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Background-—Current literature examining the prospective relationship between depression and other measures of negative affect
with atrial fibrillation (AF) are limited. We determined the relationships of depression, anger, anxiety, and chronic stress with
incident AF in a multiethnic cohort of middle- and older-aged adults.

Methods and Results-—This analysis included 6644 MESA (Multi-Ethnic Study of Atherosclerosis) study participants who were free
of AF at baseline. Depressive symptoms were assessed at baseline and defined as either a 20-item Center for Epidemiologic Studies
Depression Scale score ≥16 or use of antidepressant medications. The Spielberger Trait Anger Scale, Spielberger Trait Anxiety Scale,
and Chronic Burden Scale were also administered at baseline to assess anger, anxiety, and chronic stress, respectively. The primary
outcome was incident AF, identified by follow-up study visit ECGs, hospital discharge diagnoses, or Medicare claims data. A total of
875 (13%) incident AF cases were detected over a median follow-up of nearly 13 years. A Center for Epidemiologic Studies
Depression Scale score ≥16 (referent, Center for Epidemiologic Studies Depression Scale score <2) and antidepressant use were
associated with a 34% and 36% higher risk of AF, respectively, in separate adjusted Cox proportional hazards analyses (hazard ratio,
1.34; 95% CI 1.04–1.74 for Center for Epidemiologic Studies Depression Scale ≥16; hazard ratio, 1.36; 95% CI, 1.04–1.77 for
antidepressant use). No significant associations were observed for anger, anxiety, or chronic stress with development of AF.

Conclusions-—Depressive symptoms are associated with an increased risk of incident AF. Further study into whether improving
depressive symptoms reduces AF incidence is important. ( J Am Heart Assoc. 2019;8:e010603. DOI: 10.1161/JAHA.118.
010603.)
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A lthough prior research into atrial fibrillation (AF) risk
factors has allowed for a better understanding of its

causation and prediction, over 40% of the risk attributed to AF
still remains unexplained after accounting for established risk
factors.1 Continued investigation into identifying additional

risk factors is important to improve our understanding of the
mechanisms that cause AF.

Emotional distress has been suggested as a potential risk
factor for AF via mechanisms involving increased inflamma-
tion and increased activation of the autonomous nervous
system (ANS), hypothalamus-pituitary-adrenal axis, and renin-
angiotensin-aldosterone system (RAAS).2–4 Current epidemi-
ologic literature examining the prospective relationship
between depression and incident AF is sparse and consists
of a single study of predominantly white females.5 Prospec-
tive literature evaluating associations of other measures of
emotional distress with AF are similarly limited.6–8 In these
studies, chronic psychological stress were not associated
with AF while anger, hostility, and tension were, but only
in men.

Therefore, the purpose of our study was to examine the
association of baseline measures of negative affect, including
depressive symptoms, anger, anxiety, and chronic stress, with
incident AF in a well-characterized cohort. The MESA (Multi-
Ethnic Study of Atherosclerosis) includes repeat assessments
of these measures as well as a broad array of risk factor data,
allowing us to control for important confounding variables and
examine potential underlying mechanisms.
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Methods

Study Population
MESA is a National Heart, Lung, and Blood Institute–funded
multicenter longitudinal community-based study. Participants
were followed longitudinally for incident cardiovascular
disease events and cause-specific mortality. The study
recruited 6814 adults aged 45 to 84 years and free of
clinically recognized cardiovascular disease from 6 field
centers (Baltimore, Maryland; Chicago, Illinois; Forsyth
County, North Carolina; Los Angeles, California; New York,
New York; and St Paul, Minnesota) to undergo baseline
examination between 2000 and 2002.9 The study participants
self-identified with 1 of 4 race/ethnic groups: non-Hispanic
white (38%), black (28%), Hispanic (22%), and Chinese (12%).
Follow-up visits 2, 3, 4, and 5 were done in 2002–2004,
2004–2005, 2005–2007, and 2010–2012, respectively.
Institutional review boards at each site approved the study,
and all participants gave informed consent. The data, analytic
methods, and study materials will not be made available to
other researchers for purposes of reproducing the results or
replicating the procedure.

Depressive Symptom, Anger, Anxiety, and
Chronic Stress Measures
Depressive symptoms were assessed by the 20-item Center
for Epidemiologic Studies Depression Scale (CES-D) at Visits
1, 3, 4, and 5.10 CES-D scores were scored on a continuous
scale, with higher scores indicating more depressive symp-
tomatology. Five CES-D groups were created based on the

score distribution in approximate quartiles, with the top
quartile split into 2 such that the top group represent people
with a score ≥16, a value commonly used to identify clinically
relevant symptoms.10 Participants reporting use of antide-
pressant medications were also considered to have depres-
sive symptoms. Trained staff reviewed most medications,
including pill-bottle review. Antidepressant use was coded as
a yes/no variable based on current use of tricyclic antide-
pressants, monoamine oxidase inhibitors, and other nontri-
cyclic antidepressants.

Anger, anxiety, and chronic stress were measured at visits
1 and 3. Anger was measured by the Spielberger Trait Anger
scale, which includes 10 items assessing extent and
frequency of experiencing anger.11 Anxiety was measured
by the Spielberger Trait Anxiety scale, which also consisted of
10 items and measured feelings of apprehension, tension,
worry, and nervousness.12 Items on each scale had a 4-point
response from “almost never” (1) to “almost always (4) and
scores were summed across items to create a Trait Anger
score and Trait Anxiety score (range, 10–40). Total scores
were modeled categorically into approximate quartiles, based
on the distribution of scores, to evaluate potential threshold
effects.

Chronic stress was assessed by the Chronic Burden Scale,
which assesses presence and severity of ongoing stress in 5
domains: (1) health problems of oneself; (2) health problems
of close others; (3) job or ability to work; (4) relationships; and
(5) finances.13 Participants were coded as experiencing stress
for each domain in which they indicated an ongoing problem
as moderately or very stressful. The chronic stress score was
the number of domains for which a participant had ongoing
difficulties (range, 0–5). Three stress groups were created
based on scores of 0, 1, and ≥2.

Atrial Fibrillation
AF identified by either self-report or study visit ECG was an
exclusion criterion for enrollment in MESA. Incident AF was
identified from study ECGs verified for AF at visit 5,
International Classification of Diseases, Ninth Revision
(ICD-9) hospital discharge diagnoses consistent with AF
(427.31 or 427.32), and, for participants enrolled in fee-for-
service Medicare, inpatient and outpatient AF claims data.14

Among participants 55 years of age or older at baseline, 86%
were enrolled in fee-for-service Medicare at some point during
follow-up. Follow-up consisted of phone calls or field center
visits every 9 to 12 months to identify hospitalizations and
medical records, including discharge diagnoses. ECGs in
MESA were read at a centralized ECG reading center,
Epidemiological Cardiology Research Center, at Wake Forest
University. The time to AF was set as the time of study visit if
AF was identified from a study ECG; otherwise, it was set as

Clinical Perspective

What Is New?

• This is the first study to report that depressive symptoms,
as defined by either an elevated Center for Epidemiology
Studies Depression Scale or self-reported use of anti-
depressants, are associated with a higher risk of incident
atrial fibrillation.

What Are the Clinical Implications?

• Our findings identify a large portion of Americans who may
be at an increased risk for developing atrial fibrillation and
who may benefit from more targeted efforts to prevent this
arrhythmia.

• If findings are confirmed in future studies, particularly those
with formal assessment of clinical depression, then studies
will be needed to see whether treating depression may
lower the risk for atrial fibrillation.
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time of hospital or physician claim if it was identified through
hospitalizations and medical records.

Covariates
Standardized questionnaires were used at baseline to obtain
demographic information, level of education, annual house-
hold income, physical activity, alcohol consumption, smoking
history, and medication usage, including statin, antihyper-
tensive, or antidiabetic use. Education was categorized into
“high school or less,” “some college,” or “college or more.”
Annual household income was dichotomized at <$20 000,
≥$20 000 but less than $50 000, ≥$50 000 but less than
$75 000, or ≥$75 000. Body mass index was calculated as
weight in kilograms divided by height in meters squared.
Three separate systolic (SBP) and diastolic blood pressure
measurements were taken in seated participants at rest,
with the last 2 measurements being averaged for analysis.
Physical activity was recorded as participant-reported num-
ber of intentional exercise metabolic equivalent-minutes per
week. Current alcohol consumption was determined by self-
report. Cigarette smoking was calculated in pack-years and
also defined as current, former, or never. Total and high-
density lipoprotein cholesterol and fasting glucose were
measured from blood samples. Hypertension was defined as
a self-report of physician diagnosis and use of an antihy-
pertensive medication, or SBP ≥140 or diastolic blood
pressure ≥90 mm Hg. Diabetes mellitus was defined as
a fasting glucose >125 mg/dL or use of antidiabetic
medications.

Statistical Analysis
Individuals missing baseline measures for antidepressant use,
CES-D, Spielberger Trait Anger, Spielberger Trait Anxiety, or
the Chronic Burden Scale were excluded from the primary
analysis (n=82). In addition, those with AF identified by
Medicare claims data that occurred before enrollment (n=63)
or missing AF follow-up data (n=5) were also excluded.
Baseline characteristics were compared across CES-D score
categories (<2, 2–5, 6–9, 10–15, ≥16) and according to
development of AF. Categorical variables were reported as
frequency and percentage while continuous variables were
reported as mean�standard deviation. Statistical significance
for categorical variables was tested using the chi-square
method and the analysis of variance procedure for continuous
variables.

Cox proportional hazards models were used to compute
adjusted hazards ratios (HRs) and 95% CIs for incident AF
across CES-D score categories (referent, CES-D <2) and
antidepressant use (referent, no antidepressant use). The P
trend was determined from modeling categories as either

ordinal or continuous variables. Follow-up time was defined as
the time from the baseline visit to AF development, death,
loss to follow-up, or end of follow-up. Multivariable models
were constructed to account for variables known to be
associated with AF. Model 1 adjusted for age, sex, race,
education, income, and clinic site; Model 2 adjusted for Model
1 covariates with the addition of cigarette smoking, body
mass index, height, diabetes mellitus, glucose, SBP, moderate
and vigorous physical activity, antihypertensive medication
use, statin use, and current alcohol use. Similar analyses were
performed to determine associations for Spielberger Trait
Anger (referent, first quartile), Spielberger Trait Anxiety
(referent, first quartile), and chronic burden scale (referent,
0) with incident AF. Associations between CES-D scores and
incident AF in Model 2 were simultaneously adjusted for
baseline Spielberger Trait Anger, Spielberger Trait Anxiety,
and chronic burden scale scores. Associations between
antidepressant use and incident AF in Model 2 were also
additionally adjusted for all negative affect measures. We also
performed an analysis of time-updated depressive symptoms
measures with incident AF to determine if associations
between depressive symptoms and incident AF are more
strongly affected by more recent assessments (those occur-
ring after the baseline visit). The most recent CES-D scale
score and antidepressant use assessment was used for this
analysis.

We evaluated for effect modification by sex and race/
ethnicity, using stratification and interaction terms, for
analyses involving depressive symptoms and incident AF.
Due to limited sample size, the referent category for CES-D
analyses was a score <16. Finally, we stratified par-
ticipants according to CES-D score (<16 vs ≥16) and
antidepressant use (yes versus no) determine if graded
associations with incident AF existed across those meeting
no, one, or both criteria for depressive symptoms (referent,
CES-D <16 and no antidepressant use). Statistical signifi-
cance for all comparisons including interactions was defined
as P<0.05. SAS Version 9.4 (Cary, NC) was used for all
analyses.

Results
A total of 6664 participants with baseline data on depressive
symptoms and without previous AF were included in the final
analysis (mean age=62�10 years; 53% female; 38% white,
28% black, 22% Hispanic, and 12% Chinese). The mean CES-D
score was 7.6�7.6 and 423 (6.3%) participants reported
antidepressant use at baseline. Eight hundred seventy-five
(13.1%) participants developed AF (incidence rate per
1000 person-years=11.7; person-years of follow-up=74 759
years) over a median follow-up of 12.9 years (25th–75th
percentiles=9.9–13.6 years).
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Table 1 shows that participants with incident AF were
older and more likely to be male, be white, be less educated,
have a lower income, have a higher SBP, have a lower total
cholesterol, have a higher serum glucose, have diabetes

mellitus, have a smoking history, be less physically active,
report using antihypertensive and statin medications, and
have lower Spielberger Trait Anger scale and Chronic Burden
scale scores. Both the CES-D scale and Spielberger Trait

Table 1. Baseline Characteristics of MESA Participants According to Presence or Absence of Incident Atrial Fibrillation*

Characteristic Incident AF (n=875) No AF (n=5789) P Value†

Age, y 69 (7.9) 61 (10.0) <0.001

Male, % 484 (55) 2659 (46) <0.001

Race, % <0.001

White 414 (47) 2138 (37)

Chinese 107 (12) 690 (12)

Black 192 (22) 1644 (28)

Hispanic 162 (19) 1317 (23)

Education, % 0.011

High school or less 348 (40) 2065 (36)

Some college 216 (25) 1690 (29)

College or more 311 (35) 2034 (35)

Income, % <0.001

<$20 000 295 (34) 1478 (26)

$20 000–$49 999 293 (33) 2045 (35)

$50 000–$74 999 115 (13) 979 (17)

≥$75 000 172 (20) 1287 (22)

Body mass index, kg/m2 28 (5.5) 28 (5.5) 0.61

Systolic blood pressure, mm Hg 134 (22) 125 (21) <0.001

Total cholesterol, mg/dL 191 (35) 195 (36) 0.007

HDL cholesterol, mg/dL 51 (15) 51 (15) 0.56

Glucose, mg/dL 101 (34) 97 (30) <0.001

Diabetes mellitus, % 127 (15) 625 (11) 0.001

Smoking status, % <0.001

Never 404 (46) 2948 (51)

Former 372 (43) 2065 (36)

Current 99 (11) 776 (13)

Current alcohol use, % 471 (54) 3218 (56) 0.33

Moderate/vigorous physical activity, MET-min/week 4873 (5053) 5890 (5978) <0.001

Antihypertensive use, % 443 (51) 2006 (35) <0.001

Statin use, % 173 (20) 805 (14) <0.001

Antidepressant use, % 63 (7) 360 (6) 0.26

CES-D Scale score 7.4 (7.4) 7.6 (7.6) 0.56

Spielberger Trait Anger Scale score 14 (3.4) 15 (3.7) <0.001

Spielberger Trait Anxiety Scale score 16 (4.4) 16 (4.5) 0.083

Chronic Burden Scale score 1.1 (1.2) 1.2 (1.2) 0.018

AF indicates atrial fibrillation; CES-D, Center for Epidemiologic Studies Depression; HDL, high-density lipoprotein; MESA, Multi-Ethnic Study of Atherosclerosis; MET, metabolic equivalents.
*Continuous variables are expressed as mean (SD). Categorical variables are N (%).
†Comparisons were made between incident AF and no AF. Fisher’s exact test used to make statistical comparison.
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Anxiety scale scores did not significantly differ between those
with and without incident AF. Baseline characteristics are also
compared across CES-D scale score categories in Table 2.
Notably, younger age and female sex were associated with
higher scores on the CES-D scale, while no significant trends
were observed for SBP, serum glucose, diabetes mellitus, or
antihypertensive use.

Table 3 shows the risk of incident AF by presence of
baseline depressive symptoms. After adjustment for age, sex,

race, education, income, clinic site, cigarette smoking, body
mass index, height, diabetes mellitus, glucose, SBP, moderate
and vigorous physical activity, antihypertensive medications,
statins, and current alcohol use, higher CES-D scores were
associated with an increased risk of AF (P trend=0.039).
Participants with a CES-D score ≥16 had a higher risk of
developing AF compared with those with a CES-D score <2
(HR=1.34; 95% CI, 1.04–1.74). Results remained significant
with further adjustment for baseline anger, anxiety, or chronic

Table 2. Baseline Characteristics of MESA Participants According to Center for Epidemiologic Studies Depression Scale Score*

Characteristic

CES-D Scale Score

P Value†<2 (n=1322) 2 to 5 (n=2006) 6 to 9 (n=1444) 10 to 15 (n=1039) ≥16 (n=853)

Age, y 63 (9.9) 62 (10) 62 (10) 62 (10) 61 (11) <0.001

Male, % 725 (55) 1042 (52) 672 (47) 437 (42) 267 (31) <0.001

Race, % <0.001

White 488 (37) 868 (43) 538 (37) 391 (38) 267 (31)

Chinese 202 (15) 251 (13) 162 (11) 116 (11) 66 (8)

Black 387 (29) 521 (26) 438 (31) 274 (26) 216 (25)

Hispanic 245 (19) 366 (18) 306 (21) 258 (25) 304 (36)

Education, % <0.001

High school or less 400 (30) 614 (31) 538 (37) 451 (43) 410 (48)

Some college 359 (27) 600 (30) 426 (30) 287 (28) 234 (27)

College or more 563 (43) 792 (39) 480 (33) 301 (29) 209 (25)

Income, % <0.001

<$20 000 329 (25) 425 (21) 357 (25) 324 (31) 338 (40)

$20 000–$49 999 427 (32) 657 (33) 533 (37) 398 (38) 323 (38)

$50 000–$74 999 198 (15) 392 (20) 256 (18) 146 (14) 102 (12)

≥$75 000 368 (28) 532 (26) 298 (20) 171 (17) 90 (10)

Body mass index, kg/m2 29 (5.0) 28 (5.3) 28 (5.6) 29 (5.8) 29 (5.9) <0.001

Systolic blood pressure, mm Hg 126 (20) 126 (21) 127 (22) 126 (21) 127 (23) 0.89

Total cholesterol, mg/dL 193 (35) 193 (34) 195 (35) 196 (39) 196 (37) 0.008

HDL cholesterol, mg/dL 50 (15) 50 (15) 52 (15) 51 (14) 52 (15) <0.001

Glucose, mg/dL 98 (30) 96 (29) 97 (30) 97 (31) 100 (34) 0.097

Diabetes mellitus, % 138 (10) 206 (10) 169 (12) 124 (12) 115 (13) 0.099

Smoking status, % <0.001

Never 666 (50) 1018 (51) 700 (48) 526 (51) 442 (52)

Former 516 (39) 764 (38) 535 (37) 359 (34) 263 (31)

Current 140 (11) 224 (11) 209 (15) 154 (15) 148 (17)

Current alcohol use, % 745 (56) 1213 (60) 798 (55) 514 (50) 419 (49) <0.001

Moderate/vigorous physical activity, MET-min/week 5348 (5647) 5736 (5522) 5878 (6155) 6157 (6150) 5745 (6159) 0.015

Antihypertensive use, % 490 (37) 697 (35) 521 (36) 413 (40) 328 (38) 0.064

Statin use, % 200 (15) 297 (15) 215 (15) 160 (15) 106 (12) 0.38

Antidepressant use, % 48 (4) 106 (5) 77 (5) 84 (8) 108 (13) <0.001

CES-D indicates Center for Epidemiologic Studies Depression; HDL, high-density lipoprotein; MESA, Multi-Ethnic Study of Atherosclerosis; MET, metabolic equivalents.
*Continuous variables are expressed as mean (SD). Categorical variables are N (%).
†Statistical significance for categorical variables tested using the chi-square method and for continuous variables the analysis of variance procedure was used.
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stress (HR, 1.50; 95% CI, 1.11–2.04). In a similarly adjusted
model, participants reporting antidepressant also had a higher
risk of developing AF compared with those reporting no
antidepressant use (HR, 1.36; 95% CI, 1.04–1.77). Additional
adjustment for baseline CES-D scores, anger, anxiety, or
chronic stress did not attenuate associations between antide-
pressant use and incident AF (HR, 1.33; 95% CI, 1.02–1.74).
When using themost recent CES-D score instead of the baseline
measure, if one was available, participants with a CES-D score
of 10 to 15 or ≥16 were both at an increased risk for incident AF
compared with those with a CES-D score <2 (Table 4). CES-D
assessments after the baseline visit were available for 5813
study participants (87%). When CES-D scores were dichot-
omized (≥16 vs <16), the risk of incident AF associated with a
CES-D score ≥16 was not significantly increased (HR, 1.22; 95%
CI, 0.98–1.51). No significant associations were observed for
baseline measures of anger, anxiety, or chronic stress with
development of AF (Table 5).

We used a test for interaction to assess the evidence for
difference in the association of depressive symptoms with AF
by sex. As shown in Table 6, the test for interaction was not
significant (P=0.42 for CES-D; and P=0.44 for antidepressant
use). Similarly, associations did not significantly differ across
race/ethnicity (Table S1).

Stratifying participants according to both CES-D score ≥16
and antidepressant use, a progressive increase in AF risk in
fully adjusted analyses across those meeting no, one, or both
criteria for depressive symptoms was seen (P trend=0.005;
Table 7).

Discussion
Higher CES-D scores were associated with an increased risk of
incident AF in a multiethnic cohort with extended follow-up.
Additionally, depressive symptoms as defined by either a CES-D
score ≥16 or self-reported use of antidepressants were
associated with a higher risk of incident AF compared with
those with a CES-D score <2 and those reporting no antide-
pressant use, respectively. The risk of AF appeared to be
greatest in those participants meeting both criteria for depres-
sive symptoms. Anger, anxiety, and chronic stress were not
associated with the development of AF in this same cohort.

Because the CES-D is a screening tool for depressive
symptoms, our intention for including antidepressant use was
to provide a proxy for previous diagnosis of depression.
Interestingly, >75% of individuals on antidepressant therapy
(315 of 423) had a baseline CES-D <16, suggesting that the
CES-D is not necessarily capturing individuals with more
severe depression at the time of enrollment, though it is
possible they had a prior history of such symptoms. These
individuals, therefore, represented a substantially different
population than those with a high CES-D score. The risk of AF
associated with receiving antidepressant treatment, however,
was similar to that associated with a high CES-D score.
Findings suggest that both tools are important but incomplete
methods for identifying those individuals with a current or
prior history of depressive symptoms who are at risk for
developing AF. The findings also raise important questions

Table 3. Associations of Baseline Depressive Symptoms With
Incident AF*

n AF/N at Risk
Model 1†

HR (95% CI)
Model 2‡

HR (95% CI)

CES-D score

<2 117/1322 1 (referent) 1 (referent)

2–5 275/2006 1.11 (0.91–1.35) 1.15 (0.94–1.39)

6–9 173/1444 1.07 (0.86–1.33) 1.07 (0.86–1.33)

10–15 140/1039 1.21 (0.96–1.53) 1.19 (0.94–1.50)

≥16 110/853 1.34 (1.04–1.73) 1.34 (1.04–1.74)

P trend 0.023 0.039

Antidepressant use

No 812/6241 1 (referent) 1 (referent)

Yes 63/423 1.47 (1.13–1.91) 1.36 (1.04–1.77)

AF indicates atrial fibrillation; CES-D, Center for Epidemiologic Studies Depression; HR,
hazard ratio.
*Results of multivariable Cox proportional hazards models.
†Model 1 adjusted for age, sex, race, education, income, and clinic site.
‡Model 2 adjusted for Model 1+cigarette smoking, body mass index, height, diabetes
mellitus, glucose, systolic blood pressure, moderate and vigorous physical activity, statin
use, antihypertensive use, and current alcohol use.

Table 4. Associations of Time-Dependent Depressive
Symptoms With Incident AF*

n AF/N at Risk
Model 1†

HR (95% CI)
Model 2‡

HR (95% CI)

CES-D score

<2 172/1413 1 (referent) 1 (referent)

2–5 212/1571 1.14 (0.93–1.40) 1.15 (0.94–1.42)

6–9 231/1708 1.14 (0.93–1.40) 1.09 (0.88–1.34)

10–15 143/1037 1.27 (1.01–1.60) 1.27 (1.00–1.60)

≥16 117/935 1.35 (1.05–1.73) 1.32 (1.02–1.69)

P trend 0.015 0.030

Antidepressant use

No 796/6155 1 (referent) 1 (referent)

Yes 79/509 1.49 (1.17–1.89) 1.41 (1.11–1.79)

AF indicates atrial fibrillation; CES-D, Center for Epidemiologic Studies Depression; HR,
hazard ratio.
*Results of multivariable Cox proportional hazards models with time-dependent CES-D
measures and anti-depressant use.
†Model 1 adjusted for age, sex, race, education, income, and clinic site.
‡Model 2 adjusted for Model 1+cigarette smoking, body mass index, height, diabetes
mellitus, glucose, systolic blood pressure, moderate and vigorous physical activity, statin
use, antihypertensive use, and current alcohol use.
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regarding whether treatment of depression can help to
actually lower the risk of AF or whether there may be
proarrhythmic properties of antidepressants that mitigate any
beneficial effect associated with improvement in depressive
symptoms.15,16

Over one third of people with AF have depressive symptoms
and mortality risk is increased in affected men.17,18 Depressed
mood is most prevalent among those with persistent AF
subtype.19 Prior cross-sectional study has found that rates of
depressive symptoms are higher in individuals with AF

Table 5. Associations of Baseline Anger, Anxiety, and Chronic Stress With Incident AF*

n AF/N at Risk
Model 1†

HR (95% CI)
Model 2‡

HR (95% CI)

Spielberger Trait Anger score

First quartile (<12) 204/1234 1 (referent) 1 (referent)

Second quartile (12–13) 191/1516 0.84 (0.69–1.03) 0.82 (0.67–1.00)

Third quartile (14–16) 288/2184 1.04 (0.86–1.25) 1.01 (0.83–1.22)

Fourth quartile (≥17) 192/1730 1.01 (0.82–1.25) 0.95 (0.77–1.17)

P-trend 0.53 0.97

Spielberger Trait Anxiety score

First quartile (<12) 182/1227 1 (referent) 1 (referent)

Second quartile (12–14) 234/1751 1.03 (0.84–1.26) 1.03 (0.84–1.26)

Third quartile (15–18) 247/1933 1.05 (0.86–1.28) 1.05 (0.86–1.28)

Fourth quartile (≥19) 212/1753 0.99 (0.80–1.22) 0.97 (0.79–1.20)

P trend 0.89 0.74

Chronic Burden Scale score

0 318/2276 1 (referent) 1 (referent)

1 301/2085 1.06 (0.90–1.25) 1.08 (0.92–1.28)

≥2 256/2303 1.13 (0.95–1.34) 1.06 (0.89–1.27)

P trend 0.78 0.47

AF indicates atrial fibrillation; HR, hazard ratio.
*Results of multivariable Cox proportional hazards models.
†Model 1 adjusted for age, sex, race, education, income, and clinic site.
‡Model 2 adjusted for Model 1+cigarette smoking, body mass index, height, diabetes mellitus, glucose, systolic blood pressure, moderate and vigorous physical activity, statin use,
antihypertensive use, and current alcohol use.

Table 6. Associations of Baseline Depressive Symptoms With Incident AF Stratified by Sex*

Men Women

n AF/N at Risk HR (95% CI)† n AF/N at Risk HR (95% CI)†

CES-D score

CES-D <16 445/2876 1 (referent) 320/2935 1 (referent)

CES-D ≥16 39/267 1.05 (0.74–1.49) 71/586 1.35 (1.02–1.78)

P interaction 0.42

Antidepressant use

No 464/3024 1 (referent) 348/3217 1 (referent)

Yes 20/119 1.16 (0.73–1.85) 43/304 1.50 (1.08–2.08)

P interaction 0.44

AF indicates atrial fibrillation; CES-D, Center for Epidemiologic Studies Depression; HR, hazard ratio.
*Results of multivariable Cox proportional hazards models.
†Model adjusted for age, sex, race, education, income, clinic site, cigarette smoking, body mass index, height, diabetes mellitus, glucose, systolic blood pressure, moderate and vigorous
physical activity, statin use, antihypertensive use, and current alcohol use.
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compared with those without AF. In a large population-based
study of over 10 000 individuals, the Gutenberg Health Study,
individuals with AF were 21% more likely to have a history of
depression than compared with those without AF.20 These
individuals also scored higher on the Patient Health Question-
naire-9, a measure of depressive symptoms.20 In a study of
nearly 100 individuals with either persistent or paroxysmal AF,
arrhythmic episodes, as assessed by Holter monitor, weremore
likely to be preceded by negative emotions and less likely by
happiness.21 Sadness had the strongest odds of preceding an
AF episode compared with the other negative emotions,
including anger, stress, and anxiety.21 Risk of recurrent AF is
also higher in individuals with a depressed mood following
cardioversion to sinus rhythm.22

Prospective studies evaluating the association of depres-
sive symptoms and new onset AF are limited and no prior
studies have used measures that are specific for the
assessment of depressive symptoms.5 In a large study of
over 30 000 Women’s Health Study participants, neither
depressive symptoms nor antidepressant use were associated
with incident AF over median follow-up over 10 years.5 This
study, however, had some important differences. Aside from
including only women, this study was composed of a
predominantly white population with a very low rate of
incident AF (2.5%) over a similar follow-up period. Additionally,
and most importantly, assessment of depression was with a
short 5-item Mental Health Inventory and more detailed
instruments to measure depression were not used.

Several mechanisms can be proposed to explain the
findings observed in our study. Inflammation is associated
with an increased risk of incident AF and depression
intensifies the activation of the inflammatory response
system.23 Specifically, depression has been associated with
lymphocyte proliferation, increased serum concentrations of
acute-phase reactants such as C-reactive protein, decreased
levels of negative acute-phase proteins, and enhanced

cytokine secretion.24 Depression may also increase AF risk
through effects on the ANS, hypothalamic-pituitary-adrenal
axis, and renin-angiotensin-aldosterone system. Cate-
cholamine levels, primarily norepinephrine, are higher in
depressed individuals compared with controls and may
indicate increased sympathetic nervous activity.25 Hypercor-
tisolism and reduced feedback inhibition of the hypothalamic-
pituitary-adrenal has also been observed in depression.26

Finally, in a small study of 14 patients, nocturnal serum
aldosterone levels were persistently elevated throughout the
night in depressed patients compared with healthy controls,
suggesting that mineralocorticoid sensitivity may be altered in
depression.27 Taken together, the increase in inflammation
along with activation of the ANS, hypothalamic-pituitary-
adrenal axis, and renin-angiotensin-aldosterone system seen
in depression may increase AF susceptibility either directly by
disrupting electrophysiologic properties of the atria as seen
with ANS dysregulation or indirectly by promoting atrial
fibrosis, increasing atrial pressure, and stretching the atria.2

Finally, prior studies have reported the importance of
behavioral mechanisms, including smoking, dietary adher-
ence, stress reduction, physical inactivity, and medication
nonadherence, in explaining associations between depression
and risk of cardiovascular disease.28,29 Considering that AF
and cardiovascular disease share many common risk factors,
it is possible that similar mechanisms may contribute to an
increased incident AF risk as well. Dedicated research to
more specifically evaluate the role of potential biological or
behavioral mechanisms in the setting of depression and
increased risk of AF will be important.

It is unclear why depressive symptoms were associated
with incident AF, but other emotional distress measures had
no association with AF. Anger, anxiety, and stress have also
been suggested to elicit AF through similar mechanisms
including activation of the ANS and hypothalamic-pituitary-
adrenal axis as well as inducing direct electrophysiologic

Table 7. Associations of Baseline Depressive Symptoms Stratified by Baseline CES-D Score (≥16/<16) and Anti-Depressant Use
(Yes/No) With Incident AF*

n AF/N at Risk
Model 1†

HR (95% CI)
Model 2‡

HR (95% CI)

CES-D <16+no antidepressant 717/5496 1 (referent) 1 (referent)

CES-D ≥16+no antidepressant 95/745 1.19 (0.94–1.49) 1.18 (0.94–1.49)

CES-D <16+antidepressant 48/315 1.43 (1.06–1.93) 1.32 (0.98–1.78)

CES-D ≥16+antidepressant 15/108 1.74 (1.03–2.93) 1.67 (0.99–2.81)

P-trend 0.001 0.005

AF indicates atrial fibrillation; CES-D, Center for Epidemiologic Studies Depression; HR, hazard ratio.
*Results of multivariable Cox proportional hazards models.
†Model 1 adjusted for age, sex, race, education, income, and clinic site.
‡Model 2 adjusted for Model 1+cigarette smoking, body mass index, height, diabetes mellitus, glucose, systolic blood pressure, moderate and vigorous physical activity, statin use,
antihypertensive use, and current alcohol use.

DOI: 10.1161/JAHA.118.010603 Journal of the American Heart Association 8

Negative Affect and Risk of AF Garg et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



changes in the heart.3,4 Multiple prior studies, however, have
also found no association between these negative emotions
and incident AF.5,6,8,30 While stress was found to be a common
inciting factor in patients hospitalized with paroxysmal AF, 2
large prospective studies found no association between
baseline stress levels and incident AF.5,8,31 Similarly, while
anxiety symptomswere associated with an increased likelihood
of new-onset, postoperative AF among individuals undergoing
cardiac surgery, in a prospective evaluation of over 3500
Framingham Offspring Study (FOS) participants baseline anx-
iety was not associated with incident AF.6,30 Negative emotions
of anger, hostility, and tension were all associated with the
development of AF in men only, however, in this same
population of FOS participants.6,7 While overall associations,
not stratified by sex, were not reported in these studies, our
findings somewhat contrast those reported in the FOS. It is
important to point out, however, that the FOS participants were
significantly different from MESA participants. They were
significantly younger (48 years vs 62 years), experiencing
much lower cumulative incidence of AF (5% versus 13%). Rates
of incident AF are high in older age, and the underlying substrate
for its development is often age- and disease-related atrial
remodeling.32,33 AF presenting at an earlier age, as was the
case in the FOS cohort, may be due to different substrates,
more influenced by genetic predisposition and by other factors
not related to remodeling.33 Therefore, it is possible that certain
negative emotions, such as anger, hostility, or tension, may play
a more important role in early-onset AF but not in the later
onset, more prevalent form.

The risk of AF associated with either CES-D scores ≥16 or
antidepressant use was more pronounced among women
compared with men. Although a statistically significant
interaction for sex was not observed, we had limited power
for the stratified analyses and the difference may have been
significant with an adequate sample size. Prior literature has
suggested that the presence of depression may influence
cardiac electromechanical properties differently based on sex.
In an analysis of nearly 400 individuals hospitalized with acute
coronary syndrome, the corrected QT interval was nearly
30 ms longer in women with depressive symptoms compared
with those without.34 No significant differences in the
corrected QT interval were observed, however, for men with
and without depressive symptoms. Further study is needed in
larger populations that definitely address whether a signifi-
cant depression-sex interaction exists as it relates to AF risk
as well the possible electromechanical changes underlying
such an interaction.

An important strength of our study is the use of a large, well-
characterized, multiethnic cohort with repeat assessment of
depressive symptoms and long-term prospective follow-up. Our
study also has some limitations. The CES-D scale measures
depressive symptoms over a short time period. It does not allow

one to assume chronicity of symptoms or make a clinical
diagnosis of depression. However, the scale has been, validated
for use in epidemiologic study and is the most widely used tool
for assessing depressive symptoms for such research. Mis-
classification of participants on antidepressants may have
occurred, as they may have been taking them for other
indications. Themethod of AF detection used is not sensitive for
cases of paroxysmal AF that were asymptomatic, and these
cases may have been missed. Because no information regard-
ing symptom presence or the paroxysmal versus permanent
nature of AF is available, we cannot determine whether
depression may have stronger associations with certain AF
subtypes. Causality cannot be inferred on the basis of this
observational study, and we cannot exclude the possibility that
unmeasured or inadequately measured confounders may
account for the observed associations.

AF accounts for nearly 15% of all US strokes, and annual
costs for AF treatment alone exceed $6 billion. Considering
that 20% of adults report prevalent depressive symptoms in
representative US data samples, confirming that this large
population is at increased risk for AF and, if so, whether
targeted efforts to improve the identification and treatment of
these individuals reduces AF incidence will be important.35

In conclusion, depressive symptoms, measured via a CES-
D scale or antidepressant use, were associated with incident
AF, and the risk appeared to be greatest in those participants
both with a high CES-D score and using antidepressants.
Further study in larger cohorts appropriately powered to
detect significant interactions and with more comprehensive
and clinically validated assessments of depression is needed.
Additionally, once a diagnosis of depression is established, a
better understanding of how antidepressant medication or
other therapeutic interventions might then modify the risk of
subsequent AF is also needed.

Acknowledgments
The authors thank the other investigators, the staff, and the
participants of the MESA study for their valuable contributions. A
full list of participating MESA investigators and institutions can be
found at http://www.mesa-nhlbi.org.

Sources of Funding
This research was supported by contracts HHSN268201500003I,
N01-HC-95159, N01-HC-95160, N01-HC-95161, N01-HC-
95162, N01-HC-95163, N01-HC-95164, N01-HC-95165,
N01-HC-95166, N01-HC-95167, N01-HC-95168 and N01-
HC-95169 and by grant R01-HL-127659 from the National
Heart, Lung, and Blood Institute, and by grants UL1-TR-
000040, UL1-TR-001079, and UL1-TR-001420 from NCATS.
O’Neal is supported by the National Heart, Lung, and Blood

DOI: 10.1161/JAHA.118.010603 Journal of the American Heart Association 9

Negative Affect and Risk of AF Garg et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

http://www.mesa-nhlbi.org


Institute of the National Institutes of Health under award
number F32HL134290. This work was additionally supported
by American Heart Association grant 16EIA26410001
(Alonso).

Disclosures
None.

References
1. Huxley RR, Lopez FL, Folsom AR, Agarwal SK, Loehr LR, Soliman EZ,

Maclehose R, Konety S, Alonso A. Absolute and attributable risks of atrial
fibrillation in relation to optimal and borderline risk factors: the
Atherosclerosis Risk in Communities (ARIC) study. Circulation. 2011;123:
1501–1508.

2. Patel D, McConkey ND, Sohaney R, McNeil A, Jedrzejczyk A, Armaganijan L. A
systematic review of depression and anxiety in patients with atrial fibrillation:
the mind-heart link. Cardiovasc Psychiatry Neurol. 2013;2013:159850.

3. Peacock J, Whang W. Psychological distress and arrhythmia: risk prediction
and potential modifiers. Prog Cardiovasc Dis. 2013;55:582–589.

4. Brotman DJ, Golden SH, Wittstein IS. The cardiovascular toll of stress. Lancet.
2007;370:1089–1100.

5. Whang W, Davidson KW, Conen D, Tedrow UB, Everett BM, Albert CM. Global
psychological distress and risk of atrial fibrillation among women: the
Women’s Health Study. J Am Heart Assoc. 2012;1:e001107. DOI: 10.1161/
JAHA.112.001107.

6. Eaker ED, Sullivan LM, Kelly-Hayes M, D’Agostino RB, Benjamin EJ. Tension
and anxiety and the prediction of the 10-year incidence of coronary heart
disease, atrial fibrillation, and total mortality: the Framingham Offspring Study.
Psychosom Med. 2005;67:692–696.

7. Eaker ED, Sullivan LM, Kelly-Hayes M, D’Agostino RB, Benjamin EJ. Anger and
hostility predict the development of atrial fibrillation in men in the Framingham
Offspring Study. Circulation. 2004;109:1267–1271.

8. Svensson T, Kitlinski M, Engstrom G, Melander O. Psychological stress and risk
of incident atrial fibrillation in men and women with known atrial fibrillation
genetic risk scores. Sci Rep. 2017;7:42613.

9. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR,
Greenland P, Jacob DR, Kronmal R, Liu K, Nelson JC, O’Leary D, Sadd MF, Shea
S, Szklo M, Tracy RP. Multi-Ethnic Study of Atherosclerosis: objectives and
design. Am J Epidemiol. 2002;156:871–881.

10. Radloff LS. The CES-D Scale. A self-report depression scale for research in the
general population. Appl Psychol Meas. 1977;1:385–401.

11. Spielberger CD. Preliminary Manual for the State-Trait Personality Inventory.
Palo Alto, CA: Consulting Psychologist Press; 1980.

12. Spielberger CD, Gorsuch R, Lushene R, Vaag P, Jacobs G. Manual for the State-
Trait Anxiety Inventory. Palo Alto, CA: Consulting Psychologist Press; 1983.

13. Bromberger JT, Matthews KA. A longitudinal study of the effects of pessimism,
trait anxiety, and life stress on depressive symptoms in middle-aged women.
Psychol Aging. 1996;11:207–213.

14. Heckbert SR, Wiggins KL, Blackshear C, Yang Y, Ding J, Liu J, McKnight B,
Alonso A, Austin TR, Benjamin EJ, Curtis LH, Sotoodehnia N, Correa A.
Pericardial fat volume and incident atrial fibrillation in the Multi-Ethnic Study of
Atherosclerosis and Jackson Heart Study. Obesity. 2017;25:1115–1121.

15. Pacher P, Kecskemeti V. Cardiovascular side effects of new antidepressants
and antipsychotics: new drugs, old concerns? Curr Pharm Des. 2004;10:2463–
2475.

16. Castro VM, Murphy SN, Fava M, Erb JL, Churchill SE, Kohane IS, Smoller JW.
QT interval and antidepressant use: a cross sectional study of electronic
health records. BMJ. 2013;346:f288.

17. Thrall G, Lip GY, Carroll D, Lane D. Depression, anxiety, and quality of life in
patients with atrial fibrillation. Chest. 2007;132:1259–1264.

18. Wandell P, Carlsson AC, Gasevic D, Wahlstram L, Sundquist J, Sundquist K.
Depression or anxiety and all-cause mortality in adults with atrial fibrillation—
a cohort study in Swedish primary care. Ann Med. 2016;48:59–66.

19. von Eisenhart Rothe AF, Goette A, Kirchof P, Breithardt G, Limbourg T, Calvert
M, Baumert J, Ladwig KH. Depression in paroxysmal and persistent atrial
fibrillation patients: a cross-sectional comparison of patients enrolled in two
large clinical trials. Europace. 2014;16:812–819.

20. Schnabel RB, Michal M, Wilde S, Wiltink J, Wild PS, Sinning CR, Lubos E.
Depression in atrial fibrillation in the general population. PLoS One. 2013;8:
e79109.

21. Lampert R, Jamner L, Burg M, Dziura J, Brandt C, Liu H, Li F, Donovan T, Soufer
R. Impact of emotions on triggering of atrial fibrillation. J Am Coll Cardiol.
2014;64:1533–1534.

22. Lange HW, Herrmann-Lingen C. Depressive symptoms predict recurrence of
atrial fibrillation after cardioversion. J Psychosom Res. 2007;63:509–513.

23. Conen D, Ridker PM, Everett BM, Tedrow UB, Rose L, Cook NR, Buring JE,
Albert CM. A multimarker approach to assess the influence of inflammation on
the incidence of atrial fibrillation in women. Eur Heart J. 2010;31:1730–1736.

24. Pasic J, Levy WC, Sullivan MD. Cytokines in depression and heart failure.
Psychosom Med. 2003;65:181–193.

25. Lake CR, Pickar D, Ziegler MG, Lipper S, Slater S, Murphy DL. High plasma NE
levels in patients with major affective disorder. Am J Psychiatry.
1982;139:1315–1318.

26. Carroll BJ, Curtis GC, Mendels J. Cerebrospinal fluid and plasma free cortisol
concentrations in depression. Psychol Med. 1976;6:235–244.

27. Murck H, Held K, Ziegenbein M, Kunzel H, Koch K, Steiger A. The renin-
angiotensin-aldosterone system in patients with depression compared to
controls—a sleep endocrine study. BMC Pyschiatry. 2003;3:15.

28. Ye S, Muntner P, Shimbo D, Judd SE, Richman J, Davidson K, Safford MM.
Behavioral mechanisms, elevated depressive symptoms, and the risk for
myocardial infarction or death in individuals with coronary heart disease (A
Reason for Geographic and Racial Differences in Stroke [REGARDS] Study). J
Am Coll Cardiol. 2013;61:622–630.

29. Huffman JC, Celano CM, Beach SR, Motiwala SR, Januzzi JL. Depression and
cardiac disease: epidemiology, mechanisms, and diagnosis. Cardiovasc
Psychiatry Neurol. 2013;2013:695925.

30. Tully PJ, Bennetts JS, Baker RA, McGavigan AD, Turnbull DA, Winefield HR.
Anxiety, depression, and stress as risk factors for atrial fibrillation after cardiac
surgery. Heart Lung. 2011;40:4–11.

31. Hansson A, Madsen-Hardig B, Olsson SB. Arrhythmia provoking factors and
symptoms at the onset of paroxysmal atrial fibrillation: a study based on
interviews with 100 patients seeking hospital assistance. BMC Cardiovasc
Disord. 2004;4:13.

32. Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG. Prevalence, age
distribution, and gender of patients with atrial fibrillation: analysis and
implications. Arch Intern Med. 1995;155:469–473.

33. Heijman J, Voigt N, Nattel S, Dobrev D. Cellular and molecular electrophys-
iology of atrial fibrillation initiation, maintenance, and progression. Circ Res.
2014;114:1483–1499.

34. Whang W, Julien HM, Higginbotham L, Soto AV, Broodie N, Bigger JT, Garan H,
Burg MM, Davidson KW. Women, but not men, have prolonged QT interval if
depressed after an acute coronary syndrome. Europace. 2012;14:267–271.

35. Shim RS, Baltrus P, Ye J, Rust G. Prevalence, treatment, and control of
depressive symptoms in the United States: results from the National Health
and Nutrition Examination Survey (NHANES), 2005–2008. J Am Board Fam
Med. 2011;24:33–38.

DOI: 10.1161/JAHA.118.010603 Journal of the American Heart Association 10

Negative Affect and Risk of AF Garg et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

https://doi.org/10.1161/JAHA.112.001107
https://doi.org/10.1161/JAHA.112.001107


 

 

 

SUPPLEMENTAL MATERIAL 

 



Table S1. Associations of baseline depressive symptoms with incident atrial fibrillation 

stratified by race/ethnicity*. 

 White Chinese African-American Hispanic 

 HR (95% CI)† HR (95% CI)† HR (95% CI)† HR (95% CI)† 

CES-D score     

     CES-D <16 1 (referent) 1 (referent) 1 (referent) 1 (referent) 

     CES-D ≥16 1.15 (0.81, 1.62) 0.90 (0.38, 2.13) 1.62 (1.05, 2.50) 1.26 (0.84, 1.91) 

p-interaction 0.35    

Anti-depressant use     

     No 1 (referent) 1 (referent) 1 (referent) 1 (referent) 

     Yes 1.26 (0.89, 1.77) 0.75 (0.22, 2.54) 1.63 (0.71, 3.81) 1.84 (1.03, 3.29) 

p-interaction 0.36    

 

AF=atrial fibrillation, CES-D=Center for Epidemiologic Studies Depression, HR=hazard ratio, 

CI=confidence interval 

*Results of multivariable Cox proportional hazards models  

†Model adjusted for age, sex, race, education, income, clinic site, cigarette smoking, body mass 

index, height, diabetes, glucose, systolic blood pressure, moderate and vigorous physical activity, 

statin use, antihypertensive use, and current alcohol use  

 


