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Background: The association between serum cholesterol levels and depression has been studied extensively; how-
ever, results are inconsistent. This study aimed to investigate the association between low-density lipoprotein cho-
lesterol (LDL-C) levels and depressive symptoms among Korean adults.
Methods: This cross-sectional study used data obtained from the 2007–2015 Korea National Health and Nutrition 
Examination Survey. In total, 40,904 adults were included in the final analysis. Participants were categorized into 
five groups according to their LDL-C levels, using the Korean guidelines for dyslipidemia. Symptoms of depression 
were evaluated using a self-reported questionnaire. Weighted logistic regression was used to examine the relation-
ship between LDL-C levels and self-reported depressive symptoms.
Results: Compared with the intermediate category, the lowest (<70 mg/dL) and highest (≥160 mg/dL) LDL-C cate-
gories were associated with depressive symptoms, after adjusting for potential confounding factors (odds ratio 
[OR], 1.191; 95% confidence interval [CI], 1.008–1.409; OR, 1.241; 95% CI, 1.073–1.435, respectively). The highest 
LDL-C category was positively associated with depressive symptoms in those who were middle-aged, female, had 
a low body mass index, and taking or not taking dyslipidemia medications.
Conclusion: A U-shaped association was identified between LDL-C categories and self-reported depressive symp-
toms. Our findings suggest that LDL-C levels that are too low or too high are associated with self-reported depres-
sive symptoms. Further prospective studies are needed to determine the causal relationship of this association.
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INTRODUCTION

Depression is an important health problem worldwide and its inci-

dence and social burden are increasing. In South Korea, the lifetime 

prevalence of major depressive disorder was 5.0% in 2016 and the an-

nual medical cost associated with depression was estimated to be ap-

proximately 1.331 billion US dollars in 2012.1,2) Depression is known to 

reduce an individual’s quality of life and cause functional impair-

ment.3) Furthermore, depression is associated with a higher risk of type 

2 diabetes and cardiovascular diseases.4,5) Therefore, there is increas-

ing interest in understanding the pathophysiological mechanisms of 

depression and its possible predictive biomarkers. Among the com-

monly used biomarkers, recent studies have demonstrated that lower 

uric acid and higher C-reactive protein levels are independently asso-

ciated with depression.6,7)

 The association between serum cholesterol levels and depression 

has continuously been reported over the past decades, based on a pos-

sible mechanism between cholesterol and serotonin.8,9) A recent meta-

analysis, in 2016,10) demonstrated a cross-sectional link between de-

pression and low serum low-density lipoprotein cholesterol (LDL-C) 

levels, using serum LDL-C as a continuous variable. However, the op-

posite was found in studies modelling serum LDL-C as a categorical 

measure, and the researchers suggested a U-shaped association be-

tween LDL-C levels and depression through this discrepancy.10) In 

2017, Oh and Kim11) presented the results of an analysis using a Korean 

nationwide survey that showed a significant association between de-

pression and high high-density lipoprotein cholesterol (HDL-C) levels 

in males and high triglyceride levels in females.

 These inconsistent results suggest that further evaluation of the rela-

tionship between serum cholesterol levels and depression in a larger 

study sample is needed. In this study, we aimed to examine the associ-

ation between serum LDL-C levels, categorized according to the inter-

national guidelines for dyslipidemia, and self-reported symptoms of 

depression using a representative sample of Korean adults.

METHODS

1. Study Population
Data were collected from the fourth, fifth, and sixth Korea National 

Health and Nutrition Examination Surveys (KNHANES), which were 

conducted by the Korea Centers for Disease Control and Prevention 

(KCDCP; currently, Korea Disease Control and Prevention Agency) 

between 2007–2015. The KNHANES is a nationally representative sur-

vey that measures the health and nutritional status of the Korean pop-

ulation. The sampling design of the KNHANES was a complex, strati-

fied, multistage, probability-cluster survey of a representative sample 

of the non-institutionalized civilian population of South Korea. This 

survey collected information on socioeconomic status, health-related 

behaviors, quality of life, anthropometric measures, and biochemical 

profiles with three component surveys: health interview, health exam-

ination, and nutrition survey.12) Trained medical staff performed the 

health interview and examination at the mobile examination center, 

according to standardized protocols. All participants provided written 

informed consent before the survey. The KNHANES was approved by 

the institutional review board (IRB) of the KCDCP (IRB approval no., 

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). This study was approved by the IRB of 

Yonsei University College of Medicine (IRB approval no., 9-2021-

0103).

 This study included 73,353 participants from the 2007–2015 

KNHANES. We excluded 17,314 participants aged <19 years. Partici-

pants with triglyceride levels >400 mg/dL (n=1,080) and those with 

missing data in at least one of the following components: health ques-

tionnaires, blood samples, and/or anthropometric measures (n=7,666) 

were also excluded. After these exclusions, 40,904 participants were 

included in the final analysis (Figure 1).

2. Assessment of Symptoms of Depression
In this study, symptoms of depression were evaluated by self-report 

Finally selected in this study (n=40,904)

Age >19 y (n=56,039)

Excluded those with age <18 y (n=17,314)

Assessed for eligibility (total=73,353)

KNHANES IV (2007 2009, n=24,871)

KNHANES V (2010 2012, n=25,534)

KNHANES VI (2013 2015, n=22,948)

Exclusion criteria

Serum triglyceride levels above 400 mg/dL (n=1,080)

Missing data in at least one of the following components:

health questionnaires, blood samples, and/or anthropometric measures (n=7,666)

Figure 1. Flow chart of the study population selection. KNHANES, Korea National Health and Nutrition Examination Surveys. 
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using the following question: “Have you ever felt sad or desperate 

enough to interfere with your daily life for more than 2 weeks in a row 

during the past year?” Participants were required to respond yes or no.

3. Assessment of Lipid Profiles and Definition of Low-
Density Lipoprotein Cholesterol Category

For each participant, a single blood collection was performed during 

the medical examination, after at least 8 hours of fasting. Total choles-

terol (TC), triglycerides (TG), and high-density lipoprotein cholesterol 

(HDL-C) were measured using an ADIVA 1650 analyzer (Siemens, Tar-

rytown, NY, USA) in 2007 and a Hitachi Automatic Analyzer 7600 (Hita-

chi, Tokyo, Japan) from 2008–2015. HDL-C level was measured accord-

ing to the Lipid Standardization Program of the US Centers for Disease 

Control and Prevention since 2009. Using the data from the US Centers 

for Disease Control and Prevention, conversion formulas for HDL-C 

were calculated.13) LDL-C was then calculated using the Friedewald 

equation, as follows: LDL-C=TC–HDL-C–TG/5.14) The participants 

were categorized into five groups according to their LDL-C levels: C1 

(<70 mg/dL), C2 (70–100 mg/dL), C3 (100–130 mg/dL), C4 (130–160 

mg/dL), and C5 (≥160 mg/dL), based on the LDL-C target levels from 

the 2018 Korean guidelines for the management of dyslipidemia.15)

4. Assessment of Confounders
Body weight and height were measured to the nearest 0.1 kg and 0.1 

cm, respectively, with the participants wearing light indoor clothes, 

without shoes. Body mass index (BMI) was calculated by dividing 

weight (kg) by the square of height (m2) and was categorized as fol-

lows: normal (<23.0 kg/m2), overweight (23.0–25.0 kg/m2), and obese 

(≥25.0 kg/m2).16) Smoking status was divided into “current smoker” 

and “ex-/never smoker.” We defined “heavy alcohol drinking” as “7 

servings or more for males and 5 servings or more for females at a 

time, at least twice a week.” For physical activity, “regular exercise” was 

defined as ≥20 minutes of vigorous-intensity physical activity for ≥3 

days a week or ≥30 minutes of light- or moderate-intensity physical ac-

tivity for ≥5 days a week. Household income was divided into quartiles 

and ranked from the lowest to the highest. Education level was classi-

fied into four categories: elementary school or lower, middle school, 

high school, and college or higher. Marital status was divided into 

“married” and “unmarried.” Employment status was categorized into 

two groups: employed and unemployed. Participants who previously 

had any of the following diseases were defined as having “chronic dis-

ease”: stroke, myocardial infarction or angina, diabetes mellitus, 

chronic kidney disease, any malignancy, liver cirrhosis, rheumatoid 

Table 1. Clinical characteristics of study population according to lowdensity lipoprotein cholesterol categories

Characteristic
Category 1 

(<70 mg/dL)
Category 2 

(70–100 mg/dL)
Category 3 

(100–130 mg/dL)
Category 4 

(130–160 mg/dL)
Category 5 

(≥160 mg/dL)
Pvalue

No. of unweighted population 2,815 11,695 14,859 8,289 3,246
Age (y) 43.1±0.4 41.4±0.2 44.9±0.2 48.7±0.2 50.6±0.3 <0.001
Male sex 57.5 (1.2) 48.1 (0.5) 48.9 (0.5) 49.9 (0.7) 45.2 (1.2) <0.001
Body mass index <0.001
   Normal (<23.0 kg/m2) 53.6 (1.2) 54.2 (0.6) 44.9 (0.5) 34.6 (0.7) 28.5 (1.0)
   Overweight (23.0–25.0 kg/m2) 20.1 (1.0) 20.4 (0.5) 24.4 (0.4) 25.6 (0.6) 26.3 (1.0)
   Obese (≥25.0 kg/m2) 26.3 (1.1) 25.4 (0.5) 30.7 (0.5) 39.8 (0.7) 45.2 (1.1)
Current smoker 38.1 (1.2) 30.5 (0.6) 30.4 (0.5) 30.6 (0.7) 29.0 (1.1) <0.001
Heavy alcohol drinking 20.5 (1.0) 13.3 (0.4) 11.8 (0.4) 10.0 (0.4) 8.5 (0.7) 0.008
Regular exercise 51.0 (1.2) 51.6 (0.6) 50.1 (0.6) 48.9 (0.7) 48.1 (1.1) <0.001
Total calorie intake (kcal/d) 2,087.8±25.6 2,063.6±11.3 2,062.7±10.7 2,027.6±14.0 1,949.7±20.7 <0.001
Household income <0.001
   Q1 (lowest) 17.6 (0.9) 13.8 (0.4) 13.8 (0.4) 16.2 (0.5) 18.0 (0.8)
   Q2 26.5 (1.2) 25.8 (0.6) 25.5 (0.6) 25.3 (0.7) 25.8 (1.0)
   Q3 29.9 (1.2) 29.9 (0.6) 30.5 (0.6) 29.1 (0.7) 26.6 (1.1)
   Q4 (highest) 26.0 (1.1) 30.5 (0.7) 30.2 (0.6) 29.4 (0.8) 29.6 (1.1)
Education level <0.001
   Elementary school or lower 17.6 (0.8) 13.8 (0.4) 16.1 (0.4) 21.6 (0.6) 26.1 (1.0)
   Middle school 9.5 (0.7) 8.3 (0.3) 9.5 (0.3) 11.4 (0.5) 11.4 (0.7)
   High school 43.3 (1.2) 42.5 (0.6) 39.4 (0.6) 36.0 (0.7) 34.1 (1.2)
   College or higher 29.6 (1.1) 35.4 (0.6) 35.0 (0.6) 30.9 (0.8) 28.3 (1.1)
Marital status (married) 69.3 (1.2) 70.2 (0.7) 79.6 (0.52) 86.9 (0.6) 90.2 (0.8) <0.001
Employment status 59.6 (1.2) 62.0 (0.6) 64.4 (0.5) 63.6 (0.7) 61.1 (1.1) <0.001
Chronic disease 20.4 (1.0) 14.9 (0.4) 14.9 (0.3) 18.4 (0.5) 20.8 (1.0) <0.001
Dyslipidemia medications 12.0 (0.7) 6.4 (0.2) 3.1 (0.1) 2.2 (0.2) 2.6 (0.3) <0.001
Diagnosed depression 3.0 (0.4) 3.6 (0.2) 3.4 (0.2) 3.7 (0.2) 4.2 (0.4) 0.237

Values are presented as mean±SE or weighted % (SE). Pvalues were calculated using the analysis of variance for continuous variables or chisquare test for categorical 
variables. “Chronic disease” was defined as having any of the following diseases: stroke, myocardial infarction or angina, diabetes mellitus, chronic kidney disease, any 
malignancy, liver cirrhosis, rheumatoid arthritis, osteoarthritis, asthma, and chronic obstructive pulmonary disease. “Diagnosed depression” was defined as having depression 
diagnosed by a doctor. “Dyslipidemia medications” was defined as taking drugs for lowering serum cholesterol.
SE, standard error.
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arthritis, osteoarthritis, asthma, or chronic obstructive pulmonary dis-

ease”. “Diagnosed depression” was defined as having depression diag-

nosed by a doctor and “dyslipidemia medications” was defined as tak-

ing medications for lowering serum cholesterol, assessed with a face-

to-face interview.

5. Statistical Analysis
All statistical analyses of this survey were performed using sampling 

weights to represent the entire Korean population. The weights were 

adjusted with the values for the inverse of the response rates and the 

inverse of the selection probability to the sex- and age-specific values 

for the Korean population (post-stratification).12) Data are presented as 

mean±standard error (SE) or weighted percentage (SE). The clinical 

characteristics of the study population according to the LDL-C catego-

ries were compared using a weighted generalized linear regression 

analysis for continuous variables and weighted chi-square tests for 

categorical variables. After setting the intermediate category, C3, as the 

reference group, the odds ratios (ORs) and 95% confidence intervals 

(CIs) for symptoms of depression were calculated using weighted mul-

tiple logistic regression analysis, after adjusting for confounding vari-

ables. Subgroup analyses by age, sex, BMI, chronic disease, dyslipid-

emia medications, and depression diagnosis were conducted. IBM 

SPSS statistical software ver. 23.0 (IBM Corp., Armonk, NY, USA) was 

used for all analyses. Statistical significance was set at P<0.05.

RESULTS

1. Clinical Characteristics of the Study Population
Table 1 shows the clinical characteristics of the study population ac-

cording to the LDL-C categories. All variables showed significant dif-

ferences between groups, except for the diagnosis of depression. Some 

variables, such as current smoking, heavy alcohol drinking, total calo-

rie intake, and marital status showed constant decreases or increases; 

however, others showed inconsistency.

2. Relationship between Low-Density Lipoprotein 
Cholesterol Categories and Self-Reported Symptoms of 
Depression

The results of the multiple logistic regression analyses between the 

LDL-C categories and symptoms of depression are presented in Table 

2. Compared with the intermediate category (C3), the corresponding 

ORs for symptoms of depression in the lowest (C1) and highest (C5) 

categories were 1.191 (1.008–1.409) and 1.241 (1.073–1.435), respec-

tively, after adjusting for age, sex, BMI, smoking, alcohol drinking, ex-

ercise, household income, education level, marital status, employment 

status, chronic disease, and total calorie intake. A U-shaped associa-

tion was identified between the LDL-C categories and symptoms of 

depression.

 Table 3 shows the associations between LDL-C categories and 

symptoms of depression in the subgroups. A U-shaped association be-

tween LDL-C categories and symptoms of depression was only ob-

served in subgroups who were not diagnosed with depression and 

those without chronic disease. In subgroup analysis, when using the 

intermediate category (C3) as a reference, we found significantly posi-

tive associations between the highest category (C5) and symptoms of 

depression in participants with the following characteristics: middle-

aged, female, BMI <23.0 kg/m2, and taking or not taking dyslipidemia 

medications.

DISCUSSION

Using a nationwide survey, we found a U-shaped relationship between 

LDL-C levels and self-reported symptoms of depression in the Korean 

population, after assessing confounders. This U-shaped relationship 

was still present in subgroups without chronic disease and those who 

had not been diagnosed with depression. Only the high LDL-C cate-

gory was positively associated with depressive symptoms in those who 

were middle-aged, female, had a low BMI, and taking or not taking 

dyslipidemia medications.

 The association between serum cholesterol levels and depression 

has continuously been studied since the 1990s,17,18) however, the results 

remain inconsistent. For example, some studies have shown lower 

LDL-C levels in patients with depression,19,20) while others have shown 

higher LDL-C levels.21,22) Our results are consistent with those of Ted-

ders et al.,23) who documented a U-shaped association between LDL-

C levels and severe depression among the US household population. 

However, inconsistent with a previous study that showed a U-shaped 

association among males, the present study showed a U-shaped asso-

ciation after adjusting for sex and a significant association between 

higher LDL-C levels and depression among females in the subgroup 

analysis. These discrepancies across studies might be related to differ-

ences in study populations, measurements of depression, and the se-

Table 2. Odds ratios and 95% confidence intervals for selfreported symptoms of depression according to LDLcholesterol categories

LDLcholesterol levels

C1 (<70 mg/dL) C2 (70–100 mg/dL) C3 (100–130 mg/dL) C4 (130–160 mg/dL) C5 (≥160 mg/dL)

Model 1 1.257 (1.083–1.459) 1.097 (1.002–1.202) 1.00 1.123 (1.013–1.246) 1.360 (1.189–1.556)
Model 2 1.381 (1.188–1.606) 1.135 (1.034–1.246) 1.00 1.082 (0.975–1.202) 1.251 (1.093–1.432)
Model 3 1.191 (1.008–1.409) 1.111 (1.007–1.225) 1.00 1.105 (0.986–1.240) 1.241 (1.073–1.435)

Values are presented as odds ratio (95% confidence interval). Model 1: unadjusted; model 2: adjusted for age, sex, and body mass index; model 3: adjusted for age, sex, body 
mass index, smoking, alcohol drinking, physical activity, household income, education level, marital status, employment status, chronic disease, and total calorie intake.
LDL, lowdensity lipoprotein; C, category.
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lection of cut-off points for LDL-C category, if it was categorized. To 

the best of our knowledge, this is the first study to categorize LDL-C 

levels according to the Korean guidelines for dyslipidemia and investi-

gate their association with self-reported symptoms of depression. 

Therefore, we suggest that further studies are needed to determine ap-

propriate LDL-C levels that do not increase the risk of depression in 

Koreans.

 Although the exact mechanisms underlying the association between 

LDL-C and depression remain inconclusive, several theories have 

been suggested. Cholesterol is a vital component of cellular mem-

branes and plays a crucial role in membrane organization, dynamics, 

and function.24) Since cholesterol is abundant in the brain, 25% of total 

body cholesterol is distributed in the brain, and the role of cholesterol 

in central nervous system function has been emphasized.25) Naturally 

low or therapeutically lowered cholesterol may be associated with the 

depletion of brain cell membrane cholesterol and decrease the expo-

sure of serotonin receptors on the membrane surface, resulting in low 

serotonin function.26) In addition, low cholesterol may cause depres-

sion due to the reduced synthesis of neurosteroids, which play a role in 

the pathophysiology of stress and stress-related psychiatric disorders.27) 

High cholesterol may also be associated with depression as it decreas-

es membrane fluidity, which could negatively affect the activity of se-

rotonin receptors in the central nervous system.28,29)

 Although we explored the relationship between LDL-C levels and 

depression in a large sample size, this study had several limitations. 

First, we could not examine causality between LDL-C levels and de-

pression because this was a cross-sectional study. Further longitudinal 

studies are required to determine the causal relationship between 

LDL-C levels and depression. Second, this study did not consider all 

other health conditions that could be risk factors for depression, such 

as chronic pain or a family history of mental health problems. Third, 

the measurement of depressive symptoms in this study was acquired 

using a simple self-report questionnaire. Since the Patient Health 

Questionnaire, which is a more accurate diagnostic tool for depressive 

symptoms or depressive disorders,30) was only administered for a few 

years in the KNHANES, only a small number of participants could be 

included in the analysis. Future studies with a larger number of partici-

pants and more accurate tools for determining depression are war-

ranted. Finally, LDL-C levels were calculated using the Friedewald 

equation and were not measured directly. It is known that the Friede-

wald equation tends to underestimate LDL-C levels, especially if TG 

levels are high,31) further studies with directly measured LDL-C levels 

are necessary.

 In conclusion, the present study found that serum LDL-C levels and 

depressive symptoms have a U-shaped relationship in the Korean 

population, after adjusting for possible confounders. We categorized 

LDL-C levels according to the international guidelines for dyslipidemia 

and our findings suggest that LDL-C levels that are too low or too high 

are associated with depressive symptoms. Further prospective studies 

are needed to determine the causal relationship of this association.

Table 3. Odds ratios and 95% confidence intervals for selfreported symptoms of depression according to LDLcholesterol categories from subgroup analysis

Variable
LDLcholesterol levels (mg/dL)

C1 (<70 mg/dL) C2 (70–100 mg/dL) C3 (100–130 mg/dL) C4 (130–160 mg/dL) C5 (≥160 mg/dL)

Age groups (y)
   19–39 1.173 (0.896–1.536) 1.157 (0.982–1.362) 1.00 1.167 (0.908–1.499) 1.083 (0.732–1.604)
   40–75 1.235 (0.992–1.538) 1.098 (0.967–1.246) 1.00 1.080 (0.947–1.232) 1.251 (1.060–1.478)
   ≥75 1.312 (0.688–2.500) 0.797 (0.530–1.198) 1.00 1.088 (0.726–1.631) 1.510 (0.867–2.630)
Sex
   Male 1.238 (0.936–1.638) 1.091 (0.904–1.315) 1.00 1.174 (0.943–1.463) 1.049 (0.762–1.444)
   Female 1.132 (0.920–1.392) 1.089 (0.971–1.221) 1.00 1.090 (0.957–1.243) 1.371 (1.162–1.618)
Body mass index (kg/m2)
   Normal (<23.0) 1.199 (0.952–1.510) 1.101 (0.959–1.263) 1.00 1.189 (0.982–1.440) 1.351 (1.057–1.726)
   Overweight (23.0–25.0) 1.424 (0.991–2.046) 1.182 (0.948–1.473) 1.00 1.175 (0.938–1.473) 1.129 (0.850–1.501)
   Obese (≥25.0) 1.032 (0.7396–1.441) 1.056 (0.870–1.282) 1.00 0.977 (0.812–1.175) 1.214 (0.958–1.539)
Chronic disease
   Yes 1.011 (0.744–1.374) 0.951 (0.772–1.172) 1.00 1.084 (0.887–1.325) 1.064 (0.811–1.396)
   No 1.224 (1.002–1.497) 1.138 (1.016–1.276) 1.00 1.098 (0.955–1.262) 1.314 (1.101–1.567)
Dyslipidemia medications
   Yes 1.479 (0.926–2.365) 1.191 (0.821–1.728) 1.00 1.029 (0.553–1.917) 2.154 (1.173–3.956)
   No 1.183 (0.988–1.416) 1.103 (0.995–1.223) 1.00 1.101 (0.979–1.239) 1.215 (1.045–1.413)
Diagnosed depression
   Yes 0.903 (0.509–1.601) 0.901 (0.640–1.267) 1.00 1.123 (0.789–1.598) 1.198 (0.743–1.931)
   No 1.227 (1.028–1.465) 1.122 (1.012–1.244) 1.00 1.110 (0.982–1.255) 1.248 (1.069–1.457)

Adjusted for age, sex, body mass index, smoking, alcohol drinking, physical activity, household income, education level, marital status, employment status, dyslipidemia 
medications, diagnosed depression, and total calorie intake, except the factor being stratified on. “Chronic disease” was defined as having any of the following diseases: 
stroke, myocardial infarction or angina, diabetes mellitus, chronic kidney disease, any malignancy, liver cirrhosis, rheumatoid arthritis, osteoarthritis, asthma, and chronic 
obstructive pulmonary disease. “Diagnosed depression” was defined as having depression diagnosed by a doctor. “Dyslipidemia medications” was defined as taking drugs for 
lowering serum cholesterol.
LDL, lowdensity lipoprotein; C, category.



Seog-Young Jo, et al. • Serum Low-Density Lipoprotein Cholesterol Levels and Depressive Mood68  www.kjfm.or.kr

https://doi.org/10.4082/kjfm.21.0102

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was reported.

ORCID

Seog-Young Jo: https://orcid.org/0000-0002-7318-9225

Yu-Jin Kwon: https://orcid.org/0000-0002-9021-3856

A-Ra Cho: https://orcid.org/0000-0002-3645-2282

REFERENCES

1. Shin D, Kim NW, Kim MJ, Rhee SJ, Park CH, Kim H, et al. Cost analysis 

of depression using the national insurance system in South Korea: a 

comparison of depression and treatment-resistant depression. BMC 

Health Serv Res 2020;20:286.

2. Ministry of Health and Welfare. The survey of mental disorders in Ko-

rea [Internet]. Sejong: Ministry of Health and Welfare; 2017 [cited 2021 

Aug 15]. Available from: http://www.mohw.go.kr/.

3. Malhi GS, Mann JJ. Depression. Lancet 2018;392:2299-312.

4. Fiore V, Marci M, Poggi A, Giagulli VA, Licchelli B, Iacoviello M, et al. 

The association between diabetes and depression: a very disabling 

condition. Endocrine 2015;48:14-24.

5. Kozela M, Bobak M, Besala A, Micek A, Kubinova R, Malyutina S, et al. 

The association of depressive symptoms with cardiovascular and all-

cause mortality in Central and Eastern Europe: Prospective results of 

the HAPIEE study. Eur J Prev Cardiol 2016;23:1839-47.

6. Black CN, Bot M, Scheffer PG, Snieder H, Penninx BW. Uric acid in 

major depressive and anxiety disorders. J Affect Disord 2018;225:684-

90.

7. Khan A, Leonard D, Defina L, Barlow CE, Willis B, Brown ES. Associa-

tion between C reactive protein and depression in a population of 

healthy adults: the Cooper Center Longitudinal Study. J Investig Med 

2020;68:1019-23.

8. Engelberg H. Low serum cholesterol and suicide. Lancet 1992;339: 

727-9.

9. Papakostas GI, Ongur D, Iosifescu DV, Mischoulon D, Fava M. Choles-

terol in mood and anxiety disorders: review of the literature and new 

hypotheses. Eur Neuropsychopharmacol 2004;14:135-42.

10. Persons JE, Fiedorowicz JG. Depression and serum low-density lipo-

protein: a systematic review and meta-analysis. J Affect Disord 

2016;206:55-67.

11. Oh J, Kim TS. Serum lipid levels in depression and suicidality: the Ko-

rea National Health and Nutrition Examination Survey (KNHANES) 

2014. J Affect Disord 2017;213:51-8.

12. Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource 

profile: the Korea National Health and Nutrition Examination Survey 

(KNHANES). Int J Epidemiol 2014;43:69-77.

13. Yun YM, Song J, Ji M, Kim JH, Kim Y, Park T, et al. Calibration of high-

density lipoprotein cholesterol values from the Korea National Health 

and Nutrition Examination Survey data, 2008 to 2015. Ann Lab Med 

2017;37:1-8.

14. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentra-

tion of low-density lipoprotein cholesterol in plasma, without use of 

the preparative ultracentrifuge. Clin Chem 1972;18:499-502.

15. Rhee EJ, Kim HC, Kim JH, Lee EY, Kim BJ, Kim EM, et al. 2018 Guide-

lines for the management of dyslipidemia. Korean J Intern Med 2019; 

34:723-71.

16. Grundy SM, Cleeman JI, Merz CN, Brewer HB Jr, Clark LT, Hunning-

hake DB, et al. Implications of recent clinical trials for the National 

Cholesterol Education Program Adult Treatment Panel III guidelines. 

Circulation 2004;110:227-39.

17. Steegmans PH, Fekkes D, Hoes AW, Bak AA, van der Does E, Grobbee 

DE. Low serum cholesterol concentration and serotonin metabolism 

in men. BMJ 1996;312:221.

18. Morgan RE, Palinkas LA, Barrett-Connor EL, Wingard DL. Plasma 

cholesterol and depressive symptoms in older men. Lancet 1993;341: 

75-9.

19. Kale AB, Kale SB, Chalak SS, S R T, Bang G, Agrawal M, et al. Lipid pa-

rameters: significance in patients with endogenous depression. J Clin 

Diagn Res 2014;8:17-9.

20. Garland MR, Hallahan B, McNamara M, Carney PA, Grimes H, Hib-

beln JR, et al. Lipids and essential fatty acids in patients presenting 

with self-harm. Br J Psychiatry 2007;190:112-7.

21. Sevincok L, Buyukozturk A, Dereboy F. Serum lipid concentrations in 

patients with comorbid generalized anxiety disorder and major de-

pressive disorder. Can J Psychiatry 2001;46:68-71.

22. Wagner CJ, Musenbichler C, Bohm L, Farber K, Fischer AI, von Nip-

pold F, et al. LDL cholesterol relates to depression, its severity, and the 

prospective course. Prog Neuropsychopharmacol Biol Psychiatry 

2019;92:405-11.

23. Tedders SH, Fokong KD, McKenzie LE, Wesley C, Yu L, Zhang J. Low 

cholesterol is associated with depression among US household popu-

lation. J Affect Disord 2011;135:115-21.

24. Simons K, Ikonen E. How cells handle cholesterol. Science 2000;290: 

1721-6.

25. Bjorkhem I, Meaney S. Brain cholesterol: long secret life behind a bar-

rier. Arterioscler Thromb Vasc Biol 2004;24:806-15.

26. Sjogren B, Hamblin MW, Svenningsson P. Cholesterol depletion re-

duces serotonin binding and signaling via human 5-HT(7(a)) recep-

tors. Eur J Pharmacol 2006;552:1-10.

27. Zorumski CF, Paul SM, Izumi Y, Covey DF, Mennerick S. Neuros-

teroids, stress and depression: potential therapeutic opportunities. 

Neurosci Biobehav Rev 2013;37:109-22.

28. Cooper RA. Influence of increased membrane cholesterol on mem-

brane fluidity and cell function in human red blood cells. J Supramol 

Struct 1978;8:413-30.

29. Heron DS, Shinitzky M, Hershkowitz M, Samuel D. Lipid fluidity mark-

edly modulates the binding of serotonin to mouse brain membranes. 

Proc Natl Acad Sci U S A 1980;77:7463-7.

30. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief de-

pression severity measure. J Gen Intern Med 2001;16:606-13.

31. Martin SS, Blaha MJ, Elshazly MB, Brinton EA, Toth PP, McEvoy JW, et 

al. Friedewald-estimated versus directly measured low-density lipo-

protein cholesterol and treatment implications. J Am Coll Cardiol 

2013;62:732-9.


