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INTRODUCTION 

Exacerbation of asthma can result from exposures at home, at work, in the outdoor 
environment, and in public buildings. There is general agreement in clinical practice 
that troublesome home environmental exposures should be avoided; physicians 
often advise asthma patients to rid their homes of carpets, drapes, and other 
furnishings that might be repositories for allergens. Asthma-related exposures in the 
work environment are less frequently addressed, because exposures are often beyond 
the control of the individual patient and an employer may or may not accept their 
responsibility or have the ability to control exposures. The issue of an affected employ­
ee's right to workplace accommodation or compensation further clouds the issue. 

Specific studies of asthma exacerbated by workplace exposures are limited in 
number. In many studies of work-related asthma, work-exacerbated asthma 
(WEA) is not clearly differentiated from asthma with a work-related onset. For 
example, the European Community Respiratory Health Survey classifies participants 
by their current or most recent job, for those who are no longer employed, or by the 
job they left due to health problems ( 1,2). The conditions of that job are then used to 
determine whether the subject was at risk for exposure to asthma agents: this infor­
mation is used to determine whether the asthma was work-related. In a population­
based study conducted in Norway, the researchers asked participants whether they 
had ever had respiratory symptoms in relation to work (3). While these studies are 
good for identifying the full impact of work on asthma, they do not separate cases 
characterized by work-related exacerbation of existing asthma from those character­
ized by work-related onset of asthma. Other investigators have defined and studied 
WEA as a separate subcategory within the larger category of occupational asthma or 
work-related asthma. 
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DEFINITIONS OF WEA 

The American College of Chest Physicians published a consensus document on 
assessment of work-related asthma in 1995 (4). Based on the criteria presented in 
that document, people were considered to have work-aggravated asthma if they 
had a diagnosis of asthma and an association between asthma symptoms and work 
characterized by (i) the presence of asthma symptoms or related medication before 
entering a new occupational exposure setting and (ii) an increase in symptoms or 
the need for more or new medication after entering a new occupational exposure set­
ting (4). A similar definition was proposed later in the 1990s as a surveillance case 
definition for use in the Sentinel Event Notification Systems for Occupational Risks 
(SENSOR) (5). The SENSOR criteria for work-aggravated asthma are (a) health­
care professional's diagnosis consistent with asthma, (b) an association between 
symptoms and work, (c) asthma symptoms or treatment with asthma medication 
within the two years before entering a new occupational setting, and (d) increased 
asthma symptoms or increased asthma medication use upon entering a new occupa­
tional setting. There is a longitudinal component to these definitions of work-aggra­
vated asthma. Asthma onset and the presence of asthma symptoms or related 
medication use must come before entering the new occupational exposure setting, 
and the condition must worsen after entering. Thus, the clinician or researcher must 
obtain, either prospectively or retrospectively, knowledge of asthma status before 
and after subjects enter a new occupational exposure setting. 

Medical records may be useful to document an asthma patient's change in 
status. For example, in a study of recruits who entered the Israel Defense Force at 
the age of 18 to 21 years, baseline asthma status was established at the time of induc­
tion into the military and repeated clinical evaluations documented changes in 
asthma status over time (6). However, in the absence of medical records, determina­
tion of the progression of disease will often depend, at least in part, on subject or 
patient recall. 

Another approach to the definition of WEA is to use self-reported data gath­
ered by questionnaire in clinic- (7,8) or population-based (9-12) studies to determine 
whether work makes symptoms worse for people with asthma. The definitions 
for WEA varied to some extent among these studies. as indicated in Table 1. All 
of the studies were cross-sectional. with the exception of the one by Tarlo et al. (8) 
which was a retrospective review of data gathered from asthma patients over a 
19-year period. 

FREQUENCY OF WEA 

The frequency of WEA sometimes has been expressed as a percentage of some larger 
group of work-related asthma cases. From the surveillance of work-related asthma 
conducted by four states as part of the National Institute for Occupational Safety 
and Health-sponsored (NIOSH) SENSOR program, 19.1% of the cases registered 
during 1993-1995 were classified as work-aggravated asthma rather than new-onset 
asthma (5). From a case series of patients referred for occupational asthma to an 
occupational and environmental clinic in the United States, 27% were judged to have 
exacerbation of preexisting asthma (13). Tarlo et al. (14) investigated the status 
of 469 asthma claims that were accepted by the Ontario Workers' Compensation 
Board (WCB) during 1984--1988. The WCB group included 234 cases (49.9%) with 



Table 1 The Frequency of Work-Exacerbated Asthma 

Reference (location of study) Setting 

Abramson et al. (9) Community based 
( Victoria, Australia) 

Henneberger et al. (7) HM0° 
(Colorado, U.S .A.) 

Henneberger el al. ( 10) 
(Maine. U.S .A.) 

Johnson et al. ( 11) 
(6 locations in Canada) 

Saarinen et al. (12) 
(Finland) 

Tarlo et al. (8) (Ontario, 
Canada) 

Community based 

Community based 

Population based (from 
those enrolled in national 
health insurance) 

Secondary- and tertiary­
referral asthma clinic 

"NA. not addressed in public.:ation . 
hi-IMO. health maintenance organization . 

Definition of work­
exacerbated asthma 

Self-reported: symptoms 
exacerbated by workplace 
conditions 

Self-reported: current work 
environment makes 
asthma worse 

Self-reporte<l : coughing or 
wheezing is worse at work 

Self-reported : wheezing or 
dyspnea at or after work in 
current job 

Self-reported : asthma 
symptoms were caused or 
made worse by work at 
least weekly during the 
past month 

Self-reported: worsening of 
asthma at work and 
workplace exposure to 
recognized aggravating 
factors (including 
emotional stress), but no 
likely workplace exposure 
to sensitizers 

'X, with work-exacerbated asthma 
(n = number with asthma) 

Among adults with asthma 

20% (n = 159) 

25% (n = 1461) 

18% (11=88) 

Wheezing 34% 
Dyspnea JI % 
(11=106)" 

NA 

3.7% (n = 682) 

Among employed 
adults with asthma 

NA" 

NA 

25% (n=64) 

NA 

21% (n=969) 

8. 1% (n=310) 

"Limited to those with adult-onset asthma who did not have probable or possible work-related onset of asthma . 
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aggravation of asthma (AA). In a publication based on the same 469 compensated 
cases, 68 (14.5% of the 469 total cases and 29 .1 % of the AA cases) were classified as 
accident-related AA, which was defined as asthma with worsening of symptoms after 
an acute accidental exposure to respiratory irritants (15). 

Other researchers have identified adults with asthma by clinic records or 
· population-based surveys and then estimated the percentage of the cases having 

work-exacerbated symptoms. As presented in Table I, these estimates ranged from 
approximately 3.7% to 34% among adults with asthma and 8.1% to 25% among 
employed adults with asthma. This broad range of results may reflect, in part, differ­
ences among the studies in subject inclusion criteria and in outcome definition as well 
as in the source of subjects (Table I). Some researchers studied asthma patients in a 
health care setting drawn from the general population, while others looked at people 
who work and report new symptom patterns associated with their work environ­
ment. For example, Tarlo et al. (8) examined the prevalence of work-related asthma 
among 682 adults (age greater than 17 years) who were diagnosed with asthma in a 
secondary- and tertiary-referral asthma clinic in Canada (8). Among the 50 cases 
who reported during their initial clinic visit that their asthma was worse at work, 
25 were judged by the investigators to have work-related AA. These 25 cases repre­
sented 3. 7% of all 682 cases and 8.1 % of the 310 cases who had onset of asthma as 
adults and were employed at the time of the initial clinic visit (8). In a cross-sectional 
study conducted in a health maintenance organization (HMO) in the United States, 
1461 adults with asthma completed a questionnaire (7). This cohort included any 
adult in the HMO population with a diagnosis of asthma, regardless of whether they 
were treated by their primary care physician or by a specialist. When asked, 25% of 
the HMO study participants reported that their asthma was made worse by their 
current work environment (7). 

In a community-based study conducted in Australia, 20% of adults with 
asthma reported that their symptoms were exacerbated l?y workplace exposures 
(9). In a population-based study conducted in the state of Maine in the United 
States. 16 participants with asthma reported that their coughing or wheezing was 
worse at work; these participants represented 18.2% of all 88 asthma cases and 
25% of the subset of 64 cases who were employed (10). In a study conducted in 
Finland, the researchers interviewed adults with asthma who had been granted reim­
bursement for asthma medication by the Finnish Social Insurance Institution ( 12). 
During interview, approximately 21% of 969 working adults with asthma reported 
work-related aggravation of respiratory symptoms at least once a week during the 
past month (12). The study by Johnson et al. (11) in Canada followed the model 
of the European Community Respiratory Health Survey. The article was focused 
on those who fulfilled criteria for probable or possible work-related onset of asthma, 
but also included findings for others with adult-onset asthma. Wheezing or dyspnea 
at or after work was reported by 34% and 31 %, respectively, of this latter group ( 12). 

EXCESS FREQUENCY OF WEA 

One way to address how often work contributes to the exacerbation of asthma is to 
compare high- to low-risk occupations. In the study of military recruits in Israel, 
researchers computed the cumulative incidence of asthma onset and worsening over 
the 30-month study period, which made it possible to compare these figures between 
different occupational categories (6). Among recruits with a history of rare and mild 
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attacks of dyspnea, normal spirometry, and response to exercise at military induc­
tion, worsening of asthma was greater among those in combat units (78/370 = 
21.1%) and maintenance units (36/236= 15.3%) than among those who performed 
clerical tasks (I I /193 = 5. 7%). Thus, the excess cumulative incidence, presumably 
attributable to occupation, was I 5.4% for those in combat units and 9.6% for those 
in maintenance units . Among recruits with mild asthma at induction, characterized 
by not requiring daily medications and having either mildly impaired spirometry 
or moderate bronchial hyperresponsiveness, 124/639 = I 9.4% of those in the mainte­
nance units had worsening of symptoms compared to I 13/ 606 = 18.6% among those 
performing clerical tasks. 

DISTINCTIVE FEATURES OF ADULTS WITH WEA 

A few studies have compared adults with WEA to other adults with asthma or other 
adults with work-related asthma. Looking first at demographic features (Table 2), 
the two studies that made comparisons with all other adults with asthma agreed 
on two findings: The people with WEA were, on average, older but there was little 
difference by gender (7,12). These two studies did not agree on the impact of cigarette 
smoking, with one study finding no difference ( 12) and the other finding that 
cigarette smoking was more common among asthmatics with WEA (7). One study 
alone examined race, income, and education as risk factors and found being non­
white, having lower income, and having less education were associated with work­
exacerbation of asthma (7). When Goe et al. ( 16) used other adults with work-related 
asthma as the basis for comparison, they found that people with WEA were more 
likely to be female, young, nonwhite, and nonsmokers. 

Table 2 Distinctive Demographic Features of Adults with Work-Exacerbated Asthma 

Compared to other adults Compared to other adults 
with asthma with work-related asthma 

Characteristics of adults 
with work-exacerbated Henneberger Saarinen et al. 
asthma et al. (7) (12) Goe et al. (16) 

Gender 
More women No No Yes 

Age 
Older Yes Yes No 
Younger No No Yes 

Race 
More nonwhites Yes NA" Yes 

Education 
Less Yes NA NA 

Annual income 
Lower Yes NA NA 

Ever smoked cigarettes 
More likely Yes No No 
Less likely No No Yes 

"NA. not addressed in publication. 
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Table 3 Distinctive Health and Health Care Features of Adults with 
Work-Exacerbated Asthma 

Adults with work-exacerbated 
asthma were more likely to 
have had: 

Chronic bronchitis 
Emphysema or COPD 
Allergies 
A family history of allergies or 

asthma 
Onset of asthma as an adult 
At least one treatment for asthma 

attack in past year 
A need for asthma medication 

continuously in past 12 months 
More days with asthma symptoms 

in. past two weeks 
More severe asthma, based on self-

report 

Compared to other adults 
with asthma 

Henneberger Saarinen et al. 
et al. (7) (12) 

Yes NA 
Yes NA 
NA NA 
NA NA 

NA Yes 
Yes NA 

NA Yes 

Yes NA 

Yes NA 

Compared to 
other adults with 

work-related 
asthma 

Goe et al. (16) 

NA 
NA 
Yes 
Yes 

NA 
NA 

NA 

NA 

NA 

Abbreviations: COPD, chronic obstructive pulmonary disease; NA, not addressed in publication. 

Distinctive health and health care features of adults with WEA are presented in 
Table 3. Each item presented is unique to one of the three studies already mentioned 
(7,12,16). These findings suggest that the people with work-exacerbated symptoms 
tend to have a more severe form of disease than other adults with asthma. 

CLINICAL APPROACH TO A PATIENT WITH WEA 

An argument for differentiating between asthma caused by specific sensitizers and 
WEA is the presumed difference in prognosis with continued workplace exposures. 
The progression of asthma severity as the result of persistent exposure to sensitizing 
agents is well recognized, and is the basis for the clinical re.commendation to remove 
someone from exposure, as soon as possible, after diagnosis of occupational asthma 
( 17). Continued exposure to lower levels of the sensitizer and more careful clinical 
monitoring will often not prevent worsening of the patient's asthma. With irritant­
induced or exacerbated work-related asthma, the patient might be able to continue 
working with lowered exposures and better control of symptoms with medication 
and not suffer a progression in asthma severity. However, the long-term prognosis 
for such asthma patients requires additional study (17). Clinical approaches to 
WEA should include: 

• Careful evaluation to ensure that the diagnosis is accurate and is not a 
misdiagnosis of occupational asthma due to specific sensitizing agents; 

• Minimization of exposures triggering exacerbations, preferably through 
engineering controls; 
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• Workplace accommodation through job placement away from known trig­
gers in work areas with the least potential exposure to irritants; 

• Occasional supplemental use of personal respirators where necessary to 
protect against unusual conditions. Individuals using respirators must be 
fit tested and instructed in the use and care of the devices as part of a 
comprehensive respiratory protection program. 

• Referral, as appropriate, to sources of information about relevant social 
support programs. 

CHALLENGES IN STUDYING WEA 

Most cross-sectional studies have relied on self reporting to establish WEA status 
among adults with asthma (7,9-12). With self-reporting goes the opportunity for 
misclassification due to under- and / or overreporting. Workers with preexisting or 
quiescent asthma who become sensitized to a new work agent are often erroneously 
thought to be suffering exacerbations of their preexisting asthma This is not only a 
challenge in epidemiologic investigations but is also particularly important clini­
cally, as the newly sensitized individuals should be removed from the exposure as 
quickly as possible. 

Some researchers have gone beyond self-reports of WEA. The studies that 
utilized data from a surveillance program, like SENSOR in the United States (I 6), 
or from an asthma clinic, like the study from Ontario, Canada (8), had a more 
intimate knowledge of the patients, and presumably used that knowledge to judge 
the veracity of self reports. Another approach was pursued by Milton et al. ( 18) in 
a pilot study of new-onset work-related asthma, but it could also be used to investi­
gate WEA. Specifically, the WEA case definition could include both the subject's self 
report of WEA and the judgment of experts that the subject had experienced occupa­
tional exposures that could exacerbate asthma. This would have the advantage of 
setting a higher standard for WEA case status than has regularly been used in 
cross-sectional studies. 

The need for immediate health care, whether at an emergency department in 
a hospital, a critical care clinic, or the office of the subject 's doctor or increased 
use of medication are reasonable " objective" indicators of asthma exacerbation. 
Such visits or medication changes are documented in medical and pharmacy records, 
eliminating the need to rely on self-reporting alone for the worsening of symptoms. 
This approach requires access to medical records , which could be monitored pro­
spectively or reviewed retrospectively. There remains the challenge of establishing 
that conditions at work led to the need for acute care. 

Some have suggested that the exacerbation of asthma by workplace exposures 
might be relatively benign and not contribute to the worsening of the individual 's 
underlying condition (19). One far from benign consequence of WEA is leaving 
work, either temporarily or permanently. A question about having to leave work 
due to respiratory health problems has been used in the questionnaires of the 
European Community Respiratory Health Survey. Moreover, in the province of 
Ontario in Canada, workers can receive compensation for absences of only a few 
weeks as the result of WEA. While this endpoint does not direcily document an 
increase in airway inflammation or bronchial hyperresponsiveness, it is easy to collect 
by questionnaire and is a measure of the impact of occupational exposures on asthma. 
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With enough clinical data, it would be possible to document that someone with 
asthma has experienced an increase in airway inflammation or bronchial hyperre­
sponsiveness. This would require repeated clinical follow-up, and also require the 
determination of whether changes were related to work rather than some other source 
of harmful exposures. Researchers could also determine the severity level of asthma in 
patients over time and whether changes were related to workplace exposures. 

CLASSIFICATION OF WEA 

There have been disagreements within the occupational respiratory research commu­
nity on how to classify WEA. In an editorial published in 1998, Wagner and Weg­
man noted that occupational asthma is usually defined "by the specific response 
to an agent capable of provoking sensitization" (20). They argued that this definition 
of occupational asthma should be broadened to include "preexisting asthma exacer­
bated by workplace environmental exposures," noting that this condition can result 
in significant disability, and that broadening the definition of occupational asthma 
would motivate prevention. Other researchers, commenting on the editorial, argt1ed 
that WEA should not be considered as occupational asthma, but should be included 
in the broader category of work-related asthma (19). The commenting authors 
justified a more restrictive definition of occupational asthma on the basis of different 
mechanisms of disease, different medical approaches, and the need to treat the 
conditions differently in social insurance (workers' compensation) systems. These 
apparent differences have diminished over time as the diverse mechanisms of asthma 
initiation and exacerbation are explored. Recognition that WEA is an important 
source of work disability and a target for prevention is increasing, and the need for 
social insurance and compensation systems to provide assistance for people with 
WEA is starting to be addressed. 

CONCLUSIONS 

Exacerbation of asthma can result from exposures at home, at work, in the outdoor 
environment, and in public buildings. Asthma-related exposures in the work envir­
onment are less frequently addressed, because exposures are often beyond the 
control of the individual patient and an employer may or may not accept responsi­
bility or have the ability to control exposures. The issue of an affected employee's 
right to workplace accommodation or compensation further clouds the issue. The 
incidence of asthma exacerbated at work among employed adults with asthma 
ranges between 8% and 25%, depending on the epidemiologic criteria utilized. Under 
specific exposure conditions, an excess cumulative incidence of WEA may be found 
in certain occupations. Compared to other adults with asthma, workers with WEA 
on average are older, and in one study this problem was more likely to be found in 
nonwhites and those with less education and lower incomes. Continued exposure to 
lower levels of the agents responsible for WEA must be avoided in the same manner 
as new-onset asthma. However, it is possible that some of these patients may con­
tinue working with reduced exposures and adequate use of controller medications 
without suffering progression of asthma severity, although close monitoring over 
time is necessary. 
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Most cross-sectional studies have relied on self-reporting to establish the pre­
sence of WEA. However, visits to hospitals, critical care clinics, or the office of the 
subject's doctor with a need for increased medication are reasonable "objective indi­
cators" of asthma exacerbation. Current research demonstrates that WEA is an imp­
ortant source of work disability and an appropriate target for prevention. Additional 
outcomes research can help define how to address this problem more effectively. 

DIRECTIONS OF FUTURE RESEARCH 

• Prospective surveillance of newly hired workers (preferably apprentices) 
with histories of currently controlled asthma or asthma in remission in 
workplaces where asthma triggers are likely to be encountered. 

• Outcomes in the above studies vis a vis: (i) number and frequency of asthma 
flares, (ii) the effects of workplace exposure on asthma control or severity­
both short term and Jong term, (iii) the extent of temporary or permanent 
time Jost from work as a result of exposure, (iv) the health consequences of 
continuing employment at such worksites, (v) the responses to various 
interventions, and (vi) amount of time required to resolve and reestablish 
control of asthma. 

• Health surveillance programs should fine tune annual incidence data by 
including a separate category of WEA. 

• Further examination of the economic, social (e.g., family) , and productivity 
impact of work-exacerbated and new-onset asthma over time. 

• Comparison of the incidence of new onset asthma and WEA in industries 
before and after introduction of optimal environmental controls. 
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