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Objective  This study aimed to examine the associations between depression and both coronary artery disease (CAD) and cardiovascu-
lar risk factors (CVRs) in Korean women. Furthermore, this study sought to determine whether depression was associated with use of health-
care services in women with CAD or CVRs.

Methods This cross-sectional study was conducted on 26,335 women who were aged 19 years or older, and who participated in the Ko-
rean National Health and Nutrition Examination Survey (2007-2014). Associations of prior diagnosis of depression with CAD and CVRs
and with nonutilization of healthcare services were investigated.

Results Women with depression had a higher prevalence of CAD and CVRs including obesity, hypertension, dyslipidemia, and meta-

bolic syndrome than those without depression. In addition, depression was significantly associated with nonutilization of healthcare ser-
vices in women with most CVRs.

Conclusion Considering the high rate of comorbid depression with CAD or CVRs and the low levels of health service utilization in
depressed patients, screening for common CVRs, such as obesity, hypertension, and dyslipidemia, should be provided for patients with de-

pression in mental health care settings.
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INTRODUCTION

Depression and cardiovascular disease are currently the 2
most common causes of disability in high-income countries
and expected to become so for countries of all income levels by
2030." Previous studies have shown that depression is associ-
ated with increased risk of cardiovascular disease’ and an in-
dependent major risk factor for the onset of a wide range of
cardiovascular diseases and cardiac mortality.** In addition,
many studies have reported causative relationships between de-
pression and hypertension,’ diabetes,’ obesity;”® dyslipidemia,’
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and metabolic syndrome,”'’ which are known to be cardiovas-
cular disease risk factors (CVRs). Moreover, several studies have
reported a clear sex difference in the relationship between de-
pression and cardiovascular disease,’ for example, in one study;’
women with depression were at significantly greater risk of
cardiac mortality relative to men with depression.

Depression is a risk factor not only for cardiovascular dis-
ease but also for worse prognoses. Comorbid depression and
cardiovascular disease increase medical costs'' and health-
care utilization.”” Comorbid depression and coronary artery dis-
ease (CAD) are associated with higher hospital readmission
rates and increased overall and outpatient healthcare costs.”
Depression in congestive heart failure patients is also an inde-
pendent predictor of mortality and rehospitalization." In ad-
dition, nonadherence to medication regimens is associated with
significant clinical and economic burden,' and the rate of medi-
cation nonadherence in patients with comorbid depression
and coronary heart disease is double that of nondepressed pa-
tients with coronary heart disease.'®

Given the high comorbidity rate for depression and cardio-
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vascular disease or CVRs, and the resultant disease burden, it
is important to understand the impact of depression on health-
care utilization in patients with comorbid depression and car-
diovascular disease or CVRs. Therefore, this study aimed to
examine the associations between depression and CAD and
CVRs in women aged 19 years or older, based on nationally
representative data collected in Korea. Furthermore, the study
sought to determine whether depression was associated with
increased or decreased use of healthcare services in women
with CAD or CVRs.

METHODS

Data source and study sample

This study used cross-sectional data from the Korean Na-
tional Health and Nutrition Examination Survey (KNHANES)
conducted by the Korea Centers for Disease Control and Pre-
vention between 2007 and 2014. The KNHANES targeted the
noninstitutionalized Korean civilian population and monitored
trends in the prevalence, awareness, treatment, and control of
selected chronic diseases; assessed trends in nutritional status
and risky behavior; and analyzed risk factors for chronic dis-
eases. The survey used a stratified multistage probability sam-
pling strategy based on geographical region, sex, and age, and
consisted of a health interview survey, health examination sur-
vey, and nutrition survey. The health examination survey was
conducted in local community health centers and clinics, and
standardized protocols were used to assess anthropometry,
blood pressure, and laboratory indices. The Institutional Review
Board at the Korea Centers for Disease Control and Preven-
tion approved the survey protocol (2007-02CON-04-P, 2008-
04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-
02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, and
2013-12EXP-03-5C). All participants of the KNHANES used
in the current study provided written informed consent. The
KNHANES data used in the present study is freely available."”

In total, 50,094 adults aged 19 years or older were included in
the KNHANES IV (2007-2009), V (2010-2012), and VI (2013~
2014); of these, 45,598 participated in the health interview and
examination surveys, with a participation rate of 91.02%. We
excluded 19,263 men from a total of 45,498 participants, and
ultimately, 26,335 women aged 19 years or older were includ-
ed in the present study.

Measures
Definition of depression
Women who reported having been diagnosed with depres-

sion by a physician at some point during their lives were con-
sidered depressed; therefore, for the purposes of this study, the
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definition of depression included both previous and current
depression. The survey subjects were asked the following ques-
tions: “Have you ever had depression?” followed by “Have you
ever been diagnosed with depression by a physician?” The cas-
es involving depression were limited to those in which women
answered “yes” to both questions."”

Definition of CAD

CAD was considered present if subjects reported angina
or myocardial infarction, which were assessed in the health
interview, using a dichotomous (responses of “yes” or “no”)
question: “Have you ever been diagnosed with angina or myo-
cardial infarction by a physician?”

Definition of CVRs

CVRs included obesity, hypertension, diabetes, dyslipid-
emia, and metabolic syndrome, which were measured dur-
ing the health examination. Anthropometric measurements
included height, body weight, body mass index (BMI), and
waist circumference. Height was measured to the nearest 0.1
cm with the subject standing barefoot. Body weight was
measured to the nearest 0.1 kg using a balance scale. Waist
circumference was measured to the nearest 0.1 cm at the
midpoint between the subcostal and suprailiac landmarks,
using a fiberglass tape. Health professionals measured blood
pressure 3 times, using a mercury sphygmomanometer, after
subjects had rested for 5 minutes in a stable state. The mean
values for the second and third measurements of systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
were included in the analysis. Blood samples were collected
from the antecubital vein after subjects had fasted for at least
8 hours. Fasting plasma glucose (FPG), total cholesterol
(TC), triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-C)
were measured using an automated hematology analyzer
[ADVIA 1650 (Siemens, USA) in 2007; Hitachi automatic an-
alyzer 7600 (Hitachi, Japan) during 2008-2010] at a labora-
tory at the Seoul Medical Science Institute (Seoul, Korea) in
2007 and at the Neodin Medical Institute (Seoul, Korea) dur-
ing 2008-2012.

BMI was calculated using measurements of subjects’
weight and height [weight (kg)/height (m?)]. Obesity was
considered present if subjects had a BMI of >25 kg/m”. Hy-
pertension was considered present if subjects had SBP of >
140 mm Hg, DBP of 290 mm Hg, or a prescription for hyper-
tension medication. Diabetes was considered present if sub-
jects had an FPG level of 2126 mg/dL, diabetes diagnosed by
a physician, or a prescription for diabetes medication or in-
sulin injections. Dyslipidemia was considered present if sub-
jects had at least 1 of the following: high total cholesterol



(=240 mg/dL or medication for cholesterol), low HDL-C
(<40 mg/dL), high LDL-C (=160 mg/dL or medication for
cholesterol), or high TG (=200 mg/dL) levels. Metabolic syn-
drome was considered present if at least 3 of the following 5
criteria were satisfied: 1) abdominal obesity (waist circumfer-
ence of =285 cm), measured using a Korean-specific standard;
2) high blood pressure (SBP of 2130 mm Hg or DBP of =85
mm Hg); 3) a high TG level (=150 mg/dL); 4) a low HDL-C
level (<50 mg/dL); and 5) elevated FPG (=100 mg/dL).”” We
used the version of the National Cholesterol Education Pro-
gram's Adult Treatment Panel III criteria recommended by
the American Heart Association and the National Heart, Lung,
and Blood Institute."

Nonutilization of healthcare services

Participants were asked about nonutilization of healthcare
services despite a requirement for medical care during the pre-
ceding year, using the question, “During the past year, have
you decided not to visit a hospital or clinic center (excluding
dental clinics/hospitals) despite needing medical care?” A re-
sponse of “yes” indicated nonutilization of healthcare servic-
es. Healthcare services included treatment, preventive medi-
cal care (immunization, screening, and health examination),
physical therapy, and rehabilitation and excluded dental health
services.

Covariates

Sociodemographic characteristics included age, educational
level (<high school or Zhigh school) and monthly household
income (quartile 1, quartile 2, quartiles 3, and 4). Chronic
physical conditions, assessed via the health interview, includ-
ed chronic obstructive pulmonary disease, asthma, stroke, ar-
thritis, tuberculosis, chronic renal failure, atopic dermatitis,
thyroid gland, cancer, and cirrhosis of the liver. The overall
number of chronic physical conditions included these 10 con-
ditions, 1 CAD, and the 5 CVRs mentioned above and there-
fore ranged from 0 to 16.

Statistical analysis
Considering that the KNHANES involved a complex sam-
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pling design, weighted values were applied using the survey-
related procedure in SAS software version 9.4 (SAS Institute
Inc., Cary, NC, USA) for all analyses, to produce nationally
representative estimates and correct variance estimates. The
prevalence rates for CAD and CVRs were age-standardized
into 10-year age groups, using the standard population in the
Population Projections for Korea: 2010-2016 (based on the
2010 census), and standard errors (SEs) were estimated for
the age-standardized rates. Log-binomial regression was per-
formed using PROC GENMOD procedure in SAS statistical
software, to estimate adjusted prevalence ratios (APRs) for
CAD and CVRs for women with and without depression after
adjusting for age. To compare the general characteristics of
women with CAD or CVRs according to the presence of depres-
sion, Student’s t test and y” tests were performed for continu-
ous and categorical variables, respectively. To examine the ef-
fect of depression on healthcare utilization, multivariable logistic
regression was used to calculate adjusted odds ratios (AORs)
and 95% confidence intervals (CIs), adjusted for age, educa-
tional level, monthly household income, and number of
chronic physical conditions (0-16). The analysis model in-
cluded nonutilization of healthcare services as a dependent
variable and depression as an independent variable. The sig-
nificance level was set at p<0.05 for all analysis.

RESULTS

Association between depression and CAD/CVRs

Of the 26,335 women aged 19 years or older included in the
study, 1,505 (5.43%) had been diagnosed with depression by
a physician. With respect to comorbidity, 994 (66.05%) of
the 1,505 women with depression and 13,746 (55.4%) of the
24,830 women without depression had comorbid CAD or
CVRs (Figure 1).

The CAD prevalence rate in women with depression (2.1%,
SE=0.29) was approximately 1.5 times higher relative to that
of those without depression (1.46%, SE=0.08) after adjusting
for age (adjusted prevalence ratio=1.471, 95% CI=1.455-1.488).
In addition, prevalence rates for obesity, hypertension, dyslip-
idemia, and metabolic syndrome in women with depression

Figure 1. Prevalence of depression and
CVCs. CVCs is defined as any CAD (an-

gina or myocardial infarction) or CVRs CVCs without depression (N=13,746) | 47.15
(obesity, hypertension, diabetes, dyslip- .
idemia, or metabolic syndrome). n: num- No depression, No CVCs (N=11,084) 4743
ber of study samples, %: weighted pro-

0 10 20 30 40 50

portion, CVCs: cardiovascular conditions,
CAD: coronary artery disease, CVRs:
cardiovascular disease risk factors.

Cormobid depression and CVCs (N=994) [_ | 3.29

Depression without CVCs (N=511) [[] 2.14

%
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were higher relative to those observed in women without de-
pression. However, there was no significant difference in dia-
betes prevalence rates between women with and without de-
pression (Table 1).

Association between depression and healthcare
utilization in women with CAD or CVRs
Women with depression were significantly older (p<0.001)

and reported lower educational levels (p=0.004) and house-
hold income (p=0.009) and higher numbers of chronic physi-
cal conditions (p=0.017) relative to women without depression
(Table 2).

Women with CAD or CVRs and comorbid depression were
generally less likely to have used healthcare services despite a
need for medical care during the preceding year relative to
those without depression. In particular, after adjusting for

Table 1. Age-standardized prevalence (SE) and prevalence ratio (95% Cl) of CAD* and CVRsT by depression among Korean women aged
19 and over

With depression Without depression
PR (95% CI)t APR (95% CI)*
N Prevalence (SE) N Prevalence (SE)
CAD 65 2.10(0.29) 511 1.46 (0.08) 1.876 (1.854-1.898) 1.471 (1.455-1.488)
Obesity 510 29.89 (1.68) 7126 26.59 (0.36) 1.189 (1.185-1.192) 1.055 (1.052-1.058)
Hypertension 517 21.71 (1.03) 6596 20.45 (0.26) 1.320 (1.316-1.324) 1.033 (1.030-1.035)
Diabetes 167 7.74 (0.80) 1984 727 (0.19) 1.266 (1.258-1.274)  0.994 (0.988-1.000)
Dyslipidemia 561 39.36 (1.97) 7176 36.16 (0.44) 1198 (1.195-1.201)  1.036 (1.034-1.038)
Metabolic syndrome 447 21.79 (1.27) 5485 17.85 (0.28) 1.393 (1.388-1.398)  1.099 (1.095-1.102)

*CAD was defined as angina or myocardial infarction, TCVRs: obesity, hypertension, diabetes, dyslipidemia, metabolic syndrome, PR (95%
CI), APR (95% CI) of depression vs. non-depression. SE: standard error, CI: confidence interval, CAD: coronary artery disease, CVRs: cardio-
vascular disease risk factors, PR: prevalence ratio, APR: age adjusted prevalence ratio

Table 2. Demographic characteristics of the samples according to the presence of depression among Korean women with CAD or CVRs

Characteristics Total With depression Without depression p-value®
(N=14,740) (N=994) (N=13,746)
Age, year, mean (SE) 54.11 (0.20) 55.51 (0.63) 54.02 (0.20) <0.0001
Age groups, year, N (%)f 0.0098
19-29 683 (7.56) 28 (4.59) 655 (95.41)
30-39 1488 (11.96) 76 (5.77) 1412 (94.23)
40-49 2163 (18.83) 115 (5.55) 2048 (94.45)
50-59 3281 (23.69) 242 (7.39) 3039 (92.61)
60-69 3555 (18.68) 297 (7.85) 3258 (92.15)
>70 3570 (19.27) 236 (6.33) 3334 (93.67)
Education, N (%)t 0.0043
>High school 5746 (46.03) 319 (5.69) 5427 (94.31)
<High school 8929 (53.97) 670 (7.23) 8259 (92.77)
Monthly household income¥, N (%)* 0.0095
<Q1 4722 (27.22) 368 (7.73) 4354 (92.27)
Qlto<Q2 2832 (19.99) 201 (6.78) 2631 (93.22)
Q2to<Q3 3200 (24.67) 206 (6.39) 2994 (93.61)
>Q3 3742 (28.12) 207 (5.41) 3535 (94.59)
No. of chronic physicalconditions$, N (%)t 0.0167
1-2 9716 (68.68) 594 (64.19) 9122 (68.99)
3-4 4432 (27.94) 347 (32.02) 4085 (27.66)
>5 592 (3.38) 53 (3.79) 539 (3.35)

*statistical significance for difference between groups with and without depression, % refers to population weighted proportions, *groups by
quartiles, Schronic physical conditions were included chronic obstructive pulmonary disease, asthma, stroke, arthritis, tuberculosis, chronic
renal failure, atopic dermatitis, thyroid gland, cancer, liver cirrhosis, CAD and CVRs. SE: standard error, CAD: coronary artery disease, CVRs:

cardiovascular disease risk factors
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Table 3. AOR of non-utilization of any healthcare among Korean women aged 19 and over

Non-utilization of healthcare

AOR (95% CI)*
N (%)* p-valuet
CADS with depression (N=65) 24 (38.56) 0.0617 1.72 (0.92-3.19)
CAD without depression (N=511) 134 (26.18) Ref
Obesity with depression (N=510) 160 (30.79) 0.0011 1.48 (1.15-1.92)
Obesity without depression (N=7,126) 1681 (22.56) Ref
Hypertension with depression (N=517) 153 (29.90) 0.0003 1.50 (1.18-1.91)
Hypertension without depression (N=6,596) 1518 (21.70) Ref
Diabetes with depression (N=167) 45 (26.14) 0.0785 1.44 (0.96-2.18)
Diabetes without depression (N=1,984) 412 (19.74) Ref
Dyslipidemia with depression (N=561) 161 (27.63) 0.0139 1.30 (1.02-1.67)
Dyslipidemia without depression (N=7,176) 1641 (21.97) Ref
Metabolic syndrome with depression (N=447) 140 (29.62) 0.0053 1.42 (1.09-1.84)
Metabolic syndrome without depression (N=5,485) 1291 (22.72) Ref
CVCs! with depression (N=994) 292 (28.59) 0.0002 1.35(1.13-1.62)
CVCs without depression (N=13,746) 3183 (22.30) Ref

*% refers to population weighted proportions, Tstatistical significance for difference between CAD/CVRs groups with and without depres-
sion, *fadjustment for age, education, income, and number of chronic physical conditions (0-16), ¥if AORs >1 then less utilization of any
healthcare, and AORs <1 then more utilization of any healthcare, SCAD was defined as angina or myocardial infarction, 'CVCs is defined as
any CAD or CVRs (obesity, hypertension, diabetes, dyslipidemia, or metabolic syndrome). AOR: adjusted odds ratio, CAD: coronary artery
disease, CVRs: cardiovascular disease risk factors, CI: confidence interval, CVCs: cardiovascular conditions

age, education, income, and number of chronic physical con-
ditions, depression was positively associated with nonutiliza-
tion of healthcare services in women with CVRs including
obesity (AOR=1.48, 95% CI=1.15-1.92), hypertension (AOR=
1.50, 95% CI=1.18-1.91), dyslipidemia (AOR=1.30, 95% CI=
1.02-1.67), and metabolic syndrome (AOR=1.42, 95% Cl=
1.09-1.84); the result regarding diabetes was nonsignificant
(Table 3).

DISCUSSION

The age-standardized prevalence rates for CAD and CVRs
(with the exception of diabetes) in women with depression
were significantly higher relative to those observed in women
without depression. In addition, depression was significantly
associated with nonutilization of healthcare services in wom-
en with most CVRs (obesity, hypertension, dyslipidemia, and
metabolic syndrome).

Consistent with previous studies, depression was associat-
ed with increased CAD** and risk factors for CAD develop-
ment.>”'° A meta-analysis of 19 prospective cohort studies (n=
323,709) reported that depression was associated with a sig-
nificant increase in risk of myocardial infarction and coronary
death.’ A longitudinal Finnish study showed that the risk of
metabolic syndrome at follow up was 2.5 times higher, relative
to that observed at baseline, in women with depressive symp-
toms."” A meta-analysis of longitudinal studies showed that

depressed people were at significantly greater risk of develop-
ing obesity relative to nondepressed people.” In addition, a
large population-based study found that elderly people with
depression exhibited significantly higher odds for receiving a
diagnosis of hypertension, after adjustment for sociodemo-
graphic variables and comorbid chronic diseases, relative to
those observed in people without depression.” However, the
results of the current study did not show a significant associ-
ation between depression and diabetes. A longitudinal co-
hort study in the USA (follow-up 6.0 years) had reported that
depressive symptoms predicted incident diabetes after adjust-
ing for socio-economic factors, lifestyle factors, and metabol-
ic covariates.® In contrast, in another longitudinal study in the
USA (mean follow-up 9.0 years), no association was observed
between depressive symptoms and development of diabetes
after adjusting for socio-demographic factors, known diabe-
tes risk factors (body mass index and physical activity)."” The
inconsistency between studies’ results might be due to differ-
ences in the study methodology (e.g., longitudinal vs. cross-
sectional) and the methods adopted to measure depression
(e.g., self-reported diagnosed depression vs. questionnaires for
depressive symptoms) and diabetes (e.g., self-reported diag-
nosed diabetes vs. diabetes diagnosed by a physician, a blood
sample test, or a prescription for diabetes medication).

The relationships between depression and alterations in au-
tonomic nervous system and hypothalamic-pituitary-adrenal
axis functioning, platelet activation, and inflammation could
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provide a biological explanation for the association between
depression and CAD and/or CVRs.*” Another reason for this
association could have been unhealthy lifestyle, including smok-
ing,” unhealthy dietary habits,” and poor compliance with
medical care, in people with depression.'s

More importantly, the results study showed that women with
both depression and CVRs, excluding diabetes, were signifi-
cantly less likely to use healthcare services relative to those with
CVRs alone. Mental illness is known to be a significant barri-
er to the receipt of medical services. For example, patients with
mental illness were approximately twice as likely to report
having been unable to obtain necessary medical care or expe-
rience a delay in seeking care because of cost, relative to those
without mental illness, in a US sample.” Druss et al.** suggest-
ed several possibilities for lower likelihood of receiving medi-
cal treatment in individuals with mental disorders; one was
low socioeconomic status, which could lead to a delay in seek-
ing medical care because of cost, and another was that the cog-
nitive or affective symptoms of mental disorders led to dimin-
ished capacity for medical decision making and complicated
the provision of effective aftercare.”* In addition, individuals
with depression could been less likely to use healthcare because
of self-neglect,” low self-efficacy,” and a lack of autonomy in
receiving healthcare.”” Moreover, doctors could have focus on
depression management issues and neglected patients’ physi-
cal health issues until they become more severe and obvious.*
For example, Moise et al.”” reported that clinical inertia was
more likely in patients with hypertension who has also been
diagnosed with depression, relative to those who had not been
diagnosed with depression. In the current study, comorbid de-
pression did not exert a significant effect on healthcare utili-
zation in patients with severe and critical conditions such as
CAD and diabetes; however, in patients with other CVRs, de-
pression could have served as a barrier to healthcare service
utilization. Consistent with our results, depressed patients re-
ported poor access to primary care physicians in a Japanese
study,”® and depression has been associated with lower cancer
screening rates.”®

The strengths of this study included the use of a large, na-
tionally representative sample and examination of the effects
of comorbid depression on healthcare service utilization in
patients with CVRs or CAD, which was missing from the lit-
erature. Despite these strengths, the results should be inter-
preted in consideration of some limitations. First, the cross-
sectional design of the study did not allow us to infer a causal
relationship between depression and CAD and/or CVRs.
However, some previous studies have suggested a bidirec-
tional relationship.” Second, we used self-reported diagnosis
and a single question, rather than a standardized assessment
tool, to screen for depression; therefore, the data could have
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been subject to classification errors.” However, self-reported
diagnosis has generally shown good agreement with medical
record data.” Third, the questions regarding nonutilization of
healthcare services were not specific to CAD or CVRs; there-
fore, whether the results reflected nonutilization of healthcare
services for CAD/CVRs or other medical problems remains
unclear.

Considering the high rate of comorbid depression with CAD
or CVRs, depression screening should be performed for pa-
tients with CVRs or CAD in primary healthcare institutions. In
addition, considering the low levels of health service utilization
in depressed patients, screening for common CVRs, such as
obesity, hypertension, and dyslipidemia, should be provided
for patients with depression in mental health care settings. To
ensure that these interventions are successful, a comprehen-
sive, collaborative care system should be established to deliv-
er treatment required by people with depression and CAD or
CVRs.
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