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Abstract
Summary The purpose of the study is to investigate the rela-
tionship between sarcopenia and body composition and oste-
oporosis in cohorts of three different races with a total of 17,
891 subjects. Lean mass and grip strength were positively
associated with bone mineral densities (BMDs). Subjects with
sarcopenia were two times more likely to have osteoporosis
compared with normal subjects.
Introduction The relationship between sarcopenia and osteo-
porosis is not totally clear. First, the present study assessed this
relationship by using two different definitions for sarcopenia.
Second, we examined the associations of body composition
(including muscle mass as a major and important component)
and muscle strength on regional and whole-body BMDs.
Methods In total, 17,891 subjects of African American,
Caucasian, and Chinese ethnicities were analyzed.
Sarcopenia was defined by relative appendicular skeletal mus-
cle mass (RASM) cut points and also by the definition of the
EuropeanWorking Group on Sarcopenia in Older People (low
RASM plus low muscle function). Multiple regression analy-
ses were conducted to examine the association of fat mass,

lean mass (including muscle mass), and grip strength with
regional and whole-body BMDs. Multivariate logistic regres-
sion analysis was performed to explore the association be-
tween sarcopenia and osteopenia/osteoporosis.
Results BMDs were positively associated with lean mass and
negatively associated with fat mass, after controlling for po-
tential confounders. Grip strength was significantly associated
with higher BMDs. Each standard deviation (SD) increase in
RASM resulted in a ~37 % reduction in risk of osteopenia/
osteoporosis (odds ratio (OR)=0.63; 95% confidence interval
(CI)=0.59, 0.66). Subjects with sarcopenia defined by RASM
were two times more likely to have osteopenia/osteoporosis
compared with the normal subjects (OR=2.04; 95 % CI=
1.61, 2.60). Similarly, subjects with sarcopenia (low muscle
mass and low grip strength) were ~1.8 times more likely to
have osteopenia/osteoporosis than normal subjects (OR=
1.87; 95 % CI=1.09, 3.20).
Conclusions High lean mass and muscle strength were posi-
tively associated with BMDs. Sarcopenia is associated with
low BMD and osteoporosis.

Keywords Body composition .Muscle strength .
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Introduction

The aging process is accompanied by the progressive decline
in bone mineral density (BMD), muscle mass, and muscle
strength. The reduction of bone mass is a key feature of oste-
oporosis, which is defined in an individual with a BMD T-
score at least 2.5 standard deviations (SDs) below the normal
T-score in young adults [1]. Low BMD and bone architecture
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deterioration can increase the risk of fracture, posing a major
clinical and public health burden.

The age-associated loss of muscle mass and strength is
referred to as sarcopenia, which has a multifactorial basis in-
cluding disuse, changing endocrine function, chronic diseases,
inflammation, insulin resistance, and nutritional deficiencies
[2]. Sarcopenia could result in adverse outcomes such as phys-
ical disability, poor quality of life, escalated costs of health
care, and increased mortality. The prevalence of sarcopenia
is reported to be 5–13 % in adults between 60 and 70 years
of age and 11–50 % in people >80 years old [3]. Even with a
conservative estimate of prevalence, sarcopenia affects more
than 50 million people worldwide today [4], and it has been
estimated that the direct public health cost for sarcopenia was
approximately $18.5 billion in the USA alone in 2000 [5]. The
most widely used criterion for diagnosis of sarcopenia is based
on the relative appendicular skeletal muscle mass (RASM),
which is measured by the appendicular lean mass divided by
height squared (kg/m2) [2, 6]. However, there is debate about
the value of this definition of sarcopenia based on muscle
mass alone. For example, the European Working Group on
Sarcopenia in Older People (EWGSOP) requires both low
muscle mass and low muscle function (strength or physical
performance) for the diagnosis of sarcopenia [4]. The rationale
behind this latter definition is that muscle strength does not
depend solely on muscle mass, and the relationship between
muscle mass and muscle strength is not linear [4, 7].
Therefore, defining sarcopenia based solely on muscle mass
is of limited clinical value.

The pathophysiology and etiology of sarcopenia and oste-
oporosis, and the relationship between them, are complicated
and multifactorial. Recent studies have shown that muscle and
bone share some common genetic, nutritional, lifestyle, and
hormonal determinants [8], and that body composition and
muscle strength are correlated with bone density [9]. In elders,
decreased muscle mass and increased fat mass may contribute
to difficulties with physical function. Many studies indicate
that sarcopenia is an important predictor of poor physical
function after consideration of the body weight or fat mass
of the individual [10]. It has been hypothesized that certain
determinants may influence bone through body composition
and various determinants of BMD also influence body fat
mass (FM) or muscle mass [11]. Two main components of
body composition are FM and lean mass (LM), but it is un-
clear whether LM or FM is a better predictor of BMD. Many
studies have shown that LM is positively correlated with
whole-body and/or regional area BMD [11, 12, 9, 13, 14],
and that RASM is also significantly associated with regional
BMD [14, 15]. However, another study found that only FM is
associated with BMD [16], and several recent studies reported
that, after controlling for the mechanical loading effects of
body weight on bone mass, there is an inverse association
between FM and BMD [17–19]. There are two potential

explanations for these inconsistent findings. First, LM and
FM are primary components of body weight, and they are
highly correlated with one another. When both FM and LM
are included into a regression model, the regression coeffi-
cients for FM and LM should be interpreted with caution
because of this correlation which results in multicollinearity.
Second, differences in experimental design, study sample size,
demographic characteristics (including age, sex, and ethnici-
ty), and menstrual status (pre-, peri-, or postmenopause) may
contribute to these inconsistent or contradictory results, pos-
ing difficulty in comparing findings across studies.

To date, the relationship between BMD and sarcopenia,
defined by low RASM as well as by the more stringent
EWGSOP criterion, has not been thoroughly studied. In the
current study, we therefore assessed this relationship by using
three large cohorts of different ethnicities based on two differ-
ent definitions for sarcopenia. Also, we concurrently exam-
ined the associations of body composition andmuscle strength
on regional and whole-body BMDs.

Methods

Subjects

The study population consisted of three samples. The first
sample was composed of 4274 healthy unrelated African
American (AA) subjects (2383 males, 1891 females) from
two cities (New Orleans and Baton Rouge, LA) in the south-
ern USA. The second sample, collected in the Midwestern
(Omaha, NE and Kansas City, MO) and the southern (New
Orleans and Baton Rouge, LA) USA, consisted of 8604 un-
related healthy Caucasians (2947 males, 5657 females). The
third sample consisted of 5013 unrelated healthy Chinese sub-
jects (1677 males and 3336 females), recruited from two cities
(Xi’an, Shanxi, and Changsha, Hunan) in central of People’s
Republic of China.

Through the Louisiana Osteoporosis Study (LOS), Kansas
City Osteoporosis Study (KCOS), and Chinese Osteoporosis
Study (COS), we are building a large research cohort and
database for human complex disease studies. In total, the
study consisted of 17,891 participants of three different eth-
nicities. All participants signed informed consent documents
before entering the studies. The comprehensive exclusion
criteria were consistent and communicated elsewhere [20].
Briefly, none of the subjects had chronic diseases, medica-
tions, or treatments which may affect bone and/or soft tissue
metabolism.

Measurement

A Hologic 4500 dual-energy X-ray absorptiometry (DXA)
scanner (Hologic Inc., Bedford, MA, USA) was used to
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measure BMD (g/cm2) at whole body (WB), lumbar spine
(LS), femoral neck (FN), total radius (TR), total FM, and total
LM. DXA can give regional measures for the limbs, and limb
lean tissue mass (appendicular) can be used as a good proxy
for muscle mass [21]. Appendicular lean mass (aLM) was
calculated as the sum of LM in the arms and legs. BMD for
spine reflected the combined BMD of L1–L4. The Hologic
Spine Phantom was scanned daily to monitor the long-term
stability of scanning. DXA quality assurance measurements
were performed at all study cities to ensure scanner reliability,
and identical scan protocols were used for all participants.
Weight was measured in light indoor clothing using a calibrat-
ed balanced beam scale, and height was measured using a
calibrated stadiometer without shoes. BMI (kg/m2) was calcu-
lated as weight divided by height squared. Percentage fat mass
(PFM) was defined as the ratio of total body FM divided by
body weight. RASM was calculated as a LM divided by
height squared. Grip strength was evaluated with the Jamar
1 hand-held dynamometer (TEC Inc., Clifton, NJ). Two mea-
surements of maximum strength were taken at both hands.
The maximum grip strength value was recorded in kilograms.

All participants completed an interviewer-assisted compre-
hensive questionnaire to assess information about demograph-
ic, occupational, and lifestyle information; reproductive histo-
ry; disease history; consumption of alcohol; cigarette
smoking; and physical activity. Subjects were defined as non-
smokers (never smoked or quit smoking at least 5 years prior
to study). Subjects were considered to consume alcohol if they
drank any volume of alcohol at least once per week. Regular
exercise was defined by any type of exercise at least once per
week.

Diagnosis of osteoporosis and sarcopenia

For the current study, osteoporosis and osteopenia were de-
fined using WHO criteria. Specifically, osteoporosis was de-
fined as a T-score at the FN of at least 2.5 SDs below the peak
BMD of a young female adult reference group (T-score≤
−2.5), and osteopenia was defined as FN BMD of 1.0–2.5
SDs below the young female adult reference group (−2.5<T-
score<−1) [22]. These criteria were developed based on well-
established normative data from the ThirdNational Health and
Nutrition Examination Survey (NHANES III) reference data-
base on Caucasian women aged 20–29 years [23, 24].

Sarcopenia was defined using two distinct approaches. The
first approach defined sarcopenia as RASM (aLM/height2)
being more than 2 SDs below the mean of young male and
female reference groups. The current objective cut points for
sarcopenia in men and women are RASM ≤7.26 kg/m2 and
RASM ≤5.45 kg/m2, respectively [6, 2, 25]. These criteria for
sarcopenia are based on previous studies including subjects of
Caucasian and AA ethnicity. Because of ethnic difference in
body composition, such criterion appears not to be applicable

to Chinese subjects. A previous study established the cutoff
values of 6.08 and 4.79 kg/m2 for sarcopenia for healthy
Chinese men and women, respectively [26], and these criteria
were used for the diagnosis of sarcopenia in our Chinese sam-
ple. The second approach for defining sarcopenia was based
on the new European consensus definition of the EWGSOP in
which both low muscle mass and low muscle function were
used for the diagnosis of sarcopenia, with differentiation into
three conceptual stages. The presarcopenia stage is character-
ized only by low muscle mass. The sarcopenia stage is char-
acterized by low muscle mass plus either low muscle strength
or low physical performance. The severe sarcopenia stage was
defined by low muscle mass plus low muscle strength plus
low physical performance [4]. Low muscle strength was de-
fined as grip strength in men being ≤29 kg if BMI was ≤24,
≤30 kg if BMI was 24.1–28, and ≤32 kg if BMI was >28. In
women, the corresponding numbers for low muscle strength
were ≤17 kg if BMI was ≤23, ≤17.3 kg if BMI was 23.1–26,
≤18 kg if BMI was 26.1–29, and ≤21 kg if BMI is >29 [27].

Statistical analysis

The means and SDs were calculated for anthropometric mea-
sures. Differences in basic characteristics by race and sex were
compared using analysis of variance (ANOVA) for continu-
ous variables. And the subsequent comparisons were per-
formed by Tukey’s honestly significant difference (HSD) to
locate the source of significances. Pearson’s chi-squared test
(χ2) was used to compare differences for categorical variables.

In order to assess the associations between body composi-
tion and BMDs independently from the confounding effect of
body weight, the entire cohort was divided into 10-kg strata of
body weight. Only those strata containing over 200 subjects
were included in statistical analysis to ensure appropriate sta-
tistical power. Partial correlation analyses, stratified by weight
strata and controlling for age, height, race, and gender, were
conducted to determine the strength of the relation between
BMDs and body composition variables.

Multiple regression analysis was conducted to examine the
association of FM, LM, and grip strength with regional and
whole-body BMDs. For the entire cohort, race and sex were
included in the regression models to test interactions using
product terms. Regression models were also stratified by race
and sex/menopause status with lifestyle risk factors adjusted.
Body weight was not included in the multiple regression anal-
yses to avoid multicollinearity since LM and FM are the pri-
mary components of weight. The variance inflation factor
(VIF) was used to examine multicollinearity of variables in
each model. If the largest VIF is >10, then multicollinearity
exists.

Multivariate logistic regression analysis was also per-
formed to examine the association between sarcopenia and
osteopenia/osteoporosis. In the multivariate logistic regression
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model, the dependent variable is sarcopenia and the indepen-
dent variable is osteopenia/osteoporosis, which is a dummy
variable. Other covariates were adjusted in the model includ-
ing age, gender, height, weight, race, city, smoking, alcohol
drinking, and regular exercise. The results were expressed as
odds ratios (ORs) and 95 % confidence interval (CI).

All statistical analyses were conducted using the Statistical
Analysis System 9.3 (SAS Institute, Cary, NC, USA). All
statistical tests were two-tailed, and p<0.05 was considered
statistically significant.

Results

Descriptive statistics

Table 1 shows the basic characteristics, anthropometric mea-
surements, and regional and total body BMDs of the study
population which was stratified into six subgroups by race
and gender. There are 4274 unrelated healthy AA subjects
[1891 females and 2383 males, aged 46.60±11.8 years

(mean±SD), ranging 18.1–97.5], 8604 unrelated healthy
Caucasians [2947 males, 5657 females, aged 49.3±15.0 years
(mean±SD), ranging 18.1–95.2], and 5013 unrelated healthy
Chinese subjects [1677 males and 3336 females, aged 36.0±
18.3 years (mean±SD), ranging 18.0–88.0]. The proportion of
premenopausal women and postmenopausal women is 39.0
and 21.0 %, respectively. All the subjects signed informed
consent documents before entering the studies. In brief, sub-
jects with diseases, treatments, or conditions that would be
apparent, nongenetic, causes for abnormal bone mass or FM
were excluded.

Within each ethnic grouping, men had lower absolute and
relative FM, a greater LM, and greater RASM than women.
As expected, regional and whole-body BMDs were greater in
men than in women. AAs had the greatest LM and RASM,
followed by Caucasians and Chinese in both men and women.
Such differences among the three race groups remained for
FM and PFM in women. However, in men, Caucasians had
the greatest FM and PFM. Mean BMD differed significantly
between the three race groups at whole-body and regional
skeletal sites (p<0.001) except for the FN, with values being

Table 1 Descriptive characteristics by sex and race (mean±SD)

Men Women Comparison*

AA (1)
(n=2383)

Cau (2)
(n=2947)

Chi (3)
(n=1677)

AA (4)
(n=1891)

Cau (5)
(n=5657)

Chi (6)
(n=3336)

Age (year) 46.74±10.81 46.18±14.94 32.59±17.69 46.41±12.99 50.88±14.72 37.66±18.41

Height (cm) 175.58±7.19 175.72±6.88 170.06±5.91 163.50±6.38 162.98±6.45 158.09±5.33 6<5, 4<3<2, 1

Weight (kg) 84.76±19.76 84.52±17.5 64.52±10.49 85.61±22.32 71.43±17.40 54.54±8.96 6<3<5<1, 2, 4

BMI (kg/m2) 27.43±5.89 27.33±5.21 22.29±3.32 32.00±8.02 26.91±6.43 21.82±3.45 6, 3<5<2, 1<4

Age of menarche – – – 12.84±2.03 12.80±1.55 14.01±1.72 –

Age of menopause – – – 43.45±8.60 46.00±7.80 48.47±5.54 –

FM (kg) 19.04±10.57 20.35±9.66 11.25±5.39 33.60±13.70 26.13±11.13 16.12±5.13 3<6<1<2<5<4

PFM (%) 21.33±7.13 23.16±6.82 16.85±5.99 37.94±7.41 35.42±7.47 29.01±5.50 3<1<2<6<5<4

LM (kg) 64.91±11.12 63.85±9.90 51.83±6.24 52.03±9.77 45.75±7.80 37.59±4.49 6<5<4, 3<2<1

RASM (kg/m2) 9.94±1.60 9.27±1.34 8.04±0.91 8.74±1.73 7.31±1.29 6.22±0.77 6<5<3<4<2<1

aLM (kg) 30.72±5.67 28.70±4.91 23.31±3.31 23.39±5.03 19.44±3.80 15.57±2.24 6<5<4, 3<2<1

BMD (g/cm2)

WB BMD 1.22±0.12 1.17±0.11 1.09±0.09 1.15±0.12 1.09±0.10 1.00±0.09 6<5, 3<4<2<1

LS BMD 1.12±0.16 1.07±0.17 0.96±0.12 1.09±0.17 1.00±0.17 0.88±0.12 6<3<5<2<4<1

FN BMD 0.94±0.20 0.85±0.20 0.85±0.14 0.88±0.16 0.77±0.23 0.74±0.11 6<5<2, 3<4<1

TR BMD 0.67±0.09 0.63±0.07 0.59±0.06 0.56±0.07 0.51±0.06 0.51±0.06 6<5<4<3<2<1

Grip strength 45.05±12.47 45.34±11.33 41.76±6.31 29.20±8.88 28.47±8.31 26.30±8.60 6<5, 4<3<2, 1

Exercise regular (%)* 75.90 79.37 65.18 63.26 72.95 55.07

Current smoker (%)* 76.40 69.50 21.53 45.63 39.13 0.90

Alcohol use (%)* 66.62 74.50 53.07 52.55 78.52 11.66

BMI body mass index, FM total fat mass, PFM percentage fat mass, LM total lean mass, RASM relative appendicular skeletal muscle mass, aLM
appendicular lean mass,WB BMD whole-body bone mineral density, LSBMD lumbar spine bone mineral density, FN BMD femoral neck bone mineral
density, TR BMD total radius bone mineral density

*p<0.001
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highest in AAs and lowest in Chinese. Grip strength was
higher in men than in women and was the highest in AAs
and lowest in Chinese.

For women aged >50, the prevalence of osteopenia in AAs,
Caucasians, and Chinese was 26.63, 53.00, and 54.65 %, re-
spectively, and the prevalence of osteoporosis is 2.71, 8.83,
and 14.97 %, respectively. For women aged <50, the preva-
lence of osteopenia in AAs, Caucasians, and Chinese was
10.19, 25.32, and 40.53 %, respectively, and the prevalence
of osteoporosis is 0.46, 0.85, and 0.79 %, respectively. For
men aged >65, the prevalence of osteopenia in AAs,
Caucasians, and Chinese was 25.00, 37.43, and 47.67 %, re-
spectively, and the prevalence of osteoporosis is 1.92, 3.89,
and 7.56%, respectively. For men aged <65, the prevalence of
osteopenia in AAs, Caucasians, and Chinese was 8.28, 19.94,
and 16.81 %, respectively, and the prevalence of osteoporosis
is 0.17, 1.22, and 0.86 %, respectively. Based on the low
RASM definition of sarcopenia, the prevalence of sarcopenia
in AAs, Caucasians, and Chinese was 1.82, 3.87, and 1 %,
respectively. According to the EWGSOP definition, the prev-
alence of sarcopenia in AAs, Caucasians, and Chinese is 1.40,
3.23, and 0.8%, respectively. The established cutoff values for
RASM by Baumgartner et al. (24) were limited to Caucasian
and AA ethnicities, with separate criteria used for Chinese
(25).

Correlation between bone mass and other body
composition variables

Table 2 shows partial correlation coefficients, controlling for
age, race, sex, and height, between body composition, grip
strength, and BMDs. LM and FM were significantly positive-
ly correlated with BMD when body weight was not con-
trolled. In each 10-kg stratum of weight, LM was positively
associated with BMDs, whereas FM and PFM were negative-
ly correlated with BMDs. These findings suggest that body
weight may confound the relationship between BMD and FM
if not controlled in the model. Significant positive associations
between aLM, LM, and BMDs were found in the entire cohort
and in each of the 10-kg strata. Grip strength was significantly
correlated with BMD at all skeletal sites.

Multiple regression analysis of body composition
and BMD

Table 3 displays the regression coefficients, adjusted for var-
ious covariates, for whole-body and regional BMDs with LM,
FM, and grip strength. LM was the dominant independent
contributor to whole-body and regional BMDs in the total
sample and the three subgroups (all p<0.001). In the total
sample, FM was significantly negatively associated with
whole-body BMD (p<0.001). FM did not predict LS or FN
BMDs in pre- and postmenopausal women, or TR in

postmenopausal women. Grip strength was significantly asso-
ciated with higher BMDs at all sites (p<0.001).

Significant race×FM interactions were found for whole-
body, LS, and TR BMD (p<0.001) when all subjects were
included in the regression model. Significant sex×LM inter-
actions were also found for whole-body and FN BMD
(p<0.001). Significant race×LM and sex×FM interactions
(p<0.001) were found for whole-body and TR BMD, respec-
tively. No significant interaction was detected in any of the
three subgroups.

Weight was not included in the regression model due to the
very high multicollinearity with LM and FM (VIF>10). VIFs
in the models shown in Table 3 were less than 5 (data not
shown), indicating that collinearity is unlikely in these
models.

Sarcopenia and ORs of osteoporosis

The association between osteopenia/osteoporosis and
sarcopenia is shown in Table 4. Each SD increase in RASM
resulted in a 37 % reduction in the risk of osteopenia/
osteoporosis (OR=0.63; 95 % CI=0.59, 0.66). Using the
RASM-only definition of sarcopenia, after adjustment with
covariates, the OR of osteopenia/osteoporosis in subjects hav-
ing sarcopenia was two times higher than that in those without
sarcopenia (OR=2.04; 95 % CI=1.61, 2.60). When
sarcopenia was defined by EWGSOP, the OR of osteopenia/
osteoporosis in subjects with presarcopenia was two times
higher than that in normal subjects (OR=2.09; 95 % CI=
1.60, 2.72), whereas the OR in subjects with sarcopenia (low
muscle mass and low grip strength) was 1.87 times more than
that in normal subjects (OR=1.87; 95 % CI=1.09, 3.20).
There were significant linear trends for higher ORs of
osteopenia/osteoporosis with sarcopenia than those of normal
subjects in men and premenopausal women (p values <0.05).

Discussion

In the present study, with three diverse race cohorts that to-
taled 17,891 subjects aged from 18 to 97 years, we observed
that subjects with sarcopenia were two times more likely to
have osteoporosis compared with normal subjects. Each SD
increase in RASM resulted in a 36 % reduction in the risk of
osteopenia/osteoporosis. LM consistently showed significant
positive correlations with whole-body and regional BMD. LM
was positively associated with BMD at all skeletal sites. Grip
strength was also associated with BMD at all sites. FM, in
contrast, was negatively associated with BMDs.

The present study found that subjects with sarcopenia,
based on the definition of Baumgartner et al. or EWGSOP
[25, 4], were more likely to have osteopenia/osteoporosis than
normal subjects. A similar association between osteoporosis
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Table 2 Partial correlations between BMDs and body compositions

WB BMD LS BMD FN BMD TR BMD

Total LM 0.305*** 0.332*** 0.435*** 0.26***

FM 0.061*** 0.207*** 0.239*** 0.098***

aLM 0.291*** 0.3*** 0.43*** 0.261***

PFM −0.013 0.144*** 0.144*** 0.051***

Grip strength 0.219*** 0.083*** 0.162*** 0.205***

40–50 kg LM 0.311*** 0.207*** 0.244*** 0.256***

FM −0.071** −0.02 −0.031 −0.055*
aLM 0.177*** 0.118*** 0.201*** 0.206***

PFM −0.123*** −0.063* −0.08** −0.113***
Grip strength 0.145*** 0.082** 0.085** 0.15***

50–60 kg LM 0.324*** 0.233*** 0.296*** 0.203***

FM −0.195*** −0.09*** −0.138*** −0.099***
aLM 0.23*** 0.144*** 0.257*** 0.168***

PFM −0.238*** −0.131*** −0.193*** −0.126***
Grip strength 0.19*** 0.075*** 0.146*** 0.181***

60–70 kg LM 0.323*** 0.212*** 0.296*** 0.198***

FM −0.219*** −0.084*** −0.186*** −0.11***
aLM 0.238*** 0.146*** 0.271*** 0.16***

PFM −0.25*** −0.116*** −0.224*** −0.131***
Grip strength 0.168*** 0.01 0.105*** 0.188***

70–80 kg LM 0.334*** 0.183*** 0.29*** 0.204***

FM −0.219*** −0.076*** −0.186*** −0.12***
aLM 0.269*** 0.144*** 0.27*** 0.184***

PFM −0.257*** −0.114*** −0.221*** −0.141***
Grip strength 0.179*** 0.032 0.116*** 0.166***

80–90 kg LM 0.35*** 0.202*** 0.273*** 0.2***

FM −0.271*** −0.133*** −0.221*** −0.149***
aLM 0.294*** 0.142*** 0.255*** 0.194***

PFM −0.296*** −0.155*** −0.246*** −0.164***
Grip strength 0.224*** 0.077*** 0.103*** 0.183***

90–100 kg LM 0.304*** 0.166*** 0.253*** 0.177***

FM −0.237*** −0.082** −0.163*** −0.125***
aLM 0.247*** 0.115*** 0.203*** 0.174***

PFM −0.272*** −0.118*** −0.2*** −0.154***
Grip strength 0.223*** 0.095*** 0.092*** 0.102***

100–110 kg LM 0.256*** 0.169*** 0.196*** 0.138***

FM −0.24*** −0.119*** −0.127*** −0.113**
aLM 0.211*** 0.137*** 0.196*** 0.135***

PFM −0.242*** −0.131*** −0.145*** −0.106**
Grip strength 0.161*** 0.078* 0.073* 0.068

110–120 kg LM 0.258*** 0.056 0.131** 0.163***

FM −0.169*** −0.032 −0.169*** −0.187***
aLM 0.284*** 0.144** 0.15** 0.212***

PFM −0.25*** −0.07 −0.14** −0.176***
Grip strength 0.358*** 0.136** 0.18*** 0.167***

*p<0.05; **p<0.01; ***p<0.001
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and sarcopenia was found by several previous studies
[28–30]. None of these previous studies, however, examined
both genders. Moreover, the present study showed that grip
strength, an important factor of sarcopenia, is significantly
associated with BMDs at all skeletal sites, which may reflect
the mechanical loading that muscle contractions and move-
ments place on bone. Also, it can be attributed to the fact that
bone and muscle share genetic, lifestyle, and hormonal deter-
minants. It is suggested that improving muscle strength will be
beneficial to muscle mass as well as bone health. The mech-
anism underlying this association needs to be further investi-
gated to improve prevention and treatment of sarcopenia and
osteoporosis [31].

Our study confirmed that LM is an important contributor to
BMD and has a stronger effect on BMD than FM regardless of
skeletal size, race, or sex/menopause status. Our findings are
consistent with most previous studies on relationships be-
tween body composition and BMD [32, 33, 9, 34–37]. The
association between LM and BMD could be explained by
several factors. As a surrogate of skeletal muscle mass, LM
has greater effects on BMD than FM because bone mass is
mainly determined by muscular contraction as well as by the
static mechanical load of muscle weight [9, 38]. Importantly,
both muscle cells and osteoblasts derive from a common mes-
enchymal precursor, and some common genes may regulate
bone and muscle via endocrine and cytokine signaling [39].

Table 3 Multivariate regression analyses between LM, FM, grip strength, and BMD

Totala Menb Premenopausalb Postmenopausalb

Whole-body BMD LM 0.0043±0.00028*** 0.0058±0.00021*** 0.0061±0.00026*** 0.0045±0.00040***

FM −0.0032±0.00024*** −0.0030±0.00020*** −0.0021±0.00018*** −0.0014±0.00028***
Grip strength 0.0017±0.0001*** 0.0012±0.00013*** 0.0023±0.00018*** 0.0027±0.00027***

R2 0.41 0.34 0.44 0.13

Lumbar spine BMD LM 0.0036±0.00039*** 0.0054±0.00029*** 0.0069±0.00035*** 0.0078±0.00055***

FM −0.00025±0.00017 −0.00047±0.00027 0.00030±0.00025 0.000041±0.00038

Grip strength 0.00061±0.00014*** 0.00013±0.00018 0.0017±0.00024*** 0.0013±0.00037***

R2 0.31 0.24 0.42 0.16

Femoral neck BMD LM 0.0053±0.00034*** 0.0065±0.00025*** 0.0080±0.00032*** 0.0070±0.00039***

FM −0.00014±0.00014 −0.00082±0.00024*** 0.000260±0.00023 0.00084±0.00027**

Grip strength 0.00065±0.00011*** 0.00021±0.00016 0.0011±0.00022*** 0.0011±0.00027***

R2 0.47 0.36 0.41 0.36

Total radius BMD LM 0.0028±0.00014*** 0.0025±0.00014*** 0.0023±0.00016*** 0.0021±0.00024***

FM −0.000051±0.000073 −0.00064±0.00013*** −0.00045±0.00011*** −0.000091±0.00016
Grip strength 0.00078±0.000060*** 0.00060±0.000083*** 0.00097±0.00010*** 0.0011±0.00015***

R2 0.58 0.32 0.28 0.31

**p<0.01; ***p<0.001
aAge, race, gender, height, smoking, alcohol drinking, and regular exercise were included in the multiple regression model
b Age, race, height, smoking, alcohol drinking, and regular exercise were included in the multiple regression model

Table 4 The association between sarcopenia and osteopenia/osteoporosis

Total Cases Men Cases Premenopausal women Cases Postmenopausal women Cases

RASM (per SD) 0.63 (0.59, 0.66)*** 0.61 (0.56, 0.67)*** 0.60 (0.55, 0.66)*** 0.76 (0.69, 0.85)***

Sarcopeniaa 2.04 (1.61, 2.60)*** 456 2.31 (1.68, 3.18)*** 233 2.18 (1.31, 3.61)** 97 1.18 (0.68, 2.05) 125

Sarcopeniab

Normal Reference Reference Reference Reference

Presarcopenia 2.09 (1.60, 2.72)*** 378 2.34 (1.63, 3.36)*** 175 2.28 (1.33, 3.91)** 86 1.18 (0.67, 2.08) 116

Sarcopenia 1.87 (1.09, 3.20)* 78 2.24 (1.24, 4.07)** 58 1.49 (0.34, 6.46) 11 1.11 ( 0.10, 12.33) 9

Results are presented as aOR (95 % CI)

*p<0.05; **p<0.01; ***p<0.001
a Sarcopenia defined only by cut points for RASM
b Sarcopenia using the definition of EWGSOP
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Muscle mass and bone mass also share dietary and hormonal
determinants [40]. The positive correlation between LM and
BMD indicates that larger LM may lead to higher BMD.
Consequently, varied forms of physical activity may have a
positive influence on both BMD and LM and force on mus-
cles, thereby promoting the accumulation of bone materials
under the periosteum [41, 42]. Our study also demonstrated
that grip strength was positively correlated with LM as well as
BMD.

The relationship between FM and BMD has been contro-
versial. Some studies have emphasized the positive associa-
tion between FM and BMD [11, 33, 43, 34, 44–46, 36]. These
studies considered that body weight is not appropriate to enter
into regression models, since body weight, consisting of LM
and FM, may cause possible collinearity on the relationship
between FM and BMD. In contrast, controlling for body
weight, other studies found an inverse association between
FM and BMD [17, 47, 18, 48–50, 19, 51, 52, 36]. In order
to investigate the relationship between FM and BMD, it is
necessary to control for themechanical loading effects of body
weight. In our study, partial correlation, performed in 10-kg
strata of weight, showed that FM and PFM were indeed both
negatively associated with whole-body and regional BMDs.
Furthermore, multivariate regression analyses, in which body
weight was not included in the model to avoid the possible
collinearity, also found that FM had a significant negative
effect on BMD. Differing from most previous studies, our
study investigated the relationship between fat and bone den-
sity in subjects of three races, both genders, and pre- and
postmenopausal women. Although the underlyingmechanism
for the negative effect of FM on BMD is unclear, several
possible mechanisms have been suggested [53]. First, the con-
tribution of adipose tissue to inflammatory processes may be
responsible, in part, for the negative relationship between fat
and bone [50]. Proinflammatory cytokines produced by adi-
pocytes could stimulate osteoclast activity, thereby contribut-
ing to bone loss [54]. Second, both adipocytes and osteoblasts
originate from a common progenitor, bonemarrowmesenchy-
mal stem cells (MSCs). Studies have shown that the preferen-
tial differentiation of MSCs into adipocytes, rather than into
osteoblasts, may lead to fat accumulation and decreased BMD
[54, 55].

In the present study, we found that the independent contri-
bution of grip strength to BMD was consistently present at all
BMD sites and explained a large proportion of the variation in
BMD, findings that are consistent with a previous study [56].
Grip strength reflects the maximal loading effect on forearm
and directly exerted forces on both the strength of the muscle
and the bone simultaneously through physical activities.
Although grip strength and LM were highly correlated, there
may be an independent effect of grip strength over that ex-
plained by LM. Additional research is needed to further elu-
cidate the contribution of grip strength to bone.

Several limitations should be noted in our study. First, as a
cross-sectional study, the present study cannot establish the
cause-and-effect relationship between sarcopenia and osteo-
porosis. Second, muscle strength was measured only by grip
strength. We did not evaluate the effect of isometric strength
of leg on BMD. The EWGSOP recommends also using phys-
ical performance, e.g., walking speed, for the diagnosis of
sarcopenia; EWGSOP defines sarcopenia as low RASM plus
either low grip strength or lowwalking speed. However, walk-
ing speed was not available in the current study; thus, our
definition of sarcopenia did not reflect complete implementa-
tion of the EWGSOP criteria. Third, although we adjusted for
several lifestyle factors in statistical analysis, there are some
important biomarkers that were not considered, such as spe-
cific hormone, leptin, and lipid levels. Fourth, a wider distri-
bution of BMD and RASM, including frail elderly individ-
uals, may be needed to fully understand the complex relation-
ship between osteoporosis and sarcopenia. Despite these lim-
itations, the present study was conducted in three different
races, with a large sample size, so that the findings would be
more robust across populations of different ethnicities.

In summary, the present study found that LM and grip
strength were positively associated with BMD at all skeletal
sites measured, and that FM was negatively associated with
BMD. Additionally, subjects with sarcopenia were more like-
ly to have osteoporosis compared with nonsarcopenic sub-
jects. Further studies are needed to reveal the underlying
mechanisms of for the associations between body composi-
tion and bone health.
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