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Abstract

Introduction: Sarcopenia is a prevalent risk factor for falls and fractures, and it affects the physical function and
mortality of older people. The present study was performed to assess the prevalence of sarcopenia in patients who
underwent rehabilitation after hip fracture surgery and to examine the association of sarcopenia with physical and
cognitive function outcomes. Methods: This case–control study involved 132 patients who were admitted to a
convalescent rehabilitation ward at a single hospital after surgical treatment of hip fractures from April 2018 to March
2020. The skeletal muscle mass index was examined using whole-body dual-energy X-ray absorptiometry. The Asian
Working Group for Sarcopenia 2019 diagnostic criteria were applied on admission. We compared the walking speed,
Mini-Mental State Examination (MMSE) score, and Functional Independence Measure (FIM) score between the sar-
copenia group and non-sarcopenia group on admission and on discharge. Results: The prevalence of sarcopenia was
59.8%. In the non-sarcopenia group, the walking speed, MMSE score, FIM total score, FIM motor score, and FIM cognitive
score were significantly lower on admission than those on discharge (P < .05). In the sarcopenia group, the walking speed,
MMSE score, FIM total score, and FIM motor score were significantly lower on admission than those on discharge (P <
.05); there was no significant difference in the FIM cognitive score between admission and discharge. On both admission
and discharge, the MMSE score, FIM total score, FIMmotor score, and FIM cognitive score were significantly better in the
non-sarcopenia group than those in the sarcopenia group. Conclusions: After postoperative rehabilitation of hip
fractures in patients with and without sarcopenia, physical and cognitive function outcomes on discharge were sig-
nificantly better than those on admission. Patients with sarcopenia had significantly worse physical and cognitive function
outcomes than patients without sarcopenia both on admission and on discharge.
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Introduction

More than one-third of people older than 65 years fall each
year,1 and 4.1% of these falls result in fractures.2 Among
these fractures, hip fractures are very common, with ap-
proximately 150,000 such fractures per year in Japan3 and
340,000 per year in the United States.4 Advanced age,
female sex, and declining cognitive and physical function
have been cited as causes of falls in older adults.5,6
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Advanced age, lower body weight, osteoporosis, de-
mentia, and several other risk factors are associated with
hip fracture.7,8 Sarcopenia is the loss of skeletal muscle
mass due to aging9 and is a predictor of mortality of all
causes among older adults living in the community.10

Older adults with sarcopenia are at high risk for falls
and hip fractures11,12 because of muscle weakness and
poor balance.13 Sarcopenia, which results in a decrease in
skeletal mechanical loading and adaptive bone remodel-
ing, is associated with reduced bone density and osteo-
porosis.14 All of these adverse effects of sarcopenia are
responsible for the increased risk of hip fracture in the
geriatric population. However, the relationship between
sarcopenia and hip fractures is unclear.

Sarcopenia increases the risks of a bedridden status and
falls,15 and the presence of sarcopenia is thought to be
important to the outcome after hip fracture surgery. In
addition, because cognitive decline is 1 of the causes of
falls,5 the improvement of cognitive function as well as
physical function is important to prevent re-fracture and to
improve future activities of daily living.16 Generally, re-
habilitation can improve patients’ physical functioning
after surgical treatment of hip fractures,17 but whether the
presence of sarcopenia affects the clinical outcome of
postoperative rehabilitation remains unknown.

This study was performed to evaluate the prevalence of
sarcopenia and investigate its association with physical and
cognitive function outcomes in patients with hip fractures
who underwent rehabilitation after hip fracture surgery.

Material and Methods

Study Design and Participants

We retrospectively enrolled patients who were admitted to
a convalescent rehabilitation ward at a single hospital after
surgical treatment of hip fractures from April 2018 to
March 2020. Ethics approval was obtained from the ethics
review board of our hospital. The present study was
performed in accordance with the World Medical Asso-
ciation Declaration of Helsinki principles. We calculated
the necessary sample size for an alpha value of .05 and
power of .80 using G*Power 3 statistical software18,19 and
found it to be 110. The inclusion criterion was surgical
treatment of a hip fracture (femoral neck, intertrochanteric,
or subtrochanteric fracture). Patients younger than
65 years, with a history of contralateral hip fracture, with
pathological fracture, with no measures of fitness, with
multiple fractures after multiple traumas, undergoing di-
alysis, and with paralysis or significant declines in ac-
tivities of daily living after stroke were excluded from the
study. Patients who were admitted to an acute care hospital
for >60 days after hip fracture and those who were ad-
mitted to a convalescent rehabilitation ward for ≥91 days

were also excluded because public medical insurance did
not cover acute care or rehabilitation beyond these times.

Outcome Measurements

The patients’ baseline clinical and demographic data were
collected, including age, sex, height, weight, and body
mass index at the time of admission to our hospital. The
skeletal muscle mass index (SMI) was measured using
whole-body dual-energy X-ray absorptiometry (Hologic
Horizon-WI densitometer; Hologic Inc, Marlborough,
MA, USA). The handgrip strength of both upper ex-
tremities was measured using a digital hand dynamometer
(TKK 5401; Takei Scientific Instruments, Niigata, Japan).
Two tests were performed with the right and left hands.
The best performance of the trials was used for the
analysis.20 Gait speed was measured using the 10-m walk
test.20 The length of stay in the convalescent rehabilitation
ward was also recorded. The walking speed of patients
who could not perform this test was recorded as 0 m/s.
Total protein, albumin, and HbA1c were also measured as
general blood indices.

All patients’ cognitive level was evaluated with the
Mini-Mental State Examination (MMSE)21 within 1 week
after admission to the rehabilitation ward and on discharge,
by physical therapists or occupational therapists.

The Functional Independence Measure (FIM)22 is a tool
used to measure a patient’s level of disability at admission
and on discharge; it is an 18-item measurement tool that
examines motor and cognitive function. The motor sub-
scale consists of 13 items (eating, grooming, bathing,
dressing of the upper body, dressing of the lower body,
toileting, bladder management, bowel management,
transferring between bed and chair, transferring in toilet,
transferring in shower, walking, and climbing stairs), and
the cognitive subscale consists of 5 items (comprehension,
expression, social interaction, problem solving, and
memory). Each item is rated on a 7-point ordinal scale
ranging from a score of 1 (“total assistance with helper”) to
7 (“complete independence with no helper”). A higher
score means that the patient is more independent in per-
forming the tasks associated with that item. All FIM scores
in the rehabilitation department were recorded by physical
therapists or occupational therapists within 1 week after
admission to the rehabilitation ward and at discharge.

Sarcopenia Definition

Sarcopenia was diagnosed based on the Asian Working
Group for Sarcopenia 2019 diagnostic criteria. The cutoff
values for hand grip strength formen andwomenwere <26 kg
and <18 kg, respectively. Low walking speed was defined
as <1.0 m/s. The cutoff values of the SMI for men and women
were <7.0 kg/m2 and <5.4 kg/m2, respectively.
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In addition, the patients were classified into 2 groups at
the time of admission: the sarcopenia group and the non-
sarcopenia group.

Rehabilitation Dose

In our convalescent rehabilitation ward, the patients were
able to undergo inpatient rehabilitation for 80 minutes
(40 minutes × 2 times) per day for 2 months after transfer
to a postoperative rehabilitation hospital. The physical
therapists mainly changed the rehabilitation program in a
stepwise manner according to the patient’s postoperative
condition. First, acupressure and massage were used to
relax the muscles of the lower limbs. This was followed
by range-of-motion training of the hip and knee joints.
Second, muscle strengthening was performed, focusing
on the lower limbs. Finally, pick-up walkers and four-
wheeled walkers were used for gait training, leading to
walking with a T-shaped cane, and then to independent
walking training. Furthermore, before the patients re-
turned home, physical therapists and occupational ther-
apists evaluated the patients and provided instruction
regarding how to manage stairs and steps, bathing, and
toileting. The time allocation for each rehabilitation
session could be adjusted according to the patient’s
needs.

Statistical Analysis

Continuous data are presented as mean and standard
deviation. All assessment results were subjected to the
Shapiro–Wilk test for normality, and subsequent tests
were selected based on the results. Data for all cases
were examined by the Mann–Whitney U test using SPSS
for Windows version 25.0 (IBM Corp, Armonk, NY,

USA). A P value of <.05 was considered statistically
significant.

Results

In total, 148 patients underwent rehabilitation in our
hospital. We excluded 13 patients younger than 65 years
and 3 patients with bilateral hip fractures. Therefore, 132
patients were enrolled in this study (Figure 1). The patients
were treated with 53 bipolar hemiarthroplasties and 79
internal fixations. The patients comprised 91 women
(68.9%) and 41 men (31.1%) with a mean age of 81.2 ±
7.6 years. Of the 132 patients, 53 patients had no sarco-
penia, namely 37 women (69.8%) and 16 men (30.2%),
and 79 patients had sarcopenia, namely 54 women (68.4%)
and 25 men (31.6%). Sarcopenia was found in 59.8% of
the study cohort. Weight, body mass index, handgrip
strength, SMI, and total protein were significantly lower in
the sarcopenia group compared with the non-sarcopenia
group (Table 1). However, there was no significant dif-
ference in age, sex, height, length of rehabilitation stay,
walking speed, albumin, or HbA1c.

In the non-sarcopenia group, the median walking speed
was higher on discharge than that on admission (Figure 2;
Table 2). In the sarcopenia group, the median walking
speed was higher on discharge than that on admission.
There was no significant difference in the walking speed
between the sarcopenia group and non-sarcopenia group
on either admission or discharge.

The MMSE score was significantly higher in the non-
sarcopenia group than that in the sarcopenia group on ad-
mission and discharge (Figure 3). In both groups, the MMSE
score was higher on discharge than that on admission.

The FIM total score was significantly higher in the non-
sarcopenia group than that in the sarcopenia group on
admission and discharge (Figure 4). In both groups, the

Figure 1. Flow diagram showing the study design and finalization of the study size.
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FIM total score was higher on discharge than that on
admission.

The FIM motor score was significantly higher in the
non-sarcopenia group than that in the sarcopenia group on
admission and discharge (Figure 5). In both groups, the
FIM motor score was higher on discharge than that on
admission.

The FIM cognitive score was significantly higher in the
non-sarcopenia group than that in the sarcopenia group on
admission and discharge (Figure 6). In the non-sarcopenia
group, the FIM cognitive score was higher on discharge
than that on admission.

Discussion

In this study, the prevalence of sarcopenia after a hip
fracture was 59.8%. Both on admission and after reha-
bilitation, cognitive and motor function were worse in
patients with sarcopenia compared with patients without
sarcopenia. The results of this study showed that reha-
bilitation improved not only motor function but also
cognitive function. Both cognitive and motor function
were found to improve even in the presence of sarcopenia.

The prevalence of sarcopenia in patients with hip fractures
ranges from 17% to 70%23-25 according to the population,
diagnostic tools, and definition of sarcopenia. In this study,
sarcopenia was found in 59.8% of the total study population
(in 59.3% of women and 65.9% of men with hip fractures).
Between 2 studies that used dual-energy X-ray absorpti-
ometry to measure low muscle mass, 1 study revealed a
prevalence of 21.8% in women and 86.7% in men,26 and the
other revealed a prevalence of 44.7% in women and 81.1% in
men.27 Other reports focused on the prevalence of sarcopenia
in the acute phase; however, our study focused on the
subacute phase after surgery at another hospital, which may
have changed the proportions.

Rehabilitation after hip fracture surgery in patients with
or without sarcopenia improved the walking speed and
FIM motor score, in this study. In the published literature,
the Minimally Clinically Important Difference for walking
speed in hip fracture patients is .10 m/s,28 whereas in the
current study, the difference was less than .10 m/s.
However, in 1 study, physical therapy produced signifi-
cantly greater improvements in strength, gait speed, bal-
ance, and perceived health in community-dwelling frail
patients with hip fracture compared with controls, although
there was no effect on bone mineral density or fat-free

Table 1. Comparison of the Characteristics of the Non-Sarcopenia and Sarcopen.ia Groups in the Convalescent Rehabilitation
Ward.

Total n = 132 Non-sarcopenia Group n = 51 Sarcopenia Group n = 81 P Value

Age, years (SD) 81.8 (7.6) 80.5 (7.9) 82.6 (7.3) .048
Gender, n (%)
Female 91 (68.9) 37 (72.5) 54 (66.7) .479
Male 41 (31.1) 14 (27.5) 27 (33.3)

Height, cm (SD) 153.0 (9.7) 153.4 (.1) 152.8 (.1) .774
Weight, kg (SD) 48.9 (11.1) 54.7 (11.5) 45.2 (9.2) <.001
BMI, kg/m2 (SD) 20.8 (3.9) 23.2 (4.1) 19.3 (2.8) <.001
Length of stay, day (SD) 55.5 (7.5) 55.6 (7.1) 55.5 (7.7) .827
Handgrip strength, kg (SD) 16.2 (7.1) 19.8 (7.9) 14.0 (5.5) <.001
Walking speed, m/s (SD) .38 (.52) .36 (.46) .39 (.56) .958
SMI, kg/m2 (SD) 5.3 (.9) 5.8 (.8) 5.0 (.7) <.001
Total protein, g/dl (SD) 6.8 (.6) 6.9 (.6) 6.7 (.6) .014
Albumin, g/dl (SD) 3.6 (.4) 3.6 (.5) 3.5 (.4) .200
HbA1c, % (SD) 5.7 (.8) 5.8 (.7) 5.7 (.8) .437

Abbreviations: BMI, body mass index; SMI, skeletal muscle mass index.

Figure 2. Improvement in walking speed between the
sarcopenia group and non-sarcopenia group on admission and
discharge. White boxes, non-sarcopenia group; gray boxes,
sarcopenia group. *P < .05, **P < .005, ***P < .001.
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mass.17 In another study, 30 minutes of daily rehabilitation
in patients with sarcopenia after hip fracture improved not
only physical function but also cognitive function.29 Our
study also showed that the MMSE score improved sig-
nificantly after rehabilitation in both patients with and
without sarcopenia. The non-sarcopenia group showed a
significant improvement in FIM cognitive scores after
rehabilitation, while the sarcopenia group tended to im-
prove, without a significant difference. In another study,
the MMSE score was also reported to be significantly
improved after rehabilitation for hip fracture in both pa-
tients with and without sarcopenia.30 These findings
suggest that rehabilitation after hip fracture improves
physical and cognitive function.

Cognitive function is an important factor influencing re-
habilitation outcomes for patients after hip fracture. Studies
have provided various findings regarding the impact of cog-
nitive impairment on functional outcomes. Cognitive im-
pairment has been reported as a significant risk factor for worse
rehabilitation outcomes.31 However, the treatment of behav-
ioral psychological symptoms of dementia can provide better
functional recovery during rehabilitation after hip fracture.32

This study had several limitations. First, the observational
period was only approximately 2-3 months; the 1- or 2-year
outcome should also be evaluated in future studies. However,
we were able to evaluate the effects of rehabilitation after hip
fracture surgery. Second, the patients’ pre-injury status was
unknown and could be evaluated only after fracture surgery.

Table 2. Comparison of the Non-Sarcopenia and Sarcopenia Groups with Regard to Differences Between Admission and Discharge.

Outcomes

Non-Sarcopenia Group (n = 51) Sarcopenia Group (n = 81)

Admission Discharge P Value Admission Discharge P Value

Walking speed, m/s (SD) .36 (.46) .41 (.43) .025 .39 (.57) .45 (.51) <.001
MMSE score (SD) 24.8 (5.0) 25.8 (5.0) .003 22.2 (5.3) 22.8 (5.1) .021
FIM score
Total score (SD) 86.2 (15.2) 105.2 (16.9) <.001 75.6 (19.8) 93.7 (20.0) <.001
FIM motor score (SD) 58.1 (12.0) 75.8 (12.3) <.001 51.7 (15.6) 68.1 (15.2) <.001
FIM cognitive score (SD) 28.2 (5.1) 29.4 (5.6) .001 23.9 (7.0) 25.6 (6.4) <.001

Abbreviations: FIM, Functional Independence Measure; MMSE, Mini-Mental State Examination.

Figure 3. Improvement in Mini-Mental State Examination
(MMSE) score between the sarcopenia group and non-
sarcopenia group on admission and discharge. White boxes,
non-sarcopenia group; gray boxes, sarcopenia group. *P < .05,
**P < .005, ***P < .001.

Figure 4. Improvement in functional independence measure
(FIM) total score between the sarcopenia group and non-
sarcopenia group on admission and discharge. White boxes,
non-sarcopenia group; gray boxes, sarcopenia group. *P < .05,
**P < .005, ***P < .001.
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The next study will be a prospective study. Third, the pos-
sibility of anesthesia-induced cognitive decline cannot be
ruled out. Cognitive function declines to 12% in older pa-
tients within 3 months after general anesthesia for surgery.33

However, the association between anesthesia and cognitive
decline is difficult to clarify because of inconsistencies re-
garding the definitions and diagnoses. Finally, the number of
patients was small; therefore, our findings should be con-
firmed in a large cohort. We plan to perform a large cohort
study of patients with hip fracture to examine physical and
cognitive outcomes.

Conclusions

The prevalence of sarcopenia was 59.8% in this study. In
both the sarcopenia group and non-sarcopenia group,
physical and cognitive function outcomes were signifi-
cantly better on discharge than on admission. These out-
comes were significantly worse in the sarcopenia group
than those in the non-sarcopenia group both on admission
and on discharge. Even in patients with sarcopenia,
postoperative rehabilitation of hip fractures significantly
improved both these outcomes.
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