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Abstract

IMPORTANCE Although cardiovascular disease (CVD) is a known risk factor for depression,
evidence is lacking regarding whether and to what extent a spouse’s CVD is associated with the
subsequent mental health of individuals.

OBJECTIVE To examine the association between CVD onset in spouses and subsequent depression.
DESIGN, SETTING, AND PARTICIPANTS This cohort study examined 277 142 matched married
couples enrolled in the Japan Health Insurance Association health insurance program between April
2015 and March 2022, covering approximately 40% of the working-age population in Japan. Index
individuals (primary insured) whose spouses (dependent) experienced incident CVD between April
2016 and March 2022 were 1:1 matched to controls whose spouses did not experience CVD. Matching
was based on age, sex, income, or the onset date of the spouses’ CVD. Data analysis was conducted
from April 2016 to March 2022.

EXPOSURE Spousal onset of CVD between fiscal years 2016 and 2021. The International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision codes were used to identify
the composite CVD outcomes (stroke, heart failure, and myocardial infarction).

MAIN OUTCOMES AND MEASURES Multivariate Cox proportional hazards models were used to
investigate the association between spouses’ new-onset CVD and individuals' depression, adjusting
for sociodemographic characteristics and comorbidities of index individuals (diabetes, hypertension,
and CVD) and spouses (diabetes, hypertension, and depression). Subgroup analyses were conducted
according to sex, age, income levels, and history of CVD.

RESULTS Among 277 142 matched pairs of married couples, 263 610 (95.1%) had a male index
individual; the mean (SD) age of index individuals was 58.2 (10.2) years. A new onset of depression
was observed in 4876 individuals (1.8%). In multivariable Cox models, there was an association
between the spouse’s CVD and the individuals’ depression (hazard ratio, 113 [95% Cl, 1.07-1.20]). The
subgroup analysis found no evidence of heterogeneity in sex, age, income level, or CVD history. The
results were consistent when additionally adjusted for health behaviors (smoking, alcohol
consumption, physical activity, and use of antihypertensive drugs) and objectively measured physical
health conditions (body mass index, blood pressure, cholesterol levels, glucose levels, and estimated
glomerular filtration rate) (hazard ratio, 1.16 [95% Cl, 1.06-1.28]).

CONCLUSIONS AND RELEVANCE In this nationwide cohort study of matched couples, a spouse’s
onset of CVD was associated with an increased risk of an individual's depression. These findings
highlight the importance of preventive care for mental health disorders in individuals whose spouses
experience incident CVD.
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Introduction

Mental health epidemics are a global health concern. Over the last 2 decades, the prevalence of
depression surged by 64.7%, and depression ranked 13th among the top leading causes of disability-
adjusted life-years in 2019, accounting for the most significant portion of mental health disorders
worldwide.! Alongside its negative effects on an individual's quality of life, depression is also
associated with adverse health consequences, including cardiovascular diseases (CVDs), cognitive
decline, and death.?> Given the persistent increase in the number of cases,* there is an urgent need
to elucidate the risk factors for depression to effectively prevent it.

Although CVD is a known risk factor for depression, its relationship with depression is diverse
and complex. Studies have identified various links between CVD and depression at the individual
level.” For example, CVD is associated with inflammation in the immune system, elevating the risk of
depression.® They also share common risk factors, such as obesity.”® Beyond the individual level,
family members of patients with stroke experience an elevated risk of psychological symptoms, such
as perceived stress, anxiety, and depression.®>" Although these findings suggest potential
associations between CVD and depression at both the individual and household levels, there are 3
major limitations in their study designs to estimate the risk. First, previous studies used opportunistic
samples enrolled in a specific region or institution, which indicates potential selection bias in their
results.>'® Second, although evidence suggests that a longer duration of caregiving could be

associated with higher chronic stress among family members, ™1

many studies have failed to
consider the time order between occurrences of CVD and depression within households. Third,
baseline adjustments for potential confounders were limited in these studies because they often
recruited participants after the onset of CVD. Thus, more robust evidence is needed to
comprehensively understand the relationship between CVD and depression at the household level
by overcoming these limitations.

Therefore, the present study investigated the association between spouses’ onset of CVD and
individuals' depression using a large nationwide database from the Japan Health Insurance
Association (JHIA). Identifying and quantifying such associations would advance our understanding
of the family spillover effect of CVD on mental health and provide clinical and policy implications
regarding the need for mental health management after the onset of CVD.

Methods

This study was approved by the institutional review board of Kyoto University with a waiver of
informed consent because of the retrospective nature of the data. This cohort study follows the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.®

Data Sources

Study samples were collected from administrative and medical records of the JHIA, the largest health
insurer in Japan, which provides health care coverage to more than 30 million working-age
individuals (approximately 40% of the working-age population in Japan) and their families, mainly
those who work at small- to middle-sized companies and their families."” The primary insured,
typically the head of household, can enroll their family members as dependents to receive the same
health care coverage under certain conditions, including dependents with low income (<¥1.3 million
or approximately $8 700 per year). Further details are available elsewhere.' The relationship
between the primary insured and dependents is recorded on a self-report basis. The dataset also
includes insurance claim records and annual health screening results from the beginning of fiscal year
2015 to the end of fiscal year 2021 in Japan (April 1, 2015, to March 31, 2022). All claims data were
recorded monthly.
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Population

We enrolled index individuals who were aged 20 years and older, registered to the insurance
database as the primary insured of households at the beginning of 2015, and had spouses who were
registered as dependent and self-reported as husband, wife, a common-law husband, or a
common-law wife. Because we used information from 2015 for baseline adjustment and started the
retrospective follow-up at the beginning of 2016, we excluded index individuals who met at least 1 of
the following criteria for baseline adjustment: (1) registration withdrawal before the beginning of
2016; (2) multiple spouses registered (ie, a single spouse was not identifiable); (3) a spouse received
a CVD diagnosis in 2015; and (4) an index individual received a depression diagnosis in 2015.
Additionally, we excluded index individuals who withdrew from registration in April 2016 (ie, those
who did not complete the first month of follow-up) for postbaseline adjustment. Finally, we obtained
3792142 eligible pairs. Figure 1shows the sample selection flowchart.

Exposure

Exposure was defined as the onset of CVD, including stroke, heart failure, and myocardial infarction,
in spouses between 2016 and 2021. International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes recorded in the claims database were used to identify
each disease based on a previous validation study (stroke: 160-63 and 164; heart failure: 150, 111.0,
113.0, and 1132; and myocardial infarction: 121and 122)."®

Outcome

The outcome measure was depression among index individuals between 2016 and 2021. Events
were defined as diagnoses of depression using ICD-10 codes based on a previous validation study
(F32,F33.0-33.3, F33.8, F33.9, F34.1, and F41.2).2°

Covariates

Covariates were selected from the registration profile, insurance claims records, and annual health
screenings according to a directed acyclic graph in eFigure 1in Supplement 1. They included
demographic factors (age, sex, age of spouse, and income), disease history of index individuals
(diabetes, hypertension, and CVD), disease history of spouses (diabetes, hypertension, and
depression), self-reported questionnaires during annual health screening (drinking status, smoking
status, physical activity, and use of antihypertensive drugs), and objectively measured items during
annual health screening (body mass index [BMI; calculated as weight in kilograms divided by height

Figure 1. Flowchart of Study Sample Selection

4876956 Pairs enrolled before April 1, 2015

1117269 Pairs excluded
741469 Withdrawal
148414 Withdrawal after baseline
> (ie, April 2016)
137787 With spouses' onset of CVD
84585 With onset of depression
5014 Duplicated couples

3792142 Eligible pairs

)

Matched by age, spouses' age and sex,
and income level

!

277142 Pairs in analytic sample
138571 Pairs with spouses’ CVD events
138571 Pairs without CVD event

CVD indicates cardiovascular disease.
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in meters squared], total cholesterol level, systolic blood pressure, diastolic blood pressure, high-
density lipoprotein [HDL] level, serum glucose level, and estimated glomerular filtration rate [eGFR]).
Details on covariate measurement can be found in eMethods 1in Supplement 1. In analyses, each
covariate was adjusted to reflect the most recent status of index individuals in the matched month
during the follow-up period.

Statistical Analysis

First, we applied matching to adjust for potential confounders and defined time zero for the
unexposed group. During the follow-up period between 2016 and 2021, index individuals who were
exposed were matched with those who did not receive exposure in the same month using the most
recent age, sex, age of the spouse, and income. Thus, matching was conducted 72 times to include
exposure incidences in the 6-year (72-month) follow-up. More details in matching are noted in
eMethods 2 in Supplement 1.

Second, we estimated the associations between spouses’ onset of CVD and index individuals’
onset of depression by plotting a cumulative incidence curve. We also plotted the cumulative
incidence curves for 4 subgroups: (1) matched male individuals, (2) matched female individuals, (3)
matched individuals aged 20 to 59 years, and (4) matched individuals aged 60 years or older.
Cumulative incidence function was adjusted with death of index individuals as a competing event.”'

Third, multivariable Cox proportional hazards models were used to investigate the hazard ratio
(HR) of depression after the onset of CVD. We adjusted multivariable Cox proportional hazards
models for age; sex; age of spouse; income; index individuals' disease histories of diabetes,
hypertension, and CVD; and spouses’ disease histories of diabetes, hypertension, and depression.
After performing a proportional hazard test of the model by Schoenfeld residuals, we observed a flat
trend of residuals over the study period (eFigure 2 in Supplement 1). However, as the P value for the
test was less than .05 (P = .02), we conducted an additional analysis using a Poisson regression
model with the same set of covariates. In addition, we performed a competing risk regression
analysis via Fine-Gray subdistribution hazard model to account for death of index individuals as a
competing event.??

Fourth, to assess heterogeneity in the association, we performed subgroup analyses by sex
(male and female), age (<60 years and =60 years), income (quartiles [Qs]), and history of CVD (yes
and no). We categorized the age group as less than 60 years because Japanese citizens become
eligible to receive pensions at age 60 year, which could lead to lifestyle changes.?> A P value for
interaction was obtained from a product interaction term between the exposure and each
characteristic (ie, sex, age, income, and history of CVD).

We also conducted additional analyses (eMethods 3 in Supplement 1). All analyses were
conducted using R version 4.3.0 (R Project for Statistical Computing). Statistical significance was set
atP < .05.

Results

Baseline Characteristics of the Study Population

Across the matched index individuals, the mean (SD) age was 58.15 (10.19) years, and 263 610
(95.1%) were male (Table). Although individuals in the exposed group (n = 138 571) showed a similar
prevalence of a history of diseases as those in the unexposed group (n = 138 571), spouses in the
exposed group were more likely to have a history of diabetes (39 869 [28.8%] vs 23 334 [16.8%]),
hypertension (59 470 [42.9%] vs 34 467 [24.9%]), and depression (14 865 [10.7%] vs 8249 [6.0%])
than those in the unexposed group. Among those with available annual health screening data,
objective measurements, including BMI, systolic blood pressure, diastolic blood pressure, total
cholesterol level, HDL level, serum glucose level, and eGFR, showed similar distributions between the
exposed and unexposed groups. Nearly one-half of index individuals were missing annual health
screening data.
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Table. Baseline Characteristics of 277 142 Individuals According to Spouse’s Cardiovascular Event

Index individuals, No. (%)

Spouse’s CVD event No spouse’s CVD event
Characteristics (n=138571) (n=138571)
Age, mean (SD), y 58.15(10.19) 58.15(10.19)
Age of spouse, mean (SD), y 56.81(10.35) 56.81 (10.35)
Sex
Male 131805 (95.1) 131805 (95.1)
Female 6766 (4.9) 6766 (4.9)
Income quartile
First 55131 (39.8) 55131(39.8)
Second 28604 (20.6) 28604 (20.6)
Third 26131(18.9) 26131 (18.9)
Fourth 28705 (20.7) 28705 (20.7)
History of diabetes 36804 (26.6) 33905 (24.5)
History of hypertension 53558 (38.7) 51497 (37.2)
History of CVD 16836 (12.1) 13369 (9.6)
Spouse’s history of diabetes 39869 (28.8) 23334 (16.8)
Spouse’s history of hypertension 59470 (42.9) 34467 (24.9)
Spouse’s history of depression 14865 (10.7) 8249 (6.0)
Drinking status
Hardly or never 19451 (14.0) 19123 (13.8)
Sometimes 17608 (12.7) 17653 (12.7)
Every day 26990 (19.5) 27443 (19.8)
Missing 74522 (53.8) 74352 (53.7)
Smoking status
Nonsmoker 46 485 (33.5) 47088 (34.0)
Current smoker 25615 (18.5) 25268 (18.2)
Missing 66471 (48.0) 66215 (47.8)
Physically activity
Physically inactive 48507 (35.0) 48170 (34.8)
Physically active 15080 (10.9) 15609 (11.3)
Missing 74984 (54.1) 74792 (54.0)
Use of antihypertensive drug
No 52495 (37.9) 53447 (38.6)
Yes 19605 (14.1) 18909 (13.6)
Missing 66471 (48.0) 66215 (47.8)
BMI, mean (SD) 23.96 (3.40) 23.84 (3.36)
Missing 66 485 (48.0) 66222 (47.8)
Systolic blood pressure, mean (SD), mm Hg 128.13(17.12) 128.10(17.19)
Missing 69107 (49.9) 68889 (49.7)
Diastolic blood pressure, mean (SD), mm Hg 79.15 (11.44) 79.22 (11.53)
Missing 69108 (49.9) 68888 (49.7)
Total cholesterol, mean (SD), mg/dL 205.43 (34.10) 206.24 (34.13)
Missing 66 500 (48.0) 66267 (47.8)
HDL, mean (SD), mg/dL 59.12 (15.80) 59.33(15.80)
Missing 66 486 (48.0) 66252 (47.8)
Serum glucose, mean (SD), mg/dL 103.40 (22.04) 102.96 (21.55)
Missing 74651 (53.9) 74292 (53.6)
eGFR, mean (SD), mL/min/1.73 m? 74.37 (14.30) 74.19 (14.17)
Missing 66 534 (48.0) 66296 (47.8)

Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); CVD, cardiovascular disease; eGFR,
estimated glomerular filtration rate; HDL, high-density
lipoprotein.

Sl conversion factors: To convert cholesterol and HDL
to millimoles per liter, multiply by 0.0259; glucose to
millimoles per liter, multiply by 0.0555.
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Spouses’ Onset of CVD and Individuals’ Depression

Over the median (IQR) follow-up period of 30 (13-49) months, there were 4876 depression diagnosis
events. The cumulative incidence curves showed the trend of index individuals’ depression after the
spouses’ onset of CVD (exposed) or not (unexposed) (cumulative incidence rate over the study
period for exposed group, 3.8%; for unexposed group, 3.4%) (Figure 2). Overall, during the follow-up
period, the exposed group had a higher cumulative incidence of depression than the unexposed
group. This pattern was consistently observed among males, females, individuals aged 20 to 59
years, and those aged 60 years or older (cumulative incidence rate over the study period for exposed
males, 3.8%; exposed females, 4.8%; exposed age 20-59 years, 4.2%; exposed age =60 years,
3.3%) (Figure 3).

The Cox proportional hazard analysis showed that exposed individuals had an increased risk of
depression compared with the unexposed after adjusting for age; sex; age of spouse; income; index
individuals’ disease histories of diabetes, hypertension, and CVD; and spouses’ disease histories of
diabetes, hypertension, and depression (HR, 1.13 [95% Cl, 1.07-1.20]) (Figure 4). The additional
analysis using Poisson regression model showed almost the same results (incidence rate ratio, 113
[95% Cl, 1.07-1.20]) (eFigure 3 in Supplement 1). A similar result was obtained from the Fine-Gray
model (HR, 1.14 [95% Cl, 1.07-1.20]). We found no evidence of heterogeneity when stratified by sex,
age, income levels, and history of CVD (male: HR, 113 [95% Cl, 1.06-1.20]; aged 20-59 years: HR, 1.12
[95% Cl, 1.04-1.21]; aged =60 years: HR, 1.15 [95% Cl, 1.05-1.25]; Q1 income: HR, 113 [95% Cl, 1.02-
1.25]; Q2 income: HR, 1.18 [95% Cl, 1.04-1.34]; Q4 income: HR, 1.15 [95% Cl, 1.02-1.29]; and without
history of CVD: HR, 114 [95% Cl, 1.07 to 1.21]).

Additional Analyses
After additionally adjusting the Cox models with annual health screening data, associations between
spouses’ onset of CVD and index individuals’ depression were present among all matched samples
(HR, 1.16 [95% Cl, 1.06-1.28]) (eFigure 4 in Supplement 1). The subgroup analysis showed no
evidence of heterogeneity by sex, age, income levels, or history of CVD, while index individuals with
the highest income group showed a null association between the spouses’ onset of CVD and index
individuals' depression (HR, 0.99 [95% Cl, 0.82-1.19]).

When we stratified individuals by hospitalization status of the spouse, we found the
associations between the spouses’ onset of CVD and individuals' depression in both hospitalized and

Figure 2. Cumulative Incidence Curve of Index Individuals’ Depression
by Spouses’ Cardiovascular (CVD) Event Among the Entire Study Sample
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nonhospitalized cases (hospitalized: 71932 cases; HR, 1.23 [95% Cl, 1.10-1.38]; nonhospitalized:
205210 cases; HR, 110 [95% Cl, 1.03-1.18]; P for interaction = .12).

Lastly, on defining the exposed group for each CVD component, we found an increased risk of
depression after the spouses’ onset of stroke (104 494 cases; HR, 1.13 [95% Cl, 1.03-1.24]) and heart
failure (201364; HR, 1.15 [95% Cl, 1.07-1.23]) (eFigure 5 in Supplement 1). There was no association
between individual's depression and spouse’s myocardial infarction (14 368 cases; HR, 0.95[95% ClI,
0.73-1.24]).

Discussion

Using a nationwide cohort in Japan over a median follow-up period of 30 months, we found the
association between spouses’ onset of CVD and increased risk of index individuals' depression. This
association was observed even after adjusting for self-reported health behaviors and objective
measurements from annual health screening data, in addition to age, sex, income, disease history,
and spouses’ demographic characteristics. Similar patterns were observed across strata for sex, age,
income level, and history of CVD. Additionally, a modestly higher risk for depression was observed
among index individuals whose spouses were hospitalized when CVD event occurred compared with

Figure 3. Cumulative Incidence Curves of Index Individuals’ Depression by Spouses’ Cardiovascular (CVD) Event According to Sex and Age
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those without hospitalization, although the difference was not statistically significant. Because we
examined the associations between CVD and depression among couples, our findings are likely to
reflect associations with psychological, behavioral, and socioeconomic factors but exclude the
influence of genetics, which is also an interpersonal predictor of depression and CVD.2*

While many public health studies have reported numerous aspects of the association between
CVD and depression at the individual level,” our findings add to the evidence for these associations at
the household level. Particularly, a few existing studies investigating the associations between CVD
and depression at the household level suffered from selection bias, unmeasured confounding, and
reverse causality due to limited data.™' Specifically, to our knowledge, no studies adjusted the
analysis by disease histories, health behaviors, and physical health conditions, which left a concern
about unmeasured confounding. In this context, the present study fills the knowledge gap and
provides more robust evidence by (1) enrolling samples from an administrative database with more
than 40 million individuals, (2) matching individuals through a follow-up period of up to 6 years, and
(3) adjusting for various demographic and health-related factors. The large sample size of our study
also allowed us to conduct a subgroup analysis based on age, sex, income, and history of CVD.

Previous literature has highlighted that family members of patients with CVD experience
numerous elements that lead to depression. First, research has reported the informal caregiving
burden of patients with CVD as a risk factor for depression.>'° Since informal caregiving burden
causes family members to experience a lifestyle change, isolation from social life, and increased
unhealthy behaviors, such as sleep disturbance and less frequent physical activity,2>2® the duration
and intensity of caregiving are positively associated with chronic psychological stress.'152°
Moreover, family members may have to leave their work for informal home management of patients
with CVD, creating financial difficulties within the household.2-' Relatedly, previous research
estimated the financial cost due to informal caregiving to be $616 billion in the United States as of
2015.32 The other pathway between the spouse’s onset of CVD and the individual's depression is grief
due to the loss of a loved one with CVD.33 Family members of a patient with CVD may also experience
psychological distress (postintensive care syndrome) after the use of intensive care units.>* Lastly,
studies have indicated that the stigma associated with CVD could be a potential risk factor for
depression at the household level, although more research is needed in this field.>>3¢

Researchers have implemented various intervention strategies to reduce the psychological
distress of family members of patients with CVD. The major types of interventions for caregiving
burden include psychoeducation for patients and family members to build knowledge and skills to
cope with CVD care and counseling sessions to mitigate their psychological stress.3” Although

Figure 4. Subgroup Analysis for the Associations Between Spouses’ Cardiovascular (CVD) Event
and the Individuals’ Depression

Individuals,  Case Hazard ratio P value for
Model No. (IR) (95% CI) interaction
Total 277142 4876 (5.57) 1.13(1.07-1.20) —— NA
Sex
Male 263610 4548 (5.48)  1.13(1.06-1.20) —.— NA
Female 13532 328 (7.16) 1.21(0.97-1.51) —— .56
Age, y
20-59 136860 2875 (6.04) 1.12(1.04-1.21) —— NA
260 140282 2001 (5.01) 1.15(1.05-1.25) —— .93
Income
Q1 110262 1659 (5.18) 1.13(1.02-1.25) —a— NA
Q2 57208 998 (5.37) 1.18 (1.04-1.34) — 31
Q3 52262 1037 (5.83) 1.08 (0.96-1.23) — .62
Q4 57410 1182(6.19) 1.15(1.02-1.29) —a— .76 . .
. The models included age; age of spouse; sex; income
History of CVD 30205 642 (7.99) 1.13(0.96-1.33) —— NA . o L .
: level; index individuals history of diabetes,
No history of CVD 246937 4234 (5.33) 1.14(1.07-1.21) —— .52 . DL
‘ ‘ hypertension, and CVD; and spouses" history of
0.7 1 2 diabetes, hypertension, and depression. IR indicates
Hazard ratio (95% Cl) incidence rate; NA, not applicable; and Q, quartile.
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multiple intervention designs have been conducted, the effectiveness of intervention strategies has
been inconsistent, and the most effective strategy for caregiving burden is inconclusive to date.3”°
However, previous studies identified that caregiving burdens could be modified by cultural elements
such as religious activities,*° which implies that interpersonal pathways from the spouse's onset of
CVD to individuals’ depression are complex and contextual. Thus, desirable support in clinical
practice might require a flexible framework to provide tailored support for the family members of
patients with CVD. One possible form is collaborative monitoring by cardiologists and psychiatrists.*!
Although the collaborative care model was originally designed to support the comorbidities of
individual patients, such a clinical approach could also be effective at the household level. Research
has shown the beneficial effects of community-level strategies to mitigate the perceived stress of
caregivers of patients with Alzheimer disease, including community intervention to provide multiple
supports and the implementation of virtual groups for caregivers.*>43 Similar structural supports
could be effective for family members of individuals with CVD. Further studies are needed to
understand the subpopulations with high vulnerability and the associated mechanisms to design
effective frameworks that ensure the health security of family members and the prognosis of
patients with CVD.

The present study has the following 3 strengths. To examine the hypothesis, we used a large
administrative database that reduced the potential bias associated with opportunistic sampling and
provided detailed profiles of individuals, including age, sex, income, disease history, and
comprehensive measurements of physical health conditions from annual health screening data.
Second, in our study design, we applied matching between the exposed and unexposed groups to
control for potential confounding factors and uniquely defined the start date of follow-up based on
the exposure event between 2016 and 2021, which enabled simultaneous comparisons of events
that occurred on different dates. Third, we examined the associations between spouses’ onset of
CVD and individuals' depression for up to 6 years, which is, to our knowledge, the longest follow-up
period among all published studies to assess these associations.

Limitations

Our study has several limitations. First, our findings suffer from residual confounding due to the lack
of information on household socioeconomic status and lifestyle behaviors of index individuals and
their spouses. Second, because the JHIA database included claims and medical records since 2015, it
is possible that our study did not correctly identify spouses’ new onset of CVD and individuals'
depression. However, we believe that a 1-year screening period is adequate to exclude most active
cases of spouses’ CVD diagnosis and individuals’ depression. Third, our assessment of exposure,
outcome, and covariates based on the associated ICD-10 codes might induce information bias due to
misclassification of these variables. However, the extent of such misclassification should be limited
because the incorporated definitions of exposure and outcome were reported to have considerable
positive predictive values in previous validation studies.'>2%444> Future studies addressing
outcomes which often occur together with depression (eg, anxiety, change in BMI, and health
behaviors) might reinforce our findings. Fourth, our analysis did not incorporate details of the
spouse’s onset of CVD, including consequential mortality status, which should be the subject of
future studies. Fifth, while we did not conduct the imputation of annual health screening data, the
limited availability might have induced selection bias in our results. Sixth, we enrolled individuals
whose spouses were registered as dependents, indicating the low-income status of their spouses in
Japan. This selection of household type may limit the generalizability of our analysis to individuals
with spouses who are not registered as dependents (ie, spouses who are not low income).

Conclusions

In this cohort study of matched couples, we found associations between the spouse’s onset of CVD
and an increased risk of depression among nearly 280 000 couples in Japan. Associations were
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present across multiple subgroups after adjusting for various individual characteristics, including age,
sex, income, disease history, and comprehensive measurements of physical health conditions from
annual health screening. These results indicate the need for comprehensive preventive care for
individuals’ mental health after their spouses’ onset of CVD, such as cross-field collaboration
between cardiologists and psychiatrists and the expansion of supportive frameworks at the
community level. Further investigations are needed to address the mechanisms of the association
between CVD and depression at the household level and to establish effective monitoring
frameworks.

ARTICLE INFORMATION
Accepted for Publication: January 31, 2024.

Published: April 12, 2024. doi:10.1001/jamanetworkopen.2024.4602

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Komura T
et al. JAMA Network Open.

Corresponding Author: Kosuke Inoue, MD, PhD, Department of Social Epidemiology, Graduate School of
Medicine, Kyoto University, Floor 2, Science Frontier Laboratory, Yoshida-konoe-cho, Sakyo-ku, Kyoto, Kyoto
604-8146, Japan (inoue.kosuke.2j@kyoto-u.ac.jp).

Author Affiliations: Department of Epidemiology, School of Public Health, Boston University, Boston,
Massachusetts (Komura); Division of General Internal Medicine and Health Services Research, David Geffen School
of Medicine at UCLA, Los Angeles, California (Tsugawa); Department of Health Policy and Management, UCLA
Fielding School of Public Health, Los Angeles, California (Tsugawa); Department of Social Epidemiology, Graduate
School of Medicine, Kyoto University, Kyoto, Japan (Kondo, Inoue); Hakubi Center for Advanced Research, Kyoto
University, Kyoto, Japan (Inoue).

Author Contributions: Drs Komura and Inoue had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Komura, Kondo, Inoue.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Komura, Kondo, Inoue.

Critical review of the manuscript for important intellectual content: All authors.

Statistical analysis: Komura, Inoue.

Obtained funding: Kondo, Inoue.

Administrative, technical, or material support: All authors.

Supervision: Tsugawa, Kondo, Inoue.

Conflict of Interest Disclosures: Dr Tsugawa reported receiving grants from the National Institutes of Health
(NIH) National Institute on Aging, the NIH National Institute on Minority Health and Health Disparities, and
Gregory Annenberg Weingarten GRoW @ Annenberg outside the submitted work serving on the board of
directors of M3, Inc. Dr Inoue reported receiving grants from Japan Health Insurance Association during the
conduct of the study. No other disclosures were reported.

Funding/Support: This study was supported by grants from the Japan Health Insurance Association. Dr Inoue was
also supported by grant 22K17392 from the Japan Society for the Promotion of Science, the Japan Agency for
Medical Research and Development (JP22rea522107), the Japan Science and Technology (JPMJPR23R2), and the
Program for the Development of Next-Generation Leading Scientists with Global Insight sponsored by the Ministry
of Education, Culture, Sports, Science and Technology, Japan.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

REFERENCES

1. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders in 204
countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet
Psychiatry. 2022;9(2):137-150. doi:10.1016/52215-0366(21)00395-3

[5 JAMA Network Open. 2024;7(4):e244602. doi:10.1001/jamanetworkopen.2024.4602 April 12,2024 10/13

Downloaded from jamanetwork.com by guest on 06/12/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.4602&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4602
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4602
mailto:inoue.kosuke.2j@kyoto-u.ac.jp
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.4602&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4602
https://dx.doi.org/10.1016/S2215-0366(21)00395-3

JAMA Network Open | Cardiology Depression Onset After a Spouse’s Cardiovascular Event

2. Ownby RL, Crocco E, Acevedo A, John V, Loewenstein D. Depression and risk for Alzheimer disease: systematic
review, meta-analysis, and metaregression analysis. Arch Gen Psychiatry. 2006;63(5):530-538. doi:10.1001/
archpsyc.63.5.530

3. Nemeroff CB, Goldschmidt-Clermont PJ. Heartache and heartbreak—the link between depression and
cardiovascular disease. Nat Rev Cardiol. 2012;9(9):526-539. doi:10.1038/nrcardio.2012.91

4. Santomauro DF, Mantilla Herrera AM, Shadid J, et al; COVID-19 Mental Disorders Collaborators. Global
prevalence and burden of depressive and anxiety disorders in 204 countries and territories in 2020 due to the
COVID-19 pandemic. Lancet. 2021;398(10312):1700-1712. doi:10.1016/S0140-6736(21)02143-7

5. Hare DL, Toukhsati SR, Johansson P, Jaarsma T. Depression and cardiovascular disease: a clinical review. Eur
Heart J. 2014;35(21):1365-1372. doi:10.1093/eurheartj/eht462

6. Shao M, Lin X, Jiang D, et al. Depression and cardiovascular disease: shared molecular mechanisms and clinical
implications. Psychiatry Res. 2020;285:112802. doi:10.1016/].psychres.2020.112802

7. Powell-Wiley TM, Poirier P, Burke LE, et al; American Heart Association Council on Lifestyle and Cardiometabolic
Health; Council on Cardiovascular and Stroke Nursing; Council on Clinical Cardiology; Council on Epidemiology and
Prevention; and Stroke Council. Obesity and cardiovascular disease: a scientific statement from the American
Heart Association. Circulation. 2021;143(21):e984-e1010. doi:10.1161/CIR.0000000000000973

8. Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity, and depression: a systematic review and meta-
analysis of longitudinal studies. Arch Gen Psychiatry. 2010;67(3):220-229. doi:10.1001/archgenpsychiatry.2010.2

9. Berg A, Palomaki H, Lonnqvist J, Lehtihalmes M, Kaste M. Depression among caregivers of stroke survivors.
Stroke. 2005;36(3):639-643. doi:10.1161/01.STR.0000155690.04697.cO

10. Byun E, Evans L, Sommers M, Tkacs N, Riegel B. Depressive symptoms in caregivers immediately after stroke.
Top Stroke Rehabil. 2019;26(3):187-194. doi:10.1080/10749357.2019.1590950

11. Choi-Kwon S, Kim HS, Kwon SU, Kim JS. Factors affecting the burden on caregivers of stroke survivors in South
Korea. Arch Phys Med Rehabil. 2005;86(5):1043-1048. doi:10.1016/j.apmr.2004.09.013

12. Han B, Haley WE. Family caregiving for patients with stroke: review and analysis. Stroke. 1999;30(7):
1478-1485. doi:10.1161/01.STR.30.7.1478

13. Kitko L, Mcllvennan CK, Bidwell JT, et al; American Heart Association Council on Cardiovascular and Stroke
Nursing; Council on Quality of Care and Outcomes Research; Council on Clinical Cardiology; and Council on
Lifestyle and Cardiometabolic Health. Family caregiving for individuals with heart failure: a scientific statement
from the American Heart Association. Circulation. 2020;141(22):e864-e878. doi:10.1161/CIR.
0000000000000768

14. Macnamara SE, Gummow LJ, Goka R, Gregg CH. Caregiver strain: need for late poststroke intervention. Rehabil
Psychol. 1990;35(2):71-78. doi:10.1037/h0079051

15. La HT, Hua CL, Brown JS. The relationship among caregiving duration, paid leave, and caregiver burden. In:
Claster PN, Blair SL, eds. Aging and the Family: Understanding Changes in Structural and Relationship Dynamics.
Emerald Publishing Limited; 2021:83-96.

16. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines
for reporting observational studies. Accessed January 25, 2024. https://www.equator-network.org/reporting-
guidelines/strobe/

17. Japan Health Insurance Association. Statistics investigation. Accessed September 4, 2022. https://www.
kyoukaikenpo.or.jp.e.ame.hp.transer.com/g7/cat740/sb7200/1926-45139/

18. Japan Health Insurance Association. What is dependent? Accessed September 4, 2022. https://www.
kyoukaikenpo.or.jp.e.ame.hp.transer.com/g3/cat320/sb3160/sbb3163/1959-230/

19. Ono'Y, Taneda Y, Takeshima T, Iwasaki K, Yasui A. Validity of claims diagnosis codes for cardiovascular diseases
in diabetes patients in Japanese administrative database. Clin Epidemiol. 2020;12:367-375. doi:10.2147/CLEP.
$245555

20. Fiest KM, Jette N, Quan H, et al. Systematic review and assessment of validated case definitions for
depression in administrative data. BVIC Psychiatry. 2014;14:289. doi:10.1186/s12888-014-0289-5

21. Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival data in the presence of competing risks.
Circulation. 2016;133(6):601-609. doi:10.1161/CIRCULATIONAHA115.017719

22. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a competing risk. J Am Stat Assoc.
1999;94(446):496-509. doi:10.1080/01621459.1999.10474144

23. Japan Pension Service. National pension system. Accessed February 20, 2023. https://www.nenkin.go.jp/
international/japanese-system/nationalpension/nationalpension.html

[5 JAMA Network Open. 2024;7(4):e244602. doi:10.1001/jamanetworkopen.2024.4602 April 12,2024 1/13

Downloaded from jamanetwork.com by guest on 06/12/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.63.5.530&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4602
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.63.5.530&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4602
https://dx.doi.org/10.1038/nrcardio.2012.91
https://dx.doi.org/10.1016/S0140-6736(21)02143-7
https://dx.doi.org/10.1093/eurheartj/eht462
https://dx.doi.org/10.1016/j.psychres.2020.112802
https://dx.doi.org/10.1161/CIR.0000000000000973
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archgenpsychiatry.2010.2&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4602
https://dx.doi.org/10.1161/01.STR.0000155690.04697.c0
https://dx.doi.org/10.1080/10749357.2019.1590950
https://dx.doi.org/10.1016/j.apmr.2004.09.013
https://dx.doi.org/10.1161/01.STR.30.7.1478
https://dx.doi.org/10.1161/CIR.0000000000000768
https://dx.doi.org/10.1161/CIR.0000000000000768
https://dx.doi.org/10.1037/h0079051
https://www.equator-network.org/reporting-guidelines/strobe/
https://www.equator-network.org/reporting-guidelines/strobe/
https://www.kyoukaikenpo.or.jp.e.ame.hp.transer.com/g7/cat740/sb7200/1926-45139/
https://www.kyoukaikenpo.or.jp.e.ame.hp.transer.com/g7/cat740/sb7200/1926-45139/
https://www.kyoukaikenpo.or.jp.e.ame.hp.transer.com/g3/cat320/sb3160/sbb3163/1959-230/
https://www.kyoukaikenpo.or.jp.e.ame.hp.transer.com/g3/cat320/sb3160/sbb3163/1959-230/
https://dx.doi.org/10.2147/CLEP.S245555
https://dx.doi.org/10.2147/CLEP.S245555
https://dx.doi.org/10.1186/s12888-014-0289-5
https://dx.doi.org/10.1161/CIRCULATIONAHA.115.017719
https://dx.doi.org/10.1080/01621459.1999.10474144
https://www.nenkin.go.jp/international/japanese-system/nationalpension/nationalpension.html
https://www.nenkin.go.jp/international/japanese-system/nationalpension/nationalpension.html

JAMA Network Open | Cardiology Depression Onset After a Spouse’s Cardiovascular Event

24. LuY, Wang Z, Georgakis MK, Lin H, Zheng L. Genetic liability to depression and risk of coronary artery disease,
myocardial infarction, and other cardiovascular outcomes. J Am Heart Assoc. 2021;10(1):e017986. doi:10.1161/
JAHA120.017986

25. Mochari-Greenberger H, Mosca L. Caregiver burden and nonachievement of healthy lifestyle behaviors among
family caregivers of cardiovascular disease patients. Am J Health Promot. 2012;27(2):84-89. doi:10.4278/ajhp.
110606-QUAN-241

26. Al-Rawashdeh SY, Lennie TA, Chung ML. The association of sleep disturbances with quality of life in heart
failure patient-caregiver dyads. West J Nurs Res. 2017;39(4):492-506. doi:10.1177/0193945916672647

27. Noonan MC, Wingham J, Taylor RS. 'Who cares?": the experiences of caregivers of adults living with heart
failure, chronic obstructive pulmonary disease and coronary artery disease: a mixed methods systematic review.
BMJ Open. 2018;8(7):e020927. doi:10.1136/bmjopen-2017-020927

28. Doherty LC, Fitzsimons D, Mcllfatrick SJ. Carers' needs in advanced heart failure: a systematic narrative review.
Eur J Cardiovasc Nurs. 2016;15(4):203-212. doi:10.1177/1474515115585237

29. MaJ, Yang H, HuW, Khan HTA. Spousal care intensity, socioeconomic status, and depression among the older
caregivers in China: a study on 2011-2018 CHARLS panel data. Healthcare (Basel). 2022;10(2):239. doi:10.3390/
healthcare10020239

30. Hupcey JE, Fenstermacher K, Kitko L, Fogg J. Palliative needs of spousal caregivers of patients with heart
failure followed at specialized heart failure centers. J Hosp Palliat Nurs. 2011;13(3):142-150. doi:10.1097/NJH.
0b013e31820cel5e

31. Kitko LA, Hupcey JE. The work of spousal caregiving of older adults with end-stage heart failure. J Gerontol
Nurs. 2013;39(7):40-47. doi:10.3928/00989134-20130415-05

32. Dunbar SB, Khavjou OA, Bakas T, et al; American Heart Association. Projected costs of informal caregiving for
cardiovascular disease: 2015 to 2035: a policy statement from the American Heart Association. Circulation. 2018;
137(19):e558-e577. doi:10.1161/CIR.0000000000000570

33. Shinada K, Kohno T, Fukuda K, et al. Depression and complicated grief in bereaved caregivers in cardiovascular
diseases: prevalence and determinants. BMJ Support Palliat Care. Published online October 22, 2021. doi:10.1136/
bmijspcare-2021-002998

34. Miyamoto Y, Ohbe H, Goto T, Yasunaga H. Association between intensive care unit admission of a patient and
mental disorders in the spouse: a retrospective matched-pair cohort study. J Intensive Care. 2021;9(1):69. doi:10.
1186/s40560-021-00583-3

35. US Centers for Disease Control and Prevention. Reducing stigma. Published February 15, 2022. Accessed April
15, 2023. https://www.cdc.gov/mentalhealth/stress-coping/reduce-stigma/index.html

36. Sarfo FS, Nichols M, Qanungo S, et al. Stroke-related stigma among West Africans: patterns and predictors.
J Neurol Sci. 2017;375:270-274. doi:10.1016/j.jns.2017.02.018

37. Knowles KA, Xun H, Jang$, et al. Clinicians for CARE: a systematic review and meta-analysis of interventions
to support caregivers of patients with heart disease. J Am Heart Assoc. 2021;10(24):e019706. doi:10.1161/JAHA.
120.019706

38. Buck HG, Stromberg A, Chung ML, et al. A systematic review of heart failure dyadic self-care interventions
focusing on intervention components, contexts, and outcomes. Int J Nurs Stud. 2018;77:232-242. doi:10.1016/j.
ijnurstu.201710.007

39. Evangelista LS, Stromberg A, Dionne-Odom JN. An integrated review of interventions to improve
psychological outcomes in caregivers of patients with heart failure. Curr Opin Support Palliat Care. 2016;10
(1):24-31. doi:10.1097/SPC.0000000000000182

40. Gibbs LAL, Anderson MI, Simpson GK, Jones KF. Spirituality and resilience among family caregivers of
survivors of stroke: a scoping review. NeuroRehabilitation. 2020;46(1):41-52. doi:10.3233/NRE-192946

41. EeC, Lake J, Firth J, et al. An integrative collaborative care model for people with mental illness and physical
comorbidities. Int J Ment Health Syst. 2020;14(1):83. doi:10.1186/s13033-020-00410-6

42. Lykens K, Moayad N, Biswas S, Reyes-Ortiz C, Singh KP. Impact of a community based implementation of
REACH Il program for caregivers of Alzheimer's patients. PLoS One. 2014;9(2):e89290. doi:10.1371/journal.pone.
0089290

43. Romero-Mas M, Gomez-Zuiiga B, Cox AM, Ramon-Aribau A. Designing virtual communities of practice for
informal caregivers of Alzheimer's patients: an integrative review. Health Informatics J. 2020;26(4):2976-2991.
doi:10.1177/1460458220950883

44. Nishioka Y, Takeshita S, Kubo S, et al. Appropriate definition of diabetes using an administrative database:
a cross-sectional cohort validation study. J Diabetes Investig. 2022;13(2):249-255. doi:10.1111/jdi.13641

[5 JAMA Network Open. 2024;7(4):e244602. doi:10.1001/jamanetworkopen.2024.4602 April 12,2024 12/13

Downloaded from jamanetwork.com by guest on 06/12/2024


https://dx.doi.org/10.1161/JAHA.120.017986
https://dx.doi.org/10.1161/JAHA.120.017986
https://dx.doi.org/10.4278/ajhp.110606-QUAN-241
https://dx.doi.org/10.4278/ajhp.110606-QUAN-241
https://dx.doi.org/10.1177/0193945916672647
https://dx.doi.org/10.1136/bmjopen-2017-020927
https://dx.doi.org/10.1177/1474515115585237
https://dx.doi.org/10.3390/healthcare10020239
https://dx.doi.org/10.3390/healthcare10020239
https://dx.doi.org/10.1097/NJH.0b013e31820ce15e
https://dx.doi.org/10.1097/NJH.0b013e31820ce15e
https://dx.doi.org/10.3928/00989134-20130415-05
https://dx.doi.org/10.1161/CIR.0000000000000570
https://dx.doi.org/10.1136/bmjspcare-2021-002998
https://dx.doi.org/10.1136/bmjspcare-2021-002998
https://dx.doi.org/10.1186/s40560-021-00583-3
https://dx.doi.org/10.1186/s40560-021-00583-3
https://www.cdc.gov/mentalhealth/stress-coping/reduce-stigma/index.html
https://dx.doi.org/10.1016/j.jns.2017.02.018
https://dx.doi.org/10.1161/JAHA.120.019706
https://dx.doi.org/10.1161/JAHA.120.019706
https://dx.doi.org/10.1016/j.ijnurstu.2017.10.007
https://dx.doi.org/10.1016/j.ijnurstu.2017.10.007
https://dx.doi.org/10.1097/SPC.0000000000000182
https://dx.doi.org/10.3233/NRE-192946
https://dx.doi.org/10.1186/s13033-020-00410-6
https://dx.doi.org/10.1371/journal.pone.0089290
https://dx.doi.org/10.1371/journal.pone.0089290
https://dx.doi.org/10.1177/1460458220950883
https://dx.doi.org/10.1111/jdi.13641

JAMA Network Open | Cardiology Depression Onset After a Spouse’s Cardiovascular Event

45. QuanH, Khan N, Hemmelgarn BR, et al; Hypertension Outcome and Surveillance Team of the Canadian
Hypertension Education Programs. Validation of a case definition to define hypertension using administrative
data. Hypertension. 2009;54(6):1423-1428. doi:10.1161/HYPERTENSIONAHA.109.139279

SUPPLEMENT1.

eMethods 1. Details in Covariate Measurement

eMethods 2. Details in Matching

eMethods 3. Additional Analyses

eFigure 1. Directed Acyclic Graph Constructed for This Study

eFigure 2. Plot of Schoenfeld Residuals to Test Proportional Hazard Assumption

eFigure 3. Additional Analysis for the Associations Between Spouses' Cardiovascular Event and the Individuals’
Depression Using Poisson Regression Model

eFigure 4. Sensitivity Analysis for the Associations Between Spouses’ Cardiovascular Event and the Individuals
Depression, Additionally Adjusting for Detailed Information Obtained From Annual Health Screening

eFigure 5. Cumulative Incidence Curves of Index Individuals’ Depression by Spouses’ Onset of Stroke, Heart
Failure, and Myocardial Infarction

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2024;7(4):e244602. doi:10.1001/jamanetworkopen.2024.4602 April 12,2024 13/13

Downloaded from jamanetwork.com by guest on 06/12/2024


https://dx.doi.org/10.1161/HYPERTENSIONAHA.109.139279

