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8 Respiratory epidemiology

Association of respiratory symptoms
with body mass index and occupational
exposure comparing sexes and subjects
with and without asthma: follow-up of a
Norwegian population study (the

Telemark study)

Geir Klepaker

ABSTRACT

Background Occupational exposure and increased

body mass index (BMI) are associated with respiratory
symptoms. This study investigated whether the association
of a respiratory burden score with changes in BMI as well
as changes in occupational exposure to vapours, gas, dust
and fumes (VGDF) varied in subjects with and without
asthma and in both sexes over a 5-year period.

Methods In a 5-year follow-up of a population-based
study, 6350 subjects completed a postal questionnaire
in 2013 and 2018. A respiratory burden score based
on self-reported respiratory symptoms, BMI and
frequency of occupational exposure to VGDF were
calculated at both times. The association between
change in respiratory burden score and change in

BMI or VGDF exposure was assessed using stratified
regression models.

Results Changes in respiratory burden score and

BMI were associated with a 3-coefficient of 0.05
(95% CI 0.04 to 0.07). This association did not

vary significantly by sex, with 0.05 (0.03 to 0.07)

for women and 0.06 (0.04 to 0.09) for men. The
association was stronger among those with asthma
(0.12; 0.06 to 0.18) compared with those without
asthma (0.05; 0.03 to 0.06) (p=0.011). The association
of change in respiratory burden score with change

in VGDF exposure gave a f-coefficient of 0.15 (0.05
to 0.19). This association was somewhat greater for
men versus women, with coefficients of 0.18 (0.12 to
0.24) and 0.13 (0.07 to 0.19), respectively (p=0.064).
The estimate was similar among subjects with asthma
(0.18; —0.02 to 0.38) and those without asthma (0.15;
0.11 10 0.19).

Conclusions Increased BMI and exposure to VGDF were
associated with increased respiratory burden scores. The
change due to increased BMI was not affected by sex, but
subjects with asthma had a significantly larger change
than those without. Increased frequency of VGDF exposure
was associated with increased respiratory burden score
but without statistically significant differences with respect
to sex or asthma status.
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What is already known on this topic

» Increased body mass index (BMI) and occupational
exposure are associated with respiratory symptoms.

» It is not known if change in respiratory burden score
is associated with changes in BMI and occupational
exposure to vapours, gas, dust and fumes and what
the potential associations between sex and asthma
status are.

What this study adds

» Increased BMI and occupational exposure were as-
sociated with increase in respiratory burden score.

» Both associations did not differ at the level of sta-
tistical significance between sexes, but the associa-
tion with change in BMI was stronger with a positive
asthma status.

How this study might affect research, practice

And/Or policy

» Further studies are needed to confirm our findings,
but this study contributes to a better understanding
of how respiratory burden is affected by occupation-
al exposure and BMI.

» This knowledge may aid clinical decision-making
and inform more personalised treatments in patients
with asthma, obesity and occupational exposure.

INTRODUCTION

Increased body mass index (BMI) (=25kg/
m®) and occupational exposure to vapours,
gas, dust and fumes (VGDF) are associ-
ated with respiratory symptoms.1 2 Obesity
is associated with exertional dyspnoea,
an increased risk of asthma and reduced
asthma control.' Furthermore, patients
with extremely high BMI (>50kg/m®) show
a significant lung function improvement
after weight loss following bariatric surgery.3
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Peralta e al' demonstrated that a moderate and high
weight gain over 20 years was associated with accelerated
lung function decline (forced vital capacity and forced
expiratory volume in 1s) among adults, while weight
loss improved this excessive decline. However, few
studies have assessed the changes in respiratory symp-
toms due to weight gain or loss. Ekstrom et al showed
that obesity is strongly associated with increased activity-
related breathlessness’ and that subjects with increased
BMI since their 20s had more breathlessness compared
with those with stable weight.

Occupational exposure to VGDF is common. For
instance, in Norway, it is estimated that 23% of the
workers are exposed.6 Current evidence strongly suggests
that exposure to VGDF can affect the airways in subjects
with and without asthma.” ®> "' Multiple studies have
shown that exposure to VGDF is associated with chronic
obstructive pulmonary disease (COPD)® and asthma,” %12
and that occupational exposure to VGDF can also be a
risk factor for asthma exacerbation.'' ?

Female sex is associated with a higher frequency of
respiratory symptoms and severe asthma'* and is at an
increased risk of asthma.” '® Women exposed to dust
report more shortness of breath, and in particular inor-
ganic dust exposure is associated with asthma in women,
while men only reported occasional wheezing and
reduced lung function.'’

Although the associations between respiratory symp-
toms and increased BMI and VGDF exposure are well
documented, there is a lack of prospective studies on
how change in BMI or VGDF exposure affects respiratory
symptoms. In addition, there is a lack of knowledge on
the influence of asthma status and sex over these effects.
A better understanding of how changes in VGDF expo-
sure or BMI affect respiratory symptoms, particularly in
vulnerable subjects, will improve prevention and help
guide personalised treatments.

The present study aimed to assess whether the associa-
tion of a change in respiratory burden score with changes
in BMI and occupational VGDF exposure varied with self-
reported, physician-diagnosed asthma status and sex.

METHODS

Study population

The Telemark study is a population-based survey that
started in 2013 with a random sample of 50000 inhab-
itants living in Telemark County, Norway, aged 16-50
years, who received a postal questionnaire. Of these,
48142 were eligible and 16099 responded (response
rate: 33%)."® In 2018, all eligible 2013 responders
(n=15681) were invited to complete the questionnaire
again. Four hundred and eighteen subjects could not be
traced or were excluded. Subjects not providing height
and weight and thus impeding BMI calculation at both
baseline and follow-up were excluded from the present
study.

Questionnaire

The questionnaire included questions regarding occu-
pational exposure, physician-diagnosed asthma, respira-
tory symptoms ever and in the last 12 months, height,
weight, and possible confounders. The questionnaire was
based on the European Community Respiratory Health
Survey questionnaire and a validated questionnaire from
a similar study in Sweden."?

Exposure variables
BMI, measured in kg/ m2, was calculated for each partici-
pantin 2013 and 2018 using the self-reported weight and
height from the questionnaires. BMI was stratified into
the following categories recommended by the WHO:
normal weight (including underweight) <25.0kg/ m?,
overweight 25.()—29.9kg/m2 and obese ZSOkg/mQ, and
was used as a continuous variable.*” As only 85 subjects
(1.3%) were classified as underweight (BMI <18.5kg/
m?®), they were included in the normal weight category.
Change in BMI was calculated for each participant by
subtracting the BMI value in 2013 from that in 2018.
VGDF exposure in 2013 was defined as an affirmative
answer to the question ‘Have you ever been exposed to
gas, smoke, or dust at work?” All exposed participants in
2013 were then asked to grade their average exposure
in the past byears into one of the following categories:
‘Daily, for large parts of the working day’ (exposure=4
points), ‘Daily, butfor short periods’ (exposure=3 points),
‘Weekly’ (exposure=2 points), ‘Less often’ (exposure=1
point) and ‘never’ (no exposure=0 points). In 2018, the
subjects were asked the same question with the options
‘No’, ‘Yes’ or ‘Yes, in the last 12 months’, and in case of
an affirmative answer in the last 12 months the partici-
pants were asked to classify the exposure into the same
categories as in 2013. Exposure change was calculated by
subtracting the exposure points in 2013 from those in
2018. A positive or negative number indicates that the
exposure frequency increased or decreased, respectively.
The analyses were restricted to subjects engaged in paid
work in the last 12 months of 2013. Subjects engaged
in paid work in the last 12 months in 2013 but not in
2018 were included in the analyses as unexposed in
2018. Subjects with missing data for VGDF exposure were
excluded from the analyses on change in VGDF.

Outcome variable

The questionnaire enquired about seven respiratory
symptoms in the last 12 months and the current use of
any medication for asthma (online supplemental table
1). A missing answer was recoded as not having that
symptom or not using medication for asthma. We calcu-
lated a respiratory burden score for each participant in
2013 and 2018 by adding positive answers to the ques-
tions to a maximum score of 8. We then calculated the
change in respiratory burden score by subtracting the
score in 2013 from that in 2018, such that a positive
number represented more respiratory symptoms in
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2018 than in 2013. We chose to use a respiratory burden
score to better describe the total respiratory symptom
burden, and because it also provides increased statistical
power and better describes symptoms as a continuum.?'
Although current use of asthma medication is not a
respiratory symptom, we included this question in the
respiratory burden score as respiratory symptoms can
lead to medication usage. Similar scores based on these
symptoms have been previously used in other studies on
subjects with asthma.*! 22

Background and adjustment variables

Asthma was defined by an affirmative response to the
following question: ‘Has a physician ever diagnosed you
with asthma?’ Age and sex were confirmed using the
Norwegian National Population Registry.

At both time points, smoking habits were classified as
daily smokers, occasional smokers and former smokers in
case of an affirmative answer to the following question:
‘Do you smoke every day (also applies if you only smoke a
few cigarettes, cigars, or light a pipe each day)?’, ‘Do you
smoke occasionally (not each day, but weekends, parties,
or similar)?” and ‘Did you used to smoke?’, respectively.
Those who did not answer any of the three questions
were defined as missing and those with three negative
responses were categorised as never smokers. The vari-
able for smoking habit changes between 2013 and 2018
was divided into the three following categories: same,
increased or decreased.

Participants’ educational levels were categorised into
the following categories: elementary education (<10
years), upper secondary school and certificate (addi-
tional 3—4 years), and university and university college.
In addition, we included a category for other education
and missing data.

Statistical analyses

To compare the longitudinal changes in background
variables from 2013 to 2018, we used a paired t-test for
continuous variables and a McNemar’s test for categorical
variables. Changes in BMI and VGDF exposure frequency
were calculated by subtracting the values in 2013 from
those in 2018. We used linear regression models to assess

Not able to trace
or excluded
1.858

50.000
inhabitants

48.142
eligible

16.099
responders

Non-responders or
did not want to
participate
32.137

Figure 1

Not able to trace

Non-responders or
did not want to

the associations between change in respiratory burden
score as an outcome variable and changes in BMI or
VGDF exposure frequency. In the unadjusted linear
regression models, we used change in respiratory burden
score as the outcome variable and changes in BMI or
VGDF exposure or possible confounding variables as the
exposure variable. In the adjusted models to estimate the
effect of changes in BMI or VGDF exposure frequency,
we adjusted for age, sex, educational category in 2013,
smoking habit category in 2013, change in smoking
habit, BMI category in 2013, physician-diagnosed asthma
in 2013, VGDF exposure in 2013 and respiratory burden
score in 2013 (full model). The models were then strati-
fied for sex and physician-diagnosed asthma in 2013, and
interaction terms were used to test differences in strata-
specific effect estimates.

All analyses were performed using the statistical
package IBM SPSS V.26.0. Statistical significance was set
at p<0.05.

Patient and public involvement

A representative from the Norwegian Asthma and Allergy
Association (NAAA) was a member of the study steering
committee and contributed to the development of ques-
tionnaires. NAAA representatives have also been involved
in the study planning and transfer of knowledge to the
patient group.

RESULTS
Figure 1 shows a flow chart of the participant inclu-
sion and exclusion procedures. Briefly, 7952 subjects
responded to the questionnaire in both 2013 and 2018.
Of these, 6368 reported weight and height on both
questionnaires to allow calculation of BMI changes. All
subjects with a BMI change >+20 points were excluded
(n=18). This was based on a scatter plot and performed
to exclude extreme values and errors in recorded weight
due to automatic scanning of the questionnaires. Thus,
6350 subject questionnaires were included for further
analyses.

Table 1 shows the characteristics of the population in
2013 and 2018.

Excluded due to BMI
change +-20 kg/m2
18

or excluded
418

BMI in 2013 and 2018
could be calculated
6.368

Responders in
2013 and 2018
7.952

Study population
6.350

participate
7.729

Flow chart of study subjects, including subjects excluded and the rationale for exclusion. BMI, body mass index.
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Table 1 Study population characteristics in 2013 and 2018 (N=6350)

2013 2018 P value
Sex, n (%) NA
Male 2688 (42)
Female 3662 (58)
Age group (in years) in 2013, n (%) NA
16-30 1485 (23)
31-40 1670 (26)
41-50 3195 (50)
Age in years, mean (SD) 38.0 (9.45) NA
Highest completed education, n (%) <0.001*
Elementary 756 (12) 494 (8)
Upper secondary and certificate 2311 (36) 2205 (35)
University/university college 3103 (49) 3536 (56)
Other and missing 180 (3) 115 (2)
Smoking status, n (%) <0.001*
Never smoker 3593 (57) 3594 (57)
Former smoker 1398 (22) 1591 (25)
Occasional smoker 544 (9) 483 (8)
Daily smoker 781 (12) 571 (9)
Missing 34 (1) 111 (2)
BMI category, n (%) <0.001*
Normal weight (<24.9 kg/m?) 3245 (51) 2877 (45)
Overweight (25-29.9 kg/m?) 2212 (35) 2429 (38)
Obese (>30kg/m?) 893 (14) 1044 (16)
BMI, mean (SD) 25.55 (4.38) 26.10 (4.44) <0.001t
Employed in the past 12 months, n (%) 0.014*
Yes 5541 (87) 5643 (89)
No 809 (13) 707 (11)
Frequency of exposure to VGDF, n (%) <0.001*
Daily, most of the day 292 (5) 201 (4)
Daily, short periods of the day 505 (9) 336 (6)
Weekly 554 (10) 410 (7)
Seldom 1418 (26) 1186 (21)
Never 2705 (49) 2856 (52)
Missing 67 (1) 552 (10)
Physician-diagnosed asthma, n (%) <0.001*
No 5697 (90) 5576 (88)
Yes 653 (10) 774 (12)
Physician-diagnosed chronic obstructive pulmonary disease, n (%) <0.001*
No 6299 (99) 6279 (99)
Yes 51 (1) 71(1)

Statistically significant findings (p<0.05) are in bold.

*P value is calculated using McNemar’s test.

TP value is calculated using paired t-test.

FFrequency of exposure is restricted to subjects employed in the last 12 months in 2013 (n=5541).

BMI, body mass index; NA, not applicable; VGDF, vapours, gas, dust and fumes.
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In 2018, more subjects reported having a degree from
a university, while fewer had elementary school as their
highest educational level, compared with 2013. The
number of subjects reporting daily or occasional smoking
was significantly lower in 2018 than in 2013. In the study
population, BMI significantly increased from 25.5 kg/
m” to 26.1 kg/m? over the 5-year study period (p<0.001),
and there were more overweight subjects or with obesity.
The prevalence of physician-diagnosed asthma increased
from 10% to 12% (p<0.001). The frequency of exposure
to VGDF in the last 12 months was reduced for all expo-
sure categories, and the ‘never exposed’ category was
larger in 2018 than in 2013. In 2013, 104 (3.4%) women
were exposed daily and most of the day and 207 (6.7%)
were exposed daily but in shorter periods of the day. The
corresponding numbers were greater for men at 188
(7.9%) and 298 (12.6%), respectively. Approximately 3%
of each question about respiratory symptoms in the last
12months were missing.

Univariable analyses (table 2) with changes in respi-
ratory burden score as the outcome variable in a linear
regression model showed a B-coefficient of 0.05 (95% CI
0.033 to 0.066) for change in BMI.

This means that a one-point change in BMI was associ-
ated with an increase of 0.05 points in respiratory burden
score. There was no significant association between
change in respiratory burden score and age, sex or educa-
tional level in 2013. The average respiratory burden
score in 2013 was 1.12 (SD: 1.78) and was negatively asso-
ciated with change in respiratory burden score (B-coeffi-
cient -0.46; 95% CI —0.48 to —0.44). Daily smoking was
associated with change in respiratory burden score with
B-coefficients of =0.39 (-0.52 to —=0.27) in 2013 and -0.15
(=0.30 to -0.005) in 2018. Increased smoking was associ-
ated with higher respiratory burden score ($=0.21; 0.03
to 0.38), whereas a reduction was associated with reduced
respiratory burden score (f=-0.30; -0.45 to -0.16) over
time. Change in respiratory burden score was positively
associated with change in VGDF exposure, with a B-co-
efficient of 0.07 (0.03 to 0.11). We found no significant
associations between change in burden score and 2013
exposure frequency in the last 5years. When adjusting
for respiratory burden score in 2013, significant asso-
ciations were found for daily smoking, asthma, obesity
in 2013 and daily exposure to VGDF in 2013, as well as
change in BMI and VGDFE.

Table 3 shows the univariable and adjusted B-coeffi-
cients in linear regression models for change in respira-
tory burden score as an outcome variable and change in
BMI or VGDF exposure as the exposure variable.

The models were also stratified by sex and physician-
diagnosed asthma in 2013. The adjusted full regression
models showed an association between change in respira-
tory burden score and change in BMI, with a B-coefficient
of 0.05 (0.04 to 0.07). Stratified by sex, the association
was 0.05 (0.03 to 0.07) and 0.06 (0.04 to 0.09) for women
and men, respectively, and 0.05 (0.03 to 0.06) and 0.12
(0.06 to 0.18) for subjects without and with asthma,

respectively, which differed significantly (p=0.011). The
association between change in respiratory burden score
and change in VGDF exposure was significant, with a B-co-
efficient of 0.15 (0.05 to 0.19) in the adjusted full model.
In the stratified models, individually, men and women
had a significant association, with B-coefficients of 0.18
(0.12 to 0.24) and 0.13 (0.07 to 0.19), respectively, but
without differences between sexes. The estimate (f=0.18;
-0.02 to 0.38) among subjects with asthma was higher but
not significantly different from subjects without asthma
(B=0.15; 0.11 to 0.19).

DISCUSSION

In this study, we showed that change in BMI is associated
with change in respiratory burden score. This effect was
larger in subjects with asthma than in those without. As
shown in table 3, for BMI changes, we found an adjusted
B-coefficient of 0.05 for change in respiratory burden
score. This means a 0.05 increase in respiratory burden
score for a one-point increase in BMI. These results
suggest that if a subject gains the weight equivalent to an
increase in BMI of 10 points (eg, from 25 kg/m” to 85 kg/
m®), this will result in an average increase of 0.5 symptoms
in the respiratory burden score. In our study, 24 subjects
(0.4%) had a BMI increase 210 points. For patients with
asthma, the average increase was 1.12 symptoms per 10
BMI points. We observed a positive association between
respiratory burden score and VGDF exposure change,
but this effect was not affected when stratifying for sex
and asthma status. The longitudinal effect of VGDF expo-
sure change was statistically significant, with an adjusted
B-coefficient of 0.15 respiratory burden score change
for both, all participants and those without asthma. The
comparable estimate for subjects with asthma was 0.18
(not statistically significant). These results indicate that a
person with asthma only had a slightly greater respiratory
burden score increase associated with a VGDF exposure
increase.

The univariable analyses (table 2) showed some
surprising results; for example, daily smoking in 2013
was negatively associated with change in respiratory
burden score, possibly reflecting regression to the mean.
Regression to the mean is a statistical phenomenon that
can make natural variation in repeated data look like
real change and unusually happens when large or small
measurements tend to be followed by measurements that
are closer to the mean.” When adjusting for respiratory
burden score in 2013, the associations were more as
expected, showing the importance of adjusting for respi-
ratory burden scores at baseline.

In line with Ekstrom et al,5 we found that increased BMI
was associated with increased respiratory burden score.
However, as the outcomes are different (breathlessness
vs burden score), it is difficult to directly compare the
estimates. Unfortunately, our study did not contain any
questions regarding activity-related breathlessness. Since
obese subjects have an increased workload, they may
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Table 2 Results from a series of linear regression models with change in respiratory burden score, with a single exposure

variable and also adjusted for baseline respiratory burden score

Exposure variable

n (%) or mean (SD)

Coefficients from

regression model (95% Cl)

Coefficient from regression model
adjusted for respiratory burden
score in 2013 (95% CI)

Sex, n (%)
Female
Male
Age in 2013, mean (SD)
Education, n (%)
Elementary school
Upper secondary
University
Other and missing
Smoking status in 2013, n (%)
Never
Past
Occasional
Daily
Smoking status in 2018, n (%)
Never
Past
Occasional
Daily
Change in smoking habit, n (%)
No
Yes, decreased

Yes, increased

Physician-diagnosed asthma in 2013, n (%)
No
Yes
BMI category in 2013, n (%)
Normal weight (<24.9 kg/m?)
Overweight (25-29.9 kg/m?)
Obese (>30kg/m?)
Change in BMI (kg/m?), mean (SD)
Symptom score in 2013, burden score (SD)

Change in VGDF exposure* score (SD)

VGDF exposure in 2013*t, n (%)
Never
Seldom
Weekly
Daily, short
Daily, most

3662 (58)
2688 (42)
38.05 (9.45)

756 (12)
2311 (36)
3103 (49)

180 (3)

3596 (57)
1398 (22)
544 (9)

781 (12)

3594 (57)
1591 (25)
483 (8)
571 (9)

5278 (83)
566 (9)
362 (6)

5697 (90)
653 (10)

3245 (51)

2212 (35)
893 (14)
0.56 (2.43)
1.12(1.78)

-0.15 (1.03)

2705 (49)

1418 (26)
554 (10)
505 (9)
292 (5)

Reference category
0.040 (-0.04 to 0.12)

0.00 (~0.004 to 0.004)

Reference category

—0.45 (-0.18 to 0.04)
-0.4 (-0.17 to 0.09)
0.21 (~0.06 to 0.05)

Reference category
-0.06 (-0.11 to 0.96)
-0.10 (-0.25 to 0.05)
-0.39 (-0.52 to -0.27)

Reference category
-0.01 (-0.11 to 0.08)
-0.04 (-0.19 t0 0.12)
-0.15 (-0.30 to -0.01)

Reference category
—-0.30 (-0.45 to -0.16)
0.21 (0.03 to 0.38)

Reference category
-0.59 (-0.72 to -0.46)

Reference category
—-0.10 (-0.19 to -0.12)

-0.19 (-0.31 to -0.067)

0.050 (0.033 to 0.066)
-0.46 (~0.48 to —0.44)
0.07 (0.03 to 0.11)

Reference category
—0.07 (-0.17 t0 0.04)
-0.07 (-0.22 to 0.08)
0.03 (-0.12 to 0.19)
-0.07 (-0.26 t0 0.13)

Reference category
-0.07 (-0.14 to 0.005)
0.002 (-0.001 to 0.006)

Reference category

-0.11 (-0.23 to 0.006)

-0.13 (-0.25 to -0.02)
0.20 (-0.03 to 0.44)

Reference category
0.12 (-0.01 to 0.25)
0.09 (-0.98 to 0.27)
0.07 (-0.10 to 0.24)

Reference category
0.07 (-0.02 to 0.15)
0.04 (~0.09 to 0.18)
0.26 (0.13 to 0.38)

Reference category
-0.13 (-0.26 to -0.01)
0.23 (0.08 to 0.38)

Reference category
0.89 (0.75 to 1.0)

Reference category
0.008 (—0.67 to 0.09)
0.15 (0.05 to 0.26)
0.045 (0.03 to 0.06)

Not applicable
0.068 (0.03 to 0.11)

Reference category

-0.01 (-0.09 to 0.09)
0.08 (-0.05 to 0.21)
0.18 (0.05 to 0.32)
0.18 (0.10 to 0.35)

Statistically significant findings (p<0.05) are in bold.

Missing values for smoking are not included in the models.
*Exposure to VGDF is restricted to subjects employed in the last 12months in 2013 (n=5541).
167 subjects did not provide a response to this question.

BMI, body mass index; VGDF, vapours, gas, dust and fumes.
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Previous studies have shown that VGDF exposure is
associated with asthma exacerbation. In a study, severe
asthma exacerbation was associated with high occupa-
tional exposure to dust, gas and fumes (relative risk (RR)
3.1,95% CI 1.9 to 5.1) compared with lack of exposur'f:.ll
In a Cochrane review, compared with continued expo-
sure, reduction or removal of exposure for patients with
occupational asthma was associated with improvement
in symptoms.” The reduction of exposure increased the
likelihood of reporting the absence of symptoms (RR 2.65;
1.24-5.68), while for removal of exposure the RR was
2.80 (1.67-13.86). This review did not include any studies
on the improvement of asthma symptoms after a reduction
in exposure, while for the removal from exposure the RR
was 2.47 (1.26-4.84). In the present study, reduced expo-
sure to VGDF did not lead to a statistically significant
improvement in burden score in subjects with asthma.
This might be because subjects with asthma included all
types of cases, not just those with occupational asthma.

To our knowledge, a well-recognised and validated
respiratory burden score for subjects without asthma
or other respiratory diseases is not available. However,
similar scores including some of the questions in our ques-
tionnaire have been used in subjects with asthma or other
respiratory diseases.”' ** We developed our score to better
describe the burden of respiratory symptoms, including
the use of medication, and to reflect a continuum in
respiratory symptoms. Contingency table analyses with
Cramer’s V test as an effect measure of the association
indicated an association among the three wheezing ques-
tions, but the other questions in the score had a low level
of association (data not shown). When using only one of
the wheezing questions in the respiratory burden score,
the estimates were as expected lower, but the associations
were the same and the reliability was reduced. The respi-
ratory burden score had good internal consistency, with
a Cronbach’s alpha value of 0.83. In the 2013 survey, we
did not enquire about breathlessness or dyspnoea in the
last 12 months, but we included these questions in the
2018 survey. When comparing participants’ respiratory
burden score in 2018 with a score including questions
on breathlessness, we found that the scores showed high
agreement, with an intraclass correlation coefficient of
0.91 (0.90-0.91). The Bland-Altman plot indicates that
our respiratory burden score showed less agreement in
high scores, probably because one of the scores included
more items (symptoms).

Strengths and limitations

Asstrength of this study is its relatively large and unselected
sample from the general population. The study was a
prospective study over byears using the same questions at
baseline and follow-up. Adjusting for important possible
confounders, such as smoking, obesity and occupational
exposure, is considered another strength. However,
there was a significant loss to follow-up (51%) in this
study. Online supplemental table 2 shows a comparison

between responders (n=7952) and not responders,
including those not eligible in 2018 (n=8174). Briefly,
there were more men, more current smokers, more
subjects with asthma or with lower educational level, and
fewer employed in the last 12months among subjects
lost to follow-up compared with those included in the
study. The subjects lost to follow-up were also younger
and had more respiratory symptoms and current use
of asthma medication. The mean BMI was not signifi-
cantly different, but the distribution by BMI categories
showed more overweight or obese subjects among those
included. These variables were included and adjusted
for in the analysis. Although the differences may have
altered prevalence estimates, they were unlikely to have
biased the estimates of associations, although such bias
cannot be ruled out entirely.

An important limitation of our study was the self-
reported outcomes. Even though the questionnaires
contained validated questions used in large epidemi-
ological studies on respiratory health, validated ques-
tionnaires may improve response accuracy but may still
introduce recall bias and random errors. A review found
that subjects tend to overestimate height and underesti-
mate weight and BMI when using self-reported data and
that this bias is greater in overweight and obese subjects.™
However, the outcome variable used was the difference in
BMI, and we have no reason to believe that the bias from
self-reported height and weight was substantially different
between the two time points. Asthma was defined as self-
reported, physician-diagnosed asthma. Using our current
study design, we could not verify the diagnosis. However,
validation studies of self-reported, physician-diagnosed
asthma have found good sensitivity (65%) and high spec-
ificity (94%).”” This question is susceptible to misclassi-
fication of asthma and COPD among older subjects. To
assess this point, we also performed analyses restricted
to subjects with asthma onset <30years of age (n=679).
The results are shown in online supplemental table 4 and
were comparable with the analyses in which all subjects
with asthma were included. Underweight (BMI <18.5kg/
m”) has been associated with more respiratory disability
in other studies. In our study underweight and normal-
weight subjects are merged into one category. However,
only 1.3% of the subjects reported underweight and
excluding underweight subjects from the analyses made
minimal difference (online supplemental table 3).

Another limitation is that we did not have direct
measurements of occupational exposure for each partic-
ipant nor information regarding exposure between 2013
and 2017, which could lead to misclassification of expo-
sure. The question refers to the frequency, but the expo-
sure levels may have been reduced after implementing
better ventilation, use of personal protective equipment
or a change in production methods. However, the ques-
tion regarding VGDF exposure is commonly used in
occupational epidemiology and has been tested against
a 16-item battery assessing specific inhalation exposures
and a job-exposure matrix, which appears to delineate
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exposure risk as well as a multiple-item battery and has
a modest agreement with the job-exposure matrix.”® *
In this study, we assumed equal steps between exposure
frequencies, and that an increase in exposure at one
point has an equal but opposite effect on the respira-
tory burden score as a one-point reduction in exposure.
Following this approach, we might have underestimated
the effect of reduction of exposure in the most exposed
subjects and overestimated the effect of reduction in the
least exposed subjects. Another limitation is that approx-
imately 50% of the subjects have never been exposed to
VGDF, and 5% were exposed daily and most of the day
in 2013 and 7% in 2018. A larger number of subjects in
these exposure categories would have contributed to
narrower Cls for estimates of association. Future studies
should include more respiratory symptom questions,
objective measures such as spirometry and more detailed
occupational exposure data.

In this study we have shown that respiratory burden in
the form of respiratory symptoms and asthma medica-
tion use increases with increasing BMI and occupational
exposure, but further studies are needed to estimate the
clinical effect of this. Weight loss may improve respira-
tory symptoms by increasing pulmonary function and
reducing workload and the low-grade inflammation
associated with obtf:sity.l Similarly, reducing occupa-
tional VGDF exposure may reduce respiratory burden by
reducing airway inflammation."’

In conclusion, the present study showed that BMI
changes and occupational exposure to VGDF were associ-
ated with increased respiratory burden score. The change
due to increased BMI was not affected by sex, but subjects
with asthma had a larger change than subjects without.
Increased frequency of VGDF exposure was associated
with increased respiratory burden score, but stratified
analyses showed no statistical difference between sexes
or with respect to asthma status.
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