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Background: Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. Anxiety and depression
may activate the autonomic nervous system which is likely to play an important role in the etiology of AF. How-
ever, little is known about the association between symptoms of anxiety and depression and risk of AF.
Objective: This study aimed to assess the association between symptoms of anxiety and depression and risk of AF.
Methods: In a population-based study, 37,402 adult residents were followed for incident AF from 2006 to 2008
until 2015. Participants were classified according to data on anxiety and depression symptoms. Cox proportional
regression models were used to adjust for common AF risk factors.
Results: During a median follow-up of 8.1 years, 1433 (3.8%) participants developed AF. In comparisons with no
anxiety symptoms, the multivariable-adjusted hazard ratios (HRs) were 1.1 (95% CI: 0.9-1.5) for mild to moder-
ate anxiety symptoms and 1.0 (95% CI: 0.8-1.4) for severe anxiety symptoms. In comparisons with no depression
symptoms, the multivariable-adjusted HRs were 1.5 (95% CI: 1.2-1.8) for mild to moderate depression symptoms
and 0.9 (95% CI: 0.6-1.3) for severe depression symptoms. Recurrent anxiety/depression symptoms were not as-
sociated with increased AF risk.
Conclusions: In this large, population-based study, we found no evidence of an association between symptoms of
anxiety or severe depression and AF risk, even for recurrent anxiety or depression symptoms. An unexpected as-
sociation of symptoms of mild to moderate depression with increased AF risk requires confirmation in other
studies. Our findings add to the sparse literature on symptoms of anxiety and depression and risk of AF.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Atrial fibrillation (AF) is the most common sustained cardiac ar-
rhythmia and is associated with increased risk of mortality and stroke
as well as increased health care costs [1]. To be able to better prevent
and treat AF, it is important to identify its modifiable risk factors [2].
Symptoms of depression and anxiety have been relatively strongly
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associated with cardiac diseases, including coronary heart disease [3],
acute myocardial infarction [4] and heart failure [5]. Furthermore, de-
pression and anxiety may activate the autonomic nervous system [6]
which is likely to play an important role in the etiology of AF [7]. How-
ever, only limited research has explored the effect of psychological dis-
tress on AF onset [8,9]. Therefore, the aim of this large population-based
study was to assess the prospective association of symptoms of anxiety
and depression with AF risk.

2. Methods
2.1. Study population

All 93,860 residents 220 years of age in Nord-Trgndelag County in
Norway were invited to participate in the third Nord-Trgndelag Health
(HUNT 3) study from October 2006 to June 2008. Of these, 50,804 par-
ticipants (54%) answered questionnaires and underwent a clinical ex-
amination. Holmen et al. have described the HUNT study in more
detail [10].

We excluded 1598 participants from the analysis who had a history
of AF at baseline and 11,804 participants with missing response for de-
pression or anxiety symptoms, although we tested the inclusion of par-
ticipants with missing data in imputation analyses described below.
Details about inclusions are provided in eFig. 1.

2.2. Measures of depression and anxiety symptoms

The Norwegian version of the Hospital Anxiety and Depression Scale
(HADS) was used to assess symptoms of anxiety (HADS-A) and depres-
sion (HADS-D) during the previous week [11]. The HADS is a valid and
reliable instrument across various patient samples and settings [12]. It
comprises 14 self-rated items, with seven items forming the Anxiety
subscale (HADS-A) and seven items forming the Depression subscale
(HADS-D) [13]. The HADS-A reflects symptoms of worry and tension,
while HADS-D reflects symptoms of anhedonia and loss of interest.
The items on the HADS-A subscale are: “(1) I feel tense or wound up;
(2) I get a sort of frightened feeling as if something bad is about to hap-
pen; (3) Worrying thoughts go through my mind; (4) I can sit at ease
and feel relaxed; (5) I get a sort of frightened feeling like butterflies in
the stomach; (6) I feel restless and have to be on the move; (7) I get sud-
den feelings of panic.” The items on the HADS-D subscale are: “(1) I still
enjoy the things I used to enjoy; (2) I can laugh and see the funny side of
things; (3) I feel cheerful; (4) I feel as if I am slowed down; (5) I have
lost interest in my appearance; (6) I look forward with enjoyment to
things; (7) I can enjoy a good book or radio or TV program.” Each item
on the questionnaire is scored from 0 (no symptom) to 3 (highest
symptom level). Thus, participants can score between 0 and 21 for ei-
ther symptoms of anxiety or depression. Participants were included in
the subsequent analyses only if they answered all of the 14 items. The
two subscales were divided into 3 categories: (1) having no symptoms
of depression or anxiety (score < 8), (2) having mild to moderate symp-
toms (score 8-10), and (3) having severe symptoms (score > 11), re-
spectively [14].

Among the 37,402 eligible participants in HUNT 3, 24,706 individ-
uals had available information on HADS from the second wave of the
HUNT Study (HUNT 2) conducted between 1995 and 1997 [10]. A com-
bined burden of anxiety symptoms in HUNT 2 and 3 was categorized
into 3 groups: (1) no anxiety symptoms (scoring <11 on HADS-A in
HUNT 2 and 3), (2) anxiety symptoms at one time (scoring >11 on
HADS-A in one of the HUNT studies), and (3) anxiety symptoms at
both times (scoring >11 on HADS-A in both HUNT studies). A combined
burden of depression symptoms in HUNT 2 and 3 was categorized into 3
groups: (1) no depression symptoms (scoring <11 on HADS-D in HUNT
2 and 3), (2) depression symptoms at one time (scoring >11 on HADS-D
in one of the HUNT studies), and (3) depression symptoms at both times
(scoring 211 on HADS-D in both HUNT studies).

2.3. Atrial fibrillation

From the baseline examination until November 30, 2015, AF diagno-
ses were retrieved from discharge registers at two hospitals that to-
gether serve the entire population of Nord-Trgndelag County. We
used code 148 from the International Classification of Diseases Tenth Re-
vision to screen for patients with possible AF. Medical records of these
patients were then reviewed by experts, and AF was adjudicated
based on electrocardiographic criteria recommended by the European
Society of Cardiology [15]. Persons who only had an episode of AF
within the first 7 days after cardiac surgery, during the acute phase of
a myocardial infarction or during episodes of hemodynamic instability
(e.g., sepsis or non-cardiac surgery) were not regarded as having inci-
dent AF. If information from medical records was insufficient for exact
classification of the diagnosis, two physicians (HE and JPL) evaluated
the available information separately. Only cases where both physicians
concurred were regarded as AF. The rest were classified as possible AF
and were not regarded as AF cases in the main analyses. The validation
process is described in more detail elsewhere [16].

24. Covariates

A clinical examination was conducted by trained nurses. Height and
weight were measured barefoot and wearing light clothing; height was
measured to the nearest cm and weight to the nearest 0.5 kg. Body mass
index was calculated as body weight in kilograms divided by the
squared value of height in meters. Non-fasting blood samples were an-
alyzed for glucose, triglycerides, high-density lipoprotein cholesterol
(HDL-C) and high-sensitivity C-reactive protein (CRP) [10]. Self-
reported data obtained at the baseline included smoking status
(never, former, or current), alcohol consumption (abstainers, light
drinkers, moderate drinkers, or heavy drinkers), physical activity (inac-
tivity, moderate activity or high activity), occupation (desk work, light
industry work, technicians or heavy physical work), and marital status
(cohabitation or no cohabitation). Information on common chronic dis-
orders was self-reported and included: angina pectoris, stroke, asthma,
osteoarthritis, kidney disease, hyperthyroidism, rheumatoid arthritis,
sarcoidosis, ankylosing spondylitis, cancer, epilepsy, chronic bronchitis,
emphysema or COPD, psoriasis, diabetes, sleep apnea, acute myocardial
infarction, and heart failure. Apart from self-report, information on his-
tory of acute myocardial infarction and heart failure was also retrieved
from hospital registers [17].

2.5. Statistical analyses

Baseline characteristics were presented as mean =+ standard devia-
tion for continuous variables and percentages for categorical variables.
Cox proportional regression models were used to assess the association
of symptoms of depression and anxiety with subsequent risk of AF. Par-
ticipants who reported no symptoms (i.e., scoring <8 on HADS-A or
HADS-D) were regarded as the reference group. Time was defined as
days from inclusion to either incident AF or censoring due to death
from other causes (n = 2457), emigration from the county (n = 82)
or end of follow-up. We calculated hazard ratios (HRs) and 95% confi-
dence intervals (CI). We included age and sex in model 1; in addition,
weight, height, smoking, occupation type, marital status, physical activ-
ity, and alcohol consumption were added as potential confounders in
model 2. In further analyses, we also adjusted for chronic disorders,
i.e., all diseases mentioned in the previous section were included in
the regression models as part of a composite variable having the value
of 1 in the presence of any of the condition and 0 otherwise (model
3) and for metabolic components (i.e., blood glucose, blood pressure,
triglycerides, HDL-C and CRP) (model 4). We tested linear as well as
quadratic trends for the associations of symptoms of anxiety and de-
pression with AF risk. To explore dose-dependent associations, we pre-
sented the hazard ratios of AF in the form of smoothed curves where
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symptoms of anxiety and depression were used as continuous variables
[18].

In separate analyses, we assessed the relative risk of AF according to
episodes of anxiety and depression symptoms in HUNT 2 and 3. Partic-
ipants without symptoms in any of the HUNT studies were regarded as
the reference group.

The proportional hazards assumption was tested by comparing —In-
In survival curves and by performing tests on Schoenfeld residuals for
each covariate. We found no violations of the proportionality
assumption.

To assess effect modification, we conducted analyses stratified by
age, sex, and chronic diseases.

In sensitivity analyses, we regarded possible or single-episode AF
during follow-up as events. Furthermore, to address the possibility of
reverse causation as an explanation for the observed associations, we
excluded the first 2 years of follow-up and repeated the analyses. We
also used multiple imputation with five imputations (mi command in
Stata) to examine whether the complete-case approach yielded biased
estimates [19]. Lastly, to assess to what extent symptoms of anxiety/de-
pression may improve the ability of a multivariable model to predict a
new-onset AF, we developed logistic regression-based multivariable
prediction models with and without symptoms of anxiety/depression.
We calculated the area under the ROC (receiver operating characteris-
tic) curve (AUC) in these models [20]. All statistical analyses were con-
ducted using Stata/MP 15.1 for Windows (College Station, TX: StataCorp
LLC).

3. Results
3.1. Baseline characteristics

Characteristics of participants with and without subsequent AF are
presented in Table 1. During a median follow-up of 8.1 years
(288,460 person-years), 1433 (3.8%) participants developed AF. Using
a cutoff score of 11 and above for severe symptoms, 2.2% of the partici-
pants reported symptoms of depression and 4.9% reported symptoms of
anxiety. The participants that developed AF were older and more likely

Table 1
Baseline characteristics of participants in the total population according to atrial fibrilla-
tion vs. no atrial fibrillation during follow-up.

Variable No.of  Total AF during No AF
subjects population follow-up during
follow-up
Total % (n) 37,402 % 38 96.2
(1433) (35,969)
Variables, % (n)
Female 21,122 565 415 57.1
(595) (20,527)
Diabetes mellitus 1636 44 10.3 4.1(1488)
(148)
Current smoker 6081 16.7 125 16.8 (5908)
(173)
Heavy drinkers 523 14 2.5 (35) 1.4 (488)
Technicians 7234 20.2 123 20.5 (7070)
(164)
Physically inactive 7470 20.3 241 20.1 (7134)
(336)
Cohabitation 22,798 61.0 64.7 60.9
(927) (21,871)
Mean (SD)
Age, years 37,402 534 70.1 52.8 (15.0)
(15.2) (10.9)
Body mass index, kg/m? 37,289 27.2(44) 282(46) 27.1(44)
HADS—depression score (HUNT 37,402 3.3 (2.9) 40(29) 33(29)
3)
HADS—anxiety score (HUNT 3) 37,402 4.0 (3.3) 3.7(3.0) 4.0(33)

AF: atrial fibrillation; HADS: Hospital Anxiety and Depression Scale.

to be men, inactive, heavy drinkers, and score higher on the HADS-D
subscale.

3.2. Relative risk of atrial fibrillation in relation to symptoms of anxiety and
depression

Table 2 shows HRs for incident AF according to symptoms of depres-
sion and anxiety in HUNT 3. In comparisons with no symptoms of anx-
iety, the multivariable-adjusted HRs (model 2) were 1.1 (95% CI:
0.9-1.5) for symptoms of mild to moderate anxiety and 1.0 (95% CI:
0.8-1.4) for symptoms of severe anxiety, respectively. In comparisons
with no symptoms of depression, the multivariable-adjusted HRs were
1.5 (95% CI: 1.2-1.8) for symptoms of mild to moderate depression
and 0.9 (95% CI: 0.6-1.3) for symptoms of severe depression, respec-
tively (P = 0.002 for quadratic trend). Additional adjustment for
chronic disorders or metabolic status did not materially change the
estimates.

Fig. 1 presents the relative risks for atrial fibrillation in the form of a
smoothed curve when symptoms of anxiety and depression were used
as continuous variables. There was no clear sign of an increased risk for
with symptoms of severe depression or anxiety in these analyses.

Table 3 shows the HRs for AF according to episodes of symptoms of
anxiety and depression in HUNT 2 and 3. Participants with recurrent
symptoms of anxiety or depression did not have higher relative risks
of incident AF compared to those without symptoms of anxiety or de-
pression at any of the HUNT studies.

3.3. Effect modification

Overall, we found limited evidence of major effect modification by
age, sex, or chronic disease (eTables 1-3). In general, the HRs tended
to be higher among younger individuals, men, and participants without
chronic disease.

3.4. Sensitivity analyses

We documented 1165 AF cases after the second year of follow-up.
Exclusion of the first 2 years of follow-up had little effect on the results
(eTable 4). The results were also consistent with the main analyses
when possible or single-episode AF events (n = 99) were regarded as
AF during follow-up. Finally, when we performed multiple imputation,
the results were similar to those in the primary analysis (eTable 5).

3.5. AF identification ability of prediction models with and without symp-
toms of anxiety and depression

The AUC in the multiadjusted logistic regression model without
symptoms of anxiety and depression was 0.8504, while AUC in the lo-
gistic regression model with symptoms of anxiety and depression was
0.8504 and 0.8506, respectively. Thus, adding symptoms of anxiety/de-
pression to the model did not improve its ability to distinguish between
patients with AF and no AF.

4. Discussion

In this large, population-based study, we found no evidence of an as-
sociation between severe symptoms of depression and AF risk, even
when symptoms of depression were recurrent. We also found no asso-
ciation of symptoms of anxiety with AF risk. Unexpectedly, only symp-
toms of mild to moderate depression were associated with an increased
AF risk.

Only four previous studies have assessed the prospective association
of symptoms of anxiety or depression with AF risk, and all had potential
limitations in their assessments of exposure or outcome, and none had
repeated measures of symptoms of anxiety or depression. In the Fra-
mingham Offspring study which had a relatively small sample size
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Table 2
Hazard ratios (95% confidence intervals) for atrial fibrillation during follow up according to symptoms of anxiety (HADS-A) and depression (HADS-D) in HUNT 3.
Model 1 Model 2 Model 3 Model 4
Events/person-years 1433/288,460 1235/266,671 1186/256,765 1205/260,753
HADS-A
0-7 Reference Reference Reference Reference
8-10 1.0 (0.8-1.3) 1.1 (0.9-1.5) 1.1 (0.8-1.4) 1.1 (0.8-1.4)
>11 1.1 (0.8-14) 1.0 (0.8-1.4) 1.0 (0.7-1.4) 1.1 (0.8-1.5)
P for linear trend 0.5092 0.7865 0.9603 0.6695
P for quadratic trend 0.8193 0.5454 0.5736 0.7501
HADS-D
0-7 Reference Reference Reference Reference
8-10 1.3 (1.0-1.6) 1.5(1.2-1.8) 14 (1.1-1.7) 1.5 (1.2-1.8)
>11 0.9 (0.7-1.3) 0.9 (0.6-1.3) 0.8 (0.6-1.2) 0.8 (0.6-1.2)
P for linear trend 0.6503 0.4552 0.3942 0.3648
P for quadratic trend 0.0371 0.0021 0.0070 0.0014

HADS-D and HADS-A score: <8: no symptoms of depression or anxiety, 8-10: mild to moderate symptoms, >11: severe symptoms.

Model 1: adjusted for age and sex.

Model 2: Model 1 + weight, height, smoking status, occupation, marital status, physical activity and alcohol consumption.

Model 3: Model 2 + chronic disorders.

Model 4: Model 2 4+ metabolic components (i.e., blood glucose, blood pressure, triglycerides, high-density lipoproteins and C-reactive protein.).

(n = 3682) and a 10-year follow-up [9], symptoms of anxiety in men
(HR: 1.1; 95% CI, 1.0-1.3) had a weak association with AF risk while
there was no such an association in women (HR: 1.0; 95% CI, 0.8-1.3).
In the Multi-Ethnic Study of Atherosclerosis (n = 6644) [21], symptoms
of depression were associated with higher AF risk (HR: 1.3; 95% CI,
1.0-1.7). However, few details of these results are available, since
these were published only as an abstract. Furthermore, both the Fra-
mingham Offspring study and the Multi-Ethnic Study of Atherosclerosis
used instruments (i.e., the Tension and Symptoms of Anxiety Scales [9]
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Fig. 1. Smoothed curve for hazard ratios of atrial fibrillation and symptoms of anxiety and
depression at baseline (adjusted for sex, age, height, smoking status, level of education,
marital status, physical activity and alcohol consumption).

and Depression Scale of Epidemiologic Studies [22], respectively) that
include somatic symptoms. Consequently, the potential overlap of so-
matic symptoms caused by physical illness with that of psychological
distress limited the ability of these studies to examine the genuine ef-
fects of core psychological and cognitive symptoms of anxiety and de-
pression on AF risk. On the other hand, our study used the HADS scale,
which replaces somatic symptoms with non-somatic alternatives [11].
Thus, in our study, we were able to examine the association of core psy-
chological and cognitive symptoms of anxiety and depression with AF
risk. In the Women's Health Study [8], symptoms of depression was un-
related to AF risk (HR: 1.0; 95% CI, 0.8-1.3). The Mental Health
Inventory-5, which has similar features as HADS in terms of exclusion
of somatic symptoms, was used to assess symptoms of depression [8].
However, AF events were self-reported in this study, which would
tend to lower the specificity of the AF diagnoses. A Danish matched co-
hort study compared AF risk in all Danes initiating antidepressant med-
ication (n = 785,254) with that in a 1:5-matched sample from the
general population [23]. The study defined depression as the condition
within the month before initiation of antidepressant medication. Sub-
stantially increased AF risk was observed even before antidepressant
medication (HR = 3.18; 95% Cl: 2.98-3.39) and within the first month
(4.29; 95% CI: 3.94-4.67) after antidepressant initiation, but AF risk de-
creased 6-12 months after antidepressant initiation (HR = 1.11; 95% C:
1.06-1.16). However, antidepressant medication is only a proxy for de-
pression and these medications have common indications beyond de-
pression as well [24], such as pain or insomnia. For example, a study
conducted in five European countries showed that between 1.1 and
7.4% of prescribed antidepressants were used for sleeping disorders
[24]. Another European study found that 25% of prescribed antidepres-
sants were used for chronic pain [25]. Furthermore, the study retrieved
AF diagnosis from registers without further manual verification, which
could have resulted in misclassification.

Our study revealed an unexpected inverted U-shaped association
between symptoms of depression and AF risk, which is inconsistent
with the limited previous research. The underlying mechanism is un-
clear. Depression may lead to increased inflammation [26], oxidative
stress [27] and sympathetic activation which in turn could increase
the risk for AF. However, depression has also been associated with para-
sympathetic suppression [28], which might actually reduce AF risk, thus
potentially explaining the null effects of symptoms of severe depression.
Itis also possible that the null effect for symptoms of anxiety and severe
depression may be related to cardiac effects of different antidepressant
medications. Selective serotonin reuptake inhibitors (SSRIs) seem to
have a cardio-protective profile [29]. SSRIs have been documented to
improve glucose metabolism, dyslipidemia, and reduce inflammatory
markers, which may contribute to reduced AF risk [30]. In the
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Table 3
Episodes of symptoms of anxiety and depression in HUNT 2 and 3, and risk for atrial fibrillation.
Model 1 Model 2 Model 3 Model 4
Episodes of anxiety
Events/person-years 1064/197,659 941/185,194 905/178,283 919/181,398
No anxiety Reference Reference Reference Reference
Anxiety at one time 1.2 (0.9-1.6) 1.1 (0.9-1.5) 1.1 (0.8-1.4) 1.2 (0.9-1.6)
Anxiety at two times 0.9 (0.5-1.6) 1.0 (0.5-1.9) 0.9 (0.5-1.8) 1.0 (0.5-2.0)
P for linear trend 0.6947 0.8987 0.8585 0.9624
P for quadratic trend 0.2050 0.5131 0.7950 0.5304
Episodes of depression
Events/person-years 1189/209,075 1039/194,757 998/187,170 1015/190,694
No depression Reference Reference Reference Reference
Depression at one time 1.2 (0.9-1.6) 1.2 (0.9-1.6) 1.1 (0.8-1.6) 1.2 (0.9-1.6)
Depression at two times 0.9 (0.4-1.9) 0.9 (0.4-2.0) 0.9 (0.4-2.1) 0.8 (0.3-1.9)
P for linear trend 0.8137 0.7818 0.8480 0.5888
P for quadratic trend 0.3748 0.3898 0.4934 0.2843

Model 1: adjusted for age and sex.

Model 2: Model 1 + weight, height, smoking status, occupation, marital status, physical activity and alcohol consumption.

Model 3: Model 2 + chronic disorders.

Model 4: Model 2 + metabolic components (i.e., blood glucose, blood pressure, triglycerides, high-density lipoproteins and C-reactive protein).

aforementioned Danish study, AF risk was high 30 to 15 days before
antidepressant medication initiation and after the first month of
medication [23]. The association gradually attenuated over the fol-
lowing 6-12 months (HR = 1.11; 95% CI: 1.06-1.16). The attenua-
tion of the association could reflect the possibility that depression-
related AF may be a time-dependent event and that AF risk might
decrease after an initial higher-risk period [23]. In our study, we
did not have information about when depression may have started
nor whether our participants were medicated, which limited our
ability to explore the reason for the null association between symp-
toms of depression and AF risk.

Additionally, one can speculate that the higher AF risk among those
with symptoms of mild/moderate depression - when compared to
those without symptoms of depression and to those with symptoms
of severe depression — might be due to differential help-seeking behav-
iors and differential detection rate of AF. Also, a prior study examining
the effects of depression and antidepressant therapy on the risk of mor-
tality and cardiovascular diseases showed that individuals with the
most severe depression benefited most from antidepressant therapy re-
garding mortality and cardiovascular diseases, and those who had only
mild depression showed no cardiovascular risk reduction [31]. Thus, in-
dividuals with symptoms of severe depression in our study may have
adhered more regularly to antidepressant treatment compared to
those with symptoms of mild to moderate depression, which might ex-
plain the observed null association between symptoms of severe de-
pression and AF risk.

4.1. Strengths and limitations

The strengths of our study derive from the population-based design,
the homogeneity of the population (eliminating confounding by racial
differences in AF risk) [32], its high stability (<0.3% net migration/
year), the uniformly organized health care system which was equally
available for every citizen and the relatively high response rate. Com-
prehensive data including those on a wide range of chronic disorders
allowed us to thoroughly characterize participants and minimize con-
founding. We had data on repeated assessments of symptoms of anxiety
and depression, which offered a unique opportunity to examine how AF
risk was related to changes in symptoms of anxiety or depression over
time. Furthermore, careful verification of AF diagnoses ensured the min-
imization of the misclassification of endpoints.

Some limitations warrant discussion. First, we relied on a self-
reported scale to measure symptoms of anxiety and depression and
lacked a clinician-administered interview to establish psychiatric diag-
noses. While the HADS has been documented to be a valid and reliable
instrument for screening among a wide variety of patient samples and

the general population, its ability to differentiate between anxiety and
depression and its capability as a case-finder (i.e., to identify cases of
clinical depression/anxiety) are imperfect [33,34]. This may have led
to some misclassification of symptoms of depression and anxiety. Coro-
nary heart disease is generally more strongly associated with anxiety
and depression when these conditions are clinically diagnosed than
when self-reported questionnaires alone are used [35]. Thus, the associ-
ation between anxiety/depression and AF risk might be stronger if clin-
ical interviews were available. Second, we lacked data on
antidepressant medication. Third, the average HADS scores on symp-
toms of anxiety were generally lower compared to other studies in
Norway and other European countries [33,36-38]. It might be possible
that individuals with substantial anxiety symptoms were less prone to
participate in the study. Fourth, we did not have updated information
of symptoms of anxiety and depression during follow-up after baseline.
This could lead to measurement error if participants changed their psy-
chological status during follow-up. Because information on symptoms
of anxiety and depression was gathered before diagnosis of AF, any mis-
classification would be expected to be unrelated to the outcome,
i.e., non-differential misclassification [39]. Because non-differential mis-
classification tends to lead to weakening/dilution of the measure of as-
sociation, i.e., a “bias towards the null”, it might explain the null
association observed between symptoms of severe depression and AF
risk. However, we had two measurements on HADS at or before base-
line, and even recurrent symptoms of depression or anxiety were not
associated with AF risk. In a previous study conducted in the same pop-
ulation, symptoms of depression and anxiety as measured by HADS
were prospectively associated with both myocardial infarction and
heart failure [4,5]. Lastly, AF can be occult and we only identified AF
cases that came to clinical attention. Therefore, under-detection of AF,
particularly when paroxysmal, is likely to exist in our findings. However,
the consequence of under-detection, namely lower sensitivity, is gener-
ally less threatening to the validity of an epidemiological study than is
lower specificity [16,39]. Nonetheless, this may have precluded us
from identifying a true association between depression or anxiety and
risk of AF if one exists.

5. Conclusion

In this large, population-based study, we found no evidence of
an association between symptoms of anxiety or severe depression
and AF risk, even for recurrent symptoms of anxiety or depression.
An unexpected association of symptoms of mild to moderate de-
pression with increased AF risk requires confirmation in other
studies.
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