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ABSTRACT

Objectives: This study aimed to identify sex differences in the association between depression
and the risk of developing cardiovascular disease (CVD).

Methods: A secondary analysis was conducted of data from the fifth to seventh waves
(2010-2018) of the Korea National Health and Nutrition Examination Survey. The participants
were adults aged 30-74 years who had no diagnosis of CVD. The CVD risk was calculated using
the Framingham Risk Score algorithm. Multiple linear regression analysis was conducted to
identify the association between depression and CVD risk using a complex sample design.
Results: The mean CVD risk was higher in males and females with current depression
(14.72% vs. 6.35%, respectively) than in males without current depression (11.67% and 4.42%,
respectively). Current depression showed a significant association with CVD risk after
controlling for only health-related characteristics, but the significance disappeared in both
males and females when demographic characteristics were additionally controlled.
Conclusion: The presence of depression was not associated with CVD risk regardless of sex
after controlling for confounding factors. Further studies are recommended to investigate the
relationship between depression and CVD risk in a larger sample of both males and females
with depression.
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Introduction

Cardiovascular disease (CVD) refers to a range of conditions such as ischemic heart disease,
stroke, heart failure, atrial fibrillation, and rheumatic heart disease [1], and was the top cause
of death worldwide in 2015 [2] and the second leading cause of death in South Korea, with
108.3 deaths per 100,000 people in 2017 [3]. The prevalence of CVD in Korea was 12.2% (16.0%
in males, 17.4% in females); it was higher in males than in females below 50 years of age, but
its prevalence significantly increased in females at ages over 50 [4]. Meanwhile, CVD risk in
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Korea is higher in males than in females [5]. Hypertension,
dyslipidemia, diabetes, obesity, and poor health behaviors
such as smoking, drinking, and lack of physical activity are
major risk factors for CVD [1]. Social factors (e.g., marital
status, education level, and social status) and psychological
factors (e.g., stress, social support, and depression) are also
considered to be important risk factors for CVD [6-8].

Depression is experienced by more than 300 million
people globally [9]. In Korea, the lifetime prevalence
of major depressive disorder in Korea was found to be
5.0% (3.0% for males and 6.9% for females), making it the
second most common mental illness in 2016 after alcohol
and nicotine abuse [10]. Depression may be linked to
CVD through various factors, including lifestyle factors,
autonomic nervous system disturbances, endocrine
disruption, inflammatory diseases, platelet aggregation,
and endothelial dysfunction [11,12]. More specifically,
many patients with depression show poor lifestyle habits
that increase the risk of CVD, including sleep deprivation,
smoking, drinking, lack of physical activity, poor hygiene,
and lack of adherence to medication [13].

Several studies have investigated the relationships between
depression and CVD occurrence and/or risks [11-15], and some
of them have shown significant associations between these
variables [8,14,15]. However, studies of the relationships between
these variables according to sex did not show consistent results
[15-17]. In Korea, few studies have examined the relationship
between depression and CVD risk factors [18-20]. Moreover,
no study has directly identified the relationship between
depression and CVD occurrence or CVD risk; in particular,
no analytical study has explored these variables separately
in males and females. In addition, in a meta-analysis of the
relationship between depression and the onset of coronary
atherosclerosis, most studies were conducted in Western
countries [21]. Therefore, this study investigated the relationship
between depression and CVD risk using data from the Korea
National Health and Nutrition Survey (KNHANES), with the aim
of filling the existing gap by examining that relationship by sex
in an Asian population.

Materials and Methods

Participants

We conducted a secondary analysis of data collected from
5th to 7th waves (2010-2018) of the KNHANES, which is
conducted by the Korea Centers for Disease Control and
Prevention. The KNHANES is an ongoing national survey
system conducted to assess the health and nutritional
status of Koreans, monitor changes in health risk factors
and the prevalence of major diseases, and provide evidence
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to develop health policies and programs in Korea [22,23].
It was initiated in 1998, and the seventh survey has been
completed. It was a triannual survey up to the third
KNHANES, after which it was conducted annually (from
2007 onwards). The sample of KNHANES VII was selected
using 2-stage stratified cluster sampling for enumeration
districts and households, and a health survey, health
examination, and nutrition survey were conducted among
appropriate household members.

The inclusion criteria for this study were as follows: no
missing data for sampling weight, age between 30 and 74
years, the availability of depression data, no history of CVD
(e.g., stroke, angina pectoris, or myocardial infarction), and
no missing data on socio-demographics, health-related
characteristics, depression, and CVD risk. Among 72,751
participants in the fifth to seventh survey, a total of 24,537
(10,183 males and 14,354 females) met those inclusion
criteria (Figure 1).

Variables and Definitions

CVD risk, as the main outcome variable, was assessed
using the Framingham Risk Score (FRS), which is a sex-
specific algorithm used to estimate the 10-year CVD risk
of an individual based on the Framingham Heart Study
[24]. The formulas for males and females are presented
separately so that the probability of developing CVD in the
next 10 years can be predicted as a percentage according
to sex (Table S1). There are 2 models for calculating the risk
of CVD: the primary model (P model) and the simple office-
based non-laboratory model (S model). Common variables
in both models are sex, age, systolic blood pressure (SBP)
(with/without treatment), current smoking, and diabetes.
Additional variables are total cholesterol or high-density
lipoprotein (HDL) cholesterol (mg/dL) for the P model, and
body mass index for the S model [25]. We used the P model
for the FRS, as the laboratory results were available. SBP
was measured by taking the average of 3 readings. People
without diagnosed hypertension were regarded as “not
treated.”

Depression, as the major explanatory variable, was
categorized as “never,” “past,” and “current” according
to the responses to the survey question on the history
of diagnosed depression (“I have been diagnosed [with
depression] by a doctor” and “I am currently suffering
[from depression]”). Confounding variables included socio-
demographic factors (age, employment, and household
income) and health-related characteristics (alcohol intake,
current smoking, physical activity, perceived stress, and
comorbidities) known to be associated with depression
[26-31] or CVD risk [32,33]. The variables were categorized
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(n=72,751)

WV

Final participants (n =24,537)

Exclusion (n=48,214)
» Missing data on weight (n = 3,692)
 Age <30y or 275y (n=26,447)

= Have been diagnosed with stroke, angina, myocardial
infarction (n = 4,143)

» Missing data on depression (1 = 6)
» Missing data on confounding factors (n =12,903)
» Missing data on cardiovascular risk score (n =1,023)

« Male (n=10,183)
= Female (n=14,354)

Figure 1. The selection process of study subjects.

as follows: “30-39,” “40-49,” “50-59,” “60-69,” and “over 70
years old” for age; “no,” “yes, regular job,” and “yes, irregular
job” for employment; quartiles 1-4 for household income;
“less than once per month,” “1-4 times per month,” and “2
times and higher per week” for alcohol intake; “yes” and “no”
for current smoking; “yes” or “no” for engagement in high-or
moderate-intensity physical activity during work or leisure
for physical activity; and “much” and “little” for perceived
stress. Comorbidities consisted of hypertension, diabetes,
and dyslipidemia, and each disease was classified as “yes”
or “no” depending on whether it had been diagnosed by a
physician or not.

Data Analysis

The data were analyzed with IBM SPSS ver. 25.0 (IBM
Corp., Armonk, NY, USA) using a complex sample design
considering strata, cluster, and the combined sampling
weight of 2 years. A 2-tailed test was performed with a
significance level (a) of 0.05. The variables in the study
were calculated using non-weighted frequency, weighted
percentage, or mean and standard error according to sex.
The distribution of CVD risk according to characteristics
of the participants was analyzed using the chi-square
test. As the CVD risk data did not satisfy the assumption
of normality, CVD risk was classified as “lower risk” and
“higher risk” based on the top 25% (15% for males and 5%
for females). Multiple logistic regression analyses were
conducted to evaluate the association of depression and
CVD risk after controlling for confounding factors. We
considered 4 models according to confounding factors
input in the models: age (continuous) only in model 1; age
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(continuous), income, and occupation in model 2; drinking,
smoking, physical activity, stress, and comorbidities in
model 3; and all factors in model 4. Multi-collinearity
was assessed based on a correlation coefficient >0.85.
Meanwhile, we performed a sensitivity analysis to check the
robustness of the findings on the impact of depression on
CVD risk using the S model, which is used to calculate the
FRS using body mass index instead of laboratory tests with
total and HDL cholesterol results [24].

Ethical Considerations

This study was conducted after receiving permission for the
use of data from the website of the KNHANES, and approval
of exemption from review (IRB No: 2019_141_HR) from the
Pusan National University Institutional Review Board.

Results

Characteristics and CVD Risk of the Participants

Table 1 shows participants’ socio-demographic and health-
related characteristics according to sex. Most of the 10,183
males were under 50 years old (61.2%), currently employed
(80.8%), and in the third and fourth quartile income groups
(65.3%): 43.2% were current smokers; and 1.1% had current
depression. The majority of the 14,354 females were under
50 years old (60.6%), currently unemployed (53.8%), and
in the third and fourth quartile income groups (61.0%);
only 6.4% were current smokers; and 3.2% had current
depression. All characteristics of the participants were
significantly different according to sex. The distribution of
CVD risk and its components is presented in Table 2. The
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Table 1. Characteristics of the study participants according to sex

Characteristic Ll FuelD p
(n=10,183) (n=14,354)
Age group (y) 0.005
30-39 2,725 (32.8) 4,055 (31.0)
40-49 2,484 (28.4) 3,717 (29.6)
50-59 2,112 (21.6) 3,254 (22.8)
=60 2,862 (17.1) 3,328 (16.6)
Employment <0.001
No 2,491 (19.2) 8,003 (53.8)
Yes, irregular 1,281 (12.8) 2,124 (15.4)
Yes, regular 6,411 (68.0) 4,227 (30.8)
Household income (quartile) <0.001
1st 1,286 (10.3) 2,031 (12.5)
2nd 2,516 (24.4) 3,724 (26.5)
3rd 3,151 (32.8) 4,328 (31.0)
4th 3,230 (32.5) 4,271 (30.0)
Alcohol intake <0.001
<1 time/mo 2,317 (21.9) 7,636 (50.9)
1-4 times/mo 3,905 (39.2) 5,063 (36.9)
> 2 times/wk 3,961 (38.9) 1,655 (12.2)
Smoking <0.001
Never 1,843 (18.8) 12,723 (87.5)
Past 4,256 (37.8) 826 (6.1)
Current 4,084 (43.3) 802 (6.4)
Physical activity 3,415 (35.7) 3,586 (26.1) <0.001
Perceived stress 0.005
Much 2,429 (25.3) 3,777 (27.2)
Little 7,754 (74.7) 10,577 (72.8)
Comorbidities
Hypertension 2,194 (17.2) 2,374 (13.6) <0.001
Diabetes 891 (6.7) 794 (4.6) <0.001
Dyslipidemia 1,261 (11.1) 2,139 (12.8) <0.001
Depression diagnosed <0.001
Never 9,983 (98.0) 13,454 (93.9)
Past 85 (0.9) 409 (2.9)
Current 115(1.1) 491 (3.2)

Data are unweighted number and weighted proportions.

mean CVD risk was 11.70% among males and 4.48% among
females, reflecting a significant difference.

The Association between Depression and CVD Risk

According to the bivariate analysis, as shown in Tables 3 and
4, current depression was associated with CVD risk in both
males and females. The mean CVD risk was higher in males
and females with current depression (14.72% vs. 6.35%,
respectively) than in males without current depression
(11.67% and 4.42%, respectively). The prevalence of current
depression among those with higher CVD risk was 1.6% in
males and 5.0% in females, which was significantly higher
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than the prevalence among those with lower CVD risk.
According to multiple logistic regression analysis, current
depression showed a significant association with CVD risk
after controlling for health-related characteristics, but the
significance disappeared in both males and females when
demographic characteristics were additionally controlled
(Table 5).

Sensitivity Analysis

In the sensitivity analysis of CVD risk calculated using
the S model, the mean CVD risk was 13.11% for males and
4.93% for females (Table S2). In the bivariate analysis, CVD
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Table 2. Distribution of cardiovascular disease risk and its components according to sex

Characteristic S FEIELE p
(n=10,183) (n=14,354)

Age (y) 47.00%£0.15 47.1940.13 0.210
Total cholesterol (mg/dL) 194.24+0.42 193.37+0.36 0.104
HDL cholesterol (mg/dL) 47.07+0.13 54.51+0.13 <0.001
SBP (mmHg) 120.13+0.18 113.84+0.18 <0.001
Hypertension treatment 1,935 (14.8) 2,185(12.4) <0.001
Diabetes 891 (6.7) 794 (4.6) <0.001
Current smoking 4,069 (43.2) 773 (6.2) <0.001
CVD risk (%) <0.001

<5 2,820 (33.4) 9,462 (71.6)

5-9 2,294 (25.5) 2,744 (17.1)

10-19 2,600 (24.1) 1,674 (9.1)

>20 2,468 (17.0) 473 (2.2)

Mean + SE 11.70+£0.13 4.48+0.05 <0.001

Data are presented as mean * SE or n (%). Data are unweighted number and weighted proportions.
HDL, high-density lipoprotein; SBP, systolic blood pressure; CVD, cardiovascular disease; SE, standard error.

risk was higher in subjects with current depression than in
subjects without current depression both for males (p=0032)
and for females (p <0.001). However, there was no significant
association between depression and CVD risk after controlling
for confounding factors, which showed similar trends to
the results obtained by using the P model for CVD risk
calculation (Table S3).

Discussion

This study aimed to investigate the relationship between
depression and CVD risk by sex using data from a representative
community-based health survey in Korea. The prevalence of
current depression was 1.1% in males and 3.2% in females,
and it increased to 2.0% in males and 6.1% in females when
including past depression. This figure is slightly lower than
the prevalence of 5.0% (3.0% in males, 6.9% in females)
reported in a previous survey in 2016 [10], where depression was
measured with the Korean version of Composite International
Diagnostic Interview (CIDI). Since depression was identified by a
self-reported physician’s diagnosis in this study, those who
show depressive moods but have never been diagnosed by
a physician were classified as “not depressed,” resulting in a
potential underestimation of the prevalence of depression.
The CVD risk was measured with the FRS, which is a well-
known measure of 10-year CVD risk, and its validity has
been established in various populations including Koreans
[34,35]. The CVD risk was higher in males than in females,
which is consistent with a previous finding in a French
cohort where CVD risk was measured by the FRS [36]. The
CVD risk by sex also showed a similar trend in a sensitivity
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analysis with non-laboratory data, although CVD risk with
non-laboratory data was consistently higher than CVD risk
with laboratory data (Figure S1).

Without controlling for confounding factors, males and
females with current depression showed 1.62 and 2.09 times
higher CVD risk than those without depression, respectively,
corresponding to a slightly higher effect size than that of 146
(95% confidence interval [CI], 1.37-1.55) reported in a meta-
analysis [37]. However, depression was no longer associated
with CVD risk after controlling for well-known confounding
factors, including socio-demographic and health-related
characteristics [26-33]. Nonetheless, an independent
association between depression and CVD risk was found
after controlling for only health-related characteristics for
both males and females, with CVD risk calculated by the P
model and S model. Health behaviors are important factors
that explain the relationship between depression and CVD
[11,12]. The prevalence of risk factors of CVD such as obesity,
smoking, diabetes, and hypertension was found to be high
in individuals with severe mental health disorders such
as depression in a previous study [38]. According to our
additional stratified analyses according to these categories,
some health-related characteristics (e.g., alcohol intake,
current smoking, and perceived stress) seem to act as
effect modifiers, not as confounding factors, between the
2 variables (Table S4). For instance, males with depression
who drank more than twice a week, smoked cigarettes,
and experienced a high level of stress had higher CVD risk
than their counterparts without depression. Unlike males,
females with depression who drank fewer than 4 times a
month and did not smoke had a higher CVD risk than those
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Table 3. Relationship between the characteristics of the participants and cardiovascular disease risk among males

(n=10,183)
Characteristic Mean+SE I(.::vg r6r2|il)( ggge;;;k Pa)

Age group (y) <0.001
30-39 3.70+0.05 2,715 (44.3) 10(0.4)
40-49 8.40+0.12 2,266 (35.0) 218 (9.9)
50-59 15.90+0.23 1,187 (16.7) 925 (35.4)
>60 27.21+0.31 456 (4.0) 2,406 (54.3)

Employment <0.001
No 20.35+0.36 769 (11.2) 1,722 (41.9)
Yes, irregular 14.12+0.35 708 (11.3) 473 (17.1)
Yes, regular 8.80+£0.12 5,147 (77.5) 1,264 (41.0)

Household income (quartile) <0.001
1st 20.43+0.50 424 (6.4) 862 (21.3)
2nd 12.33+£0.26 1,514 (23.7) 1,002 (26.6)
3rd 10.11£0.19 2,287 (35.2) 864 (26.1)
4th 10.05+£0.17 2,399 (34.7) 831 (26.0)

Alcohol intake <0.001
<1 time/mo 12.77£0.28 1,392 (21.1) 925 (24.1)
1-4 times/mo 9.97+0.18 2,803 (42.4) 1,102 (30.3)
> 2 times/wk 12.84+0.20 2,429 (36.5) 1,532 (45.6)

Current smoking <0.001
No 10.04£0.14 4,152 (60.1) 1,962 (47.7)
Yes 13.89+0.22 2,472 (39.9) 1,597 (52.3)

Physical activity <0.001
No 12.71+£0.17 4,154 (61.2) 2,614 (72.8)
Yes 9.88+0.17 2,470 (38.8) 945 (27.2)

Perceived stress <0.001
Much 9.64+0.21 1,852 (28.0) 577 (17.7)
Little 12.40%0.15 4,772 (72.0) 2,982 (82.3)

Comorbidities <0.001
No 8.48+0.10 5,645 (86.1) 1,488 (43.7)
Yes 21.36+0.31 979 (13.9) 2,071 (56.3)

Current depression 0.030
No 11.67+0.13 6,563 (99.0) 3,505 (98.4)
Yes 14.72+1.17 61 (1.0) 54 (1.6)

Data are presented as mean +SE or n (%). Data are unweighted number and weighted proportions.

SE, standard error.
9The value was obtained by the chi-square test.

who did not have depression. This finding may be related to
a lack of statistical power due to the small sample of heavy
drinkers and smokers in females.

Meanwhile, the findings on the relationship between
depression and CVD risk by sex are not consistent among
studies [15-17]. In a cohort study of United States (US) middle-
aged and older adults who had never been diagnosed with
stroke or heart disease, CVD occurred 1.39 times (95% CI,
1.20-1.61) more often in males and 1.19 times (95% CI, 1.05
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-1.35) more often in females who had depressive symptoms
than in those who did not have depression, showing a
significant correlation in both sexes [15]. According to the
study of Holt et al. [16] using cohort data in the United
Kingdom, CVD incidence increased by 1.130 times (95%
CI, 1.034-1.235; p=0.007) in males with high depression
scores, but no significant relationship was found in females.
However, the study of Kouvari et al. [17] using cohort data
in healthy populations without chronic diseases showed

https://doi.org/10.24171/j.phrp.2021.12.2.08
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Table 4. Relationship between the characteristics of the participants and cardiovascular disease risk among females
(n=14,354)

Characteristic Mean = SE I(_::v;. ;2;;( :-’I;gt:‘eggnzs)k Pa)
Age group (y) <0.001
30-39 1.180.01 4,036 (43.1) 19 (0.6)
40-49 2.67+0.03 3,416 (37.7) 301 (9.1)
50-59 5.93+0.08 1,670 (16.6) 1,584 (38.3)
=60 11.90+£0.15 340 (2.6) 2,988 (52.0)
Employment <0.001
No 5.12+0.08 4,787 (50.3) 3,216 (62.9)
Yes, irregular 4.83+0.12 1,297 (14.4) 827 (17.9)
Yes, regular 3.19+0.06 3,378 (35.4) 849 (19.2)
Household income (quartile) <0.001
1st 8.66+0.20 656 (7.3) 1,375 (25.5)
2nd 4.74+0.10 2,266 (25.2) 1,458 (29.8)
3rd 3.60+0.07 3,235 (34.0) 1,093 (23.6)
4th 3.43+0.06 3,305 (33.5) 966 (21.1)
Alcohol intake <0.001
<1 time/mo 5.11+0.07 4,588 (47.2) 3,048 (59.9)
1-4 times/mo 3.87+0.07 3,642 (39.4) 1,421 (30.7)
>2 times/wk 3.74%£0.12 1,232 (13.4) 423 (9.4)
Current smoking <0.001
No 4.37+0.05 9,024 (94.7) 4,557 (91.7)
Yes 6.17+0.26 438 (5.3) 335(8.3)
Physical activity <0.001
No 4.78+0.06 6,801 (71.3) 3,967 (80.3)
Yes 3.65+0.07 2,661 (28.7) 925(19.7)
Perceived stress <0.001
Much 4.27+0.09 2,586 (28.1) 1,191 (25.0)
Little 4.56+0.06 6,876 (71.9) 3,701 (75.0)
Comorbidities <0.001
No 2.93+0.03 8,675 (92.1) 2,023 (42.7)
Yes 10.02+0.14 787 (7.9) 2,869 (57.3)
Current depression <0.001
No 4.42+0.05 9,231 (97.5) 4,632 (95.0)
Yes 6.35+0.29 231(2.5) 260 (5.0)

Data are presented as mean +SE or n (%). Data are unweighted number and weighted proportions.
9The value was obtained by the chi-square test.

Table 5. Multiple logistic regression results on the association between depression and cardiovascular disease risk by sex

3 Male (n=10,183) Female (n=14,354)
Model 2b) 2b)
OR (95% Cl) p R OR (95% ClI) p R
0 1.62 (1.04-2.53) 0.032 0.001 2.09 (1.69-2.60) <0.001 0.004
1 1.26 (0.67-2.37) 0.469 0.417 1.28 (0.88-1.87) 0.203 0.457
2 1.06 (0.55-2.01 0.869 0.418 1.17 (0.79-1.71) 0.433 0.459
3 1.81(1.12-2.94) 0.016 0.201 1.62 (1.24-2.13) <0.001 0.253
4 1.07 (0.55-2.08) 0.837 0.511 0.92 (0.64-1.33) 0.671 0.494

OR, odds ratio; Cl, confidence interval.
dEach model was adjusted as follows: 0, no adjustment; 1, by age (continuous); 2, by age (continuous), income, and occupation; 3, by drinking, smoking,
physical activity, stress, and comorbidities; 4, by all factors. ®Cox & Sneel R%
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that depression was only associated with the incidence and
recurrence of CVD in females. The inconsistent findings of
studies on the relationship between depression and CVD
risk by sex underscore the importance of further replication
studies.

Strengths and Limitations

To our knowledge, this is the first study to identify the
relationship between depression and CVD risk by sex using
nationwide community-based data. This study has many
strengths. First, we identified the relationship between
depression and CVD risk after controlling for socio-
demographic and health-related characteristics that are
known to affect the relationship. Second, we used a large,
nationally representative dataset for the entire country
during 9 years, which increases the generalizability of our
findings.

However, the following limitations need to be taken into
account when interpreting the results. First, this study did
not control for the effects of variables such as potential
biomarkers that affect CVD risk, since this was a secondary
data analysis study and that information was not available.
Second, as depression is defined by the subject’s reported
diagnosis, the actual prevalence of depression may have
been underestimated due to the possibility of undiagnosed
depression. According to a nationwide survey of mental
disorders in 2016, the use of mental health service over the
past year was 9.6% [10], which was much lower than the
rates of 14.2% in the US, 39.5% in Belgium, 35.5% in Spain,
and 20% in Japan [39,40]. This underestimation leads to
misclassification bias, as subjects with strong depressive
symptoms who were undiagnosed by a physician were
classified as not having depression, thereby weakening the
strength of the association between the 2 variables. Third,
CVD risk is a predicted value and may differ from the actual
occurrence of CVD. In particular, CVD risk reflects the
probability of CVD occurrence within 10 years. If the values
used to calculate CVD risk change over time, CVD risk also
changes, which may result in a difference in the actual
incidence of CVD. Finally, study subjects with CVD, as well as
those under 30 years old or over 75 years old, were excluded
from the study, impeding the generalizability of the study
results to these subjects.

Conclusion

According to our findings, the prevalence of depression
was 3 times higher in females than in males, and CVD risk
was more than 2.5 times as high in males as in females. The
presence of depression was not associated with CVD risk in
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either males or females after controlling for confounding
factors. This finding may be related to the small sample
with depression and misclassification bias, as depression
was defined according to a subject’s reported diagnosis.
Therefore, we recommend that further research should
investigate the relationship between depression and CVD
risk in a larger sample of individuals with depression and
take steps to minimize the underestimation of depression
by using both subjects’ reported diagnoses and depressive
symptoms in both males and females.
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