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Abstract Sarcopenia, the decline of muscle mass with
age, causes impaired gait, disability and falls. It may
therefore increase the risk of fracture for osteoporotic
women. The aims of this study were to determine the
prevalence of sarcopenia in osteopenic and osteoporotic
women, and to determine if hormone replacement
therapy (HRT), diet, or physical activity (PA) has a role
in the prevention of sarcopenia. One hundred and thirty-
one premenopausal and 82 postmenopausal (54 taking
HRT) healthy women (17–77 years) volunteered for the
study. Body composition was measured by dual X-ray
absorptiometry (DXA). Sarcopenia was defined as a
relative skeletal muscle index (RSMI) (appendicular
skeletal muscle mass divided by height) below 5.45 kg/
m2. Osteopenia was defined by a densitometric t -score
for bone mineral density (BMD) (g/cm2) below )1.0 and
osteoporosis by a t -score below )2.5. Nutrient intake
was assessed using 3-day food records and physical
activity (PA) was measured using the Baecke Physical
Activity Questionnaire. Pearson chi-squared, indepen-
dent t -tests, simple correlation and multiple regression
were used to analyze the data. In premenopausal oste-
openic women the prevalence of sarcopenia was 12.5%.
In postmenopausal women it was 25% for those with

osteopenia, and 50% for those with osteoporosis. PA
was independently related to RSMI (b=0.222, p
=0.0001), but diet and HRT were not. After adjusting
for PA, RSMI was not significantly related to BMD.
These data suggest that the relationship between RSMI,
BMD and risk of osteoporosis may largely be mediated
through participation in PA. Sarcopenia screening
simultaneous to BMD examinations by DXA, may be of
value in identifying osteoporotic women with sarcope-
nia, a group that may be most in need of exercise
interventions to increase muscle and BMD.
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Abbreviations BF: Body fat Æ BMC: Bone mineral
content Æ BMD: Bone mineral density Æ DXA: Dual
X-ray absorptiometry Æ FFM: Fat free mass Æ FM:
Fat mass Æ LM: Lean mass Æ HRT: Hormone
replacement therapy Æ PA: Physical activity Æ
RSMI: Relative skeletal muscle index

Introduction

Aging is associated with several anatomical changes that
are conducive to increased disability, frailty and falls.
Much of this physical impairment is due to a gradual
deterioration of bone (osteopenia) and a progressive
decline in lean tissue. This loss of muscle mass is referred
to as sarcopenia [1]. Observational studies have shown
that muscle mass starts to decrease at approximately 1%
per year following the fourth decade of life [2–3]. Sar-
copenia is often marked by weight stability [4], which is
due in part to other age-related changes in body com-
position, such as increased fat mass [5–6].

Several groups have reported the prevalence of sar-
copenia [2,7–10], but these findings lack consistency
because of different techniques used for the measure-
ment of lean mass, and the use of different reference
populations. Based on data from NHANES III, the
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prevalence of osteopenia and osteoporosis were esti-
mated to be 42% and 17%, respectively, in women
>50 years, and low bone density was found to be most
common in white women [11]. British age-adjusted
prevalence levels of osteopenia and osteoporosis are
substantially lower than those reported in NHANES III
[12]. Given that the proportion of elderly people
(‡65 years) in the population is set to increase [13], this
is likely to lead to increased incidence of sarcopenia and
osteopenia. Undoubtedly, this will be a major health
care concern, increasing the financial burden and
decreasing the quality of life for the elderly.

Just as peak muscle mass is a determinant in the
development of sarcopenia, the development of osteo-
porosis depends on the maximum bone mass achieved in
young adulthood, the age at which bone loss begins and
the rate of loss, all of which are influenced by endocrine,
genetic and nutritional factors. Menopause has been
linked to a reduction in lean mass (LM) and bone
mineral density (BMD) [14–16], both of which are di-
rectly related to a reduced output of ovarian hormones
that is differentiated from the aging process [17]. There is
controversy, however, with regards to the role of men-
opause in the loss of LM, and to whether hormone
replacement therapy (HRT) can prevent these changes.

Several studies have shown a positive relationship
between LM and BMD [18–23], and osteoporotic wo-
men have been shown to have significantly lower
appendicular skeletal muscle mass compared with mat-
ched non-osteoporotic controls [24]. Based on the theory
that muscle mass is an indicator of BMD, it could be
speculated that sarcopenia is a risk factor in the devel-
opment of osteopenia, and that it is more prevalent
among osteopenic individuals. However, to date this
hypothesis has not been extensively tested. One cross-
sectional study in France showed no association between
osteoporosis and sarcopenia [24].

Consequently, the purpose of this study was (1) to
determine if sarcopenia is more prevalent among oste-
openic and osteoporotic women compared with normal
women; (2) to assess the role of HRT in protection
against sarcopenia; and (3) to identify predictors of
muscle mass in women of varying ages, as potential
areas to target for the prevention of sarcopenia.

Subjects and methods

Subjects

Subjects were recruited from the Birmingham area of
Alabama by word-of-mouth and advertisement in
community and fitness centers. Two hundred thirteen
healthy women (206 Caucasian and seven African-
American), aged between 17 and 77 years were selected
for the study. Criteria for exclusion were pregnancy,
metabolic or endocrine disorders and intake of choles-
terol or blood pressure lowering medication. Eighty-two
of the volunteers were postmenopausal, 54 of which

were taking HRT. Menopausal status was self-reported
and defined as an absence of menses for at least
12 months prior to the investigation. The data were
collected during a single laboratory visit, following an
overnight fast. All participants provided informed con-
sent, and the Institutional Review Board of the Uni-
versity of Alabama, at Birmingham, granted approval.

Anthropometry

Body weight was measured to the nearest 0.1 kg using a
calibrated clinical scale, with each subject wearing a
swimsuit. Height was determined bare foot to the
nearest 0.5 cm, using a stadiometer.

Dual X-ray absorptiometry

Percentage body fat (%BF), total fat mass (FM), total
fat-free mass (FFM), appendicular lean mass, BMD and
bone mineral content were determined by total body
scans (model DPX-L, software version 3.2; Lunar
Radiation, Madison, WI, USA). Subjects were scanned
in light, metal-free clothing while lying still, flat on their
backs with their arms by their sides. All scans were
performed and analyzed in the Division of Physiology
and Metabolism at the Department of Nutrition Sci-
ences. Osteopenia was distinguished by a densitometric t
-score for BMD below )1.0 and osteoporosis by a t -
score below )2.5. Sarcopenia was defined using the
classification of Baumgartner et al. [2]. Relative skeletal
muscle index (RSMI) was derived from appendicular
muscle mass (kg) divided by height (m2). Clinically sig-
nificant sarcopenia was defined as an RSMI value
greater than 2 standard deviations (2 SD) below the sex-
specific mean of a young healthy reference population
(<5.45 kg/m2 for women).

Dietary assessment

Nutrient intakes were assessed using 3-day estimated
food records, which were completed by subjects prior to
their laboratory visit. During the visit they were checked
for completeness by an investigator. All except two
subjects recorded their daily dietary intake for 3 days,
including 1 weekend day. Total energy, protein, fat, and
carbohydrate intake were estimated using the US
Department of Agriculture Dietary Analysis Program
for microcomputers (National Technical Information
Service Federal Computer Products Center, Springfield,
VA). The average of the 3-day intakes was used for
analyses.

Physical activity

Physical activity (PA) was assessed using the Baecke
Questionnaire of Habitual Physical Activity [25]. All
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except one subject completed the questionnaires. This
questionnaire has been validated previously [26–28] and
the authors report a 3-month test-retest reliability coef-
ficient of 0.74–0.9. Normal PA was assessed for three
components: work, sport and leisure. All responses, with
the exception of occupational activity and type of sport
played, were pre-coded on a 5-point scale, with de-
scriptors ranging from never [1] to very often [5].
Occupational activity was scored as low- [1], middle- [3]
or high-level [5] activity. The sport score was calculated
as the sum of (intensity code · duration code · code for
proportion of the year) · 1.25. Each activity component
could receive a maximum of 5 points, giving a maximum
of 15 for the PA index. Each index was rounded to the
nearest tenth of a point.

Statistics

All analyses were done using the Statistical Package for
the Social Sciences, version 11 (SPSS, Chicago, IL).
Descriptive statistics were used to determine the preva-
lence of sarcopenia, osteopenia and osteoporosis in the
sample. Pearson chi-squared was used to analyze asso-
ciations between sarcopenia, osteopenia and HRT. Two-
sided independent t -tests were used to compare mean

observations between premenopausal and postmeno-
pausal women, and between sarcopenic and normal
women. Simple zero-order correlations were used to
analyze the relationship between RSMI, BMD, age,
height, weight, BMI, %BF, PA and nutrient intake. To
determine if PA was independently related to RSMI
after adjusting for age and weight, a multiple regression
model was developed with RSMI as the dependent
variable. To determine if the relationship between RSMI
and BMD was independent of age, weight and PA,
multiple regression models were developed with BMD as
the dependent variable. Premenopausal and postmeno-
pausal women were tested separately for some analyses,
due to obvious differences between each group. Statis-
tical significance was set at p <0.05.

Results

Subject characteristics

Subject characteristics, and diet and physical activity
data are presented in Tables 1 and 2, respectively.
Postmenopausal women (n =82), were heavier and had
higher %BF compared with the younger premenopausal
women (n =131). Sarcopenic women (n =16), were

Table 1 Demographic characteristics. Data are presented as means±SD (BMC bone mineral content,BMD bone mineral density, BMI
body mass index, FFM fat-free mass,RSMI relative skeletal muscle index)

All subjects p Postmenopausal subjects p

Premenopausal Postmenopausal Normal Sarcopenic
n =131 n =82 n =66 n =16

Height (m) 1.64±0.06 1.63±0.07 0.523 1.63±0.07 1.62±0.07 0.441
Weight (kg) 62.1±11.8 65.6±11.7 0.035 67.5±11.7 58.1±8.2 0.003
BMI (kg/m2) 23.2±4.1 24.7±4.2 0.011 25.3±4.3 22.1±2.7 0.006
RSMI (kg/m2) 6.57±0.71 6.19±0.83 0.001 6.44±0.71 5.15±0.20 0.000
Body fat (%) 29.8±9.2 36.5±7.0 0.000 36.3±7.0 37.3±6.9 0.614
Fat mass (kg) 19.3±9.4 24.5±8.2 0.000 25.0±8.4 22.1±6.9 0.196
FFM (kg) 42.9±5.1 41.2±5.3 0.023 42.5±5.0 36.0±2.7 0.000
BMD (g/cm2) 1.17±0.08 1.10±0.15 0.000 1.11±0.15 1.05±0.09 0.103
BMC (g) 2415±339 2232±341 0.000 2296±317 1965±313 0.000
Age (years) 37±9 57±11 0.000 56±11 62±8 0.044

Table 2 Dietary and physical activity data. Data are presented as means±SD

Nutrient analysis All subjects p Postmenopausal subjects p

Premenopausal Postmenopausal Normal Sarcopenic
n =130 n =81 n =65 n =16

Energy intake (MJ/day) 7.16±1.80 7.00±2.40 0.566 7.05±2.51 6.79±1.93 0.706
Protein (% of total energy) 16±3 16±4 0.590 16±4 16±3 0.974
Carbohydrate (% of total energy) 55±9 55±8 0.770 55±8 55±8 0.916
Fat (% of total energy) 27±8 27±7 0.887 26±7 28±7 0.337
Physical activity n =131 n =81 - n =66 n =15 -
Work index 2.6±0.6 2.2±1.1 0.007 2.3±1.1 2.0±0.9 0.287
Sport index 3.1±1.1 2.7±1.1 0.009 2.9±1.1 1.9±0.8 0.000
Leisure index 2.9±0.7 2.8±0.7 0.194 2.8±0.7 2.6±0.5 0.182
Physical activity index 8.6±1.7 7.7±2.1 0.002 7.8±2.2 6.4±1.5 0.009
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older, lighter, had lower FFM and BMC compared with
the normal postmenopausal women (n =66). Nutrient
intakes were not significantly different between groups,
but PA was lower in postmenopausal compared with
premenopausal women, and in sarcopenic compared
with normal women.

Prevalence of sarcopenia, osteopenia and osteoporosis

Fig. 1 shows the prevalence of sarcopenia, osteopenia
and osteoporosis with age. In premenopausal women the
prevalence of sarcopenia was 1.5%; prevalence of oste-
openia was 6.1%, and the combination of having both
sarcopenia and osteopenia was 0.8%. Osteoporosis was
not present in the premenopausal women. For those
with osteopenia, 12.5% had sarcopenia compared with
0.8% in those with normal BMD. However, Pearson
chi-squared analysis with continuity correction of 1.264
showed no association between sarcopenia and oste-
openia in premenopausal women (p =0.261). In post-
menopausal women, the prevalence of sarcopenia and
osteopenia were each 19.5%, and prevalence of osteo-
porosis was 4.9%. The prevalence of combined sarco-
penia and osteopenia was 7.3% in postmenopausal
women. In those with normal BMD, the prevalence of
sarcopenia was 16.1%, compared with 25% in the os-
teopenic and 50% in the osteoporotic postmenopausal
women. As with the premenopausal women, Pearson
chi-squared analysis showed no association between
sarcopenia and osteopenia or osteoporosis in postmen-
opausal women (p =0.209).

Influence of HRT on sarcopenia, osteopenia and
osteoporosis

The prevalence of sarcopenia was 18.5% in women
taking HRT, compared with 21.4% in those who were
not. HRT did not appear to be protective against sar-
copenia, and RSMI was not significantly different

(p=0.591) among those taking (6.2±0.8 kg/m2) and not
taking (6.3±1.0 kg/m2) HRT. Linear regression also
showed that HRT use was not a predictor of RSMI
(b=0.155, p =0.164). The prevalence of osteopenia was
16.7% and osteoporosis was 1.9% in women taking
HRT, compared with 25.0% and 10.7% in women not
taking HRT. BMD was significantly higher (p =0.027)
in women taking HRT (1.13±0.08 g/cm2) compared
with those who were not (1.08±0.11 g/cm2).

Predictors of RSMI and BMD

Simple zero-order correlations of RSMI and BMD with
the various study measures are shown in Table 3. Total
energy, protein, carbohydrate and fat intakes, and %BF
were not associated with either BMD or RSMI. Multiple
regression analysis (Table 4) showed that age, weight
and PA were independently related to RSMI. In addi-
tion, multiple regression analysis found that the rela-
tionship between RSMI and BMD was not independent
and was influenced by age, weight and PA (Table 5).

Discussion

The main aim of this study was to quantitatively test the
hypothesis that sarcopenia is more prevalent in oste-
openic and osteoporotic women compared to women
with a normal BMD. Using the classification of Baum-
gartner et al. [2], the prevalence of sarcopenia in this
sample was 11.7%, and was higher in premenopausal
osteopenic women compared to those with normal
BMD. In postmenopausal women the prevalence of
sarcopenia was 8.9% higher in osteopenic women and

Fig. 1 Prevalence of sarcopenia, osteopenia and osteoporosis with
age

Table 3 Pearson correlation coefficients of bone mineral density
(BMD) and relative skeletal muscle index (RSMI) with other study
variables

Study measure BMD RSMI

Age )0.418 a )0.322 a

Height 0.254 a 0.012
Weight 0.246 a 0.511 a

Body mass index (BMI) 0.150 b 0.530 a

Physical activity 0.191 b 0.139 b

BMD - 0.402 a

RSMI 0.402 a -

ap <0.001
bp <0.05

Table 4 Multiple regression models for predicting relative skeletal
muscle index in premenopausal and postmenopausal women

Model Intercept R 2 Slope b p

Constant 3.94 0.478 - - 0.000
Age - - )0.002 )0.368 0.000
Weight - - 0.004 0.646 0.000
Physical activity - - 0.088 0.222 0.000
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33.9% higher in osteoporotic women compared to the
women with normal BMD. However, Pearson chi-
squared analysis showed no association between sarco-
penia and osteopenia or osteoporosis. This is consistent
with the findings of Gillette-Guyonnet et al. [24], who
did not show a positive association between sarcopenia
and osteoporosis. RSMI was positively related to BMD
(r =0.402, p =0.000), however. This significant corre-
lation disappeared after adjusting for PA, suggesting
that the parallel progression of reduced bone density and
muscle mass with age may at least in part be mitigated
by low PA levels. In addition, aging itself was indepen-
dently related to RSMI, BMD and PA index.

Regardless of the role of sarcopenia in bone loss
through the muscle-bone relationship, it indirectly
influences the risk of fracture because it causes impaired
balance and falls [1]. In addition, the amount of muscle
that surrounds a bone may act as a form of protection or
padding during a fall, by attenuating the force of impact
on the bone. FM could also act to protect bone in this
way, but this study found no significant difference in the
FM of sarcopenic and normal women. Therefore, these
findings suggest that osteopenic and osteoporotic wo-
men with sarcopenia may have a higher risk of fracture
compared with their non-sarcopenic counterparts. In the
present study, 25% of osteopenic women and 50% of
osteoporotic women have sarcopenia and consequently
may have an increased fracture risk.

The prevalence of sarcopenia for women over
60 years in this sample (23.1%), is similar to that re-
ported by Baumgartner et al. [2] and Iannuzzi-Sucich
et al. [8]. The findings are not consistent, however, with
those reported by Janssen et al. [9], where sarcopenia
was defined using a different method and skeletal muscle
mass was measured using bio impedance, or by Tankó
et al. [10], where a different reference population was
used. Newman et al. [29] proposed that FM should be
considered when evaluating sarcopenia in women, and
in overweight or obese individuals. An apparently nor-
mal muscle mass could mask sarcopenia in overweight
individuals who have insufficient muscle mass relative to
their FM or body size. These disparities highlight the
need for a consensus definition of sarcopenia that can be
used as a precise and accurate measurement of sarco-
penia in epidemiological studies.

Osteoporosis costs $13.8 billion annually in the US,
and those who experience hip fractures have an in-
creased risk of death for up to 12 months following the
fracture [13]. Guidelines based on systematic reviews
and cost-effective analyses have suggested that it is
worthwhile to measure BMD in white women aged
65 years and over [30]. Considering that sarcopenia in-
creases the risk of falls and hence fractures, it may be
worthwhile to screen for it concurrently to BMD
examinations. DXA enables determination of BMD and
LM, either in whole-body or selected regions, with
higher accuracy and precision than any other noninva-
sive method [30]. Therefore, DXA could be currently
regarded as the best available method for the diagnosis
of sarcopenia, osteopenia and osteoporosis.

An additional aim of this study was to determine if
HRT has a role in the prevention of sarcopenia. Fol-
lowing the results of the Women’s Health Initiative
study in 2002, it is clear that HRT therapy is effective in
the prevention of osteoporosis, but that it also causes a
modest increase in breast cancer risk after 5 years of use
[32]. Since then, concern over the safety of HRT has
resulted in a greater than 30% decline in the use of
Premarin and Prempro (conjugated estrogens), the most
commonly used forms of HRT [33]. The possibility that
HRT may also have a role in the prevention of muscle-
mass decline could make it a more worthwhile option for
women with both sarcopenia and osteopenia. Sørensen
et al. [34] found that lean mass and BMD increased, and
fat mass decreased during HRT use, in a placebo-con-
trolled, crossover study. In contrast, a cross-sectional
study of elderly women receiving HRT found no asso-
ciation between HRT and lean mass, or strength. In
addition, it has been shown that there is no difference in
the prevalence of sarcopenia in women taking and not
taking HRT [35]. The findings of this study, that there
was no significant difference in RSMI between women
taking and not taking HRT, also suggest that HRT does
not protect against muscle loss or sarcopenia.

The final aim of this study was to determine predictors
of RSMI in premenopausal and postmenopausal women.
PA was found to be the only manipulative predictor of
RSMI, and is therefore an area that could be targeted in
the prevention of sarcopenia and osteopenia. Several
studies have shown that muscle strength and size are

Table 5 Multiple regression
models for predicting bone
mineral density in
premenopausal and
postmenopausal women (RSMI
relative skeletal muscle index)

Model Intercept R 2 Slope b p

Model 1
Constant 1.044 0.292 - - 0.000
Age - - )0.003 )0.419 0.000
Weight - - 0.002 0.250 0.001
RSMI - - 0.016 0.139 0.074
Model 2
Constant 0.987 0.308 - - 0.000
Age - - )0.003 )0.401 0.000
Weight - - 0.002 0.322 0.000
RSMI - - 0.010 0.083 0.301
Physical activity - - 0.007 0.155 0.191
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increased by resistance training [1, 36–38]. Improvements
have also been observed in the BMD of older adults,
following this type of exercise [39–40], and a proportional
relationship was found between exercise intensity and
change in BMD [41]. Aside from the direct effect of
exercise on BMD, the results of this study suggest that the
relationship between PA and BMD are also mediated
through the role of PA in the maintenance of muscle
mass, which indicates a potential use for strength training
in reducing falls and consequent fractures in the elderly
population. It has recently been suggested that muscle
contractions could be the most significant component
influencing BMC in the whole body [42]. In this study
Capozza et al. found a stronger relationship between
BMC and LM in the lower limbs compared with the
whole body. Despite the presence of baseline muscle
atrophy and ultrastructural damage, frail elders have
been shown to respond to strength training with muscu-
loskeletal remodeling and significant increases in muscle
mass [36]. The American College of Sports Medicine [43],
recommended strength training 2–3 days a week for
optimal musculoskeletal fitness. It has also been shown
that injury rate from strength training is low and that it is
incompatible with few medical conditions [36]. The
capacity of strength training to reduce or delay functional
limitations and falls indicates its role for the prevention of
sarcopenia and consequent osteoporotic fractures [44].

Research has shown that particular nutrients may
play a role in the prevention of sarcopenia [45] and os-
teopenia [46–49]. However, the current study found no
association between macronutrient intake and sarcope-
nia, osteopenia or osteoporosis.

The limitations of the current study are acknowl-
edged. The subjects were not randomly selected; they
were healthy volunteers, and, consequently, they may
not be truly representative of the general female popu-
lation. In addition, there were no subjects over 77 years,
so the results may not be representative or typical for
very old women. Osteopenia and osteoporosis were
diagnosed by total body scans alone, because regional
DXA scans of the femoral neck and lumbar spine were
not taken. In addition to these limitations, PA and
nutrient intake were measured by self-reporting, a
method shown to bear discrepancies, such as over-
reporting of physical activity [50–51] and under-report-
ing of energy intake [52–53]. Although not as common
as female osteoporosis, the incidence of osteoporosis
and fractures in men is increasing [11]. Therefore, future
efforts to assess sarcopenia in terms of osteoporosis
should include both males and females and represent
more categories of old age.

Conclusion

This study has found that 12.5% of osteopenic pre-
menopausal women, 25% of osteopenic postmenopausal
women and 50% of osteoporotic postmenopausal
women have sarcopenia, and therefore may have an

increased risk of fracture compared to osteopenic wo-
men and osteoporotic women with a normal RSMI.
Screening for sarcopenia by DXA simultaneous to
osteoporosis screening would identify these women, who
are clearly those most in need of strength-training
intervention. This study also highlights the need for a
consensus definition of sarcopenia.
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