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BACKGROUND Depression is a known risk factor for cardiovascular disease (CVD), but the potential sex differences in

this association remain unclear.

OBJECTIVES The aim of this study was to investigate the association between depression and subsequent CVD events,

and to explore potential sex differences.

METHODS The authors conducted a retrospective analysis using the JMDC Claims Database between 2005 and 2022.

The study population included 4,125,720 individuals aged 18 to 75 years without a history of cardiovascular disease or

renal failure and missing data at baseline. Participants were followed up for a mean of 1,288 days to assess the asso-

ciation between depression and subsequent CVD events, such as myocardial infarction, angina pectoris, stroke, heart

failure, and atrial fibrillation.

RESULTS Our analysis revealed a significant association between depression and subsequent composite CVD events in

both men and women, with a stronger association observed in women. The HR for the composite endpoint was 1.64

(95% CI: 1.59-1.70) in women and 1.39 (95% CI: 1.35-1.42) in men after multivariable adjustment (P for

interaction <0.001). Furthermore, the individual components of the composite endpoint were also associated with

depression in both men and women, each of which was also observed to be more strongly associated in women.

CONCLUSIONS Our study provides evidence of a significant association between depression and subsequent CVD

events in both men and women, with a more pronounced association observed in women. These findings highlight the

importance of addressing depression and tailoring prevention and management strategies according to sex-specific

factors. (JACC: Asia 2024;4:279–288) © 2024 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. 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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D epression and cardiovascular dis-
ease (CVD) are 2 prevalent health
conditions that have been shown

to be closely linked.1 Recent studies have
demonstrated that depression is associated
with an increased risk of subsequent cardio-
vascular events, including myocardial infarc-
tion (MI), angina, stroke, and cardiovascular
mortality.2-5

Sex differences in CVD events have also
been highlighted, and we have recently
demonstrated a possible sex difference in the rela-
tionship between hypertension and the development
of atrial fibrillation (AF).6 However, there is still
controversy over the evidence on sex differences in
the impact of depression on CVD. Some studies have
suggested that the association between depression
and CVD is stronger in women than in men.2,5 Women
with depression have been found to be at a higher risk
of developing CVD, and the adverse effects of
depression on cardiovascular health are more pro-
nounced in women than in men. In some studies, the
association has been found to be stronger in men than
in women,3 whereas in others, there has been no
significant sex difference.4 Moreover, the potential
mechanisms underlying the sex difference in the as-
sociation between depression and CVD are still not
well understood and are the subject of ongoing
research.

Identification of sex-specific factors in the adverse
effects of depression on subsequent cardiovascular
outcomes may help in the development of targeted
prevention and treatment strategies that address the
specific cardiovascular risks faced by depressed
patients.

The purpose of this study is to investigate sex
differences in the association between depression
and subsequent CVD events including MI, angina,
stroke, heart failure (HF), and AF, and to present
evidence to address this association. A better un-
derstanding of the sex differences in the association
between depression and CVD will allow health care
providers to optimize care for both men and women
with depression, ultimately leading to improved
cardiovascular health outcomes for these
populations.
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.
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METHODS

The JMDC Claims Database is available for anyone
who would purchase it from JMDC Inc, a health care
venture corporation in Japan.

STUDY POPULATION. In this observational cohort
study, we used the JMDC Claims Database, consisting
of a combined database of health checkup and
administrative claims database (both outpatient and
inpatient settings) in Japan.7-9 The JMDC Claims
Database covered individuals who were mainly em-
ployees and their family members in Japan between
January 2005 and May 2022. Japan has a universal
health insurance system, and the JMDC Claims Data-
base consists of administrative claims records
reimbursed by insurance (eg, medical diagnoses,
pharmacological prescriptions) from more than
60 insurers, and medical diagnoses are registered in
the form of International Classification of Diseases-
10th Revision (ICD-10) coding. We identified
5,127,304 individuals with available health checkup
data on physical examination and laboratory data at
health checkup. We excluded individuals with a his-
tory of MI, angina pectoris, stroke, HF, AF, and renal
replacement therapy, as well as those with missing
data on cigarette smoking, alcohol consumption, and
physical activity. Finally, we obtained 4,125,720 par-
ticipants in our study (Figure 1).

ETHICS. This study was performed in accordance
with the ethical guidelines of the University of Tokyo
(approval by the Ethical Committee [Clinical Research
Review Board] of the University of Tokyo: 2018-
10862) and the principles of the Declaration of Hel-
sinki. The requirement for informed consent was
waived because all data in the JMDC Claims Database
were anonymized and deidentified.

DEFINITION OF DEPRESSION. We defined individuals
with a history of depression as those diagnosed with
depression (ICD-10 codes: F32.0-32.9, F33.0-33.3,
F33.8, F33.9, F34.1, and F41.2) before undergoing the
initial health check-up.

VARIABLES AND MEASUREMENT. We collected the
following data using standardized protocols at the
initial health check-up of each participant: body mass
index (BMI), blood pressure, and fasting laboratory
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

, 2023, accepted November 14, 2023.
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FIGURE 1 Flowchart

Individuals enrolled in the JMDC Claims Database between 2005 and 2022 with 
available data on physical exam and laboratory data

(n = 5,127,304)

Analyzed in this study (n = 4,125,720)

Prior history of cardiovascular disease or renal failure 
(n = 220,870)

Missing data on 
• Cigarette smoking (n = 293,503)
• Alcohol consumption (n = 318,030)
• Physical activity (n = 169,181)     

We identified 5,127,304 individuals with available health checkup data on physical examination and laboratory data at health checkup in the

JMDC Claims Database. We excluded individuals with a history of myocardial infarction, angina pectoris, stroke, heart failure, atrial

fibrillation, and renal replacement therapy, as well as those with missing data on cigarette smoking, alcohol consumption, and physical

activity. Finally, we obtained 4,125,720 participants in our study.
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values. Information regarding cigarette smoking
(current or noncurrent) was self-reported. We defined
obesity as a BMI of $25 kg/m2.10 Hypertension was
defined as systolic blood pressure of $140 mm Hg,
diastolic blood pressure of $90 mm Hg, or usage of
blood pressure-lowering medications. Diabetes
mellitus was defined as fasting glucose level of
$126 mg/dL or usage of glucose-lowering medica-
tions. Dyslipidemia was defined as low-density lipo-
protein cholesterol level of $140 mg/dL, high-density
lipoprotein cholesterol level of <40 mg/dL, triglyc-
eride level of $150 mg/dL, or usage of lipid-lowering
medications. Physical inactivity was defined as not
exercising for 30 minutes at least twice a week or not
walking for 1 hour each day, as we previously
described.11

OUTCOMES. Information on the outcomes was
collected between January 2005 and May 2022. The
primary outcome was a composite endpoint including
MI (ICD-10 codes: I210, I211, I212, I213, I214, and I219),
angina pectoris (ICD-10 codes: I200, I201, I208, and
I209), stroke (ICD-10 codes: I630, I631, I632, I633,
I634, I635, I636, I638, I639, I600, I601, I602, I603,
I604, I605, I606, I607, I608, I609, I610, I611,
I613, I614, I615, I616, I619, I629, and G459), HF (ICD-10
codes: I500, I501, I509, and I110), and AF (ICD-10
code: I480-I484, and I489). The secondary primary
outcomes included MI, angina pectoris, stroke, HF,
and AF.
STATISTICAL ANALYSIS. We analyzed the study
population stratified by sex. The data are expressed
as median (Q1,Q3) for continuous variables or number
(percentage) for categorical variables. The statistical
significance of differences in clinical characteristics
between participants with and without depression
was assessed using Wilcoxon rank-sum test and chi-
square test for continuous variables and for categor-
ical variables, respectively. We performed analyses
using Cox proportional hazards regression to
examine the association between depression and
incident CVD. We calculated HRs in an unadjusted
model (model 1); an age-adjusted model (model 2);
and after adjustment for age, BMI, hypertension,
diabetes mellitus, dyslipidemia, cigarette smoking,
alcohol consumption, and physical inactivity using
the forced entry method (model 3). To examine
whether depression had a differential relationship
with incident CVD by sex, multiplicative interaction
terms for sex were calculated. We performed a
stratified subgroup analysis by age ($50 years
vs <50 years) or obesity defined as BMI of $25 kg/m2.
We performed 4 sensitivity analyses to validate our
primary results. First, we set an induction period of
1 year, and we analyzed 3,326,132 participants. Sec-
ond, we defined depression as having a diagnosis of
depression and use of antidepressants (Anatomical
Therapeutic Chemical Classification System code
N06A). In this case scenario, participants having
a diagnosis of depression without use of



TABLE 1 Clinical Characteristics

Men Women

Depression (�)
(n ¼ 2,271,247)

Depression (þ)
(n ¼ 99,739) P Value

Depression (�)
(n ¼ 1,676,376)

Depression (þ)
(n ¼ 78,358) P Value

Age, y 44 (36, 52) 44 (38, 51) <0.001 44 (36, 52) 44 (36, 51) 0.28

Body mass index, kg/m2 23.2 (21.2, 25.6) 23.5 (21.4, 26.1) <0.001 21 (19.2, 23.4) 21.1 (19.2, 23.8) <0.001

Obesity 697,363 (30.7) 34,300 (34.4) <0.001 268,756 (16.0) 14,691 (18.7) <0.001

Systolic blood pressure, mm Hg 121 (112, 130) 120 (111, 129) <0.001 112 (102, 124) 111 (102, 123) <0.001

Diastolic blood pressure, mm Hg 75 (68, 83) 76 (68, 83) <0.001 69 (62, 77) 69 (62, 77) <0.001

Hypertension 500,541 (22.0) 24,181 (24.2) <0.001 211,269 (12.6) 11,629 (14.8) <0.001

Diabetes mellitus 129,122 (5.7) 6,310 (6.3) <0.001 34,442 (2.1) 1,981 (2.5) <0.001

Dyslipidemia 1,060,129 (46.7) 53,032 (53.2) <0.001 473,625 (28.3) 26,597 (33.9) <0.001

Cigarette smoking 809,137 (35.6) 32,842 (32.9) <0.001 189,557 (11.3) 10,893 (13.9) <0.001

Alcohol consumption 673,643 (29.7) 24,837 (24.9) <0.001 205,983 (12.3) 8,307 (10.6) <0.001

Physical inactivity 1,153,587 (50.8) 54,777 (54.9) <0.001 875,698 (52.2) 43,256 (55.2) <0.001

Fast plasma glucose, mg/dL 93 (87, 101) 93 (87, 101) <0.001 89 (84, 95) 89 (84, 95) <0.001

Low-density lipoprotein cholesterol, mg/dL 121 (101, 143) 124 (103, 146) <0.001 113 (94, 136) 116 (96, 138) <0.001

High-density lipoprotein cholesterol, mg/dL 56 (48, 66) 56 (47, 66) <0.001 70 (60, 81) 69 (59, 81) <0.001

Triglycerides, mg/dL 95 (66, 142) 103 (70, 155) <0.001 64 (48, 90) 70 (51, 101) <0.001

Values are median (Q1, Q3) or n (%).
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antidepressants (n ¼ 105,245) were excluded from the
analysis. Third, we imputed missing data on cigarette
smoking, alcohol consumption, and physical
inactivity, as previously described.12,13 Briefly, we
performed the analysis using the multiple imputation
by the chained equation method with 20 iterations
described by Aloisio et al,14 and obtained the HRs
with SEs based on Rubin’s rules.15 Fourth, because
death could be regarded as a competing risk with CVD
events, we also conducted a competing risks analysis
using the Fine-Gray subdistribution hazard
modeling.16,17 Statistical significance was set at a
P value <0.05. All statistical analyses were conducted
using STATA version 17 (StataCorp LLC).

RESULTS

CLINICAL CHARACTERISTICS. The clinical charac-
teristics of the study participants is summarized in
Table 1. The median age was 44 years (Q1, Q3: 36-52
years), and 2,370,986 participants were men. The
median age was 44 years (Q1, Q3: 36-52 years) in both
men and women. Depression was observed in 99,739
participants (4.2%) in men, whereas 78,358 (4.5%) in
women. In both men and women, the prevalence of
obesity, hypertension, diabetes mellitus, dyslipide-
mia, and physical inactivity was more common in
individuals having depression.

DEPRESSION AND CVD BETWEEN MEN AND WOMEN.

During a mean follow-up period of 1,288 � 1,001 days
(minimum 1 day, maximum 5,534 days), 119,084 CVD
diagnoses were recorded in men, and the incidence of
CVD was 140.1 (95% CI: 139.4-140.9) per 10,000
person-years. In women, 61,797 CVD events were
recorded, and the incidence of CVD was 111.0 (95% CI:
110.1-111.8) per 10,000 person-years. Compared with
participants without depression, the HR of depres-
sion for CVD was 1.39 (95% CI: 1.35-1.42) in men and
1.64 (95% CI: 1.59-1.70) in women. The P value for
interaction was <0.001 in model 3, suggesting that
the association of depression with incident CVD was
modified by sex (Table 2). The HRs of depression for
MI, angina pectoris, stroke, HF, and AF in men were
1.16 (95% CI: 1.04-1.28), 1.46 (95% CI: 1.41-1.52), 1.42
(95% CI: 1.34-1.50), 1.28 (95% CI: 1.23-1.32), and 1.15
(95% CI: 1.07-1.24), respectively. The HRs of depres-
sion for MI, angina pectoris, stroke, HF, and AF in
women were 1.52 (95% CI: 1.24-1.85), 1.68 (95% CI:
1.60-1.76), 1.56 (95% CI: 1.45-1.67), 1.64 (95% CI: 1.57-
1.72), and 1.55 (95% CI: 1.37-1.76), respectively.
P values for interaction were all significant (Central
Illustration).

SUBGROUP ANALYSIS. Depression was associated
with a higher risk of developing CVD in men and
women, not only in people aged $50 years, but also in
those aged <50 years. The P value for the interaction
evaluating the relationship between depression and
incident CVD between men and women was statisti-
cally significant in both people aged $50 and
<50 years. The association of depression with inci-
dent CVD was greater in women than in men among
both people with and without obesity (Figure 2).



TABLE 2 Association of Depression With Risk of Developing Cardiovascular Disease Between Men and Women

Men Women

P Value for
Interaction

Depression (�)
(n ¼ 2,271,247)

Depression (þ)
(n ¼ 99,739) P Value

Depression (�)
(n ¼ 1,676,376)

Depression (þ)
(n ¼ 78,358) P Value

Composite

Events 112,638 6,446 57,639 4,158

Incidence 138.1 (137.3-138.9) 188.3 (183.8-193.0) 107.9 (107.0-108.8) 182.3 (176.8-187.9)

Unadjusted 1.00 (Reference) 1.36 (1.33-1.40) <0.001 1.00 (Reference) 1.69 (1.64-1.74) <0.001

Age-adjusted 1.00 (Reference) 1.43 (1.40-1.47) <0.001 1.00 (Reference) 1.69 (1.64-1.74) <0.001

Multivariable 1.00 (Reference) 1.39 (1.35-1.42) <0.001 1.00 (Reference) 1.64 (1.59-1.70) <0.001 <0.001

Myocardial infarction

Events 7,279 359 1,506 105

Incidence 8.6 (8.4-8.8) 10.0 (9.0-11.1) 2.7 (2.6-2.9) 4.4 (3.6-5.3)

Unadjusted 1.00 (Reference) 1.16 (1.04-1.29) 0.007 1.00 (Reference) 1.60 (1.32-1.96) <0.001

Age-adjusted 1.00 (Reference) 1.23 (1.11-1.37) <0.001 1.00 (Reference) 1.60 (1.31-1.95) <0.001

Multivariable 1.00 (Reference) 1.16 (1.04-1.28) 0.008 1.00 (Reference) 1.52 (1.24-1.85) <0.001 0.0173

Angina pectoris

Events 49,141 3,026 24,121 1,803

Incidence 59.1 (58.5-59.6) 86.1 (83.1-89.2) 44.5 (43.9-45.0) 77.0 (73.6-80.7)

Unadjusted 1.00 (Reference) 1.46 (1.40-1.51) <0.001 1.00 (Reference) 1.73 (1.65-1.82) <0.001

Age-adjusted 1.00 (Reference) 1.51 (1.46-1.57) <0.001 1.00 (Reference) 1.73 (1.65-1.81) <0.001

Multivariable 1.00 (Reference) 1.46 (1.41-1.52) <0.001 1.00 (Reference) 1.68 (1.60-1.76) <0.001 <0.001

Stroke

Events 23,988 1,367 11,950 829

Incidence 28.6 (28.2-28.9) 38.3 (36.3-40.4) 21.9 (21.5-22.3) 35.0 (32.7-37.5)

Unadjusted 1.00 (Reference) 1.34 (1.27-1.42) <0.001 1.00 (Reference) 1.60 (1.49-1.72) <0.001

Age-adjusted 1.00 (Reference) 1.45 (1.37-1.53) <0.001 1.00 (Reference) 1.60 (1.49-1.72) <0.001

Multivariable 1.00 (Reference) 1.42 (1.34-1.50) <0.001 1.00 (Reference) 1.56 (1.45-1.67) <0.001 0.0350

Heart failure

Events 55,231 2,952 27,085 1,982

Incidence 66.3 (65.8-66.9) 83.6 (80.6-86.6) 49.9 (49.3-50.5) 84.6 (81.0-88.4)

Unadjusted 1.00 (Reference) 1.26 (1.21-1.31) <0.001 1.00 (Reference) 1.70 (1.62-1.78) <0.001

Age-adjusted 1.00 (Reference) 1.32 (1.28-1.37) <0.001 1.00 (Reference) 1.69 (1.62-1.77) <0.001

Multivariable 1.00 (Reference) 1.28 (1.23-1.32) <0.001 1.00 (Reference) 1.64 (1.57-1.72) <0.001 <0.001

Atrial fibrillation

Events 15,972 721 3,872 265

Incidence 19.0 (18.7-19.3) 20.1 (18.7-21.6) 7.1 (6.8-7.3) 11.1 (9.9-12.5)

Unadjusted 1.00 (Reference) 1.06 (0.98-1.14) 0.136 1.00 (Reference) 1.58 (1.39-1.79) <0.001

Age-adjusted 1.00 (Reference) 1.16 (1.07-1.24) <0.001 1.00 (Reference) 1.57 (1.39-1.78) <0.001

Multivariable 1.00 (Reference) 1.15 (1.07-1.24) <0.001 1.00 (Reference) 1.55 (1.37-1.76) <0.001 <0.001

Multivariable analysis ¼ adjusted for age, body mass index, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, alcohol consumption, and physical inactivity.

J A C C : A S I A , V O L . 4 , N O . 4 , 2 0 2 4 Senoo et al
A P R I L 2 0 2 4 : 2 7 9 – 2 8 8 Sex Difference in the Association Between Depression and CVD

283
SENSITIVITY ANALYSES. First, we included in-
dividuals with a follow-up period longer than 1 year
to exclude people having latent CVD at baseline, and
the main results were unchanged in this population
(Supplemental Table 1). Second, in the scenario in
which depression was defined as having a diagnosis
of depression and use of antidepressants, the main
results did not change (Supplemental Table 2). Third,
after multiple imputations for missing data, our pri-
mary results were consistent (Supplemental Table 3).
Fourth, our primary results were consistent with
those of a competing risks model (Supplemental
Table 4).
DISCUSSION

Our study provides evidence of a significant associa-
tion between depression and subsequent CVD events
in both men and women, with a more pronounced
association observed in women. Furthermore, the
individual components of the composite endpoint
were also associated with depression in both men and
women, each of which was also observed to be more
strongly associated in women.

Several potential mechanisms may contribute to
sex differences in the association between depression
and CVD. One possible explanation is that women

https://doi.org/10.1016/j.jacasi.2023.11.015
https://doi.org/10.1016/j.jacasi.2023.11.015
https://doi.org/10.1016/j.jacasi.2023.11.015
https://doi.org/10.1016/j.jacasi.2023.11.015
https://doi.org/10.1016/j.jacasi.2023.11.015


CENTRAL ILLUSTRATION HR of Depression for Cardiovascular Events Between Men and Women

Men

Composite Cardiovascular Event 1.39 (1.35-1.42)

Myocardial Infarction 1.16 (1.04-1.28)

Angina Pectoris 1.46 (1.41-1.52)

Stroke 1.42 (1.34-1.50)

Heart Failure 1.28 (1.23-1.32)

Atrial Fibrillation 1.15 (1.07-1.24)

Women

1.64 (1.59-1.70)

1.52 (1.24-1.85)

1.68 (1.60-1.76)

1.56 (1.45-1.67)

1.64 (1.57-1.72)

1.55 (1.37-1.76)

Senoo K, et al. JACC: Asia. 2024;4(4):279–288.

The association of depression with incident cardiovascular event is pronounced in women.
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may experience more severe and persistent symp-
toms of depression compared with men, leading to a
greater impact on cardiovascular health.18,19 Addi-
tionally, women may be more likely to experience
depression during critical periods of hormonal
changes, such as during pregnancy or menopause,
which could contribute to a greater impact on car-
diovascular health.20 Another potential mechanism
underlying the sex difference in the association be-
tween depression and CVD is related to differences in
cardiovascular risk factors between men and women.
Studies have shown that women with depression may
be more likely to have traditional cardiovascular risk
factors, such as hypertension, diabetes, and obesity,
compared with men with depression.21 These coex-
isting traditional risk factors may contribute to the
development of CVD and could potentially exacerbate
the adverse effects of depression on cardiovascular
health in women.22 Furthermore, differences in
health care utilization and treatment between men
and women may contribute to the sex difference in
the association between depression and CVD. Women
are more likely to seek health care services and may
be more likely to be diagnosed with depression than
men.23,24 However, it has been shown that women
with depression may be less likely to receive appro-
priate treatment for their condition.25 This highlights
the importance of early detection and appropriate
treatment of depression in women to help reduce the
risk of CVD. Last, sex-specific differences in biological
factors, such as genetics and hormonal profiles, may
contribute to the sex difference in the association
between depression and CVD. For example, studies
have suggested that the female sex hormone estrogen
may have a protective effect on cardiovascular
health, and disruptions in estrogen levels, such as
during menopause, may increase the risk of CVD in
women.26-28 Thus, addressing hormonal changes in
women may be an important consideration in the
prevention and management of CVD in women with
depression. However, the exact mechanisms under-
lying the sex difference in the association between
depression and CVD are still not fully understood and
require further research to elucidate.

This study also found that the impact of sex dif-
ferences on the association between depression and
individual cardiovascular outcomes was consistent.
Therefore, recognizing the important role of depres-
sion in the development of each cardiovascular
outcome, we emphasize the importance of a
comprehensive, patient-centered approach to CVD
prevention and management.29 Addressing depres-
sion and its associated risk factors in both men and
women not only improves mental health, but also



FIGURE 2 Subgroup Analyses

Sex Depression N No. of 
Events Incidence Adjusted HR (95% CI) Forest Plot P for 

interaction

Age≥50 Years Men Absent 745,671 62,832 244.0 (242.1-245.9) 100.0<]ecnerefeR[ 1

Present 30,502 2,980 302.1 (291.5-313.2) 1.32 (1.27–1.37)

Women Absent 525,608 29,469 188.7 (186.5-190.9) 1 [Reference]

Present 24,067 1,974 293.3 (280.6-306.5) 1.55 (1.48–1.62)

Age<50 Years Men Absent 1,525,576 49,806 89.3 (88.5-90.1) 100.0<]ecnerefeR[ 1

Present 69,237 3,466 142.2 (137.6-147.1) 1.44 (1.39–1.49)

Women Absent 1,150,768 28,170 74.5 (73.7-75.4) 1 [Reference]

Present 54,291 2,184 135.8 (130.2-141.6) 1.72 (1.65–1.80)

Obesity Men Absent 697,363 44,465 183.0 (181.3-184.7) 100.0<]ecnerefeR[ 1

Present 34,300 2,662 237.6 (228.7-246.8) 1.35 (1.29–1.40)

Women Absent 268,756 12,506 154.4 (151.7-157.1) 1 [Reference]

Present 14,691 1,030 255.2 (240.1-271.3) 1.70 (1.60–1.82)

Non-obesity Men Absent 1,573,884 68,173 119.1 (118.2-120.0) 100.0<]ecnerefeR[ 1

Present 65,439 3,784 164.3 (159.2-169.7) 1.42 (1.37–1.46)

Women Absent 1,407,620 45,133 99.6 (98.7-100.5) 1 [Reference]

Present 63,667 3,128 166.6 (160.8-172.5) 1.62 (1.56–1.68)

0.5 1.0 1.5 2.0

We examined the association of depression with the risk of developing cardiovascular disease between men and women stratified by age and obesity. Models were

adjusted for age, body mass index, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, alcohol consumption, and physical inactivity.
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may improve overall cardiovascular health. In the
ENRICHD (Enhancing Recovery in Coronary Heart
Disease) trial, cognitive therapy intervention after MI
improved depressive symptoms but did not reduce
mortality.30 However, in a post hoc analysis, patients
in the ENRICHD trial who received selective serotonin
reuptake inhibitors had significantly lower all-cause
and cardiovascular mortality rates.31 Observational
data also suggest that serotonin reuptake inhibitors
may be associated with a reduction in the onset of
MI.32 Tricyclic antidepressant toxicity results
predominantly from myocardial sodium-channel
blockade. Subsequent ventricular dysrhythmias,
myocardial depression, and hypotension cause CV
collapse.33 Further research is needed on the associ-
ation between treatment for depression and CV out-
comes. Importantly, this does not preclude
appropriate screening and treatment of depression in
cardiac patients for the purpose of improving
depression itself. Depression is the third leading
cause of morbidity worldwide, and organizations
such as the Institute of Medicine emphasize that
screening and treatment of depression is a priority for
U.S. health care in the 21st century.34 Treating
depression may improve patients’ quality of life and
compliance with cardiac care recommendations.
Health care providers should incorporate routine
screening and treatment for depression into standard
clinical practice for all patients, regardless of gender
as the results of this study show that depression has
an adverse effect on the development of CVD in both
men and women. Both men and women should also
consider addressing modifiable cardiovascular risk
factors such as hypertension, diabetes, and obesity
that may exacerbate the adverse effects of depression
on cardiovascular health. Future research should
fully understand the mechanisms linking depression
and CVD and answer whether treatment of depres-
sion can improve cardiovascular mortality and
morbidity. Meanwhile, the current American College
of Cardiology/American Heart Association guideline35

recommends evaluation for symptoms of depression
and consideration of treatment for depression. Fail-
ure to recognize depression in patients with CVD is a
failure to provide the best care for the patient. The
results of this study strongly support the recognition
that depression is an important risk factor for the
development of CVD, particularly in women, and that
assessing the risk of CVD in depressed patients and
treating and preventing depression may lead to the
prevention of CVD in women, which is consistent
with the objectives of “Go Red for Women,” a
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campaign led by the American Heart Association and
the American College of Cardiology. The campaign
aims to protect women’s health by encouraging
women to learn about the risk factors for CVD,
encourage them to practice a healthy lifestyle, and
promote early detection and treatment of CVD. In the
future, we would like to ensure that all women,
including those with depression, will understand
their heart health and learn about the risk factors for
CVD, and should be encouraged to work towards the
prevention of CVD.

STUDY LIMITATIONS. Despite the strengths of our
study, including a large sample size and high reten-
tion rate because of an electrical linkage of claims
records, there are some potential limitations to
consider. Our study is observational, and therefore,
we cannot establish causality between depression
and subsequent cardiovascular events. We used ICD-
10 codes of depression, which may not accurately
reflect the severity or duration of depressive symp-
toms. Several previous studies have reported the
reliability of CVD diagnosis registered in claims da-
tabases in Japan, and the incidence of CVD in our
database is comparable to other epidemiological da-
tabases.36,37 However, because of the nature of claims
databases, there remains uncertainty regarding the
accuracy of recorded diagnosis in our data set as well.
Our study did not account for potential confounding
factors such as socioeconomic status, which may in-
fluence the association between depression and sub-
sequent CVD. However, given that our data set
mainly includes employees working for relatively
large companies in Japan, the difference in socio-
economic status is seemingly not so large. Our study
did not include detailed information on procedural
records and imaging examination. Individuals with
severe depression might be excluded because of the
nature of this data set, in which employees are
primarily registered. Our data set does not include
individuals aged >75 years, and therefore, whether
our primary findings could be applicable to older
individuals is unclear. The COVID-19 epidemic
highlights the important interplay among CVD,
COVID-19–related inflammatory conditions, and
depression. Although cardiovascular impairment
accounts for a significant proportion of deaths
caused by COVID-19, social restrictions caused by
COVID-19 have not only been associated with CVD
but also emerged as a non-negligible risk factor for
depression. It is known that long-term COVID
complications are worse in women, including
depression, decreased physical activity, and poor
lifestyle habits, all of which may affect CV risk.38-40

Therefore, we should acknowledge that COVID-19
may have influenced our results as a confounder.
Last, sex-specific differences in biological factors,
such as genetics and hormonal profiles, may
contribute to the sex difference in the association
between depression and CVD.41 We conducted
multiple imputations for missing variables. Howev-
er, the reason for which the missing values occurred
was unclear in this data set.

CONCLUSIONS

The association between depression and subsequent
CVD is strong regardless of gender, hence requiring
health care professionals to assess and manage
depression in all individuals. Given that these as-
sociations are particularly strong in women, there is
a need to better understand the potential sex-
specific factors underlying the association between
depression and CVD, and to develop targeted pre-
vention and treatment strategies that address the
specific cardiovascular risks faced by women with
depression.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: Our analysis of a nationwide

epidemiological database showed a significant association

between depression and subsequent composite CVD

events in both men and women. The association of

depression with risk of developing CVD was more pro-

nounced in women than in men. The individual compo-

nents of the composite endpoint were also associated

with depression in both men and women, each of which

was also observed to be more strongly associated in

women.

TRANSLATIONAL OUTLOOK: The relationship of

depression with subsequent CVD events is strong irre-

spective of sex, confirming the importance of the

depression from the perspective of CVD prevention.

Further, considering that these associations are pro-

nounced in women, there is a need to better understand

the potential sex-specific factors underlying the rela-

tionship of depression with incident cardiovascular dis-

ease, and to develop targeted prevention and treatment

strategies that address the specific cardiovascular risks

faced by women with depression.
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