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Abstract

IMPORTANCE The risk of atrial fibrillation (AF) in people with depression is not fully known.
Depression is associated with sympathetic activation and emotional stress, which might increase the
risk of new-onset AF.

OBJECTIVE To assess the incidence of new-onset AF in those with and without depression using
data from a nationwide health care database.

DESIGN, SETTING, AND PARTICIPANTS This cohort study obtained data from the Korean National
Health Insurance Service database and enrolled people who underwent a nationwide health checkup
in 2009. People younger than 20 years and those with a history of heart valve surgery, previous
diagnosis of mitral stenosis, or who were diagnosed with AF between January 1, 2002 and December
31, 2008 were excluded. The risk of new-onset AF (occurring between 2009 and 2018) was
compared in people who were and were not diagnosed with depression within a year before the
2009 nationwide health checkup. Data were analyzed between August 1, 2020 and October
31, 2020.

EXPOSURE Previous diagnosis of depression.

MAIN OUTCOMES AND MEASURES Cumulative incidence and risk of new-onset AF between 2009
and 2018 in participants with and without depression. Kaplan-Meier analysis was conducted to
assess incidence of AF, and Cox proportional hazards regression was used to calculate adjusted and
unadjusted hazard ratios (HRs) and 95% CIs.

RESULTS A total of 5 031 222 individuals with a mean (SD) age of 46.99 (14.06) years (2 771 785 men
[55.1%]) were included in the analysis; of these individuals, 148 882 (3.0%) had a diagnosis of
depression in the year before the 2009 health checkup and 4 882 340 (97%) did not. People with
depression vs those without depression were older (aged 56.7 vs 46.7 years) and more likely to be
women (96 472 [64.8%] vs 2 162 965 [44.3%]). Prevalence of hypertension, diabetes, dyslipidemia,
and heart failure was higher in the depression group. The cumulative incidence of new-onset AF was
significantly higher in people with depression vs without depression in the Kaplan-Meier analysis and
showed steady divergence throughout 10 years of follow-up (cumulative incidence, 4.44% vs 1.92%;
log-rank P < .001). After adjusting for covariates, depression was associated with a 25.1% increased
risk of new-onset AF (HR, 1.25; 95% CI, 1.22-1.29; P < .001). People with recurrent episodes of
depression showed even higher risk of new-onset AF (HR, 1.32; 95% CI, 1.27-1.37; P < .001). Young
age and female sex had significant interactions with depression, which suggests that young people
and women with depression may have an increased risk of new-onset AF.

CONCLUSIONS AND RELEVANCE This study found that depression was associated with a
significantly increased cumulative incidence and risk of new-onset AF. Recurrent episodes of
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Abstract (continued)

depression were associated with even higher risk. These findings suggest the need for adequate
screening for AF in people with depression, particularly in younger people and women.
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Introduction

A considerable proportion of people are affected by atrial fibrillation (AF), and the prevalence is
estimated to grow rapidly because of an aging population.1-3 In addition to considerable limitations
in quality of life, the incidence of major cardiac events, such as ischemic stroke, heart failure, and
death, is substantially increased in people with AF.4-7 Recent efforts mainly focus on the prevention
of ischemic stroke and treatment of AF through ablation procedures, and progress has been
achieved.4,8-10 However, identification of risk factors for AF and primary prevention of AF have not
received as much attention.

It is possible that psychological stress can aggravate or induce all types of tachyarrhythmias
through activation of sympathetic tone. Isoproterenol, a sympathomimetic drug, is used in most
electrophysiology laboratories to induce paroxysmal supraventricular tachycardia, atrial tachycardia,
or AF.11 A previous study reported that depression is associated with an increase in sympathetic
activity.12 Although the study was focused on myocardial remodeling after myocardial infarction,
increased sympathetic activity can also have an adverse effect on cardiac rhythm status and might be
associated with new-onset AF.12 The association between depression and increased risk of
cardiovascular events in patients with myocardial infarction is well established.12-14 However,
whether depression is a risk factor for increased risk of new-onset AF remains controversial. In the
Trøndelag Health (HUNT) study, the authors found no association between symptoms of anxiety or
severe depression and the risk of new-onset AF.15 In contrast, researchers from Denmark reported an
increased risk of new-onset AF in antidepressant users, especially before initiation of treatment for
depression.16

Depression is a disease that can be controlled; therefore, evaluation of the association between
depression and AF is important from a public health care perspective. We aimed to assess the
incidence of new-onset AF in people with and without depression using data from a nationwide
health care database.

Methods

Nationwide Medical Database
This cohort study obtained data from the Korean National Health Insurance Service (K-NHIS)
database. Most Korean people are mandatory subscribers of the K-NHIS, the only medical insurance
system available that is managed by the Korean government. Therefore, the K-NHIS database
represents the entire population of South Korea, which consists exclusively of East Asian people
(Koreans of single race and ethnicity). Furthermore, the K-NHIS offers a regular health checkup for all
subscribers, which includes important medical parameters (eg, body weight, height, waist
circumference, blood pressure, fasting glucose, lipid profiles, and creatinine level), social habits (eg,
alcohol consumption, smoking status, and physical activities), income level, and insurance claims
with International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
(ICD-10) codes. A cohort consisting of people who underwent a nationwide health checkup in a
certain year is an important resource for conducting medical research. The nature and characteristics
of the K-NHIS database and strongpoints that distinguish the current study from other claim
database studies (including availability of various blood tests, such as creatinine level, fasting blood
glucose, and lipid profiles; direct measurement of body weight, height, and blood pressure; and
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surveillance on physical activity, alcohol consumption, and smoking status) have been well described
in other studies.17-19 Use of the K-NHIS database is permitted if the study protocols are approved by
both the government’s official review committee and the institutional review board of the relevant
medical institution. The institutional review board of Korea University Anam Hospital approved this
study and waived the requirement for informed consent because of its retrospective nature. The
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Study Population
The cohort used for this study consisted of people who underwent a nationwide health checkup in
2009. The screening period was from January 1, 2002 to December 31, 2008, and baseline medical
history was identified during this period. Exclusion criteria included people who (1) were younger
than 20 years old, (2) had a history of heart valve surgery, (3) had a previous diagnosis of mitral
stenosis, and (4) were diagnosed with AF between January 1, 2002 and December 31,2008. The
patients were followed up from January 1, 2009 to December 2018, and the data were analyzed
between August 1, 2020 and October 31, 2020.

Primary Outcome and Definitions
Occurrence of new-onset AF during the follow-up period (from each participant’s health checkup in
2009 to December 31, 2018) was the primary outcome of this study. The incidence of new-onset AF
was defined as the number of events calculated per 1000 person-years of follow-up.

A previous diagnosis of depression was defined as the presence of an insurance claim with
ICD-10 codes for depression within 12 months before the 2009 nationwide health checkup.
Recurrent depression was defined as the presence of additional claims with ICD-10 codes for
depression during 12 to 24 months after the health checkup in 2009. According to our coding
strategy, people with mild forms of depression, such as a single episodes of depression, were not
included in the recurrent depression group. Therefore, the recurrent depression group represents
people with a more advanced stage of depression. Clinical follow-up was available until December 31,
2018. The exact ICD-10 codes used in this research are summarized in the eTable in the Supplement.
Under the K-NHIS system, prescriptions of selective serotonin reuptake inhibitors, which are the
most commonly used antidepressants, are limited to 60 days by law if the prescriber is not a board-
certified psychiatrist. Therefore, most patients with depression in South Korea are treated by board-
certified psychiatrists. Psychotropic medication, such as anxiolytic drugs (eg, benzodiazepines), and
other sedative or hypnotic drugs (eg, zolpidem) can be prescribed by primary care physicians
without depression-related ICD-10 codes. These policies prevent false diagnosis of depression to
prescribe anxiolytic or sedative drugs. Identification of new-onset AF was based on the presence of
either (1) 2 or more outpatient claims of ICD-10 codes for AF or (2) 1 or more inpatient claim of ICD-10
codes for AF.

Review of 1 inpatient record was required for diagnosis of heart failure. Chronic kidney disease
was defined as an estimated glomerular filtration rate of <60 mL/min/1.73m2. Current smokers were
defined as those who smoked 100 or more cigarettes in their life and continued smoking within 1
month before the 2009 nationwide health checkup. Heavy drinkers were defined as those
consuming 210 g or more of alcohol per week. Diabetes was diagnosed based on fasting blood
glucose (�126 mg/dL; to convert to mmol/L, multiply by 0.0555) or a claim with ICD-10 codes for
diabetes as diagnosed by a physician. Hypertension was identified based on blood pressure
measurement (systolic blood pressure �140 mm Hg or diastolic blood pressure �90 mm Hg) or by
a claim with ICD-10 codes for hypertension. Regular physical activity was defined as participating in 1
or more high-intensity (eg, running, climbing, or intense bicycle activities) or moderate-intensity (eg,
walking fast, tennis, or moderate bicycle activities) physical activity session in a week. The robustness
of these definitions has been validated in previous studies.17,18
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Statistical Analysis
The t test was used to compare continuous variables. Categorical variables were compared with the
Fisher exact test or χ2 test as appropriate. Unadjusted and adjusted hazard ratios (HRs) and 95% CIs
were calculated with Cox proportional hazards regression analysis. Three models were used for
multivariable analysis and were adjusted for (1) age and sex; (2) age, sex, body mass index (BMI;
calculated as weight in kilograms divided by height in meters squared), smoking status, alcohol
consumption status, regular physical activity, income level, diabetes, hypertension, and dyslipidemia;
and (3) age, sex, BMI, smoking status, alcohol consumption status, regular physical activity, income
level, diabetes, hypertension, dyslipidemia, heart failure, and thyroid disease. The covariates
included in the multivariate models were either proven risk factors for AF in prior studies or those
reported to have a considerable difference between people with and without depression in this
cohort.3,17-20 Because our cohort had nearly 10 years of clinical follow-up data, we treated depression
as a time-varying covariate to permit new diagnoses during follow-up. The cumulative incidence of
new-onset AF was depicted by Kaplan-Meier curve analysis and compared with the log-rank test.
Baseline time was the day of the 2009 nationwide health checkup for all participants in this study for
both Cox proportional hazards regression and Kaplan-Meier curve analysis. People were censored if
they (1) died, (2) immigrated and were no longer followed up by the K-NHIS, or (3) had new-onset AF
(primary outcome of the study). All tests were 2-tailed, and P � .05 was considered to be statistically
significant. All statistical analyses were performed with SAS, version 9.2 (SAS Institute Inc).

Results

Patients
Data retrieval from the K-NHIS database was done with 50% random sampling among adults in
South Korea who underwent a nationwide health checkup in 2009. A total of 5 031 222 individuals
with a mean (SD) age of 46.99 (14.06) years (2 771 785 men [55.1%] and 2 259 437 women [44.9%])
were included in the cohort; of these individuals, 148 882 had a previous diagnosis of depression
and 4 882 340 did not. The flow of the study is summarized in Figure 1.

Figure 1. Study Flowchart

Data retrieval with 50% random 
sampling of people who underwent 
a nationwide health checkup in 2009

5 133 274 No previous diagnosis of 
depression before health 
checkup

250 934 Excluded
207 588 Missing data

41 553 Previous diagnosis
of AF

1436 Previous diagnosis 
of mitral stenosis 

357 Previous history of 
valve surgery

4 882 340 People were included in the 
analysis and followed up until 
December 2018 (41 977 769 
person-years)
78 262 People were 

diagnosed with 
AF in 2009

148 882 People were included in the 
analysis and followed up until 
December 2018 (1 137 273 
person-years)
4966 People were 

diagnosed with 
AF in 2009

10 818 Excluded
6408 Missing data
4277 Previous diagnosis

of AF
106 Previous diagnosis 

of mitral stenosis 
27 Previous history of 

valve surgery

159 700 Diagnosis of depression within 
1 y before health checkup

AF indicates atrial fibrillation.
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Baseline clinical characteristics are summarized in Table 1. The prevalence of diabetes,
hypertension, dyslipidemia, and heart failure of the entire cohort was 8.7%, 26.7%, 18.1%, and 0.5%,
respectively. People with a previous diagnosis of depression were older than those without such a
diagnosis; more likely to be women; and had a higher prevalence of diabetes, hypertension,
dyslipidemia, heart failure, schizophrenia, bipolar affective disorders, dementia, alcohol abuse, and
thyroid disease. No clinically significant difference was observed in measured BMI, fasting glucose,
systolic and diastolic blood pressure, or triglyceride level. Estimated glomerular filtration rates were
substantially different, presumably because of age differences.

New-Onset AF
We retrieved the follow-up clinical data until December 31, 2018, which included 1 137 273 person-
years of follow-up for those with depression and 41 977 769 person-years follow-up for those without
depression. In 4 882 340 people without depression, 78 262 (1.6%) were diagnosed with new-onset

Table 1. Baseline Demographic Characteristics

Characteristic

No. of individuals (%)

P value
Without depression
(n = 4 882 340)

With depression
(n = 148 882)

Age, mean (SD) 46.7 (14.0) 56.7 (13.2) <.001

Age group, y

20-39 1 581 404 (32.4) 14 221 (9.6)

<.00140-64 2 702 203 (55.4) 88 965 (59.8)

≥65 598 733 (12.3) 45 696 (30.7)

Sex

Male 2 719 375 (55.7) 52 410 (35.2)
<.001

Female 2 162 965 (44.3) 96 472 (64.8)

Current smoker 1 305 134 (26.7) 22 042 (14.8) <.001

Alcohol consumption

None or mild to moderate 4 487 020 (91.9) 142 434 (95.7)
<.001

Heavy drinker 395 320 (8.1) 6448 (4.3)

Regular exercise 883 371 (18.1) 28 027 (18.8) <.001

Income quartilea

Q1 1 046 466 (21.4) 31 337 (21.1)

<.001
Q2 1 099 965 (22.5) 28 202 (18.9)

Q3 1 311 375 (26.9) 37 064 (24.9)

Q4 1 424 534 (29.2) 52 279 (35.1)

Diabetes 413 233 (8.5) 22 260 (15.0) <.001

Hypertension 1 276 098 (26.1) 65 932 (44.3) <.001

Dyslipidemia 862 379 (17.7) 46 647 (31.3) <.001

Heart failure 23 440 (0.5) 2578 (1.7) <.001

Schizophrenia 6904 (0.1) 2579 (1.7) <.001

Bipolar affective disorder 4757 (0.1) 3168 (2.1) <.001

Dementia 9314 (0.2) 2744 (1.8) <.001

Alcohol abuse 948 (0.02) 449 (0.3) <.001

Hypothyroidism or hyperthyroidism 151 581 (3.1) 12 765 (8.6) <.001

Fasting glucose, mean (SD), mg/dL 97.1 (23.7) 100.2 (26.4) <.001

Body mass index, mean (SD)b 23.7 (3.2) 23.9 (3.2) <.001

Waist circumference, cm, mean (SD) 80.2 (9.5) 80.9 (9.0) <.001

Blood pressure, mm Hg, mean (SD)

Systolic 122.4 (15.0) 123.6 (15.6) <.001

Diastolic 76.3 (10.0) 76.4 (10.0) .07

eGFR, mean (SD) 87.6 (28.1) 75.2 (27.0) <.001

Triglyceride, mg/dL (IQR) 113.3 (113.3-113.3) 116.3 (115.9-116.6) <.001

Abbreviations: eGFR, estimated glomerular filtration
rate; Q, quartile.

SI conversion factor: To convert fasting glucose to
mmol/L, mutiply by 0.0555; to convert triglyceride
levels to mmol/L, multiply by 0.0113.
a Q1 represents the lowest income, and Q4 represents

the highest.
b Calculated as weight in kilograms divided by height

in meters squared.
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AF during the follow-up period (incidence, 1.86 per 1000 person-years). The risk of new-onset AF
was significantly higher in people with a previous diagnosis of depression (HR, 2.36; 95% CI, 2.30-
2.43; P < .001), and the incidence of new-onset AF was 4.37 per 1000 person-years (4966
new-onset AF cases among 148 882) (Table 2). After multivariable adjustment for age, sex, BMI,
smoking status, alcohol consumption status, regular physical activity, income level, diabetes mellitus,
hypertension, dyslipidemia, heart failure, and thyroid disease, a previous diagnosis of depression was
associated with a 25.1% increased risk of new-onset AF (HR, 1.25; 95% CI, 1.22-1.29; P < .001)
(Table 2). When depression was included in the model as a time-varying covariate, the risk of
new-onset AF was increased by 33.1% in the depression group (Table 2). The Kaplan-Meier curve
analysis showed significantly higher cumulative incidence of new-onset AF in people with depression
(cumulative incidence, 4.44% vs 1.92%; log-rank P < .001; Figure 2).

Recurrent Episodes of Depression
Among 148 882 people with depression, 56 951 people had recurrent episodes of depression. The
incidence of new-onset AF in people with recurrent depression (incidence, 5.55 per 1000
person-years) was significantly higher as compared with people without recurrent episodes of
depression (incidence, 3.44 per 1000 person-years) and people with no depression (incidence, 1.86
per 1000 person-years) (Table 2). After multivariable adjustment, people with recurrent episodes
of depression had a 32.2% (HR, 1.32; 95% CI, 1.27-1.37; P < .001) increased risk of new-onset AF
(37.8% [HR, 1.38; 95% CI, 1.34-1.42; P < .001] increased risk if depression was included in the model
as a time-varying covariate) compared with people without depression (Table 2 and Figure 2).
Compared with people with depression but without recurrent episodes, the risk of new-onset AF was
significantly higher in people with recurrent episodes (cumulative incidence, 5.56% vs 3.43%;
log-rank P < .001) (Table 2 and Figure 2).

Subgroup Analysis
A significant interaction was observed between depression and age with respect to the risk of
new-onset AF. People aged 20 to 39 years had a 58.3% increased risk of new-onset AF associated
with depression (adjusted HR, 1.58; 95% CI, 1.24-2.02) (Table 3). In contrast, people 65 years and
older with depression had only a 16.8% increased risk of new-onset AF (adjusted HR, 1.17; 95% CI,
1.13-1.21; P for interaction <.001). In addition, a significant interaction was observed between
depression and female sex with regard to the risk of new-onset AF. The risk of new-onset AF
increased by 31.5% in women with depression (adjusted HR, 1.32; 95% CI, 1.27-1.37) and by 17.0% in
men with depression (adjusted HR, 1.17; 95% CI, 1.12-1.22) (Table 3).

Table 2. Multivariate Cox Proportional Hazards Regression Analysis of the Association of Depression With Risk of AF

No. of
individuals

New-onset
AF

Follow-up,
person-years Incidence

Unadjusted, HR
(95% CI)

Model 1, HR
(95% CI)a

Model 2, HR
(95% CI)b

Model 3, HR
(95% CI)c

Model 4, HR
(95% CI)d

Model 5, HR
(95% CI)e

Depression

No 4 882 340 78 262 41 977 769 1.86 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Yes 148 882 4966 1 137 273 4.37 2.36
(2.30-2.43)

1.34
(1.30-1.38)

1.30
(1.26-1.34)

1.25
(1.22-1.29)

1.25
(1.21-1.29)

1.33
(1.30-1.36)

Without
recurrent
episode

91 931 2191 636 896 3.44 1.88
(1.81-1.97)

1.23
(1.18-1.29)

1.21
(1.16-1.26)

1.17
(1.12-1.22)

1.17
(1.12-1.22)

1.28
(1.24-1.32)

With
recurrent
episode

56 951 2775 500 377 5.55 2.96
(2.85-3.07)

1.43
(1.38-1.49)

1.38
(1.33-1.44)

1.32
(1.27-1.37)

1.32
(1.27-1.37)

1.38
(1.34-1.42)

Abbreviations: AF, atrial fibrillation; HR, hazard ratio.
a Adjusted for age and sex.
b Model 2: Model 1 plus adjustment for body mass index (calculated as weight in

kilograms divided by height in meters squared), smoking status, alcohol consumption
status, regular physical activity, income level, diabetes mellitus, hypertension, and
dyslipidemia.

c Model 3: Model 2 plus adjustment for heart failure and thyroid disease.
d Model 4: the same adjustment as in Model 3 except that age was taken as a time scale

truncated on the left at age in 2009 (study entry).
e Model 5: the same adjustment as in Model 3 plus depression as a time-varying

covariate.
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Discussion

In this cohort study, a previous diagnosis of depression was associated with a significantly increased
risk of new-onset AF (adjusted HR, 1.25; 95% CI, 1.22-1.29), and people with recurrent episodes of
depression were subject to an even higher risk of new-onset AF (adjusted HR, 1.32; 95% CI, 1.27-1.37).
In addition, significant interactions were found between young age and depression and female sex
and depression with respect to new-onset AF. Previous studies examining the association between
depression and new-onset AF have reported conflicting results.15,16,21 In this study, we found an
association between previous diagnosis of depression and increased risk of new-onset AF by
analyzing nationwide medical data with a large sample size (5 031 222 people) and long follow-up
duration (43 115 042 person-years).

Depression and AF
In people with underlying AF, the prevalence of depression is estimated to be 8% to 38%,22-25 which
is higher than the 1% to 2% in the general population.26,27 It is relatively well established that people
with AF are at increased risk of developing depression. However, whether depression can provoke
development of new-onset AF remains to be elucidated. A prospective cohort study consisting of
30 746 women without a history of cardiovascular disease found no significant association between
global psychological distress and specific depressive symptoms and development of new-onset AF.21

The HUNT study, which included 37 402 adults in Norway, also found no significant association
between depression and new-onset AF.15 In contrast, a cohort of 6644 people from the United
States revealed a 34% increased risk of new-onset AF.28 A nationwide registry-based study from
Denmark revealed that use of antidepressants was associated with an increased risk of new-onset AF,
particularly before the initiation of treatment for depression.16 However, this association was
gradually attenuated during the following year.16 An association has been found between depression
and clinical outcomes and response to treatment in patients with AF. A previous study reported that
depressive symptoms were associated with increased cardiovascular mortality in patients with
comorbid AF and heart failure who received optimized treatment.29 Depression was a major risk

Figure 2. Risk of New-Onset Atrial Fibrillation (AF) Associated With Depression
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A, The risk of new-onset AF was substantially higher in people with a previous diagnosis of depression. B, People with recurrent episodes of depression had the highest risk of new-
onset AF.
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factor for recurrence of AF after electrical cardioversion, suggesting an association between
depression and AF pathogenesis.30

The present study, which had a large sample size, revealed that a previous diagnosis of
depression was associated with a significantly increased risk of new-onset AF. In contrast with the
study from Denmark,16 the increased risk of new-onset AF in people with depression continued
during the 10-year follow-up period, with progressive divergence observed in the cumulative
incidence of new-onset AF between people with and without depression. Another important finding
of this study was that people with recurrent episodes of depression were at even higher risk of
new-onset AF, suggesting a semiquantitative association between depression and new-onset AF. We
had a sufficient screening period, from 2002 to 2008, and any individual with an insurance claim
with ICD-10 codes for AF during the period was identified and excluded from the analysis. Therefore,
we were able to eliminate the potential association of AF with depression to measure only the
association between depression and AF. Furthermore, because virtually all Korean individuals are

Table 3. Subgroup Analysis

Characteristic Hazard ratio (95% CI)a
P value for
interaction

Age group, y

20-39 1.58 (1.24-2.02)

<.00140-64 1.39 (1.33-1.46)

65 and older 1.17 (1.13-1.21)

Sex

Male 1.17 (1.12-1.22)
<.001

Female 1.32 (1.27-1.37)

Heavy drinker

No 1.25 (1.22-1.29)
.64

Yes 1.22 (1.07-1.40)

Regular exercise

No 1.24 (1.20-1.28)
.38

Yes 1.31 (1.23-1.40)

Current smoker

No 1.25 (1.22-1.29)
.43

Yes 1.24 (1.15-1.35)

eGFR

<30 1.29 (1.10-1.52)

.34
30-59 1.24 (1.19-1.30)

60-90 1.23 (1.18-1.29)

>90 1.31 (1.21-1.42)

Obesity

No (BMI <25) 1.26 (1.21-1.31)
.11

Yes (BMI ≥25) 1.24 (1.19-1.30)

Abdominal obesity

No 1.27 (1.22-1.32)
<.001

Yes 1.22 (1.16-1.28)

Diabetes

No 1.24 (1.20-1.28)
.71

Yes 1.31 (1.23-1.39)

Dyslipidemia

No 1.24 (1.20-1.29)
.62

Yes 1.28 (1.22-1.34)

Hypertension

No 1.31 (1.24-1.38)
.002

Yes 1.23 (1.19-1.27)

Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); eGFR, estimated glomerular filtration rate.
a Hazard ratios were adjusted for age, sex, BMI,

smoking status, alcohol consumption status, regular
physical activity, income level, diabetes mellitus,
hypertension, dyslipidemia, heart failure, and
thyroid disease.
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mandatory subscribers of the K-NHIS, it is unlikely that symptomatic new-onset AF events remained
undetected during follow-up.

Age and Sex
This study revealed that young age and female sex had significant interactions with the association
between depression and new-onset AF. The underlying mechanism for this interaction is not clear.
Previous studies reported that depression can augment sympathetic activity,12,31 which can in turn
increase the risk of new-onset AF. Young people might also have an increased risk for emotional
stress and anxiety, which can contribute to an increased risk for various types of arrhythmias.32

Whether the elevated sympathetic activity and emotional stress adversely affect young people and
women remains to be elucidated. A previous study suggested that nongenetic risk factors for AF,
such as body weight, alcohol, hypertension, and diabetes, are equally important in both young and
older people.3 In the study, significant interactions were observed between age and hypertension
and diabetes mellitus, with young people being more susceptible, a similar phenomenon observed in
the current study with regard to depression. Whether treatment of depression in young people can
prevent occurrence of new-onset AF will be an important area of future research.

Increased risk of new-onset AF in women with depression requires further research. Atrial
fibrillation in women has different characteristics than AF in men with respect to response to
treatment, stroke risk, and clinical outcomes.33,34 However, the difference in underlying
pathogenesis of AF in women and men has not been fully elucidated. A previous report suggested
that estrogen can have a protective benefit against AF, which was shown by substantially less
shortening of the effective refractory period in response to rapid pacing in premenopausal women
than postmenopausal women or men.35 In turn, fluctuation in estrogen levels in women is one of the
proposed mechanisms of a higher incidence of depression in women.36 Lei et al37 reported that
estrogen levels were substantially lower in patients with recurrent depression compared with
patients with first-episode depression. Whether disrupted homeostasis of estrogen in women with
depression is associated with increased risk for AF development remains an area for future research.

Strengths and Limitations
A strength of this study is that the results of various blood tests, including creatinine level, fasting
blood glucose, and lipid profiles; direct measurement of body weight, height, and blood pressure;
and surveillance on physical activity, alcohol consumption, and smoking status, were provided by the
nationwide health checkup. This factor distinguishes our study from other claim-databased studies.
This study has limitations. First, our study was based on insurance claims with ICD-10 codes for
depression and AF. Although the identification of AF was not based on the interpretation of an
electrocardiogram, the claim-based identification strategy of AF is well established.3,17-19 Second,
additional clinical information, such as type of AF and size of left atrium, were not available. Third, the
possibility of undetected confounders, such as use of antidepressants, diameter of left atrium, or left
ventricular function, is another limitation of this study. Fourth, the K-NHIS database exclusively
consists of East Asian people, and the results from this study cannot be generalized to other racial
and ethnic groups. Fifth, recurrent depression as defined in this study represents a severe form of
depression, but we could not distinguish repetitive episodes of depression from ongoing depression.

Conclusion

Based on data obtained from a Korean nationwide health checkup cohort, this cohort study found that
depression was associated with a significantly increased risk of new-onset AF after adjusting for various
covariates. An exposure-response association was observed, with recurrent episodes of depression
associated with an even higher risk of new-onset AF. Young age and female sex were also found to have
a significant interaction in the association between depression and new-onset AF. Whether adequate
treatment of depression can reduce the risk of new-onset AF needs further examination.
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