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ABSTRACT
The most common chronic occupational lung disease is occupational asthma. This study aimed to
assess the prevalence of work-related respiratory symptoms (WRS) in asthmatic adults at pulmonary
clinics. A cross-sectional study was performed. Current employed subjects were subdivided into 2
groups by WRS status according to questionnaire mainly based on one developed by the National
Institute for Occupational Safety and Health (NIOSH). Subjects’ occupation and workplace exposures
were evaluated by asthma-specific job exposure matrix (JEM). Thirty-nine of 179 current employed
asthmatics had WRS. Subjects with WRS were more likely to have self-reported allergy and exposure
to low-molecular-weight antigens (prevalence ratio [PR]: 2.7). The 2 most frequent occupational
classes for asthmatics with WRS were trades, transport and equipment operators, and processing
and manufacturing. Self-reported allergy, high-risk exposures, and occupations unique to
processing, manufacturing, and utilities were estimated to be risk factors of WRS.
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The most common chronic occupational lung disease
reported in industrialized countries is occupational
asthma.1�4 Occupational asthma (OA) is estimated to be
the second-most prevalent occupational lung disease in
developing countries after pneumoconiosis.5 The estimated
burden of OA among asthmatics is 2�20%. (1, 4). A recent
systematic review by Toren and Blanc concluded that 16.9%
of adult-onset asthma is due to occupational exposures.6

Furthermore, a quite high attributable risk fraction for
asthma due to occupation was found by the European Com-
munity Respiratory Health Survey (ERCHS): 10�25%.7

Tarlo et al found asthma worsened at work to be 16%
among adult-onset asthmatics and 12% of all asthmatics.8

Among 301 hospital admitted asthmatics in New York,
31% of patients had work-exacerbated asthma (WEA) in
their current job and 71% in any job.3 A study conducted
in a general medical practice setting indicated that more
than 1 in 10 asthma patients had occupational histories
strongly suggestive of occupational attribution.9

It has been reported that bakers, chemical workers, and
cleaners are at increased risk of asthma.10 Karjalainen in

an ecologic study in Finland found that occupational fac-
tors have significant influence on adult-onset persistent
asthma and identified agricultural, manufacturing, and ser-
vice workers to be at increased risk of asthma.11 In the
ONAP (Observatoire National de Asthmes Professionnels
Project) 1997 study, the 3 most frequently suspected agents
were flour (23.3%), isocyanates (16.6%), and latex (7.5%).
At-risk occupations were bakers (23.9%), health care work-
ers (12%), painters (9.1%), and hairdressers (5.2%).12

The prevalence of work-related asthma (WRA) in dif-
ferent countries is still an important issue. The American
Thoracic Society (ATS) and European Respiratory Soci-
ety (ERS) have published articles that highlight the
importance of evaluating OA prevalence.13,14 Although
OA remains underrecognized in many countries, this is
especially true in developing countries.5 Chronic respira-
tory diseases are estimated to be more prevalent in devel-
oping countries with high speed of industrialization.
Population-attributable risk of WRA in rapidly develop-
ing countries is estimated to be 15% in China, 13% in
South Africa, and 6% in Zambia.5 To our knowledge,
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there is no published population- or clinical set-
ting�based study among workers or patients with
asthma concerning work exacerbation of asthma (WEA)
in Iran or the Middle East region. The findings of such
studies would be helpful to have crude estimation of
work-related respiratory symptoms (WRS). The results
also could be useful in conducting more comprehensive
studies in clinical settings or population-based studies.
Thus, rapidly growing industries with potentially high-
risk exposures for WRA in Iran along with a paucity of
information about WRA suggests that further investiga-
tion in the region is warranted.

The main purpose of the current study was to assess
the prevalence of WRA and occupational exposures in
working asthmatic adults treated at 2 pulmonary clinics
(Masih Daneshvari and Imam Hospitals, Tehran) and to
assess which occupations and workplace exposures were
associated with WRS.

Methods

Study subjects

A cross-sectional study was conducted in pulmonology
clinics at 2 academic referral hospitals in Tehran.
Recruitment was conducted throughout all of 2010.
Those eligible to take part were patients �17 years old
referred to 1 of the 2 clinics and who were diagnosed
with asthma by a pulmonary specialist either previously
or at the time they visited the clinic. A total of 339
asthma patients were asked to take part. Informed con-
sent was obtained from all patients before they
participated.

Study design

The questionnaire was based mainly on a worker screen-
ing questionnaire developed by the National Institute for
Occupational Safety and Health (NIOSH) in the United
States.15 The questionnaire had 3 main parts: demo-
graphic characteristics, respiratory health assessment in
the past 12 months, and occupational information
including job titles and tasks in the past 12 months. A
trained interviewer (an occupational hygienist) adminis-
tered the questionnaire to each eligible patient after
recruitment. Also, height in meters and weight in kilo-
grams were determined for each participant. These were
used to compute the body mass index (BMI), which is
body weight divided by height squared.

The focus of the current study was asthma patients
who were employed in the last 12 months. These partici-
pants were asked about asthma symptoms during the
last 12 months, specifically wheezing, chest tightness,

cough, shortness of breath, and asthma attack, and
whether these symptoms improved when away from
work. A participant was considered to have work-related
respiratory symptoms if he reported having at least 2
respiratory symptoms with improvement on days away
from work. Currently, employed study participants who
reported 0 or only 1 respiratory symptom that improved
on days away from work were classified as negative for
WRS.

The prevalence of WRS was determined for different
categories of characteristics, such as ever smoked
tobacco, sex, hospital admission for asthma, allergic sta-
tus, and self-reported exposure to vapor, dust, gas, or
fumes (VDGF). Allergic status was based on self-
reported nasal allergies and/or eczema.

Evaluation of occupational exposures

The work history part of the questionnaire asked the par-
ticipant to provide information about jobs they had in
the past 12 months, including job title, tasks completed,
and exposures to dusts, gases, and fumes. This informa-
tion about recent jobs was then used to code the partici-
pants’ occupations using the Standard Occupational
Classification—1991 (SOC-91).16

Subjects’ asthmagenic exposures were assessed using
the asthma-specific job exposure matrix (JEM) that Ken-
nedy and colleagues developed, and which was revised in
2008 so that exposure estimates could be assigned using
the SOC-91 job codes.17 The JEM classifies each job as
either “exposed” or “not exposed,” separately for 18
groups of asthmagenic agents and 3 nonasthmagenic
agents. The JEM also combined the asthmagenic agents
into 3 categories: high molecular weight, low molecular
weight, or mixed exposures.17

Data analysis

For crude data comparisons, statistical significance was
based on the Student’s t test for continuous variables and
chi-square test for categorical variables. Odds ratios can
overestimate risk with common outcomes, so prevalence
ratios (PRs) were calculated, using a Cox regression
model with constant follow-up time for all participants.18

A base model was fit initially, in which we determined
which demographic and health characteristics were asso-
ciated with WRS. The candidate variables were age, BMI,
sex, marriage status, education level, cigarette smoking,
and history of allergies. Covariates with a p � .05 were
retained in the base model, to which variables for occu-
pation and workplace exposures were added to assess if
they were associated with WRS.

36 K. SADEGHNIIAT-HAGHIGHI ET AL.



A p value <.05 was considered as statistically signifi-
cant. Data analyses were accomplished using SAS 9.1
software (SAS Institute, Cary, NC, USA).

Results

A total of 339 adult asthmatics (100% of the 339 invited)
were recruited in the present study. Among 339 patients,
179 (53%) were employed at the time of their visit in the
pulmonology clinic. The 179 employed asthma patients
ranged in age from 18 to 80 years, with a mean of 38.8
(SD D 12.6), and the overwhelming majority were male
(n D 145, 81%) and married (n D 139, 78%). Many of
them had completed a diploma or upper diploma (n D
95, 53%) or technical training (n D 37, 21%). By health
characteristics, the mean BMI was 26 (SD D 4.6), and
approximately one fourth (n D 50, 28%) had ever
smoked cigarettes. Mean smoking pack-year was 11.4 §
18, 11 § 20 for participants with WRS (p D .97). About
half (n D 103, 57%) had allergies, which meant they
reported a history of nasal allergies (n D 101) and/or
eczema (n D 8). They used inhaled corticosteroids (ICS)
(n D 106, 59%) more often than the medications pred-
nisolone (n D 21, 12%) and bethametasone (n D 19,
11%). Substantial minorities reported emergency care
(n D 53, 30%) or hospital admissions (n D 30, 17%) for
asthma in the past 2 years.

Thirty-nine employed patients, or 22%, reported at
least 2 work-related respiratory symptoms, fulfilling the
criteria for WRS. Wheezing was the most commonly
reported work-related respiratory symptom (n D 62,
35%). The 39 with WRS represented 11% of all 339 adult
asthmatics, employed and unemployed, who completed
the questionnaire.

The prevalence of WRS varied little by different char-
acteristics of the asthmatic subjects (Table 1). However,
patients with self-reported allergy (nasal allergy and/or
eczema) did report WRS more often than those without
WRS, 30% versus 11%, respectively, p D .005. Also, men
were more likely to have WRS (n D 34, 23%) versus
women (n D 5, 15%), but this difference was not statisti-
cally significant (p D .15). Other characteristics, includ-
ing asthma medications taken and care sought in the
past 2 years, did not have a statistically significant associ-
ation with WRS. Participants with WRS did not take
more medications (prednisolone, bethamethasone, and
inhaled corticosteroids) for treatment of asthma. More-
over, those with WRS had fewer emergency and hospital
admissions (Table 1).

Approximately three fourths (n D 149) of employed
patients reported having exposure to VDGF in their cur-
rent job. Those with VDGF exposure had a higher

prevalence of WRS (n D 35, 23%) than those without,
but the difference was not statistically significant.

The most frequent occupations of subjects in past 12
months were trades, transport jobs, equipment opera-
tors, and related occupations with n D 62, followed by
sales and service occupations with n D 35 (Table 2).
About half of the 23 study participants with occupations
unique to processing, manufacturing, and utilities had
WRS (11/23 D 48%), which was considerably more than
the prevalence of 18% (n D 28) among the 156 in other
occupations (p D .0003). None of the other occupations
were associated with WRS (Table 2).

Table 1. Percentage of currently employed asthma patients with
work-related respiratory symptoms (WRS), by various
characteristics.

WRS

Characteristics N n % p value�

Demographics
Age (years)
Low tertile (18�31) 59 14 24% .58
Middle (32�43) 60 13 22% .68
High tertile (44�80) 59 11 19% .53

Sex
Male 145 34 23% .15
Female 34 5 15%

Married
No 40 10 25% .57
Yes 139 29 21%

Education
Diploma, Upper diploma 95 21 22% .98
Technical courseyy 37 7 19% .39

Other 47 11 23%
Health characteristics
Body mass index
Low tertile (17�23) 59 10 17% .30
Middle tertile (24�27) 60 14 23% .91
High tertile (27.7�41) 59 14 24% .54

Ever smoke cigarettes
No 129 28 22% .98
Yes 50 11 22%

History of allergies��

No 76 8 11% .005
Yes 103 31 30%

Medications taken for asthma
Prednisolone
No 158 34 22% .81
Yes 21 5 24%

Bethametasone
No 160 33 21% .22
Yes 19 6 32%

Inhaled corticosteroids
No 73 18 25% .26
Yes 106 21 20%

Care for Asthma
Emergency admissiony

No 126 30 24% .39
Yes 53 9 17%

Hospital admissiony

No 149 34 23% .62
Yes 30 5 17%

�p value based on univariate regression models for WRS.
��History of allergies was positive for anyone who reported having nasal
allergies or eczema.

yThe time frame for emergency care and hospital admissions for asthma was
the past 2 years.

yyA training technical course about the current job.
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The asthma-specific JEM identified 58 (32.6%) of the
currently employed subjects to have 1 or more high-risk
exposures to asthmagenic compounds (Table 3). Expo-
sure to low-molecular-weight compounds in the current
job was found to be the most frequent asthmagenic expo-
sure among the asthmatics of the current study. This
exposure also had the highest prevalence of WRS with
42% (15/36), which was significantly greater than the
prevalence of 17% (24/143) among the other employed
participants (p D .0002). WRS was somewhat more com-
mon for those with mixed exposures (7/21 D 33% versus
32/158 D 20%), but the difference was not statistically
significant (p D .13). The other notable finding by occu-
pational exposures was for those who had 1 or more
high-risk exposures, with a WRS prevalence of 33% (19/
58) compared with 17% (20/121) for others (p D .003).

Several demographic and health characteristic varia-
bles were considered for inclusion in the base regression
model, but only history of allergies was associated with
WRS at the p < .05 level and retained in the model
(Table 1). We added different occupation and occupa-
tional exposure variables to the base model for WRS to
calculate prevalence ratios. Occupations unique to proc-
essing, manufacturing, and utilities (odds ratio [OR] D
2.8), exposure to low-molecular-weight antigens (OR D

2.8), and 1 or more high-risk exposures (OR D 2.2) were
found to have statistically significant positive associa-
tions with WRS (Table 4).

Comment

From a survey of patients from 2 referral pulmonary
clinics, we estimated the prevalence of work-related
respiratory symptoms to be 11% among all adult asth-
matics and 22% in all currently employed asthmatics.
There are different reports about prevalence of WEA in
similar settings (Table 5).8,9,19�24 The reported preva-
lence of worsening asthma at work in the Tarlo et al
study was 16% of all adult-onset employed asthmatic
subjects.8 A survey by Henneberger et al based on ques-
tionnaire self-reports of worsening asthma indicated
25% of participants to have work-exacerbated asthma
(Table 5).21 To have a better comparison, the most simi-
lar studies conducted in clinical settings are reviewed in
Table 5. The number of epidemiological studies regard-
ing WEA in clinical settings in developing countries is
very small. This warrants conducting population- or
clinical setting�based studies to find out more about
WEA in the developing world. Consistent with current
results in a study of 12 published reports, median

Table 2. Prevalence of WRS by occupations of currently employed asthma patients.

WRS

Occupational category N n % p value

Trades, transport, equipment operators, and related 62 12 19% .67
Processing, manufacturing, and utilities 23 11 48% .0003
Business, finance, and administrative 33 7 21% .98
Sales and service 35 5 14% .27
Primary industry 12 0 —�

Natural and applied sciences 6 0 —�

Social science, education, government service, and religion 5 0 —�

Management 2 0 —�

Art, culture, recreation, and sport 3 1 33% —�

Health care 1 1 100% —�

�No statistical calculation was done due to low number of subjects in WRS subgroup.

Table 3. Prevalence of WRS by occupational exposures for all currently employed asthma patients.

WRSExposure assessed by
asthma-specific job
exposure matrix N n % p value

High-molecular-weight agents 12 3 25% .71
Low-molecular-weight agents 36 15 42% .0002
Mixed-environment exposure 21 7 33% .13
Accidental peak exposure to irritants 2 0 —�

Combustion particle/fume 22 1 5% —�

Possible exposure to irritant gases or fumes 2 0 —�

High probability of exposure to environmental tobacco smoke (ETS) 21 4 19% .83
Low antigen exposure�� 37 7 19% .75
One or more high-risk exposuresy 58 19 33% .003

�No statistical calculation was done due to low number of subjects in WRS subgroup.��Low antigen exposure: May be exposed to “asthmagens” but low probabil-
ity of enough exposure for OA.

yThe high-risk exposures are the first 4 listed in this table.
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prevalence of WEA is estimated to be 21%.25 The present
study provides crude information about WEA in Iran,
and the results warrant conducting more comprehensive
studies in the region for prevention and management of
WRA. Isolated studies have reported asthma prevalence
(not WEA) among different industrial sectors in the
developing world: 11% asthma prevalence in indoor
duties of Isfahan (Iran), WRS in 53% of 66 carpenters in
Mashhad (Iran), work-related wheeze and lung function
impair-ment in 27% of Chinese workers.5,26,27

Multiple factors such as different work sectors, differ-
ent case definitions, and methods influence reported sta-
tistics of OA throughout the world.4,10,19 The prevalence
of WRS declined somewhat with age (Table 1), and the
lower mean age of participants in the current study could
possibly account for the somewhat higher WRS symp-
tom prevalence compared with the Tarlo et al study.8

The current study found more self-reported allergy
(eczema and/or nasal allergy) in participants with work-
related respiratory symptoms. Atopy has significant
association with some types of OA.10 Whereas Blanc
et al in a report on asthma patients in a general practice
setting did not find a significant association between
atopic history and work-related asthma, the present
study indicated significant correlation.9 This may be due
to different case definitions. The present study, consis-
tent with the Blanc et al study, found no significant asso-
ciation between marital status, educational level, and
WRS (9).

Subjects with WRS had a trend to taking less oral ste-
roids and inhaled steroids and having fewer hospital
admission and emergency clinic visits than those without
WRS. Along with the present results, Tarlo et al also
indicated milder asthma in participants with worsening
of asthma at work.8

The current study indicated more self-reported expo-
sures to vapor, dust, fume, and gas among subjects with
work-attributing symptoms than subjects without work-
related respiratory symptoms, but the association was
not significant. However, Tarlo et al in a similar setting
found more VDGF exposure in patients with worsened
asthma due to work.8 Mancuso et al in a similar setting

reported worsened asthma by workplace irritants such as
dust and chemical smells.23 Different cultural issues and
perceptions of the subjects may influence this
relationship.

Current results showed that 32.6% of the subjects
have 1 or more high-risk exposures to asthmagenic com-
pounds. Exposure to low-molecular-weight antigens was
the most frequent occupational exposure. High-risk
occupational exposures, exposure to low-molecular-
weight antigens, and occupations unique to manufacture,
processing, and utilities had significant prevalence ratio
in subjects with WRS. Henneberger et al also reported
more prevalence of work-exacerbated asthma among
participants with high-risk occupational groups such as
construction, mining, manufacturing, and public admin-
istration.21 Moreover, as Table 2 shows, business,
finance, and administrative occupations were more likely
to report work-related respiratory symptoms, although
they do not have high-risk occupational exposures. One
of the possible explanations may be indoor air pollution.
As reports show that indoor air pollutants such as gas
heaters, environmental tobacco smoke, volatile organic
compounds, and mould/dampness could be considered
as risk factors for respiratory health and asthma, it may
lead to higher report of WRS among office workers in
current study, but this possible association needs more
detailed investigation.28

One limitation of this study is the potential for bias
due to self-reported symptoms, workplace exposures,
and occupation. Cross-sectional design is also considered
a limitation of the study that warrants conducting com-
prehensive studies in the future. The small sample sizes
for several occupations and exposures (see Tables 2 and
3) meant that it was not possible to evaluate the preva-
lence of WRS in these subsets of the sample. The ques-
tionnaire focused on exposures and symptoms in the
past 12 months, so the current study was not able to
examine earlier occurrences of WRS.

Participants underwent a clinical evaluation by a pul-
monary specialist, so the diagnosis of asthma was likely
accurate. The present study questionnaire included ques-
tions pertaining to the work relationship of respiratory

Table 4. Statistically significant adjusted prevalence ratios for WRS by current occupation and occupational exposures.

Risk factor Prevalence ratio 95% CI p value

Processing, manufacturing, and utilities occupations 2.8 1.6�4.8 .0003
Self-reported allergy 2.8 1.4�5.6 .003
Low-molecular-weight agent exposure� 2.8 1.7�4.7 <.0001
Self-reported allergy 2.8 1.4�5.5 .004
One or more high-risk exposures��� 2.2 1.3�3.8 .003
Self-reported allergy 2.6 1.3�5.3 .007

�Occupational exposure assessed using an asthma-specific JEM.��The high-risk exposures are the first 4 listed in Table 3.
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symptoms, but without a sole emphasis on work as a
cause of such symptoms. Moreover, there was no empha-
sis on any relationship to work in the initial parts of the
questionnaire, in which the participant was asked to
report on his demographic and respiratory health char-
acteristics. A trained occupational hygienist interviewed
the participants and obtained detailed information about
occupations and exposures. Occupational coding of the
participant’s job titles was done using a standard coding
system. It has been suggested to combine self-reports
with more objective occupational information to avoid
the potentially biasing influence of current asthmatic
health status on self-reports of occupational exposures.1

Accordingly, we used an asthma-specific JEM to achieve
objective estimates of occupational exposure.

Conclusion

In conclusion, the prevalence of WRS symptoms in the
present study (22%) is consistent with previous reports of
WEA. Median prevalence WEA is reported to be 21%.25

Self-reported allergy, high-risk exposures, and occupations
unique to processing, manufacturing, and utilities were
identified as risk factors for WRS. Study results emphasize
the need for taking a complete occupational history in
adult asthmatics to correctly identify causes of their symp-
toms and maximize case management.
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