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Abstract
The objective of this study was to examine whether high serum 25-hydroxyvitamin D (25(OH)D) concentration was associated with high
skeletal muscle mass, taking into account the effects of sex and age among the participants of the Korea National Health and Nutrition
Examination Survey (KNHANES) aged 40 years or older. This was a cross-sectional study using data from the 2009 to 2010 KNHANES; a total
of 8406 subjects (3671 men and 4735 women) were included. The appendicular skeletal muscle mass index (ASMMI, kg/m2) was estimated to
measure the skeletal muscle mass. Hypovitaminosis was classified when the level of serum 25(OH)D was <20 ng/ml. The general linear
model adjusted for confounding factors was used to determine differences in means of ASMMI by 25(OH)D status. The mean values of ASMMI
were higher for men when compared with women. Women had a greater proportion of hypovitaminosis (71·1 %) compared with men
(53·2 %). After adjusting for multiple factors, men were seen to have significant differences in ASMMI based on 25(OH)D status regardless of
age, showing a lower mean value of ASSMI in those with hypovitaminosis. However, there was no difference in ASMMI by 25(OH)D status
among women in both younger and older age groups. In conclusion, we found that there might be a positive relationship between 25(OH)D
and skeletal muscle mass in men, indicating that interventions to improve 25(OH)D levels that are aimed at increasing muscle mass could be
beneficial for men with more rapid decreased rate of skeletal muscle mass.

Key words: Vitamin D: Skeletal muscle mass: 25-Hydroxyvitamin D: Adults

Ageing is associated with changes in body composition,
generally with decreased weight and fat-free mass but increased
fat mass(1–4). The age-related loss of fat-free mass is of particular
concern because it is related to a greater risk for functional
impairment, disability, falls, impaired quality of life and
mortality(4–6). In particular, loss of appendicular skeletal muscle
mass (ASMM) is one of the components in the assessment of
sarcopenia as a geriatric syndrome(7,8). Sarcopenia is defined as
the loss of muscle mass and strength with ageing and can
increase the risk for functional limitation and mortality(6).
According to the results of the 2008–2009 Korea National Health
and Nutrition Examination Survey (KNHANES), the prevalence
of sarcopenia (class II) within the Korean population aged 40
years or older was 9·3 % among men and 7·6 % among women,
when using a weight-adjusted definition(9).
The decline in skeletal muscle mass associated with ageing

has been known to depend on modifiable behavioural factors,
such as diet and physical activity(8,10). In particular, under-nutrition

and the consumption of a less-varied diet with ageing(11) are
associated with less muscle mass. Among diet-related factors, a
low vitamin D level has been known to influence declined
muscle function and increase the risk of falling in the elderly(12,13).

However, previous studies have reported an inconsistent
relationship between vitamin D and muscle mass, in different
sexes and age groups(14–20). In addition, there is a lack of
studies on the relationship between vitamin D and muscle mass
with consideration of both sex and age. The prevalence of
vitamin D deficiency and the extent of loss of skeletal muscle
mass were reported to be different between sexes, showing a
higher prevalence of vitamin D deficiency among women
compared with men(21–23) and a more rapid decreased rate of
skeletal muscle mass after the age of 40 years in men compared
with women(9,24–25). Given the age- and sex-specific findings on
vitamin D status and skeletal muscle mass, the relationship
between vitamin D and muscle mass could be dependent on
age and sex.
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Therefore, this study aimed to examine whether a high serum
25-hydroxyvitamin D (25(OH)D) concentration was related
to a high skeletal muscle mass, taking into account the effects of
sex and age among the national representative subjects who
were 40 years or older. The hypotheses were that high serum
25(OH)D concentration is related to high skeletal muscle mass,
and the difference in skeletal muscle mass by serum 25(OH)D
status could be dependent on age and sex.

Methods

Data sets and study participants

This was a cross-sectional study using data from the 2009 to 2010
KNHANES. The KNHANES has been conducted periodically
since 1998 to assess the health and nutrition status study con-
ducted by the Korea Centers for Disease Control and Prevention
(KCDC). Subjects younger than 40 years of age were excluded
for better comparability while examining the relationship
between 25(OH)D and skeletal muscle mass. The included
subjects were grouped under the following age groups: (1) 40–64
years and (2) 65 years and older. The total number of subjects
who were 40 years or older in the KNHANES was 9800; subjects
without dual-energy X-ray absorptiometry (DXA) data, anthro-
pometric data or vitamin D values were excluded (n 1394). Data
from 8406 subjects (3671 men and 4735 women) were finally
analysed in this cross-sectional study, which included 85·8 % of
the KNHANES population. All of the study participants provided
informed consent, and the Institutional Review Board of the
KCDC approved the study protocol.

Serum 25-hydroxyvitamin D assessment

Blood samples were collected from the subjects who had
undertaken a more than 8-h overnight fast, immediately
refrigerated, transported in cold storage to the Central Testing
Institution in Seoul, Korea, and analysed within 24 h. Serum
25(OH)D concentrations were measured with RIA (DiaSorin
Inc.) using a counter (1470 Wizard; PerkinElmer). Participants
were classified as having hypovitaminosis if the level of serum
25(OH)D was <20 ng/ml(26).

Appendicular skeletal muscle mass assessment

Whole-body fat-free mass (kg) excluding the skeleton was
based on the whole-body DXA scan using fan beam technology
(Hologic). The muscle mass was estimated by measuring the
appendicular skeletal muscle mass index (ASMMI, kg), which is
one of the indices to identifying sarcopenia(27,28) and is defined
as the sum of the body mass (kg) from the arms and legs, based
on the method of Heymsfield et al.(29). Because absolute muscle
mass is correlated with height, the relative muscle mass was
considered so that the height-adjusted ASMMI was regarded as
an index of relative skeletal muscle mass(27). In this study, the
ASMMI (kg/m2) defined as ASMM (kg) divided by height
squared (m2) was used as an outcome.

Covariate assessment

Information on socio-demographics and health-related behaviour
was collected by the trained interviewers or self-reported.
On the basis of education the subjects were categorised as
follows: less than elementary school; middle school; high
school; and college degree or higher. On the basis of occupa-
tion, subjects were categorised into the following groups:
non-manual; manual; and no job. The income level was divided
into quartiles based on the equivalent income of the household
(monthly household income/
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number of
p

a householdmember).
Information on history of diabetes, osteoarthritis, rheumatoid
arthritis, myocardial infarction, angina, chronic obstructive
pulmonary disease, tuberculosis, stroke and cancer was provided
by the participants. Smoking and drinking statuses were cate-
gorised into current, previous and never. Participants were also
asked whether they had taken dietary supplements for 2 weeks
or more in the previous year. Status regarding marriage, meno-
pausal status and year of participation in the survey were also
examined. The participants’ physical activity status was also
classified into groups based on whether they met or did not meet
the recommended criteria for physical activity: (1) 20min or
more/session of vigorous-intensity activity 3 d or more/week; or
(2) 30min or more/session of moderate-intensity physical activity
5 d or more/week.

BMI was calculated as weight/height2 (kg/m2). Measurement
of intact parathyroid hormone (PTH) was carried out in the
same laboratory using a chemiluminescence assay (DiaSorin).

Dietary intakes were assessed on the basis of a 24-h recall in
the nutrition survey. Daily intakes of total energy, carbohydrate,
fat, protein, antioxidants (vitamin A and vitamin C) and Ca, which
is known to relate to skeletal muscle mass and 25(OH)D(30),
were estimated from the consumed food items.

Statistical analysis

For the representativeness of the study sample, the excluded
samples were included in the data sets, and, after stratification,
sample weights were assigned to a stratified group. Values were
presented as mean values with their SE or as percentage with SE

because the values were based on KNHANES-supplied sample
weights and adjusted for age. Either the Student’s t test or the
χ2 test was applied to evaluate the sex differences for general
characteristics. The ASMMI was depicted by sex, age group and
vitamin D status, all of which were examined by the χ2 test. To
explore the factors related to vitamin D status, the participants’
characteristics were compared according to their vitamin D
status and the age group for each sex, using the Student’s t test
or the χ2 test. The difference in ASMMI due to 25(OH)D status
(<20 and ≥20 ng/ml) was assessed by the general linear model,
and the results were presented as least squares means after
adjusting for confounding factors. The confounding factors
that are related to lean body mass and serum 25(OH)D level
were selected on the basis of a literature review. Only those
confounding factors with a statistically significant relationship
with 25(OH)D status within each sex and age group were
included in the model. Regarding the nutrient variables, protein
was highly correlated with carbohydrate and fat and hence it
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was excluded from the model because of multicollinearity
problems. The analysis was stratified by sex and age groups.
All of the analyses were weighted to allow for oversampling,
nonresponse and the Korean population in the survey period,
considering the complex sampling design. A type I error rate of
0·05 was used to validate the tests of hypothesis, and all analyses
were performed using SAS version 9.2 (SAS Inc.).

Results

The general characteristics of the study participants, according
to sex, are shown in Table 1. Among those who were
40–64 years of age, 81·5 % were men and 75·9 % were women.
The mean value of ASMMI was higher among men and younger
adults than among women and older adults. The difference in

ASMMI by age group was greater in men than in women.
Women had a greater proportion of hypovitaminosis (71·1 %)
compared with men (53·2 %), whereas the mean value of
25(OH)D was lower for women than for men (women 17·4 ng/ml,
men 20·3 ng/ml). The proportion of graduates with college
education or higher, that of smokers, drinkers and those
engaged in manual jobs and the proportion of subjects engaged
in regular exercise were higher among men than among
women. Women had higher proportions of disease history and
dietary supplement intake compared with men.

The factors related to 25(OH)D status, according to sex and
age groups, are presented in Table 2. Most of the participants
who had a low 25(OH)D (<20 ng/ml) were, in higher propor-
tions, commonly from the groups who had non-manual jobs,
who were physically inactive, and whose participation season
was spring or winter; their PTH values were also higher,

Table 1. Age-adjusted characteristics of the study subjects
(Mean values with their standard errors; percentages)

Men (n 3671) Women (n 4735)

Mean SE Mean SE P

Age (mean, years) 54·3 0·2 55·7 0·3 <0·0001
Age group (%)

40–64 years 81·5 0·8 75·9 0·9 <0·0001
65 years+ 18·5 0·8 24·1 0·9

Height (cm) 168·3 0·1 155·3 0·1 <0·0001
Weight (kg) 68·4 0·2 58·0 0·2 <0·0001
BMI (mean, kg/m2) 24·1 0·1 24·0 0·1 0·3360
Whole-body fat-free mass (mean, kg) 52·3 0·1 37·8 0·1 <0·0001
Whole-body fat-free mass except for skeleton (mean, kg) 49·7 0·1 35·8 0·1 <0·0001
ASMM (mean, kg)* 22·9 0·1 15·3 0·0 <0·0001
Percentage of ASMM (mean)† 80·1 0·2 64·5 0·1 <0·0001
ASMMI (mean, kg/m2)‡ 8·06 0·02 6·32 0·02 <0·0001

ASMMI for 40–64 years 8·18 0·02 6·33 0·02 <0·0001
ASMMI for 65 years+ 7·57 0·03 6·24 0·03 <0·0001

Serum 25(OH)D (mean, ng/ml) 20·3 0·2 17·4 0·2 <0·0001
Hypovitaminosis D (%)§ 53·2 1·6 71·1 1·3 <0·0001
Education level (%)

≤Elementary school diploma 22·8 0·9 40·2 0·8 <0·0001
Middle school diploma 16·3 0·8 15·6 0·7 <0·0001
High school diploma 33·5 1·1 30·1 0·8 0·0092
≥College diploma 27·4 1·2 14·1 0·8 <0·0001

Occupation (%)
Non-manual 23·2 1·1 9·7 0·5 <0·0001
Manual 56·1 1·3 42·1 1·1 <0·0001
No job 20·7 0·9 48·2 1·0 <0·0001

Disease history (%)║ 27·4 0·8 35·5 0·8 <0·0001
Smoking status (%)

Current 42·0 1·0 5·2 0·5 <0·0001
Previous 40·3 1·0 2·5 0·3 <0·0001
Never 17·7 0·7 92·3 0·5 <0·0001

Drinking status (%)
Current 82·0 0·7 60·2 0·9 <0·0001
Previous 11·5 0·5 15·2 0·6 <0·0001
Never 6·5 0·5 24·6 0·7 <0·0001

Taking dietary supplements (%)¶ 31·1 1·0 48·2 1·0 <0·0001
Physical activity (%)** 26·7 1·0 23·7 0·9 0·0066

ASMM, appendicular skeletal muscle mass; ASMMI, ASMM index; 25(OH)D, 25-hydroxyvitamin D (ng/ml).
* ASMM: lean body mass (kg) of arms and legs.
† Percentage of ASMM: lean body mass (kg) of arms and legs/total weight of arms and legs ×100.
‡ ASMMI (kg/m2): ASMM (kg)/height (m)2.
§ Hypovitaminosis D; 20 ng/ml<serum 25-(OH)D.
║ History of diabetes, osteoarthritis, rheumatoid arthritis, myocardial infarction, angina, chronic obstructive pulmonary disease, tuberculosis, stroke and cancer.
¶ Taking dietary supplements for 2 weeks or more during the past 1 year.
** 20 min or more/session of vigorous-intensity activity 3 d or more/week, or 30min or more/session of moderate-intensity physical activity 5 d or more/week.
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Table 2. Age-adjusted mean values of factors related to 25-hydroxyvitamin D (25(OH)D) status by sex and age group
(Mean values with their standard errors; percentages)

Men (n 3671) Women (n 4735)

40–64 years (n 2543) 65 years + (n 1128) 40–64 years (n 3286) 65 years + (n 1449)

<20 ng/ml
(n 1377)

≥20 ng/ml
(n 1166)

<20 ng/ml
(n 533)

≥20 ng/ml
(n 595)

<20 ng/ml
(n 2360)

≥20 ng/ml
(n 926)

<20 ng/ml
(n 912)

≥20 ng/ml
(n 537)

Mean SE Mean SE P* Mean SE Mean SE P* Mean SE Mean SE P* Mean SE Mean SE P*

Age (mean, years) 49·8 0·2 50·9 0·2 0·0005 71·5 0·2 71·9 0·3 0·2636 49·7 0·2 52·2 0·3 <0·0001 72·5 0·2 72·6 0·3 0·8949
Height (mean, cm) 169·5 0·2 169·2 0·2 0·4133 165·3 0·3 164·8 0·3 0·2034 156·6 0·1 156·6 0·2 0·9937 151·2 0·2 150·2 0·3 0·0086
Weight (mean, kg) 70·0 0·3 69·8 0·3 0·6513 63·6 0·5 62·6 0·4 0·1101 58·6 0·2 58·7 0·4 0·8787 56·3 0·4 54·3 0·4 0·0008
BMI (mean, kg/m2) 24·3 0·1 24·4 0·1 0·8094 23·2 1·6 23·0 0·1 0·3384 23·9 0·1 23·9 0·1 0·9858 24·6 0·1 24·0 0·2 0·0072
ASMM (mean, kg) 23·3 0·1 23·7 0·1 0·0081 20·3 0·2 20·8 0·1 0·0111 15·5 0·1 15·6 0·1 0·2813 14·3 0·1 14·2 0·1 0·6826
ASMMI (mean, kg/m2)† 8·10 0·03 8·27 0·03 <0·0001 7·42 0·05 7·65 0·04 <0·0001 6·31 0·02 6·36 0·03 0·1906 6·23 0·03 6·28 0·04 0·2904
PTH (mean) 70·7 1·9 63·6 1·4 0·0002 73·8 1·9 64·6 1·2 <0·0001 67·8 1·5 59·2 1·6 <0·0001 79·9 1·5 68·3 1·6 <0·0001
Education level (%)
≤Elementary school 12·6 1·1 16·9 1·2 0·0034 44·4 2·5 56·9 2·8 0·0005 28·3 1·5 26·8 1·0 0·3847 86·7 1·5 87·3 1·8 0·7357
Middle 14·9 1·1 17·1 1·3 0·1846 21·0 2·2 15·2 1·7 0·0311 18·5 1·0 18·7 1·5 0·9135 7·1 1·0 5·5 1·2 0·3139
High 37·8 1·6 38·0 1·9 0·9607 23·0 2·2 15·0 1·7 0·0040 37·3 1·2 36·3 2·0 0·6458 5·2 1·1 4·9 1·0 0·8401
≥College 34·7 1·9 28··0 1·8 0·0050 11·6 1·9 12·9 2·1 0·6327 17·4 1·1 16·7 1·6 0·7158 1·0 0·3 2·3 0·8 0·1642

Income (%)
Q1 (lowest) 26·0 1·5 25·9 1·8 0·9726 22·8 2·2 24·8 2·4 0·5256 24·8 1·3 26·1 1·8 0·5110 23·2 1·9 28·9 2·7 0·0858
Q2 25·4 1·3 27·3 1·7 0·3890 22·5 2·0 25·5 2·0 0·2924 25·3 1·1 26·8 1·8 0·4495 24·3 1·7 22·2 2·0 0·4144
Q3 25·3 1·4 23·0 1·5 0·2350 26·8 2·4 24·9 2·4 0·5745 26·0 1·1 23·5 1·5 0·1786 24·9 1·7 24·3 2·2 0·8201
Q4 (highest) 23·3 1·6 23·8 1·7 0·7649 27·9 2·2 24·8 2·1 0·2983 23·9 1·3 23·6 1·9 0·8654 27·6 2·1 24·6 2·2 0·2994

Occupation (%)
Non-manual 33·0 1·6 23·1 1·7 <0·0001 3·6 0·9 2·2 0·7 0·2163 12·7 0·8 9·4 1·1 0·0133 0·3 0·2 0·2 0·2 0·6619
Manual 54·3 1·8 66·5 1·8 <0·0001 31·8 2·4 50··0 3·0 <0·0001 45·3 1·4 50·6 2·5 0·0518 23·6 2·0 31·3 2·9 0·0114
No job 12·7 1·0 10·4 1·1 0·1065 64·7 2·4 48·1 0·3 <0·0001 42·0 1·3 40·0 2·2 0·4089 76·1 1·9 68·4 2·9 0·0133

Disease history (%) 22·7 1·3 20·6 1·2 0·2309 52·4 2·5 41·9 2·3 0·0029 27·6 1·0 30·6 1·7 0·1710 61·5 1·9 62·4 2·6 0·7867
Current smoker (%) 46·7 1·6 45·5 1·7 0·5884 28·2 2·3 21··9 1·8 0·0383 4·5 0·5 6·0 1·2 0·2415 5·5 0·9 2·9 0·9 0·0433
Current drinker (%) 83·9 1·2 89·6 1·0 0·0002 62·2 2·3 70·0 2·3 0·0187 65·3 1·2 71·8 1·8 0·0028 34·7 2·1 37·5 2·5 0·3835
Taking dietary supplements (%) 30·2 1·5 30·2 1·8 0·9822 30·5 2·5 37·2 2·9 0·0635 48·8 1·3 55·2 2·1 0·0092 38·8 2·2 44·1 2·9 0·1344
Physical activity (%)‡ 25·1 1·4 31·6 1·7 0·0027 19·0 2·1 24·3 2·3 0·0737 24·4 1·1 29·0 2·1 0·0415 15·5 1·6 20·9 2·2 0·0468
Survey season (%)
Spring 32·0 3·2 16·9 2·5 <0·0001 32·0 4·0 15·9 3·2 <0·0001 29·0 2·9 12·5 2·2 <0·0001 32·5 3·9 11·9 2·6 <0·0001
Summer 20·1 2·6 37·9 3·7 <0·0001 17·3 2·6 30·0 4·1 0·0015 21·7 2·4 40·4 4·1 <0·0001 18·4 2·6 33·0 4·7 0·0005
Fall 16·3 2·2 27·4 3·2 <0·0001 20·7 3·8 33·6 4·4 0·0050 20·2 2·5 29·1 3·5 0·0012 21·8 3·1 37·8 4·8 0·0002
Winter 31·6 3·3 17·8 2·6 <0·0001 30·0 3·9 20·5 3·6 0·0188 29·1 3·0 18·0 2·7 <0·0001 27·3 3·5 17·3 3·4 0·0036

Postmenopausal (%) – – – – – – 49·3 0·9 54·0 1·3 0·0027 100·0 100·0 –

Nutrient intake (mean, per d)
Energy (kJ) 9363·8 101·7 9577·1 112·1 0·1461 7485·2 113·8 8204·8 125·9 <0·0001 6970·5 61·1 7263·4 109·6 0·0148 6058·4 92·0 6112·8 117·8 0·7125
Energy (kcal) 2238 24·3 2289 26·8 0·1461 1789 27·2 1961 30·1 <0·0001 1666 14·6 1736 26·2 0·0148 1448 22·0 1461 28·2 0·7125
Carbohydrate (g) 355 4·1 359 4·6 0·4615 319 4·7 336 5·2 0·0086 289 2·5 305 5·1 0·0020 280 4·4 281 5·5 0·8910
Fat (g) 42·0 0·8 41·7 1·1 0·7982 25·3 0·9 28·8 1·2 0·0158 30·5 5·9 31·1 0·8 0·6001 17·2 0·6 18·1 0·7 0·3434
Protein (g) 80·7 1·2 82·7 1·5 0·2677 60·0 1·5 65·5 1·5 0·0077 59·7 0·7 61·5 1·1 0·1623 44·8 0·9 45·9 1·0 0·4037
Ca (g) 577 10·5 589 12·3 0·4171 491 21·4 500 17·3 0·7330 474 8·8 489 10·7 0·2466 373 25·4 383 15·3 0·7500
Vitamin A (μg RE) 887 29·9 935 38·5 0·3183 620 35·9 733 40·3 0·0378 804 27·2 855 40·5 0·2689 614 50·5 566 37·0 0·4438
Vitamin C (mg) 119 3·0 115 2·9 0·2498 88·4 3·9 93·5 3·7 0·3408 111 2·6 107 3·6 0·3227 75·7 3·3 76·4 2·9 0·8773

ASMM, appendicular skeletal muscle mass; ASMMI, ASMM index; PTH, parathyroid hormone; Q, quintile; RE, retinol equivalents.
* P value was calculated using the Student’s t test or the χ2 test.
† ASMMI (kg/m2)=weight of ASMM (kg)/height (m)2.
‡ Physical activity= 20min or more/session of vigorous-intensity activity 3 d or more/week, or 30min or more/session of moderate-intensity physical activity 5 d or more/week.
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regardless of sex or age group, when compared with those
with a high 25(OH)D level (≥20 ng/ml). In men with a low
25(OH)D level, the mean value of ASMMI was lower and the
education level was higher compared with men who had a high
25(OH)D level. The average intakes of energy in subjects with
a low 25(OH)D were lower in men aged 65 years and above
and in women aged 40–64 years when compared with those
with a high 25(OH)D. There was a higher proportion of
current smokers among participants aged 65 years and older
who had a low 25(OH)D level compared with those with a high
25(OH)D.
After adjusting for confounding factors, a positive relationship

between 25(OH)D and ASMMI was seen in men but not in
women (Table 3). There was a significant difference in ASMMI
based on 25(OH)D status in men regardless of age, showing a
lower mean value of ASSMI in those with hypovitaminosis (8·09
for <20 ng/ml of 25(OH)D and 8·24 for ≥20 ng/ml among those
aged 40–64 years, P value 0·0037; and 7·55 for <20 ng/ml of 25
(OH)D and 7·70 for ≥20 ng/ml among those aged 65 years or
more, P value 0·0175). However, there was no difference
among women in both the younger and older age groups.

Discussion

Given the inconsistent findings for the relationship between
25(OH)D and skeletal muscle mass, we aimed to study the
relationship between 25(OH)D and skeletal muscle mass by sex
and age group in the Korean adult population. We found that
there was a positive relationship between 25(OH)D level and
skeletal muscle mass in both young and old age groups
among men.
Several studies have addressed the mechanism of how

vitamin D may relate to the skeletal muscle. Evidence has
indicated that the receptor for 1,25-dihydroxyvitamin D

(1,25(OH)2D), vitamin D receptor (VDR), is expressed in
skeletal muscle and is a crucial mediator of 1,25(OH)2D,
affecting muscle contractility(31). However, the result is still
inconsistent as shown by another study in which the VDR was
undetectable in skeletal, cardiac and smooth muscle(32). The
vitamin D deficiency might affect muscle protein turnover by
inducing hypocalcaemia and decreasing insulin secretion(33).
Vitamin D metabolites have been found to affect muscle
metabolism in three ways: (1) by mediating gene transcription;
(2) through rapid pathways not involving DNA synthesis; and
(3) by the allelic variant of the VDR(20).

The skeletal muscle can experience functional improvement
over time; the effect of 25(OH)D on the skeletal muscle mass
could be important for improving muscle-related outcomes.
However, most of the studies that examined the effects of
25(OH)D on muscle-related outcomes were focused on muscle
function and performance(15,34). Moreover, the effects of
25(OH)D on the skeletal muscle mass were mostly evaluated
on the elderly population(18–20,35,36), indicating a lack of data on
the effects of 25(OH)D on outcome measures in younger adults.
Even for the elderly population, the findings on the effect of
25(OH)D on the skeletal muscle mass were inconsistent,
showing either a positive(18,19,20,36) effect or no effect(18,37). In
terms of inconsistent findings, several studies explained that the
reason for the absence of effects of 25(OH)D on the muscle
mass could be that 25(OH)D might affect the coordinative
muscle function more than it does muscle mass or strength.
A systematic review or a meta-analysis of randomised controlled
trials showed that supplemental vitamin D improved either the
physical functioning or reduced the risk of falls(15,34).

Although this study indicated that 25(OH)D was positively
related to skeletal muscle mass in men regardless of age group,
there were no consistent results by sex. Shantavasinkul et al.(38)

found that 25(OH)D levels have a positive relationship with a
marker of muscle mass in older men. In contrast, a recent study
on the effect of 25(OH)D on the muscle mass reported that only
older women had lower skeletal muscle mass associated with
lower 25(OH)D levels(18).

A possible explanation for the difference due to sex could be
the effect of the genotype of VDR (Fok1) on the muscle
mass(31). The risk allele (F allele) that would be associated with
reduced muscle mass was differently distributed in each sex
and ethnicity. Women had a lower proportion of the risk allele
compared with men and, among ethnic groups, Asian groups,
such as the Japanese, had the lowest proportion of the risk
allele than did UK, French and North Indians(39). In this study
on the Korean population, a positive relationship between
25(OH)D and skeletal muscle mass in men might be explained
by the characteristic of men having a higher proportion of the
risk allele. Given that men have a relatively more rapid
decreased rate of skeletal muscle mass after 40 years, it could be
important to maintain their serum 25(OH)D levels in the normal
range. Further investigation on the ethnicity- and sex-specific
effects of serum 25(OH)D on muscle mass in additional diverse
populations of adults is needed to better understand the
mechanism of these findings.

Several limitations should be considered while interpreting
the findings of our study. First, the cross-sectional nature of this

Table 3. The difference in appendicular skeletal muscle mass index
between 25-hydroxyvitamin D status (<20 and ≥20 ng/ml) by sex and
age group
(Mean values with their standard errors)

<20 ng/ml ≥20 ng/ml

(n 1377) (n 1166)

Mean SE Mean SE P‡

Men (years)
40–64* 8·09 0·07 8·24 0·07 0·0037
65† 7·55 0·05 7·70 0·06 0·0175

Women (years)
40–64‡ 6·35 0·05 6·41 0·05 0·1677
65§ 6·28 0·03 6·35 0·04 0·0624

* The model was adjusted for age, parathyroid hormone (PTH), educational level,
occupation, current drinking status, physical activity and survey season.

† The model was adjusted for age, PTH, educational level, occupation, disease
history, current smoking status, current drinking status, taking dietary supplements,
survey season, energy, carbohydrate and fat.

‡ The model was adjusted for age, PTH, occupation, current drinking status, taking
dietary supplements, survey season, postmenopausal status, energy and
carbohydrate.

§ The model was adjusted for age, BMI, PTH, occupation, current smoking status and
survey season.
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study did not allow for the assessment of the causal relationship
between 25(OH)D levels and lean body mass. Second, this
study was conducted year round. As season may affect the
25(OH)D levels and muscle mass at the same time, season was
adjusted in all analyses to minimise the effect from seasonal
variation. Third, vitamin D measured at tissue levels might be
more sensitive to muscle mass than that measured at serum levels;
these findings had some discrepancies(32). Despite the above-
mentioned limitations, this study included a representative
population-based sample with a large number of adults, including
younger adults, and studied the relationship between serum 25
(OH)D and skeletal muscle mass, considering age and sex.
In conclusion, in this representative population-based sample

of Korean adults of varying ages, there might be a positive
relationship between serum 25(OH)D concentration and
skeletal muscle mass among men regardless of age, indicating
that the interventions to improve 25(OH)D levels aimed at
increasing muscle mass could be beneficial for men with more
rapid decreased rate of skeletal muscle mass.
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