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Abstract

Summary Vitamin D insufficiency and sarcopenia are crucial
risk factors for osteoporosis. In a study of noninstitutionalized
elderly subjects, we investigated the simultaneous effect of
vitamin D and sarcopenia on bone mineral density (BMD) and
found that sarcopenia was associated with low BMD in the
femur, especially in those with suboptimal vitamin D levels.
Introduction Although vitamin D insufficiency and sarcopenia
are prevalent in the elderly population worldwide, their possi-
ble influence on BMD has not been determined. We aimed to
investigate the different effect of vitamin D insufficiency and
sarcopenia on BMD in the elderly Korean population.
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Methods Individuals aged 60 or older were selected from
those who participated in the Fourth and Fifth Korea
National Health and Nutrition Examination Surveys
conducted in 2009 and 2010; 1,596 males and 1,886 females
were analyzed. Appendicular skeletal muscle mass (ASM)
and BMD were assessed by dual-energy X-ray absorptiom-
etry; serum 25-hydroxyvitamin D [25(OH)D] and a panel of
clinical and laboratory parameters were also measured.
Results The study population was divided into four groups
according to their vitamin D and sarcopenic status. BMD in total
femur and in the femoral neck but not the lumbar spine was
markedly decreased in sarcopenic subjects with vitamin D insuf-
ficiency [25(OH)D<20 ng/ml] comparing to other groups, re-
gardless of gender. Multivariable linear regression models
showed that BMD was significantly associated with ASM and
high daily calcium intake as well as conventional risk factors
such as age, body mass index (BMI), and history of fracture.
Independent predictors for low femur BMD included sarcopenia,
low daily calcium intake, low 25(OH)D levels, age, and BMI.
Conclusions These data showed that an association between
vitamin D insufficiency and low BMD was more prominent
in elderly subjects with sarcopenia.

Keywords Bone mineral density - Femoral bone -
Sarcopenia - Vitamin D insufficiency

Introduction

As elderly population increases rapidly worldwide, age-
related complications and morbidity place a considerable
and increasing burden on the public health care system as
well as individual patients. Osteoporosis, a common disease
in the elderly, is characterized by low bone mass and dete-
rioration of bone microarchitecture, which increases the risk
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of fragility fractures [1]. Vitamin D [25(OH)D] plays an
important role in bone and mineral metabolism, and its
deficiency is closely associated with metabolic bone disease
[2]. Vitamin D insufficiency [25(OH)D <20 ng/ml] is prev-
alent worldwide in both young and older populations and is
particularly common in South Korea, where it was detected
in 47.3 % of males and 64.5 % of females in a study
population that included 3,047 males and 3,878 females
aged 10 years or older [2, 3].

Sarcopenia is a syndrome characterized by progressive and
generalized loss of skeletal muscle mass and strength [4].
Sarcopenia is prevalent among elderly people and is signifi-
cantly associated with low BMD and possibly with increased
risk of osteoporotic fracture [5—8]. This association may be
attributed to the effects of muscle mass and muscle contraction
on maintaining bone mass [9]. Furthermore, the inflammatory
catabolic process underlying sarcopenia may induce bone loss
[10]. A number of cardiometabolic disorders, including dia-
betes mellitus, metabolic syndrome, and coronary artery dis-
ease, have been also associated with sarcopenia [11-14].
Several recent studies have reported the effect of either vita-
min D or sarcopenia on BMD in elderly populations [5-7, 15,
16]. However, no study has yet investigated the simultaneous
effect of vitamin D and sarcopenia on BMD, particularly in an
elderly Asian population.

Besides the effect of vitamin D on bone metabolism,
vitamin D also plays an important role in muscle mass and
strength [17]. This implies vitamin D insufficiency and
sarcopenia, together, could induce low BMD through de-
creased mechanical load. Therefore, we evaluated the asso-
ciation of vitamin D insufficiency with BMD according to
sarcopenia status among elderly South Koreans.

Methods
Study participants

This study is based on data obtained from the Korea National
Health and Nutrition Examination Survey (KNHANES)
conducted in 2009 and 2010. The KNHANES is a cross-
sectional study regularly conducted by the Division of
Chronic Disease Surveillance, Korea Centers for Disease
Control and Prevention of the Ministry of Health and Welfare
to examine the general health and nutritional status of the
civilian noninstitutionalized population of the South Korea
[18]. The KNHANES consists of four surveys: a health inter-
view survey, a health behavior survey, a health examination
survey, and a nutrition survey [19]. A total of 2,363 individuals
aged >60 years participated in the 2009 KNHANES surveys
(which included 7,798 subjects aged >20 years), and 2,028
individuals aged >60 years participated in the 2010 surveys
(which included 6,665 subjects aged >20 years). Among these
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4,391 participants aged >60 years, we excluded individuals
whose BMD, appendicular skeletal muscle mass (ASM), or
25(OH)D level was not measured in the survey (n=909). All
participants provided written informed consent before partici-
pating in the survey.

Measurement of bone mineral density and appendicular
skeletal muscle mass

BMD measurements of the femoral neck, total femur (which
includes the femoral neck, trochanter, and intertrochanter area),
and lumbar spine (L1-L4) were conducted by dual-energy X-
ray absorptiometry (DXA) using Discovery QDR 4500 W fan-
beam densitometers (Hologic Inc., Denver, Co, USA).
Densitometers were calibrated daily with phantom supplied
from the manufacturer to maintain the stability of DXA mea-
surements. The coefficients of variation (in percent) for dupli-
cated measurements in 30 adults satisfied the following
precision criteria: lumbar spine, <1.9 %; femur neck, <2.5 %;
and total femur, <1.8 %. In the analysis, we used BMD (in grams
per square centimeter) or a T-score based on the gender-specific
mean for healthy young Asian adults, which was provided by
the manufacturer. A T-score>—1.0 was considered normal,
osteopenia was defined as a T-score between —1.0 and —2.5,
and osteoporosis was defined as a T-score<—2.5, in accordance
with World Health Organization criteria [20]. Low BMD was
defined as a T-score<—1.0. ASM was determined by using
Discovery QDR 4500 W fan-beam densitometers (Hologic
Inc.) To define sarcopenia, we evaluated ASM as a percentage
of body weight (ASM/Wt), which was modified from the study
of Janssen et al. [21]. We found that body weight in the denom-
inator was the best method to minimize the effect of the strong
correlation between ASM and body weight (Supplementary
Table 1). Sarcopenia was defined as <1 SD below the sex-
specific mean for a young reference group from the dataset of
KNHANES 2009 and 2010 (780 men and 967 women, 20—
30 years old). The cutoff point for sarcopenia was 32.2 % for
men and 25.4 % for women.

Measurement of risk factors of low BMD

Possible risk factors were selected from a literature
review of population-based cross-sectional and longitu-
dinal studies assessing risk factors for low BMD. Waist
circumference was measured during the health examina-
tion, and body mass index (BMI) was determined as the
ratio of weight to height (in kilograms per square cen-
timeter). Dietary calcium intake was estimated from a
24-h dietary recall. Standardized health questionnaires
were used to determine behavior and lifestyle character-
istics including alcohol consumption (drinks/week), cig-
arette smoking status (never/past/current), regular
exercise (yes/no), and current use of vitamin and
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mineral supplements (yes/no). Alcohol consumption was
recorded as the average number of drinks consumed per
week regardless of the type of alcoholic beverage, as
previously described [22]. Regular exercise was defined
as engaging in moderate or intense exercise on a regular
basis (>three times per week). Questionnaires also
obtained information about reproductive health (e.g.,
early menopause and use of exogenous hormones), his-
tory of fracture, and family history of osteoporosis.

Blood samples collected from each participant during the
survey were processed, refrigerated immediately, and
transported in cold storage to the central laboratory
(Neodin Medical Institute, Seoul, South Korea). All blood
samples were analyzed within 24 h after transportation.
Serum 25-hydroxy vitamin D [25(OH)D] concentration
was determined by radioimmunoassay (DiaSorin Inc.,
Stillwater, MN) using a gamma counter (1470 Wizard;
PerkinElmer, Turku, Finland). Vitamin D insufficiency was
defined as serum 25(OH)D<20 ng/ml [2, 23]. Total choles-
terol, high-density lipoprotein cholesterol, triglyceride,
fasting glucose, and alanine aminotransferase levels were
determined by using a Hitachi 7600 automated chemistry
analyzer (Hitachi, Tokyo, Japan) with reagents produced by
Sekisui Medical Corporation (Tokyo, Japan). Insulin con-
centration was determined by immunoradiometry (INS-
IRMA; Bio-Source, Nivelles, Belgium). Insulin resistance
was assessed by using the homeostasis model assessment
estimate of insulin resistance (HOMA-IR; fasting insulin [in
micro units per millimeter]x fasting glucose [in millimoles
per liter]/22.5) [24]. We used the definition of obesity in the
Asian-Pacific region (BMI>25 kg/m?) to categorize partic-
ipants as obese [25].

Statistical analysis

Participant characteristics were compared according to
sarcopenia status using independent-sample Student’s ¢ tests
for continuous variables and chi-square tests for categorical
variables. Participants were classified into four groups
according to vitamin D level and sarcopenia status. Mean
BMD values of the four groups were compared by analysis
of covariance with adjustment for age and BMI, followed by
Bonferroni post hoc analysis. Multivariable logistic regres-
sion analysis was used to determine independent predictors
for low BMD. Relationships between BMD and clinical and
laboratory values were also analyzed. Multivariable linear
regression was used to evaluate the relationships between
BMD and selected covariates that are considered clinically
important risk factors for osteoporosis or osteopenia based on
epidemiologic evidence. Continuous variables were expressed
as mean+SD. A P value<0.05 was considered significant.
Statistical analyses were carried out using PASW Statistics
Release 18.0.0 (SPSS Inc., Chicago, IL).
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Results
Participant characteristics according to sarcopenia status

General characteristics of study participants are presented in
Table 1 according to sarcopenia status. We found that mean
25(OH)D concentration was significantly lower in participants
with sarcopenia than in those without sarcopenia among both
men (19.6+£6.7 vs. 22.4+£7.6 ng/ml, P<0.001) and women
(17.3£6.5 vs. 19.5+£7.5 ng/ml, P<0.001). In addition, subjects
with sarcopenia had significantly higher waist circumference,
BMI, and level of insulin resistance (high fasting glucose and
HOMA-IR), regardless of gender, and were less likely to exercise
regularly than with those without sarcopenia. However, the
proportion of women receiving estrogen replacement therapy
or with a history of early menopause did not differ according to
sarcopenia status. When we use a different definition of
sarcopenia (ASM divided by height squared, ASM/Ht?), BMI
and waist circumference in sarcopenic subjects were significantly
lower than those in non-sarcopenic subjects, which are contrary
to the above findings (Supplementary Table 2). This implies that
discrepancy in characteristics of sarcopenic subjects is shown
depending on the different definition of sarcopenia.

Femoral BMD is markedly decreased in sarcopenic subjects
with vitamin D insufficiency

To determine whether vitamin D and sarcopenia exert a com-
bined effect on BMD, subjects were divided into four groups
according to 25(OH)D level and sarcopenia status. After
adjusting for age and BMI, sarcopenic subjects with vitamin
D insufficiency showed significantly lower femoral neck
BMD compared with those with sufficient vitamin D levels
[25(OH)D>20 ng/ml] and compared with participants without
sarcopenia regardless of vitamin D status among both genders
(Fig. 1a). Similarly, total femur BMD in sarcopenic subjects
with vitamin D insufficiency was significantly lower than that
of other groups, other than sarcopenic female subjects with
normal vitamin D levels (Fig. 1b). In contrast, lumbar spine
BMD did not differ significantly among the groups (Fig. 1c¢).
Similarly, sarcopenic subjects with vitamin D insufficiency
had significantly decreased T-scores at the femoral neck and
total femur, but not at the lumbar spine (Supplementary
Fig. 1). Femur BMD was also decreased in subjects with
sarcopenia and vitamin D insufficiency when ASM/Ht* as
an index of relative skeletal muscle mass was used to define
sarcopenia (Supplementary Fig. 2).

Relationships between BMD and clinical and laboratory
values

Correlation and multivariable linear regression analyses were
performed to evaluate relationships between BMD and
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Fig. 1 Differences in bone
mineral density of (a) femoral
neck, (b) total femur, and

(¢) lumbar spine according to
vitamin D level and sarcopenia
status
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Fig. 2 Multivariable logistic regression analysis to identify variables
independently associated with low bone mass of total femur among (a)
men and (b) women. Models were adjusted for regular exercise,
smoking status, alcohol consumption, and vitamin supplementation
(0=T-score>—1.0; 1=T-score<—1.0)

clinical and laboratory values, including 25(OH)D and ASM
(Tables 2 and 3). As expected, age had the strongest negative
correlation with BMD, whereas BMI and ASM values
showed strong positive correlations with BMD at each site.
However, weak or no correlation was observed between BMD
and ASM/Wt according to sarcopenia status and gender. With
regard to vitamin D level, only sarcopenic subjects showed
positive correlations between 25(OH)D and total femur BMD
(men, r=0.139; women, =0.070) and femoral neck BMD
(men, »=0.123; women, »=0.092). No correlation between
25(0OH)D values and BMD was observed at any site in the
non-sarcopenic group. In addition, waist circumference, daily
calcium intake, and alanine aminotransferase levels correlated
positively with BMD at all sites regardless of gender and
sarcopenia status. To adjust the effect of age and BMI on
BMDs, partial correlation analyses were performed
(Supplementary Table 3). Contrary to the findings from sim-
ple correlation analyses, correlation between ASM and vita-
min D was significant in both men and women (P<0.001
both) and BMDs at total femur and femur neck area were
significantly correlated with ASM and vitamin D levels re-
gardless gender (all P<0.001). However, only spinal BMD

was not significantly related to the levels of vitamin D (P=
0.214 in men, 0.228 in women).

Table 3 shows the results of multivariable linear regression
analysis to identify covariates associated with BMD. The
conventional risk factors age and BMI were significantly
associated with BMD at nearly all sites in both men and
women. Moreover, daily calcium intake (high/low tertile)
and ASM were also associated with BMD at all sties regard-
less of gender, and 25(OH)D level was associated with BMD
at the femoral neck and total femur, but not lumbar spine.
Among postmenopausal women, estrogen replacement and
history of early menopause were more closely associated with
lumbar spine BMD than femoral bone BMD. Waist circum-
ference was closely associated with BMD at the femoral neck
and total femur in men, but not in women.

Independent predictors of low bone mass in elderly subjects

To assess the association between status of BMD and vitamin
D insufficiency or sarcopenia, we performed chi-square tests in
the elderly population after stratifying by BMI (Supplementary
Table 4). Vitamin D insufficiency was significantly associated
with osteopenia or osteoporosis in nonobese men and obese
women. Sarcopenia was significantly associated with
osteopenia or osteoporosis in obese women and all men, re-
gardless of BMI. Then, multivariable logistic regression anal-
ysis was used to identify independent predictors of low bone
mass of the total femur in elderly individuals (Fig. 2). We
included clinically important conventional variables and factors
that were significantly associated with BMD in the regression
model. After adjusting for regular exercise, smoking status,
alcohol consumption, and vitamin supplementation, we found
that sarcopenia and low 25(OH)D levels were independent
predictors for low bone mass at the total femur in both men
and women. Age was closely associated with an increased risk
of low bone mass, whereas high BMI and the upper tertile of
daily calcium intake were associated with a decreased risk of
low bone mass, regardless of gender. Waist circumference and
history of fracture were also independent predictors of low
bone mass among men, whereas no history of estrogen replace-
ment therapy was associated with low bone mass at the total
femur among women.

Discussion

This study of elderly noninstitutionalized Korean subjects
demonstrated that elderly sarcopenic subjects with vitamin D
insufficiency had significantly decreased BMD at the total
femur and femoral neck regions, but not at the lumbar spine,
regardless of gender. Vitamin D insufficiency decreases BMD
due to increased bone resorption due to a compensatory
increase in parathyroid hormone. Vitamin D plays a role in
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Table 3 Multivariable linear regression analysis to identify factors associated with bone mineral density

Men (n=1,596)

Women (n=1,886)

Total femur Femur neck Spine BMD Total femur Femur neck Spine BMD
BMD BMD BMD BMD
I} P 153 P I3 P 6 P 5] P 5] P
Age (year) —0.140  <0.001 -0.170 <0.001 —0.004 0.894 -0.317 <0.001 —0.349 <0.001 —0.115 <0.001
BMI (kg/m?) 0.333 <0.001 0.224 <0.001 0.271 <0.001 0.222 <0.001 0.102 0.010 0.168 <0.001
Waist —0.146  0.001 —0.085  0.050 —0.005 0912 —0.028  0.466 0.067 0.088 0.108 0.011
circumference
(cm)
ASM (kg) 0.283 <0.001 0.271 <0.001  0.159 <0.001  0.202 0.000 0.201 <0.001  0.139 <0.001
Alcohol intake 0.012 0.612 0.005 0.827 0.006 0.815 0.001 0.974 0.019 0.339 0.026 0.243
(drinks/week)
Smoking status
Past/never -0.034 0.253 —0.046  0.138 —0.042  0.210 —0.022  0.268 -0.020  0.329 -0.014 0.513
Current/never -0.024  0.439 -0.038  0.221 -0.047 0.173 —0.018 0.381 -0.006  0.773 -0.036  0.100
Daily calcium intake, tertile
Middle/low tertile  0.078 0.002 0.095 <0.001  0.054 0.052 0.032 0.158 0.030 0.188 0.026 0.285
High/low tertile 0.110 <0.001 0.129 <0.001  0.086 0.002 0.074 0.001 0.063 0.006 0.069 0.006
Family history of ~ —0.014  0.524 —0.006  0.777 —0.028  0.259 0.039 0.047 0.006 0.771 0.009 0.686
osteoporosis
(yes/no)
History of fracture ~ —0.090 <0.001 —-0.079 <0.001 -0.067 0.006 —0.061  0.002 -0.021  0.305 -0.064 0.004
(yes/no)
Moderate physical ~ 0.038 0.082 0.051 0.023 —0.003  0.902 0.021 0.299 0.018 0.376 —0.044  0.044
activity (yes/no)
Estrogen - - - - - - 0.035 0.093 0.058 0.005 0.135 <0.001
replacement
therapy (yes/no)
Early menopause - - - - - - —0.059  0.003 —0.054  0.007 -0.075  0.001
(yes/no)
ALT (IU/1) 0.036 0.113 0.029 0.215 0.014 0.584 0.041 0.042 —0.003  0.891 —0.009  0.701
25(OH)D (ng/ml) 0.065 0.003 0.057 0.013 0.043 0.082 0.046 0.021 0.044 0.031 0.009 0.672
Model R* (%) 329 28.8 18.1 34.0 32.1 22.1

All models were analyzed after adjustment with metabolic variables including total cholesterol, HDL cholesterol, triglycerides, and fasting glucose

BMD bone mineral density, BMI body mass index, ASM appendicular skeletal muscle mass, 4ALT alanine aminotransferase

bone formation through stimulation of osteoblasts, suppres-
sion of osteoblast apoptosis, and trans-differentiation of oste-
oblasts from bone marrow adipocytes [17]. In muscle cells,
vitamin D induces de novo synthesis of proteins that regulate
cell proliferation and differentiation and also increases the
calcium pool essential for muscle contraction. Therefore, vi-
tamin D is intimately involved in maintaining muscle mass
and function [17] and bone integrity. Aging induces human
skin to lose its ability to generate vitamin D3 from UV radia-
tion and low dietary intake of vitamin D in the elderly can
result in vitamin D insufficiency [26]. It could increase frac-
ture risk due to BMD loss and muscle weakness in the aged
people [27, 28]. Furthermore, sarcopenia is also known to
cause low BMD, due to less mechanical stimulation and the
pro-inflammatory cytokines underlying sarcopenia [9, 10].
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Several recent epidemiological studies have examined
the interaction between sarcopenia, osteoporosis, and vita-
min D insufficiency. Our study has confirmed the higher
prevalence of osteopenia and osteoporosis in subjects with
vitamin D insufficiency, consistent with the findings of the
Rancho Bernardo and other studies [29, 30]. We also iden-
tified a significant association between sarcopenia and BMD
in accord with previous report of a correlation between
sarcopenia, assessed by relative skeletal muscle mass index,
and BMD in postmenopausal women [31]. Kim et al. found
significantly lower 25(OH)D levels in older Korean subjects
with sarcopenia, regardless of BMI, suggesting that vitamin
D and sarcopenia may be associated [32]. We also found
that vitamin D levels were significantly correlated with
ASM, which reflects the amount of skeletal muscle mass.
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The relationship between regional BMD and body com-
position (e.g., muscle or fat) in elderly subjects was demon-
strated in several studies, but the physiological basis of the
relationship is not well understood. The Michigan Bone
Health Study reported that decreased BMD at the proximal
femur could be attributed to premenopausal muscle loss
[33]. Similarly, a 12-year longitudinal study [34] showed
that changes in lean body mass contribute to proximal femur
BMD, whereas changes in lean or fat body mass are not
related to lumbar spine BMD in women. Schoffl et al.
reported that lean mass was the strongest predictor of corti-
cal bone mineral content of the femur in postmenopausal
women [35]. Consistent with these findings, we observed
that ASM was more strongly correlated with femoral BMD
than lumbar spine BMD.

With respect to the site-specific effect of vitamin D on
BMD, vitamin D level has been more consistently associat-
ed with hip BMD than lumbar spinal BMD [36]. Several
studies show the influence of extravertebral calcifications on
lumbar spinal BMD [37—41]. In general, these calcifications
are classified into two categories: vascular calcification,
usually arising at the aorta and its major branches, and the
osteophytic calcification found in degenerative spinal dis-
eases [41]. These studies demonstrated that degenerative
conditions, such as osteophyte formation and bone sclerosis,
might erroneously increase measures of spinal BMD.
However, aortic calcification had only a minimal effect on
spinal BMD, probably due to the relatively low mineral
density of vascular deposits [38—41]. Severe degenerative
changes in spinal vertebrac are more common in elderly
adults; therefore, spinal BMD is likely to be overestimated
by DXA in these individuals [37], which may in turn un-
derestimate the relationship between vitamin D level and
spinal BMD. Therefore, we should be cautious in
interpreting our results. In our view, there are two possible
explanations for this correlation: either vitamin D has the
true site-specific effect on BMD, or degenerative conditions
in spine may introduce errors into estimation of the associ-
ation between vitamin D and lumbar spinal BMD.

The present study shows that vitamin D insufficiency and
sarcopenia are additively associated with low BMD, especial-
ly in the femur region. Osteoporotic hip fractures are a critical
public health and economic burden and are serious life-
threatening injuries for elderly individuals. Furthermore, low
femoral neck BMD is generally considered a reliable predictor
of future hip fracture [42, 43]. Our findings indicate that
femoral BMD is significantly decreased in elderly sarcopenic
subjects with vitamin D insufficiency, thus increasing the risk
of osteoporotic hip fracture. A meta-analysis of randomized
controlled trials reported that both monotherapy with
alfacalcidol (active vitamin D) and combination therapy with
vitamin D and calcium significantly reduced the incidence of
hip fracture but not vertebral fractures in older adults,

compared with a placebo [44]. This supports the idea that
vitamin D replacement may be more effective in preventing
hip fracture than vertebral fracture.

There are several explanations for our results that
sarcopenia and vitamin D insufficiency are associated with
femoral BMD, but not lumbar spine BMD. These results
may be attributed to heterogeneity in the structural and
metabolic characteristics of bones. Lumbar vertebrae, which
consist primarily of cancellous and trabecular bone, are
more affected by estrogen levels than the femur. In contrast,
the femur contains more cortical bone, which has a lower
metabolic rate than trabecular bone. Lean body mass may
protect against bone loss in the femur, which must bear
greater mechanical loads and stresses than the axial spine
through muscular contraction. Muscle contraction stimu-
lates periosteal apposition, which can also be directly in-
duced by mechanical strain through mechanoreceptors in
osteocytes [45, 46]. This may explain why sarcopenic pa-
tients with vitamin D insufficiency had lower BMD only in
the femur, which is surrounded by strong thigh muscles.
Consistent with our findings, a cross-sectional study from
Brazil also showed that postmenopausal women with
sarcopenia had lower BMD in the femoral neck and total
femur, but not in the lumbar spine [47].

The present study has several important strengths. To the
best of our knowledge, this is the first study to evaluate the
relationship between BMD and sarcopenia status combined
with vitamin D insufficiency among elderly adults. In addi-
tion, this is a large population-based study, which can in-
crease the statistical reliability of the results. Finally,
ethnicity influences not only the effects of anthropometric
indices on BMD but also body composition; therefore, it is
noteworthy that our study population consists of ethnically
homogenous South Korean individuals.

However, our study has some limitations, which should
be addressed by further investigation. First, the cross-
sectional design did not permit conclusions regarding a
causal relationship between BMD and sarcopenia combined
with vitamin D insufficiency in elderly adults. Second, the
precise mechanism underlying the effects of lean body mass
and vitamin D level on bone density of the femur, but not
vertebrae, has not yet been elucidated. Third, because stan-
dardized diagnostic criteria for sarcopenia have not been
established, our results are affected by the definition of
sarcopenia used (ASM/Wt or ASM/Ht?).

An important clinical implication of our study is that
vitamin D supplementation should be emphasized for the
elderly with sarcopenia, to prevent osteoporotic hip frac-
tures. Indeed, recent randomized controlled trials and meta-
analysis show that vitamin D supplementation does reduce
the risk of fractures and falls in the elderly [48]. We showed
that the elderly with sarcopenia have a greater need of
vitamin D supplementation. Our study also underscores
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the importance of prevention of sarcopenia through physical
exercise prior to aging because it is difficult to reverse loss
of muscle mass in the elderly.

In conclusion, elderly sarcopenic subjects with vitamin D
insufficiency exhibited significantly lower femoral BMD than
individuals who were sarcopenic or vitamin D insufficient
(but not both) in noninstitutionalized South Korean popula-
tion. These findings suggest a site-specific effect of lean
muscle mass and vitamin D level on BMD. The combination
of sarcopenia and vitamin D insufficiency may thus accelerate
femoral BMD loss in geriatric populations. In light of the
worldwide epidemic of vitamin D insufficiency, the impor-
tance of vitamin D supplementation and maintaining muscle
mass should be emphasized for elderly adults with a high risk
of osteoporotic fracture. Prospective studies are needed to
confirm that 25(OH)D can prevent femoral bone loss and
hip fractures in sarcopenic elderly adults.

Conflicts of interest None.
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