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DIETARY VITAMIN D INTAKE IS ASSOCIATED WITH SKELETAL
MUSCLE MASS IN COMMUNITY-DWELLING 

OLDER JAPANESE WOMEN  

M. Yamada1, K. Terai, S. Nishiguchi, K. Yoshimura, Y. Kajiwara, T. Sonoda, T. Aoyama1

Introduction

Sarcopenia, the age-related loss of skeletal muscle
mass, is prevalent in older adults (1) and results in
increased risk of falls and fractures, physical disability,
mobility disorders, and mortality (2-4).The
physiopathological causes of sarcopenia include
increasing age, muscle disuse, endocrine function,
neurodegenerative diseases, and malnutrition
(5).Therefore, resistance training, as well as better
nutrition, such as sufficient protein intake, is important
for the prevention of sarcopenia (6).

Dietary protein intake is important for the
maintenance of muscle mass and strength in community-
dwelling older adults (7-8). In fact, a protein or amino
acid supplement has been shown to increase muscle mass
(9-11). However, vitamin D is also important in
preventing sarcopenia. 

Vitamin D levels are measured clinically using serum
25-hydroxyvitamin D (25(OH)D). Recently, several
studies suggested that a low 25(OH) D level is associated

with muscle mass, lower muscle strength, declined
physical performance, and activity of daily living (ADL)
disability (7, 12-14). Thus, patients with low 25(OH) D
levels may require vitamin D replacement (15). Older
adults are at risk for low vitamin D levels because the
vitamin D production capacity of the skin at the age of 70
is reduced to only 30% of that of a 20-year-old person (16,
17) Thus, dietary vitamin D intake should be
recommended in older adults. However, the relationship
between dietary vitamin D intake and skeletal muscle
mass in older adults remains unclear.

The purpose of this cross-sectional study was to
determine whether dietary vitamin D intake is associated
with muscle mass in community-dwelling older Japanese
women.

Methods

Participants

Participants were recruited through a local press
requesting healthy community-dwelling volunteers. A
total of 91Japanese participants, aged 65 years and older
(mean age, 73.0 ± 5.5 years), living in Kyoto city enrolled
in this study in September 2011. The interview was then
used to exclude participants based on the following
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Abstract: Background & purpose: Recently, several studies have suggested that low serum 25-hydroxyvitamin D levels are associated
with sarcopenia (age-related loss of skeletal muscle mass). However, the relationship between dietary vitamin D intake and skeletal
muscle mass in older adults remains unclear. The purpose of this cross-sectional study was therefore to determine whether dietary
vitamin D intake is associated with muscle mass in community-dwelling older Japanese women. Methods: Ninety-one older
Japanese women (mean age, 73.0 ± 5.5 years) participated in this cross-sectional study. We measured the skeletal muscle mass
index(SMI) of the participants using bioelectrical impedance, the intake of several dietary nutritional factors using a food-frequency
questionnaire, and physical activity. Results: The SMI correlated with level of vitamin D intake(r=0.208, p=0.037) and body mass
index (r=0.330, p=0.001). Regression analysis revealed that vitamin D (β=0.308; 95% confidence interval, 0.022–0.303) was a
significant and independent determinant of the SMI (p<0.001). Conclusion: Dietary vitamin D intake is associated with the SMI in
older, community-dwelling Japanese women.
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exclusion criteria: severe cognitive impairment (Rapid
Dementia Screening Test score of 4 or less) (18); severe
cardiac, pulmonary, or musculoskeletal disorders; and
comorbidities associated with greater risk of falls, such as
Parkinson disease and stroke. Written informed consent
was obtained from each participant in accordance with
the guidelines approved by the Kyoto University
Graduate School of Medicine and the Declaration of
Human Rights, Helsinki, 1995.

Skeletal muscle mass index (SMI)

A bioelectrical impedance data acquisition system
(Inbody 720; Biospace Co, Ltd, Seoul, Korea) was used to
determine bioelectrical impedance (19). This system also
uses electrical current at multi-frequencies (5, 50, 250, 500,
and 1000 kHz) to directly measure the amount of
extracellular and intracellular water. Participants stood
on 2metallic electrodes and held metallic grip electrodes.
Using segmental body composition and muscle mass, a
value for the appendicular skeletal muscle mass was
determined and used for further analysis. Muscle mass
was converted to the skeletal muscle mass index (SMI) by
dividing by height squared (kg/m2). This index has been
used in several epidemiological studies (4, 20).

Assessment of dietary nutrient intake

Dietary nutrient intake was assessed using the food
frequency questionnaire (FFQ) (21). However, there is
possibility of recall bias in the FFQ by older adults.
Therefore, in the current study, participants were asked
to record the intake of dietary foods on a calendar at 7
consecutive days. The intake of dietary foods was
converted to the FFQ by one of the authors (K.T.). The
output included averaged daily estimates for total energy
intake and for 29 dietary nutrients including protein and
vitamin D. In present study, we defined sarcopenia as
coexistence of low muscle mass. Japanese women criteria
for sarcopenia by SMI were less than 5.46kg/m2 (22). 

Measurement of physical activities

Measurement of step counts was conducted by
pedometer, YamaxPowerwalker EX-510 (Yamasa Co, Ltd,
Tokyo, Japan) which measures free-living step counts
(23), and has a 30-day data storage capacity. Participants
were instructed to wear the pedometer in the pocket of
their dominant leg for 7 consecutive days, except when
bathing, sleeping, and performing water-based activities.
We calculated the average of the daily step count per
week for each subject.

Statistical analyses

The relationship between the SMI and demographic
data, physical activity, and nutritional factors (total
energy, protein, and vitamin D) was assessed by
Pearson’s correlation coefficient. A multivariate analysis
by means of multiple regressions was performed to
investigate whether age, physical activity, total energy,
protein, and vitamin D were independently associated
with the SMI of the subjects. A p value <0.05 was
considered statistically significant for all analyses.
Differences in the data of nutritional factors variables
between the Sarcopenia and non-Sarcopenia groups were
analyzed by the Student’s t–test. The utility of the
nutritional factors for distinguishing between Sarcopenia
and non-Sarcopenia was tested using receiver operating
characteristic (ROC) curves for cut-off points on dietary
nutrient intake. Data were analysed using the Statistical
Package for Social Science (Windows version 18.0, SPSS,
Inc., Chicago, IL).

Results

The characteristics of the study population are shown
in Table 1. We used Pearson’s correlation coefficients to
determine the association of the SMI with subject
demography, physical activity, and nutritional factors.
The SMI was correlated with vitamin D (r=0.208,p=0.037)
and body mass index(r=0.330,p=0.001;Table 2).
Regression analysis revealed that vitamin D (β=0.308,
95% confidence interval,0.022–0.303) was a significant
and independent determinant of the SMI (p<0.001). The
Sarcopenia group had significantly worse scores than the
non-Sarcopenia group in the dietary intake of vitamin D
(Sarcopenia=5.66±1.74μg/day, non-Sarcopenia=
6.70±2.06μg/day, p=0.018). In the ROC curve, the area
under the curve was 0.655 and the Sarcopenia-related cut-
off value for dietary intake of vitamin D was determined
to be 5.93μg/day (sensitivity = 62.5%, specificity =
66.7%).

Table 1
Demographic characteristics of the participants

Mean SD (Min - Max)

Age (y) 73.0 5.5 (65 - 90)
Height (cm) 151.0 5.1 (139 - 164)
Weight (kg) 50.8 7.0 (35.2 - 71.8)
BMI 22.3 2.8 (16.5 - 30.9)
PA (steps/d) 6581.8 3675.6 (1865 - 26167)
SMI (kg/m2) 6.44 1.01 (4.57 - 9.63)
Total energy (kcal/d) 1630.6 300.6 904.5 - 2366)
Protein (g/d) 57.0 11.3 (24.2 - 84.5)
Vitamin D (µg/d) 6.35 1.91 (1.0 - 10.5)

BMI: body mass index; PA: physical activity; SMI: skeletal mass
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Figure 1
Dietary vitamin D intake is associated with the SMI in

older Japanese women

Discussion

This study showed that dietary vitamin D intake may
be related to the SMI in community-dwelling older
Japanese women. Regression analysis revealed that
dietary intake of vitamin D was a significant and
independent determinant of the SMI. Furthermore, the
Sarcopenia-related cut-off value for dietary intake of
vitamin D was determined to be 5.93μg/day. Taken
together, these findings led us to conclude that measuring
dietary vitamin D intake is potentially important to assess
the SMI in community-dwelling older women.

Vitamin D can be obtained from dietary intake and can
be produced by the skin. In serum, bound to a vitamin D-
binding protein, vitamin D3 is transported to the liver. In
the kidneys, 25(OH) D 3 is further metabolised into the
biologically active form of vitamin D (24, 25). However,
vitamin D nuclear receptors were identified on muscle
cells, and their abundance decreases with increasing age
(26). Vitamin D deficiency may lead to loss of type 2
muscle fibres and thus to atrophy of proximal muscles
(27). In addition, older adults have various risk factors for

vitamin D deficiency, such as decreased sunlight
exposure, reduced skin thickness, decreased dietary
intake, impaired intestinal absorption, and impaired
hydroxylation in the liver and kidneys (28). Specifically,
older adults are at risk for low vitamin D levels because
the vitamin D production capacity of the skin at the age
of 70 is reduced to only 30% of that of a 20-year-old
person (16, 17). Therefore, dietary vitamin D intake is
very important for maintenance of muscle mass in
community-dwelling older adults. 

However, the current study suggests that dietary
protein intake is not related to the SMI in community-
dwelling older adults. Previous studies reported that
dietary protein intake is important for maintenance of
muscle mass in community-dwelling older men and
women (7, 8). The reasons for this discrepancy remain
unclear; however, the previous studies were not
performed on Japanese subjects (7, 8). Differences in the
ethnic origin of the study population could therefore be a
reason for the disagreement of data.

There were several limitations of this study. First, our
limited sample size may introduce some error of
inference, reduce the power of the analysis, and limit
generalization. Second, dietary vitamin D intake may not
be predictive of sarcopenia in older adults as this study
had a cross-sectional design. Third, the serum 25 (OH) D
was not measured. Therefore, the relationship between
SMI and 25 (OH) D is unclear. Fourth, the measurement
of SMI estimated using BIA. The validation study of the
BIA that is referred to was performed in not Japanese
older women, and the validation study in Japanese older
women is needed.

In conclusion, to the best of our knowledge this is the
first study to indicate that dietary vitamin D intake is
associated with the SMI in community-dwelling older
Japanese women. A larger survey is needed to confirm
and extend the present study.
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Table 2
Pearson’s correlation coefficients between SMI and demographic data, physical activity, and nutritional factors 

age BMI PA SMI Total energy Protein Vitamin D

SMI -.060 .330** .034 .068 .074 .208*
Total energy .207* -.077 .176 .068 .877** .404**
Protein .202* -.038 .184 .074 .877** .607**
Vitamin D .013 .013 .050 .208* .44** .607

BMI: body mass index; PA: physical activity; SMI: skeletal mass; *: p<0.005; **: p<0.01 

SM
I (

kg
/m

2 )

Vitamin D (µg/day)
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