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Summary

Sarcopenia is a common geriatric syndrome characterized by progressive decrease of muscle mass and function leading to an
increased risk of physical disability, poor quality of life, and mortality. Increasing evidence shows that sarcopenia is related with
fragility fractures. This systematic review aimed to summarize the following: (1) the prevalence of sarcopenia in patients with
fragility fracture and (2) the associated risk factors for fragility fracture in patients with sarcopenia. Literature search was
conducted in PubMed and Cochrane databases. Studies with the prevalence of sarcopenia in elderly patients with fragility fracture
and associated risk factors in patients with sarcopenia were included. A total of 15 papers were included, with 10 reporting
sarcopenia prevalence, and 5 on fracture risk in patients with sarcopenia. The prevalence of sarcopenia after fracture ranged from
12.4t0 95% in males and 18.3 to 64% in females. The prevalence of sarcopenia in elderly patients with fragility fracture was high,
especially in men. Two studies showed that sarcopenia was a risk factor for fragility fracture when associated with low bone
mineral density (BMD) but only in men. Caution should be taken for male patients with sarcopenia and low BMD, which is
related to significantly increased risk of fractures. There is a pressing need for further research on sarcopenia and its risk on
fragility fracture to better understand the relationship, pathophysiology, and mechanisms, which may shed light on potential
interventions to improve clinical outcomes.
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Introduction

Sarcopenia is a common geriatric syndrome. In normal aging,
muscle mass usually decreases at a rate of 1% annually after
the age of 40 years [1]. The disease is characterized by pro-
gressive loss of lean body mass and function leading to an
increased risk of physical disability, poor quality of life, and
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mortality [2]. The prevalence of sarcopenia among
community-dwelling people ranges from 1 to 29% [3]. The
disease is also one of the indicators of frailty in the elderly [4].

Several definitions of sarcopenia have emerged in recent
years. In 2010, the European Working Group on Sarcopenia in
Older People (EWGSOP) developed a clinical definition of
sarcopenia [2]. The EWGSOP recommends using the pres-
ence of both low muscle mass and function (strength or per-
formance) for the diagnosis of sarcopenia [2]. In 2011, the
International Working Group on Sarcopenia (IWGS) empha-
sized assessment of physical function including the ability to
rise from chair or gait speed to be included in targeting
sarcopenia [5]. In 2014, the Asian Working Group for
Sarcopenia (AWGS) and the Foundation for the National
Institutes of Health (FNIH) of the USA also established the
consensus for sarcopenia diagnosis for their respective regions
[6, 7]. Table 1 summarizes the definition of sarcopenia recom-
mended by the above working groups. However, due to sev-
eral definitions, the same population adopting different defi-
nitions recommended by the EWGSOP, IWGS, AWGS, and
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Table 1 Different definitions of

sarcopenia and prevalence of Definition Muscle mass Muscle strength Physical performance
sarcopenia in Hong Kong
EWGSOP ASM/height® Grip strength OR
<6.52 kg/m? for men <30 kg for men Gait speed
<5.44 kg/m? for women <20 kg for women <0.8 m/s
IWGS ASM/height® Gait speed
<7.23 kg/m? for men <1 m/s
<5.67 kg/m? for women
AWGS ASM/height® Grip strength AND
<7.0 kg/m?* in men <26 kg for men Gait speed
<5.4 kg/m* in women. < 18 kg for women <0.8 m/s
FNIH Definition 1: low ASM/BMI and low grip strength
Definition 2: definition 1 + slow gait speed
ASM/BMI Grip strength Gait speed
<0.789 for men <26 kg for men <0.8 m/s

<0.512 for women.

<16 kg for women

FNIH leads to the prevalence of sarcopenia ranging from
2.6%—22.1% in men to 1.3%—18.25% in women as shown
in a study conducted in Hong Kong [8].

Recent evidence showed that sarcopenia was associated
with low bone mineral density (BMD) and osteoporosis in
elderly men [9, 10]. In postmenopausal women, low lean body
mass was associated negatively with femoral neck BMD [11]
and structural parameters of bone [12].m

Elderly people with sarcopenia are three times more likely to
fall [13]. Increasing evidence showed that sarcopenia is closely
related to fragility fracture [14—16]. Most importantly, high prev-
alence of sarcopenia in patients with fragility fractures has been
reported recently, which is alarming to clinicians. However, there
is currently still few clinical data demonstrating a causal relation-
ship between osteoporosis and sarcopenia. There is a pressing
need to understand more on this relationship. The objective of this
systematic review and meta-analysis is to summarize the preva-
lence of sarcopenia in patients with fragility fracture in different
countries and risk factors of fragility fracture with sarcopenia.

Methods

Search strategy

Literature search was carried out on PubMed and Cochrane
databases. The keywords, “sarcopeni*” AND “fracture®,”

were used to search in all fields. Last access to both databases
was on Nov. 2, 2018. PRISMA guidelines was used.

Search criteria
Inclusion criteria were as follows: (1) clinical studies that in-

vestigate the relationship (prevalence or risk) between
sarcopenia and fragility fracture; (2) full-text literature
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published in English. Exclusion criteria were as follows: (1)
non-English papers; (2) not fragility fracture-related; (3)
young subjects included; (4) review papers or conference
abstracts.

Selection of studies

Two reviewers conducted study selection independently.
Duplicates were removed. Irrelevant papers were screened
out through the title and abstract by inclusion and exclusion
criteria. Full text of potential relevant papers was then re-
trieved and further assessed for the eligibility. Disagreements
were settled by discussion and consensus.

Data extraction

For the studies investigating sarcopenia prevalence, the fol-
lowing data were extracted and presented in tables: (1) study
design and sample size; (2) mean age and gender; (3) fracture
site; (4) definition of sarcopenia; (5) interval between time of
fracture and measurement; (6) prevalence of sarcopenia.

For the studies that investigated risk of fracture in people
with sarcopenia, the following data were extracted: (1) sample
size; (2) mean age and gender; (3) definition of sarcopenia; (4)
follow-up period; (5) fracture risk in term of hazard or odd
ratio.

Assessment of quality of selected studies

Two authors independently performed quality assessment of
the included studies. Disagreements were resolved by discus-
sion. The methodological quality was assessed using the
Newcastle-Ottawa Scale, which has been proven to be valid
for nonrandomized studies [32]. The form assigns a maximum



Osteoporos Int (2019) 30:541-553

543

of 4 points for selection, 2 points for comparability, and 3
points for exposure or outcome.

Data analysis

All the studies included in this review were clinical studies but
there was variability in terms of methodology. Qualitative anal-
ysis was performed for studies on prevalence of sarcopenia after
fracture, due to the heterogeneity. Subgroup meta-analysis on
sarcopenia in patients with history of fragility fracture was per-
formed by computing hazard ratios (HRs) using fixed-effects
model. Quantitative analyses were performed on time-to-event
basis and were confined to data derived from the period of
follow-up. HRs and 95% confidence intervals of fracture were
calculated. CMA software version 3.3 was used for all analyses
and production of plots. The inverse variance method was used
to weight the study effect size.

Results
Results of the search

In the search, 354 and 33 papers were identified in
PubMed and Cochrane databases respectively. Three hun-
dred sixty-six papers were excluded based on the selec-
tion criteria after screening the titles and abstracts. The
full texts of the 21 papers selected were retrieved for
further assessment of eligibility. After screening the full
text in detail, 2 duplicated papers and 4 papers with du-
plicated population were excluded. Therefore, 15 papers
were finally recruited for analysis in this review. Figure 1
shows the selection process of the included papers.

354 papers identified
in PubMed

Quality of selected studies

Tables 2, 3, and 4 summarize the quality of the 15 studies
using the Newcastle-Ottawa Quality Scale. All studies were
of high quality and suitable for qualitative or quantitative
analysis.

Prevalence of sarcopenia
Fracture sites

A total of 10 included papers reported the prevalence of
sarcopenia in patients with fragility fracture. The prevalence
of sarcopenia after fracture ranged from 12.4%-95% in males
to 18.3%—67.7% in females. Eight of the 10 papers estimated
the prevalence of sarcopenia after hip fracture (17.1%—95%)
[17, 19, 20, 22-26]. The remaining 2 papers estimated the
prevalence of sarcopenia after distal radius fracture (30%)
[18] and vertebral fracture (42.3%) [21]. Table 5 summarizes
the details and the prevalence in the 10 studies.

Definitions of sarcopenia

With the new consensus on the definition of sarcopenia, an
increasing number of papers have used the criteria recom-
mended by the working groups to define sarcopenia. Most
of the 10 included papers related to sarcopenia prevalence
used recommended definitions of sarcopenia except | in
2009 [26], 2 in 2012, and 2 in 2013 [24, 25].

In hip fracture studies (8 out of 10 studies), 5 using the
recommended definition of sarcopenia had prevalence rang-
ing from 12.4%—-73.6% in males to 18.3%—67.7% in females
after the fracture [17, 19, 20, 22, 23]. The remaining 3 papers
did not use the recommended definitions but instead used
Skeletal Muscle Index (SMI) or Appendicular Lean Mass

33 papers identified
in Cochrane

‘ 387 potential papers screened ‘

366 papers excluded:
+ Non-English (23)

» Review (127)

* Irrelevant (214)
* No full text (1)

‘ 21 papers

selected | + Duplicated papers (2)

*  Young patients included (1)

» Papers with duplicated

+  populations excluded (3)
» No objective definition of

15 papers included in this
systematic review

sarcopenia (1)

Fig. 1 Papers recruited for analysis
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Total
score

Exposure

Comparability

Study quality assessment using Newcastle-Ottawa Scale for case-control studies
Selection

Table 2

@ Springer

Same method of Non-

Ascertainment
of exposure

Comparability of

Definition

Selection of controls

Representativeness

of the cases

Is the case
definition

Case-control
studies

ascertainment for response rate

cases and controls

cases and controls

of controls

on basis of design

or analysis

adequate?

8

Yes* Same rate for

Patients age and sex Not blinded

From the Korean National No

Yoo et al. 2016, South Based on AWGS criteria* Consecutive

both

matched**

fracture*

Health and Nutrition
Survey recruits*

recruitment
of cases*

Korea [23]

groups*

The asterisk represents the ‘star or point” awarded for the quality of the study in each category. A maximum of 4 points from ‘selection’, 2 ‘points’ for comparibility and 3 ‘points’ for exposure or outcome.

Please refer to our methodology: assessment of quality of selected studies

(ALM) [24-26]. Two had a prevalence of 81.8%—95% in
males and 44.7%—64% in females, after hip fracture [24,
25], while the remaining 1 paper had an overall prevalence
of 58% for both sexes [26].

Out of the 5 papers using recommended definitions for hip
fracture, 2 used the EWGSOP criteria to define sarcopenia in
hip fracture patients. The prevalence of sarcopenia was 58.0%
and 12.4% in males; 34.9% and 18.3% in females for these 2
papers [19, 20]. Meanwhile, 2 used AWGS criteria to define
sarcopenia in hip fracture patients. The prevalence of
sarcopenia in hip fracture patients was 73.6% and 68.2% in
males; 67.7% and 44.3% in females [22, 23]. Only 1 study
used FNIH recommendation, which reported the prevalence
of sarcopenia at 72% in males and 28% in females [17].

Time of measurement

For hip fracture studies, the prevalence of sarcopenia was
higher if the measurement was taken post-operatively. Using
the EWGSOP criteria, the study by Steihaug et al. [19] with
measurements after hip surgery had a higher prevalence of
sarcopenia (females 34.9%; males 58.0%) compared to the
study by Gonzalez-Montalvo et al. [20] (females 18.3%;
males 12.4%) with measurements before the operation. The
results were similar using the AWGS criteria. The study by Ho
et al. [22] with measurements after hip surgery had a higher
prevalence of sarcopenia (females 67.7%; males 73.6%) com-
pared to the study by Yoo et al. [23] (females 44.3%; males
68.2%) with measurements before the operation.

Gender difference

Of'the 10 included papers, 8 papers provided the prevalence of
sarcopenia separately for both sexes. Seven of the 8 papers
showed that the prevalence of sarcopenia after fracture was
higher in males [17-19, 22-25]. In contrast, Gonzalez-
Montalvo et al. [20] showed that the prevalence of sarcopenia
was higher in females (18.3%) compared to males (12.4%)
after hip fracture.

Patient vs. control

Of the 10 included papers, 4 papers used case-control study
design [18, 21, 23, 24]. All of them showed that the preva-
lence of sarcopenia was higher in the fracture group (30% to
50.1%) compared to the control group (10.8% to 33.5%).
Fracture risk of sarcopenia

Definition of sarcopenia

Five prospective cohort studies evaluated sarcopenia status of
subjects at baseline and analyzed fracture risks, with a follow-
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up period ranging from 3 to 15.9 years [27-31]. All of the
papers used the definitions of sarcopenia recommended by the
working groups, including EWGSOP and AWGS, except the
study by Harris et al. [27]. Table 6 summarizes the details and
fracture risk of sarcopenic patients in each study.

Sarcopenia alone

Only 2 of the 5 papers concluded that sarcopenia was associ-
ated with increased fracture risk. Yu et al. [31] found that
multivariate-adjusted fracture risk for those with sarcopenia
alone in community-dwelling men aged 65 years or older
was 2.33 times more (95% CI, 1.48-3.67) when compared
to those with normal BMD and without sarcopenia. Hars
et al. [29] also found a higher fracture risk in healthy 63- to
67-year-old community-dwelling elderly with an odds ratio of
2.31 (95% CI, 1.04-5.18) after multi-variable adjustment.
However, Chalhoub et al. [30], Harris et al. [27], and Schaap
et al. [28] were unable to show a higher fracture risk in
sarcopenic patients.

Sarcopenia and low bone mineral density (BMD)

Two studies showed that men had a much higher fracture risk
if they were sarcopenic and osteoporotic. Yu et al. [31] found
that men with osteoporosis and sarcopenia had a significantly
increased risk of fracture (HR, 3.49, 95% CI, 1.76-6.90) than
those with sarcopenia alone (HR =2.33, 95% CI, 1.48-3.67)
or low BMD alone (HR =2.4, 95% CI, 1.63-3.54). Chalhoub
et al. [30] also found similar results of significantly higher risk

Fig. 2 Fixed-effect model -

Study name

of fracture in sarcopenic and osteoporotic men (HR =4.08,
95% CI, 2.79-5.96) than those with sarcopenia alone (HR =
1.20, 95% CI, 0.64-2.28) or low BMD alone (HR =1.82,
95% CI, 1.55-2.13). Meanwhile, the fracture risk in women
was higher with low BMD, but the addition of sarcopenia did
not further increase the fracture risk [27, 30].

Subgroup analysis on different nationalities and sarcopenia
assessment

Asian sarcopenia prevalence, in general, is higher (30-69.5%)
compared to Caucasians (17.1-64%). As for the assessments
of sarcopenia with different criteria for diagnosis, EWGSOP
had a range of 17.1-37%, AWGS 30-69.5%, and SMI 42.3—
58% for prevalence.

Subgroup meta-analysis of sarcopenia in patients
with fragility fracture

In the fixed-effects model, a 1-SD advantage in intelligence
was associated with the sarcopenia patients who had fracture
history. There was a low degree of heterogeneity indicated by
the effect size (effect size=2.986 (2.402, 3.711), 0="7.43,
P =32.7%, p value =0.19) (Fig. 2).

Discussion

Most fragility fractures in elderly people are caused by falls from
standing height. Reduced skeletal mass and strength were

Hazard ratio and 95% CI

Forest plot for fragility fractures
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associated with impaired balance [12, 33] and frailty [34] in
elderly people. A systematic review and meta-analysis [35] con-
cluded that muscle weakness, especially lower limb weakness,
was a significant risk factor for recurrent falls. This explains how
the 4 case-control studies [18, 21, 23, 24] showed the prevalence
of sarcopenia to be higher in patients with fracture than control
subjects. Sarcopenia is part of the frailty that leads to fracture.
Furthermore, it has been shown in studies that approximately
50% of all rehabilitation patients have sarcopenia [36].
Sarcopenia was more prevalent in older men than women
after a fragility fracture [17—19, 22-25]. There are a number of
risk factors for sarcopenia, and the decline in sex hormone
may be a possible reason for the sex difference. In men, the
levels of testosterone and bioavailable testosterone, respec-
tively, decreases by 0.8% and 2% per year from age of 40
[37]. In women, there is a marked reduction in estrogen levels
after menopause. Testosterone increase synthesis of muscle
protein and higher levels of testosterone are associated with
less loss of lean body mass [38, 39]. Evidence also shows that
estrogen levels are correlated positively with lean body mass
[40]. However, the role of estrogen on the onset of sarcopenia
is controversial and further research is still required [41]. The
loss of muscle strength in men was nearly two-fold compared
to women over 3 years of follow-up in a study [42].
Sarcopenia was more prevalent in patients with hip fracture
as our review showed that sarcopenia prevalence was up to
95% [17, 19, 20, 22-26], while those with distal radius and
vertebral fracture were 30% [18] and 42.3% [21], respectively.
A recent study also showed that sarcopenia was more preva-
lent in the order of hip fracture (41.5%), vertebral fracture
(35%), and distal radius fracture (29.6%) [43]. As lean body
mass and strength decrease during aging, it is more common
to have sarcopenia in hip fracture patients, as the age of these
patients is generally higher than distal radius fracture patients.
As physical function is highly related to sarcopenia [44], pa-
tients with hip fractures would understandably be less mobile.
The prevalence of sarcopenia after fracture should be ana-
lyzed with caution if the time of measurement is much delayed
after the fracture. Our review showed that the measurement of
sarcopenia before and after surgery differed remarkably, from
12.4-18.3% (pre-surgery) to 34.9-58% (post-surgery) using
the ESWSOP criteria [19, 20] and from 44.3—68.2% (pre-
surgery) to 67.7-73.6% (post-surgery) using AWGS [22,
23]. Tt is well known that increased bed rest after lower limb
fracture can lead to muscle disuse atrophy. The lean body
mass remains stable in the first 10 days, but significantly de-
creases from 10 days to 2 months after a hip fracture [45]. It is
recommended to measure the body lean mass within 10 days
after hip fracture to minimize bedrest-induced muscle loss and
to avoid overestimating sarcopenia prevalence.
In this review, only 2 studies showed that fracture risk was
higher in elderly people with sarcopenia alone [29, 31]. The
number of falls was not adjusted for the fracture risk in these 2
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papers. On the other hand, hazard ratios were adjusted with
the number of falls reported in the studies by Chalhoub et al.
[30] and Harris et al. [27], where no increased fracture risk
was found. As the majority of fragility fractures are caused by
fall incidences, adjusting the number of falls may underesti-
mate the observed fracture risk. The hazard ratio may also be
underpowered due to relatively small sample size in the study
by Schaap et al. [28]. These are the possible reasons that no
significant association between sarcopenia and fragility frac-
ture was found.

It is important to note that men had a much higher fracture
risk with both sarcopenia and low BMD. In the study by
Chalhoub et al. [30], the fracture risk in men with sarcopenia
or osteoporosis alone was 1.20 and 1.82 times, respectively,
but the risk was significantly increased to 4.08 times in men
with both sarcopenia and osteoporosis. The combined effect
of sarcopenia and osteoporosis on fracture risk was greater
than the sum of the individual risk. This may be the conse-
quence of the synergistic interaction between low bone mass
and low lean body mass on bone quality. Muscles and bones
are postulated to closely interact with each other in two ways.
In the mechanostat theory, muscle contraction is required to
impose mechanical force to the bone structure, thus stimulat-
ing the osteogenic effects [46]. In the crosstalk theory, there is
a feed-forward loop between bone and skeletal muscle by
secreting factors that act on each other and influence metabo-
lism [46, 47]. Studies found that low lean body mass and
strength were associated with impaired bone quality in terms
of bone geometry and microarchitecture [48—50]. Good bone
strength should be comprised of good bone density as well as
bone quality [51]. Weak muscle and bone affect each other
negatively, and hence contribute to the additive effect of frac-
ture risk. However, despite the theories, there is currently very
few clinical data demonstrating a causal relationship between
osteoporosis and sarcopenia.

The addition of sarcopenia did not further increase the frac-
ture risk in osteoporotic women [27, 30]. A possible explana-
tion was that muscle loss in women was slower and the sever-
ity of sarcopenia in women was not as high as in men. Our
current findings support this as there is close relationship ob-
served mainly in males. This is of clinical importance as cli-
nicians should pay extra attention in the screening of
sarcopenia in these patients. This also suggests that fractures
in women were mainly associated with low BMD. As the
number of papers included in this review is limited, further
studies are required to confirm the above phenomenon. There
has been increasing concern about the combined effect of
sarcopenia and osteoporosis on fracture risk. The terms
“sarco-osteopenia” and ‘“‘sarco-osteoporosis” were first
coined by Binkley and Buehring [52] to emphasize the weak
bones and weak muscles that may contribute to falls and frac-
tures in elderly adults. Recent studies indicated that elder peo-
ple with sarco-osteoporosis were frailer with higher burden of
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comorbidities [53, 54]. However, there is still a knowledge
gap in this area and a lack of clinical data. Further research
is required for better understanding in the future.

It is important to note that most studies only measure the
lean body mass by dual energy X-ray absorptiometry (DXA)
scan, which does nothave a functional component. Although
stating that an established sarcopenia definition was used
according to the AWGS, EWGSOP, IWGS, and FNIH, read-
ings of hand grip or gait are often missed. The description as
to why these additional assessments was not stated.
Following guidelines strictly for the correct diagnosis of
sarcopenia is important. It can be assumed that elderlies hav-
ing fractures would not be able to do gait tests and may de-
cline additional assessments due to pain. Missing values
were also identified in the study by Steihaug et al., which
was accounted by patients being too ill, refused specific ex-
aminations, or discharged before data collection was com-
plete. The study by Schaap et al. had 9 missing falls data but
there were no details regarding the cause, but there was com-
plete data on sarcopenic parameters. Furthermore, studies
using BIA or triceps skinfold are not the gold standard in
diagnosing sarcopenia, which is used by 3 studies. Other
confounding factors include the fact that sarcopenia may just
be an indicator of frailty in the elderly. Other limitation in this
systematic review is that the definitions of sarcopenia still
varied in different papers, although more consensus have
been reached by several working groups in recent years.
This leads to difficult comparison of sarcopenia prevalence
among different papers. Secondly, only two databases were
used for the electronic search and non-English papers were
excluded, which may cause some missing relevant articles.
Also, only qualitative review was conducted in this review
due to the different nature of papers and data heterogeneity.

Based on current studies, the prevalence of sarcopenia in
elderly people with fragility fracture was much higher than
non-fracture elderly, especially in men. This is an alarming
signal to orthopedic experts, as sarcopenia is under-attention.
The combined effect of sarcopenia and low BMD on bone
quality in males should be further studied. There is also a
pressing need for further research on the fragility fracture as-
sociated with sarco-osteoporosis to understand their relation-
ship and mechanism. These can provide more evidence to
develop potential interventions to improve clinical outcomes.
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