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Background: Ethnic Koreans in China are a distinct minority group. Highly educated 
populations are at high risk of depression. The aim of this study was to explore the 
associations of depression and metabolic syndrome (MS) in highly educated ethnic 
Koreans in China, and determine whether the associations were dependent on gender.
Methods: From March 11th to 27th 2017, the natural population of 18–70 year olds was 
continuously screened at Yanbian Korean Autonomous Region. Those who met the inclusion 
criteria were invited to complete Zung Self-Rating Depression Scale (SDS). The people with 
SDS >53 were assigned to depression group and those with SDS ≤ 53 were assigned to the 
control group. Demographic characteristics, clinical factors, life-style factors and family 
history were collected and compared. Besides, associations of depression with MS and its 
components were estimated by Spearman correlation analysis and logistic regression 
analysis.
Results: The depression group included 367 highly educated ethnic Koreans with 
depression status and the control group consisted of 388 age-, education-, and gender- 
matched ethnic Koreans without depression. A significantly higher prevalence of MS was 
observed in males and females with depression status relative to the control subjects 
(males, 28.5% vs 6.3%, X2 = 16.162, P-value < 0.001; females, 33.0% vs 7.5%, X2 = 
57.896, P-value < 0.001). Depression status was positively correlated with MS in males 
(r = 0.311, P-value < 0.01) and females (r = 0.332, P-value < 0.01). After adjusting for 
potential confounding factors, mild and moderate depression statuses were found to be 
significantly associated with MS development in male and female ethnic Koreans, 
respectively.
Conclusion: Our findings suggest a close link between depression and MS independent of 
gender in highly educated ethnic Koreans of China.
Keywords: depression, metabolic syndrome, ethnic Koreans, self-rating scale for 
depression, waist circumference

Background
Metabolic syndrome (MS) is defined as a combination of central obesity, hypergly-
cemia, and hypertension.1 This pathologic condition has become a global health 
hazard attributed largely to increased consumption of high calorie low fiber fast 
food and decreased physical activity, causing a heavy burden on the modern 
world.2,3 Convincing evidence shows that an increased risk of MS is present in 
patients with a range of psychiatric disorders, such as depressive disorder.4 
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Therefore, research on occurrence of MS in patients with 
depressive disorder is of extraordinary significance.

A rich body of evidence has established a bidirectional 
relationship between depression and MS.5–9 Prevalence of 
MS is significantly higher in inpatients with depressive 
disorder compared to healthy control subjects.10,11 

Moreover, a population-based study by Moreira et al 
reported that association of depression symptoms with 
MS components is independent of diagnosis.12 Because 
of the high suicide rate in South Korea, there has been 
a growing interest in deciphering the associations between 
the two diseases in Koreans. For instance, a recent study 
using a nationally representative sample of Korean popu-
lation found that depression is significantly associated with 
MS and its components.13 Han et al investigated 4.7 million 
Korean adults, and found that MS and its components are 
potential risk factors for major depressive disorder.14 

Furthermore, a cross-sectional study reported that diag-
nosed depression is related to MS in Korean women.15 

However, there are also studies that found no association 
between depression and MS.16,17 Since there is remarkable 
disparity in incidences of MS components between males 
and females,18 more studies on exploring the associations 
of MS and depression in male and female Koreans, respec-
tively, are required.

Generally, education was regarded as a protective fac-
tor for depression. However, some studies also reported 
that well-educated undergraduates were at higher risk of 
depression compared to the general population.19,20 

According to a meta-analysis based on 35 papers of 
226,653 Chinese subjects, the pooled prevalence of MS 
was 24.5%, with a prevalence of 19.2% in males and 
27.0% in females.21 China is a multi-ethnic country of 
56 nationalities and one distinct minority is ethnic 
Koreans (Chaoxian). In light of this, the aim of this 
study was to investigate the relationships of depression 
with MS and its components in males and females, respec-
tively in highly educated ethnic Koreans in the Yanbian 
Korean Autonomous Region of China, Potential risk fac-
tors for MS were uncovered as well.

Materials and Methods
Ethics Statement
This was a case–control study conducted in accordance 
with the Declaration of Helsinki. The study was approved 
by Independent Ethics Committee for Clinical Research of 
Zhongda Hospital, affiliated to Southeast University 

(2016ZDSYLL092-P01) and the Ethics Committee of 
China-Japan Union Hospital of Jilin University (No. 
2017022201). Written informed consent was obtained 
from all participants.

Study Participants
From March 11th to 27th, 2017, the natural population of 
18–70 year olds was continuously screened according to 
household registration of Yanbian Korean Autonomous 
Region. We contacted everyone who fulfilled the inclusion 
criteria to ask whether they were willing to participate in 
this study. The people willing to participate were invited to 
the community health centers of the Yanbian Korean 
Autonomous Region in China to complete the Zung Self- 
Rating Depression Scale (SDS). The people with SDS 
score ≥ 53 were assigned to depression group and those 
with SDS score < 53 were assigned to control group. 
Inclusion criteria for the depression group were listed as 
follows: ethnic Koreans in China; aged from 20 to 70 
years, including employed after retirement; senior college 
degree or above; SDS score ≥ 5322 and capable of effec-
tive communication, writing, and expressing themselves. 
Exclusion criteria were: pregnancy; serious cardio-cerebral 
vascular diseases; incomplete information, and retirees. 
The flow chart of this study was displayed in Figure 1. 
Of the 1776 people attending the centers, a total of 367 
subjects who fulfilled the criteria were enrolled inthe 
depression group, including 91 males and 276 females. 
Meanwhile, 388 age-, education- and gender-matched eth-
nic Koreans without depression (SDS score < 53) were 
used as the control group (95 males and 293 females).

For each participant, demographic characteristics (age 
and gender), clinical factors, life-style factors (smoking, 
alcohol consumption, and weekly exercise) and family 
history of relevant diseases including hypertension, dia-
betes mellitus (DM), dyslipidemia, and cardiovascular dis-
eases were collected by means of a unified questionnaire 
administrated by well-trained endocrinologists.

Anthropometric and Metabolic Measures
Anthropometric factors including height, weight, blood 
pressure, and waist circumference (WC) were measured. 
Height was measured without shoes and hat to the nearest 
0.1 cm. Measurement of height was in kilograms to the 
nearest 0.1 Kg, followed by calculation of BMI using the 
formula: BMI=Kg/m2. WC data were collected by measur-
ing midway between the lowest rib margin and the superior 
iliac crest, to the nearest 0.1 cm. Blood pressure was 
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measured by using sphygmomanometer according to stan-
dard procedures. Serum levels of glucose, total triglycerides 
(TG) and high-density lipoprotein-cholesterol (HDL-C) 
were measured by drawing fasting venous blood.

According to the guidelines established by World 
Health Organization (WHO),23 cigarette smoking was 
defined as those who had smoked more than 100 cigarettes 
or 150 g tobacco leaves up until the research, and smoked 
at least one time during the last month before the research. 
Alcohol drinking referred to consuming 30 g alcohol or 
more every week for a whole year or more.24

Diagnosis of MS was established according to the 
revised National Cholesterol Education Program 
definition.25 In addition to abdominal obesity defined 
based on an Asian-specific threshold of WC ≥ 90 cm for 
men and ≥ 80 cm for women, as suggested by the 
International Diabetes Foundation,26 at least two of the 
following four abnormalities were needed for diagnosis: 

elevated serum TG (≥ 1.7 mmol/L), or receiving specific 
treatment for this abnormality; decreased HDL level (< 
1.03 mmol/L for men and < 1.29 mmol/L for women) or 
receiving specific treatment for this abnormality; systolic 
blood pressure (SBP) ≥ 130 mmHg and/or diastolic blood 
pressure (DBP) ≥ 85 mmHg, or receiving specific therapy 
for this disorder; fasting blood glucose (FBG) ≥ 5.6 mmol/ 
L or having a diagnosis of type 2 diabetes mellitus (DM).

Statistical Analysis
Statistical analysis was carried out using SPSS (version 
24.0) software. Continuous data were expressed as mean ± 
SD, while categorical data were expressed as frequencies 
and percentages. Comparison was conducted using 
Student’s t-test or Rank-Sum test for continuous data, 
and using Chi-Squared test or Fischer’s exact test for 
categorical data. Spearman correlation analysis was per-
formed to estimate the associations of MS and its 

Figure 1 e flow chart of this study. SDS, Zung Self-Rating Depression Scale.
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components with depression. Uni- and multi-variate logis-
tics regression analysis was used to identify potential risk 
factors for MS based on a conceptual model with three 
hierarchical levels. The first level did not control for any 
confounding factor; the second level controlled for age and 
a family history of relevant diseases; the third level con-
trolled for age, a family history of relevant diseases, cigar-
ette smoking and alcohol drinking. The results were 
reported as odds ratio (OR) and 95% confidence interval 
(CI). P-value < 0.05 was defined as statistical significance.

Results
Comparisons of MS and Its Components 
Between the Subjects with Depression 
Status and the Control Subjects
A total of 755 participants were enrolled in the study. There 
were 186 males including 91 males with depression status 
and 95 male control subjects, and 569 females including 276 
females with depression status and 293 female control sub-
jects. Prevalence of MS was 17.2% in male participants, and 
19.9% in female participants. Comparison of MS and its 
components was conducted in males and females, respec-
tively. As shown in Table 1, there was a significantly higher 
prevalence of MS (28.5% vs 6.3%, X2 = 16.162, P-value 
<0.001) and greater WC in the males with depression status 

compared to the male control subjects (86.93 ± 7.02 cm vs 
84.80 ± 5.87 cm, X2 = −2.255, P-value <0.001). The females 
with depression status had a significantly increased preva-
lence of MS (33.0% vs 7.5%, X2 = 57.896, P-value < 0.001), 
greater WC (78.02 ± 7.12 cm vs 75.79 ± 6.30 cm, X2 = 
−3.956, P-value < 0.001), elevated SBP (125.81 ± 16.94 
mmHg vs 124.63 ± 20.58 mmHg, X2 = −0.745, P-value < 
0.001), increased TG (1.35 (0.87, 2.00) vs 1.05 (0.70,1.66), 
X2 = −0.395, P-value < 0.001) and a higher prevalence of 
a family history of relevant diseases (23.9% vs 16.7%, X2 = 
4.570, P-value = 0.033), and markedly decreased level of 
HDL-C (1.50 ± 0.52 mmol/L vs 1.61 ± 0.30 mmol/L, X2 = 
3.065, P-value = 0.002) compared to the female control 
subjects.

Relationship of Depression with MS and 
Its Components in Males and Females
According to results of Spearman correlation analysis (Table 
2), depression status was positively correlated with MS (r = 
0.311, P-value < 0.01) and WC (r = 0.243, P-value < 0.01) in 
males. As for females (Table 3), positive associations were 
found between depression status and MS (r = 0.332, P-value 
< 0.01), WC (r = 0.239, P-value < 0.01), TG (r = 0.210, 
P-value < 0.01), SBP (r = 0.258, P-value < 0.01), and DBP 
(r = 0.103, P-value < 0.05).

Table 1 Comparison of Demographic, Anthropometric and Metabolic Variables Between the Subjects with and without Depression

Variable Male Female

Absence of 
Depression

Depression 
Status

χ2/t(z) P-value Absence of 
Depression

Depression 
Status

χ2/t(z) P-value

(n=95) (n=91) (n=293) (n=276)

Age (years) 50.26±10.06 48.79±10.42 0.980 0.328 49.19±9.90 49.82±9.96 −0.745 0.456

WC (cm) 84.80±5.87 86.93±7.02 −2.255 0.025 75.79±6.30 78.02±7.12 −3.956 <0.001

DBP (mmHg) 86.72±13.66 84.64±12.37 1.086 0.279 77.71±11.41 82.01±10.90 −4.585 <0.001
SBP (mmHg) 138.26±18.56 137.26±18.18 0.371 0.711 124.63±20.58 125.81±16.94 −0.745 0.457

FBG (mmol/L) 6.10±1.09 6.30±1.53 −1.023 0.307 5.63±0.59 5.74±1.12 −1.457 0.146

TG (mmol/L)# 1.77 (1.23,2.75) 1.81 (1.28,2.34) −0.362 0.717 1.05(0.70,1.6) 1.35(0.87,2.0) −3.950 <0.001
HDL-L (mmol/L) 1.42±0.29 1.44±0.31 −0.424 0.672 1.61±0.30 1.50±0.52 3.065 0.002

MS (N/%) 6(6.3) 26(28.6) 16.162 <0.001 22(7.5) 91(33.0) 57.896 <0.001

Drinker (N/%) 72(75.8) 78(85.7) 2.933 0.087 65(22.2) 75(27.2) 1.907 0.167
Smoking (N/%) 61(64.2) 66(72.5) 1.484 0.223 1(0.3) 2(0.7) 0.398 0.613

Weekly exercise (N/%) 58(61.1) 57(62.6) 0.049 0.824 154(52.6) 132(47.8) 1.274 0.259

Family history of 
relevant diseases (N/%)

11(11.6) 6(6.6) 1.391 0.238 70(23.9) 46(16.7) 4.570 0.033

Notes: Statistical analysis was performed by Fisher’s Exact Test except for TG. #Rank-Sum test. 
Abbreviations: WC, waist circumference; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; MS, metabolic syndrome; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; FBG, fasting blood glucose.
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Table 2 Correlations of Depression Status with MS and its Components in Males

Variable HDL-L 
(mmol/L)

TG 
(mmol/L)

FBG 
(mmol/L)

SBP 
(mmHg)

DBP 
(mmHg

WC 
(cm)

Age 
(Years)

Depression 
Status

MS −0.247** 0.424** 0.131** 0.403** 0.529** 0.532** 0.078 0.332**

Depression status −0.038 0.210** 0.038 0.103* 0.258** 0.239** 0.065

Age −0.009 0.296** 0.274** 0.385** 0.273** 0.202**
WC (cm) −0.208** 0.369** 0.189** 0.260** 0.389**

DBP (mmHg) −0.226** 0.495** 0.184** 0.683**

SBP (mmHg) −0.169** 0.358** 0.188**
FBG (mmol/L) −0.134** 0.254**

TG (mmol/L) −0.327**

Notes: *p-value < 0.05; **p-value < 0.01.

Table 3 Correlations of Depression Status with MS and its Components in Females

Variable HDL-L 
(mmol/L)

TG 
(mmol/L)

FBG 
(mmol/L)

SBP 
(mmHg)

DBP 
(mmHg)

WC 
(cm)

Age 
(Years)

Depression 
Status

MS −0.247** 0.424** 0.131** 0.403** 0.529** 0.532** 0.078 0.332**

Depression status −0.038 0.210** 0.038 0.103* 0.258** 0.239** 0.065
Age (years) −0.009 0.296** 0.274** 0.385** 0.273** 0.202**

WC (cm) −0.208** 0.369** 0.189** 0.260** 0.389**

DBP (mmHg −0.226** 0.495** 0.184** 0.683**
SBP (mmHg) −0.169** 0.358** 0.188**

FBG (mmol/L) −0.134** 0.254**

TG (mmol/L) −0.327**

Notes: *p-value < 0.05; **p-value < 0.01.

Table 4 Analysis of Factors Related with MS by Chi-Squared Test

Variable Male Female

Absence of MS MS χ2/t (z) P-value Absence of MS MS χ2/t (z) P-value

(n = 154) (n = 32) (n = 456) (n = 113)

Mild depression (N/%) 36 (23.4) 11 (34.4) 17.984 < 0.001 119 (26.1) 47 (41.6) 63.853 < 0.001

Moderate depression 

(N/%)

29 (18.8) 15 (46.9) 55 (12.1) 38 (33.6)

Severe depression  

(N/%)

- - 11 (2.4) 6 (5.3)

WC (cm) 84.39 ± 6.13 92.84 ± 2.82 −12.053 < 0.001 75.40 ± 6.52 82.82 ± 4.15 −14.972 < 0.001
DBP (mmHg) 84.88 ± 12.90 89.66 ± 13.29 −1.898 0.059 77.27 ± 11.35 90 ± 0.12 −23.956 < 0.001

SBP (mmHg) 135.17 ± 17.12 150.31 ± 19.06 −4.464 < 0.001 121.89 ± 18.63 138.57 ± 13.26 −10.953 < 0.001

FBG (mmol/L) 6.12 ± 1.21 6.54 ± 1.77 −1.610 0.109 5.61 ± 0.55 6.01 ± 1.61 −2.629 0.010
TG (mmol/L)# 1.76 (1.19, 2.61) 1.92 (1.41, 2.44) −0.873 0.382 1.05 

(0.73, 1.55)

2.00 

(1.75, 2.04)

−10.098 < 0.001

HDL-L (mmol/L)# 1.40 (1.23, 1.62) 1.38 (1.16, 1.53) −0.928 0.354 1.62 
(1.43, 1.84)

1.37 
(0.50, 1.67)

−5.897 < 0.001

Notes: Statistical analysis was performed by Chi-squared test except for TG and HDL-L. # Rank-Sum test.
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Determination of Potential Risk Factors 
for MS by Logistic Regression Analysis
Chi-squared test was performed to evaluate the associations of 
depression, anthropometric and metabolic factors with MS in 
males and females, respectively. Table 4 showed that depres-
sion status (χ2 = 17.984, P-value < 0.001), WC (t = −12.053, 
P-value < 0.001), and SBP (t = −4.464, P-value<0.001) were 
significantly associated with MS in males. Depression status 
(χ2 = 63.853, P-value < 0.001), WC (t = −14.972, P-value < 
0.001), DBP (t = −23.956, P-value < 0.001), SBP (t = −10.953, 
P-value < 0.001), FBG (t = −2.629, P-value = 0.010), TG (z = 
−10.098, P-value < 0.001), and HDL-C (z =−5.897, P-value < 
0.001) were significantly related to MS in females. These 
significant variables were further subjected to multi-variate 
logistics regression analysis.

Results of multi-variate logistics regression analysis for 
male and female ethnic Koreans were displayed in Tables 5 
and 6, respectively. After adjustment for age, a family history 
of relevant diseases, cigarette smoking, alcohol drinking, 
higher WC (OR = 1.562, 95% CI = 1.276–1.912) and elevated 
SBP (OR = 1.069, 95% CI = 1.020–1.120) were associated 
with an increased risk for MS in all male participants (Table 5). 
As for depression severity, mild and moderate depression 

statuses (OR = 5.942, 95% CI = 1.224–28.853; OR = 9.707, 
95% CI = 2.050–45.969) were related to a higher risk for MS in 
all male subjects (Table 5). Male subjects with severe depres-
sion were not found in the current study. In female participants, 
mild (OR = 7.195, 95% CI = 3.000–17.258), moderate (OR = 
8.991,95% CI = 3.724–21.709), and severe (OR = 6.599, 95% 
CI = 1.390–31.338) depression statuses, increased WC (OR = 
1.365, 95% CI = 1.247–1.495), elevated SBP (OR = 1.052, 
95% CI = 1.026–1.078), DBP (OR = 1.092, 95% CI = 1.040–-
1.145), and TG (OR = 2.150, 95% CI = 1.478–3.128) were 
associated with a higher risk for MS after controlling for the 
same confounding factors (age, a family history of relevant 
diseases, cigarette smoking and alcohol drinking, Table 6). On 
the contrary, higher level of HDL-C was correlated with 
a decreased risk for MS in females (Table 6). These results 
revealed that mild and moderate depression statuses, increased 
WC and SBP as well as elevated HDL-L were associated with 
MS in highly educated ethnic Koreans of China, regardless of 
gender.

Discussion
China has 56 ethnic groups, with the Han nationality 
having the largest population. Ethnic Koreans are 

Table 5 Identification of the Factors Associated with the Presence of MS in Males by Multi-Variate Logistic Regression Analysis

Model Variable S.E. Waldχ2 P-value OR 95% CI for OR

Upper Lower

Model 1 Depression 8.311 0.016

Negative - - - 1.000 - -
Mild depression 0.767 4.570 0.033 5.157 1.146 23.198

Moderate depression 0.717 8.065 0.005 7.655 1.879 31.188

WC (cm) 0.099 19.288 < 0.001 1.543 1.271 1.872
SBP (mmHg) 0.020 8.579 0.003 1.062 1.020 1.105

Model 2 Depression 7.955 0.019

Negative - - - 1.000 - -

Mild depression 0.784 4.411 0.036 5.194 1.116 24.165
Moderate depression 0.767 7.749 0.005 8.463 1.881 38.070

WC (cm) 0.102 18.816 < 0.001 1.555 1.274 1.899

SBP (mmHg) 0.022 8.780 0.003 1.068 1.023 1.116

Model 3 Depression 8.431 0.015

Negative - - - 1.000 - -
Mild depression 0.806 4.886 0.027 5.942 1.224 28.853

Moderate depression 0.793 8.205 0.004 9.707 2.050 45.969

WC (cm) 0.103 18.697 < 0.001 1.562 1.276 1.912
SBP (mmHg) 0.024 7.929 0.005 1.069 1.020 1.120

Notes: Model 1 does not control for any confounding variable; model 2 controls for age and family history of relevant diseases; model 3 controls for age, family history of 
relevant diseases, cigarette smoking and alcohol drinking. 
Abbreviation: OR, odds ratio.
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a minority nationality in China. This research studied the 
associations of depression with MS in highly educated 
ethnic Koreans of China. The current study found that 
depression status was positively correlated with MS in 
all participants (highly educated ethnic Koreans of China).

Depressive symptoms were assessed using the Zung’s 
SDS in this study. It comprises 20 self-report items with 
a total score ranging from 20 to 80.27 The cut-off scores of 
SDS are different among different populations. Zung 
recommended a cut-off of index scores of 50 in the US. 
Dunstan et al suggested that an index score of 55 might be 
more appropriate for Australian population.28 In a recent 
study, Dunstan et al recommended an SDS raw score of 50 

as the cut-off point.29 Based on previous relevant studies 
by psychiatry professionals in China,30 SDS score greater 
than 53 was adopted as the cutoff point for positive 
depression status.

No consensus has been achieved regarding gender- 
dependent differences in the association between depres-
sion and MS. Research on healthy employed people in 
Israel showed that depression is associated with an 
increased risk for MS, elevated WC and increased glucose 
level in women, and for elevated WC only in men.31 

Sekita et al revealed that increased depressive symptoms 
are associated with MS in Japanese men following adjust-
ment for several demographic characteristics and life-style 

Table 6 Identification of the Factors Associated with the Presence of MS in Females by Multi-Variate Logistic Regression Analysis

Model Variable S.E. Waldχ2 P-value OR 95% CI for OR

Upper Lower

Model 1 Depression 21.847 < 0.001

Negative - - - 1.000 - -
Mild depression 0.419 13.731 < 0.001 4.729 2.079 10.757

Moderate depression 0.421 19.670 < 0.001 6.469 2.835 14.761

Severe depression 0.736 4.271 0.039 4.577 1.082 19.365
WC (cm) 0.043 38.211 < 0.001 1.305 1.199 1.420

SBP (mmHg) 0.011 10.542 0.001 1.035 1.014 1.056

DBP (mmHg) 0.023 14.312 < 0.001 1.090 1.043 1.140
TG (mmol/L) 0.180 10.726 0.001 1.802 1.267 2.563

HDL-L (mmol/L) 0.325 7.185 0.007 0.418 0.221 0.791

Model 2 Depression 25.203 < 0.001

Negative - - - 1.000 - -

Mild depression 0.427 16.642 < 0.001 5.711 2.473 13.191
Moderate depression 0.435 22.289 < 0.001 7.787 3.321 18.258

Severe depression 0.777 3.751 0.049 4.504 1.003 20.660

WC (cm) 0.044 42.497 < 0.001 1.334 1.223 1.455
SBP (mmHg) 0.012 15.548 < 0.001 1.049 1.025 1.075

DBP (mmHg) 0.024 12.019 0.001 1.085 1.036 1.137

TG (mmol/L) 0.187 15.215 < 0.001 2.072 1.437 2.988
HDL-L (mmol/L) 0.343 6.242 0.012 0.424 0.217 0.831

Model 3 Depression 27.988 < 0.001

Negative - - - 1.000 - -

Mild depression 0.446 19.546 < 0.001 7.195 3.000 17.258
Moderate depression 0.450 23.846 < 0.001 8.991 3.724 21.709

Severe depression 0.795 5.636 0.018 6.599 1.390 31.338

WC (cm) 0.046 45.230 < 0.001 1.365 1.247 1.495
SBP (mmHg) 0.013 16.313 < 0.001 1.052 1.026 1.078

DBP (mmHg) 0.024 12.816 < 0.001 1.092 1.040 1.145

TG (mmol/L) 0.191 16.035 < 0.001 2.150 1.478 3.128
HDL-L (mmol/L) 0.347 4.154 0.042 0.493 0.250 0.973

Notes: Model 1 does not control for any confounding variable; model 2 controls for age and family history of relevant diseases; model 3 controls for age, family history of 
relevant diseases, cigarette smoking and alcohol drinking. 
Abbreviation: OR, odds ratio.
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factors. Yet, they did not find any convincing evidence for 
significant association in women.32 Another study reported 
similar association of long-term depression with emer-
gency of MS in Japanese men.33 Nonetheless, female 
gender was found to be related to consistent risk for 
depression in a large population-based sample of Mexican- 
Americans, with significant association between MS and 
depression.34 A 7-year follow-up study conducted in 
Finland concluded that depression may be a critical pre-
disposing factor for MS in women rather than men.35 In 
the current study, significant differences were observed in 
the prevalence of MS between the male participants with 
and without depression status, and between the female 
participants with and without depression status. 
Moreover, depression status was positively correlated 
with MS in both male and female participants. These 
results suggest that the association between depression 
and MS is independent of gender in highly educated ethnic 
Koreans. These inconsistent findings between our study 
and previous studies may be due to different ethnic groups 
and education levels of participants.

This study found positive correlations of depression 
status with WC, TG, SBP and DBP in female participants, 
and with WC only in male participants. Consistently, 
increasing studies have proven that obesity increases the 
risk for developing depression.36,37 Mattei et al demon-
strated that enlarged WC was associated with anxiety 
symptoms in Italian.38 This finding may be explained by 
disparity in hormones, social and economic factors, and 
social roles between male and female ethnic Koreans. 
Greater WC in males than females may be another reason. 
Noticeably, moderate and severe depression was shown to 
be associated with MS in female participants. Females 
may lose weight because of poor diet and sleep distur-
bances caused by severe depression, and thus are less 
likely to develop MS.

Some hypotheses have been proposed concerning the 
mechanisms between the associations of MS and 
depression.39 Disturbances in hypothalamus-pituitary- 
adrenal (HPA) axis, autonomic nervous system, and 
immune system may play important roles in the 
mechanisms.40,41 Besides, peripheral hormones, such as 
leptin and ghrelin may be involved in the pathophysiology 
as well.42 There is also a hypothesis that anxious- 
depression should be regarded as a chronic inflammatory 
state.43–45 This association might be explained by the fact 
that pro-inflammatory cytokines trigger the transcriptional 
induction of indoleamine 2,3-dioxygenase, rate-limiting 

enzyme of tryptophan–kynurenine pathway.46 Further, 
Rioli et al confirmed this hypothesis and found depressive 
symptoms were associated with C-reactive protein 
levels.47

Some limitations of this study should be mentioned. 
No male participants with severe depression were found in 
this study due to limited sample size. Therefore, 
a prospective study based on a large number of highly 
educated ethnic Koreans is needed to validate these find-
ings. Depression severity was determined by using SDS in 
this study. SDS score ≥ 53 is not sufficient for diagnosis of 
depressive disorder. Subjects with moderate or severe 
depression in this study were advised to consult 
a psychiatrist for further examination. Moreover, further 
detailed studies are necessary to elucidate the molecular 
mechanisms behind the associations between the two 
diseases.

Conclusion
Taken together, our study suggests that depression corre-
lates with MS and is a potential risk factor for MS in well- 
educated ethnic Koreans in China, regardless of gender. 
Effective treatment of depression in patients with comor-
bid depression and MS may alleviate MS and improve the 
quality of life of patients. Results of this study could aid in 
development of gender-specific preventative and therapeu-
tic strategies against the two diseases. Further studies 
using a large cohort of highly educated ethnic Koreans 
are required to replicate these results.
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MS, metabolic syndrome; WC, waist circumference; TG, 
total triglycerides; HDL-C, high-density lipoprotein- 
cholesterol; OR, odds ratio; DM, diabetes mellitus; CI, 
confidence interval; HPA, hypothalamus-pituitary-adrenal.
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