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Abstract Sarcopenia and osteoporosis are both signifi-
cant health burdens among postmenopausal women. This
study examined associations between sarcopenia and
osteopenia/osteoporosis in Japanese women and evaluated
the prevalence of sarcopenia in women with osteopenia and
osteoporosis. A total of 2400 Japanese women aged
40-88 years underwent dual-energy x-ray absorptiometry
(DXA) scans of the whole body, lumbar spine, and total
hip. Osteopenia and osteoporosis were defined according to
World Health Organization criteria using bone mineral
density (BMD) of the lumbar spine or hip. Sarcopenia was
defined as a relative skeletal muscle index (RSMI) more
than 2 standard deviations below the mean for a young
adult reference population, calculated as the appendicular
skeletal muscle mass (ASM) obtained from whole-body
DXA divided by height in meters squared (RSMI = ASM/
height®). Significant and marginal/moderate positive cor-
relations were observed between RSMI and lumbar spine/
total hip BMDs (r = 0.197 and r = 0.274, respectively;
p < 0.0001 each). The BMDs of the lumbar spine and total
hip showed significant moderate negative correlations with
age (r = —0.270 and r = —0.375, respectively; p < 0.0001

each), but RSMI showed no association with age in this
population (r = 0.056). When osteopenia/osteoporosis was
defined using lumbar spine BMD, prevalences of sarcopenia
in subjects with normal BMD, osteopenia and osteoporosis
were 10.4, 16.8, and 20.4 %, respectively. When osteopenia/
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osteoporosis was defined using total hip BMD, the preva-
lences of sarcopenia in these subjects were 9.0, 17.8, and
29.7 %, respectively. A Chi-square test for independence
showed a significant association between sarcopenia and
osteopenia/osteoporosis (p < 0.0001). These results indicate
that sarcopenia is significantly associated with osteopenia
and osteoporosis in Japanese women.

Keywords Sarcopenia - Osteopenia - Osteoporosis -
Dual-energy X-ray absorptiometry - Muscle mass

Introduction

Osteoporosis is a worldwide health problem that is age-
related and three times more common in women than in
men [1]. The loss of bone mass is a potent risk factor for
fragility fractures, and osteoporosis-induced fractures rep-
resent a major burden on society [1]. Lifetime risk for hip,
vertebral and forearm (wrist) fractures has been estimated
as approximately 40 %, similar to that for coronary heart
disease [1].

Sarcopenia is defined as the age-associated loss of
skeletal muscle mass and function [2]. Sarcopenia is very
common in older individuals, with a reported prevalence in
60- to 70-year-olds of 5-13 %, and a prevalence in >80-
year-olds of 11-50 % [3]. Sarcopenia increases the risk of
falls [4, 5], which enhance fragility fractures including
osteoporotic hip fractures. The risk of falls appears more
closely related to risk of limb fracture than bone mineral
density (BMD) [6]. Concomitant sarcopenia and osteope-
nia/osteoporosis thus represents a greater risk than osteo-
penia/osteoporosis alone for limb fractures.

Several factors that play important roles in causing
sarcopenia also contribute to bone loss, such as age-related
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decreases in levels of sex steroid hormones [7, 8], impaired
growth hormone and insulin-like growth factor-I signaling
and activity with aging [9, 10], and changes in nutritional
status, including vitamin D insufficiency [11]. Previous
studies have shown a positive association between lean
mass and BMD in postmenopausal women [12, 13].
Sarcopenia and osteoporosis may thus act together. The
prevalence of sarcopenia has been reported as 10-52 % in
the postmenopausal population, depending on the reference
method used and the population examined [2]. However,
the prevalence of sarcopenia in osteopenic and osteoporotic
women has not been fully evaluated.

Given this background, the aims of this study were to
examine associations between sarcopenia and osteopenia/
osteoporosis in Japanese women >40 years old, and to
evaluate the prevalence of sarcopenia among Japanese
women with osteopenia and osteoporosis.

Materials and methods
Subjects

A total of 2400 consecutive women >40 years old (range,
40-88 years) who visited our orthopedic outpatient clinic
and underwent whole-body and regional (lumbar spine and
total hip) dual-energy X-ray absorptiometry (DXA) (QDR
4500A; Hologic, Waltham, MA, USA) were enrolled in
this study. All subjects were orthopedic patients who had
minor symptoms (i.e., sprain, contusion, transient joint
pain, etc.) and requested examination for osteoporosis, or
were examinees in a regional screening program for oste-
oporosis who were referred to our clinic for confirmation of
whether osteoporosis was present. All subjects were
informed about the objectives of DXA and consented.
Subjects with a past history of medication using anti-
osteoporosis drugs, malignancy, corticosteroid use, bone
metabolic disorders other than osteoporosis (i.e., osteo-
malacia, hyperparathyroidism, etc.), paralysis or inability
to walk for any reason (i.e., myelopathy, paraplegia, severe
osteoarthritis, etc.) were excluded.

Definitions of osteopenia and osteoporosis

Osteopenia and osteoporosis were diagnosed using the
criteria of the World Health Organization (WHO) [1].
Osteopenia was defined as a BMD more than 1.0 standard
deviation (SD) below the young adult mean, but less than
2.5 SDs below this value (T-score < —1 and > -2.5), and
osteoporosis was defined as a BMD 2.5 SDs or more below
the young adult mean (T-score < -2.5). The BMDs
were measured from DXA of the lumbar spine (L2-L4)
and total hip.

Sarcopenia definition

From the whole-body composition data obtained using
DXA, appendicular skeletal muscle mass was calculated as
the sum of skeletal muscle mass in the arms and legs,
assuming that all non-fat and non-bone tissue is skeletal
muscle [14, 15]. The DXA measurement methods and
validation have been reported elsewhere [16, 17]. Relative
skeletal mass index (RSMI) was derived from the appen-
dicular skeletal muscle mass in kilograms divided by the
square of the height in meters [14, 18]. Sarcopenia was
considered present for an RSMI more than 2 SDs below the
mean in young women [14]. In this study, the cut-off value
for sarcopenia (<5.46 kg/m” for women) was referenced
from normative data from the Japanese population using
the same DXA device (QDR 4500A; Hologic) [19].

Prevalences of sarcopenia, osteopenia, and osteoporosis

The 2400 subjects were divided into five groups according
to age decade: 40-49 (n = 105); 50-59 (n = 459); 60—69
(n = 825); 70-79 (n = 874); and 80-89 (n = 137) years.
Prevalences of sarcopenia, osteopenia, and osteoporosis in
each age group were then estimated. Prevalences of sar-
copenia in subjects with osteopenia or osteoporosis in the
total study population and in each age group were further
calculated.

Statistical analyses

The correlation between estimated variables was analyzed
using Pearson’s correlation coefficient and simple regres-
sion analysis. Further analyses using multiple regression
were conducted to evaluate the impact of RSMI on BMD.
The association between sarcopenia and osteopenia/osteo-
porosis was investigated using the Chi-square test for
independence. Values of p < 0.05 were considered statis-
tically significant.

Results

Characteristics of the 2400 participants in this study are
shown in Table 1. The correlations between variables are
listed in Table 2. Significant and marginal/moderate posi-
tive correlations were observed among RSMI and lumbar
spine/total hip BMDs. The RSMI showed a strong positive
correlation with BMI. Age showed a significant, marginal
positive correlation with BMI and a significant, marginal/
moderate negative correlations with lumbar spine/total hip
BMDs.

Multiple regression analysis on lumbar spine BMD
using age, BMI, and RSMI as independent variables
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Table 1 Characteristics of study subjects (n = 2400)

Variables Mean SD Range
Age (years) 66.3 9.2 40-88
Height (cm) 151.7 6.4 127.0-172.0
Weight (kg) 53.0 8.5 25.0-110.0
Body mass index (kg/m?) 23.1 3.4 13.6-41.9
Relative skeletal mass index 6.15 0.72 4.15-9.53

(kg/m?)
Lumbar spine-BMD (g/cmz) 0.810 0.174 0.311-2.077
Total hip-BMD (g/cmz) 0.719 0.127 0.320-1.230
BMD bone mineral density, SD standard deviation
Table 2 Correlations between estimated variables

Age BMI RSMI  LS- Total hip-
BMD BMD

Age 0.124* 0.056 —0.270* —0.375*
BMI 0.709* 0.237* 0.336%*
RSMI 0.197* 0.274*
LS-BMD 0.636*
Total hip-

BMD

Data represent Pearson’s correlation coefficient, r

BMI body mass index, RSMI relative skeletal mass index, LS lumbar
spine, BMD bone mineral density

* p < 0.0001

Table 3 Multiple regression analysis on lumbar spine-BMD in study
subjects

Variables Coefficient (r) Significance (p)
Intercept 0.842 <0.0001
Age —0.006 <0.0001
BMI 0.013 <0.0001
RSMI 0.010 0.1281

BMI body mass index, RSMI relative skeletal mass index, BMD bone
mineral density

identified age and BMI as significant contributors for
lumbar spine BMD, but RSMI did not reach the level of
statistical significance (Table 3). Multiple regression
analysis for total hip BMD revealed that in addition to age
and BMI, RSMI was also selected as a significant con-
tributor to total hip BMD (Table 4).

A Chi-square test for independence showed a significant
association between sarcopenia defined using RSMI and
osteopenia/osteoporosis defined using both lumbar spine
BMD and total hip BMD (p < 0.0001).

When osteopenia and osteoporosis were defined using
lumbar spine BMD, the prevalence of osteopenia increased
after the 50s and the prevalence of osteoporosis gradually
increased with age (Fig. 1). When osteopenia and
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Table 4 Multiple regression analysis on total hip-BMD in study
subjects

Variables Coefficient (r) Significance (p)
Intercept 0.747 <0.0001
Age —0.006 <0.0001
BMI 0.013 <0.0001
RSMI 0.009 0.0285

BMI body mass index, RSMI relative skeletal mass index, BMD bone
mineral density
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Fig. 1 Prevalences of osteopenia and osteoporosis with age, as
evaluated by bone mineral density of the lumbar spine

osteoporosis were defined by total hip BMD, prevalence of
osteopenia increased with age decade, but decreased
slightly in the 80s , while the prevalence of osteoporosis
increased exponentially with age group (Fig. 2). Preva-
lence of sarcopenia as defined using RSMI in this popu-
lation was higher in the 40s compared to other age groups,
and after the 50s , the prevalence appeared to almost pla-
teau (Fig. 3).

In both definitions of osteopenia/osteoporosis by BMD
measurement of the lumbar spine and total hip, the prev-
alence of sarcopenia defined with RSMI in subjects with
osteopenia (16.8 or 17.8 %) was higher than the prevalence
of sarcopenia in subjects with normal BMD (10.4 or
9.0 %), and the prevalence of sarcopenia in subjects with
osteoporosis (20.4 or 29.7 %) was higher than the preva-
lence of sarcopenia in subjects with osteopenia. This
relationship (lowest prevalence of sarcopenia in subjects
with normal BMD and highest in osteoporotic subjects)
was observed in all age groups (Figs. 4, 5).

Discussion

Sarcopenia and osteoporosis represent significant health
burdens among postmenopausal women [5]. Associations
with sarcopenia and osteopenia/osteoporosis in women
have been reported in several studies. Gillette-Guyonnet
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et al. [20] reported that among 129 healthy French women,
appendicular skeletal muscle mass was significantly lower
in osteoporotic women than in age- and sex-matched non-
osteoporotic controls. Walsh et al. [18] investigated the
prevalence of sarcopenia defined using RSMI in 213
healthy pre- and postmenopausal volunteers in the United
States (97 % Caucasian) and reported that the prevalence
of sarcopenia in that sample was 11.7 %, with prevalences
of 12.5 % in premenopausal osteopenic women, 25 % in
postmenopausal women with osteopenia, and 50 % in
postmenopausal women with osteoporosis. Di Monaco
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Fig. 2 Prevalences of osteopenia and osteoporosis with age, as
evaluated by bone mineral density of the total hip

et al. [4] recently assessed the prevalence of sarcopenia
evaluated with RSMI and associations with osteoporosis in
313 hip-fracture women, and reported that 58 % of subjects
were sarcopenic, whereas 74 % were osteoporotic. They
concluded that the high prevalence of sarcopenia and its
significant association with osteoporosis was present in a
sample of hip-fracture women [4]. The present study with a
larger number of Japanese women demonstrated significant
associations of lumbar spine/total hip BMD and RSMI, and
the prevalence of sarcopenia was highest in osteoporotic
subjects, followed by osteopenic subjects, and lowest in
normal BMD subjects in all age decade groups from the
40 s to 80 s.

A study from the Third National Health and Nutrition
Examination Survey (NHANES III) in the United States
showed that prevalence of sarcopenia in women as esti-
mated using bioelectrical impedance analysis (BIA)
increased with age [21]. In the present study, osteopenia
and osteoporosis were significantly associated with age, as
with the wider literature including a report from the WHO
[1]; however, RSMI and sarcopenia showed no significant
association with age. Although the evaluation method in
this study (RSMI) differed from that used in NHANES III
(BIA), this discrepancy warrants closer attention. Study
samples in the present study may have been biased com-
pared to the normal population, because all participants in
this study were subjects visiting an orthopedic clinic. Thus,
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why these studies did not show age-related increases in
sarcopenia among women remain unclear, but sex-specific
differences may exist when sarcopenia is evaluated using
RSML

In the present study, significant positive correlations
between lumbar spine BMD and total hip BMD were
observed, as previously reported [24]. However, multiple
regression analysis showed that a significant impact of RSMI
on BMD was only seen for total hip BMD, and not for
lumbar spine BMD. We speculated that this discrepancy
between total hip and lumbar spine BMDs might have been
primarily attributable to the existence of spondylosis, which
affects lumbar spine BMD. Although we could not evaluate
the degree of spondylosis because spine X-rays were not
available for many participants in this study population,
previous studies have shown that lumbar osteophyte forma-
tion and intervertebral disc degeneration correlate positively
with BMD [24]. In addition, from the perspective of muscle
and bone interactions, RSMI of the arms and legs is con-
sidered to have a more significant relationship with BMD
from an extremity (total hip BMD) rather than spine BMD.

The importance of BMD measurement for osteopenia/
osteoporosis screening is widely accepted [1]. Screening
for sarcopenia should also now be considered, because
sarcopenia represents a major cause of disability and
increased health costs, particularly among older individuals
[2]. In this study, BMD and RSMI were simultaneously
examined by DXA. As suggested by Walsh et al. [18],
simultaneous screening for sarcopenia during BMD
examinations by DXA may be of value in identifying
osteopenic/osteoporotic women with sarcopenia, a group
that may be most in need of exercise interventions to
increase muscle and BMD.

Several limitations should be addressed. First, the defi-
nition of sarcopenia in this study only referred to RSMI,
because the majority of diagnostic thresholds for sarcope-
nia have been developed based on this method [2, 5, 14, 18,
19, 25]. However, muscle mass does not correlate directly
with muscle strength [5], and the European Working Group
on Sarcopenia in Older People (EWGSOP) recommends
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the diagnosis of sarcopenia based on documentation of low
muscle mass plus low muscle function (strength or per-
formance) [25]. If we could have evaluated muscle func-
tion in addition to muscle mass in this study, age-related
associations between sarcopenia and osteopenia/osteopo-
rosis might have become more apparent. In future studies,
for example, walking velocity should be included as a
functional parameter in the definition of sarcopenia. Sec-
ond, although the sample size was considered large, the
present data cannot be generalized to the overall popula-
tion, because the subject cohort may have suffered selec-
tion bias in that all subjects had visited orthopedic clinics.
Further community-based studies with normal populations
to evaluate both muscle mass and function are required to
confirm the present findings.

In conclusion, this study examined associations between
sarcopenia and osteopenia/osteoporosis in a total of 2400
Japanese women. The RSMI showed significant positive
correlations with BMDs of the lumbar spine and total hip.
Prevalence of sarcopenia defined with RSMI was highest in
subjects with osteoporosis, followed by subjects with
osteopenia, and lowest in subjects with normal BMD.
These results suggest that sarcopenia is significantly asso-
ciated with osteopenia and osteoporosis in Japanese
women. However, the results should be interpreted with
care, as the subject cohort may have suffered selection bias
in that all subjects had visited orthopedic clinics.
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