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ABSTRACT
Objectives: The aim of this study was to estimate the
prevalence of respiratory symptoms and physician-
diagnosed asthma and assess the impact of current
occupational exposure.
Design: Cross-sectional analyses of the prevalence of
self-reported respiratory health and association with
current occupational exposure in a random sample of
the general population in Telemark County, Norway.
Settings: In 2013, a self-administered questionnaire
was mailed to a random sample of the general
population, aged 16–50, in Telemark, Norway. The
overall response rate was 33%, comprising 16 099
responders.
Outcome measures: The prevalence for respiratory
symptoms and asthma, and OR of respiratory
symptoms and asthma for occupational groups and
exposures were calculated. Occupational exposures
were assessed using self-reported exposure and an
asthma-specific job-exposure matrix ( JEM).
Results: The prevalence of physician-diagnosed
asthma was 11.5%. For the occupational groups, the
category with agriculture/fishery workers and craft/
related trade workers was associated with wheezing
and asthma attack in the past 12 months, showing OR
1.3 (1.1 to 1.6) and 1.9 (1.2 to 2.8), respectively. The
group including technicians and associated
professionals was also associated with wheezing OR
1.2 (1.0 to 1.3) and asthma attack OR 1.4 (1.1 to 1.9).
The JEM data show that exposure to flour was
associated with wheezing OR 3.2 (1.4 to 7.3) and
woken with dyspnoea OR 3.5 (1.3 to 9.5), whereas
exposures to diisocyanates, welding/soldering fumes
and exposure to vehicle/motor exhaust were associated
with dyspnoea OR 2.9 (1.5 to 5.7), 3.2 (1.6 to 6.4)
and 1.4 (1.0 to 1.8), respectively.
Conclusions: The observed prevalence of physician-
diagnosed asthma was 11.5%. The ‘manual’
occupations were associated with respiratory
symptoms. Occupational exposure to flour,
diisocyanates, welding/soldering fumes and vehicle/
motor exhaust was associated with respiratory
symptoms in the past 12 months and use of asthma

medication. However, prospective data are needed to
confirm the observed associations.

INTRODUCTION
Studies have shown that at least one out of
three adults in Norway will experience long-
term respiratory symptoms during their life-
time.1 2 In Europe, a substantial proportion
of adults report symptoms that are initiated
or exacerbated by environmental and/or
occupational exposures.3–9 Globally, 15–20%
of all asthma cases are considered to be
related to occupation with population attrib-
utable risks (PAR) as high as 50% among
non-smokers.4 A Swedish study in 2011
reported a cumulative incidence for
adult-onset asthma of 2.3% and PAR of occu-
pational asthma of 17.3% among men and
5.1% among women.10 In southern Norway,
an area which also includes Telemark

Strengths and limitations of this study

▪ The study included 16 099 subjects from the
general population in Telemark, Norway, which is
a county with a variety of occupational exposures
including large industrial clusters, craft, trade
and agricultural activities.

▪ The study used cross-sectional data to investi-
gate possible associations of self-reported
respiratory symptoms and asthma with occupa-
tion and occupational exposures.

▪ The study is strengthened by the use of an
asthma-specific job-exposure matrix on a large
random sample from the general population.

▪ A potential study limitation is selection bias due
to the cross-sectional design and non-
participation; however, inverse probability of par-
ticipation weights was used to minimise selec-
tion bias from non-participation.
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County, it was reported in 2013 that the prevalence of
wheezing and chest tightness during the past month was
slightly above the country average with 5.9% and 5.1%,
respectively.11 No information regarding respiratory
symptoms by occupation was available in that study, but
the subjects with the lowest educational level had the
highest prevalence of wheezing and chest tightness. The
incidence of asthma in Telemark County has so far not
been studied, but it is known that the use of medication
for chronic respiratory disease in this region is above the
national average. In 2014, the Norwegian medication
prescription database reported that the number of users
of medication for chronic respiratory diseases was 84 per
1000 inhabitants in Norway, while in Telemark the
number was 93 per 1000 inhabitants.12

Historically, Telemark has been one of the main
onshore industrialised centres in Norway. The region
still has a high proportion of industrial workers
employed in companies producing nitrate fertiliser,
organic chlorine and chlor-alkali derivatives, polyvi-
nylchlorides, cement and refined manganese alloys,
among others. Whereas these companies have reduced
the number of workers during the past decades, several
smaller industrial service providers have been estab-
lished. These employ many of the previous industrial
workers which perform similar tasks as they did in their
past jobs. Thus, inclusion of the large companies and
the whole working population from the area is of
importance when assessing prevalence of respiratory
symptoms and impact of occupational exposure.
In Norway, there has been an increase in cases of

chronic respiratory diseases referred to all Departments
of Occupational and Environmental Medicine. However,
studies regarding the importance of occupational expo-
sures are still reporting conflicting results and many
have a lack of specific exposure information. Moreover,
there is a need for updated information regarding the
impact of occupational exposures on respiratory health
because production processes, raw-material and additives
of products, and organisation of work change. This
makes the identification of occupational groups at risk
for chronic respiratory diseases difficult and hence there
is uncertainty where to implement preventative mea-
sures. The aim of this study was to estimate the preva-
lence of respiratory symptoms and physician-diagnosed
asthma and assess the impact of current occupational
exposure in a large random sample from Telemark
County, Norway.

METHODS
Study population
A cross-sectional survey was carried out from February to
August 2013 in Telemark County, which is located in the
south-eastern part of Norway and has a population of
around 170 000. Grenland is the most densely populated
part of the County, includes several industrial sites and
has a population of 100 000. A sample of 50 000 male

and female subjects from the ∼80 000 residents in
Telemark, aged 16–50 years, was drawn randomly using
the services of the Norwegian national population regis-
try. The subjects between 16 and 18 years of age were
included to take into account those who have to com-
plete a mandatory training programme as apprentices
attending school and work simultaneously or those
entering the workforce without further education.

Design of the study
The participants were asked to complete a postal ques-
tionnaire (see online supplementary file 1) and mail it
back in a prepaid envelope. Two reminders were sent by
mail. The questionnaire included questions regarding
occupational history and exposure, physician-diagnosed
asthma, respiratory symptoms, allergy, use of asthma
medication and possible confounders. The question-
naire was based on the European Community
Respiratory Health Survey (ECRHS) questionnaire and a
questionnaire from a similar study from west Sweden.10

The questions regarding physician-diagnosed asthma
and respiratory symptoms are consistent with other
studies addressing asthma and asthma-like symp-
toms.10 13–16

Outcomes
Occupational history and exposure
In the postal questionnaire, the participants were asked
to list their occupational history in free text including
occupational title, industry or sector, some key words
indicating main tasks and period of employment. The
participants with sufficient information regarding occu-
pational history were then classified according to their
self-reported occupation in 2013 (current occupation)
with the use of the International Standard Classification
of Occupations (ISCO-88) coding system17 by a trained
research assistant. Each occupation was given a code
according to the ISCO-88 which classifies occupations
into 10 major groups that are related to formal educa-
tion/qualifications. The participants were first classified
into these groups as shown in table 1, and certain
groups were then combined for the analyses: (1) legisla-
tors, senior officials, managers and professionals (groups
I and II); (2) technicians and associated professionals
(group III); (3) clerks and service workers and shop and
market sales workers (groups IV and V); (4) skilled agri-
culture, fishery workers and craft and related trade
workers (groups VI and VII) and (5) plant, machine
operators and assemblers and elementary occupations
(groups VIII and IX). Group 1 was used as an unex-
posed reference group. All occupations with at least
6 months employment were classified.
We also used an asthma-specific job-exposure matrix

( JEM) developed for the northern European countries
(N-JEM) to assess the participants’ occupational expo-
sures based on their self-reported jobs in 2013.8 9 A few
job titles (n=39) specific to industries in Telemark
County were added to the N-JEM. The N-JEM defines an
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occupation as exposed based on the assumption that at
least half of the subjects with this specific code would
have a high probability of being exposed to irritants or
allergens. As an example, the category ‘flour-associated
antigens’ consists of bakers, pastry makers, grain millers
and operators of baked goods. The N-JEM data can be
collapsed into six main exposure groups: high molecular
weight (HMW) agents, low molecular weight (LMW)
agents, irritating agents, accidental peak exposures to
irritants, uncertain or low exposures and an unexposed
reference group.

Respiratory symptoms
Asthma, use of asthma medication, respiratory symptoms
and nasal allergies were defined as positive responses to
the following questions: ever asthma: ‘Have you ever had
asthma?’, physician-diagnosed asthma: ‘Have you been
diagnosed by a physician as having asthma?’, asthma
attack: ‘Have you had an attack of asthma in the past 12
months?’, use of asthma medication: ‘Do you currently
use asthma medication?’, ever wheezing: ‘Have you ever
had whistling or wheezing in the chest?’, wheezing past
12 months: ‘Have you had whistling or wheezing in the

Table 1 Population characteristics for responders and non-responders

Register based

Responders (n=16 099)

Non-responders

(n=33 901)

n Per cent n Per cent

Population size

Urban areas/Grenland 10 296 64.0 21 348 63.0

Rural areas/outside Grenland 5803 36.0 12 553 37.0

Gender

Men 7159 44.5 18 358 54.2

Women 8940 55.5 15 543 45.8

Age (years)

16–30 5282 32.8 14 626 43.1

31–40 4126 25.6 9085 26.8

41–50 6691 41.6 10 190 30.1

Responders

(n=16 099)

Non-responders

(n=260)

Questionnaire based n Per cent n Per cent

Smoking habits

Never-smokers 8950 55.6 119 46

Past smokers 3271 20.3 77 30

Current smokers 3749 23.3 64 25

Missing 129 0.8 0 0

Home/housing conditions

Detached 11 181 69.5 NA

Row 1565 9.7

Apartment 2879 17.9

Other 325 2.0

Missing 149 0.9

Current occupation (ISCO-88)

Armed forces (Group 0) 43 0.3 0 0

Legislators, senior officials and managers (Group I) 498 3.1 5 2

Professionals (Group II) 1748 10.9 35 13

Technicians and associated professionals

(Group III)

3000 18.6 52 20

Clerks (Group IV) 674 4.2 12 5

Service workers and shop and market sales workers

(Group V)

1717 10.7 46 18

Skilled agriculture and fishery workers (Group VI) 158 1.0 2 1

Craft and related trade workers (Group VII) 1240 7.7 35 13

Plant and machine operators and assemblers

(Group VIII)

779 4.8 21 8

Elementary occupations (Group IX) 438 2.7 12 5

Missing* 5804 36.1 40 15

*The 5804 missing are the responders without data regarding current occupation. Of these, 58.9% state that they have been employed some
time during the past 12 months, but have not presented enough occupational data to be classified according to ISCO-88. The remaining
41.1% did not state that they had been employed during the past 12 months.
ISCO-88, International Standard Classification of Occupations; NA, not applicable.
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chest at any occasion during the past 12 months?’,
woken with dyspnoea: ‘Have you been woken by an
attack of shortness of breath at any time in the past 12
months?’, chronic cough: ‘Have you had a persistent
cough during the last years?’, productive cough: ‘Do you
usually bring up any phlegm or do you have phlegm
in your chest, that is difficult to cough up?’, nasal allergy
as a marker for allergic status: ‘Do you have an allergy
with nasal symptoms, including hay-fever?’. These symp-
toms were used to describe the population, while only
the symptoms addressing the past 12 months, current
asthma medication and physician-diagnosed asthma
were used to assess associations with current occupation
or exposure. A symptom score was then calculated based
on the number of affirmative answers to the four ques-
tions addressing symptoms, and use of asthma medica-
tion in the past 12 months.

Covariates and confounders
The participant’s age, gender and residential address
was census-derived, whereas housing condition, smoking
habits, household smoking and exposure to damp and
mould at home was based on self-report from the ques-
tionnaires. For housing condition, the following ques-
tion was used: ‘What type of home do you live in?’ The
alternative categories were: detached house, row house/
semidetached house, apartment or other.
Smoking was defined as follows: Current smokers

answered affirmative to the question: ‘Do you smoke
every day (also applies if you only smoke a few cigarettes,
cigars or light a pipe each day)?’ or the question: ‘Do
you only smoke occasionally (not each day, but week-
ends, parties or similar)?’ Past smoker were those who
answered affirmative to the question: ‘Did you use to
smoke?’ Those not answering any of the three questions
were defined as missing, and the remaining as never-
smokers. Passive smoking was defined as an affirmative
answer to ‘Does anyone smoke inside your current
home?’
Damp and mould exposure at home was defined as

positive answer to at least one of the following questions:
‘Have you ever had the following in your property?
Water damage inside in the dwelling on walls, floors or
ceilings? Dented plastic mats, stained plastic or hard-
wood flooring that has been darkened by the moisture?’
or ‘Visible mould on walls, floors or ceilings?’

Ethics
The REC only allowed the sending of two reminders to
the study sample. The participants signed and returned
a consent form.

Statistical analysis
The subjects with missing or insufficient information
regarding current occupation were excluded from the
analyses addressing occupational exposure. When
respondents left an answer blank, these were handled as
‘no’ (not having the symptom). Sensitivity analyses were

performed with and without missing. The selection of
individual jobs for the analysis assessing occupation/
exposure and respiratory outcomes was based on the
work codes with at least 100 respondents in the major
groups 5–9 (1–4 are those with non-exposure or low
exposure) supplemented with the occupational groups
previously identified as having changed work because
exposures at work affected their breathing.18 χ2 and
Fisher’s exact tests were used to compare groups with
regard to the prevalence of respiratory symptoms. To
estimate the effects of occupations, occupational groups
and occupational exposures, the ORs and corresponding
95% CIs were computed by logistical regression. Four
different analyses were performed separately; for each
occupation, for the occupational groups, for large expos-
ure groups and for the single exposures. Unadjusted
and adjusted estimates were calculated. The estimates
were adjusted for age, gender, area of residence,
smoking status, household smoking, damp and mould at
home and housing conditions. To adjust for possible
participation bias, all analyses were performed on
weighted data sets. The weighting was based on inverse
probability of participation among all 50 000 invited and
calculated for each combination of gender, 5-year age
intervals and area of residence by grouping of postal
codes.19 Each combination of these background vari-
ables had at least 19 responders when calculating
weights. Additionally, weights based on inverse probabil-
ity of participation by use of asthma medication and
chronic cough derived from 260 participants in the non-
responder study were performed. The final weights used
in the current analysis were the product of these two
weights. As part of the sensitivity analysis, the statistical
analyses were performed with and without these weights
to evaluate how adjusting for non-response affected the
study results.19 PAR was calculated for some exposure
and symptoms. The statistical significance level was set at
p<0.05 and results reaching significance are marked in
bold in the tables. Statistical analysis was performed with
IBM SPSS Statistics for Windows (V.23, IBM SPSS,
Armonk, New York, USA) using the SPSS complex
sample module where appropriate.

RESULTS
Participation
The overall response rate to the Telemark study was
33%, comprising 16 099 responders. Out of the 16 099
responders, 10 004 (20%) responded to the first mailed
questionnaire, while 3123 (6%) responded to the first
reminder and 2972 (6%) to the last reminder. The
inclusion of participants stopped 3 months after the
second reminder was mailed. Eighty-three per cent of
the responders (13 302) reported being employed in
the past 12 months. Among all 16 099 responders,
10 295 (63.9%) reported their occupation in 2013 and
were classified by the ISCO-88 (table 1). Repeating the
analyses without responses with missing values or
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without adjustment for non-participation did not signifi-
cantly influence the results presented.

Study population
The population characteristics of responders and non-
responders are presented in table 1.
The whole sample including 16 099 responders con-

tained more women than men (55.5% vs 44.5%, respect-
ively). Approximately twice as many lived in the urban
area of Grenland (64.0%) as outside this area (36.0%).
Seventy per cent of the subjects lived in a detached house
and 18% in apartments. By age, 41.6% of the responders
were between 41 and 50 years, while 32.8% and 25.6%
were between 16 and 30 years and 31 and 40 years,
respectively. A little more than half (55.6%) of the
responders were never-smokers while the current smokers
(23.3%) slightly outnumbered the past smokers (20.3%).

Prevalence of respiratory symptoms, smoking habits
and occupation
The prevalence of respiratory symptoms and asthma are
shown in figure 1. The most common respiratory out-
comes ever experienced were nasal allergies (29.9%),
wheezing (26.7%) and chronic cough (20.6%). The
most common outcome in the past 12 months was
wheezing (20.0%). The prevalence of a history of
physician-diagnosed asthma was 11.5%, and 4.1%
reported an asthma attack in the past 12 months.
Among the 2137 responders (13.3%) who reported
‘ever asthma’, 1727 reported their age at which they first
experienced asthma symptoms and 71.3% of those
reported to have had their first symptoms before they
turned 18 years (n=1231). The prevalence of physician-
diagnosed asthma declined with advancing age: 12.4% if
16–30 years, 11.4% if 31–40 years and 10.9% if 41–
50 years. Out of the 1839 responders reporting

physician-diagnosed asthma, 893 (48.1%) reported
current use of asthma medication and 531 (28.6%)
reported an asthma attack in the past 12 months.
The prevalence of respiratory symptoms and diseases

by the possible confounders, age, gender, area of resi-
dence, smoking habits and housing conditions, is shown
in table 2.
Ever having respiratory symptoms and woken by dys-

pnoea attack in the past 12 months, but not the asthma
outcomes are more common in Grenland as compared
with outside Grenland. The prevalence of physician-
diagnosed asthma, use of asthma medication and
respiratory symptoms in the past 12 months were asso-
ciated with smoking and housing condition. The preva-
lence of physician-diagnosed asthma decreased with
increasing age and was also more common among
women than men. The prevalence of respiratory symp-
toms in the past 12 months and nasal allergies were
associated with age category.

Association of self-reported current job categories
and specific occupation with respiratory symptoms
and disease
The relationship between respiratory symptoms/diseases
and the participants’ occupations is shown in table 3.
Using the main occupational groups, the category

with the combination agriculture/fishery workers and
craft/related trade workers showed the highest OR for
wheezing and asthma attack (table 3). The PARs for
asthma attack during the past 12 months for the main
occupational groups 2 and 4 were both 11%. The stron-
gest associations between respiratory symptoms and
current job category were for health-associated profes-
sionals (OR between 1.4 and 2.1) and welders (OR 5.5)
(table 3).

Figure 1 The prevalence of

respiratory symptoms and asthma

ever and for the past 12 months

in the Telemark study.
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Table 2 Prevalence of asthma, respiratory symptoms ever and symptoms during the past 12 months by possible confounders: area of residence, smoking habits, housing conditions, age and gender

Symptoms or disease

Area of residence Smoking habits Age (years) Gender Housing conditions

Number

Yes/no Grenland

Outside

Grenland p Value*

Never-

smokers

Past

smokers

Current

smokers p Value† 16–30 31–40 41–50 p Value† Men Women p Value* Detached

Row/

semidetached Apartment Other p Value†

Ever

Ever asthma 2137/13962 1348

(13.1)

789

(13.6)

0.371 1128

(12.6)

471

(14.4)

526

(14.0)

0.012 759

(14.4)

553

(13.4)

825

(12.3)

0.005 871

(12.2)

1266

(14.2)

<0.001 1416

(12.7)

232 (14.8) 432 (15.0) 45 (13.8) 0.002

Physician-diagnosed

asthma

1857/14042 1178

(11.4)

679

(11.7)

0.626 983

(11.0)

407

(12.4)

457

(12.2)

0.032 656

(12.4)

471

(11.4)

730

(10.9)

0.036 757

(10.6)

1100

(12.3)

0.001 1226

(11.0)

207 (13.2) 376 (13.1) 39 (12.0) 0.002

Ever wheezing 4294/11805 2788

(27.1)

1 506

(26.0)

0.124 1893

(21.2)

988

(30.2)

1399

(37.3)

<0.001 1323

(25.0)

1125

(27.3)

1846

(27.6)

0.005 1858

(26.0)

2436

(27.2)

0.067 2919

(26.1)

436 (27.9) 837 (29.1) 81 (24.9) 0.008

Chronic cough 3319/12780 2210

(21.5)

1109

(19.1)

<0.001 1663

(18.6)

636

(19.4)

1001

(26.7)

<0.001 1082

(20.5)

853

(20.7)

1384

(20.7)

0.959 1334

(18.6)

1985

(22.2)

<0.001 2234

(20.0)

347 (22.2) 653 (22.7) 68 (20.9) 0.006

Productive cough 2363/13736 1589

(15.4)

774

(13.3)

<0.001 1006

(11.2)

425

(13.0)

921

(24.6)

<0.001 830

(15.7)

533

(12.9)

1000

(14.9)

0.001 1018

(14.2)

1345

(15.0)

0.145 1494

(13.4)

252 (16.1) 539 (18.7) 64 (19.7) <0.001

Nasal allergies 4814/12085 3148

(30.6)

1666

(28.7)

0.013 2682

(30.0)

1030

(31.5)

1087

(29.0)

0.073 1461

(27.7)

1298

(31.5)

2055

(30.7)

<0.001 2122

(29.6)

2692

(30.1)

0.522 3388

(30.3)

504 (32.2) 832 (28.9) 68 (20.9) <0.001

Past 12 months

Wheezing 3226/12963 2093

(20.3)

1133

(19.5)

0.227 1378

(15.4)

620

(19.0)

1213

(32.4)

<0.001 1021

(19.3)

792

(19.2)

1413

(21.1)

0.015 1371

(19.2)

1855

(20.7)

0.012 2164

(19.4)

333 (21.3) 645 (22.4) 65 (20.0) 0.002

Asthma attack 664/15 035 447

(4.3)

217

(3.7)

0.070 345

(3.9)

138

(4.2)

174

(4.6)

0.119 222

(4.2)

136

(3.3)

306

(4.6)

0.005 211

(2.9)

453

(5.1)

<0.001 412

(3.7)

71 (4.5) 162 (5.6) 13 (4.0) <0.001

Woken by dyspnoea 1179/14920 790

(7.7)

389

(6.7)

0.024 533

(6.0)

243

(7.4)

396

(10.6)

<0.001 318

(6.0)

264

(6.4)

597

(8.9)

<0.001 503

(7.0)

676

(7.6)

0.201 766

(6.9)

126 (8.1) 258 (9.0) 22 (6.8) 0.001

Current use of

asthma medication

1171/14928 730

(7.1)

441

(7.6)

0.242 610

(6.8)

262

(8.0)

291

(7.8)

0.035 376

(7.1)

262

(6.3)

533

(8.0)

0.006 435

(6.1)

736

(8.2)

<0.001 762

(6.8)

138 (8.8) 243 (8.4) 23 (7.1) 0.002

Results reaching significance, p<0.05, are marked in bold.

*Fisher’s exact test.

†Pearson χ2 test.

6
Abraham

sen
R,etal.BM

J
Open

2017;7:e014018.doi:10.1136/bm
jopen-2016-014018

O
p
e
n
A
c
c
e
s
s

 on January 3, 2024 by guest. Protected by copyright. http://bmjopen.bmj.com/ BMJ Open: first published as 10.1136/bmjopen-2016-014018 on 22 March 2017. Downloaded from 

http://bmjopen.bmj.com/


Table 3 Adjusted* OR (ORadj) for respiratory symptoms past 12 months, current use of asthma medication and ever physician-diagnosed asthma by current occupation (ISCO-88)†

Major groups (ISCO-88 first digit)

Lower respiratory tract

Total

N

Wheezing

ORadj

Woken with

dyspnoea

ORadj

Asthma

attack

ORadj

Use of asthma

medication

ORadj

At least one

symptom

last 12 months

ORadj

Physician-

diagnosed

asthma

ORadj

1. Legislators, senior officials and managers and

professionals and armed forces (Groups 0, I and

II only)—Reference

2204 1 1 1 1 1 1

2. Technicians and associated professionals

(Group III)

3091 1.2 (1.0 to 1.3) 0.95 (0.76 to 1.2) 1.4 (1.1 to 1.9) 1.2 (0.99 to 1.5) 1.1 (0.99 to 1.3) 0.95 (0.79 to 1.1)

3. Clerks and Service workers and shop and

market sales workers (Groups IV and V)

2547 1.1 (0.95 to 1.3) 1.0 (0.82 to 1.3) 1.3 (0.95 to 1.8) 1.0 (0.82 to 1.3) 1.1 (0.93 to 1.2) 0.89 (0.74 to 1.1)

4. Skilled agriculture and fishery workers and craft

and related trade workers (Groups VI and VII)

1467 1.3 (1.1 to 1.6) 1.2 (0.91 to 1.6) 1.9 (1.2 to 2.8) 1.1 (0.83 to 1.6) 1.2 (1.0 to 1.5) 0.80 (0.62 to 1.0)

5. Plant and machine operators and assemblers

and Elementary occupations(Groups VIII and IX)

1294 1.2 (1.0 to 1.5) 1.2 (0.90 to 1.6) 1.1 (0.73 to 1.7) 1.1 (0.81 to 1.5) 1.2 (1.0 to 1.5) 0.80 (0.63 to 1.0)

Specific occupations (ISCO-88 four digits)

Legislators, senior officials, managers,

professionals and armed forces (Groups 0, I and II

only)—Reference

2204 1 1 1 1 1 1

Healthcare professionals

Health-associated professionals not classified

elsewhere (3229)

630 1.4 (1.1 to 1.7) 1.2 (0.82 to 1.8) 1.4 (0.87 to 2.4) 2.1 (1.5 to 3.1) 1.4 (1.1 to 1.7) 0.79 (0.56 to 1.1)

Nursing (3230–3232) 435 1.2 (0.86 to 1.5) 0.79 (0.49 to 1.3) 1.2 (0.68 to 2.1) 0.78 (0.48 to 1.3) 1.0 (0.77 to 1.4) 0.87 (0.60 to 1.2)

Cooks (5122) 168 1.4 (0.90 to 2.1) 1.2 (0.65 to 2.1) 1.5 (0.65 to 3.3) 1.2 (0.57 to 2.5) 1.3 (0.84 to 1.9) 0.91 (0.54 to 1.5)

Waiters, waitresses and bartenders (5123) 163 1.1 (0.75 to 1.7) 1.5 (0.84 to 2.7) 1.8 (0.89 to 3.7) 1.3 (0.67 to 2.4) 1.4 (0.93 to 2.0) 1.3 (0.81 to 2.1)

Hairdressers (5141) 81 1.5 (0.82 to 2.6) 0.96 (0.34 to 2.7) 1.8 (0.57 to 5.8) 0.94 (0.29 to 3.1) 1.5 (0.85 to 2.5) 0.82 (0.37 to 1.8)

Shops salesperson (5220) 1084 1.1 (0.86 to 1.3) 1.0 (0.73 to 1.4) 1.2 (0.77 to 1.9) 1.1 (0.81 to 1.6) 1.1 (0.87 to 1.3) 0.78 (0.60 to 1.0)

Gardeners (6113) 47 0.88 (0.37 to 2.1) 1.4 (0.42 to 4.8) 1.2 (0.16 to 9.2) 0.94 (0.20 to 4.4) 0.95 (0.43 to 2.1) 0.72 (0.24 to 2.2)

Carpenters and jointers (7124) 178 1.3 (0.87 to 2.0) 1.0 (0.52 to 2.1) 1.7 (0.60 to 4.5) 0.82 (0.35 to 1.9) 1.3 (0.84 to 1.9) 0.79 (0.43 to 1.4)

Building workers (7120–7123, 7129, 7133, 9313) 213 0.71 (0.45 to 1.1) 0.94 (0.49 to 1.8) 0.60 (0.19 to 1.9) 0.45 (0.19 to 1.1) 0.73 (0.48 to 1.1) 0.39 (0.21 to 0.73)

Electricians (7137, 7241, 7245) 203 1.5 (0.97 to 2.2) 1.4 (0.74 to 2.6) 1.5 (0.63 to 3.5) 0.89 (0.44 to 1.8) 1.3 (0.90 to 1.9) 0.69 (0.41 to 1.2)

Welders (7212) 35 1.7 (0.79 to 3.8) 5.5 (2.1 to 14) 0.60 (0.072 to 5.0) 1.3 (0.44 to 3.9) 1.9 (0.86 to 4.1) 0.66 (0.23 to 2.0)

Sheet metal workers (7213) 38 1.6 (0.73 to 3.6) 0.76 (0.15 to 3.9) 1.1 (0.14 to 9.4) 1.3 (0.39 to 4.2) 1.4 (0.63 to 2.9) 0.38 (0.091 to 1.6)

Machinery mechanics (7230–7233) 255 1.2 (0.82 to 1.7) 0.54 (0.27 to 1.1) 1.0 (0.47 to 2.4) 0.70 (0.36 to 1.3) 1.1 (0.76 to 1.5) 0.63 (0.39 to 1.0)

Motor vehicle drivers (8320–8324) 205 1.2 (0.81 to 1.7) 1.2 (0.66 to 2.0) 0.62 (0.21 to 1.8) 1.1 (0.61 to 1.9) 1.2 (0.85 to 1.7) 0.66 (0.39 to 1.1)

Cleaners (9131, 9132) 185 0.76 (0.47 to 1.2) 0.63 (0.27 to 1.4) 1.4 (0.61 to 3.2) 1.6 (0.80 to 3.1) 0.90 (0.58 to 1.4) 0.92 (0.51 to 1.6)

Agricultural labour (9211) 53 1.3 (0.58 to 2.9) 0.28 (0.038 to 2.1) 1.2 (0.28 to 5.2) 0.24 (0.032 to 1.8) 1.0 (0.45 to 2.3) 1.1 (0.46 to 2.7)

Results reaching significance, p<0.05, are marked in bold.
*Adjusted for age, gender, area of residence, smoking, passive smoking, housing conditions, damp and mould at home and nasal allergy.
†Self-reported occupation categorised by the researchers using ISCO-88.
ISCO-88, International Standard Classification of Occupations.
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Association between occupational exposure (N-JEM) and
respiratory symptoms and asthma
To further explore the relationship between occupa-
tional exposure and respiratory symptoms and diseases,
we used the N-JEM to assess the exposures (table 4).
As shown in table 4, irritating agents showed a statistic-

ally significant elevated OR for woken with dyspnoea.
When analysing specific exposure subgroup from the
N-JEM (table 4), flour exposure had the highest ORs
for respiratory symptoms in the past 12 months. Other
specific exposures with statistically significant elevated
ORs were diisocyanates, welding/soldering fumes and
vehicle/motor exhaust. Low risks were observed for
pharmaceutical product agents, epoxy chemicals, metal
working fluids and peak exposures to irritants. The
PAR for having at least one symptom during the past
12 months for the exposures flour, diisocyanates, welding/
soldering fumes and vehicle/motor exhaust was 0.8%,
1.8%, 1.1% and 2.0%, respectively.

DISCUSSION
In this population-based study, the prevalence of
physician-diagnosed asthma was 11.5%. The study identi-
fied occupations and occupational exposures associated
with respiratory symptoms in the past 12 months, use of
asthma medication and respiratory diseases by the use of
an asthma-specific JEM. The high-risk occupations asso-
ciated with several respiratory outcomes were
health-associated professionals and welders. The specific
occupational exposures that had associations with
respiratory symptoms were flour, diisocyanates, welding/
soldering fumes and vehicle/motor exhaust. The study
also identified negative associations between some
respiratory symptoms and exposures, which may indicate
the presence of healthy worker effects.
The prevalence of physician-diagnosed asthma was

higher in Telemark than in a similar study conducted in
Gothenburg in 2008 which found a prevalence of
8.3%.20 Also, the prevalence of symptoms in the past
12 months and use of asthma medication was slightly
more common in our study compared with that study.
Globally, the asthma prevalence among adults is highest
in high-income regions and varies between 1% and
21%, with estimates of ∼6–20% for different parts of
western Europe and 11% for Norway.21 While there is
no previous estimates on physician-diagnosed asthma
from Telemark County, the prevalence of wheezing in
the past 12 months was 5.9% in southeast Norway in
2013.11 In our study, a larger proportion of responders
and non-responders reported wheezing in the past
12 months, with 20.0% and 21.3%, respectively. This
finding indicates that further assessment of risk factors
for respiratory disease is needed in Telemark.
The prevalence of physician-diagnosed asthma and

respiratory symptoms in the past 12 months decreased
with increasing age and was more common among
women as compared with men (12.3% vs 10.6%,

respectively). This finding is in contrast with the
Hordaland study from west Norway where 6.1% of men
and 5.7% of women reported physician-diagnosed
asthma.6 In that study, few associations between occupa-
tional exposures assessed by the ALOHA JEM were
detected by the use of three categories of exposure, bio-
logical dust, mineral dust and gas or fumes, and further
division into non-exposed, low or high exposed within
these categories. There are some important differences
between our study and the Hordaland study. The latter
was published in 2009 but includes data collected two
decades ago. The applied JEM was not adjusted to the
geographical area, and used wide exposure categories
which may have introduced misclassification of expos-
ure. Further, the authors stated that their population
sample was likely to be representative for the whole
country, whereas our study includes an area with high
levels of industrial activity (Grenland).
In terms of smoking habits, the prevalence of

physician-diagnosed asthma did not differ between
smoking categories in our study. This is in line with the
observation in the study from west Sweden where
asthma incidence rates during the never-smoking years
were the same as during the smoking years.20 Our
results also showed that respiratory symptoms were asso-
ciated with living in an urban area and housing condi-
tions. Similar observations were reported by
Montnémery et al22 in a study from Sweden, where living
by the sea and urban living were associated with asthma.
That study also reported an association between asthma
and unskilled and semiskilled workers, although the
results were not statistically significant. We have adjusted
our results for smoking, housing condition, damp and
mould, and area of living. These variables may be con-
sidered as indicators of socioeconomic status, although
income is more commonly used. The Telemark study
does not include income data. As differences in workers’
salaries are relatively small in Norway, income may not
be well suited to describe socioeconomic differences.23

Our study identified two job categories that were asso-
ciated with different respiratory symptoms in the past
12 months and use of asthma medication: health-
associated professionals and welders. These results
support earlier findings from cross-sectional studies from
specific industries or sectors showing that working as a
healthcare professional is associated with respiratory
symptoms and asthma.24–26 Healthcare professionals
consist of several occupational groups with a variety of
potential exposures to occupational hazards that may
have asthmagenic and/or allergenic properties.
Especially, exposures to cleaning and disinfecting pro-
ducts may explain the increased risk of occupational
asthma.26 In our study, we observed that health-associated
professionals were associated with several respiratory
symptoms in the past 12 months and the use of current
asthma medication. This is in line with findings from
Lillienberg et al8 showing an increased risk for new-onset
asthma in female nurses (HR 1.5, 95% CI 0.95 to 2.1).
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Table 4 Adjusted* OR (ORadj) for respiratory symptoms past 12 months, current use of asthma medication and ever physician-diagnosed asthma by exposure generated from ISCO-88 work

codes and the use of N-JEM†

Lower respiratory tract

Exposure category

Total

number

Wheezing last

12 months

ORadj

Woken with

dyspnoea

ORadj

Asthma attack

ORadj

Use of asthma

medication

ORadj

At least one

symptom last

12 months

ORadj

Physician-

diagnosed

asthma

ORadj

Main categories

HMW agents 1022 1.1 (0.93 to 1.3) 1.0 (0.75 to 1.4) 1.2 (0.80 to 1.7) 0.98 (0.73 to 1.3) 1.1 (0.91 to 1.3) 0.90 (0.71 to 1.1)

LMW agents 584 1.2 (0.97 to 1.5) 1.2 (0.86 to 1.7) 1.1 (0.69 to 1.9) 0.94 (0.63 to 1.4) 1.2 (0.94 to 1.5) 0.99 (0.73 to 1.3)

Irritating agents 2543 1.0 (0.91 to 1.2) 1.2 (1.0 to 1.5) 1.2 (0.92 to 1.6) 1.2 (0.95 to 1.5) 1.1 (0.97 to 1.3) 1.0 (0.86 to 1.2)

Peak exposure to irritants 239 1.0 (0.70 to 1.5) 1.2 (0.77 to 2.0) 0.82 (0.37 to 1.8) 0.82 (0.46 to 1.5) 0.90 (0.64 to 1.3) 0.71 (0.43 to 1.2)

Uncertain or low exposure 759 1.1 (0.85 to 1.3) 0.86 (0.59 to 1.2) 0.93 (0.56 to 1.6) 0.86 (0.59 to 1.3) 1.0 (0.81 to 1.2) 0.96 (0.72 to 1.3)

Reference group/unexposed‡ 5597 1 1 1 1 1 1

Detailed categories

Animal-derived agents 165 0.97 (0.58 to 1.6) 0.94 (0.41 to 2.2) 1.1 (0.43 to 2.9) 0.61 (0.21 to 1.8) 0.91 (0.55 to 1.5) 1.1 (0.61 to 2.0)

Flour 33 3.2 (1.4 to 7.3) 3.5 (1.3 to 9.5) 2.6 (0.47 to 15) 3.3 (1.1 to 10) 3.4 (1.6 to 7.6) 1.6 (0.53 to 4.7)

Mixed agricultural work (not animal) 113 1.1 (0.68 to 1.8) 1.2 (0.52 to 2.7) 1.6 (0.45 to 5.4) 1.1 (0.45 to 2.6) 1.1 (0.65 to 1.7) 1.1 (0.53 to 2.1)

Moulds and other bioaerosols 141 1.1 (0.65 to 2.0) 1.2 (0.53 to 2.8) 0.46 (0.12 to 1.8) 1.0 (0.32 to 3.3) 1.2 (0.68 to 2.0) 0.49 (0.24 to 1.0)

Latex proteins 639 1.2 (0.89 to 1.7) 1.3 (0.79 to 2.1) 1.9 (0.97 to 3.6) 1.6 (0.89 to 2.7) 1.3 (0.97 to 1.8) 1.1 (0.72 to 1.7)

Pharmaceutical product agents 474 0.87 (0.60 to 1.3) 0.60 (0.33 to 1.1) 0.54 (0.25 to 1.2) 0.44 (0.22 to 0.89) 0.74 (0.51 to 1.1) 0.83 (0.50 to 1.4)

Acrylates 219 1.1 (0.72 to 1.7) 1.8 (1.0 to 3.4) 1.2 (0.47 to 3.1) 1.1 (0.56 to 2.2) 0.92 (0.63 to 1.4) 1.0 (0.61 to 1.8)

Epoxy chemicals 187 0.63 (0.31 to 1.3) 0.11 (0.034 to 0.35) 0.15 (0.024 to 0.93) 0.55 (0.13 to 2.4) 0.54 (0.27 to 1.1) 0.89 (0.30 to 2.7)

Diisocyanates 268 1.5 (0.90 to 2.6) 2.9 (1.5 to 5.7) 3.5 (0.91 to 13) 1.5 (0.50 to 4.5) 1.7 (1.0 to 2.9) 1.4 (0.59 to 3.4)

Other reactive agents 195 1.2 (0.83 to 1.8) 0.93 (0.48 to 1.8) 1.2 (0.57 to 2.6) 0.73 (0.36 to 1.5) 1.1 (0.77 to 1.6) 0.69 (0.39 to 1.2)

Cleaning agents 223 0.91 (0.60 to 1.4) 1.1 (0.61 to 2.0) 1.2 (0.56 to 2.6) 1.3 (0.73 to 2.3) 1.0 (0.71 to 1.5) 0.96 (0.58 to 1.6)

Wood and paper dust 288 1.0 (0.73 to 1.5) 0.95 (0.56 to 1.6) 1.8 (0.84 to 4.0) 1.2 (0.68 to 2.3) 1.1 (0.77 to 1.5) 1.3 (0.81 to 2.0)

Inorganic dust and fumes 789 1.0 (0.78 to 1.3) 1.3 (0.90 to 2.0) 1.0 (0.54 to 1.9) 0.84 (0.53 to 1.3) 1.0 (0.82 to 1.3) 0.77 (0.54 to 1.1)

Welding and soldering fumes

and other metal dust

134 1.6 (0.88 to 3.0) 3.2 (1.6 to 6.4) 0.90 (0.24 to 3.4) 1.2 (0.51 to 3.0) 1.8 (1.0 to 3.2) 1.6 (0.73 to 3.4)

Metal working fluids 191 0.83 (0.52 to 1.3) 0.36 (0.16 to 0.84) 1.4 (0.56 to 3.4) 0.81 (0.38 to 1.7) 0.72 (0.46 to 1.1) 0.72 (0.38 to 1.4)

Vehicle/motor exhaust 1124 1.1 (0.95 to 1.4) 1.4 (1.0 to 1.8) 1.3 (0.88 to 1.9) 1.4 (1.0 to 1.8) 1.2 (1.0 to 1.4) 1.2 (0.93 to 1.5)

Environmental tobacco smoke 210 0.92 (0.63 to 1.4) 1.5 (0.92 to 2.6) 1.4 (0.68 to 2.8) 0.72 (0.37 to 1.4) 1.1 (0.75 to 1.5) 1.7 (1.1 to 2.6)

Peak exposure to irritants 239 0.76 (0.44 to 1.3) 0.47 (0.23 to 0.95) 0.57 (0.19 to 1.7) 0.69 (0.31 to 1.5) 0.61 (0.37 to 1.0) 0.45 (0.24 to 0.84)

Uncertain or low exposure 759 1.1 (0.85 to 1.3) 0.85 (0.59 to 1.2) 0.96 (0.58 to 1.6) 0.85 (0.58 to 1.2) 0.99 (0.81 to 1.2) 0.97 (0.73 to 1.3)

Reference group/unexposed† 5597 1 1 1 1 1 1

Results reaching significance, p<0.05, are marked in bold.
*Adjusted for age, gender, area of residence, smoking, passive smoking, housing conditions, damp and mould at home and nasal allergy.
†Exposure was assessed by using N-JEM on the self-reported occupations categorised by the researchers using ISCO-88.
‡The reference group are those with current occupations classified as unexposed only by N-JEM.
HMW, high molecular weight; ISCO-88, International Standard Classification of Occupations; LMW, low molecular weight; N-JEM, job-exposure matrix ( JEM) developed for the northern
European countries.
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Similar findings were seen in the ECRHS II cohort where
elevated relative risks of asthma (RR 2.2, 95% CI 1.0 to
4.5) were observed among nurses who reported using
ammonia and/or bleach cleaning products more than
once per week.24 In Norway, one might speculate that
this group of healthcare workers including nursing assis-
tants are more exposed to asthmagenic and/or irritating
agents as they perform more activities related to cleaning
and use of disinfectants compared with other healthcare
workers, and also work more frequently in private homes
where exposure to passive smoking may occur. Latex pro-
teins were not identified as a risk factor by the use of
N-JEM in our study. One reason may be that there has
been considerable focus on the allergic properties of
these proteins, leading to the use of alternatives.
Our findings also showed positive associations for

respiratory symptoms and exposure to welding/soldering
fumes, and for woken with dyspnoea and the occupa-
tional group welders. Welders are exposed to a variety of
agents like LMW agents (metals), irritating gases/fumes
and potentially high irritant peaks. These exposures
have previously been associated with an increased risk of
asthma.8 27 28 A longitudinal study of Norwegian smel-
ters also showed that low to moderate levels of dust
exposure were associated with increased incidence of
work-related asthma-like symptoms.29 However, as the CI
for this finding was wide, this result must be interpreted
with caution.
As shown in table 4, the study also identified negative

associations between respiratory symptoms and expo-
sures. For instance, a negative association was identified
between physician-diagnosed asthma (OR 0.45, CI 0.24
to 0.84) and woken with dyspnoea (OR 0.47, CI 0.23 to
0.95) in regard to peak exposure to irritants. Some nega-
tive associations may be explained by residual confound-
ing from socioeconomic status as it has been shown that
airflow limitation may be related to education or
income.30 Such effects must be considered when inter-
preting these results. Time-dependent analyses of the
onset of symptoms and asthma in regard to occupational
exposures will be considered in future data analyses.
The PAR for having at least one symptom during the

past 12 months attributable to workplace factors was
between 1% and 2%, whereas the PAR for asthma
attacks was 11% for the main occupational groups 2 and
4. A similar study from Sweden reported that proportion
of asthma attributable to exposure groups varied from
3% to 14%.8 As that study assessed only new-onset
asthma, the results are difficult to compare.
Occupational exposures were assessed by the use of a

JEM. The occupational exposures associated with an
increased risk of respiratory symptoms in the past
12 months were flour, diisocyanates, welding/soldering
fumes and vehicle/motor exhaust. Among these expo-
sures, flour exposure had the highest risk of respiratory
symptoms. Flour is a well-known asthmagen.31 32

Exposure to vehicle/motor exhaust was also associated
with self-reported respiratory symptoms. Vehicle/motor

exhaust is a complex mixture of different agent(s)/parti-
cles and therefore it is difficult to identify specific causal
agents. Dumas et al27 showed that exposure to combus-
tion particles/fumes was associated with physician-
diagnosed asthma with an OR of 2.04 (95% CI 1.55 to
2.68). In addition, Henneberger et al33 showed an associ-
ation between severe exacerbation of asthma and expos-
ure to combustion particles/fumes. Other studies have
also shown associations between occupational exposures
to diisocyanates and respiratory health outcomes that
are consistent with our study findings.9 34 The positive
association between respiratory symptoms and exposure
to welding/soldering fumes in the N-JEM supported the
findings regarding this exposure from the ISCO-88 data.
The N-JEM findings confirm that certain occupational
groups are still at high risk of being exposed to respira-
tory hazards in the workplace and that information
regarding specific exposure is crucial to achieve targeted
prevention of respiratory symptoms and diseases.
The low response rate of the Telemark study may be

considered as an important limitation. To address non-
participation, adjustments by inverse probability weighting
were made to account for non-response bias. In a separ-
ate study in 2016,19 we reported demographics character-
istics, respiratory symptoms and use of asthma medication
for the non-responders and identified possible selection
bias. A total of 260 out of 700 randomly selected non-
responders (37%) participated. No statistically significant
differences were detected for asthma and several respira-
tory symptoms between those that responded to the
Telemark study and those that did not. However, we
adjusted the prevalence estimates for chronic cough and
current use of asthma medication as these were over-
represented among the responders. Even though inverse
probability of non-response weighting aims to adjust for
non-response, results may still not be representative of the
initial population. All the statistical analyses in this study
were performed with and without weighted data sets to
evaluate how adjusting for non-response affected the
study results. We observed that the weights had little
impact on the study outcomes. Regarding the external
validity of the study, it may be argued that Telemark
County includes an industrialised region (Grenland) and
thus our results are not generalisable to the whole
country. However, this would mainly affect the preva-
lences and to a lesser extent the associations between
exposure and outcomes. Also, the similarity of some
current findings to reports from other countries suggests
our findings are relevant beyond Norway.
Another limitation may be that some of the occupa-

tional groups were small. In population-based studies,
this will often be the case and implicates that effects
have to be large to be detected. Thus, respiratory effects
from some exposures and for some occupations may
have been underestimated. On the other hand, the
grouping of occupations by exposures may increase the
study power to detect associations with respiratory out-
comes. Further, JEM-derived data are considered to be
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less susceptible to recall bias leading to non-random mis-
classification of exposure than self-report because a JEM
uses occupation and not exposures/measurements. We
used an asthma-specific JEM that probably will identify
well-known exposures associated with respiratory out-
comes, but less likely to identify associations that are
not well documented. Another limitation may be that
the ISCO-88 classification is based on education and not
on individual exposure information or measurements,
which may lead to misclassification of exposure and
underestimation of effects. Further studies should be
performed to confirm these results including also expos-
ure from previous jobs as our study addressed only
current occupation.
Using a sample from the general population may

reduce the probability of healthy worker effect. However,
in cross-sectional analyses, selection out of the work
force may occur. Negative associations between the
occupational groups 4 and 5 (table 3) and physician-
diagnosed asthma may indicate this type of selection
bias. However, our analyses of non-responders showed
that their use of asthma medication was somewhat lower
than among study participants, indicating that more
severe asthmatics attended the study. The inclusion of
subjects from the age of 16 may also to some extent
have reduced the probability of selection bias in this
cross-sectional analysis as some adolescents start their
working life without further education or as apprentices.
Apprentices may experience respiratory symptoms or
develop occupational asthma leading to early selection
out of certain jobs. Such effects may be difficult to
capture in cross-sectional analyses which do not include
this age group. However, the drawback is that many of
these subjects do not have an occupational history result-
ing in a larger proportion of missing data.
Efforts were made to reduce the likelihood of selec-

tion, confounding and information bias as explained
above. Also, the sample size was considered to ensure
adequate statistical power for the reported associations.
Thus, it can be argued that multiple testing procedures
should not necessarily be used.35 Nevertheless, further
studies should be performed to confirm our results
regarding the impact of occupational exposure for spe-
cific jobs and exposures. As in most cross-sectional
studies based on questionnaire data, we cannot exclude
the presence of common method bias, but using current
occupation instead of self-reported exposure may have
reduced the possibility.
In conclusion, the prevalence of physician-diagnosed

asthma was 11.5% in this sample from the general popu-
lation. Analysis of risk factors contribute to the evidence
that occupational exposure to flour, diisocyanates,
welding/soldering fumes and vehicle/motor exhaust is
associated with respiratory symptoms in the past
12 months and use of asthma medication. Selection bias
may have been present although inverse probability of
non-participation weighting was performed to counter
this bias. Until prospective data are available, we

recommend reduction of occupational exposures and
early identification of workers with respiratory symptoms
should remain an important priority.
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