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ing asthma, and their interaction with obesity is not known. We
aimed to assess the association of anxiety or depression symptoms
and the joint association of these symptoms and obesity with
incident asthma.

We conducted a prospective cohort study of 23 599 adults who were
19-55 years old and free from asthma at baseline in the Norwegian
Nord-Trendelag Health Study. The Hospital Anxiety and Depression
Scale was used to measure anxiety or depression symptoms. Obesity
was defined as a body mass index >30.0kg/m”. Incident asthma was
self-reported new cases of asthma during the 11-year follow-up.

Having anxiety or depression symptoms was associated with inci-
dent asthma [odds ratio (OR) 1.39, 95% confidence interval (CI)
1.09-1.78). Obese participants with anxiety or depression symptoms
had a substantially higher risk of incident asthma (OR 2.93, 95% CI
2.20-3.91) than any other group (non-obese participants without
anxiety or depression symptoms [reference], non-obese participants
with anxiety or depression symptoms (OR 1.20, 95% CI 1.00-1.45)
and obese participants without anxiety or depression symptoms
(OR 1.47, 95% CI 1.19-1.82)]. The relative excess risk for incident
asthma due to interaction between anxiety or depression symptoms
and obesity was 1.26 (95% CI 0.39-2.12).

This study suggests that having anxiety or depression symptoms
contributes to the development of asthma in adults. The risk of
asthma may be further increased by the interaction between
anxiety or depression symptoms and obesity.

Body mass index, epidemiology, interaction, psychological distress
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Introduction

Asthma affects about 300 million people worldwide
and represents approximately 1% of the total global
disease burden.' There are also substantial social and
economic burdens from asthma and its care." The
prevalence of doctor-diagnosed asthma in adults
varies greatly between countries (e.g. 0.2% in China
vs 21.0% in Australia) and is globally estimated to be
4.3%.? Asthma is a multifactorial condition and, his-
torically, mental distress was thought to play a role in
asthma pathogenesis. As far back as the 11th century,
physicians warned that distress could cause asthma
whereas joyfulness might have a beneficial effect.’
The influence of emotional distress was seldom inves-
tigated in the first half of the 20th century, but this
historical concept has gained support since recent stu-
dies suggested possible biological mechanisms.*

Several studies on the association of anxiety or de-
pression symptoms and asthma have been conducted.
Cross-sectional studies have found that anxiety or de-
pression sg/mptoms are more prevalent in asthmatic
patients,s' whereas others have observed that
asthma patients were no more anxious or depressed
than any other participants.” A limited number of
prospective studies have investigated this associ-
ation.*” Jonas and Wagener® found a moderate asso-
ciation of anxiety or depression symptoms with
incident asthma in non-smoking adults. Scott et al.’
found that early-onset anxiety and depression (at
<21 years of age) had a moderate association with
adult-onset asthma. Inflammation, irregular levels of
circulating cortisol and glucocorticoid insensitivity
may be underlying pathways of this association.”?
Obesity has also been found to be associated with
an increased risk of asthma in a number of prospect-
ive studies.">'* One of the potential pathways for the
obesity-asthma association is also via inflammation."’
If anxiety or depression symptoms and obesity exacer-
bate a common pathway, we might expect to see a
substantially elevated risk of asthma in people with
both of these exposures. To our knowledge, the joint
association of anxiety or depression symptoms and
obesity with incident asthma has not yet been
evaluated.

Therefore, we carried out a prospective cohort study
of adults using the Nord-Trendelag Health Study
(HUNT) to: (i) investigate the association of anxiety
or depression symptoms with incident asthma; and
(ii) assess the joint association of anxiety or depres-
sion symptoms and obesity with incident asthma.

Methods

Study population

The study area was the county of Nord-Trendelag
(22463km?), Norway. The adult population in
Nord-Trendelag (127 000 people in 1995) was invited
to participate in three HUNT surveys which have been

described elsewhere.'® The population in Nord-
Trondelag is fairly representative of Norway with re-
spect to age, income, morbidity and mortality.'” The
participants of this study took part in the second
(HUNT 2, 1995-97) and third (HUNT 3, 2006-08) sur-
veys of the HUNT, with an average 11 years of follow-
up (n=37071).">'"'® we studied 23599 participants
who were 19-55 years of age and free from asthma at
baseline. The age limit was set as <65 years in HUNT
3 for two reasons: (i) to reduce misclassification of
asthma and chronic obstructive pulmonary disease
(COPD)'” and (ii) obesity increases overall mortal-
ity.?>?! Senior participants with obesity are more
likely to die compared with those without obesity,
which can result in an under-estimation of the asso-
ciation of interest. Of the 23599 participants, we
excluded a further 353 (1.5%) with missing informa-
tion on anxiety, depression or body mass index at
baseline and on asthma both at baseline and follow-
up, leaving 23246 participants for the analysis.

Anxiety and depression symptoms

Anxiety and depression symptoms were measured
with the Hospital Anxiety and Depression Scale
(HADS).>> The HADS consists of 14 questions of
which seven measure anxiety symptoms and seven
measure depression symptoms, during the past
week. Each question is answered on a scale of 0-3,
giving one total score for anxiety (HADS-A, range
0-21) and one total score for depression (HADS-D,
range 0-21). A total score from 0 to 7 indicates
normal state (normal), 8 to 10 indicates borderline
anxiety or depression state (borderline) and 11-21 in-
dicates caseness of anxiety or depression (caseness).?’
In the analysis stratified by obesity, we combined the
last two categories (score 8-21) to define presence of
symptoms (yes, no). Because of the coexistence of
anxiety and depression,”* we defined ‘anxiety or de-
pression symptoms’ by the participants” highest score
on either set of questions. Additional details of HADS
are described elsewhere.”” The HADS was used to de-
scribe the presence of symptoms and is not a psychi-
atric diagnosis.

Obesity

Body mass index (BMI) was used as a measure of
obesity. Weight was measured to the nearest half-
kilogram (kg) and height was measured to the near-
est centimetre. BMI was calculated as weight divided
by height squared (kg/m?) and obesity was defined as
BMI >30.”

Covariables

Covariables were collected from administrative ques-
tionnaires and clinical examinations at baseline.
Covariables included age (19-29, 30-39, 40-49,
50-55 years), sex, current smoking (yes, no, un-
known), duration of physical activity (<1h, 1-2h,
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>3 h/week, unknown), family history of asthma (yes,
no, unknown), years of education (<10, 10-12, >13
years, unknown), receiving social benefit (yes, no, un-
known) and economic difficulties (yes, no, un-
known). Family history of asthma was defined as a
close family member (father, mother, brother or
sister) with asthma. Social benefit was defined as
those that reported receiving sick pay, rehabilitation
benefits, retraining benefits, disability pension, old
age pension, family income supplement, unemploy-
ment benefits, transitional benefits, widow’s pension
or any other benefit. Participants with economic dif-
ficulties were those who reported difficulties meeting
the cost of food, transport and/or housing.

Asthma diagnosis

Asthma was defined by two approaches."”'® In the
first approach, asthma was defined by the survey
question ‘Do you have or have you had asthma?
Participants who reported ‘no’ to this question at
baseline, and ‘yes’ at follow-up were classified as
having incident asthma. In the second approach a
stricter definition of asthma was used, i.e. no
wheeze or asthma at baseline and reported asthma
and use of asthma medication at follow-up, vs the
reference group with no wheeze and no asthma at
baseline or follow-up.

Statistical methods

In the analysis cohort of 23 246 participants, we eval-
uated anxiety or depression symptoms at baseline and
cumulative incidence of asthma, in relation to other
baseline characteristics. Pearson chi-square tests were
used to evaluate differences between categories. To
study the association of anxiety or depression symp-
toms with incident asthma, we estimated odds ratios
(ORs) with 95% confidence intervals (CIs) using
logistic regression.

In Model I, we adjusted for age, sex, smoking, physical
activity, family history of asthma, education, social
benefit and economic history at baseline as potential
confounding factors. In Model II, we additionally ad-
justed for BMI as a continuous variable. We found no
substantial difference in the associations of anxiety or
depression with incident asthma between sexes (data
not shown); subsequently we presented data in women
and men combined. To test if the associations differed
between sexes, we used a multiplicative model. The
multiplicative model is commonly used to assess het-
erogeneity of association measures such as relative risks
or odds ratios between subgroups.’®?’ To assess the
joint association of anxiety or depression symptoms
and obesity with incident asthma, we generated four
subgroups, i.e. non-obese participants without anxiety
or depression symptoms (reference group), non-obese
participants with anxiety or depression symptoms
(ORy), obese participants without anxiety or depression
symptoms (ORg) and obese participants with anxiety or
depression symptoms (OR4g). The joint association of

anxiety or depression symptoms and obesity with inci-
dent asthma were estimated by using the relative excess
risk due to interaction (RERI) with 95% CIs. The RERI
was calculated using an additive model: RERI = OR,p —
OR, — ORg+ 1.2% The additive model is used to test
biological interaction between two or more risk factors
that together assert their influence on disease risk.?”*’
In brief, RERI >0 and the lower limit of 95% CI >0
suggests a synergistic effect of anxiety or depression
and obesity on incident asthma.?®

To test the robustness of the associations, we re-
peated the main analysis using the second approach
to define incident asthma (7 =20219). Further to
this, we defined anxiety or depression symptoms as
above, and additionally included those reporting use
of antidepressant medication into the symptom group
(n=20219). Finally, we excluded participants who
reported having or ever having had chronic bronchitis,
emphysema or COPD in the follow-up questionnaires
(n=20048). We used STATA 12.0 for all statistical
analyses (StataCorp LP, College Station, TX).

Ethics

The project was approved by the Regional Committee
for Ethics in Medical Research. All participants signed
informed consent for participation and the use of data
in research.

Results

At baseline the total prevalences of anxiety and depres-
sion symptoms (HADS >8) were 15.0% and 7.8%, re-
spectively (Table 1). The prevalence of anxiety
symptoms was higher in women than men, whereas
for depression symptoms the pattern was opposite.
The prevalence of anxiety and depression symptoms
was higher in older participants, the obese and smokers,
and those with low physical activity, a family history of
asthma, social benefit and economic difficulties. The
cumulative incidence of asthma during the 11-year
follow-up was 3.8%. The cumulative incidence of
asthma was higher in women, the obese and smokers,
and those with less education, a family history of
asthma, social benefit and economic difficulties.

We found an association between anxiety or depres-
sion symptoms and incident asthma (Table 2).
Participants with caseness anxiety or depression
symptoms at baseline had a crude OR of 1.83 (95%
CI 1.44-2.32) for incident asthma, compared with
participants without these symptoms. After adjust-
ment for possible confounders (Model I), the OR
reduced to 1.39 (95% CI 1.09-1.78). Additional
adjustment for BMI (Model II) did not change the
estimates materially (Table 2). A similar association
was found in sex-specific analyses (data not
shown). The P-value on the multiplicative scale to
test heterogeneity between sexes was 0.53.

Table 3 presents the estimates for the joint association
of anxiety or depression symptoms and obesity with
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Table 1 Anxiety or depression symptoms and incident asthma in relation to baseline characteristics in a cohort of the

Nord-Trendelag Health Study, Norway

Anxiety symptoms?

Depression symptoms? Incident asthma®

Total No. % P-value® No. % P-value® No. % P-value®
Study Cohort 23246 3483 15.0 1807 7.8 890 3.8
Age (years) 0.001 0.001 0.22
19-29 3756 500 13.3 153 4.1 l64 4.4
30-39 7031 1015 14.4 430 6.1 253 3.6
40-49 9099 1439 15.8 833 9.2 352 3.9
50-55 3360 529 15.7 391 11.6 121 3.6
Sex 0.001 0.020 0.001
Women 12849 2162 16.8 951 7.4 560 4.4
Men 10397 1321 12.7 856 8.2 330 3.2
Body mass index 0.32 0.001 0.001
Obese (>30.0 kg/m?) 2765 432 156 283 10.2 172 6.2
Non-obese (<30.0 kg/mz) 20481 3051 14.9 1524 7.4 718 3.5
Smokingd 0.001 0.001 0.001
Yes 6668 1275 19.1 685 10.3 344 5.2
No 15410 2042 13.3 1047 6.8 503 33
Physical activity (h/wk)¢ 0.001 0.001 0.33
<1 5269 919 17.4 601 11.4 209 4.0
1-2 8430 1200 14.2 607 7.2 326 3.9
=3 7230 1003 13.9 431 6.0 253 3.5
Family history of asthma® 0.001 0.010 0.001
Yes 3410 565 16.6 295 8.7 230 6.7
No 18118 2617 14.4 1344 7.4 545 3.0
Education (years) 0.001 0.001 0.001
<10 4598 885 19.3 573 12.5 218 4.7
10-12 12382 1824 14.7 896 7.2 481 3.9
=13 6113 744 12.2 320 5.2 183 3.0
Social benefit® 0.001 0.001 0.001
Recipient 4002 921 23.0 502 12.5 239 6.0
Non-recipient 14862 1898 12.8 966 6.5 495 3.3
Economic difficulties® 0.001 0.001 0.001
Yes 6406 1387 21.7 724 11.3 344 5.4
No 13516 1602 11.9 816 6.0 433 3.2

4Hospital Anxiety and Depression Scale > 8.

PParticipants with asthma at follow-up who were free from asthma at baseline.

‘P-value between categories.

dNumbers do not sum up to the total cohort because of missing information.

incident asthma. Compared with non-obese
participants without anxiety or depression symptoms,
the OR was 1.20 for non-obese participants with anxiety
or depression symptoms and 1.47 for obese participants
without anxiety or depression symptoms, whereas
the OR increased to 2.93 (95% CI 2.20-3.91) for partici-
pants with both obesity and anxiety or depression
symptoms (Table 3). We found statistical evidence for

a biological interaction beyond additivity for anxiety
or depression symptoms and obesity at baseline and
the risk of incident asthma, with RERI of 1.26 (95%
CI 0.39-2.12). Figure 1 presents unadjusted cumulative
incidence of asthma associated with the individual and
joint exposures of anxiety or depression symptoms and
obesity. We found a similar pattern in sex-specific ana-
lyses (data not shown).
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Table 2 Anxiety or depression symptoms at baseline in association with incident asthma in the Nord-Trendelag Health
Study, Norway (7 =23 246)

Incident Crude OR Adjusted OR Adjusted OR

Symptoms? Total asthma % (95% CI) (95% CI) Model 1° (95% CI) Model I
Anxiety

Normal 19763 701 3.6 1.00 1.00 1.00

Borderline 2387 112 47 1.34 (1.09-1.64) 1.17 (0.95-1.44) 1.19 (0.96-1.46)

Caseness 1096 77 7.0 2.05 (1.61-2.62) 1.53 (1.19-1.96) 1.52 (1.18-1.96)

P for trend 0.001 0.001
Depression

Normal 21439 783 3.7 1.00 1.00 1.00

Borderline 1325 80 6.0 1.70 (1.34-2.15) 1.46 (1.14-1.85) 1.43 (1.12-1.82)

Caseness 482 27 5.6 1.57 (1.05-2.32) 1.22 (0.81-1.83) 1.20 (0.80-1.79)

P for trend 0.01 0.02
Anxiety or depression

Normal 19079 663 3.5 1.00 1.00 1.00

Borderline 2840 145 5.1 1.49 (1.24-1.80) 1.32 (1.09-1.59) 1.32 (1.10-1.60)

Caseness 1327 82 6.2 1.83 (1.44-2.32) 1.39 (1.09-1.78) 1.38 (1.08-1.76)

P for trend 0.001 0.001

Note. CI, confidence interval; HADS, Hospital Anxiety and Depression Scale; OR, odds ratio.

“Normal HADS<38, borderline HADS 8-10, caseness HADS 11-21.

®Model I adjusted for age, sex, smoking, physical activity, family history of asthma, education, social benefit and economic
difficulties at baseline.

‘Model II additionally adjusted for body mass index as a continuous variable.

Table 3 Adjusted odds ratios for anxiety or depression symptoms and obesity at baseline associated with incident asthma
in the Nord-Trendelag Health Study, Norway (n =23 246)

Non-obese (BMI <30.0 kg/m?) Obese (BMI >30.0kg/m?)

Symptoms? RERI (95% CI)¢
Incident Incident
Total asthma OR (95% CI)® Total asthma OR (95% CI)®

Anxiety
No 17430 576 1.00 2333 125 1.57 (1.28-1.92)°%= .94 (0.03-1.85)
Yes 3051 142 1.20 (0.99-1.46)°% 432 47 2.71 (1.96-3.76)%»

Depression
No 18957 646 1.00 2482 137 1.57 (1.29-1.90)°Re 1.38 (0.17-2.59)
Yes 1524 72 1.20 (0.93-1.55)9% 283 35 3.15 (2.17-4.59)CR~

Anxiety or depression
No 16 867 553 1.00 2212 110 1.47 (1.19-1.82)9R= 1.26 (0.39-2.12)
Yes 3614 165 1.20 (1.00-1.45)9%» 553 62 2.93 (2.20-3.91)%%»

Note. BMI, body mass index; CI, confidence interval; HADS, Hospital Anxiety and Depression Scale; OR, odds ratio; RERI, relative
excess risk due to interaction.

“No HADS<S8, yes HADS >8.

YAdjusted for age, sex, smoking, physical activity, family history of asthma, education, social benefit and economic difficulties
at baseline.

“The relative excess risk due to interaction (RERI) between anxiety or depression symptoms (A) and obesity (B) was calculated
using the formula: RERI=0R,z — OR, — ORp + 1.

Using the second approach to define asthma, with a  participants without anxiety or depression. The rela-
stricter definition, it yielded results similar to our tive excess risk for incident asthma due to interaction
main analyses (Table 4). The OR for the participants between anxiety or depression symptoms and obesity
with both obesity and anxiety or depression was 3.15 was 1.34 (95% CI 0.13-2.54). We observed similar as-
(95% CI 2.16-4.58), compared with non-obese sociations when we included participants reporting
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use of antidepressant medication into the anxiety or
depression group (Supplementary Table 1, available as
Supplementary data at IJE online), and when we
excluded participants reporting chronic bronchitis,
emphysema or COPD (Supplementary Table 2, avail-
able as Supplementary data at IJE online).

Discussion

In this large prospective study from the general popu-
lation, adults reporting symptoms of anxiety or depres-
sion at baseline had an increased risk of incident

12

OReferent
10 O Anxiety or depression
B Obesity

DO Excess cumulative incidence

Cumulative incidence of asthma per 100
persons
@

Na anxiety or depression, Anxiety or depression, No anxiety or depression, Anxiety or depression,
non-obese non-obese obese obese

Figure 1 Unadjusted cumulative incidence of asthma
associated with the individual and joint exposures of
anxiety or depression symptoms* and obesityf (n =23 246).
*Hospital Anxiety and Depression Scale >8 for anxiety or
depression symptoms. tNon-obese (BMI <30.0kg/m?),
obese (BMI >30.0kg/m?)

asthma at follow-up. We also found that adults with
anxiety or depression symptoms and obesity had a par-
ticularly increased risk of developing asthma.

Our finding that anxiety or depression symptoms
are moderately associated with incident asthma is
supported by previous prospective studies. Chida et al.
reviewed 34 studies of psychosocial factors on atopic
disorders (91% were on asthma), and found a robust
relationship between psychological factors and atopic
disorders.” Further to this, several studies have inves-
tigated the association between anxiety or depression
and adult asthma,®??°>* with relative risk estimates
ranging from 1.24 to 2.80. Four of these were prospect-
ive studies, which found that anxiety or depression
were associated with incident asthma.®?'?>?* Our
findings extend previous research by examining this
hypothesis in a very large prospective cohort, with a
comprehensive range of covariates to adjust for.
Furthermore, our study investigated the joint associ-
ation of anxiety or depression symptoms and obesity
with incident asthma. We found that participants with
anxiety or depression symptoms and also obesity had a
greater risk of asthma than the sum of their individual
risks, as indicated by the RERI.

The association between anxiety or depression
symptoms and incident asthma may have biological
plausibility. Two main pathways have been suggested,
including changes in health behaviours and inflam-
matory processes.’® Lifestyle-related behaviours such
as smoking, and less physical exercise due to distress,
may be mediators leading to the development of
asthma. On the other hand, these health behaviour

Table 4 Adjusted odds ratios for anxiety or depression symptoms and obesity at baseline associated with incident asthma®

in the Nord-Trondelag Health Study, Norway (7 =20219)

Non-obese (BMI <30.0kg/m?)

Obese (BMI >30.0kg/m?)

Symptoms? RERI (95% CI)¢
Incident Incident
Total asthma OR (95% CI)¢ Total  asthma OR (95% CI)¢

Anxiety
No 15555 367 1.00 1946 83 1.74 (1.36-2.22)°%  0.75 (—0.51-2.00)
Yes 2425 83 1.26 (0.98-1.61)°% 293 24 2.74 (1.76-4.26)°%

Depression
No 16782 409 1.00 2033 87 1.69 (1.33-2.15)°% 132 (—0.32-2.95)
Yes 1198 41 1.25 (0.90-1.74)°% 206 20 3.26 (2.00-5.31)%%»

Anxiety or Depression
No 15081 355 1.00 1846 72 1.59 (1.22-2.07)°%  1.34 (0.13-2.54)
Yes 2899 95 1.22 (0.97-1.54)9% 393 35 3.15 (2.16-4.58)°R»

Note. BMI, body mass index; CI, confidence interval; HADS, Hospital Anxiety and Depression Scale; OR, odds ratio; RERI, relative

excess risk due to interaction.
“No HADS<S8, yes HADS >38.

’Incident asthma: no wheeze or asthma at baseline, reported asthma and asthma medication use at follow-up vs no wheeze or

asthma at baseline or follow-up.

“Adjusted for age, sex, smoking, physical activity, family history of asthma, education, social benefit and economic difficulties at

baseline.

9The relative excess risk due to interaction (RERI) between anxiety or depression symptoms (A) and obesity (B) was calculated

using the formula: RERI=0R,gz — ORy — ORg+ 1.
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variables may also be confounding factors that cause
both psychological distress and asthma. In any case,
the attempt of adjustment for these factors (smoking
and physical activity) in addition to the other covari-
ates in our models did not substantially alter the as-
sociation between anxiety or depression symptoms
and incident asthma.

Our multivariable analysis suggests that inflamma-
tory processes may be a potential pathway. Several
studies have suggested that depression is linked to a
state of low-grade chronic inflammation,'' and anx-
iety has been associated with increased production of
pro-inflammatory cytokines.’> Furthermore, progres-
sion of psychological distress such as anxiety and
depression may lead to irregular levels of circulating
cortisol, and a glucocorticoid-insensitive state.”!?
Glucocorticoid receptor resistance has been observed
in healthy adults exposed to long-term stressful ex-
periences, parents of children with cancer and spouses
of brain-cancer patients.”® Consequently, the down-
regulation of glucocorticoid receptors may interfere
with regulation of inflammation which may increase
the risk of inflammatory disorders.’® Miller et al.
found that children with asthma and perceived low
support from their parents (a proxy for stress) were
more resistant to hydrocortisone’s anti-inflammatory
effects on pro-inflammatory cytokines, which shed
some light on how stress affects asthma.’’
Therefore, a state of inflammation and glucocorticoid
insensitivity due to chronic psychological distress
might be the underlying pathophysiology for the
association we observed.

Obesity is also a chronic inflammatory condition,*®
which will signal cortisol release through normal in-
flammatory signalling and the hypothalamic—pituit-
ary—adrenal axis.”” High levels of cortisol due to
obesity may additionally contribute to cortisol insensi-
tivity.*” The further complication of obesity in anxious
or depressed participants may worsen a common in-
flammatory pathway and, at least in part, explain the
joint association that we observed. A reciprocal link
between obesity and psychological distresses such as
anxiety and depression has been reported in observa-
tional studies,*'™ but further research is needed to
investigate the underlying mechanism of this inter-
action. Our observation that participants with both
anxiety or depression and obesity have an excess
risk of asthma, suggests that a considerable number
of asthma cases may be due to the presence of anxiety
or depression and obesity in the same causal mech-
anism. Identifying people with anxiety or depression
symptoms and obesity may make asthma prevention
more effective. However, the study findings and their
mechanistic implications merit further investigation.

Our study has several major strengths. The prospect-
ive study design indicates direction of the association.
The size and duration of our study was an advantage
to increase study power and the possibility of detect-
ing associations. With the large study size we were

able to assess the joint association of anxiety or de-
pression symptoms and obesity with incident asthma,
and also to address potential differences between
sexes. The comprehensive data set allowed us to con-
trol for a range of potential confounding factors.
Height and weight were objectively measured and re-
corded by nurses in standardized clinical examin-
ations. This would have avoided subjective over-
reporting of height and under-reporting of weight.
We also used another proxy measure for obesity
(abdominal obesity) and found results similar to our
original analysis. To strengthen our definition of
anxiety or depression symptoms, we used an alterna-
tive definition adding those who used antidepressant
medication into the symptom group, which mini-
mized misclassification of exposure. The findings
from these analyses supported our results.

With regard to potential limitations, we acknow-
ledge that even though we controlled for many
confounding factors there may still be residual con-
founding in our study. Another major challenge in
epidemiological studies of asthma is the definition,
since there is no gold standard for the diagnosis
of asthma. Although we verified asthma cases by
medication use, we cannot rule out possible misclassi-
fication bias since objective airway reversibility or
hyper-responsiveness tests, were not performed.
Also, misclassification of hyperventilation or shortness
of breath as asthma in anxious participants cannot
completely be ruled out as an explanation of our find-
ing. However, self-reported asthma has been assessed
as a reasonably robust method for population stu-
dies.***> To strengthen our diagnosis of asthma, we
used a stricter definition of asthma verified by the use
of asthma medication. Further to this, we excluded
participants who reported chronic bronchitis, emphy-
sema or COPD in the follow-up questionnaires to
reduce possible misclassification of asthma and
COPD. The results from all these additional analyses
showed similar associations to our main findings.

In the current study, the HADS was used as a
screening tool to capture symptoms of anxiety or de-
pression. The ability of the HADS to separate clinical
diagnoses of anxiety and depression disorders is un-
certain,*® and the HADS-identified cases may not
have a close correspondence to clinical anxiety or de-
pression. For example, we observed the lowest preva-
lence of anxiety or depression in the youngest group,
who have been reported to have the highest preva-
lence of clinical mental disorders by others.*”*® We
also observed a high prevalence of depression in
men, which is greater than the prevalence from diag-
noses based on interviews.*”** The limitations of the
HADS to identify clinical anxiety or depression may
limit the generalizability of our results.

In summary, this large prospective cohort study sug-
gests that anxiety or depression symptoms may con-
tribute to the development of asthma and that obesity
may interact with anxiety or depression symptoms to
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further increase the risk of asthma in adults. Further
research is needed to confirm the presence of synergy
between these two common risk factors and to
explore the underlying mechanisms.
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KEY MESSAGES

in adults.

obesity with asthma development.

e Anxiety or depression symptoms may interact with obesity to increase the risk of developing asthma

e Our study demonstrated that after an 11-year follow-up adults with both anxiety or depression
symptoms and obesity had a substantially increased risk of asthma compared with other groups.

e This is one of the first studies evaluating the joint association of anxiety or depression symptoms and
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Table 1. Adjusted odds ratios for anxiety or depression symptoms including use of antidepressant medication, and obesity at baseline
associated with incident asthmat in the Nord-Trendelag Health Study, Norway (n=20 219).

Symptoms’ Non-obese (BMI <30.0 kg/m?) Obese (BMI 230.0 kg/m?)
Total Incident  OR (95% Cl) Total Incident OR (95% C1) % RERI (95% Cl) §
asthmat asthmat
Anxiety
NoO 15386 360 1.00 1920 82 176 (1.37-225 " o (:059— 1.80)
Yesor antidepressant 2594 % 1.28(1.01-163) % 319 25 2.64 (1.71 — 4.08) OF*8
medication use
Depression
No 16 542 397 1.00 1992 82 1.66 (1.29— 2.12) °Fe 1,50 (:0.08— 3.00)
Yesor antidepressant 1438 53 137 (1.01—-1.84) O~ 247 25 3.53 (2.27 — 5.48) 078
medication use
Any anxiety or
depression
No 14928 348 1.00 1825 71 160(123-209) ¢ o (007 - 2.43)
Yesor antidepressant 3 052 102 1.26 (1.00 — 1.58) R4 414 36 3.11(2.15 — 4.51) OF48

medication use

Abbreviations: BMI, body mass index; Cl, confidence interval; HADS, Hospital Anxiety and Depression Scale; OR, odds ratio; RERI,
relative excess risk due to interaction.

“No HADS<8, yesHADS =8 or antidepressant medication use.

T Incident asthma: no wheeze or asthma at baseline, reported asthma and asthma medication use at follow—up vs. no wheeze or asthma
at baseline or follow—up.

1 Adjusted for age, sex, smoking, physical activity, family history of asthma, education, social benefit and economic difficulties at
baseline.

8§ The relative excess risk due to interaction (RERI) between anxiety or depression symptoms (A) and obesity (B) was calculated using
the formula: RERI = ORag - ORp - ORg + 1.



Table 2. Adjusted odds ratios for anxiety or depression symptoms including use of antidepressant medication, and obesity at baseline
associated with incident asthmat, excluding those with bronchitis, emphysema or COPD, in the Nord-Trgndelag Health Study,
Norway (n=20 0438).

Symptoms’ Non-obese (BMI <30.0 kg/m?) Obese (BMI 230.0 kg/m?)
Total Incident  OR (95% CI) Tota  Incident  OR (95%Cl) % RERI (95% Cl) §
asthmat asthmat
Anxiety
No 15277 323 1.00 1905 74 179(1.38-233) % o (102-1.28)
Yesor antidepressant 2556 70 1.15 (0.88 — 1.51) OFA 310 17 2.08 (1.24 — 3.47) OR#B
medication use
Depression
No 16 416 352 1.00 1975 72 166(128-216) " ) 55 534201
Yesor antidepressant 1417 41 1.25 (0.90— 1.75) ORA 240 19 3.19 (1.94 — 5.24) OR#B

medication use

Any anxiety or

depression

No 14 823 313 1.00 1811 64 1.63(1.23—2.15) °Fe 0.94(.0.24 - 2.1
. OR _ ORAB . (- . - & )

Yesor antidepressant 3 010 80 1.14 (0.88—1.47) A 404 27 2.71(1.78-4.11)

medication use

Abbreviations: BMI, body mass index; Cl, confidence interval; HADS, Hospital Anxiety and Depression Scale; OR, odds ratio; RERI,
relative excess risk due to interaction.

“No HADS<8, yesHADS =8 or antidepressant medication use.

T Incident asthma: no wheeze or asthma at baseline, reported asthma and asthma medication use at follow—up vs. no wheeze or asthma
at baseline or follow—up.

1 Adjusted for age, sex, smoking, physical activity, family history of asthma, education, social benefit and economic difficulties at
baseline.

8§ The relative excess risk due to interaction (RERI) between anxiety or depression symptoms (A) and obesity (B) was calculated using
theformula RERI = ORag - ORa - ORg + 1.
1
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