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Background: Depression is suggested to be associated with cardiovascular disease, including ischemic heart dis-
ease and cerebrovascular disease. This study investigated the impact of depression on cardiovascular disease in the
elderly population in Korea.

Methods: This retrospective cohort study was performed using the Senior Cohort database released by the Korean
National Health Insurance Services from January 1, 2008 to December 31, 2012, or January 1, 2009 to December 31,
2013. The study group constituted participants newly diagnosed with depression, but not cardiovascular disease.
The control group constituted participants with no past history of depression or cardiovascular disease, and were
not diagnosed with depression during the follow-up period. During the 5-year follow-up period, development of
ischemic heart disease or cerebrovascular disease was assessed. Depression and cardiovascular disease were iden-
tified using the International Classification of Diseases, 10th revision, Clinical Modification codes. The data was an-
alyzed using Cox proportional hazards model.

Results: The hazard ratio (HR) between depression and ischemic heart disease was 1.38 (95% confidence interval
[CT], 1.23 to 1.55) and the HR between depression and cerebrovascular disease was 1.46 (95% CI, 1.32 to 1.62), after
adjusting all confounding variables.

Conclusion: Independent of other cardiovascular risk factors, depression increased the risk of ischemic heart dis-
ease by 38% and cerebrovascular disease by 46% among older adults in Korea. Since depression may increase the
risk of cardiovascular disease, future research should focus on the diagnosis and prevention of cardiovascular dis-
ease in people with depression.
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INTRODUCTION

Depression is one of the leading causes of ill health and disability world-
wide. More than 300 million people are now living with depression, de-
picting an increase of more than 18% from 2005 to 2015."” Cardiovascu-
lar disease, including ischemic heart disease and cerebrovascular dis-
ease, has been identified as a leading contributor to both mortality and
disease burden globally.?’ In Korea, cardiovascular disease was the sec-
ond (ischemic heart disease) and third (cerebrovascular disease) lead-
ing cause of death in 2016, after malignant neoplasm, leading to high
morbidity and mortality.” Moreover, the World Health Organization
(WHO) projects that depression and cardiovascular disease are expect-
ed to be the largest contributors to disease burden by 2030.”

The relationship between depression and cardiovascular disease
has been constantly discussed, and it is thought to be bidirectional.
There is mounting evidence indicating that depression increases the
risk of cardiovascular disease.>® Potential mechanisms that explain
how depression affects cardiovascular disease include pathophysio-
logical changes such as activation of hypothalamic-pituitary-adrenal
axis (HPA axis),” autonomic nervous system disorder,” platelet activa-

11) and

tion,” endothelial dysfunction,'” and inflammatory processes;
behavioral, lifestyle factors.'? Management of cardiovascular disease
focuses on traditional risk factors such as hypertension, diabetes mel-
litus, dyslipidemia, obesity, smoking, and physical inactivity. However,
psychosocial factors are relatively neglected.” Since depression is a
potential modifiable risk factor for cardiovascular disease, further re-
search is required to establish the relationship between depression
and cardiovascular disease.

Moreover, depression is closely related to sociocultural factors.')
Cultural factors influence the process with which an individual con-
ceptualizes, experiences, and presents depression. Help-seeking be-

haviors in depression are also influenced by cultural values. Compared
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to Western societies, Eastern societies such as Koreans, Chinese, and
Japanese are more likely to deny symptoms of depression for fear of
being stigmatized as mentally ill, and are more comfortable sharing
somatic symptoms of depression.'*'® Therefore, the impact of depres-
sion on cardiovascular disease may vary across cultures. There is a lack
of evidence examining the effect of depression as an independent risk
factor for cardiovascular disease in Korea. Therefore, this study investi-
gated the impact of depression on cardiovascular disease using a large,

nationwide, population based Senior Cohort data.

METHODS

1. Subjects

We conducted a retrospective cohort study using the Senior Cohort
database released by the Korean National Health Insurance Services
(NHIS-Senior). We selected the samples directly from the population
database to prevent non-sampling errors. The database contains data
for 558,000 individuals, with approximately 10% of the total population
aged 60 years or older from 2002 to 2013.

We selected 163,024 subjects from the Senior Cohort, aged 65 years
or older, who participated in the national health examination program
in 2007 and 2008. Among them, we excluded participants with a previ-
ous history of cardiovascular disease and depression, participants who
died in 2007 or 2008, and participants with insufficient information.
Further, we selected participants who were diagnosed with depres-
sion, defined using the International Classification of Diseases, 10th
revision (ICD-10) codes F32 (major depressive disorder, single epi-
sode), F33 (major depressive disorder, recurrent), in the year 2007 or
2008, resulting in a total of 1,916 participants (depression group). Ad-
ditionally, we excluded subjects who developed depression during the
follow-up period. The remaining 100,019 participants constituted our
control group (Figure 1).

Exclusions:

A4

Subjects with history of cardiovascular disease
Subjects with history of depression

Subjects who died in the year of health examination
Subjects with insufficient information

Exclusions:
—» Subjects who developed depression
during the follow-up period

A 4 A 4

Depression cohort (study group)
subjects with a newly diagnosed depression

Non-depression cohort (control group)
(n=100,019)

Figure 1. Flowchart on selection of study

(n=1,916)
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2. Variables

1) Socio-demographic factors and covariates
Personal data, medical claims data, and national health examination
data were collected using the NHIS database. Personal data included
age, sex, household income, and mortality data. Medical claims data
included diagnosis of each participant using the ICD-10, Clinical
Modification (ICD-10-CM) codes. Health examination data included
height, weight, smoking status, alcohol intake, and physical activity.
Age was categorized into five groups, namely 65 to 69 years, 70 to 74
years, 75 to 79 years, 80 to 84 years, and 85 years or older. Body mass
index (BMI) was categorized into three groups based on the interna-
tional WHO obesity classification,'” with a BMI <25.0 kg/m? denoted

Table 1. Baseline characteristics of the study according to depression
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as normal, a BMI between 25.0-30.0 kg/m?* as overweight, and a BMI
>30.0 kg/m? as obese. Alcohol consumption was categorized into three
groups: less than 1 time per week, one to 4 times per week, and 5 times
or more per week. Smoking status was categorized into three groups:
never smoked, past smoker, and current smoker. Physical activity was
categorized into three groups: no exercise, exercise 1 to 6 times per
week, and exercise every day. Household income level was catego-
rized, using NHIS health data, into three groups: household income
>50%, household income <50%, and Medicaid as lowest income
group. Comorbid hypertension, diabetes mellitus, and dyslipidemia
were identified using the ICD-10-CM codes from the medical claims
data. Hypertension was defined using the ICD-10-CM code 110-15, di-
abetes mellitus using the ICD-10-CM code E10-14, and dyslipidemia

Characteristic Total (n=101,935) Non-depression (n=100,019) Depression (n=1,916) P-value*
Mean age (y) 72.3+4.7 72.3+4.7 72.7+4.7 <0.001
Age range (y) <0.001
65-69 30,356 (29.8) 29,842 (29.8) 514 (26.8)
70-74 46,071 (45.2) 45,213 (45.2) 858 (44.8)
75-79 15,958 (15.7) 15,611 (15.6) 347 (18.1)
80-84 7,486 (7.3) 7,323 (7.3) 163 (8.5)
>85 2,064 (2.0) 2,030 (2.0) 34 (1.8)
Gender <0.001
Female 53,457 (52.4) 52,230 (52.2) 1,227 (64.0)
Male 48,478 (47.6) 47,789 (47.8) 689 (36.0)
Body mass index (kg/m? 0.46
<25.0 69,758 (68.4) 68,428 (68.4) 1,330 (69.4)
>25.0, <30.0 29,341 (28.8) 28,801 (28.8) 540 (28.2)
>30.0 2,835 (2.8) 2,789 (2.8) 46 (2.4)
Alcohol drinking (time/wk) <0.001
<1 80,754 (81.0) 79,109 (80.9) 1,645 (87.7)
1-4 12,855 (12.9) 12,690 (13.0) 165 (8.9)
>5 6,093 (6.1) 6,027 (6.1) 66 (3.5)
Smoking status <0.001
Never smoker 77,713 (80.9) 76,166 (80.8) 1,547 (84.9)
Former smoker 6,047 (6.3) 5,957 (6.3) 90 (4.9
Current smoker 12,320 (12.8) 12,135 (12.9) 185 (10.2)
Physical activity 0.156
Daily 11,024 (11.0) 10,840 (11.0) 184 (9.8)
1-6 times/wk 26,837 (27.0) 26,337 (27.0) 500 (26.6)
No 61,669 (62.0) 60,475 (62.0) 1,194 (63.6)
Income <0.001
>50% 71,360 (70.0) 69,942 (69.9) 1,418 (74.0)
<50% 30,095 (29.5) 29,610 (29.6) 485 (25.3)
Medical aid’ 480 (0.5) 467 (0.5) 13(0.7)
Hypertension <0.001
Yes 52,024 (51.0) 50,925 (51.0) 1,099 (57.4)
No 49,911 (49.0) 49,094 (49.0) 817 (42.6)
Diabetes mellitus <0.001
Yes 23,878 (23.4) 23,310 (23.3) 568 (29.7)
No 78,057 (76.6) 76,709 (76.7) 1,348 (70.3)
Dyslipidemia <0.001
Yes 17,305 (17.0) 16,810 (16.8) 495 (25.8)
No 84,630 (83.0) 83,209 (83.2) 1,421 (74.2)

Values are presented as meanzstandard deviation or number (%).

*Analyzed using chi-square test for categorical variables. "Medical benefits for low income group.
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using the ICD-10-CM code E78. All of the variables above were tested

and adjusted in the analyses.

2) Study endpoints

The primary endpoint was development of ischemic heart disease or
cerebrovascular disease. Ischemic heart disease was defined as acute
myocardial infarction, angina pectoris, or chronic ischemic heart dis-
ease using the ICD-10-CM codes 120-25. Cerebrovascular disease was
defined as transient ischemic attack or stroke using the ICD-10-CM
codes 160-64, 169, and G45.

For participants who had been diagnosed multiple times, only the
first diagnosis was counted. The follow-up period was defined as the
time interval between either January 1, 2008 or January 1, 2009 and the
initial date of diagnosis of ischemic heart disease or cerebrovascular
disease, death of any cause, or December 31, 2012 or December 31,

2013, whichever came first.

3. Statistical Analysis

All statistical analyses were performed using SAS ver. 9.4 (SAS Institute
Inc., Cary, NC, USA), and the statistical significance level was set at
P<0.05. Baseline characteristics were compared using chi-square test
and t-test. Hazard ratios (HRs) and associated 95% confidence inter-
vals (CIs) were estimated using Cox proportional hazards models.
Multivariable Cox models were used to control the known cardiovas-
cular risk factors such as hypertension, diabetes mellitus, dyslipid-
emia, sociodemographic factors, including age, sex, household in-
come, and lifestyle factors, including smoking status, alcohol con-

sumption, and physical activity.

4. Ethical Approval
The Hallym University Dongtan Sacred Heart Hospital approved
(2018-06-011) the use of these data.

Table 2. Incidence rates of cardiovascular disease according to depression

) Non-depression Depression
L (1=100,019) (=1,916)
Ischemic heart disease*
Follow-up time (person-years) 447,582 7,162
No. of events 11,688 (11.7) 308 (16.1)

Incidence rate per 100 person-years
Cerebrovascular disease’

Follow-up time (person-years) 442,399 6,804

No. of events 14,373 (14.4) 395 (20.6)

Incidence rate per 100 person-years ~ 3.25(3.20-3.30)  5.80 (5.25-6.40)

Values are presented as number, number (%), or incidence rate (95% confidence
interval).

*Includes acute myocardial infarction, angina pectoris, and chronic ischemic heart
disease (120-25). fncludes stroke and transient ischemic attack (160-64, 169, G45).

2.61(2.56-2.66)  4.30 (3.84-4.80)
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RESULTS

1. Baseline Characteristics of Subjects

The sample constituted 101,935 participants in total, with 1,916 indi-
viduals in the depression group and 100,019 individuals in the non-
depression group. The average age of the participants of the depres-
sion group was 72.7+4.7 years and the non-depression group was
72.3+4.7 years. The depression group reported a significantly higher
proportion of female, high income, less frequent drinker, and never
smoker as compared the non depression group, with proportion of
64.0%, 74.0%, 87.7%, and 84.9% in the depression group, and 52.2%,
69.9%, 80.9%, and 80.8% in the non-depression group, respectively
(P<0.001, chi-square test). The depression group reported a signifi-
cantly higher proportion of hypertension, diabetes mellitus, and dys-

lipidemia as compared to the non-depression group, with proportion

Table 3. Adjusted HR for ischemic heart disease
Variable Unadjusted HR (95% CI)  Adjusted™ HR (95% Cl)

Depression 1.43 (1.28-1.60) 1.38 (1.23-1.55)
Age (y)
65-69 1 (reference) 1 (reference)
70-74 1.14 (1.09-1.19) 1.11 (1.06-1.16)
75-79 1.24 (1.17-1.31) 1.20 (1.13-1.27)
80-84 1.29 (1.20-1.39) 1.26 (1.16-1.36)
>85 1.26 (1.11-1.44) 1.28 (1.12-1.47)
Gender
Female 1 (reference) 1 (reference)
Male 1.05 (1.01-1.09) 1.15 (1.10-1.20)

Body mass index (kg/m?

<25.0 1 (reference) 1 (reference)
>25.0,<30.0 1.19 (1.14-1.39) 1.08 (1.04-1.13)
>30.0 1.26 (1.14-1.23) 1.10 (0.99-1.21)

Alcohol drinking (time/wk)

<1 1 (reference) 1 (reference)

1-4 0.94 (0.89-0.10) 0.89 (0.83-0.94)

>5 0.86 (0.79-0.93) 0.83(0.76-0.91)
Smoking status

Never smoker 1 (reference) 1 (reference)

Former smoker 1.10 (1.02-1.19) 1.10 (1.01-1.18)

Current smoker 1.03 (0.98-1.09) 1.13 (1.07-1.21)
Physical activity

Daily 1 (reference) 1 (reference)

1-6 times/wk 1.00 (0.96-1.04) 1.00 (0.94-1.08)

No 1.02 (0.96-1.08) 1.02 (0.96-1.09)
Income

>50% 1 (reference) 1 (reference)

<50% 0.92 (0.88-0.95) 0.93(0.89-0.97)
Medical aid 1.57 (1.27-1.94) 1.59 (1.28-1.97)
Hypertension 1.77 (1.71-1.84) 1.65 (1.58-1.72)
Diabetes mellitus 1.39 (1.34-1.45) 1.20 (1.15-1.25)
Dyslipidemia 1.43 (1.37-1.50) 1.26 (1.20-1.31)

Associations calculated using multivariable Cox regression analysis.
HR, hazard ratio; CI, confidence interval.

*Adjusted according to depression, age, gender, body mass index, alcohol drinking,
smoking status, physical activity, income, hypertension, diabetes mellitus, and

dyslipidemia.
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of 57.4%, 29.7%, and 25.8% in the depression group, and 51.0%, 23.3%,
and 16.8% in the non-depression group, respectively (P<0.001, chi-
square test) (Table 1).

2. Impact of Depression on Ischemic Heart Disease

During the average follow-up period of 1,606 days, 16.1% (308/1,916)
participants of the depression group developed ischemic heart dis-
ease, which was significantly higher than 11.7% (11,688/100,019) par-
ticipants of the control group (P<0.05, chi-square test) (Table 2). The
multivariate Cox regression analysis included depression, age, gender,
BM], alcohol consumption, smoking status, physical activity, income,
hypertension, diabetes mellitus, and dyslipidemia. The HR between
depression and ischemic heart disease was 1.38 (95% CI, 1.23 to 1.55)
after adjusting all confounding variables. Factors such as old age, male
gender, obesity, and smoking increased the risk of ischemic heart dis-
ease. Physical activity did not seem to have an effect on ischemic heart
disease in this study. Hypertension, diabetes mellitus, and dyslipid-
emia also increased the risk of ischemic heart disease by 65%, 20%,
and 26%, respectively, after adjustment (Table 3).

3. Impact of Depression on Cerebrovascular Disease

During the average follow-up period of 1,586 days, 20.6% (395/1,916)
participants of the depression group developed cerebrovascular dis-
ease, which was significantly higher than 14.4% (14,373/100,019) par-
ticipants of the control group (Table 2). The multivariate Cox regres-
sion analysis revealed that depression also significantly increased the
HR for cerebrovascular disease, with a HR of 1.46 (95% CI, 1.32 to 1.62)
for cerebrovascular disease after adjusting all confounding variables.
Characteristics such old age, male gender, and smoking increased the
risk of cerebrovascular disease. Hypertension, diabetes mellitus, and
dyslipidemia also increased the risk of ischemic heart disease by 41%,
19%, and 5% respectively, after adjustment (Table 4).

DISCUSSION

The results revealed that depression increased the risk of both isch-
emic heart disease and cerebrovascular disease. A systematic review of
depression as a risk factor for coronary heart disease, reviewing 30 co-
hort studies, reported a pooled relative risk of 1.30 (95% CI, 1.22 to
1.40)," which is consisted with our results that reported an adjusted
HR of 1.38 (95% CI, 1.22 to 1.40) for ischemic heart disease. Another
systematic review of depression as a risk factor for stroke, reviewing 28
cohort studies, reported a pooled adjusted HR of 1.45 (95% CI, 1.29 to
1.63),” which is also consisted with our results that reported an adjust-
ed HR of 1.46 (95% CI, 1.32 to 1.62).

The proposed potential mechanisms that influence the impact of
depression on cardiovascular disease include pathophysiological
changes and behavioral, lifestyle factors, and it is likely to be multifac-
torial. Depression is involved in the stress-induced activation of the
HPA axis.” Elevated levels of cortisols have been repeatedly found in

patients with depression, thereby increasing visceral fat mass, hyper-
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Variable Unadjusted HR (95% Cl)  Adjusted* HR (95% Cl)
Depression 1.52 (1.38-1.68) 1.46 (1.32-1.62)
Age (y)

65-69 1 (reference) 1 (reference)
70-74 1.32 (1.26-1.37) 1.29 (1.23-1.34)
75-79 1.76 (1.68-1.85) 1.68 (1.60-1.77)
80-84 2.07 (1.94-2.20) 1.93 (1.81-2.06)
>85 2.38 (2.15-2.63) 2.26 (2.03-2.50)
Gender
Female 1 (reference) 1 (reference)
Male 1.00 (0.97-1.03) 1.09 (1.05-1.13)

Body mass index (kg/m?
<25.0
>25.0, <30.0
>30.0

Alcohol drinking (time/wk)
<1

1 (reference)
0.99 (0.96-1.03)
1.00 (0.90-1.10)

1 (reference)

1 (reference)
0.97 (0.94-1.01)
0.94 (0.85-1.04)

1 (reference)

1-4 0.93(0.88-0.97) 0.95 (0.90-1.00)

>5 1.05(0.98-1.12) 1.02 (0.95-1.10)
Smoking status

Never smoker 1 (reference) 1(reference)

Former smoker 0.96 (0.89-1.03) 0.96 (0.89-1.04)

Current smoker 1.02 (0.97-1.08) 1.08 (1.03-1.15)
Physical activity

Daily 1 (reference) 1 (reference)

1-6 times/wk 0.95 (0.92-0.98) 0.98 (0.93-1.05)

No 1.14 (1.08-1.20) 1.13 (1.07-1.20)
Income

>50% 1 (reference) 1 (reference)

<50% 0.97 (0.93-1.00) 0.99 (0.96-1.03)
Medical aid 1.68 (1.40-2.03) 1.63 (1.35-1.98)
Hypertension 1.47 (1.42-1.52) 1.41 (1.36-1.46)
Diabetes mellitus 1.28 (1.23-1.32) 1.19(1.15-1.24)
Dyslipidemia 1.10 (1.05-1.15) 1.05 (1.00-1.10)

Associations calculated using multivariable Cox regression analysis.
HR, hazard ratio; Cl, confidence interval.
*Adjusted according to depression, age, gender, body mass index, alcohol drinking,
smoking status, physical activity, income, hypertension, diabetes mellitus, and

dyslipidemia.

lipidemia, and glucose intolerance,'®'” which increases the risk of car-
diovascular disease, and diabetes, and also drives sympathetic activa-
tion."” Moreover, depression may lead to autonomic nervous system
disorders such as decreased heart rate variability, increased heart rate,
excessive heart rate response to physical stress, and increased ventric-
ular depolarization variability, thereby increasing the risk of cardiovas-
cular disease.” Depression is also associated with increased platelet
activation and endothelial dysfunction.'” Increased platelet activity
increases the risk of thrombus formation and arterial occlusion.'” Pro-
longed mental stress, which is common in depression has been shown
to induce endothelial dysfunction, and is associated with many car-
diovascular risk factors.?” Further, patients with depression reported
elevated levels of inflammatory markers, such as C-reactive protein
and proinflammatory markers, such as interleukin 1, 2, 6, and tumor

necrosis factor.'” Inflammatory pathways play a major role in the de-

https://doi.org/10.4082/kjfm.18.0134
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velopment of atherosclerosis, leading to higher risk of cardiovascular
disease.'” Patients with depression tend to engage in unhealthy be-
haviors such as smoking, alcohol use, unhealthy diet, poorer medical
adherence, and physical inactivity leading to obesity.'? Patients with
depression are also less motivated to engage in lifestyle modification.

Consistent with our results, past findings confirmed that factors
such as old age, male gender, hypertension, diabetes mellitus, dyslip-
idemia, obesity, smoking, and lack of physical activity are well-known
risk factors for cardiovascular disease.”*” However, obesity reported
no significant effect on cerebrovascular disease. This finding may be
explained by the concept of obesity paradox in older adults.*® Lack of
physical activity is a well-known risk factor,*® but our results reported
no significant relationship between lack of physical activity and car-
diovascular disease. Light to moderate alcohol consumption is sug-
gested to decrease the risk of ischemic heart disease,” which is also
consistent with our results.

This study has several limitations. First, the definition of depression
was based only on ICD-10 codes, without any screening tools or pre-
scription information. Depression is underestimated especially in the
elderly population because they often encounter somatic complaints
instead of depressive moods and are reluctant to receive psychiatric
care. Therefore, the number of participants with depression may have
been underestimated. Second, the severity of depression was not de-
termined. Third, the effects of antidepressants on cardiovascular dis-
ease were also not considered in this study.

Despite its limitations, this study has several strengths. First, to the
best of our knowledge, this study was the first cohort study in Korea to
investigate the impact of depression on cardiovascular disease. There
was an observational study based on Korean adults who visited a uni-
versity hospital for health examination that reported depression was
significantly related with hypertension and dyslipidemia,* while an-
other study based on Korean adults, using Korea National Health and
Nutrition Examination Survey, reported that depression was only as-
sociated with dyslipidemia in males.” Second, we included data re-
garding behavioral risk factors including smoking status, alcohol con-
sumption, and physical activity, obtained through the health examina-
tion data in the form of self-report questionnaires. Major risk factors
for cardiovascular disease were included and adjusted using Cox pro-
portional hazard model. Third, since the sample size of this study is
large, and based on the Senior Cohort database of NHIS, the sample
may represent the general elderly population in Korea.

In conclusion, we found that, independent of other cardiovascular
risk factors, a confirmed diagnosis of depression increases the risk of
ischemic heart disease and cerebrovascular disease by 38% and 46%
among older adults in Korea, respectively. Since depression may be a
high-risk factor for cardiovascular disease, future research should fo-
cus on the diagnosis and prevention of cardiovascular disease in peo-

ple with depression.
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