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The role of sarcopenia in the risk of osteoporotic hip fracture
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Abstract Several common age-related mechanisms and fac-
tors influence muscle and bone, affecting functionality of both
tissues. Sarcopenia is closely linked with osteoporosis, and their
combined effect may exacerbate negative health outcomes.
Fall-related fractures are some of themost serious consequences
of these two systemic pathologies, with hip fracture being a
major complication affecting osteoporotic and sarcopenic elder-
ly. This work aims to review the literature on the current state of
knowledge about the relations between sarcopenia and osteo-
porosis and to present the association between sarcopenia and
osteoporosis and the risk of hip fracture. A literature search was
performed in PubMed and Scopus databases for articles with
the predefined terms Bsarcopenia,^ Bmuscular atrophy,^
Bfemoral fractures,^ Bhip fractures,^ Bosteoporosis,^ and Bbone
density.^ There is a growing and significant interest being di-
rected to sarcopenia and associated risk for osteoporotic hip
fracture, but there still is a notorious heterogeneity in the meth-
odology and cohort size of the available studies. Collectively,
most of the studies herein analyzed indicate that sarcopenia
could be a predictor of risk for hip fracture. The simultaneous
evaluation of sarcopenia and osteoporosis may be of impor-
tance in identifying those patients in higher risk of suffering
an osteoporotic hip fracture and who could benefit from pre-
ventive or therapeutic interventions, or both.
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Abbreviations
BIA Bioelectrical impedance analysis
BMC Bone mineral content
BMD Bone mineral density
BMI Body mass index
CI Confidence interval
CT Computed tomography
DHEA Dehydroepiandrosterone
DXA Dual-energy X-ray absorptiometry
FGF-2 Fibroblast growth factor 2
GH Growth hormone
IGF-1 Insulin-like growth factor 1
LM Lean mass
MRI Magnetic resonance imaging
mTOR Mammalian target of rapamycin
OR Odds ratio
RANK Receptor activator of nuclear factor kappa-B
RANKL Receptor activator of nuclear factor kappa-B

ligand
RR Relative risk
SD Standard deviation
SGK1 Serum/glucocorticoid-induced kinase 1
SMI Skeletal muscle index
SMM Skeletal muscle mass
SPPB Short Physical Performance Battery
TNF-α Tumor necrosis factor α
WHO World Health Organization
Wt Body weight

Introduction

Sarcopenia is a term that was first used 20 years ago [1] and
comes from the Greek Bsarx^ (meaning flesh) and Bpenia^
(meaning deficiency). Originally, the term sarcopenia was
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strictly used to describe the decrease of muscle mass with
ageing. More recently, however, it has been defined as the
deficiency in muscle mass along with impaired muscle
strength and a decrease in physical performance [2]. In other
words, it is necessary to document not only low skeletal mus-
cle mass but also either low muscle strength or low physical
performance to diagnose this syndrome. This is important
mainly because muscle mass is not the only factor influencing
muscle strength and because there is no linear relationship
between mass and strength.

There are a number of different techniques which are useful
for the diagnosis of sarcopenia, namely because they allow the
measurement either of muscle mass, strength, or function.
Some of these techniques are of interest only for research,
but others also have clinical application [3, 2].

Muscle mass can be assessed in routine clinical practice
with dual-energy X-ray absorptiometry (DXA), bioelectrical
impedance analysis (BIA), or by anthropometry. DXA and
other body image techniques (e.g., CT and MRI) can be used
to assess muscle mass. DXA is less expensive and can be
almost as precise as those other two body image techniques
in separating lean tissue from fat and bone keeping the expo-
sure to radiation to a minimum. BIA is a technique that has
been frequently used to measure muscle mass, and because it
only requires a portable equipment, it constitutes a real alter-
native to DXA [4]. Anthropometry measures skinfold thick-
ness and member circumferences in order to estimate body fat.
However, it is not recommended for routine diagnosis of
sarcopenia due to its vulnerability to errors in obese and elder-
ly individuals and to its large variability.

There are numerous techniques for measuring muscle
strength, like knee flexion and extension, peak expiratory
flow, or handgrip strength. This last one has been the preferred
alternative because of its simplicity and mainly because it
correlates well with lower extremity muscle.

Finally, there are several methods to assess physical perfor-
mance, but the two used more frequently are the Short Phys-
ical Performance Battery (SPPB) and the gait speed. The
SPPB is a composite measure of strength, endurance, balance,
and gait of an individual when performing some well-defined
tests [5]. The usual gait speed (over a 6-m course) is one of
these tests in SPPB but is also a measurement method for
physical performance assessment by itself.

Sarcopenic individuals can also be identified in clinical
practice with the help of an algorithm developed by the Euro-
pean Working Group on Sarcopenia in Older People
(EWGSOP) [2]. Following these recommendations, the gait
speed should be measured and compared to the cut-off point
of 0.8 m/s. If the gait speed is higher than 0.8 m/s, then the grip
strength should be measured. A normal value for grip strength
excludes sarcopenia, but a low value for grip strength implies
that muscle mass should be measured. On the other hand, if
the firstly measured gait speed was inferior or equal to 0.8 m/s,

muscle mass should also be measured. A low muscle mass
indicates sarcopenia, whereas a normal value for muscle mass
excludes this diagnosis.

Sarcopenia can be classified as primary when caused by
ageing itself or secondary when other causes are involved.
The above mentioned authors (EWGSOP) have also proposed
three stages for classifying sarcopenia. A low muscle mass
alone characterizes the first of those stages named pre-
sarcopenia. The second stage, identified as sarcopenia, is de-
fined as the presence of not only low muscle mass but also
decreased muscle strength or decreased muscular physical
performance. Finally, the third stage, or severe sarcopenia, is
characterized as the presence of low muscle mass and also
decreased muscle strength and decreased muscular physical
performance.

The onset of sarcopenia and its progression have been re-
lated to several factors and mechanisms, namely endocrine
(corticosteroids, GH, IGF-1, abnormal thyroid function, and
insulin resistance), primarily related to age (sex hormones,
apoptosis, and mitochondrial dysfunction), neurodegenerative
diseases (motor neuron loss), cachexia, inadequate nutrition or
gastrointestinal malabsorption, and disuse (immobility, phys-
ical activity, and zero gravity). In a sarcopenic patient, one or
more of these mechanisms may be implicated, and even rela-
tive contributions of each of these mechanisms may vary over
time [6, 2].

Most of those factors and age-related mechanisms influ-
ence not only the muscle but also the bone, affecting the func-
tionality of both tissues. Moreover, sarcopenia is closely
linked with osteoporosis, and the combined effect of
sarcopenia and osteoporosis could exacerbate negative health
outcomes and healthcare costs (e.g., death, disability, falls, or
increased risk of fractures) [7, 8].

Osteoporosis is a skeletal pathology characterized by a re-
duced bone density and an impairment of bone micro-archi-
tecture, thus making the bone more fragile and susceptible to
fracture. Osteoporosis has been defined based on the World
Health Organization (WHO) [9] criteria as a bone mineral
density (BMD) 2.5 standard deviations (SD) or more below
the average BMD for a young healthy adult (i.e., with a T-
score ≤−2.5 SD). Similarly, osteopenia has been defined as a
BMD lying between −2.5 and −1.0 SD below the average
BMD for a young healthy adult (i.e., with a T-score greater
than −2.5 SD but lower than −1.0 SD). BMD can be measured
either by X-ray methods (quantitative computed tomography
and DXA) or by quantitative ultrasound methods [10]. Cur-
rently, DXA is considered the gold standard for diagnosing
osteoporosis and, as mentioned before, is also of great impor-
tance in diagnosing sarcopenia.

Fall-related fractures are some of the most serious conse-
quences of these two systemic pathologies, with hip fracture
being a major complication affecting osteoporotic and
sarcopenic elderly [11]. The incidence of hip fractures steeply
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rises with age. These fractures not only have high associated
mortality rates but also represent a leading cause of permanent
disability, morbidity, and hospital admissions for the patients.
Consequently, the associated health care costs are already con-
siderable and predicted to escalate. In European Union, the
economical burden of the estimated 620.000 of annual hip
fractures is expected to double in the next three decades [12].

In this work, the current state of knowledge on the relations
between sarcopenia and osteoporosis and the association be-
tween sarcopenia and osteoporosis and the risk of hip fracture
is reviewed and described.

Methods

A literature search was performed in PubMed and Scopus
databases (October 2014 to November 2014). The search
was limited to articles written in English, French, Portuguese,
and Spanish. The followingMeSH terms were used to identify
studies on sarcopenia: (sarcopenia) OR (muscular atrophy).
The following MeSH terms were used to identify studies on
hip fractures and bone mineral density reduction: (femoral
fractures) OR (hip fractures) OR (osteoporosis) OR (bone
density). These two searches were then combined by using
the Boolean operator BAND.^ Animal studies were excluded
from the search as well as those studies with unavailable full
article access. From the results, and after removing duplicates,
we identified 180 journal articles, 17 of which were consid-
ered relevant (Fig. 1).

Results

Sarcopenia has been the focus of a recent and growing inter-
est, and there are already several studies that have addressed
the role of sarcopenia in the risk of hip fractures in specific
cohorts and the putative links between sarcopenia and osteo-
porosis, these being considered by Crepaldi andMaggi [13] as
a hazard duet.

In Italy (Torino), Di Monaco et al. [14] enrolled into a
cross-sectional study of 591 patients of both sexes and which
had been admitted to a rehabilitation institution due to a pre-
vious hip fracture. In all 591 patients, DXAwas used to assess
appendicular skeletal muscle index (SMI) (muscle
mass/height2, kg/m2). Diagnosis of sarcopenia in a patient
was made by the authors when that index was lower than
the limit of −2 SD of the mean of one of two reference pop-
ulations from other studies. The results showed that, regard-
less of which of the two reference populations used,
sarcopenia was more prevalent in men than in women
(p<0.001; OR=10.54, 95 % CI=3.25–34.16 or OR=23.64,
95 % CI=10.8–51.6). It was also notorious within the results,
and again regardless of which of the two reference populations

used, that sarcopenia was highly prevalent in those 591 pa-
tients with a hip fracture, both in men and in women (64.0 or
21.8 % in women and 95.0 or 86.7 % in men).

In a previous work and using similar methodologies [15],
those same authors analyzed the association between osteopo-
rosis and sarcopenia in 313 women who suffered recent frac-
tures of the hip. From these 313 women, 58%were diagnosed
with sarcopenia and 74 % were diagnosed with osteoporosis,
revealing a high prevalence of these two conditions. The anal-
ysis of the results also revealed, at least in this population of
women with a hip fracture, that sarcopenia is associated with
osteoporosis and that the odds for osteoporosis is 1.8 higher in
sarcopenic women (95 %CI=1.07–3.02). In other two studies
[16, 17], these authors observed a clear association between
fat mass and indexed appendicular lean mass (LM), (lean
mass/height2, kg/m2), but with a stronger association between
fat mass and BMD than between fat mass and appendicular
LM.

In another cross-sectional study, Hida et al. [18] examined
a total of 2868 patients of both sexes admitted to a health
institution in Japan. Some of these patients (n=357) had a
hip fracture in the previous days (HF group) with the other
2511 patients being admitted for other causes than hip fracture
(NF group). DXAwas used to assess BMD and SMI (muscle
mass/height2, kg/m2). Analysis by stepwise logistic regression
showed a higher prevalence of sarcopenia and a lower appen-
dicular SMI (p<0.001) in the HF group. On the other hand,
there were no differences in the upper appendicular SMI be-
tween the two groups (HF and NF) (p>0.95). Additionally,
multivariate analysis revealed that not only older age and low-
er BMD, but also sarcopenia, were associated with a hip frac-
ture (respectively OR=1.103, OR=0.082, and OR=1.476,
p<0.001).

Using data from a prospective cohort study (a total of 2941
patients with ages between 70 and 79 years, of which 1345

Fig. 1 Flow diagram of the methodology for the selection of articles
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were women and 1286 were men), Lang et al. [19] evaluated
the usefulness of some body composition measures as predic-
tors for hip fractures. Some of these body composition mea-
sures were assessed by computed tomography (e.g., lower
appendicular muscle mass and related intramuscular fat),
others by DXA (e.g., BMD) or by using a dynamometer
(e.g., muscle strength). The authors validated 63 hip fracture
events in the cohort during the observational period. The re-
sults showed that, in addition to BMD, coexistent decreased
muscular mass, strength and performance, and increased mus-
cular fatty infiltration are associated with a higher risk of suf-
fering a hip fracture. In these circumstances and for these four
descriptors, RR (95 % CI) of having a hip fracture varied
between 1.21 (1.06–1.39) and 1.83 (1.22–2.72).

Yu et al. [20] conducted a large study in Hong Kong with
community-dwelling men aged 65 years or older (n=2000).
The main objective of this work was to assess the value of
sarcopenia as a predictor for fractures in elderly osteoporotic
men. BMD and appendicular SMI were both measured by
DXA, with sarcopenia being assessed by appendicular muscle
mass/height2 (kg/m2). During the follow-up period, 11.3 % of
the individuals suffered at least one fracture. It was observed
that there was a significant association between sarcopenia
and the risk of fracture (OR=1.87, 95 % CI=1.26–2.79). This
association was independent of other clinical risk factors, such
as BMD. However, when combining sarcopenia and osteopo-
rosis, a stronger association with fractures was observed
(OR=3.49, 95 % CI=1.76–6.90), which reflects an increased
risk of fracture when comparing sarco-osteoporotic men with
non-sarcopenic men or with men with normal BMD.

In a large retrospective study, Capozza et al. [21] also eval-
uated the association between osteoporosis (using as descrip-
tor the bone mineral content, BMC) and the LM in the whole
body, both assessed by DXA. To evaluate that relationship,
those authors used an SD score previously developed and
named as BMC-LM which allowed the comparison between
premenopausal and postmenopausal women (n=3205) either
with (n=2591) or without (n=614) recent fractures. The two
groupswith no fractures (premenopausal womenwithout frac-
tures and postmenopausal women without fractures) were
considered the reference groups. Compared to the reference
group, premenopausal women that suffered a recent fracture
exhibited similar BMC-LM SD scores. Likewise, postmeno-
pausal women that suffered a recent fracture but not in an
osteoporotic site (e.g., in the hip) exhibited similar BMC-
LM SD scores. On the other hand, BMC-LM SD scores were
significantly lower in postmenopausal women who suffered a
recent fracture in an osteoporotic site, particularly in women
with a hip fracture.

Sixty-two elderly hip-fractured patients were enrolled in a
study carried by Calvani et al. in Rome, Italy [22]. The mean
age of these patients was 84.6 (±7.6 years) and 84 % were
women. Muscle mass was estimated by BIAwithin 24 h from

admission for hip fracture due to accidental fall. Then, skeletal
muscle index (SMI) was calculated as absolute muscle
mass/height2 (kg/m2). There were positive correlations be-
tween the intake of calories (r=0.384, p=0.003), protein (r=
0.367, p=0.005), and leucine (r=0.311, p=0.005) and muscle
mass, indicating an association between sarcopenia and low
intake of calories, proteins, and leucine in hip-fractured elder-
ly patients.

Sjoblom et al. [23] examined a cohort of 590 postmeno-
pausal women (age: mean 67.9 years, range 65–72 years) se-
lected from a Finnish population-based randomized controlled
trial (OSTPRE-FPS). The authors assessed both BMD and
LM by DXA and then assigned all women into categories.
Women were assigned to one of three categories based on
their BMD according to the WHO definitions: osteoporotic,
osteopenic, and normal. Women were also assigned to one of
four categories based on three variables, the relative SMI (ap-
pendicular muscle mass/height2, kg/m2), the hand grip
strength, and also the walking speed. These four categories
were sarcopenic, pre-sarcopenic, non-sarcopenic, and unclas-
sified. Logistic regression analysis showed that osteoporosis
was significantly associated with sarcopenia, with odds of
having osteoporosis in sarcopenic women being 12.9 higher
(p≤0.001, 95 % CI=3.1–53.5). In comparison to non-
sarcopenic women, sarcopenic women also had 2.7 times
higher odds of suffering a fracture (p=0.005; OR=2.732,
95 % CI=1.4–5.5) and 2.1 times higher odds of having had
at least a fall in the previous 12 months (p=0.021; OR=2.1,
95 % CI=1.1–3.9).

Another study [24] enrolled 169 patients, 62.1 % of which
were male, with a mean age of 84 years (age interval 66–
96 years). In this study, Chen et al. validated 130 recent fra-
gility fractures, with 115 patients exhibiting vertebral frac-
tures, 12 other exhibiting hip fractures, and 3 patients with
pelvic fractures. DXA measurements revealed differences in
BMD, with these patients exhibiting fractures having signifi-
cantly lower T-scores (−2.33±1.10) when compared with pa-
tients with no fractures (−1.87±1.23, p=0.030). It was also
observed that low blood levels of albumin and creatinine (re-
spectively 3.5 and 0.8 mg/dL) were associated with recent
fractures (OR=4.6, 95 % CI=1.1–18.2; p=0.032 and OR=
10.8, 95 % CI=1.2–97.3; p=0.033). The authors suggested
that, at least in this population, there is a strong association
between fragility fractures and low muscle mass and thus
sarcopenia. However, they emphasized that the retrospective
design of the study did not allow establishing a definitive
causal relation, mainly because sarcopenia may have preceded
the occurrence of fractures but could also have been a conse-
quence of fragility fractures.

In a large study within a Canadian hip fracture population
of both sexes [25], 36900 fracture events (either non-traumatic
or resulting from a minor accidental trauma) were identified
by Auais et al. over a 8-year period. These authors observed
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significant differences between sexes, with women being
older (mean=4.6 years) and having more sarcopenia risk fac-
tors than men.

Singh et al. [26] used data from the Sarcopenia and Hip
Fracture Study (SHIP), a prospective cohort study on
sarcopenia and hip fracture, to assess the baseline characteris-
tics of patients admitted to one of the three Sydney (Australia)
hospitals after having suffered a hip fracture. A total of 193
community-dwelling patients, 139 women and 54 men aging
between 60 and 97 years, were included. The authors collect-
ed numerous of those baseline characteristics, but it is worth-
while highlighting some of the results obtained. This is the
case of characteristics related to sarcopenia, namely SMI and
LM assessed by BIA. Patients were considered sarcopenic if
they presented a SMI lower than 7.0 or 9.5 kg/m2, respective-
ly, for females and males. On admission, 70 % of patients
from this population were diagnosed with sarcopenia or
sarcopenic obesity, which represents a high level when com-
pared with most of the available data obtained with BIA [27].
In addition, 58 % of all patients also were considered under-
nourished and 55 % showed vitamin D deficiency. However,
the same authors [28] used data from the same prospective
cohort study on sarcopenia and hip fracture (SHIP) to inves-
tigate risk factors for recurrent falls and hip fractures. They
identified 227 falls in the year immediately after a hip fracture
and only nine new hip fractures. Some independent predictors
for recurrent falls and hip fractures were identified by multi-
variate analyses, including nutritional status and older age, but
not sarcopenia or physical performance.

Lee et al. [29] did a study with a cohort of elderly partici-
pants in two Korean national surveys, having selected 1596
males and 1886 females older than 60 years. DXAwas used to
assess appendicular skeletal muscle mass (SMM) and BMD.
Blood levels of 25-hydroxyvitamin D [25(OH)D] were also
measured in each individual. The authors defined a ratio be-
tween appendicular SMM and body weight (appendicular
SMM/Wt × 100) and used it to define sarcopenia. Individuals
were considered sarcopenic if they had a ratio lower than the
limit of −1 SD of the mean for a young (20–30 years old)
reference group from the same surveys. In other words, the
limits for that ratio were 32.2 % for men and 25.4 % for
women. The results showed that, in both sexes, whole femoral
BMD and local BMD in the femoral neck were significantly
lower in sarcopenic individuals exhibiting vitamin D insuffi-
ciency (<20 ng/mL) in comparison with individuals with ad-
equate vitamin D levels and in comparison with non-
sarcopenic individuals regardless of their vitamin D levels.
In this population, a significant association between BMD
and appendicular SMM and also with other factors such as
bodymass index (BMI) and a recent event of fracture was also
observed. Among others, sarcopenia and BMI were consid-
ered independent predictors of low BMD in the femur, both in
men and in women.

In a relatively small study, in which 27 postmenopausal
obese women were enrolled (age interval 50–75 years),
Aubertin-Leheudre et al. [30] examined the impact of
sarcopenia on BMD. These authors did not find any influence
of sarcopenia on hip BMD, one of the main sites for osteopo-
rosis and fractures. Based on the results, the authors hypothe-
size that obesity could have preserved BMD and thus reduced
the fracture risks associated with sarcopenia in obese women.

Palombaro et al. [31] conducted a study with 54 women in
early postmenopause, 31 of which presented low BMD. The
objective was to determine if this population had decreased
physical performance, differences in gait (balance, strength, or
gait speed) and in muscle strength, and an associated increase
in fall and fracture rates. In general, there were no significant
differences between patients with low or normal BMD, except
for step time and stance time variability. Particularly, no dif-
ferences were found when comparing specific sarcopenia
characteristics such as muscle strength and gait speed between
women with low and normal BMD. However, the authors
admitted that several limitations, including technical ones,
could have had an influence on the results.

Finally, Salmaso et al. [32] studied 44 community-dwelling
women (mean age=78.27±6.74 years, range=67–94 years) in
Brazil in order to examine the possible association between
nutritional status, sarcopenia, and osteoporosis. BMD and
body composition (fat mass and appendicular lean mass) were
assessed by DXA. Sarcopenia was defined as appendicular
LM/height2 <5.45 kg/m2. The results of this study revealed
that 15.9 % of those women were diagnosed with sarcopenia,
whereas 34.1 % had osteoporosis, 52.3 % were osteopenic,
and 31.8 % have had a recent osteoporotic fracture. The au-
thors did not, however, present any association between the
risk of fractures and those conditions.

Discussion

The prevalence of sarcopenia in all the studies herein analyzed
varied considerably, from 8.3 to 70.0 % in patients with nor-
mal BMD and aged over 60 years [20, 18]. This variation was
due mainly to differences in the study sample (namely the age
and sex), the definitions, and the methods of assessing
sarcopenia and osteoporosis.

The aim of the present work was to describe studies
concerning the association between sarcopenia and osteopo-
rotic hip fracture (Table 1). First of all, it should be highlighted
that there is still a limited number of studies which specifically
focused on this association [14, 15, 18, 19, 21]. Nevertheless,
it should also be emphasized that not only these are recent
studies that have analyzed large samples but also they have a
relative homogeneity on the techniques used and on the meth-
odologies employed. Three other large studies focused on the
association between sarcopenia and osteoporotic fracture in
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general, but not differentiating hip fractures from other frac-
tures [23, 20, 24].

In all those studies (n=8), the authors found a significant
association between sarcopenia and fractures, either in women
or men. More specifically, it was clear that sarcopenic patients
have an increased risk of suffering a hip fracture. On the other
hand, in two other studies [30, 28], the authors did not find any
influence of sarcopenia on femur BMD nor on recurrent falls
or hip fractures. In one of these studies, the authors attributed
the lack of association to the technique used (BIA). In the
other study with obese women, the authors attributed the lack
of association to a protective effect of obesity, which could
have reduced the fracture risk associated with sarcopenia.

There are two aspects of sarcopenia which are fundamental
when studying osteoporotic hip fractures in the elderly. Firstly,
sarcopenia implies a decrease in the number of type II (fast)
muscle fibers and motoneurons with significant effects on
muscle mass and strength, on balance, and on enhancing the
risk of falls [33]. Secondly, sarcopenia is involved in the gen-
esis of hip fracture because it is closely linked with the loss of
bone mass and strength.

Frequently, sarcopenia and osteoporosis have been associ-
ated with frailty, a major syndrome in elderly patients, which
includes weight loss, low muscle strength, decreased walking
speed, and instability and, more importantly, resulting fre-
quently in falls and fractures [34]. Both sarcopenia and oste-
oporosis are diseases characterized by a state of disequilibri-
um. In sarcopenia, the rate of degradation of skeletal muscle
protein is not in balance with the rate of its synthesis. Similar-
ly, in osteoporosis, the rate of bone resorption is not in balance
with the rate of its synthesis, and therefore, there is an impair-
ment of bone micro-architecture and a reduced bone density.

Several pathways have been identified in those imbalances.
The RANK-RANKL/osteoprotegerin signaling pathway
plays an essential role in osteoclastogenesis, which is promot-
ed by the binding of RANKL to RANK, but inhibited by the
binding of osteoprotegerin to RANKL [35]. On the other
hand, the osteoblastic activity is controlled mainly by the ca-
nonical Wnt signaling pathway.

Those pathways involved in osteoporosis have been much
more studied and are now better understood than those in-
volved in sarcopenia, although the cellular interactions ob-
served on both pathologies are similar. Interestingly, the
abovementioned Wnt signaling pathway is also one of the
signal transduction pathways involved in muscle regeneration
[36]. Another process involved in muscle regeneration is the
activation of the phosphatidylinositol-3-kinase/Akt
(PI3K/Akt) pathway, which promotes the synthesis of muscle
proteins by activating the mammalian target of rapamycin
(mTOR) and SGK1. In addition, inactivation of the FoxO
proteins also inhibits protein degradation and prevents muscle
atrophy. In contrast, several processes result in increased mus-
cle protein breakdown. The production of satellite cellsT
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(myogenic stem cells) is inhibited by myostatin, while gluco-
corticoids inhibit PI3K/Akt pathway by direct inhibition of
Akt, and inflammatory cytokines (e.g., IL-1, IL-6 and TNF-α)
provoke DNA fragmentation and apoptosis in skeletal muscle
cells. Furthermore, several hormones and other molecules
may influence muscle protein metabolism, being involved in
its anabolism or catabolism, such as growth hormone (GH),
insulin-like growth factor I (IGF-1), corticosteroids, andro-
gens, estrogens, insulin, and vitamin D [37]. Finally, it is
worthwhile highlighting that muscle action is a mechanical
stimulus to the bone, inducing a local production of several
growth factors such as IGF-1 and FGF-2 and thus stimulating
osteogenesis.

In fact, most of the studies herein reviewed and that dem-
onstrated an association between sarcopenia and hip fracture
also found an association between sarcopenia and osteoporo-
sis. Some other studies here described [29, 32] also found this
association, with sarcopenia being considered a predictor of
low BMD, namely in the femur. On the contrary, in one study
here examined, no association was found between sarcopenia
and osteoporosis [31]. This lack of a significant association
was also referred by previous authors [38, 34, 39, 40]. In
general, however, these were relatively smaller studies, not
purposely designed and with some limitations which could
influence the comparisons with other studies.

Finally, other significant associations were demonstrated in
some of the studies, namely the associations between
sarcopenia, BMD, and fat mass and between sarcopenia, low
intake of calories, and proteins.

Taking into account all the described studies, there is evi-
dence that sarcopenia can be a risk factor for a hip fracture and
consequently its treatment is an important goal in order to
prevent osteoporotic fractures. However, evidence about the
efficacy of potential therapies in preventing fragile fractures is
still scarce. At the present, there are several therapeutic ap-
proaches being researched, namely exercise, nutrition, and
pharmacological treatment.

Exercise, more specifically physical resistance exercise
practice by active elderly patients, is considered highly effec-
tive for sarcopenia. Frequently, however, this therapy is of
limited use because most sarcopenic patients have motor and
cognitive deficits along with other complications, and thus,
performing the exercises could represent an additional risk
of fracture [36].

Nutrition is another major field of study on the treatment of
sarcopenia, as it is common in elderly people to have a defi-
cient protein and caloric intake. Therapy with nutritional sup-
plements (proteins and amino acids) combined with exercise
therapy may have an effect on sarcopenia [6], though the
effect on the prevention of fractures is not clear.

Many pharmacological treatments for sarcopenia have
been investigated, most of them in recent years. The drugs
more thoroughly studied were testosterone, growth hormone

(GH), dehydroepiandrosterone (DHEA), and vitamin D [41].
The available data on the effects of testosterone in the elderly
show that testosterone not only increases contraction strength
but is also associated with severe complications, such as
thrombosis and prostate cancer. Similarly, GH has severe sec-
ondary effects though it has been shown that its use is associ-
ated with an increase in muscle mass and a decrease in fat
mass and in bone demineralization rate. DHEA induces an
increase in bone density, but has no effects on muscle mass
or function and its secondary effects are unknown. In respect
to vitamin D, its supplementation improves muscle strength
and is associated with a decrease in falls and mortality and
with functional improvement.

Conclusions

We conclude that there is already a substantial knowledge on
the relations between sarcopenia and osteoporosis, with evi-
dence that there is a significant association between both. Ad-
ditionally, we also conclude there is now evidence on the
association between sarcopenia, osteoporosis, and hip frac-
ture, with most authors considering that sarcopenia is a pre-
dictor of fracture risk in the elderly and provides incremental
predictive value if integrated with BMD and other factors.
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