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Background: Sarcopenia, which is a common risk factor for falls and fractures, affects the
functional outcome and mortality in geriatric populations. However, the prevalence of sarco-
penia among geriatric Taiwanese patients with a hip fracture is unknown, nor is the effect of
sarcopenia on the outcome of hip surgery.
Methods: From December 2017 to February 2019, geriatric patients who underwent surgery for
a hip fracture were prospectively enrolled. Basic demographic data, responses to question-
naires for dementia screening and quality of life (QoL) and daily living activities (ADL) before
the injury were analyzed to identify any association with sarcopenia. The QoL and ADL were
monitored at six months after the operation to determine the difference between hip fracture
patients with or without sarcopenia.
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Results: Of 139 hip fracture patients, 70 (50.36%) were diagnosed with sarcopenia. Accounting
for all confounding factors in the multivariate logistic regression, lower body mass index (BMI),
male gender and a weaker handgrip are the risk factors that are most strongly associated with
a diagnosis of sarcopenia in geriatric patients with a hip fracture. Hip fracture patients with
sarcopenia also have poor ADL and a lower QoL than patients without sarcopenia before the
injury and six months after the operation.
Conclusion: A high prevalence of sarcopenia among geriatric hip fracture patients is associated
with a poor mid-term outcome following hip surgery. Clinicians must recognize the risk of sar-
copenia, especially for male hip fracture patients with a lower BMI and a weaker handgrip.
Copyright ª 2020, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The incidence of hip fracture is increasing as the population
ages, which has critical implications for death rates, func-
tional dependence and social costs.1,2 The projected rate
for hip fractures for Asia will increase from approximately
1.1 million in 2018 to 2.6 million in 2050, which will increase
the direct cost of hip fractures from US$ 9.5 billion to US$
15 billion.3 The increase of hip fractures in Taiwan4 means
that it is estimated that the demand for post-fracture care
for geriatric patients will continue to increase, so quality of
care must be increased and the incidence of hip fracture
must be reduced by providing robust post-fracture reha-
bilitation and fracture-prevention programs.

Several risk factors are associated with hip fracture,
including aging, lower body weight, osteoporosis and de-
mentia.5,6 Sarcopenia is a condition that is characterized by
loss of skeletal muscle mass and function7 and is a predictor
of all-cause mortality for older people who live in the
community.8 Geriatric patients with sarcopenia are
vulnerable to both falls and hip fractures,9,10 because they
have reduced muscle strength and poor balance.11 Sarco-
penia, which reduces the mechanical loading of the skel-
eton and reduces adaptive bone remodeling, is associated
with lower bone mineral density and osteoporosis.12 All of
these negative effects of sarcopenia are implicated in its
effect on the risk of hip fracture in a geriatric population.
However, more clinical evidence is required to clarify these
associations.

In Taiwan, the prevalence of sarcopenia varies from 3.9%
(2.5% in women and 5.4% in men) to 7.3% (6.5% in women
and 8.2% in men) for elderly citizens who live in the com-
munity.13 A higher prevalence of sarcopenia in hip fracture
patients has been reported and varies from 17 to 74%,
depending on population, diagnostic tools and the defini-
tion of sarcopenia.14e18 There is also a lack of clinical evi-
dence to show how sarcopenia affects clinical outcomes
following hip fracture surgery. This study is the first to
determine the prevalence of sarcopenia, its correlation
with other factors and its effect on the mid-term outcome
following hip fracture surgery for geriatric patients in
Taiwan.
Material and methods

Study design

From December 2017 to February 2019, 139 patients who
had a hip fracture and underwent surgery for the condition
in Wan Fang Hospital, Taipei, Taiwan were prospectively
enrolled in this observational study. Qualifying patients
were men and women aged 60 years or more who had
suffered a hip fracture, including intra-capsule (femoral
neck) or extra-capsule (basal neck, intertrochanteric and
subtrochanteric) hip fractures. Patients were excluded if
they received hip surgery as a result of a condition other
than a primary hip fracture, including osteoarthritis,
trauma, tumor, infection and avascular necrosis of the
femoral heads. Patients who failed to complete the sarco-
penia assessment using dual-energy X-ray absorptiometry
(DXA) were also excluded.

Basic demographic data, including age, gender, fracture
type (intra-capsule or extra-capsule hip fracture), the time
between the falling accident and hip surgery or DXA exam
and underlying comorbidities, was collected for analysis,
along with pre-operative laboratory data. Serum vitamin D
(25(OH)D) level, which was not routinely surveyed in every
participant (only 108 patients underwent a complete
vitamin D survey), was also measured for analysis. When
the participants had consented to being enrolled, in-
terviews were conducted with the patients and their
caregivers at admission for hip fracture surgery using the
short portable mental status questionnaire (SPMSQ) for
screening dementia, the EuroQol-5D (EQ5D) for assessing
Quality of Life before the injury (QoL) and the Barthel Index
(BI) for measuring Activities of Daily Living (ADL) before the
injury. (See the “Instruments in questionnaire” section
below for details.) During admission, all participants also
underwent screening for sarcopenia to assess handgrip
strength and body composition using DXA. All participants
were assessed by a clinician within one week of admission.
During follow-up, all eligible participants were subject to a
telephone interview for BI and EQ5D scores again at 6
months following hip surgery. Mortality events were also
recorded during the 6-month follow-up.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Prevalence of sarcopenia in geriatric hip fracture patients 1809
The ethical committee of Taipei Medical University
approved the entire protocol and instrumentation. The
ethical approval was registered as TMU-JIRB N201709053.
All participants consented to the study and to the publi-
cation of data.

Instruments in questionnaire

The SPMSQ is a simple ten-item cognitive screening instru-
ment, which includes items that test orientation to time
and place, memory, knowledge of one’s current situation
(date, day of the week, name of current location, tele-
phone number, date of birth, age, name of current prime
minister and previous prime minister, mother’s maiden
name) and simple calculation (subtract three from 20 and
repeat). The total number of errors, which is correlated
with a clinical diagnosis of organic brain impairment or
dementia, is recorded from zero to ten, with a threshold of
three or more errors for a clinical or neuropsychological
diagnosis.19 The Chinese version of the SPMSQ was vali-
dated with a reported Cronbach’s alpha of 0.69.20

The EQ5D is an international instrument for evaluating
QoL.21 This study uses the EQ-5D-3L with three states of
health. The EQ-5D-3L covers the five dimensions of
mobility, self-care, activities, pain/discomfort and anxi-
ety/depression. Problems that are associated with each
item are specified using three levels of severity: no prob-
lem, some problems and major problems. The Chinese
version of the EQ5D that is used in this study agrees well
(intraclass correlation coefficients > 0.75) and converges
(Pearson’s correlation coefficients > 0.95) with versions of
the EQ5D from the United Kingdom, Japan and Korea.22

The BI has an ordinal scale with scores from zero to 100
and is used to quantify performance in basic ADL.23 The BI is
calculated using ten variables that represent ADL and
mobility. A higher value is associated with a greater likeli-
hood of being able to live at home with a degree of inde-
pendence following discharge from hospital. The BI is also
used to quantify functional recovery in patients who have
undergone hemiarthroplasty following a femoral neck
fracture.24 The Chinese version of BI has been validated
with moderate to excellent agreement among raters for
individual items (kappa value range, 0.53e0.94) and total
score (intraclass correlation coefficient Z 0.94).25

Definition of sarcopenia

Participants were diagnosed with sarcopenia based on the
criteria of the Asian Working Group for Sarcopenia
(AWGS).26 A diagnosis of sarcopenia requires both “low
muscle mass” and “low handgrip strength”.

Handgrip strength

Isometric grip strength, which is the maximum hand grip
strength, was measured using a Jamar Hydraulic Dyna-
mometer (Sammons Preston, USA) while the patient was
sitting in bed or on a chair, with the elbow flexed and the
wrist in the neutral position, with verbal encouragement.
Patients were instructed to grip the device three times in
each hand as hard as possible.27 The same investigator
made measurements for all participants and was blind to
the clinical data. For each participant, the best measure-
ment of six was used. Handgrip strength of <26 kg for men
and <18 kg for women is a low handgrip strength, based on
threshold values that are recommended by the AWGS.26

Muscle mass

Dual-energy X-ray absorptiometry (DXA) was used to
calculate muscle mass based on criteria of the AWGS.26

Body fat percentage and appendicular skeletal muscle
mass (ASM) are normalized to size (total lean muscle mass
in the upper and lower limbs divided by the square of the
body height). The relative appendicular skeletal muscle
mass index (RASM) identifies low muscle mass with a
threshold of 7 kg/m2 for men and 5.4 kg/m2 for women,
based on the consensus of the AWGS.

Statistics

All statistical analyses were conducted using IBM SPSS Sta-
tistics software version 22 (IBM Co., Armonk, New York,
USA). Categorical variables are presented as a frequency
(percentage) and continuous variables are presented as a
mean � standard deviation. The Chi-square test and
Fisher’s exact test are used to compare categorical vari-
ables, and the Wilcoxon two-sample test and Student’s t-
test are used to compare continuous variables.

Univariate analyses were conducted on numerous risk
factors that are associated with sarcopenia in patients with
a hip fracture. Factors that differ significantly in hip frac-
ture patients with or without sarcopenia (including age,
body mass index (BMI), gender, dementia, white blood cell
(WBC) count, SPMSQ errors, BI score, EQ-5D score, handgrip
strength, total body fat and T-score; p < 0.05 in the uni-
variate analysis) or which differ in terms of significance
(including diabetes mellitus; 0.05 < p < 0.1 in the univar-
iate analysis) are included in the multivariate logistic
regression model to estimate the adjusted odds ratios
(AOR) with 95% confidence intervals (CI). Pearson’s corre-
lation is used with male and female groups to determine
any significant relationship between RASM and hand grip
strength, body mass index or T-score.

Two generalized estimation equation (GEE) models are
constructed to determine the potential effect of sarcope-
nia on two important outcomes (ADL and QoL) for the
participants. Specifically, ADL that is assessed using BI and
QoL using EQ-5D at two different time points (baseline and
6-month follow-up) gives the two dependent variables for
the two GEE models. The two GEE models share the same
independent variable of sarcopenia and potential con-
founders (gender, age, BMI, T-score, and baseline score).
For all tests, a value of 00P < 0.05 indicates statistical
significance.

Results

A total of 139 patients (36 men and 103 women with a mean
age of 80.72 years) were enrolled in this study (Table 1).
Almost two-thirds were diagnosed with an intra-capsule hip
fracture (n Z 86; 61.87%), and 53 (38.13%) were diagnosed



Table 1 Patient demographics (n Z 139).

Variables Mean � SD/number
(percentage)

Age (years) 80.72 � 9.66
BMI 22.64 � 3.60
Gender

female 103 (74.10%)
male 36 (25.90%)
Fracture type

Intra-capsule hip fracture 86 (61.87%)
Extra-capsule hip fracture 53 (38.13%)
Delay time from falling accident

Surgical delay (hour) 63.20 � 76.88
DXA delay (hour) 137.04 � 154.67
Underlying comorbidities

Hypertension 95 (68.34%)
Diabetes mellitus 50 (35.97%)
Valvular heart disease 24 (17.27%)
Coronary heart disease 9 (6.47%)
Chronic kidney disease 10 (7.19%)
Cerebral vascular disease 11 (7.91%)
Dementia 23 (16.55%)
Affective or psychotic disorder 10 (7.19%)
Cancer history 17 (12.23%)
Pre-operative laboratory data

Hemoglobin (g/dl) 12.08 � 1.97
Platelet (x103/ul) 210.83 � 89.32
White blood cell count (x103/ul) 10.41 � 3.38
Serum creatine (mg/dl) 1.21 � 1.42
Serum glucose (mg/dl) 173.33 � 105.18
Serum albumin (g/dl) 3.24 � 1.73
Serum Sodium (mmol/l) 136.73 � 3.73
Serum Potassium (mmol/l) 3.95 � 0.49
Serum Vitamin D (25(OH)D) level

(ng/ml) (n Z 108)
18.22 � 9.64

Dementia screening

SPMSQ errors 4 � 3.75
Pre-injury Activities of Daily Living

BI score 85.50 � 23.02
Pre-injury quality of life

EQ-5D score 0.83 � 0.20
Muscle strength measurement

Handgrip strength (kg) 11.85 � 7.84
Bone mineral density

T-score �3.81 � 1.11
Body composition

Total body fat (%) 34.04 � 7.85
Appendicular skeletal muscle

mass (ASM) (kg)
14.09 � 3.57

Diagnosis of sarcopeniaa

Sarcopenia 70 (50.36%)

Abbreviations: BMI Z body mass index; SPMSQ Z short portable
mental status questionnaire; BIZ Barthel index; EQ-
5D Z EuroQol-5D; ASM Z appendicular skeletal muscle mass.

a Diagnosis of sarcopenia based on AWGS definition (RASM
<7 kg/m2 for men and <5.4 kg/m2 for women, together with
hand grip strength <26 kg for men and <18 kg for women).

Figure 1 Relative appendicular skeletal muscle mass index
(RASM) in different gender and age-group (Circles indicate
means, and vertical lines indicate 95% confidence intervals).
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with an extra-capsule hip fracture. The most common
comorbidities for these patients are hypertension (68.34%)
and diabetes mellitus (35.97%). The mean time between a
falling accident and hip surgery is 63.20 h and between the
falling accident and DXA assessment is 137.04 h 63.89% (69/
108) of patients were deficient in serum vitamin D, based
on a threshold level of 20 ng/ml,28 and 51.1% (71/139) of
patients had at least mild cognitive impairment (with more
than two errors on the SPMSQ). The lowest mean T-score for
the DXA assessment for geriatric patients with a hip frac-
ture is �3.81.

The prevalence of sarcopenia in geriatric patients with
hip fracture that is measured by this study is 50.36%, based
on the AWGS definition. 63.89% of male and 44.66% of fe-
male patients are identified as having sarcopenia. These
proportions differ significantly (p Z 0.047). Fig. 1 shows
that age- and sex-specific RASM. For males, the RASM de-
clines as age increases. The difference between the RASM
values for male and female patients is smaller for patients
who are older than 80 years. Fig. 2 shows that the re-
lationships between RASM and BMI, hand grip strength and
T-score for both genders. RASM is positively correlated with
each of these parameters and is statistically significant for
male patients. In females, RASM is only positively corre-
lated with BMI and T-score. BMI is the parameter that is
most strongly correlated with RASM for both male and fe-
male patients (Pearson’s r Z 0.612 and 0.603,
respectively).

Table 2 compares patients with and without sarcopenia.
Greater age, lower BMI, higher prevalence in male patients,
more dementia, lower pre-operative serum WBC counts,



Figure 2 Correlation of relative appendicular skeletal muscle mass index (RASM) and body mass index (BMI), handgrip strength,
T-score in male and female patients.
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more errors in the SPMSQ, lower pre-injury BI and EQ-5D
score, lower handgrip strength, lower bone mineral den-
sity and lower total body fat percentage are significantly
correlated with sarcopenia. When all of these factors and
possible significant factors such as diabetes mellitus (p
value Z 0.08 in the univariate analysis) are included in the
multivariate logistic regression for sarcopenia, only BMI,
female gender and handgrip strength are significantly
inversely correlated with sarcopenia (AOR Z 0.756, 0.170,
and 0.893, respectively) (Table 3).

Of the 139 patients, 7 patients (including 5 male and 2
female patients) died within 6 months after hip surgery (6
patients in the sarcopenia group and one patient in the non-
sarcopenia group: p Z 0.118). Overall 110 patients
completed follow-up for BI and EQ-5D score at 6 months
after hip surgery. The overall 6-month mortality rate for
the geriatric hip fracture patients following hip surgery is
5.98% (7/117). At 6 months after the operation, the average
BI and ADL decreases to 73.0 � 29.0 and 0.76 � 0.21,
respectively. Only 34.55% (38/110) of hip fracture patients
regain pre-injury ADL at 6 months after hip surgery. Ac-
counting for confounders that are listed in Table 4, hip
fracture patients without sarcopenia and with a higher T-
score have a significantly better BI score at 6 months after
surgery. For hip fracture patients without sarcopenia, a
higher T-score and a higher baseline EQ-5D score has a
significant positive effect on the quality of life at 6 months
after hip surgery (Table 4).
Discussion

An awareness that sarcopenia in the geriatric population
results in earlier mortality and poor mobility29,30 means
that clinicians must screen patients who are vulnerable to
sarcopenia. Geriatric patients with a hip fracture are
especially likely to have sarcopenia, but the prevalence of
sarcopenia in this vulnerable population varies between
studies. This study shows that the prevalence of sarcopenia
for geriatric hip fracture patients in Taiwan is as high as
50%, with different values for male and female patients
(64% for males and 45% for females). Accounting for all
confounding factors, lower BMI, male gender and lower
handgrip strength are the most relevant risk factors in
predicting sarcopenia for geriatric patients with a hip
fracture. Geriatric hip fracture patients with sarcopenia
are also shown to have poorer pre-injury activity of daily
living and quality of life than patients without sarcopenia.
Hip fracture patients with sarcopenia also exhibit poor re-
covery at 6 months after hip surgery.

Sarcopenia is more prevalent in geriatric patients with
hip fracture than in elderly people who reside in the com-
munity. Historical control data shows a 7.3% prevalence for
sarcopenia among in elderly Taiwanese citizens who reside
in the community,13 but 50% of the specific hip fracture
population in this study is susceptible to sarcopenia. Table
5 summarizes the results for recent studies of the preva-
lence of sarcopenia in geriatric patients with a hip
fracture.14e18 The reported prevalence of sarcopenia in
geriatric hip fracture patients in studies,15,17 including this
one, that use DXA to define muscle mass is higher than for
studies that use other tools for this purpose.14,16 DXA is a
gold standard, reliable technique for analyzing muscle mass
in both a bodily region of interest and the entire body.31

Muscle mass screening tools other than DXA can result in
bias that results in muscle mass being overestimated so the
prevalence of sarcopenia in geriatric hip fracture patients
is underestimated.32 This study also finds a lower preva-
lence of sarcopenia in geriatric hip fracture patients than
studies that use DXA as a diagnostic tool for sarcope-
nia.15,17,18 The shorter time between fracture accidents
and DXA assessment for this study than for others may
explain the difference between the prevalence rates for
sarcopenia, because extended time in bed from ten days to



Table 2 Comparison of hip fracture patients with or without sarcopenia (n Z 139).

Variables Mean � SD/number (percentage) P value

With Sarcopenia Without Sarcopenia

Age (years) 83.49 � 9.77 77.99 � 8.80 0.000
BMI 20.94 � 3.27 24.34 � 3.09 0.000
Gender

female 46 (44.66%) 57 (55.34%) 0.047
male 23 (63.89%) 13 (36.11%)
Fracture type

Intra-capsule hip fracture 46(66.67%) 57(81.43%) 0.809
Extra-capsule hip fracture 23(33.33%) 13(18.57%)
Delay time from falling accident

Surgical delay (hour) 53.46 � 62.24 72.30 � 88.39 0.383
DXA delay (hour) 134.75 � 186.91 139.30 � 115.77 0.430
Underlying comorbidities

Hypertension 44 (63.77%) 51 (72.86%) 0.249
Diabetes mellitus 20 (28.99%) 30 (42.86%) 0.088
Valvular heart disease 15 (21.74%) 9 (12.86%) 0.166
Coronary heart disease 6 (8.70%) 3 (4.29%) 0.291
Chronic kidney disease 6 (8.70%) 4 (5.71%) 0.496
Cerebral vascular disease 6 (8.70%) 5 (7.14%) 0.735
Dementia 16 (16.19%) 7 (10.00%) 0.036
Affective or psychotic disorder 7 (10.14%) 3 (4.29%) 0.181
Cancer history 7 (10.14%) 10 (14.29%) 0.456
Pre-operative laboratory data

Hemoglobin (g/dl) 11.95 � 1.92 12.22 � 2.03 0.403
Platelet (x103/ul) 207.99 � 98.00 213.63 � 80.48 0.322
White blood cell count (x103/ul) 9.72 � 2.94 11.10 � 3.66 0.016
Serum creatine (mg/dl) 1.12 � 1.05 1.30 � 1.72 0.686
Serum glucose (mg/dl) 158.59 � 79.69 187.40 � 123.76 0.218
Serum albumin (g/dl) 3.35 � 2.44 3.14 � 0.43 0.155
Serum Sodium (mmol/l) 136.81 � 4.03 136.66 � 3.45 0.629
Serum Potassium (mmol/l) 3.93 � 0.43 3.98 � 0.54 0.891
Serum Vitamin D (25(OH)D) level (ng/ml) (n Z 108) 18.69 � 9.95 17.80 � 9.41 0.578
Dementia screening

SPMSQ errors 4.64 � 3.87 2.66 � 3.38 0.001
Pre-injury activities of daily living

BI score 80.65 � 25.26 90.29 � 19.60 0.001
Pre-injury quality of life

EQ-5D score 0.78 � 0.21 0.88 � 0.18 0.000
Muscle strength measurement

Handgrip strength (kg) 9.84 � 5.41 13.84 � 9.27 0.007
Bone mineral density

T-score �4.12 � 1.07 �3.51 � 1.08 0.001
Body Fat composition

Total body fat (%) 31.52 � 8.43 36.52 � 6.36 0.000

Abbreviations: BMI Z body mass index; SPMSQ Z short portable mental status questionnaire; BIZ Barthel index; EQ-5D Z EuroQol-5D.
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2 months after a fracture can significantly reduce total
body mass and lean mass.33 This study accurately demon-
strates the prevalence of sarcopenia in geriatric hip frac-
ture patients by minimizing the effect of muscle loss as a
result of prolonged waiting for DXA.

To date, there is little evidence that sarcopenia is
associated with clinical outcomes following hip fracture
surgery in a geriatric population, although a high preva-
lence of sarcopenia has been reported for these specific
populations. Yoo et al. reported that hip fracture patients
aged 60 years or older with osteosarcopenia have a 1.8
times higher one-year mortality rate than patients without
osteosarcopenia.34 It was also proven that hip fracture
patients with sarcopenia have lower mobility at one-year
after surgery in a prospective, multicenter observational
study.35 To the best of the authors’ knowledge, this study is
the first to demonstrate that sarcopenia may be an inde-
pendent predictor of poor functional recovery and a
decrease in life quality for geriatric hip fracture patients at
6-months after surgery. Although no statistical significance



Table 3 Multivariate logistic regression analysis for hip
fracture patients with sarcopenia.

Variables AOR 95% CI P value

Lower limit Upper limit

Age 1.304 0.980 1.092 0.223
BMI 0.756 0.618 0.924 0.006
Gender (Female

vs Male)
0.170 0.043 0.680 0.012

Diabetes mellitus
(Yes vs No)

0.571 0.237 1.379 0.213

Dementia
(Yes vs No)

1.006 0.222 4.563 0.994

White blood cell
count

0.925 0.816 1.048 0.222

SPMSQ errors 0.999 0.847 1.178 0.987
BI score 0.995 0.967 1.024 0.724
EQ-5D score 0.483 0.025 9.406 0.631
Handgrip strength 0.893 0.809 0.986 0.025
Total body fat 1.023 0.937 1.116 0.617
T-score 0.982 0.629 1.534 0.937

Abbreviations: BMI Z body mass index; SPMSQ Z short portable
mental status questionnaire; BIZBarthel index; EQ-
5D Z EuroQol-5D.
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is demonstrated, this study also shows that there is a
greater chance of mortality within 6 months after surgery
for geriatric hip fracture patients with sarcopenia than
those without sarcopenia. A greater understanding of the
negative effects of sarcopenia on the outcomes following
hip fracture surgery for geriatric populations might allow
the early detection of sarcopenia, especially for male hip
fracture patients with lower BMI and lower handgrip
strength. This would allow early intervention for sarcopenia
treatment to reverse these poor outcomes.

This study demonstrates that hip fracture patients with
sarcopenia have poor mid-term outcomes after hip sur-
gery and poor baseline general conditions. In terms of the
population of geriatric patients with hip fracture for this
study, greater age, lower BMI, more dementia, lower pre-
operative serum WBC counts, a tendency for cognitive
impairment, lower pre-injury activity of daily living and
life quality and lower bone mineral density are
Table 4 Impacts of sarcopenia on activity of daily living (ADL) a

Parameter

ADL: Barthel ind

B(SE)

Gender (reference: male) �4.477(4.705)
Age 0.222(0.171)
Body mass index �0.055(0.710)
T-score 5.306(1.744)
Sarcopenia (reference: no) 16.242(4.988)
Baseline score �1.767(3.604)

Note: Analyses were done using generalized estimating equations w
(baseline and 6-month follow-up).
significantly correlated with sarcopenia in the univariate
analysis. Sarcopenia is a process that is related to aging,36

so all of these changes could develop with direct or indi-
rect connections with sarcopenia as patients age. By
definition, sarcopenia is a condition that is characterized
by loss of skeletal muscle mass and function,7 which may
be why the pre-injury activity of daily living and life
quality is poor for the sarcopenia group. Various risk fac-
tors are reportedly associated with sarcopenia, including
older age, lower BMI, poor nutrition, frailty and cognitive
impairment,14,37,38 which agrees with the results of the
univariate analysis. Although there is evidence that pa-
tients with sarcopenia have higher serum WBC counts than
non-sarcopenic patients due to chronic inflammation,39

the univariate analysis for this study shows an inverse
correlation between baseline serum WBC counts for hip
fracture patients with and without sarcopenia. The pre-
operative serum WBC counts were measured during
admission in this study, so the WBC counts represent the
ability of inflammatory reaction to trauma, instead of the
baseline inflammatory status for geriatric hip fracture
patients. Aging can also impair the inflammatory response
to trauma.40 Therefore, hip fracture patients in this study
with sarcopenia who are older than those in the non-
sarcopenic group, may have a lower inflammatory reac-
tion to hip fracture and lower pre-operative serum WBC
counts. Further investigation is necessary to verify the
association between sarcopenia and serum WBC counts,
especially in specific regard to geriatric patients with a
hip fracture.

There is a large difference in several variables at the
baseline between hip fracture patients with or without
sarcopenia when the confounding effects of these variables
are controlled in a multivariate analysis for logistic
regression, but only lower BMI, male gender and lower
handgrip strength are significant relevant risk factors for
sarcopenia in geriatric hip fracture patients. Geriatric hip
fracture patients with sarcopenia are older than non-
sarcopenic patients in this study, multiple variables may
be directly or indirectly correlated with each other. De-
mentia, osteoporosis and poor mobility could be associated
with aging, so the univariate analysis could provide
different results for sarcopenic and non-sarcopenic groups
in this study. Using the multivariate analysis for all possible
associated factors, the results of this study are consistent
nd quality of life (QoL) at the 6 months following hip surgery.

6 months following hip surgery

ex QoL: EuroQoL-5D

P value B(SE) P value

0.341 �0.038(0.029) 0.190
0.195 �0.001(0.002) 0.426
0.939 �0.005(0.004) 0.202
0.002 0.047(0.012) 0.000
0.001 0.075(0.030) 0.013
0.624 0.071(0.025) 0.004

ith Barthel index and EuroQoL-5D assessing in two time points
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with the results of other studies16,18 and this study iden-
tifies more reliable predictors, including lower BMI, male
gender and lower handgrip strength, which could be used
to screen geriatric patients at risk of sarcopenia, who are
proven to have poor mid-term outcomes following hip
surgery.

Relative appendicular skeletal muscle mass index
(RASM), which is an important index of muscle mass,
decreases with the age in both male and female pa-
tients in this study (Fig. 1). However, the rate of
decline of RASM differs for the genders, with a signif-
icant decrease in muscle mass in male patients who
are older than 80 years. This result is confirmed by a
previous study on age- and gender-related variations of
muscle mass and strength in community-dwellers.41

Although the GASM remains comparable between gen-
ders after the age of 80 years in this study, male pa-
tients who are older than 80 years are more likely to
be diagnosed with sarcopenia than female patients,
because males have a more restricted threshold for
RASM for a diagnosis of sarcopenia than females (a
threshold of 7 kg/m2 for men and 5.4 kg/m2 for
women).26 Among the participants in this study, all
(18/18) male patients who are older than 80 years
fulfill the diagnosis for sarcopenia, but only 51.5% (34/
66) of the female patients after the age of 80 years
are diagnosed with sarcopenia. Men have already been
determined to have a poorer prognosis after hip frac-
ture than women, with a 4.6-fold vs. 2.8-fold increase
in mortality.42 This study has more mortality events for
male patients (5 male versus 2 female) within 6
months after hip fracture surgery. Of the 5 male pa-
tients who died, 4 patients were in the sarcopenia
group and were older than 80 years, so a difference
between genders in the rate of decline of muscle mass
may be critically associated with a higher mortality
rate after hip fracture, especially in vulnerable male
patients who are older than 80 years. Further studies
are warranted to determine relevant correlations.
Bone mineral density, handgrip strength and BMI have
all been proven to be positively associated with
RASM,12,15 and this relationship acts in concert with
that shown in Fig. 2. BMI is the best predictor of RASM
in both male and female patients with hip fracture in
this study.

This study has limitations. Only 139 participants were
enrolled in this study, and they may not be representative
of the overall geriatric population with a hip fracture in
Taiwan. Although the waiting time from fracture to DXA
assessments is only one week for this study, potential
muscle wasting as a result of immobilization following hip
fracture might produce a bias in the muscle mass assess-
ment. However, since the time to DXA is neither associ-
ated with a diagnosis of sarcopenia nor correlated with
RASM (R Z �0.019, p Z 0.824), its effect on muscle
wasting is not substantial. Finally, this study only de-
termines the difference in mid-term outcomes after hip
surgery between geriatric hip fracture patients with and
without sarcopenia. Further study and long-term follow-
up is required to verify the natural course and clinical
relevance, especially for the specific hip fracture popu-
lation with sarcopenia.
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Conclusion

This study is the first to report on the prevalence of
sarcopenia and associated risk factors for geriatric pa-
tients with a hip fracture in Taiwan. It shows a preva-
lence of sarcopenia in geriatric patients with hip fracture
of 50% with poor functional outcomes and life quality at
6 months after hip surgery. Male hip fracture patients
with lower BMI and lower handgrip strength are especially
vulnerable to sarcopenia. A robust screening and treat-
ment program for sarcopenia is necessary, in order to
improve functional outcomes and reduce mortality after
hip fracture.
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Abbreviation

ADL activities of daily living
ASM appendicular skeletal muscle mass
AWGS Asian Working Group for Sarcopenia
BI Barthel index
BMI body mass index
DXA dual-energy X-ray absorptiometry
EQ-5D EuroQol-5D
EWGS European Working Group for Sarcopenia
QoL quality of life
RASM relative appendicular skeletal muscle mass index
SPMSQ short portable mental status questionnaire
WBC white blood cell

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jfma.2020.02.004.

References

1. Lesic A, Jarebinski M, Pekmezovic T, Bumbasirevic M,
Spasovski D, Atkinson HD. Epidemiology of hip fractures in
Belgrade, Serbia Montenegro, 1990-2000. Arch Orthop Trauma
Surg 2007;127:179e83.

2. Melton 3rd LJ. Epidemiology of hip fractures: implications of
the exponential increase with age. Bone 1996;18. 121s-5s.

3. Cheung CL, Ang SB, Chadha M, Chow ES, Chung YS, Hew FL,
et al. An updated hip fracture projection in Asia: the Asian
Federation of Osteoporosis Societies study. Osteoporos sarco-
penia 2018;4:16e21.

4. Wu TY, Hu HY, Lin SY, Chie WC, Yang RS, Liaw CK. Trends in hip
fracture rates in Taiwan: a nationwide study from 1996 to
2010. Osteoporos Int 2017;28:653e65.
5. Jeon JH, Park JH, Oh C, Chung JK, Song JY, Kim S, et al. De-
mentia is associated with an increased risk of hip fractures: a
nationwide analysis in Korea. J Clin Neurol 2019;15:243e9.

6. Wiklund R, Toots A, Conradsson M, Olofsson B, Holmberg H,
Rosendahl E, et al. Risk factors for hip fracture in very old
people: a population-based study. Osteoporos Int 2016;27:
923e31.

7. Santilli V, Bernetti A, Mangone M, Paoloni M. Clinical definition
of sarcopenia. Clin Cases Miner Bone Metabol 2014;11:
177e80.

8. Liu P, Hao Q, Hai S, Wang H, Cao L, Dong B. Sarcopenia as a
predictor of all-cause mortality among community-dwelling
older people: a systematic review and meta-analysis. Matur-
itas 2017;103:16e22.

9. Aibar-Almazan A, Martinez-Amat A, Cruz-Diaz D, Jimenez-
Garcia JD, Achalandabaso A, Sanchez-Montesinos I, et al. Sar-
copenia and sarcopenic obesity in Spanish community-dwelling
middle-aged and older women: association with balance con-
fidence, fear of falling and fall risk. Maturitas 2018;107:
26e32.

10. Elhakeem A, Hartley A, Luo Y, Goertzen AL, Hannam K,
Clark EM, et al. Lean mass and lower limb muscle function in
relation to hip strength, geometry and fracture risk indices in
community-dwelling older women. Osteoporos Int 2019;30:
211e20.

11. Benichou O, Lord SR. Rationale for strengthening muscle to
prevent falls and fractures: a review of the evidence. Calcif
Tissue Int 2016;98:531e45.

12. He H, Liu Y, Tian Q, Papasian CJ, Hu T, Deng HW. Relationship
of sarcopenia and body composition with osteoporosis.
Osteoporos Int 2016;27:473e82.

13. Wu IC, Lin CC, Hsiung CA, Wang CY, Wu CH, Chan DC, et al.
Epidemiology of sarcopenia among community-dwelling older
adults in Taiwan: a pooled analysis for a broader adoption of
sarcopenia assessments. Geriatr Gerontol Int 2014;14(Suppl
1):52e60.

14. Steihaug OM, Gjesdal CG, Bogen B, Kristoffersen MH, Lien G,
Ranhoff AH. Sarcopenia in patients with hip fracture: a
multicenter cross-sectional study. PloS One 2017;12:e0184780.

15. Ho AW, Lee MM, Chan EW, Ng HM, Lee CW, Ng WS, et al.
Prevalence of pre-sarcopenia and sarcopenia in Hong Kong
Chinese geriatric patients with hip fracture and its correlation
with different factors. Hong Kong Med J 2016;22:23e9.

16. Gonzalez-Montalvo JI, Alarcon T, Gotor P, Queipo R, Velasco R,
Hoyos R, et al. Prevalence of sarcopenia in acute hip fracture
patients and its influence on short-term clinical outcome.
Geriatr Gerontol Int 2016;16:1021e7.

17. Hida T, Ishiguro N, Shimokata H, Sakai Y, Matsui Y, Takemura M,
et al. High prevalence of sarcopenia and reduced leg muscle
mass in Japanese patients immediately after a hip fracture.
Geriatr Gerontol Int 2013;13:413e20.

18. Di Monaco M, Castiglioni C, Vallero F, Di Monaco R, Tappero R.
Sarcopenia is more prevalent in men than in women after hip
fracture: a cross-sectional study of 591 inpatients. Arch Ger-
ontol Geriatr 2012;55:e48e52.

19. Pfeiffer E. A short portable mental status questionnaire for the
assessment of organic brain deficit in elderly patients. J Am
Geriatr Soc 1975;23:433e41.

20. Chi I, Boey KW. Hong Kong validation of measuring instruments
of mental health status of the elderly. Clin Gerontol: J Aging
Ment Health 1993;13:35e51.

21. EuroQol–a new facility for the measurement of health-related
quality of life. Health Pol 1990;16:199e208.

22. Wu C, Gong Y, Wu J, Zhang S, Yin X, Dong X, et al. Chinese
version of the EQ-5D preference weights: applicability in a
Chinese general population. PloS One 2016;11:e0164334.

23. Mahoney FI, Barthel DW. Functional evaluation: the barthel
index. Md State Med J 1965;14:61e5.

https://doi.org/10.1016/j.jfma.2020.02.004
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref1
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref1
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref1
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref1
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref1
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref2
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref2
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref3
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref3
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref3
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref3
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref3
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref4
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref4
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref4
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref4
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref5
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref5
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref5
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref5
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref6
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref6
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref6
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref6
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref6
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref7
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref7
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref7
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref7
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref8
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref8
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref8
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref8
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref8
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref9
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref9
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref9
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref9
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref9
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref9
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref9
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref10
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref10
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref10
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref10
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref10
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref10
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref11
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref11
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref11
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref11
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref12
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref12
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref12
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref12
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref13
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref13
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref13
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref13
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref13
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref13
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref14
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref14
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref14
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref15
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref15
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref15
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref15
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref15
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref16
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref16
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref16
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref16
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref16
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref17
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref17
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref17
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref17
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref17
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref18
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref18
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref18
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref18
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref18
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref19
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref19
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref19
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref19
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref20
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref20
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref20
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref20
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref21
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref21
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref21
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref22
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref22
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref22
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref23
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref23
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref23


1816 Y.-P. Chen et al.
24. Unnanuntana A, Jarusriwanna A, Nepal S. Validity and
responsiveness of Barthel index for measuring functional re-
covery after hemiarthroplasty for femoral neck fracture. Arch
Orthop Trauma Surg 2018;138:1671e7.

25. Hsueh IP, Lee MM, Hsieh CL. Psychometric characteristics of
the Barthel activities of daily living index in stroke patients. J
Formos Med Assoc 2001;100:526e32.

26. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS,
et al. Sarcopenia in Asia: consensus report of the Asian
working group for sarcopenia. J Am Med Dir Assoc 2014;15:
95e101.

27. Wang CY, Olson SL, Protas EJ. Test-retest strength reliability:
hand-held dynamometry in community-dwelling elderly
fallers. Arch Phys Med Rehabil 2002;83:811e5.

28. Forrest KY, Stuhldreher WL. Prevalence and correlates of
vitamin D deficiency in US adults. Nutr Res 2011;31:48e54.

29. Kim JH, Lim S, Choi SH, Kim KM, Yoon JW, Kim KW, et al.
Sarcopenia: an independent predictor of mortality in
community-dwelling older Korean men. J Gerontol A Biol Sci
Med Sci 2014;69:1244e52.

30. da Silva Alexandre T, de Oliveira Duarte YA, Ferreira Santos JL,
Wong R, Lebrao ML. Sarcopenia according to the european
working group on sarcopenia in older people (EWGSOP) versus
Dynapenia as a risk factor for disability in the elderly. J Nutr
Health Aging 2014;18:547e53.

31. Guglielmi G, Ponti F, Agostini M, Amadori M, Battista G,
Bazzocchi A. The role of DXA in sarcopenia. Aging Clin Exp Res
2016;28:1047e60.

32. Buckinx F, Reginster JY, Dardenne N, Croisiser JL, Kaux JF,
Beaudart C, et al. Concordance between muscle mass assessed
by bioelectrical impedance analysis and by dual energy X-ray
absorptiometry: a cross-sectional study. BMC Muscoskel Disord
2015;16:60.
33. D’Adamo CR, Hawkes WG, Miller RR, Jones M, Hochberg M, Yu-
Yahiro J, et al. Short-term changes in body composition after
surgical repair of hip fracture. Age Ageing 2014;43:275e80.

34. Yoo JI, Kim H, Ha YC, Kwon HB, Koo KH. Osteosarcopenia in
patients with hip fracture is related with high mortality. J Kor
Med Sci 2018;33:e27.

35. Steihaug OM, Gjesdal CG, Bogen B, Kristoffersen MH, Lien G,
Hufthammer KO, et al. Does sarcopenia predict change in
mobility after hip fracture? a multicenter observational study
with one-year follow-up. BMC Geriatr 2018;18:65.

36. Ormsbee MJ, Prado CM, Ilich JZ, Purcell S, Siervo M, Folsom A,
et al. Osteosarcopenic obesity: the role of bone, muscle, and
fat on health. J Cachexia Sarcopenia Muscle 2014;5:183e92.

37. Park S, Ham JO, Lee BK. A positive association of vitamin D
deficiency and sarcopenia in 50 year old women, but not men.
Clin Nutr 2014;33:900e5.

38. Cruz-Jentoft AJ, Kiesswetter E, Drey M, Sieber CC. Nutrition,
frailty, and sarcopenia. Aging Clin Exp Res 2017;29:43e8.

39. Ozturk ZA, Kul S, Turkbeyler IH, Sayiner ZA, Abiyev A. Is
increased neutrophil lymphocyte ratio remarking the inflam-
mation in sarcopenia? Exp Gerontol 2018;110:223e9.

40. Lord JM, Midwinter MJ, Chen YF, Belli A, Brohi K, Kovacs EJ,
et al. The systemic immune response to trauma: an overview of
pathophysiology and treatment. Lancet 2014;384:1455e65.

41. Landi F, Calvani R, Tosato M, Martone AM, Fusco D, Sisto A,
et al. Age-related variations of muscle mass, strength, and
physical performance in community-dwellers: results from the
milan EXPO survey. J Am Med Dir Assoc 2017;18. 88.e17-
88.e24.

42. Omsland TK, Emaus N, Tell GS, Magnus JH, Ahmed LA, Holvik K,
et al. Mortality following the first hip fracture in Norwegian
women and men (1999-2008). A NOREPOS study. Bone 2014;63:
81e6.

http://refhub.elsevier.com/S0929-6646(20)30041-3/sref24
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref24
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref24
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref24
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref24
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref25
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref25
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref25
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref25
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref26
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref26
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref26
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref26
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref26
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref27
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref27
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref27
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref27
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref28
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref28
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref28
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref29
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref29
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref29
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref29
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref29
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref30
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref30
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref30
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref30
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref30
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref30
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref31
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref31
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref31
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref31
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref32
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref32
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref32
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref32
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref32
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref33
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref33
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref33
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref33
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref34
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref34
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref34
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref35
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref35
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref35
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref35
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref36
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref36
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref36
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref36
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref37
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref37
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref37
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref37
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref38
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref38
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref38
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref39
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref39
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref39
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref39
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref40
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref40
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref40
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref40
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref41
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref41
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref41
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref41
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref41
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref42
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref42
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref42
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref42
http://refhub.elsevier.com/S0929-6646(20)30041-3/sref42

	The high prevalence of sarcopenia and its associated outcomes following hip surgery in Taiwanese geriatric patients with a  ...
	Introduction
	Material and methods
	Study design
	Instruments in questionnaire
	Definition of sarcopenia
	Handgrip strength
	Muscle mass
	Statistics

	Results
	Discussion
	Conclusion
	Declaration of Competing Interest
	Declaration of Competing Interest
	Acknowledgements
	Abbreviation
	Appendix A. Supplementary data
	References


