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Objective We aimed to investigate the prevalence and psychosocial and neurophysiological correlates of depression in a large county-
based cohort of Korean adults.

Methods We recruited 2355 adults from a rural county-based health promotion program. The following psychometric scales were
used: the Center for Epidemiologic Studies Depression scale (CES-D) was used to assess depression, the General Health Questionnaire
(GHQ) was used to evaluate stress, and the Medical Outcome Study Social Support Survey (MOS-SSS) was used to determine perceived
social support. Heart rate variability (HRV) was used to assess neurophysiological properties. The psychosocial and neurophysiological
variables of adults with depression (CES-D score 225) and without depression (CES-D score <25) were statistically compared. A logistic
regression model was constructed to identify factors independently associated with depression.

Results We estimated that 17.7% of the subjects had depression, which was associated with old age, being female, being single, less re-
ligious affiliation, high education, low body mass index (BMI), low levels of aerobic exercise, low social support, and a low HRV triangu-
lar index. The explanatory factors of depression included high education, less religious affiliation, low levels of current aerobic exercise,
low BMI, and low social support.

Conclusion Given the relatively high prevalence of overall depression, subsyndromal depression should also be regarded as an impor-
tant issue in screening. The independent factors associated with depression suggest that practical psychosocial intervention, including
brief psychotherapy, aerobic exercise, and other self-help methods should be considered. In addition, the HRV results suggest that fur-
ther depression screening accompanied by neurophysiological features would require fine methodological modifications with proactive

efforts to prevent depressive symptoms.
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INTRODUCTION

Depression is a significant public health concern across the
world that is strongly linked to social conditions.' In Korean
adults, the lifetime prevalence estimates of major depressive
disorder (MDD) was 6.7% in 2011, which is an increase of

Received: May 4, 2013 Revised: November 8, 2013
Accepted: January 18,2014  Available online: October 20, 2014

4 Correspondence: Seon-Cheol Park, MD

Department of Psychiatry, Yong-In Mental Hospital, 940 Jungbu-daero, Gi-
heung-gu, Yongin 446-769, Republic of Korea

Tel: +82-31-288-0203, Fax: +82-31-288-0184

E-mail: cogito-ergo-sum@hanmail.net

@ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

402 Copyright © 2014 Korean Neuropsychiatric Association

19.6% compared to 2006.” The economic cost of depression in
Korea is estimated to be 4049 million USD, which includes
152.6 million USD for direct healthcare costs, 3880.5 million
USD for indirect costs, and 2958.9 million USD for morbidity
costs.” Moreover, given the significant increase in suicide, de-
pression has become a major concern to the Korean public
health sector,* and public awareness of depression has im-
proved accordingly with the inclusion of screening for depres-
sion in the non-clinical population. However, it has been re-
ported that routine screening for depression in the non-
clinical population using standardized questionnaires is less
effective in terms of clinical outcomes compared to screening
in a primary care environment; such findings have been re-
ported for the U.S. Preventive Services Task Force® and the



Canadian Task Force.’ Similar findings have been found by
the UK. National Institute of Clinical Excellence.” These epi-
demiological studies emphasized appropriate management
coupled with depression screening in non-clinical population,
and they widely used self-rating scales as a screening tool, de-
spite diverse criticisms.”” Self-rating scales have benefits, such
as access to information from large populations, minimal
time input, cost benefits related to training personnel, and a
standardized approach to administration and scoring.® Tak-
ing the requirements for screening tools into account, tension
between acceptability and accuracy, and regarding the ten-
dency for Korean individuals to consider their emotional
state as a mild condition, a dimensional approach, such as the
Korean version of the Center for Epidemiologic Studies De-
pression scale (CES-D) is necessary to detect depression in
epidemiological studies.” According to Whooley et al.,'” CES-
D is the second most effective scale for detecting depression
in terms of acceptability. It is simpler than the Medical Out-
come Study depression measurement scale (MOS-8), and
convenient for screening the general population. However,
severity scales are primarily symptom counts over a narrowly
defined period, and they do not usually measure chronicity or
effect on daily function, which limits the precise measure-
ment of the burden of depression." These limitations led to
challenges in establishing objective measures of depression,"
including heart rate variability (HRV) as a representation of
autonomic nervous system activity. While many epidemio-
logical studies investigate the prevalence of and factors associ-
ated with depression, to our knowledge, most highlight the
psychosocial factors and scarcely utilize physical measures,
including HRV parameters, leading to a lack of comprehen-
sive approach. Thus, using cross-sectional and epidemiologi-
cal data from a rural county-based health promotion pro-
gram, we aimed to 1) investigate the prevalence of depression
using the CES-D scale, 2) reveal the relevant psychosocial and
physical factors along with the HRV index, and 3) identify
specific psychosocial and neurophysiological features associ-
ated with depression.
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METHODS

Subjects

This study was conducted between February 2005 and De-
cember 2010 in one rural county of the Gyeonggi province in
Korea. The study population consisted of 2618 adults who
voluntarily participated in a county-based study as part of a
health promotion program. We used a broad inclusion crite-
ria and minimal exclusion criteria to investigate the actual
prevalence of depression, and to clarify psychosocial, physi-
cal, and biological correlates of depression. Inclusion criteria
were 1) age over 19 years, and 2) able to complete question-
naires and physical evaluations including body compositional
parameters, blood pressure and HRV. Figure 1 depicts the
process and criteria for selecting subjects. The exclusion crite-
rion was a current history of any significant medical or neu-
rological illnesses that would lead to an impaired ability to
participate in evaluations. Although it was not used as an in-
clusion or exclusion criterion, the study population used for
HRV measures excluded participants with angina, myocardial
infarction, cardiac valvular disease, heart failure, and other
heart disease to minimize the influence of heart disease on
HRV echocardiography.'*'* The final 2355 participants in-
cluded 1450 women (61.6%) and 905 men (38.4%) who com-
pleted self-questionnaires for depression screening. Details of
this study design and method have been described in a previ-
ous article on HRV and social support.” The study protocol
and consent forms were approved by the Institutional Review
Board (IRB) of the hospital of the Hanyang University of
Medicine, Seoul. All study participants provided written in-
formed consent prior to participation.

Demographic features, physical activity status,
and body compositional features

The collected demographic data included age, sex, level of
education (less or more than high school), marital status (cur-
rently married or unmarried), employment status (currently
employed or unemployed), and religious affiliation (obser-
vant or not). Physical activity status was also investigated by
items such as current aerobic exercise (regular exercise once

Assessed for eligibility (n=2618)

\ Any significant medical or neurological illness
(n=13)

Consented and completed all questionnaires,
age over 19 years (n=2605)

Offered questionnaire for depression screening
(n=2355)

Presence of cardiovascular fluctuations (n=250)
Angina=86
| Myocardial infarction=26
Cardiac valvular disease=31
Heart failure=32
Other heart disease=35

Figure 1. The process and criteria for se-

lecting subjects in this study.
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a week or no exercise), drinking habits (current drinker or
non-drinker), and medical comorbidity. The body composi-
tional features collected included body mass index (BMI),
soft lean mass (SLM), body fat mass, as well as mean blood
pressure. BMI was calculated from self-statements related to
weight and height, as in most epidemiological studies on the
relationship between obesity and psychiatric disorders.'*"®
The InBody 3.0 Body Composition Analyzer (InBody 3.0,
Biospace, Seoul, Korea) was used to measure SLM and body
fat mass. Blood pressure was recorded using a digital elec-
tronic tensiometer after a 10-minute rest period. Diagnostic
evaluations and retrospective medical disorder and treatment
history were collected at baseline.

Assessment scale scores

The CES-D supports the four-factor structure of depres-
sion' that includes positive affect, depressed affect, somatic
symptoms, and interpersonal problems, with each item
scored on a scale from 0-3. In this study, we used the Korean
version of the CES-D, which was translated and standardized
by Cho and Kim." Its reliability, as measured by Cronbach’s a,
reveals an internal consistency of 0.827. According to Cho et
al.,” scores >25 on CES-D is defined as “depression” and
scores <25 is defined as “without depression” The Medical
Outcome Study Social Support Survey (MOS-SSS), a self-re-
port instrument, was used to assess the social support sys-
tem.'® The MOS-SSS consists of 19 items scored on a scale
from 0-100, and measures emotional/information support,
tangible support, positive social interaction, and affectionate
support. In this study, we used the Korean version of the
MOS-SSS, standardized by Lim et al.'” Its reliability, as mea-
sured by Cronbach’ a, reveals an overall internal consistency
coefficient of 0.910. To evaluate psychosocial stress, the 18-
item General Health Questionnaire (GHQ-18) was used.'®"
The GHQ-18 is a widely used instrument in Korea, and con-
sists of 18 questions scored on a 4-point Likert scale. Its reli-
ability, as measured by Cronbach’s a, reveals an overall inter-
nal consistency of 0.727.

Individual parameters of heart rate variability
Participants were forbidden from eating for 8 hours prior
to the study, and smoking or drinking alcohol/caffeine right
before the study. After 20 minutes of resting, an electrocardio-
gram (ECG) was recorded for 5 minutes in the supine posi-
tion, according to the QECG-3 model (CANS 3000R; LAX-
THA, Daegu, Korea). The ECG data were stored and analyzed
using TeleScan version 2.7 in the time and frequency do-
mains. In the time domain, the following statistical parame-
ters were analyzed: normal to normal interval (NN interval),
R-R interval, heart rate variability triangular index (HRV in-
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dex), standard deviation of the NN (SDNN), root mean
square of the differences in successive NN (RMSSD), number
of adjacent NN interval pairs differing by over 50 ms in the
entire recording (NN50), and NN50/total number of all NN
(pNN50). In the frequency domain, the power spectrum of
HRV signals was calculated by Fourier transformations with
four components: total power (TP; variance of NN intervals
over the temporal segment), very-low-frequency power (VLF;
<0.04 Hz), low-frequency power (LF; 0.04-0.15 Hz), and
high-frequency power (HF; 0.15-0.4 Hz). It is known that ef-
ferent vagal activity is a major contributor to the HF compo-
nent, and both sympathetic and vagal influences affect the LF
component leading the LF/HF ratio to reflect sympathovagal
balance or sympathetic modulation.” The HRV triangular in-
dex measure is the integral of the density distribution divided
by the maximum of the density distribution,” as a geometric
pattern. The advantage of this geometric method lies in its
relative insensitivity to the analytical quality of the series of
NN intervals.”

Statistical analysis

Participants were divided into adults with and without de-
pression using a cutoff value of 25 on the CES-D scale. Data
were presented as numbers (percentages) for discrete vari-
ables, and as means (standard deviations) for continuous
variables. Descriptive statistics were used to characterize the
participants at baseline, and the x’ tests were conducted to
compare the differences in discrete variables’ between “with
depression” and “without depression” groups. Participants
with depression were significantly older (t=-8.220, p<0.0001)
and more likely to be women (x’=36.557, p<0.0001). More-
over, according to Antelmi et al.,'"* HRV decreases with in-
creasing age, is influenced by sex, and is higher in patients
with higher functional capacity. Hence, analyses of covariance
(ANCOVA) were conducted after adjusting for the effect of
age and sex to analyze group differences in continuous vari-
ables, including assessment scale scores and body composi-
tional features. A logistic regression model after adjusting for
the effect of age and sex was constructed to identify factors
independently associated with depression, and significance
was set at p<0.05 (two-tailed) for all tests. All statistical analy-
ses were performed using SPSS 18.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Participant characteristics

Demographic features, physical activity status, psychosocial
status, and HRV characteristics of the 2355 participants are
represented in Table 1, 2, and 3. The mean age of participants
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was 59 years (SD=10.0); most participants were female tion (67.1%). Mean BMI was 24.6 kg/m* (SD=3.1) and mean
(61.6%), married (84.9%), with religious affiliation (79.3%), SLM was 42.6 kg (SD=9.0). The mean body fat mass of par-
employed (73.4%), and had more than a high school educa- ticipants was 17.5 kg (SD=8.7), and average mean BP was

Table 1. Comparison of demographic features and physical activity status between subjects with and without depression

Total sample With depression  Without depression

(N=2355) (N=417) (N=1938) X p-value
N (%) N (%) N (%)

Sex
Male 905 (38.4) 92(22.1) 813 (42.0) 57.366 <0.0001*
Female 1450 (61.6) 325(77.9) 1125 (58.0)

Marital status
Married 2000 (84.9) 309 (74.1) 1691 (87.3) 46.382 <0.0001*
Unmarried 355 (15.1) 108 (25.9) 247 (12.7)

Occupational status (N=2119)
Employed 1555 (73.4) 247 (69.4) 1308 (74.2) 4508 0.061
Unemployed 564 (26.6) 109 (30.6) 455 (25.8)

Education level (N=2353)
Above high school 1578 (67.1) 353 (84.7) 1225 (63.3) 70.985 <0.0001*
Below high school 775 (32.9) 64 (15.3) 711 (36.7)

Religious affiliation
Yes 1849 (79.3) 248 (60.3) 1601 (83.3) 109.074 <0.0001*
No 483 (20.7) 163 (39.7) 320 (16.7)

Current aerobic exercise
Yes 788 (33.5) 84 (20.1) 704 (36.3) 40.351 <0.0001*
No 1567 (66.5) 333 (79.9) 1234 (63.7)

Current drinking
Yes 1120 (47.6) 184 (44.1) 936 (48.3) 2.395 0.122
No 1235 (52.4) 233 (55.9) 1002 (51.7)

Current medical comorbidity (N=905)
Yes 807 (89.2) 171 (91.9) 636 (88.5) 1.853 0.173
No 98 (10.8) 15 (8.1) 83 (11.5)

*p<0.01

Table 2. Comparison of assessment scale scores and body compositional features between subjects with and without depression

Total sample With depression ~ Without depression

(N=2355) (N=417) (N=1938) g Adjusted
Mean (SD) Adjusted mean (SE) Adjusted mean (SE) pvalue?
Assessment scale scores
Medical outcomes study - social support survey (N=1771)  44.6 (9.56) 39.6 (0.59) 45.4 (0.24) 83.298 <0.0001*
18 item general health questionnaire (N=1652) 29.7 (8.66) 29.6 (0.48) 29.7 (0.19) 0.036  0.850
Body compositional features
Body mass index (kg/m?) 24.6 (3.07) 24.3 (0.15) 24.7 (0.07) 7.081  0.008*
Soft lean mass (kg) 42,6 (9.04) 42.1(0.33) 427 (0.15) 2993 0.084
Body fat mass (kg) 17.5 (8.66) 17.1 (0.43) 17.6 (0.19) 0.877 0.349
Mean blood pressure (N=1759) (mm Hg) 93.5(11.27) 94.1 (0.61) 93.4(0.30) 1.287 0.257

*p<0.01, Tadjusted for the effect of age and sex
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Table 3. Comparison of heart rate variability parameters between subjects with and without depression

Total sample With depression ~ Without depression )
(N=2355) (N=417) (N=1938) F Adjusted
Mean (SD) Adjusted Mean (SE)  Adjusted Mean (SE) p-value?
Parameters for time domain analysis
Mean RR interval (ms) 871.8 (126.60) 862.4 (6.36) 873.8 (2.89) 2615 0.106
Mean heart rate (ms) 70.3 (10.37) 70.9 (0.52) 70.1 (0.24) 2241 0.135
SDNN (ms) 32.1 (13.44) 31.7 (0.66) 322 (0.30) 0.453 0.501
RMSSD (ms) 62.8 (27.43) 19.4 (0.61) 19.1 (0.28) 0.300 0.584
SDSD (ms) 27.9 (16.32) 61.0 (1.38) 63.2 (0.63) 2.160 0.142
PNN50 (ms) 62.8 (27.43) 28.5(0.82) 27.7 (0.37) 0.611 0.435
Triangular HRV index (%) 23.7(29.38) 26.7 (1.46) 23.1(0.66) 4.881 0.027*
Parameters for frequency domain analysis
Total power (ms?) 6.6 (0.84) 6.6 (0.04) 6.6 (0.02) 0.776 0.379
Very low frequency component (ms?) 6.0 (0.86) 6.0 (0.04) 6.0 (0.02) 0.063 0.802
Low frequency component (ms>) 5.0 (1.07) 5.0 (0.05) 5.0 (0.02) 1.219 0.270
High frequency component (ms?) 4.5(1.16) 4.5 (0.06) 4.5 (0.03) 1.159 0.339
Normalized low frequency component (ms?) 53.8 (9.65) 53.8 (0.48) 53.8(0.22) 0.018 0.893
Normalized high frequency component (ms?) 46.2 (9.65) 46.1 (0.48) 46.2(0.22) 0.018 0.893

*p<0.05, tadjusted for the effect of age and sex. SDNN: standard deviation of NN interval, RMSSD: square root of the mean squared differ-
ences of successive NN interval, SDSD: standard deviation of the successive NN differences, pNN50: percentage of differences between adja-

cent NN intervals
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Figure 2. The distribution of total scores on the Center for Epidemi-
ological Studies Depression scale (CES-D) in this study (n=2355;
mean=21.4; SD=4.97; range=8-52).

93.5 mm Hg (SD=11.3). About one third of participants cur-
rently performed aerobic exercises (33.5%), and nearly half
were current drinkers (47.6%). A significant percentage
(89.2%) of the 905 participants who completed the medical
condition questionnaire had medical comorbidity.
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Prevalence of depression

The prevalence of depression according to severity is shown
in Figure 2 (unimodal distribution). In this sample, 17.7% of
participants were estimated to have depression. The mean
CES-D score was 21.4 (SD=4.97; range=8-52; 95% CI=20.47-
20.96). The overall distribution of CES-D score was positively
skewed (Sk=2.10) with 63.9% of participants scoring less than
20, and the mean score was higher than the median and
mode scores (both 19), as shown in Figure 2. The distribution
was leptokurtic because 31.3% of respondents had a score of
19 (K=6.11).

Comparison of demographic features and physical
activity status for subjects with and without
depression

The demographic features and physical activity status of
participants with and without depression are shown in Table
1. The mean age of participants with depression was 61.3, and
was significantly different from the mean age of participants
without depression, which was 57.9 (p<0.0001). Participants
with depression were less likely to have religious affiliation
(x*=109.074, p<0.0001), were more likely to be educated be-
yond high school (x*=70.985, p<0.0001), more likely to be fe-
male (x*=57.366, p<0.0001), and more likely to be unmarried
(’=46.382, p<0.0001) than those without depression. Partici-
pants with depression performed less current aerobic exercise



compared to participants without depression (x’=40.351,
p<0.0001).There were no significant differences between the
two groups with respect to employment (x’=4.508, p=0.061),
current drinking habits (x*=2.395, p=0.122) and medical co-
morbidity (x’=1.853, p=0.173).

Comparison of assessment scale scores and body
compositional features for subjects with
and without depression

As mentioned in the methods, because of the significant
difference in age and sex distributions between participants
with and without depression, comparisons of the assessment
scale scores and body compositional features were calculated
using ANCOVA after adjusting for the effects of age and sex
(Table 2). Individuals with depression had significantly lower
MOS-SSS scores than individuals without depression (F=
83.298, p<0.0001, adjusted for age and sex). However, there was
no significant difference between GHQ-18 scores (F=0.036,
p=0.850, adjusted for age and sex). The depression group had
significantly lower BMI (F=7.081, p=0.008, adjusted for age
and sex). There was no significant difference between the two
groups with respect to soft lean mass (F=2.993, p=0.084, ad-
justed for age and sex), body fat mass (F=0.877, p=0.349, ad-
justed for age and sex), or mean blood pressure (F=1.287, p=
0.257, adjusted for age and sex).

Comparison of heart rate variability in subjects
with and without depression

Comparison of HRV in participants with and without de-
pression after adjusting for the effects of age and sex is shown
in Table 3. For the time domain analysis parameters, the HRV
triangular index was significantly lower in the depression
group (F=4.881, p=0.027, adjusted for age and sex). There
were no significant differences between the two groups with
respect to mean RR interval (F=2.615, p=0.106, adjusted for
age and sex), mean heart rate (F=2.241, p=0.135, adjusted for
age and sex), SDNN (F=0.453, p=0.501, adjusted for age and
sex), RMSSD (F=0.300, p=0.584, adjusted for age and sex),
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SDSD (F=2.160, p=0.142, adjusted for age and sex), and
PNN50 (F=0.611, p=0.435, adjusted for age and sex). There
were no significant differences between the two groups on
frequency domain analysis parameters, such as TP (F=0.776,
p=0.379, adjusted for age and sex), VLF (F=0.063, p=0.802,
adjusted for age and sex), LF (F=1.219, p=0.270, adjusted for
age and sex), HF (F=1.159, p=0.339, adjusted for age and sex),
normalized low frequency component (F=0.018, p=0.893,
adjusted for age and sex), and normalized high frequency
component (F=0.018, p=0.893, adjusted for age and sex).

Factors associated with “depression” in the logistic
regression model

Table 4 presents the independent factors associated with
depression; the Hosmer-Lemeshow goodness-of-fit test con-
firmed model accuracy (x’=5.074, df=8, and p=0.750, adjust-
ed for age and sex). According to x* tests and ANCOVAs, di-
verse variables including sex, age, marital status, education
level, religious affiliation, current aerobic exercise, BMI, social
support and triangular HRV index were significantly different
between subjects with and without depression. These vari-
ables were used as independent variables in the binary logistic
regression analysis with depression as a dependent variable,
adjusting for the effect of age and sex. The results indicated
that the following variables were independently associated
with depression: educated beyond high school (reference; less
than high school education; OR=1.464, 95% CI=1.025-2.089,
p=0.036; adjusted for age and sex), no religious affiliation
(reference, any religious affiliation; OR=2.180, 95% CI=1.560—
3.047, p<0.0001; adjusted for age and sex), no current aerobic
exercise (reference, current aerobic exercise; OR=1.603, 95%
CI=1.160-2.214, p=0.004; adjusted for age and sex), lower
BMI (OR=0.946, 95% CI=0.902-0.992, p=0.023; adjusted for
age and sex), and lower social support (OR=0.963, 95%
CI=0.949-0.977, p<0.0001; adjusted for age and sex). Trian-
gular HRV index (OR=1.005, 95% CI=0.999-1.010, p=0.101;
adjusted for age and sex) and marital status (OR=1.231, 95%
CI=0.828-1.829, p=0.304; adjusted for age and sex) were not

Table 4. Logistic regression model demonstrating independent correlates of “depression” status

Odds ratio 95% confidence interval Adjusted p-valuef

Unmarried 1.231 0.828-1.829 0.304
Above high school 1.464 1.025-2.089 0.036*

No religious affiliation 2.180 1.560-3.047 <0.0001**
No current aerobic exercise 1.603 1.160-2.214 0.004*
Body mass index 0.946 0.902-0.992 0.023*
Medical outcomes study-social support survey 0.963 0.949-0.977 <0.0001**
Triangular HRV index (HRV) 1.005 0.999-1.010 0.101

*p<0.05, **p<0.01, Tadjusted for the effect of age and sex. HRV: heart rate variability
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independently associated with depression.

DISCUSSION

In this study, 17.7% of the subjects were classified as having
definite depression according to the CES-D scale (cutoft score
of 25), with 36.1% of the subjects having probable depression;
this highlights a much higher prevalence of depression in our
study than in the study by Cho et al.** (6.8% of men and 10.4%
of women) and Park et al.** (10.1%). This could be due to sev-
eral factors. First, methodological issues associated with the
use of self-report questionnaires may have led to asymmetric
results, i.e.,, the high prevalence of depression may be due to
self-reported detection. Second, since 39.6% of subjects were
older than 65, the mean age may have influenced the reported
prevalence of depression; our findings are consistent with the
high prevalence of late-life depression in Korea®* and the
tendency to report somatic symptoms as emotional distur-
bances, which influences the CES-D. The high prevalence of
depression in this epidemiological study can also be explained
by the fact that participants were from rural county, there is a
higher prevalence of depression in rural compared with ur-
ban areas.”*” Large productive populations with competitive
energy have moved from rural to urban areas for several
years, looking for appropriate jobs. Recent sudden changes
tend to have a greater effect on socioeconomic recession of
rural county due to its relationship with primary industries.
Our findings also reflect an overall increase in depression,
consistent with a previous national survey.” Using a cutoff val-
ue of 25 in the CES-D, sensitivity of 0.91, specificity of 0.79,
false-positive rate of 0.21, positive predictive value of 0.63,
and negative predictive value of 0.96, classified individuals as

depressed in this study requires further clinical investigation
with attention. A CES-D cutoff value of 21 identifies individu-
als in a clinical middle ground between clearly depressed and
not-depressed. Namely, the CES-D represents the overall
emotional state of an individual, ranging from normal, non-
pathological sadness, grief, and subsyndromal depression.
Figure 3 represents the classification of depression by severity.
Subsyndromal depression was highly prevalent even within
the epidemiological catchment area (ECA) reported in a pre-
vious study;* the combined 1-year prevalence rate of subsyn-
dromal depression and minor depression was 11.8% greater
than the prevalence rate for all other mood disorders. Subsyn-
dromal depression is known for its considerable impact on
quality of life”” and large-scale economic costs due to disabil-
ity;”® and thus, it should be linked to appropriate psychosocial
evaluations. Accordingly, it has been suggested that the
threshold for clinical attention should be lowered, while the
threshold for pharmacological intervention should be
raised.”

Our findings reveal that participants with lower BMI and
lower social support are significantly more likely to have de-
pression. In addition, the computations of odds ratios sug-
gested that participants educated beyond high school and
without religious affiliation, who do not perform regular aer-
obic exercise, were more likely to have depression. Marital
status and triangular HRV index were relevant factors associ-
ated with depression, but these factors were insufficient to
satisfy an explanatory model. The high religious affiliation as-
sociated with the low occurrence of depression might be ex-
plained by the fact that religion provides a subjective sense of
well-being.*® Consistent with previous studies,” the associa-
tion between low levels of current aerobic exercise and de-

Major depressive disorder

areas of functioning

=5 depressive symptoms, including depressed mood or anhedonia,
causing significant impairment in social, occupational, or other important

Minor depressive disorder

2-4 depressive symptoms, including depressed mood or anhedonia,
causing significant impairment in social, occupational, or other important
areas of functioning. Symptom duration is at least 2 weeks, classified into
“Depressive episode with insufficient symptoms” under the
“Other Specified Depressive Disorder” in DSM-5

Subsyndromal depression

It can be considered if there are “At least 2 depressive symptoms but the
overall criteria for major or minor depression are not met”

Non-pathological, sad

“Includes feeling unhappy, demoralization, grief, and nomal sadness”

Figure 3. Continuous diagnostic clusters
of depressive disorders. DSM-5: The Di-
agnostic and Statistical Manual of Mental

Disorders, fifth edition.
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pression might be due to the neurochemical effects of physi-
cal activity.> Low energy related to depression might also
affect the amount of exercise undertaken by depressed partic-
ipants, which in turn may explain the association between
depression and BMI. Vegetative symptoms related to depres-
sion could also influence the lower BMI associated with de-
pression, combined with the “jolly fat” theory proposed by
Crisp et al.,” in which depression and anxiety decreased in
obese middle-aged men. In rural countries, individuals typi-
cally have large families, and thus, may have greater social
support, might have affected the results of this study. Mar-
riage was insufficient to satisfy the explanatory model, and
may have been influenced by stronger variables, such as social
support and religious affiliation. Education level was also
deemed relevant based on a X’ test, and satisfied the explana-
tory model after adjusting for the effects of sex and age. How-
ever, there are mixed results on the relationship between edu-
cation level and depression, with some studies in Asian
countries,’ and others showing results inconsistent with
ours.” Subjects with higher education may live in environ-
ments that are more competitive where they experience more
psychological stress, which may correlate with psychiatric
problems, such as depression. According to the buffering hy-
pothesis, individuals with higher social support are less likely
to be depressed™ or to develop late-life depression.”

HRYV is a widely used noninvasive approach for measuring
heart rate modulation via ANS.” This study excluded patho-
physiological variables that affect HRV. In the time domain
analysis, the triangular HRV index, which shows overall
quantitative HRV as a geometric method with the integral of
the density distribution divided by the maximum of the den-
sity distribution,” was significantly higher in the depressed
compared to the non-depressed group. In previous studies of
subjects with post-myocardial infarction and depression, an

KW Kim et al.

HRV cut-off point of 20 was used as an indicator of high
risk.*® However, other time domain and frequency domain
analysis parameters were not significantly different between
groups; this is inconsistent with studies showing autonomic
dysfunction in depression, particularly decreased HRV and
reduced cardiac parasympathetic activity.*' Figure 4 illus-
trates the complicated confounding variables that affect HRV
and various neurovisceral structures related to HRV. HRV
can be affected by thermoregulation, medication such as beta-
blockers and antidepressants, motility, secretion of other or-
gan structures, respiratory oscillation, sex, age, psychological
disturbance and BMI mediated by the autonomic nervous
system."*** Although we tried to adjust for other variables in
this study, including cardiovascular pathologic condition, age,
and sex, short data collection time could have affected the
normalized LF and normalized HE, resulting in no significant
difference between depressed and non-depressed subjects.
The results of this study may also be attributed to the fact that
the average age of the participants was over 60 years, because
age attenuates HRV in individuals with and without depres-
sion.* Uninvestigated habits may have influenced HRV, and
the dilution of data from normal subjects could have influ-
enced the results.

The results from the explanatory modeling also support the
notion that the high prevalence of depression observed in this
study represents the overall emotional state of the residents.
Thus, an active psychosocial approach to depression through
religious affiliation, social support, and aerobic exercise may
help prevent depression. We often use screening, diagnosis,
and case findings interchangeably, but in an epidemiologic
sense, screening refers to the attempted detection of a disor-
der in individuals who have not sought help or do not suspect
their condition. Although screening does not have diagnostic
value, applying it to a clinical condition, like case findings, can

Stress N

Amygdala

Autonomic

Medial prefrontal cortex :

nervous
system

‘ Brainstem nuclei ‘

Sympathetic division H Parasympathetic division

1F

Heart rate variability

Confounding factors
Motility,

Metabolic demands,
Respiratory oscillation, Figure 4. Neurovisecral interactions with
Sex, confounding variables related to heart
rate variability 4=, Indicating the factors

Secretion of the GI tracts, i o
that operate on heart rate variability bidi-

Age, rectionally. Amygdala, medial prefrontal
BMI, cortex and brainstem work as an inter-
Medication,

connected network, and operate on heart
rate variability by regulating the autonom-
ic nervous system <—, Indicating the con-
founding factors that influence the overall
network, and which can affect final heart

Psychological disturbance

rate variability differences.
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aid diagnosis.

Several limitations to this study are important to consider.
First, although a CES-D cut off value of 25 might define exis-
tence of depression, this does not specifically indicate a clini-
cal diagnosis. Therefore, caution is required when directly
comparing the results of this study with those of a previous
nationwide survey that used a diagnostic approach. To do
this, we suggest that a two stage epidemiologic survey that in-
cludes a standardized diagnostic instrument, such as the Di-
agnostic Interview Schedule (DIS), is needed. Second, non-
responders may have been in poorer health than responders,
which might affect the estimation of the prevalence of depres-
sion. Third, data were only collected from residents available
for the health survey; thus, respondents who were institution-
alized were not included, which may have influenced the esti-
mate of the prevalence of depression. Fourth, stigma might
have led survey respondents with mental disorders to deny
negative expressions compared to people free from stigma.
Fifth, adapting self-report questionnaires to exclude illiterate
individuals might have affected the observed prevalence rate.
Seventh, since HRV data collection time was short (5-min-
utes), we could not analyze circadian rhythms which prevent
a full interpretation of the HRV index. Additionally, analyzing
HRYV using a linear method and considering the results with-
out variation, despite various individual HRV's could also be
considered a limitation. Moreover, a failure to adjust other
variables related to HRV is another limiting factor of this
study. Eighth, ANCOVA was used without controlling for ed-
ucation level, because it was defined as an independent factor
in depression. Finally a modification of the Bonferroni proce-
dure for testing multiple hypotheses would have shown more
precise estimates of the association between various variables
and depression.

Screening for depression coupled with appropriate man-
agement is a general trend in “health psychiatry”. It is a critical
period for mental health professionals, because these findings
have the potential to impact health policy and decisions about
resource-allocation in Korea. An important aspect of this
study is the inclusion of many measures including measures
of depression, psychosocial correlates, and neurophysiological
correlates such as HRV in a large sample study. These results
suggest that interpretation, including assessment of overall
emotional state, is required for screening based on self-report
scales, as indicated by the high prevalence of depression. They
also emphasize the link between psychosocial intervention
for subsyndromal depression, and the association between
exercise and depression, which support previous clinical
guidelines that are effective in treating mild to moderate de-
pression.* Although the neurophysiological features, such as
HRY, were insufficient to fulfill the explanatory model of de-

410 Psychiatry Investig 2014;11(4):402-411

pression in this study, methodological modification of the
neurophysiological features coupled with subjective reports
may suggest an alternative for future screening for depression
screening that includes neurophysiological parameters.
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