Frequency of severe exacerbation by different occupational exposures as assessed using the N-JEM for the 771 jobs worked 
by 557 adults with asthma 

All Men Women 

Occupational exposure assessed by the N-JEM nIN(%) nIN(%) nIN(%) 

Any exposure to asthma-related agents (HMW+lMW+IRR+PEAKS)* 79/227 (35) 27/87 (31) 52/140 (37) 

HMWagents 23/77 (30) 3/15 (20) 20/62 (32) 
Animal antigens, mixed agricultural agents (animals) 1/4 (25) 0 1/4 (25) 
Flour and plant antigens, mixed agricultural agents (not animals) 1/9 (11) 0/6 (0) 1/3 (33) 
Mite and insect antigens, enzymes, molds, bioaerosols 2/9 (22) 117 (14) 1/2 (50) 
Latex 20/56 (36) 2/3 (67) 18/53 (34) 
Pharmaceutical products 5/16 (31) 0 5/16 (31) 

LMWagents 11/27 (41) 6116 (38) Sill (45) 
Highly reactive agents, acrylates 2/9 (22) 2/5 (40) 0/4 (0) 
Highly reactive agents, epoxy 4/10 (40) 4/8 (50) 0/2 (0) 
Other highly reactive agents, such as amines, aldehydes, acids, 

anhydrides, chromates, curing agents, reactive gases and dyes SilO (50) 1/4 (25) 4/6 (67) 
Highly reactive chemicals, isocyanates 6/12 (50) 5110 (50) 1/2 (50) 

IRR agents 55/151 (36) 25/78 (32) 30173 (41) 
Cleaning agents 2112 (17) 0/6 (0) 2/6 (33) 
Organic dust, textile industry 011 (0) 0/1 (0) 0 
Organic dust, wood or paper 3/16 (19) 3/14 (21) 0/2 (0) 
Inorganic dusts and fumes, mining and building construction 

workers, and others exposed to inorganic dusts 11/21 (52) 9119 (47) 2/2 (100) 
Metalworking fluids 5/12 (42) 4111 (36) 1/1 (100) 
Combustion particles/fumes: vehiclelmotor exhaust 15/47 (32) 7/25 (28) 8/22 (36) 
High probability of exposure to ETS 30/63 (48) 10/20 (50 20143 (47) 

PEAKS 3/6 (50) 2/5 (40) 111 (100) 
Uncertain or low exposure* 9/31 (29) 2/5 (40) 7/26 (27) 
Unexposed 77/303 (25) 11/90 (12) 66/213 (31) 

N-JEM = asthma-specific job-exposure matrix; HMW = high molecular weight; LMW = low molecular weight; IRR = irritant; PEAKS = accidental peak exposures to 
irritants; ETS = environmental tobacco smoke. 
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Table 4 Prevalence ratios for occupational exposure from 
regression models of severe exacerbation of asthma 

Occupational exposure assessed by the N-JEM 

Unexposed: reference category* 
HMWagents 

Mite and insect antigens, enzymes, molds, 
bioaerosols 

Flour and plant antigens, mixed agricultural 
agents (not animals) 

Latex 
Pharmaceutical products 

LMWagents 
Highly reactive agents, acrylates 
Highly reactive agents, epoxy 
Other highly reactive agents, e.g., amines, 

aldehydes, acids, anhydrides, chromates, 
curing agents, reactive gases, and dyes 

Highly reactive chemicals, isocyanates 
IRR agents 

Cleaning agents 
Organic dust, wood or paper 
Inorganic dusts and fumes, mining and 

building construction workers, and others 
exposed to inorganic dusts 

Metalworking fluids 
Combustion particles/fumes: vehicle/motor 

exhaust 
High probability of exposure to ETS 

Accidental peak exposures to irritants 
Uncertain or low exposure 

PR (95%CI) 

1.00 

1.09 (0.74-1.60) 

1.27 (0.40-4.07) 

0.65 (0 11-3.82) 
1.21 (0.81-1.82) 
1.01 (0.48-2.13) 

1.91 (1.19-3.09)' 
1.14 (0.29-4.45) 
2.50 (1.02-6.14)' 

1.93 (1.0~3.43)' 
3.11 (1.56-6.20)' 

1.61 (1.22-2.12)' 
0.79 (0.24--2.69) 
1.26 (0.42-3.79) 

3.61 (2.18-5.97)' 
2.84 (1.38-5.84)' 

1.52 (0.96-2.39)§ 
1.88 (1.36--2.59)' 

3.26 (1.46--7.29)' 

1.06 (0.60--1.89) 

* A separate regression model was fitted for each occupational exposure. The 
common reference category for occupational exposures comprised those who 
had jobs with no exposure to asthma-related agents. Each model also 
included three potential confounders: sex, the oldest of three age categories 
(39-44 years), and asthma severity (persistent vs. intermittent). 
tp< O.Ol. 
t P ,:; 0.05. 
§0.OS<P<0.10. 
N-JEM = asthma-specific job-exposure matrix; PR = prevalence ratio; (I = 
confidence interval; HMW = high molecular weight; LMW = low molecular 
weight; IRR = irritant; ETS = environmental tobacco smoke. 

Cigarette smoking and ETS in the workplace are less 
common now than when the interviews were conduct­
ed in 2001-2002,25-28 Specifically, for the state of 
Massachusetts (the site of the current study), the 2010 
Behavioral Risk Factor Surveillance System survey 
found that 5.4 % of non-smoking adults reported being 
exposed to secondhand smoke at work during the past 
week, down from 8% in 2003,29 However, the 2010 
prevalence indicates that workplace ETS is still 
common, exceeding the prevalence of 13 of the 16 
occupational exposure subcategories in the current 
investigation. The LMW subcategory of other highly 
reactive agents was a risk factor for severe exacerba­
tion among women, and this category includes 
chemicals such as acids with irritant properties that 
may have contributed to exacerbation. 

This investigation had several strengths: it was 
conducted in an HMO, a quasi-population-based 
setting, and participants were employed in different 
occupations and industries. Furthermore, by using 
regression to model severe exacerbation of asthma, 
we were able to control for potential confounders 
while estimating the strength of the association 

Table 5 PRs from regression models of severe exacerbation of 
asthma with several occupational exposure subcategories* 

Occupational exposure assessed 
by the N-JEM 

Model A: all participants 
LMWagent 

Other highly reactive agents 
IRR agents 

Inorganic dusts 
Metalworking fluids 
Combustion particles 
High probability of exposure 

to ETS 
Model B: men 

IRR agents 
Inorganic dusts 
Metalworking fluids 
Combustion particles 
High probability of exposure 

to ETS 

Model C: women 
LMWagent 

Other highly reactive agents 
IRR agents 

Combustion particles 
High probability of exposure 

to ETS 

PR (95%CI) 

1.65 (0.93-2.91) 

2.41 (1.46-3.99) 
1.34 (0.65-2.74) 
1.24 (0.80-1.91) 
1.84 (1.34-2.51) 

2.53 (1.37-4.67) 
1.51 (0.60--3.79) 
1.33 (0.63-2.80) 

3.25 (1.72-6.14) 

1.97 (1.08-3.60) 

1.16 (0.66-2.04) 

1.50 (1.04-2.17) 

P value 

0.08 

0.0006 
0.43 
0.33 
0.0001 

0.003 
0.38 
0.45 

0.0003 

0.03 

0.60 

0.03 

* The common reference category for occupational exposures comprised 
those who had jobs with no exposure to asthma-related agents. Each model 
also included three potential confounders: sex, the oldest of three age 
categories (39-44 years), and asthma severity (persistent vs. intermittent). 
PR = prevalence ratio; N-JEM = asthma-specific job-exposure matrix; (I = 
confidence interval; LMW = low molecular weight; IRR = irritant; ETS = 
environmental tobacco smoke. 

between the outcome and occupational exposures. 
The asthma-specific N-JEM has been used success­
fully in another study of asthma,8 and provided 
objective assessments of occupational exposures, thus 
avoiding the bias that has been observed with self­
reported exposures. 30 In addition, the N-JEM as­
signed participants to more specific subcategories of 
occupational exposures than was accomplished in 
other population-based studies that used either self 
reports and expert evaluation of workplace expo­
sures31 or another JEM9 when investigating exacer­

bation of asthma. 
The current study had several limitations. As the N­

JEM was developed with a focus on the onset of 
asthma rather than exacerbation, exposures relevant 
to the latter but not the former may have been missed. 
When we limited the analysis to the 476 subjects with 
asthma onset before starting jobs held in the past 12 
months, our findings remained unchanged (data not 
shown), suggesting that the results were not driven by 
exposure related to asthma onset. While the same 
jobs in northern Europe and the United States 
generally have similar occupational exposures, dif­
ferences may have resulted in exposure misclassifica­
tion. 

Participants were required to have evidence in their 
medical records of treatment for asthma in the past 



12 months. Very mild cases were therefore not 
included, and the findings are not necessarily relevant 
to them. While the participants' occupational expo­
sures and severe exacerbation events occurred in the 
same 12-month period, it is uncertain whether 
exposure always preceded the outcome. This proba­
bly introduced non-differential misclassification of 
dichotomous exposure variables, thus biasing expo­
sure PRs to the null. 32 As the maximum age at 
enrollment was 44 years, the results may not be 
relevant to older asthma patients. Excluding older 
adults probably did avoid confusing asthma with 
other respiratory conditions, notably chronic ob­
structive pulmonary disease. 

Concurrent occupational exposures and small 
sample sizes limited our ability to test for exposure­
response relationships. An extreme overlap with 
other exposures meant we were unable to assess the 
independent effects of PEAKS, epoxy, and isocya­
nates. Sample sizes were a particular problem when 
we divided the study group by sex. The small number 
of participants who had worked in manual labor jobs 
is indicative of Massachusetts, USA, which has fewer 
blue collar workers than most other states.33 At the 
same time, the pattern of more white vs. blue collar 
jobs is indicative of the entire United States, and 
current findings are relevant beyond Massachusetts. 

CONCLUSION 

The current study identified several occupational 
exposures associated with exacerbation of asthma, 
providing an additional level of detail that was not 
available in other population-based studies that used 
a risk-set approach. The results suggest that mini­
mizing exposure to the implicated agents might 
reduce the frequency of WEA. Additional studies 
with larger sample sizes are needed to refine our 
understanding of occupational risk factors for exac­
erbation of asthma, and to assess the impact of 
different interventions. 
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------------------------------------------_____________________________ RESUME 

CADRE: L'exacerbation de I'asthme par les conditions 
de travail est fn!quente, mais on sait peu de choses sur les 
agents susceptibles de presenter un risque. 
o 8 JE C TI F : N ous avons utilise des donnees emanant 
d'une enquete existante d'adultes asthmatiques afin 
d'identifier les expositions professionnelles associees a 
une exacerbation grave de I'asthme. 
5 C HEM A : Les questionnaires ont ete remplis par 557 
travailleurs adultes atteints d'asthme. Vne exacerbation 
grave de l'asthme au cours des 12 derniers mois etait 
definie comme une hospitalisation liee a l'asthme ou la 
survenue soit d'une crise d'asthme imprevue, soit la 
necessite d'un traitement court par corticosteroides 
oraux. Les expositions professionnelles pendant cette 
meme peri ode ont ete evaluees grace a une matrice 
d'exposition professionnelle specifique de I'asthme. 
Nous avons modClise ces exacerbations graves afin 
d'obtenir des taux de prevalence (PR) lies a 

I'exposition tout en controlant les facteurs de 
confusion potentiels. 
RES U l TAT 5 : Au total, 164 participants (29%) ont eu 
une exacerbation grave et 227 (40,8%) ont ete evalues 
comme exposes a des agents favorisants de l'asthme sur 
leur lieu de travail. Des taux de prevalence Cleves ont ete 
observes pour plusieurs agents specifiques, notamment 
pour les sous-categories irritantes de la fumee de tabac 
dans I'environnement (PR 1,84 ; IC95% 1,34-2,51) 
pour tous les participants, les poussieres inorganiques 
(PR 2,53 ; IC95% 1,37-4,67) pour les hommes, ainsi 
que la sous-categorie de faible poids moleculaire d'autres 
agents hautement reactifs (PR 1,97; IC95 % 1,08-3,60) 
pour les femmes. 
CON C l U 5 ION : Des exacerbations graves de I' asthme 
ont ete associees a plusieurs sources d'exposition 
professionnelle chez des adultes atteints d'asthme. 

_____________________________________________________________________ RES U MEN 

MARCO DE REFERENCIA: La exacerbacion del asma 
por las condiciones del lugar de trabajo es frecuente, 
pero se conoce poco sobre los agentes que representan 
un nesgo. 
08 JE T I V 0: Se usaron los datos de una encuesta 
existente de adultos con as rna con el proposito de 
definir las exposiciones profesionales que se asocian con 
las exacerbaciones graves de esta enfermedad. 
METODO: Completaron la encuesta 557 trabajadores 
adultos con asma. Se definio la exacerbacion grave del 
asma en los ultimos 12 meses como una hospitalizacion 
relacionada con el as rna 0 la notificacion de una cita no 
programada a la consulta de asma seguida de 
tratamiento con un cicio corto de corticoesteroides 
orales. Se evaluaron las exposiciones profesionales 
durante el mismo periodo segun una matriz de 
exposicion laboral especifica del asma. Mediante la 
modelizacion de los datos sobre la exacerbacion grave se 

obtuvieron las tasas de prevalencia para las 
exposiciones, despues de corregir con respecto a los 
posibles factores de confusion. 
RES U l TAD 0 5: En el caso de 164 participantes se 
encontraron datos indicativos de exacerbacion grave 
(29%) y se evaluaron 227 personas por exposicion 
profesional a factores desencadenantes de asma 
(40,8%). Se observaron altas tasas de prevalencia con 
varios agentes especificos, especial mente las 
subcategorias de irritantes del humo de tabaco 
ambiental (PR 1,84; IC95% 1,34-2,51) en todos los 
participantes, los polvos inorganicos en los hombres (PR 
2,53; IC95% 1,37-4,67) y la subcategoria de bajo peso 
molecular de otros agentes muy reactivos en las mujeres 
(PR 1,97; IC95% 1,08-3,60). 
CON C l U 5 I 6 N: En los adultos con diagnostico de asma, 
las exacerbaciones graves de la enfermedad se asociaron 
con varios agentes causales de tipo profesional. 


