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Prevalence of pre-sarcopenia and sarcopenia in
Hong Kong Chinese geriatric patients with hip
fracture and its correlation with different factors
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ABSTRACT

Introduction: Sarcopenia and osteoporosis are
age-related declines in the quantity of muscle and
bone, respectively. Both contribute in disability, fall,
and hip fracture in the elderly. This study reported
the prevalence of sarcopenia in Chinese geriatric
patients with hip fracture, and the correlation
between relative appendicular skeletal muscle mass
index and other factors.

Methods: This case series was conducted in Kowloon
West Cluster Orthopaedic Rehabilitation Centre
in Hong Kong. Data of all geriatric patients with
primary hip fracture admitted to the above Centre
from June to December 2014 were studied. Isometric
grip strength, the maximal handgrip strength, was
measured using a JAMAR hand dynamometer. Body
composition including appendicular and whole-
body lean body mass was measured using dual-
energy X-ray absorptiometry. Pearson’s correlation
was used to examine the correlation between relative
appendicular skeletal muscle mass index and other
factors.

Results: A total of 239 patients with a mean age
of 82 years were included in the study. Stratifying
patients as male or female, the mean (+ standard
deviation) hand grip strength was 20.6 + 7.3 kg and
13.6 + 4.5 kg, the mean relative appendicular skeletal
muscle mass index was 5.72 + 0.83 kg/m?* and 4.87 +
0.83 kg/m?, and the mean hip bone mineral density
was 0.696 + 0.13 g/cm? and 0.622 + 0.12 g/cm?
respectively. The prevalence of sarcopenia based on
relative appendicular skeletal muscle mass index and
hand grip strength according to the Asian Working
Group for Sarcopenia definition was 73.6% in males
and 67.7% in females. According to the European

Working Group on Sarcopenia definition, the
prevalence of pre-sarcopenia was 20.8% in males
and 12.4% in females. Relative appendicular skeletal
muscle mass index was positively correlated with
hand grip strength, body weight, hip bone mineral
density, body mass index, and total fat mass in males;
and hand grip strength, body weight, body height,
body mass index, and total fat mass in females.
Except for body height in females, all correlations
were statistically significant.

Conclusion: The prevalence of sarcopenia was very
high in geriatric hip fracture patients, and much
higher than that in community-dwelling elderly
population. Apart from the need to prescribe
osteoporosis medicine, sarcopenia screening and
treatment should be offered and is essential to reduce
subsequent fall, subsequent fracture, fracture-related
complications and economic burden to Hong Kong.
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e The prevalence of sarcopenia was alarmingly high in geriatric hip fracture patients, and was much higher than
that in studies that reported sarcopenia in community-dwelling Chinese elderly population.

*  Apart from surgical treatment of hip fracture, a well-structured screening and treatment programme for
osteoporosis and sarcopenia should be implemented in order to reduce the subsequent fall risk and fracture

risk.

Introduction

Ageing is associated with changes in all body organs
including body composition, skeletal muscle, and
bone mass. Muscle mass decreases by 3% to 8%
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per decade after the age of 30 years and the rate of
decline is even higher after the age of 60 years.!
Rosenberg* first referred to this involuntary age-
related loss of muscle mass as ‘sarcopeny’ in 1989.
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The term sarcopenia derives from the Greek words
sarks (flesh) and penia (loss) and is equivalent to a
process that occurs during osteoporosis. Sarcopenic
individuals have a greater than 3-fold increase in
falls,>” higher earlier mortality,*'° and poor mobility
and instrumental activity in daily living.!! Sarcopenia
imposes significant costs on the health care system
each year.? It is the underlying cause of frailty,
the debilitating syndrome in ageing. Functional
impairment and physical disability are 2 to 3 times
more likely in sarcopenic people.”® In the United
States, costs related to complications of sarcopenia
were estimated to be more than 18.5 billion dollars
in 2000.'

Since 1989, several definitions of sarcopenia
have been presented based on the method of mea-
suring body composition including bio-impedance
analysis, dual-energy X-ray absorptiometry (DXA),
computed tomography,'* and magnetic resonance
imaging." In 2010, the European Working Group on
Sarcopenia in Older People (EWGSOP) developed
a new definition for sarcopenia using the presence
of both low muscle mass and low muscle function

(strength or performance).'® The Working Group
suggests three stages of sarcopenia: pre-sarcopenia
stage, characterised by low muscle mass without
change in muscle strength or performance;
sarcopenia, low muscle mass plus low muscle
strength or low physical performance; and severe
sarcopenia, with a decrease in all three components:
muscle mass, strength, and performance.

Inadequate protein intake is one of the main
risk factors for sarcopenia.”” One study showed
that the dietary intake of patients undergoing
orthopaedic surgery was insufficient in terms of
energy, proteins, and micronutrients.'® This situation
is often due to a hypermetabolic state secondary
to inflammation, to a reduced food intake due to
lack of appetite and to patients being confined to
bed. For all these reasons, the European Society
for Parenteral and Enteral Nutrition recommends
the use of nutritional supplements in older people
who have experienced a hip fracture.” A daily intake
of 1.2 to 1.5 g/kg of protein has been reported
to prevent sarcopenia, which is much more than
the currently recommended daily dietary protein
intake for adults of 0.8 g/kg/day.® There is general
agreement that the essential amino acid leucine
increases protein anabolism and decreases protein
breakdown.?? Vitamin D has recently received
recognition as another potential intervention
strategy for sarcopenia.’*? Three registered clinical
trials are currently being conducted across France,
Belgium, and the United States to investigate protein
nutritional supplements and sarcopenia. All trials
include nutritional supplements and resistance
training as interventions.

There is growing evidence that physical
activity can slow down the loss of skeletal muscle
and function.?* Exercise also reduces the likelihood
of falls and fall-related injuries.?** While progressive
resistance exercises can increase muscle strength
and power exercises can increase strength and
power, both have been recommended to revert
sarcopenia.?*

In Taiwan, the prevalence of sarcopenia has
been reported to be 10.8% in male and 3.7% in
female community-dwelling older Chinese adults
aged 65 years or above using EWGSOP criteria.”
The impact of sarcopenia on osteoporotic fractures
has rarely been reported, however. One study from
Japan reported a lower relative skeletal muscle mass
index and higher prevalence of sarcopenia in hip
fracture patients.*® No data are available for Chinese
patients.

In this study, we report the prevalence of
sarcopenia in Chinese geriatric patients with hip
fracture, and its correlation with different factors.

Methods

This was an observational study to determine the
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prevalence of sarcopenia, which was conducted
among geriatric hip fracture patients admitted to
Kowloon West Cluster Orthopaedic Rehabilitation
Centre in Hong Kong. All patients aged 60 years
or above admitted from June to December 2014 to
Kowloon West Cluster Orthopaedic Rehabilitation
Centre with operated hip fracture were recruited.
All study subjects were assessed by a clinician
and therapist within 3 weeks of admission. Basic
demographics and anthropometric measurement
data were collected.

Body composition

Dual-energy X-ray absorptiometry was adopted to
assess sarcopenia. We used the criteriarecommended
by the Asian Working Group for Sarcopenia (AWGS)
based on DXA study. Appendicular and whole lean
body mass was measured. Appendicular skeletal
muscle mass was normalised by size (sum of lean
muscle mass in upper and lower limb divided by
square of body height). Relative appendicular skeletal
muscle mass index (RASM) was used with a cut-off
value of 7 kg/m? in men, and 5.4 kg/m? in women
according to the consensus report of the AWGS.!

Strength

Isometric grip strength, the maximal hand grip
strength, was measured using a JAMAR hand
dynamometer (Sammons Preston, US). Patients were
seated with the shoulders in an anatomical position
and elbows in 90° flexion. The patients were shown
how to use the dynamometer and then asked to press
for 3 to 5 seconds on the grip using the greatest
possible force. The measurement was repeated
after a 30-second rest. Both hands were measured
separately and the highest score was registered. In
order to reduce variability, measurement was taken
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in a standardised manner. We used <26 kg for men
and <18 kg for women according to the cut-off values
recommended by AWGS.?

The prevalence of sarcopenia was reported
as the mean of RASM and hand grip strength. To
find a significant relationship between RASM and
other factors (age, hand grip strength, body weight,
body height, hip bone mineral density [BMD], and
total fat mass), Pearson’s correlation was performed
in each group. A P value of <0.05 was considered
statistically significant. Analysis was performed
using the Statistical Package for the Social Sciences
(Windows version 20.0; SPSS Inc, Chicago [IL], US).

Results

There were 239 patients (72 men and 167 women)
in this study. Their mean age was 82 years, with
81.5 years for males and 82.2 years for females. By
stratifying individuals as male or female, the mean
(+ standard deviation) body weight was 54.1 + 9.8 kg
and 48.9 + 9.9 kg, respectively. Respective mean hand
grip strength was 20.6 + 7.3 kgand 13.6 + 4.5 kg. Dual-
energy X-ray absorptiometry was performed 14 days
(mean; range, 3-28 days) after fall. Using the cut-off
value recommended by AWGS, the 95% centile
was lower than the cut-off value (Fig 1). The mean
hip BMD for males and females was 0.696 + 0.13
g/cm?and 0.622 + 0.12 g/cm? mean hip T-score was
-2.23 and -2.67, and the mean RASM was 5.72 + 0.83
kg/m? and 4.87 + 0.83 kg/m? respectively (Table 1).
Age- and sex-specific RASM are shown in Figure
2. For males, RASM declined as age increased. For
females, a lower RASM was observed in the youngest
and the oldest patients. The prevalence of sarcopenia
based on AWGS definition (RASM <7 kg/m? for men
and <5.4 kg/m? for women, together with hand grip
strength <26 kg for men and <18 kg for women) was
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RASM (kg/m?)

TABLE |. Characteristics of participants, body composition, and relative appendicular skeletal muscle mass index (RASM) in both

males and females

Characteristic

Mean (95% confidence interval)

Male (n=72)

Female (n=167)

Age (years) 81.5
Body weight (kg)

Hand grip strength (kg)

Hip bone mineral density (g/cm?)
RASM (kg/m?)

Hip T-score

Body mass index (kg/m2)

Total fat mass (g)

54.1 (51.6 to 56.5)
20.6 (18.9 to 22.3)
0.696 (0.663 to 0.729)
5.72 (5.484 to 5.898)
-2.23 (-2.51 to -1.95)
20.03 (19.21 to 20.85)
12630 (10 732 to 14 528)

82.2
48.9 (47.8 t0 51.0)
13.6 (13.0 to 14.3)

0.622 (0.603 to 0.642)
4.87 (4.802 to 5.066)
-2.67 (-2.83 to -2.51)
21.13 (20.50 to 21.78)
15695 (14 569 to 16 821)

o A Male
81 A Female
71 A
e- |
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FIG 2. Relative appendicular skeletal muscle mass index (RASM) in different sex
and age-group
The triangles indicate the means, and the vertical lines indicate the 95% confidence

intervals
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73.6% in males and 67.7% in females. According to
EWGSOP, the prevalence of pre-sarcopenia was
20.8% in males and 12.4% in females. The prevalence
of femoral neck osteoporosis based on hip T-score of
<—2.5 was 47.8% in males and 59.1% in females.

The relationship between RASM and hand
grip strength, body weight, hip BMD, body mass
index (BMI), and total fat mass in males is shown
in Figure 3 (P value from Pearson’s test). There was
a positive correlation between RASM and the above
parameters and all were statistically significant.
In females, the relationship between RASM and
hand grip strength, body weight, body height, BMI,
and total fat mass is shown in Figure 4. There was
a positive and statistically significant correlation
between RASM and all the above parameters except
body height.

Discussion

The prevalence of sarcopenia was 10.8% in male and
3.7% in female community-dwelling older Chinese
adults aged >65 years based on AWGS criteria.*! Few
papers have reported the prevalence of sarcopenia
in hip fracture patients, and have used different
definitions of sarcopenia. Table 2°*** summarises the
findings.

Hida et al* reported the prevalence of
sarcopenia in hip fracture patients based on Japanese
criterion (appendicular skeletal muscle mass index
<5.46 kg/m? in women and <6.87 kg/m? in men): the
figures being 44.7% in males and 81.1% in females.
Di Monaco et al*? reported a sarcopenia prevalence
of 64% in female hip fracture patients and 95% in
male hip fracture patients, based on height-adjusted
appendicular lean mass (aLM/height?). Sarcopenia
was defined according to normative data from the
New Mexico Elder Health Survey* where aLM was
less than 2 standard deviations below the mean of
a young reference group. They showed a significant
positive correlation between aLM/height> and
BMD.*

In our study, there was a higher prevalence
of sarcopenia in both male and female patients
with hip fracture, and even higher than that for
community-dwelling older Chinese adults. This
reveals that the problem of sarcopenia in geriatric
hip fracture patients is very serious. Our study is
the only one to adopt the definition proposed by
the AWGS and currently accepted in literature
for an Asian population. In addition, the interval
between fracture and DXA assessment is important:
a significant decrease in total body mass, lean mass,
and BMD has been reported from 10 days to 2
months post-fracture.** As we performed DXA on an
average of 14 days following fall, the potential effect
of deterioration in muscle mass after immobilisation
was minimised.
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FIG 3. Correlation of relative appendicular skeletal muscle mass index (RASM) and (a) hand grip strength, (b) body weight, (c) hip body mass density
(BMD), (d) body mass index (BMI), and (e) total fat mass in male patients
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TABLE 2. Comparison of different studies of sarcopenia in hip fracture patients®

Hida et al,** 2013

Di Monaco et al,*2 2012 Present study, 2015

Prevalence of sarcopenia
Definition

Mean interval between fracture and
DXA assessment (days)

Mean age (years)

44.7% (M), 81.1% (F)
Japanese criterion

Immediately after fracture and
before surgery

80.3 (M), 82.7 (F)

95% (M), 64% (F) 73.6% (M), 67.7% (F)

New Mexico Elder Health Survey AWGS definition
20.9 14.2
79.7 82

Abbreviations: AWGS = Asian Working Group for Sarcopenia; DXA = dual-energy X-ray absorptiometry; F = female; M = male
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In our study, the mean RASM in females was
the lowest in the 60-64 years’ age-group. Sarcopenia
may be a risk factor in this group of relatively young
geriatric hip fracture patients. Further study should
assess this particular group of patients to determine
the correlation of sarcopenia and fracture risk.

The prevalence of femoral neck osteoporosis
based on hip T-score of <—2.5 was 47.8% in males
and 59.1% in females. For male patients the RASM
was correlated with hip BMD, although a similar
result was not significant in female patients (R=0.15,
P=0.07). The prevalence of both osteoporosis and
sarcopenia is high in geriatric hip fracture patients,
and the prevalence of sarcopenia is even higher.
Based on the high prevalence of both osteoporosis
and sarcopenia, screening and treatment of both
diseases should be targeted to geriatric patients with
hip fracture.

Our study also showed that RASM was
correlated with hand grip strength, body weight, and
BMI (and total fat mass). Hence, they may be applied
to screen for high-risk patients where a whole-body
DXA machine or bio-impedance assessment is not
available.

There are few potential limitations of our study.
First, we only included patients with operated hip
fracture. The number of non-operated hip fractures
was unknown. Second, the time interval between
fall and DXA measurement varied from 3 to 28
days. The period of immobilisation commencement
from the date of fracture also varied. As the period
of immobilisation lengthens, there will be a drop
in RASM, although in our study a non-significant
negative correlation between RASM and time
interval between fall and DXA measurement was
shown. Third, this was an unblinded study, and
assessment involved several assessors. Nonetheless,
these issues could be minimised by standardising
the approach, and providing briefing instructions
to the patient being assessed. The use of the DXA
machine will not be biased since lean muscle mass is
an objective measure.

Conclusion

Our study showed a high prevalence of osteoporosis

and sarcopenia in geriatric patients with hip
fracture. With an expanding elderly population, the
number of such patients will increase. In addition to
surgical treatment of hip fracture, a well-structured
screening and treatment programme of osteoporosis
and sarcopenia should be implemented in order to
reduce subsequent fall, subsequent fracture, and
the fracture-related complications and economic
burden to Hong Kong.
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