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Sarcopenia Is Not Associated with
Depression in Korean Adults: Results
from the 2010-2011 Korean National
Health and Nutrition Examination
Survey
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Background: Sarcopenia is associated with metabolic disorders, cardiovascular disease, and mortality; however, its
association with depression in the general population remains unknown. Therefore, we investigated this associa-
tion in Korea.

Methods: This study included 8,958 and 8,518 subjects from the 2010-2011 Korean National Health and Nutrition
Examination Survey V-1, 2. The study was restricted to participants =20 years of age who had completed the sur-
vey, including whole-body dual-energy X-ray absorptiometry scans. After exclusion, 7,364 subjects were included
in our final analysis. Age was categorized into three groups (20-39, 40-59, and >60 years), and subjects were cate-
gorized according to their sarcopenic and obesity status. Depression was categorized into three groups (not de-
pressed, depressed, and depression).

Results: The sarcopenia group did not have a higher prevalence of depression or depressive symptoms compared
to the nonsarcopenia group; the same was true even when obesity was considered. All age groups showed non-sig-
nificant associations between sarcopenia and depression. In multivariate logistic regression models, no significant
associations were observed between sarcopenia and prevalence of depression or depressed symptoms in men and
women.

Conclusion: We found no associations between sarcopenia and the prevalence of depression or depressed symp-
toms in Korean adults. Future large prospective studies and randomized controlled trials are needed to further as-
sess this relationship.
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INTRODUCTION

Depression is a mood disorder with symptoms that include
persistently depressive mood, loss of motivation or interest,
and feelings of guilt. Severe cases may be accompanied by eat-
ing and memory disorders, and may also lead to suicide.” The
data from the 2005-2008 National Health and Nutrition Exami-
nation Survey conducted in the United States reported that ap-
proximately 21.6% of participants showed depressive symp-
toms,” whereas the World Health Organization World Mental
Health (2004) Surveys reported lifetime prevalences of major
depressive disorders of 19.2%, 21.0%, and 17.9% for the United
States, France, and the Netherlands, respectively.” Based on
the 2011 Epidemiological Survey of Mental Disorders in Korea
from the Ministry of Health and Welfare, 6.7% of participants
18 years and older experienced major depressive disorders at
least once in their lifetimes.” The prevalence of major depres-
sive disorders in Korea is lower than that reported in other coun-
tries. This observation is interpreted as a sociocultural differ-
ence, in that Far East Asian cultures do not satisfy the diagnos-
tic criteria for major depressive disorders: assessments often
reveal no major symptoms because the individuals themselves
consider depressive symptoms to be mild conditions.”

In 1988, Rosenberg” first proposed the term ‘sarcopenia. Sar-
copenia is an aging-associated condition defined as the loss of
muscle strength due to loss of muscle mass. The diagnostic cri-
teria for sarcopenia were presented by Baumgartner et al.” in
the 1998 New Mexico Elder Health Survey, but there is current-
ly no generally accepted diagnostic method for sarcopenia. Stu-
dies on sarcopenia have made comparisons to osteoporosis,
another typical physical change in the elderly, but studies of
osteoporosis are lacking.®) Janssen et al.” reported that the so-
cial cost associated with sarcopenia in the United States reach-
ed $18.5 billion in 2000, and noted the need for measures to
address sarcopenia. The need for studies on and measures for
sarcopenia is apparent in Korea as well, as it becomes an in-
creasingly aging society.

Sarcopenia is associated with physical inactivity, disability,
diabetes, metabolic syndrome, cardiovascular diseases, and
mortality.'®'” Since depression is also linked to physical inac-
tivity or dysfunction,'® there may be an association between
sarcopenia and depression. The relationship between depres-
sion and obesity is well known. Meta-analyses have also the
high probability that obesity accompanies and may be a risk
factor for depression.'” In a study on sarcopenic obesity and
mental health, Cho et al.') also reported that sarcopenic obesi-
ty was associated with anxiety and depressive symptoms. There-
fore, we speculated that sarcopenia and sarcopenic obesity would
be associated with depression.

While recent studies have evaluated the association between
sarcopenia and physical symptoms and diseases, studies on
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the association with mental health, including depression, are
lacking. Although Kim et al.'"” and Hsu et al.'"® demonstrated
that sarcopenia is associated with depression, additional stud-
ies are needed.

Studies on sarcopenia and depression to this point have been
insufficient and few have included younger age groups. There-
fore, the present study used data from the 2010-2011 Korean
National Health and Nutrition Examination Survey (KNHANES
V-1, 2) to examine the relationship between sarcopenia and
depression in the Korean population by age group and obesity
status.

METHODS

1. Study Population

The KNHANES is conducted annually using a systematic sam-
pling method after stratifying for population ratios based on
the town units of dong, eup, and myun, as well as housing type
and age group. The survey participants include household mem-
bers at least one year of age from approximately 3,800 house-
holds nationwide. The first year of the fifth survey was conduct-
ed between January and December 2010; the second year con-
tinued from January to December 2011.” The present study
used data from 2010 and 2011; the most recent data that also
included dual energy X-ray absorptiometry (DEXA). The pres-
ent study included only those participants 20 years or older
who had completed both the DEXA and the questionnaire.
Participants with physician-diagnosed diseases that could also
affect depression, such as cancer, liver cirrhosis, kidney failure,
or cerebro- or cardiovascular diseases, were also excluded. The
total study population was 7,364 individuals, comprised 5,245
and 2,119 people from 2010 and 2011, respectively, after exclud-
ing 1,420 and 4,381 of 6,665 and 6,500 adults for missing values.
The present study used data from the KNHANES-V, which re-
ceived institutional review board approval (2010-02CON-21-C,
2011-02CON-06-C).

2. Measurement

1) Depressed state

As described previously,'?
depression, depressed symptoms, or not depressed. The de-
pression group comprised respondents who indicated that they
had been clinically diagnosed with depression. Among those
who had not been clinically diagnosed as having depression,

those who responded “yes” to the question “In the past year,

patients were classified as having

have you felt sadness or despair continuously for two or more
weeks that was severe enough to interfere with daily life?” were
assigned to the depressed symptom group. Similarly, those
who were not clinically diagnosed as having depression and
who also did not report having experienced depressive symp-
toms for 2 weeks or more in the past year were categorized as
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not depressed.

2) Obesity and sarcopenia

Obesity was diagnosed using body mass index (BMI), with BMI
>25 defined as obese when height (Ht) and weight (Wt) were
substituted into the equation, BMI=Wt/Ht*.

Sarcopenia was diagnosed using a modified version of a me-
thod described in a previous study.'” After measuring partici-
pant appendicular skeletal muscle mass (ASM) via DEXA, the
ASM/Wt (%) values were calculated; participants with values
two standard deviations below the mean of the younger age
group were classified as having sarcopenia.?” The mean ASM/
Wt (%) of participants 20-39 years of age, 26.88% for men and

Table 1. Study population characteristics according to sarcopenic status
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21.02% for women, were used as the cut-off points. Depending
on their sarcopenia and obesity status, the study participants
were divided into sarcopenic obese, nonsarcopenic obese, sar-
copenic nonobese, and nonsarcopenic nonobese groups.

3) Metabolic syndrome

Metabolic syndrome was diagnosed using the modified adult
treatment panel III presented in 2005 by the American Heart
Association and National Heart, Lung, and Blood Institute.?”
Patients satisfying three or more of the five criteria listed below
were considered to have metabolic syndrome: (1) waist size
>90 cm for men and >85 cm for women;? (2) triglyceride lev-
els over 150 mg/dL or under treatment for hyperlipidemia; (3)

Characteristic Total Sarcopenic Nonsarcopenic P-value*
Total 7,364 (100.0) 319 (3.6) 7,045 (96.4) <0.001
Age () 49.48 £ 0.54 54.71+£0.97 44,24 +£0.37 <0.001

20-39 2,341 (40.6) 39 (20.0) 2,302 (41.4) <0.001

40-59 2,899 (41.8) 99 (39.6) 2,800 (41.9) <0.001

>60 2,124 (17.6) 181 (40.4) 1,943 (16.8) <0.001
Men 3,187 (50.1) 109 (37.2) 3,078 (50.6) <0.001
Women 4177 (49.9) 210 (62.8) 3,967 (49.4) <0.001
Body height (cm) 161.60 £ 0.31 158.73 £0.59 164.46 £0.17 <0.001
Body weight (kg) 67.31 £ 0.52 70.70+1.03 63.92+0.20 <0.001
Body mass index (kg/cm?) 25.71£0.15 27.89£0.29 23.54 £0.06 <0.001
Waist circumference (cm) 86.67 £ 0.37 92.64+0.72 80.70+0.18 <0.001
ASM (kg) 17.24£017 15.87 £0.33 18.62 £0.09 <0.001
ASM/body weight (%) 25541010 22.18+0.19 28.91£0.08 <0.001
Fasting plasma glucose (mg/dL) 100.76 £ 1.02 105.47 £ 2.06 96.05+0.36 <0.001
Total cholesterol (mg/dL) 193.42 £1.37 199.82 £+ 2.62 187.02 £0.59 <0.001
Triglyceride (mg/dL) 146.56 £ 3.77 160.85 £ 7.42 132.27 £1.93 <0.001
High density lipoprotein cholesterol (mg/dL) 47.65+0.45 46.64 £0.89 48.66 £0.18 <0.001
Low density lipoprotein cholesterol (mg/dL) 116.46 £ 1.22 121.02+2.34 111.90 £ 0.54 <0.001
Systolic BP (mm Hg) 123.01 £0.64 127.65+£1.23 118.36 £ 0.35 <0.001
Diastolic BP (mm Hg) 78.64 £0.43 80.28 £ 0.80 77.00£0.23 <0.001
Metabolic syndrome 2,211 (26.5) 195 (58.7) 2,016 (25.3) <0.001
Depression status 0171

Not depressed 6,293 (85.5) 266 (81.1) 6,027 (85.7)

Depressed 793 (10.9) 36 (13.9) 757 (10.8)

Depression 278 (3.6) 17 (6.1) 261 (3.5)
Smoking status' 0.302

Never 4,283 (52.6) 197 (55.4) 4,086 (52.4)

Former 1,513 (20.3) 74 (22.5) 14.39 (20.3)

Current 1,568 (27.1) 48 (22.0) 1,520 (27.3)
Regular exercise* 0.211

Yes 3,541 (49.6) 136 (44.8) 3,405 (49.8)

No 3,823 (50.4) 183 (55.2) 3,640 (50.2)
Menopause status (women) <0.001

Natural 1,722 (16.3) 147 (36.1) 1,575 (15.6)

Surgical 260 (2.7) 17 (6.1) 243 (2.5)

No 5,382 (81.0) 155 (57.8) 5,227 (81.9)

Values are presented as mean = standard error of number (%).
ASM, appendicular skeletal muscle mass; BP, blood pressure.

*Calculated by analysis of variance and chi-square tests. 'Smoking status was divided into three categories: never, former, and current smoker. *Regular exercise was defined
as “yes” when the participant performed moderate or strenuous exercise on a regular basis (for more than 30 minutes at a time and more than five times per week in the case
of moderate exercise; for more than 20 minutes at a time in the case of strenuous exercise) or when the subject walked for more than 30 minutes at a time and more than
five times per week. Strenuous exercise included running, climbing, bike riding at fast speed, swimming at fast speed, football, basketball, jumping rope, squash, tennis of
singles, and physical activities such as carrying heavy objects. Moderate exercise included swimming at slow speed, tennis of doubles, volleyball, badminton, ping-pong, and

physical activities such as carrying light objects.
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blood pressure (BP) >130/85 mm Hg or under treatment for
hypertension; (4) high density lipoprotein cholesterol levels
(HDLC) <40 mg/dL for men and <50 mg/dL for women; and
(5) fasting blood glucose levels over 100 mg/dL or under treat-
ment for diabetes.

Serum triglyceride, HDLC, and fasting blood glucose levels
were measured via an enzymatic method using a Hitachi Auto-
matic Analyzer 7600 (Hitachi, Tokyo, Japan).

3. Statistical Analysis

Because the number of subjects in the KNHANES varies from
year to year, integrated weighted values were used for the anal-
ysis. Chi-square tests and analysis of variance were used to de-
termine if the presence of sarcopenia was significantly associ-
ated with differences in depressed state. Stratified analysis was
used to examine the association between sarcopenia and de-
pression by age groups, while multiple logistic regression anal-
ysis was adjusted for covariates and performed to determine
the relationship between sarcopenia and depression by gender.
Gender, age, BMI, smoking, metabolic syndrome, diabetes, hy-
pertension, and menopause (in women) were used as covari-
ates. The statistical significance was set to <0.05. Categorical
and continuous data were expressed as frequencies and means
+standard error. IBM SPSS Statistics for Windows ver. 22.0 (IBM
Co., Armonk, NY, USA) was used for all statistical processing.

Table 2. Characteristics of the study population according to sarcopenia and obesity
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RESULTS

1. Clinical Characteristics of the Study Population

The mean ages in the sarcopenia and nonsarcopenia groups
were 54.71 and 44.24 years, respectively, indicating a higher
mean age among participants in the sarcopenia group. The
sarcopenia group had higher total cholesterol, triglyceride, and
low density lipoprotein cholesterol (LDLC) levels, but lower
HDLC than the nonsarcopenia group. The prevalence of meta-
bolic syndrome in the sarcopenia and nonsarcopenia groups
was 58.7% and 25.3%, respectively. However, the difference in
the prevalence of depressive symptoms and depression with
sarcopenia between these groups was not statistically signifi-
cant (Table 1).

2. Depression by Sarcopenia and Obesity Status

The prevalence of sarcopenia in the obese and nonobese groups
was 8.6% and 1.2%, respectively. Participants with sarcopenia
who were also obese had higher systolic BP and prevalence of
metabolic syndrome than the nonsarcopenic obese group.
Meanwhile, the sarcopenic nonobese group showed higher lev-
els of total cholesterol, LDLC, systolic BP, and prevalence of
metabolic syndrome than the nonsarcopenic nonobese group;
these findings suggest that, regardless of obesity status, sarco-
penia was associated with higher systolic BP and prevalence of
metabolic syndrome. Within the sarcopenic obese group, 14.2%

Variable Sarcopenic Nonsarcopenic P_yalue* Sarcopenic Nonsarcopenic P_yalue*
obese obese nonobese nonobese

Total 230 (8.6) 2,134 (91.4) <0.001 89(1.2) 4,911 (98.8) <0.001
Age (y) 5421 +£1.22 4572+ 0.49 <0.001 56.42 £ 2.01 4359+ 0.40 <0.001

20-39 25 (20.6) 570 (35.5) 14 (18.1) 1,732 (44.0)

40-59 71(39.3) 920 (46.2) 28 (40.7) 1,880 (40.0)

>60 134 (40.1) 644 (18.4) 47 (41.2) 1,299 (16.1)
Body height (cm) 15929 +0.74 165.06 + 0.28 <0.001 156.82 +£0.95 164.19+0.18 <0.001
Body weight (kg) 7478 +1.32 74.91+£0.34 0.923 56.75+0.83 59.06 £ 0.16 0.006
Body mass index (kg/cm?) 29.31+0.34 27.40£0.08 <0.001 23.03+£0.17 21.83+0.04 <0.001
Waist circumference (cm) 96.11 £0.82 90.24+0.24 <0.001 80.76 £ 0.70 76.48+0.17 <0.001
ASM (kg) 16.89 £ 0.41 21.25+0.15 <0.001 12.38 £0.31 17.45+0.09 <0.001
ASM/body weight (%) 22.34+0.22 28.10+0.11 <0.001 21.64+0.28 29.26 +0.10 <0.001
Fasting plasma glucose (mg/dL) 107.47 £2.46 100.89 £0.72 0.012 98.63+3.14 93.91+0.39 0.136
Total cholesterol (mg/dL) 200.87 £3.10 196.28 + 0.96 0.147 196.25 + 3.89 182.93 +0.64 0.001
Triglyceride (mg/dL) 170.61 £9.57 167.68 £3.91 0.777 127.42 £9.37 116.63 £1.90 0.266
High density lipoprotein cholesterol (mg/dL) 4577 £0.88 44.82+0.26 0.304 49.61 +1.86 50.36 + 0.22 0.687
Low density lipoprotein cholesterol (mg/dL) 120.98 £ 2.83 117.92+0.97 0.284 12116 £ 3.12 109.24 £ 0.57 <0.001
Systolic BP (mm Hg) 129.28 £ 1.44 123.39 £ 0.50 <0.001 12210+ 2.14 116.14 £ 0.39 0.006
Diastolic BP (mm Hg) 81.38+0.98 80.65+0.36 0.481 76.53+1.12 75.39+0.26 0.320
Metabolic syndrome 167 (66.4) 1,158 (49.2) <0.001 28 (32.2) 858 (14.7) <0.001
Depression status 0.273 0.353

Not depressed 191 (81.2) 1,821 (85.9) 75 (80.8) 4,206 (85.6)

Depressed 27 (14.2) 235 (10.5) 9(12.2) 522 (11.0)

Depression 12 (4.6) 78 (3.6) 5(7.0) 183 (3.5)

Values are presented as mean = standard error of number (%).
ASM, appendicular skeletal muscle mass; BP, blood pressure.
*Calculated by analysis of variance and chi-square tests.
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Table 3. Comparisons of depressive states and sarcopenia by age
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Variable Sarcopenic obese Nonsarcopenic obese P-value* Sarcopenic nonobese Nonsarcopenic nonobese P-value*
Not depressed (y)
All age 191 (81.2) 1,821 (85.9) 0.273 75 (80.8) 4,206 (85.6) 0.353
20-39 23 (89.5) 502 (88.7) 0.597 11 (80.7) 1,524 (87.0) 0.571
40-59 58 (81.6) 776 (84.6) 0.514 22 (711.7) 1,597 (84.9) 0.271
>60 110 (76.5) 543 (84.0) 0.164 42 (89.9) 1,085 (83.4) 0.140
Depressed (y)
All age 27 (14.2) 235 (10.5) 0.273 9(12.2) 522 (11.0) 0.353
20-39 2(10.5) 51 (7.6) 0.597 2(11.9 159 (10.2) 0.571
40-59 7(11.8) 108 (12.0) 0.514 4(21.9) 212 (11.3) 0.271
>60 18 (18.6) 76 (12.1) 0.164 3(2.8) 151 (12.2) 0.140
Depression (y)
All age 12 (4.6) 78 (3.6) 0.273 5(7.0) 183 (3.5) 0.353
20-39 0 17.3.7) 0.597 1(7.4) 49 (2.8) 0.571
40-59 6 (6.6) 36 (3.4) 0.514 2(6.4) 71(3.8) 0.271
>60 6 (4.9 25(3.9) 0.164 2(7.3) 63 (4.5) 0.140

Values are presented as number (%).
*Calculated by analysis of variance and chi-square test, and layered analysis.

Table 4. Adjusted ORs for sarcopenia
Unadjusted ORs

Adjusted ORs

Variable (95% C) P-value* (95% C) P-value*

Total 0.160 0.897
Depressed  1.346 (0.866—2.091) 1.088 (0.682—-1.736)
Depression  1.538 (0.867—-2.725) 1.116 (0.585-2.128)

Men' 0.251 0.503
Depressed  1.721 (0.618—4.793) 1.618 (0.574-4.558)
Depression  2.306 (0.737—7.216) 1.760 (0.467-6.638)

Women* 0.901 0.900
Depressed  1.063 (0.662—1.707) 0.915 (0.572-1.465)

Depression  1.133 (0.586-2.190) 0.905 (0.427-1.916)

OR, odds ratio; Cl, confidence interval; BMI, body mass index.

*Calculated by multiple regression analysis. TTotal population and men were adjusted
for sex, age, BMI, exercise, smoking, metabolic syndrome, diabetes mellitus, and
hypertension. "Women were adjusted for sex, age, BMI, exercise, smoking, metabolic
syndrome, diabetes mellitus, hypertension, and menopause.

had depressed symptoms, and 4.6% were depressed, compared
to 10.5% and 3.6%, respectively, in the nonsarcopenic obese
group. These results demonstrate that depressed symptoms
and depression were higher in obese participants when ac-
companied by sarcopenia; however, these findings were not
statistically significant. Similarly, depressive symptoms and
prevalence of depression were higher in the sarcopenic non-
obese group than in the nonsarcopenic nonobese group, again
without statistical significance (Table 2).

3. Sarcopenia and Depression by Age Group

Stratified analysis was performed by age group after dividing
the study population into four groups by sarcopenia and obesi-
ty status. Sarcopenia was not associated with depressive symp-
toms or prevalence of depression in any age group (20-39, 40-
59, and >60 years) (Table 3).

4. Depression according to Sarcopenia Status
Multiple logistic regression analysis showed no association be-

tween sarcopenia and depression before and after adjusting for
covariates. Moreover, sarcopenia was not associated with de-
pression in either men or women (Table 4).

DISCUSSION

The present study used KNHANES V-1, 2 data to investigate the
association between sarcopenia and depression. Although the
sarcopenia group showed higher depressive symptoms and
prevalence of depression than the nonsarcopenia group, the
findings were not statistically significant. Sarcopenia was not
associated with depression even in analyses that considered
obesity status, age, and gender.

This study had several limitations. First, subjective judgment
may influence the depression-related survey process. Koreans
have a tendency to respond negatively to mental health-related
questions. This tendency can lead to underestimation of the
prevalence of depressive symptoms and depression, which may
limit the informativeness of statistical testing. Second, classifi-
cation errors are also possible since survey questions, rather
than a specialized depression assessment tool, were used for
classification. The relationship between two factors, therefore,
might be underestimated due to the influence of non-discrimi-
natory classification errors.

Previous studies have mostly reported associations between
sarcopenia and depression in elderly men. Lee et al.*® reported
that a decrease in skeletal muscles was associated with depres-
sive symptoms in elderly Chinese men, while Kim et al.'® re-
ported that sarcopenia was associated with depression in el-
derly Korean men. A study by Hsu et al.'” also reported sarco-
penia to be associated with depression in Taiwanese veterans.

Although the mechanism of association between sarcopenia
and depression has not been clearly identified, many factors
have been suggested. Chronic low-level inflammation,**® ex-
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2829 may be pre-

cessive oxidative stress,”**” and testosterone
dictive factors for these diseases.

Unlike previous studies, the findings in the present study
showed no association between sarcopenia and depression.
While sarcopenia and depression share common factors, they
have a weak influence on the association between these dis-
eases. The typical physical changes in the elderly involve body
composition changes, including increased body fat mass and
weakening of the musculoskeletal system. The association be-
tween obesity, which is characteristic of body fat mass increase,
and depression has been reported; however, the association
between sarcopenia and depression remains inconsistent. There-
fore, while the pathophysiology of depression is likely associat-
ed with an increase in body fat mass and adipose tissues, its as-
sociation with a skeletal muscle decrease requires additional
study. The scarcity of other studies on this topic, therefore, make
the findings of the present study important for determining the
criteria for associations between sarcopenia and other diseases.

The present study has several limitations. First, muscle stren-
gth or function was not considered when diagnosing sarcope-
nia. The diagnosis of sarcopenia based only on decreased skel-
etal muscle mass used in the present study may have resulted
in errors in identifying participants with sarcopenia. Second,
the cross-sectional nature of this study limited its ability to prove
a causal relationship between sarcopenia and depression. There-
fore, future longitudinal studies, including large-scale cohort
studies, are necessary. Third, the use of a subjective question-
naire rather than a depression assessment tool to define the
depressed state in this study could have led to underestimation
and classification errors.

Despite these limitations, the present study is significant from
the perspective that it used nationally representative data from
KNHANES-V. The fact that the findings were contrary to previ-
ous studies is also meaningful. Future large-scale cohort stud-
ies on the association between sarcopenia and depression, as
well as studies on the pathophysiology of sarcopenia, are nec-
essary.
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