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Adult-onset asthma and occupational exposures
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Objectives This study examined certain occupational exposures and the risk for adult-onset asthma.

Methods A nested case-referent study of adult-onset asthma was performed on a random population sample
(N=15 813), aged 21 to 51 years. Cases for the study included 2 groups: subjects reporting “physician-diagnosed”
asthma (N=251) and a broader “asthma” group (N=362). The “asthma” group consisted of subjects with “physi-
cian-diagnosed” asthma (N=251) and subjects reporting asthma-like symptoms without having “physician-diag-
nosed” asthma (N=111). The referents (N=2044) were randomly selected from the whole population sample. The
case-referent sample was investigated with a comprehensive questionnaire about occupational exposures, asthma,
respiratory symptoms, smoking, and atopy. Odds ratios were calculated with stratification for gender, year of
diagnosis, and birth year.

Results The highest odds ratio for “physician-diagnosed” asthma was associated with exposure to flour dust [odds
ratio (OR) 2.8, 95% confidence interval (95% CI) 1.5—5.2] and the occupational handling of resin-based paints
(isocyanates) (OR 3.0, 95% CI 1.6—5.9). Exposure to welding fumes, textile dust, and work with glues containing
acrylates was also associated with an increased odds ratio for “physician-diagnosed” asthma. Including persons
with asthma-like symptoms (ie, the asthma group) showed similar results.

Conclusion This population-based case-referent study from Sweden indicates that occupational exposure to

acrylate-based compounds and welding fumes is associated with increased risk for adult-onset asthma.

Key terms asthma, epidemiologic, occupational, questionnaires, retrospective.

Many occupational exposures can cause asthma. Expo-
sure to reactive synthetic chemicals, such as isocyanates,
or biological agents is associated with risk for occupa-
tional asthma. Our knowledge about such risk in the gen-
eral population is, however, limited. Most studies are
case reports, register-based case series, or investigations
of certain occupational cohorts with predefined exposure.
The design of choice in investigating the population risk
is a population-based study. We are aware of a few such
studies (1—4), one of which was designed as a retrospec-
tive case-referent study (1). Besides, we have found 2
hospital-based case-referent studies (5, 6) and 2 case-ref-
erent studies among members in health maintenance or-
ganizations in the United States (7, §).

One major problem in population-based studies is the
assessment of exposure. Many types of exposures are
scattered across different occupations, and job titles
are poor indicators of occupational exposure. A more
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sensitive method is to ask the subjects whether they have
been exposed to particular substances and then use their
responses as the variables for analysis (9).

Using a short respiratory questionnaire (10), we in-
vestigated a random population sample (N=15 813) aged
20 to 50 years. The subjects were asked whether they had
“physician-diagnosed” asthma and whether they had
asthma-like symptoms, that is, attacks of wheezing and
breathlessness with symptom-free intervals in between.
In this paper, we analyzed risks for asthma and asthma-
like symptoms in relation to certain occupational expo-
sures using a nested case-referent study.

Subjects and methods

The study was based on a cross-sectional population sam-
ple. Briefly, 20 000 subjects aged 20 to 50 years were
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asked to complete a short respiratory questionnaire, and,
after 2 reminders, it was answered by 15 813 subjects
(10). The study was performed in the most industrialized
county in Sweden, with a predominance of traditional
industry, such as textile industries, pulp and paper mills,
saw mills, car manufacturing and smelteries.

In the questionnaire, the subjects were asked “Have
you been diagnosed by a physician as having asthma?”,
followed by the question, “If “Yes’, how old were you
then?” (11). The subjects were also asked about asthma-
like symptoms: “Have you ever had attacks of wheezing
of the chest?” and “Have you — at any time — suffered
from attacks of shortness of breath?” Both of these ques-
tions were followed by “If “Yes’, how old were you when
you noticed it for the first time?” These questions were
followed by: “If ‘Yes’ to these 2 questions, is your
breathing normal between attacks?” A subject was re-
garded as having asthma-like symptoms if he responded
“yes” to these 3 questions about wheezing, shortness of
breath, and normal breathing between attacks.

In the second phase of the study, 1 year later, we per-
formed a nested case-referent study. Subjects with “phy-
sician-diagnosed” asthma from 16 years of age (N=374)
on were used as cases, along with subjects with asthma-
like symptoms first noticed from 16 years of age with-
out reporting “physician-diagnosed” asthma (N=148).
The referents (N=2400) consisted of a random subsam-
ple from the original large population sample. All the
subjects (N=2922) were then asked to complete a com-
prehensive postal questionnaire with detailed questions
about their occupations and certain occupational expo-
sures, as well as some of the questions from the screen-
ing questionnaire about “physician-diagnosed” asthma
and asthma-like symptoms, cough with phlegm, and
smoking habits. After 4 reminders, the questionnaire was
answered by 440 cases (84%) and 2044 referents (85%).
All the questionnaires were checked upon arrival, and,
when incomplete answers were given, the respondents
were phoned and asked to give complete answers.

Hence, the subjects were asked twice, both in the
screening questionnaire and in the current case-referent
questionnaire, if they had “physician-diagnosed” asthma
or asthma-like symptoms. In the subsequent analyses, we
used 2 running definitions of asthma as follows:

1. “Physician-diagnosed” asthma was defined as a
positive response to the question about “physician-diag-
nosed” asthma in both the screening and the case-refer-
ent questionnaire, combined with a report of a year of
diagnosis after 15 years of age.

2. Asthma was defined as a positive answer to both
items about wheezing and shortness of breath, combined
with a statement of normal breathing between attacks
(asthma-like symptoms) and a reported starting date for
the symptoms after 15 years of age or a positive response
to “physician-diagnosed” asthma. Also in this group, a
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positive response to both the screening and the case-ref-
erent questionnaire was required.

In accordance with these definitions, the study includ-
ed 362 cases with asthma, 251 of which were defined as
“physician-diagnosed” asthma. The selection of the cas-
es and referents is shown in figure 1.

Atopy was defined as a positive response to the ques-
tion “Did you suffer from any kind of allergy when you
were a child, for instance, atopic dermatitis, asthma or
allergic rhinitis?”

The occupational exposure classification of the sub-
jects was based on their self-reports. The questions about
occupational exposures were worded as follows: “In your
work, have you been exposed to ... 7”7 “If ‘yes’, between
which years . . .?” Such, questions were asked about 28
types of occupational exposures (table 1).

The types of exposures asked about were selected
for a variety of reasons. First, we tested the a priori
hypothesis that there is an increased risk for adult-onset

Study base: population of
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20650 years, approximately
200 000 persons

!
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Figure 1. Flow chart showing the selection of cases and referents for
the study.
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asthma after exposure to certain low-molecular-weight
agents by asking about exposure to rapid glues, welding
fumes, and paint hardeners (isocyanates). Second, we
tested the hypothesis that exposure to dust, both organic
and inorganic, fumes, and irritants may increase the risk
for asthma. Third, we asked about flour dust, a well-
known occupational sensitizer, as a “positive control”.

Table 1. Wording of questions regarding self-assessed occupa-
tional exposures. All the questions were followed by “If ‘yes’, be-
tween which years?” The prevalence of positive answers among
the controls (N=2044) is given.

Wording Prevalence (%)
Men Women

Have you been exposed to
welding fumes? 33.9 2.3
mineral dust? 18.2 1.0
man-made mineral fibers? 19.9 1.2
ashestos? 18.8 0.8
grain dust? 8.4 35
flour dust? 6.4 3.9
wood dust? 20.5 2.6
paper dust? 10.8 1.1
textile dust? 11.4 18.3
cotton dust? 2.2 1.0
suffur dioxide? 3.8 0.6
chlorine? 3.1 0.7
strong acids? 10.8 3.5
formaldehyde? 6.8 4.3
fire fumes? 6.0 0.8
engine exhausts? 24.8 4.7

Have you worked with
soldering? 18.5 2.2
tanning? 1.7 0.5
rubber chemicals? 5.3 0.9
grinding? 28.9 2.5
reactive dyes? 2.0 0.3

rapid glues (Loctite®,

There were more smokers and atopics among the cas-
es than among the referents. A more-detailed description
of the study population is presented in table 2.

Statistical analyses

The cases and referents were divided into the following
3 classes according to their birth year: 1943—1952,
19531962, 1963—1972. The cases were diagnosed in
the years 1958 to 1993, and they were further divided
into 3 classes according to their year of diagnosis as fol-
lows: 1958—1970 (5%}, 1971—1982 (16%), and 1983—
1993 (79%). The percentage diagnosed in each interval
is shown in parentheses.

As we were interested only in the exposures before
the onset of asthma, taken as the year of diagnosis, we
also had to define an anchor point in time for each refer-
ent. Therefore, in each birth-year class, the referents were
randomly allocated into a diagnosis-year class. The
number of referents allocated into each diagnosis-year
class was weighted by the number of actual cases. Each
referent was then assigned the midyear in its diagnosis-
year class as its anchor year.

To be classified as exposed, the subjects had to re-
port exposure the year of diagnosis or the previous year.
As the subjects answered questions about 28 different
types of exposures, many subjects reported more than 1
type of exposure during the crucial 2 years associated
with the asthma diagnosis.

Table 3. Odds ratio (OR) for asthma and “physician-diagnosed”
asthma according to occupational exposure. The odds ratios have
been determined according to Mantel-Haenszel, stratified for gen-
der, year of diagnosis, and birth-year. The exposure categories

;g?r:‘toﬁg%‘;ﬁ%ﬁ;}{sgg;‘fﬁgg: 12-8 (2)2 are not mutually exclusive. (95% Gl = confidence interval,
polyuretan foam? ' 68 02 N=number of exposed cases)
e o
cutting oils/fluids? 15.7 0.8 Exposure Asthma Physician-
Have you worked as a diagnosed
cleaner? 6.1 23.3 asthma
textile dyer? 1.8 0.3
hairdresser? - 1.5 N OR 95%ClI N OR 95%Cl
Weldinlg fumes 39 15 1.0—23 28 16 1.1—26
Table 2. Description of the study population. The cases were the Soldering 1309 0517 10 1.0 0520
. . . : ; . Grinding 31 14 09—21 21 14 09—24
subjects with asthma (ie, the combined group of subjects with Mineral dust 23 16 1026 11 11 0.6—21
physician-diagnosed asthma and subjects with asthma-like Man-made mineral fibers 10 06 03—12 6 06 02—13
symptoms without “physician-diagnosed” asthma). Atopy was Asbestos 17 15 0.8—2.6 10 1.4 07—28
defined as a positive response to the question “Did you suffer Grain dust 12 13 07—25 10 1.7 0.8—3.3
from any kind of allergy when you were a child, for instance, at- Flour dust 15 22 12—39 13 2.8 1552
opic dermatitis, asthma or allergic rhinitis?” Wood dust 17 1.0 0.6—17 11 09 05—18
Paper dust 31 15 1.0—23 20 1.4 0.8-—23
Men Women Textile dust 36 15 1.0—23 25 15 0.9—24
Strong acids 10 1.2 06—24 8 14 06—29
Cases  Referents Cases Referents Formaldehyde 11 1.0 05—20 8 1.1 05—23
N=151 N=991 N=211 N=1053 Fire fumes 6 16 06—39 5 20 0854
Engine exhaust 33 14 09—20 17 1.0 0.6—17
Age (years) 39.9 37.0 40.0 36.8 Ra_pid glues (Loctjte®) 21 1.7 11—29 15 1.8 1.0-3.2
Never smokers (%) 378 52.0 34.6 48.3 Paint hardeners (isocyanates) 14 2.3 1.2—4.3 12 3.0 1.6—59
Ex-smokers (%) 39.0 97.6 33.6 248 Polyursthane foam 5 15 05—4.0 5 21 0.8—54
: ' ‘ ) Cutting fluids 13 1.1 06—21 9 1.2 0.6—25
Current smokers (%) ~ 23.2 204 31.8 20.6 Work as a cleaner 28 13 08—21 18 1.4 08—24
Atopy (%) 34.4 16.7 31.8 20.6 Ammonia 14 12 06—21 9 1.0 05-23
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The material was stratified for gender, age class, and
birth-year class, and odds ratios (OR) were calculated
according to Mantel-Haenszel. Only exposure categories
with 5 or more exposed cases were considered in the fi-
nal analysis. If the number of exposed cases exceeded
20, stratification for smoking habits (never smoker; ever
smoker) and atopy was added. In addition, among occu-
pations or exposures with more than 20 exposed cases,
the odds ratio for the subjects who were exposed for more
than 5 years was analyzed. Confidence intervals (95%)
were calculated with the test-based method (12).

Logistic regression analysis was used to adjust for
exposure interaction. For the analyses the Statistical
Analysis System (SAS) statistical package (version 6.11)
was used, and odds ratios with 95% confidence intervals
(95% CI) were estimated (11). In the analyses, combined
groups of exposures were introduced in the regression
models, adjusted for gender, smoking (never smoker;ever
smoker), and atopy.

Results

The odds ratios for the exposure categories, with gen-
ders merged, for asthma and physician-diagnosed asth-
ma are shown in table 3. With stratification for atopy and
smoking, the odds ratios for asthma changed only mar-
ginally, as compared with the odds ratios after stratifica-
tion for gender, year of diagnosis, and birth year (table
4).

Table 5 shows the odds ratios for asthma among the
men and women separately. For the men, increased odds
ratios were associated with work with rapid glues (Loc-
tite®, Omnifit®, cyanoacrylates) and resin-based paints.
For the women, increased odds ratios were associated
with exposure to textile dust, flour dust, and engine ex-
haust.

The odds ratios for asthma did not differ when the
analyses were restricted to exposures with a duration of
5 years or more. The odds ratio for asthma and welding
fume was 1.8 (95% CI 1.1—2.8), for asthma and paper
dust exposure it was 1.4 (95% CI10.8—2.3), and for asth-
ma and rapid glues it was 1.9 (95% CI 0.9—3.8).

In the logistic regression models controlling for gen-
der, smoking, and atopy (table 6) increased odds ratios
for “physician-diagnosed” asthma was associated with
exposure to welding fumes (OR 1.8, 95% CI 1.0—3.2),
flour dust (OR 2.8, 95% CI 1.1—6.9), textile dust (OR
1.5, 95% CI 1.0—2.3), and work with resin-based paints
(OR 2.9,95% CI 1.4—6.1).

In the questionnaires, information was requested
about occupational career. The occupational titles in the
year of asthma onset for the 21 asthma cases reporting
work with rapid glues were machinery fitter (N=6), con-
struction worker (N=3), welder (N=2), metal worker
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Table 4. Odds ratio (OR) for asthma according to occupational
exposure. The odds ratios have been determined according to
Mantel-Haenszel, stratified for gender, atopy, smoking, year of
diagnosis, and birth. Only exposures with more than 20 exposed
cases have been considered. (95% Cl = 95% confidence interval)

Exposure OR 95% Cl
Welding fumes 1.5 1.0—2.2
Mineral dust 1.5 0.9—2.4
Grinding 1.6 1.0—2.4
Paper dust 1.5 0.9—23
Textile dust 1.6 1.1—23
Engine exhaust 1.3 0.9—2.0
Rapid glues (Loctite®) 1.8 1.1—-3.0
Work as a cleaner 1.2 0.8—2.1

Tahle 5. Odds ratio (OR) for asthma among the men and women
according to occupational exposure. The odds ratios (Mantel-
Haenszel) have been stratified for year of diagnosis and birth year.
Only exposures with 5 exposed cases or more for each gender
have been considered in the analyses. (95% Cl = 95% confidence
interval)

Exposure or occupation Men Women

OR 95% Cl OR 95% Cl
Welding fumes 1.4 0.9—2.2 -
Soldering 0.7 0.4—15 -
Grinding 1.5 0.9—2.3 -
Cutting fluids 1.2 0.6—2.2 -
Mineral dust 1.3 0.8—2.3 -
Man-made mineral fibers 0.6 0.3—1.2 -
Ashestos 1.5 0.8—2.7
Grain dust 1.1 05—25 - .
Flour dust 1.9 0.9—4.3 25  1.0-5.9
Wood dust 0.9 05—17 - .
Paper dust 1.4 0.7—2.8 16 0927
Textile dust 1.0 0.5—2.3 18 1.1—-238
Strong acids 0.9 0.4—2.3 - .
Ammonia 0.8 0.4—2.0 1.7  0.8—39
Formaldehyde 0.9 04—25 11 05—27
Fire fume 1.3 0.5—3.5 - .
Engine exhaust 1.1 0.7—1.8 28 1.3—6.2
Rapid glues (Loctite®) 1.8 1.1—3.2 - .
Paint hardeners (isocyanates) 2.1 11—4.2 - .
Cleaning work - . 1.3 0.7—21

(N=2), painter (N=2), and various titles (N=6). The oc-
cupational titles for the 39 asthma cases reporting expo-
sure to welding fumes were welder (N=7), machinery fit-
ter (N=6), metal worker (N=6), construction worker
(N=4), electrician (N=3), farmer (N=2), plumber (N=2),
truck operator (N=2) and various titles (N=6).

Discussion

The most consistent findings in this study were the in-
creased risks for adult-onset asthma among subjects
with occupational exposure to flour dust and among those
who occupationally handle resin-based paints. Further-
more, the study indicated an increased asthma risk in as-
sociation with exposure to welding fumes and textile
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Tahle 6. Odds ratio (OR) for physician-diagnosed asthma accord-
ing to occupational exposure. The odds ratios have been deter-
mined according to multiple logistic regression models (A-D)
adjusted for gender, smoking, and atopy. (95% Cl = 95% confi-
dence interval)

Exposure OR 95% Gl
Model A
Welding fumes 1.8 1.0—-3.2
Soldering 0.7 0.3—15
Grinding 1.1 0.6—2.3
Model B
Welding fumes 1.6 0.9—2.9
Soldering 0.6 0.1—5.7
Grinding 1.1 0.9—14
Fire fumes 1.6 0.4—6.9
Rapid glues (Loctite®) 14 0.7—2.7
Model C
Mineral dust 1.3 0.6
Man-made mineral fibers 0.4 0.1—141
Asbestos 1.8 0.9—3.8
Model D
Strong acids 1.2 0.4—3.3
Formaldehyde 1.0
Fire fumes 1.7 0.6—4.9
Engine exhaust 0.8 04—16
Rapid glues (Loctite®) 1.4 0.8—2.6
Paint hardeners (isocyanates) 2.9 1.4—6.1
Polyurethane foam 1.4 0.5—3.8
Cutting fluids 0.8 0.3—2.0
Cleaning work 1.2 0.7—1.9
Ammonia 0.9 0.5—1.6

dust, and with the occupational handling of rapid glues
(Loctite®, Omnifit®, cyanoacrylates).

We worked with 2 operational definitions of asthma:
“physician-diagnosed” asthma and “asthma”. The defi-
nition of “physician-diagnosed” asthma has been shown
to be rather specific but less sensitive; in other words,
there is probably a loss of milder cases of asthma (11).
To some extent, we have tried to compensate for this lack
in the expanded group, the asthma group, which includ-
ed subjects with asthma-like symptoms that had not been
diagnosed as asthma in addition to the subjects in the first
category who had already been diagnosed with asthma.
The combination of question we used to define asthma-
like symptoms was obtained from an Australian study
(13). The operational definition of asthma used in our
study is probably less specific than the definition of “phy-
sician-diagnosed” asthma. This difference is probably the
reason for the lower risk estimates for asthma than for
“physician-diagnosed” asthma. Even a small decrease in
specificity results in lower risk estimates (14).

The exposure assessment was based on the self-re-
porting of certain types of exposures. The types of expo-
sures we listed were chosen because of a priori hypothe-
ses of an increased risk for asthma. The wording of the
questions was as specific as possible, and we avoided
general classes of substances such as solvents or dusts.
This design probably increased the specificity and de-
creased the sensitivity of our exposure variables (9, 15).
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However, a high specificity is preferable when relative
risks are calculated in epidemiologic studies.

In order to decrease the misclassification of the ex-
posure assessment, we asked about the time period for
the exposures and only considered exposures in our anal-
yses that occurred before the reported onset of disease.
We also restricted the analyses to cases of asthma occur-
ring a maximum of 1 year after the exposure ceased.

Several selection biases may exist in this study, the
most likely of which is the self-selection process. How-
ever, by using a population-based study, we were able to
catch workers who leave exposure after developing
symptoms. Case-referent studies based on questionnaires
are sensitive to “recall bias”. In this study a similar frac-
tion of cases and referents returned their questionnaires.
However, subjects with asthma may be more prone to
report their exposures, especially if the exposure has been
discussed in association with asthma.

Atopy was more common among the cases, but, when
atopy was stratified for, the association between occu-
pational exposure and asthma did not change. A similar
finding has been presented by others (2). Atopy is a risk
factor for asthma due to exposure to high-molecular-
weight agents, such as flour or enzymes. However, most
of the exposures examined in this study were indicators
for low-molecular-weight agents or irritants, which most-
1y do not interact with atopy.

Exposure to flour dust was associated with a high risk
for asthma, an exposure that is a well-known risk factor
for asthma (16). This question was also included as a
“positive control”. Thus the method has the sensitivity
to detect occupational asthma. Occupations in which
workers are likely to be exposed to resin-based paints
include painting, spray painting, and working with plas-
tic, and a recent study also showed an increased risk for
asthma among these occupations (2). The chemical com-
pounds of interest in the paints used by these workers
are probably different types of isocyanates, substances
that are well-known inducers of occupational asthma
an.

Rapid glues are used in both industry and health care.
Most of them are based on acrylates, cyanoacrylates, and
methylmetacrylates. Case reports about asthma among
workers exposed to cyanoacrylates were first published
in the mid-1980s (18—19), followed by a number of sim-
ilar case reports. However, we are not aware of any epi-
demiologic study addressing this problem. The results
from our study support then the existence of a relation
between exposure to cyanoacrylates and adult-onset asth-
ma, although the mechanism is not known.

Exposure to welding fumes implies exposure to res-
piratory irritants. If stainless steel is welded, exposure to
hexavalent chromium is also implied, and, if the steel is
painted, exposure to combustion products from burnt
paint is also implied. Hence, welders can be exposed to



a wide variety of irritants and sensitizers. This study
shows a relation between exposure to welding fumes and
asthma, but we cannot pinpoint the causative exposure.
Asthma has been described after welding on stainless
steel (20—23), and a slightly increased risk for asthma
has been seen in 2 epidemiologic studies (24—25). How-
ever, in a review in 1991 the evidence was not regarded
as strong enough to support a causal relation between
plain steel welding and asthma-onset (26).

An increased risk for asthma among textile workers
has been described in previous studies (1, 27), but an as-
sociation is not generally accepted. Exposure to textile
dyes has been associated with asthma (28), but textile
fabric workers are also probably exposed to dust from
crude cotton. Hence some misclassification between asth-
ma and byssinosis may exist.

In conclusion, this population-based case-referent
study from Sweden indicates that occupational exposure
to acrylate-based compounds and welding fumes is as-
sociated with an increased risk for adult-onset asthma.
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