J Nutr Sci Vitaminol, 66, 508-514, 2020

Low Muscle Mass Is Associated with Lower 25-Hydroxyvitamin D
Level in All Age Groups of South Korean Adults:
The 2009-2010 Korea National Health and Nutrition
Examination Surveys (KNHANES)

DAE-Geun JANG!, S0-Yeon RyU?, Jong PARK? and SEONG-Woo CHOI**

I Department of Public Health, Graduate School of Chosun University, 309, Pilmun-daero,
Dong-gu, Gwangju 61452, Republic of Korea
2 Department of Preventive Medicine, Chosun University Medical School, 309, Pilmun-daero,
Dong-gu, Gwangju 61452, Republic of Korea

(Received January 7, 2020)

Summary Vitamin D plays pivotal role in bone mineral homeostasis. But the association
of vitamin D with muscle mass remains obscure, especially among young adults. Therefore,
we assessed the association between muscle mass and 2 5-hydroxyvitamin D (25[0OH]|D) in
South Korean adults using data from the 2009-2010 Korean National Health and Nutri-
tion Examination Survey (KNHANES). This study involved 12,324 (5,375 males and 6,949
females) participants in the 2009-2010 KNHANES aged 20 y or older. Appendicular skele-
tal muscle mass (ASM) was measured by dual X-ray absorptiometry. Low muscle mass was
defined as an ASM divided by body mass index (BMI) (ASM [kg]+BMI [kg/m?]) value of
<0.789 in males and <0.512 in females. The vitamin D status was evaluated by assaying
the serum 25(0OH)D level. After adjustment for covariates, low muscle mass was signifi-
cantly associated with lower 25(OH)D level (odds ratio [OR], 0.55; 95% confidence interval
[CI], 0.40-0.75 for 10.0-19.9 ng/mL vs. <10.0 ng/mL; OR, 0.47; 95% CI, 0.33-0.68 for
20.0-29.9 ng/mL vs. <10.0 ng/mL; and OR, 0.39; 95% CI, 0.24-0.64 for =30.0 ng/mL
vs. <10.0 ng/mL). Moreover, low muscle mass was significantly associated with lower
25(0OH)D level in all age groups. In conclusion, low muscle mass was significantly associ-

ated with lower 25(0OH)D level in South Korean adults in all age groups.
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Muscle mass, a major component of tissue loss in sar-
copenia, decreases with age, reducing exercise capacity
and increasing the risk of falls and fractures in older
adults (I1). These changes also reduce the ability of
seniors to perform daily activities, leading to a loss of
independence and increasing the risk of death (2). Rec-
ognized the importance of muscle mass, decreased mus-
cle mass were defined as sarcopenia in the elderly (3).
Recently, the importance of muscle function and mus-
cle strength has been emphasized, and reduced muscle
function and muscle strength are included in the defini-
tion of sarcopenia as well as low muscle mass (4, 5).
However, the definition of sarcopenia still differs among
researchers, and there are many studies that define sar-
copenia simply by low muscle mass (6).

The prevalence of low muscle mass in the United
States (US) is 7% in males and 10% in females over 60 y
of age (7). The prevalence of low muscle mass in South
Korean adults over 60 y of age is estimated to be 6.3%
in males and 4.1% in females (6). However, direct com-
parison is hampered by the use of different diagnostic
methods for low muscle mass.

Vitamin D, absorbed from fish, egg yolk, and vitamin
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D-enriched dairy products (8), is transported to the liver
in association with vitamin D-binding protein (9).
There, it is converted to 2 5-hydroxyvitamin D (25[OH]|D)
by a hydroxylase and subsequently to the biologically
active 1,25-dihydroxycholecalciferol (1,25[0H].D3) by
hydroxylation in the kidneys (9). Vitamin D deficiency is
associated with hypertension, diabetes, cardiovascular
disease, and cancer (10-12), as well as bone diseases
such as rickets in children and osteomalacia in adults
(13). In addition, vitamin D is reported to be associated
with muscle mass. This suggests that vitamin D defi-
ciency affects the receptors for vitamin D in muscle
cells, leading to decreased protein synthesis and muscle
weakening (14). However, studies on this topic have
yielded inconsistent results (15—19). Some found a cor-
relation between a low vitamin D level and low muscle
mass (15, 16), some that the association differed
depending on sex (17, 18), and some reported no rela-
tionship between vitamin D and low muscle mass (19).
In addition, low muscle mass is regarded as a problem
of older people, so most studies focused on elderly popu-
lations. However, decreases in muscle mass and strength
also occur in younger people.

South Koreans have the lowest vitamin D level of any
nation, and the incidence of vitamin D deficiency is
higher in younger than in older people (20). Therefore,
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an investigation of the relationship between vitamin D
and muscle mass in all age groups is needed. We investi-
gated the relationship between muscle mass and 25(OH)
D level in South Korean adults using data from the
2009-2010 Korean National Health and Nutrition
Examination Survey (KNHANES).

MATERIALS AND METHODS

Study population. This study used data from the
2009-2010 KNHANES. The KNHANES, a nationwide
cross-sectional survey conducted annually by the Korea
Centers for Disease Control and Prevention (KCDCP),
consists of a health survey, health examination, and
nutrition survey (21). KNHANES used a stratified, mul-
tistage, clustered probability sampling method to select
a representative sample of noninstitutionalized, civilian
Koreans. The health survey and nutrition survey are
conducted by trained interviewers using questionnaires,
and the health examinations are performed by trained
medical staff. The KNHANES complies with all tenets of
the Declaration of Helsinki and the KCDCP Ethics Com-
mittee approved the study protocol (2009-01CON-
03-2C, 2010-02CON-21-C), and written informed con-
sent was obtained from all subjects or their parents.

The number of participants in the KNHANES 2009—
2010 was 19,491 (10,533 in 2009 and 8,958 in
2010), among whom, 17,729 were adults over 20 y of
age. We analyzed data of a total of 12,324 participants
(5,375 males and 6,949 females), after excluding 4,800
subjects with missing appendicular skeletal muscle
mass (ASM) data and 605 who did not undergo blood
testing.

Measurement of low muscle mass. ASM was mea-
sured by dual X-ray absorptiometry (DXA) (QDR
4500A; Hologic, Inc., Bedford, MA). Low muscle mass
was defined using the criteria of the Foundation for the
National Institutes of Health (FNIH) Sarcopenia Project
(22). The FNIH Sarcopenia Project defined sarcopenia
by assessing muscle function and muscle mass, and low
muscle mass was defined as the ASM divided by body
mass index (BMI) (ASM [kg]+BMI [kg/m?]) <0.789 in
males and <0.512 in females.

Measurement of serum 25(OH)D concentration. Fol-
lowing an overnight fast, blood was collected using a
sterilized disposable syringe and stored in a —75°C
freezer until required. Serum 25(OH)D concentration
was measured by radioimmunoassay (RIA) using a
25(0H)D 1251 RIA Kit (Diasorin, Stillwater, MN) with a
y-counter (1470Wizard; PerkinElmer, Turku, Finland).
The interassay coefficient of variation (CV) was 2.8—
6.2% for the 2009 samples and 1.9-6.1% for the 2010
samples. The 25(OH)D concentration was classified as
deficient at <10.0 ng/mL, insufficient at 10.0-19.9 ng/
mL, sufficient at 20.0-29.9 ng/mL, and optimal at
=30 ng/mL.

Covariates. Trained investigators interviewed the
subjects individually using the questionnaire. Weight
was measured to the nearest 0.1 kg while the subjects
were dressed in light clothes, and height was measured
to the nearest 0.1 cm in stocking feet. Waist circumfer-
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Table 1. Baseline characteristics of subjects.
Variable N €% (SE) or Mean £ SE

Number 12,324
Low muscle mass 1,454 9.5 (0.5)
25(0OH)D (ng/mL) 17.8+0.2
Sex

Male 5,375 50.1 (0.5)

Female 6,949 49.9 (0.5)
Age (y)

20-39 3,918

40-64 5,829

=65 2,577 12.8 (0.5)
Height (cm) 164.0+0.1
Weight (kg) 63.9+0.1
Body mass index (kg/m?) 23.7+0.0
Waist circumference (cm) 80.9+0.2
Survey years

2009 6,766 51.9 (1.0)

2010 5,558 48.1 (1.0)
Season of blood collection

Spring (Mar-May) 3,085 26.2 (2.6)

Summer (Jun—Aug) 3,209 25.9 (2.6)

Autumn (Sep—Nov) 2,934 21.8(2.3)

Winter (Dec—Feb) 3,096 26.1(2.6)
Monthly household income

Lowest 2,423 16.4 (0.6)

Medium-lowest 2,956 24.8 (0.8)

Medium-highest 3411 29.6 (0.8)

Highest 3,392 29.2 (0.9)
Education level

=Elementary school 3,178 19.2 (0.7)

Middle school 1,391 10.0 (0.3)

High school 4,169 38.9 (0.8)

=(College 3,510 31.9 (0.8)
Marital status

Married 10,663 79.8 (0.7)

Unmarried 1,643 20.2 (0.7)
Residence

Urban 9,362 79.9 (2.0)

Rural 2,962 20.1 (2.0
Current smoking 2,679 27.0 (0.5)
Monthly drinking 6,608 59.8 (0.7)
Regular walking' 5,261 43.7 (0.6)
Strength training? 3,164 71.1 (0.6)
Use of dietary supplements 4,368 35.2 (0.6)
Number of comorbidities?

0 7,041 63.7 (0.7)

1 3,077 22.8 (0.5)

2 1,502 9.7 (0.4)

=3 652 3.9(0.2)

e%, estimated percentage; SE, standard error.
I Regular walking was indicated as ‘yes’ when the subject
walked for more than 30 min at a time and more than

five times per week.

2 Strength training was indicated as ‘yes’ when the sub-
ject exercised strength training for more than 30 min at
a time and more than one time per week.

3 Comorbidities were included hypertension, diabetes,
dyslipidemia, stroke, myocardial infarction, angina pecto-
ris, arthritis, cancer, liver cirrhosis, and kidney failure.
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Table 2. General characteristics of subjects according to the 25(0OH)D levels.

25(0OH)D level (ng/mL)
Variable Deficient Insufficient Sufficient Optimal p-value
<10.0 10.0-19.9 20.0-29.9 =30.0

Low muscle mass 11.9 (1.5) 8.9 (0.5) 9.8 (0.7) 10.5 (1.8)

Sex <0.001
Male 30.8 (1.8) 47.2 (0.7) 60.2 (1.1) 63.9 (1.8)

Female 69.2 (1.8) 52.8 (0.7) 39.8 (1.1) 36.1 (1.8)

Age (y) <0.001
20-39 51.7 (2.2) 45.1(1.1) 31.1(1.4) 20.7 (2.4)

40-64 37.8(1.8) 44.2 (0.9) 52.7(1.2) 56.4 (2.4)
=65 10.4 (1.2) 10.8 (0.5) 16.2 (0.9) 22.8(1.7)

Height (cm) 161.8+0.4 164.1+0.2 164.4+0.2 163.9+0.4 <0.001

Weight (kg) 59.9+0.5 64.0+0.2 64.8+0.3 63.8+0.5 <0.001

Body mass index (kg/m?) 22.8%20.2 23.7*+0.1 23.9+0.1 23.7+0.1 <0.001

Waist circumference (cm) 77.4*0.5 80.7+0.2 82.2+0.2 82.8+0.5 <0.001

Survey years 0.820
2009 52.1(3.1) 52.4(1.3) 51.1 (2.0) 49.6 (4.2)

2010 47.9 (3.1) 47.6 (1.3) 48.9 (2.0) 50.4 (4.2)

Season of blood collection <0.001
Spring (Mar-May) 36.9 (4.2) 30.3 (2.8) 17.0 (2.3) 8.7 (2.2)

Summer (Jun—Aug) 14.9 (2.5) 21.3(2.4) 37.1(3.4) 42.1(5.1)
Autumn (Sep—Nov) 8.9 (1.6) 19.4 (2.3) 28.2(3.0) 36.8 (5.0)
Winter (Dec—Feb) 39.3 (4.3) 29 (2.8) 17.7 (2.4) 12.4(2.9)

Monthly household income 0.001
Lowest 17.8 (1.8) 15.1(0.7) 18.0 (1.0) 21.6 (2.0)
Medium-lowest 22.4(1.9) 24.6 (0.9) 25.3(1.2) 28.9 (2.0)
Medium-highest 32.3(2.2) 30.4 (0.9) 27.4(1.1) 25.8 (2.0)

Highest 27.5(2.4) 29.9 (1.1) 29.3(1.4) 23.7(2.1)

Education level <0.001
=Elementary school 15.2(1.4) 16.4(0.7) 24.4 (1.2) 31.4(2.6)
Middle school 7.8 (1.1) 9.2 (0.4) 11.4 (0.7) 16.1 (1.7)
High school 42.4(2.2) 40.1 (0.9) 36.5(1.2) 30.3 (2.6)
=College 34.6 (2.2) 34.2 (1.0) 27.6(1.2) 22.2(2.7)

Marital status <0.001
Married 68.5(2.3) 77.7 (0.9) 86.0 (1.0) 90.3 (1.6)

Unmarried 31.5(2.3) 22.3(0.9) 14.0 (1.0) 9.7 (1.6)

Residence <0.001
Urban 88.5(2.2) 83.2(1.9) 72.7 (2.9) 63.0 (4.8)

Rural 11.5(2.2) 16.8 (1.9) 27.3(2.9) 37.0 (4.8)

Current smoking 249 (1.7) 26.4(0.7) 28.5(1.0) 30.3 (2.2) 0.089

Monthly drinking 51.4 (2.0) 59.3 (0.8) 62.9 (1.1) 62.3 (2.4) <0.001

Regular walking' 38.5(2.1) 43.4 (0.8) 45.3 (1.1) 47.1(2.0) 0.010

Strength training? 25.8(2.1) 27.7(0.7) 32.5(1.2) 30.2 (2.3) 0.001

Use of dietary supplements 29.0(2.0) 34.8 (0.8) 37.4(1.1) 37.5(2.6) 0.003

Number of comorbidities? <0.001
0 70.1 (1.9) 66.6 (0.8) 57.4(1.1) 51.6 (2.3)

1 18.4 (1.6) 21.4 (0.6) 26.0 (1.0) 29.3(2.0)
2 9.0 (1.1) 8.4 (0.4) 12.0 (0.7) 13.8 (1.5)
=3 2.5(0.5) 3.6 (0.2) 4.6 (0.4) 5.3 (1.0)

All values are presented as estimated percentage (standard error) or mean=*standard error.

I Regular walking was indicated as ‘yes’ when the subject walked for more than 30 min at a time and more than five times
per week.

2 Strength training was indicated as ‘yes’ when the subject exercised strength training for more than 30 min at a time and
more than one time per week.

3 Comorbidities were included hypertension, diabetes, dyslipidemia, stroke, myocardial infarction, angina pectoris, arthritis,
cancer, liver cirrhosis, and kidney failure.



Table 3. The ORs for low muscle mass according to the level of 25(0OH)D.

Low Muscle Mass Associated with Lower Vitamin D

511

25(0OH)D level Non-adjusted Model 1! Model 22 Model 33
(ng/mL) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)
<10.0 reference reference reference reference
10.0-19.9 0.72 (0.55-0.95) 0.59 (0.44-0.80) 0.57 (0.43-0.77) 0.55 (0.40-0.75)
20.0-29.9 0.81(0.59-1.11) 0.49 (0.34-0.70) 0.48 (0.34-0.69) 0.47 (0.33-0.68)

=30.0 0.87 (0.53-1.41) 0.44 (0.26-0.74) 0.43 (0.25-0.75) 0.39 (0.24-0.64)

I Adjusted by sex, age, survey years and season of blood collection.
2 Adjusted by Model 1 variables plus waist circumference, monthly household income, education level, marital status and

residence.

3 Adjusted by Model 2 variables plus current smoking, monthly drinking, regular walking, strength training, use of dietary

supplements and number of comorbidities.

ence was measured to the nearest 0.1 cm at expiration
in a horizontal plane around the abdomen midway
between the lowest rib and the iliac crest. Monthly
household income was divided into quartiles. Educa-
tional level was divided into <6, 7-9, 10-12, and
=13 y. Marriage status was classified as unmarried or
married, and area of residence was divided into urban
or rural locations. Current smoking was defined as
smoking frequently or occasionally, and monthly drink-
ing was defined as one or more drinking experiences
during the last month. Regular walking was indicated
as ‘yes’ when the subject walked for more than 30 min
at a time and more than five times per week. Strength
training was indicated as ‘yes’ when the subject exer-
cised strength training for more than 30 min at a time
and more than one time per week. Use of dietary sup-
plements was indicated as ‘yes’ when the subject took
dietary supplements for >2 wk during the previous
year. Participants who self-reported physician-diag-
nosed hypertension, diabetes, dyslipidemia, stroke, myo-
cardial infarction, angina pectoris, arthritis, cancer,
liver cirrhosis, and kidney failure were considered to
have a comorbid condition and were classified into four
groups according to the number of comorbidities (O, 1,
2, or =3).

Statistical analysis. Data were analyzed using SPSS
ver. 23.0. As the KNHANES data are generated from a
complex sampling survey design, all analyses were con-
ducted using survey weighting. The survey responses
were weighted based on a multilevel, multiple probabil-
ity sampling design. Data are expressed as estimated
percentage (standard error [SE]) or as mean*SE. The
relationship of each dependent variable with the
25(0OH)D level was analyzed by y? test or analysis of
variance. A multivariate logistic regression analysis was
performed to investigate the association of low muscle
mass with the 25(OH)D level. Model 1 was adjusted for
sex, age, survey year, and season of blood collection.
Model 2 was adjusted for the Model 1 variables plus
waist circumference, monthly household income, edu-
cational level, marital status, and area of residence.
Model 3 was adjusted for the Model 2 variables plus
current smoking, monthly drinking, regular walking,
strength training, use of dietary supplements, and

number of comorbidities. A value of p<<0.05 was con-
sidered indicative of statistical significance.

RESULTS

Baseline characteristics

The baseline characteristics of the 12,324 subjects
(5,375 males and 6,949 females) are shown in Table 1.
The prevalence of low muscle mass was 9.5% and the
mean 25(OH)D level was 17.8£0.2 ng/mL. The mean
age of the subjects was 44.9+0.3 y and their mean
waist circumference was 80.9+0.2 cm. Among the
subjects, 27.0% currently smoked, 59.8% had con-
sumed alcohol in the past month, 43.7% were regularly
walked, and 35.2% used dietary supplements.
Characteristics of subjects according to 25(OH)D levels

The characteristics of the subjects according to
25(0OH)D level are shown in Table 2. A higher 25(0OH)D
level was associated with male sex, older age, larger
waist circumference, blood collection in summer, higher
monthly household income, higher educational level,
being married, residence in a rural area, more frequent
walking, more frequent use of dietary supplements, and
larger number of comorbidities.
Odds ratios (ORs) for low muscle mass according to 25(OH)D
level

The odds ratios (ORs) for low muscle mass according
to 25(0OH)D level are shown in Table 3. When adjusted
for sex, age, survey year, and season of blood collection
(Model 1), low muscle mass was significantly associated
with a low 25(OH)D level (for 10.0-19.9 vs. <10.0 ng/
mL: OR=0.59, 95% confidence interval [CI] 0.44—0.80;
for 20.0-29.9 vs. <10.0 ng/mL: OR=0.49, 95% CI
0.34-0.70; and for =30.0 vs. <10.0 ng/mL: OR=0.44,
95% CI 0.26-0.74). When additionally adjusted for
waist circumference, monthly household income, edu-
cational level, marital status, area of residence, current
smoking, monthly drinking, regular walking, strength
training, use of dietary supplements, and number of
comorbidities (Model 3), low muscle mass was signifi-
cantly associated with a low 25(OH)D level (for 10.0—
19.9 vs. <10.0 ng/mL: OR=0.55, 95% CI 0.40-0.75;
for 20.0-29.9 vs. <10.0 ng/mL: OR=0.47, 95% CI
0.33-0.68; and for =30.0 vs. <10.0 ng/mL: OR=0.39,
95% CI 0.24-0.64).
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Table 4. The ORs for low muscle mass stratified by age group according to the level of 25(0OH)D.

Age 25(0H)D level Non-adjusted Model 1! Model 22 Model 33
(y) (ng/mL) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)
20-39 <10.0 reference reference reference reference
10.0-19.9 0.74 (0.42-1.30) 0.64 (0.35-1.16) 0.58 (0.32-1.05) 0.53(0.29-0.97)
20.0-29.9 0.68 (0.33-1.40) 0.59(0.27-1.28) 0.55(0.26-1.17) 0.55(0.25-1.17)
=30.0 0.09 (0.01-0.69) 0.09 (0.01-0.67) 0.08 (0.01-0.65) 0.08 (0.01-0.68)
40-64 <10.0 reference reference reference reference
10.0-19.9 0.60 (0.40-0.90) 0.56 (0.36-0.87) 0.55(0.35-0.85) 0.53 (0.34-0.84)
20.0-29.9 0.56 (0.34-0.91) 0.52(0.32-0.87) 0.48 (0.29-0.80) 0.44 (0.26-0.74)
=30.0 0.61 (0.32-1.18) 0.56 (0.29-1.11) 0.46 (0.23-0.95) 0.43 (0.22-0.86)
=65 <10.0 reference reference reference reference
10.0-19.9 0.67 (0.43-1.03) 0.68 (0.43-1.08) 0.63(0.39-1.01) 0.59 (0.36-0.96)
20.0-29.9 0.53(0.32-0.85) 0.56(0.33-0.94) 0.51(0.30-0.86) 0.48 (0.27-0.84)
=30.0 0.40 (0.21-0.74) 0.46 (0.23-0.89) 0.43 (0.22-0.85) 0.37 (0.19-0.73)

! Adjusted by sex, survey years and season of blood collection.

2 Adjusted by Model 1 variables plus waist circumference, monthly household income, education level, marital status and

residence.

3 Adjusted by Model 2 variables plus current smoking, monthly drinking, regular walking, strength training, use of dietary

supplements and number of comorbidities.

ORs for low muscle mass stratified by age group according to
25(0OH)D level

The ORs for low muscle mass stratified by age group
according to 25(0OH)D level are shown in Table 4. After
adjusting for covariates (Model 3), in the 20-39-y age
group, low muscle mass was significantly associated
with a low 25(OH)D level (for 10.0-19.9 vs. <10.0 ng/
mL: OR=0.53, 95% CI 0.29-0.97; for =30.0 vs.
<10.0 ng/mL: OR=0.08, 95% CI 0.01-0.68). In the
40-64-y age group, low muscle mass was significantly
associated with a low 25(OH)D level (for 10.0-19.9 vs.
<10.0 ng/mL: OR=0.53, 95% CI 0.34-0.84; for 20.0-
29.9 vs. <10.0 ng/mL: OR=0.44, 95% CI 0.26-0.74;
for =30.0 vs. <10.0 ng/mL: OR=0.43, 95% CI 0.22—
0.86). Finally, low muscle mass was also significantly
associated with a low 25(0OH)D level in subjects aged
=65y (for 10.0-19.9 vs. <10.0 ng/mL: OR=0.59,
95% CI 0.36-0.96; for 20.0-29.9 vs. <10.0 ng/mL:
OR=0.48, 95% CI 0.27-0.84; and for =30.0 vs.
<10.0 ng/mL: OR=0.37, 95% CI 0.19-0.73).

DISCUSSION

We investigated the relationship between muscle
mass and the 25(OH)D level using data from the 2009—
2010 KNHANES. After adjustment for covariates, low
muscle mass was significantly associated with low
25(0OH)D levels in all age groups.

Muscle mass can be measured by various methods,
for example, measurement of ASM by DXA corrected
for the square of the height (ASM~+height?) (3) or by
weight (ASM-+weight) (7). Low muscle mass was
defined as a value less than —2 standard deviations
(SDs) or —1 SD of the mean of the younger reference
population. The use of these definitions is hampered by
the need for younger reference groups, which differ

among studies, and this hampers comparative analyses.
To clarify the definition and diagnostic criteria, the
FNIH Sarcopenia Project used data from nine cohorts
and defined low muscle mass as a value of ASM-+BMI
<0.789 for males and <0.512 for females (22). In a
previous study using data from the 2008-2009
KNHANES, the prevalence of low muscle mass in the
South Korean population aged 20 y or older was 9.7%
for males and 11.8% for females by the ASM-+weight
definition and 12.4% for males and 0.1% for females by
the ASM=+height? definition (23). Using the definition
of the FNIH Sarcopenia Project, we found that the prev-
alence of low muscle mass in the South Korean popula-
tion aged 20 y or older was 9.5% (8.3% for males and
10.6% for females).

In this study, after adjusting for covariates, as the
level of 25(OH)D increased, the ORs for low muscle
mass significantly decreased. In the Ansan Geriatric
study involving 484 elderly South Korean adults, a
lower 25(0OH)D level was associated with low muscle
mass in males but not in females (18). In the Tasma-
nian Older Adult Cohort Study involving 686 Austra-
lian adults aged 50y or older, the 25(OH)D level was
significantly associated with the appendicular lean
mass percentage (16). In a study involving 667 US sub-
jects aged 20 y or older, there was no consistent associ-
ation between the 25(OH)D level and muscle mass in
males or females (19). This may be because subjects’
ethnicities and ages differed, as did the methods used to
diagnose low muscle mass.

Several mechanisms could underlie the link between
vitamin D deficiency and muscle mass. First, the vita-
min D-parathyroid hormone pathway is associated
with low muscle mass. Parathyroid hormone increases
the serum calcium level. A lack of vitamin D increases
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the secretion of parathyroid hormone, which increases
the calcium concentration in myocytes, promoting the
synthesis of cytokines and deteriorating the structure
and function of muscle (24, 25). Also, vitamin D binds
to receptors in muscle cells, promoting muscle growth
and protein synthesis (14). Therefore, vitamin D defi-
ciency leads to proximal muscle weakness and atrophy
of type II muscle fibers (26). In addition, inflammation
is a risk factor for a decrease in muscle mass (27),
whereas vitamin D ameliorates inflammation and pre-
vents muscle weakening (28).

Previous studies have evaluated the relationship
between vitamin D and low muscle mass in elderly peo-
ple, a group in whom the incidence of low muscle mass
is high and is associated with decreased mobility, an
increased risk of falls and fractures (29), decreased daily
functioning and independent living, and an increased
risk of death (30). However, because younger people in
South Korea have a low level of vitamin D (31), an
understanding of the relationship between vitamin D
and low muscle mass at all ages is needed. We found
that the prevalence of low muscle mass decreased sig-
nificantly with increasing 25(OH)D level in all age
groups after adjusting for confounding variables.

The present study has several strengths. We used
data representative of the entire South Korean popula-
tion. Furthermore, whereas previous studies focused on
the elderly population, we examined both the older and
the general adult population. However, this study has
several limitations. First, its cross-sectional design pre-
vented the identification of cause-and-effect relation-
ships. Second, the definition of low muscle mass was
based on the criteria of the Sarcopenia Project, which
were developed using the US population; this may have
resulted in overestimation of the prevalence of low
muscle mass among South Koreans. However, com-
pared with the previous study that used data from the
2008-2009 KNHANES and defined low muscle mass
based on ASM~+weight, there was no significant differ-
ence in the prevalence of low muscle mass (9.7% for
males and 11.8% for females vs. 8.3% for males and
10.6% for females in this study).

In conclusion, after adjustment for covariates, a lower
25(0H)D level was associated with low muscle mass in
South Korean adults. Moreover, when stratified accord-
ing to age group, the association between the 25(0OH)D
level and low muscle mass was significant in all age
groups.
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