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Background: This study aimed to investigate nutritional or rehabilitation intervention
protocols for hip fracture patients with sarcopenia and to analyze the effect of these protocols through a systematic review of studies that reported clinical results. Methods:
Studies were selected based on the following criteria: (1) study design: randomized controlled trials or non-randomized comparative studies; (2) study population: patients with
hip fracture; (3) intervention: nutritional or rehabilitation; and (4) reporting the clinical
outcomes and definition of sarcopenia. Results: Of the 247 references initially identified
from the selected databases, 5 randomized controlled studies and 2 comparative studies were selected for further investigation. The total number of patients was 497. We
found 2 specific rehabilitation interventions, one medication intervention using erythropoietin, and 4 nutritional interventions using amino-acid or protein. Among the studies
included in this systematic review, 2 studies did not find a clear statistical difference in
assessment tools compared to controls after intervention. On the other hand, the rest of
the studies positively interpreted the results for intervention. The most frequently used
assessment tool for intervention was handgrip strength. Conclusions: Although mainstream methods of intervention for sarcopenia include nutritional, exercise, and drug interventions, the validity of these interventions in elderly hip fractures has not been clearly proven. In addition, as most studies only reported short-term results, there is no consensus on the optimal long-term treatment.
Key Words: Aged · Exercise · Hip fractures · Nutritional status · Sarcopenia

INTRODUCTION

Copyright © 2022 The Korean Society for Bone and
Mineral Research
This is an Open Access article distributed under the terms
of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.

Sarcopenia is a geriatric syndrome defined by a progressive impairment of muscle function due to the loss of skeletal muscle mass.[1-6] Sarcopenia increases the
risk of falling and is associated with osteoporosis and hip fracture.[7,8] Compared
with hip fracture patients without sarcopenia, those with sarcopenia accompanied more pain after surgery, had decreased compliance with weight-bearing,
and resulted in a higher rate of physically and functionally deficient state.[9,10]
Therefore, sarcopenia is one of many problems requiring treatment in elderly patients with hip fractures.
There have been various reports on the results of nutritional support and specific exercise or rehabilitation in sarcopenia patients.[11,12] Nutritional support
and exercise appear to be effective in preventing or treating sarcopenia. However,
https://e-jbm.org/  63
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the protocols of nutritional and rehabilitation interventions are different for each study, and it is difficult to determine the effectiveness depending on the characteristics of
the group.[1] Also, research on whether treatment for sarcopenia is effective in elderly hip fracture patients with reduced digestive or cognitive function is scarce.[2] Nevertheless, sarcopenia is an important factor influencing the
outcome of treatment for hip fracture patients, thus, a
study on effective treatment is essential.[2]
Therefore, the purpose of this study is to (1) investigate
nutritional or rehabilitation intervention protocols; and (2)
to analyze the effect of these protocols through a systematic review of studies that report on clinical results of hip
fracture patients with sarcopenia.

METHODS
Our current systematic review was performed according
to the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guideline.[13]

1. Study eligibility criteria
Studies were selected based on the following criteria: (1)
study design: randomized controlled trials (RCTs) or nonrandomized comparative studies; (2) study population: patients with hip fracture; (3) intervention: nutritional or rehabilitation intervention; and (4) reporting the clinical outcomes and definition of sarcopenia. Studies were excluded
if they failed to meet the criteria.

2. Search methods for identification of studies
A comprehensive search of all relevant RCTs and comparative studies was conducted through PubMed Central,
OVID Medline, Cochrane Collaboration Library, Web of Science, EMBASE, KoreaMed, and AHRQ, up to April 2021, with
English language restriction. We used the following search
terms:(("sarcopenia"[MeSH Terms] OR "sarcopenia"[All Fields])
AND ("hip fractures"[MeSH Terms] OR ("hip"[All Fields] AND
"fractures"[All Fields]) OR "hip fractures"[All Fields] OR ("hip"
[All Fields] AND "fracture"[All Fields]) OR "hip fracture"[All
Fields])). A manual search of possibly related references
was also conducted. Two investigators independently reviewed the titles, abstracts, and full texts of all potentially
relevant studies, as recommended by the Cochrane Collaboration.[14]
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3. Data extraction
The following data were extracted from the included articles: authors, publication date, study design, characteristics of the participants, follow-up period, specific interventions, and outcome measurements.

4. Methodological quality assessment
Two authors independently assessed the methodological quality of included studies using the same criteria for
RCTs and as described in the Cochrane Handbook for Systematic Reviews of Interventions 5.2. The criteria include
the following: (1) Allocation concealment; (2) Were the inclusion and exclusion criteria clearly defined?; (3) Were the
outcomes of patients who withdrew or were excluded after allocation described and included in an intention-totreat analysis?; (4) Were the groups well-matched with appropriate covariate adjustments?; (5) Did the surgeons have
experience in the operations performed in the trial, prior
to its commencement?; (6) Were the care programs other
than the trial options identical?; (7) Were all the outcome
measures clearly defined in the text with a definition of
any ambiguous terms encountered?; (8) Were the outcome
assessors blinded to assignment status?; (9) Was the timing of outcome measures appropriate?; and (10) Were follow-up losses reported and if so, were they less than 5% of
participants lost from follow-up?
The Newcastle-Ottawa scale was used to assess the methodological quality of non-randomized studies. The scale
contains 8 items, which are categorized into 3 dimensions:
the selection of the study population, the comparability of
the groups, and the ascertainment of the exposure (casecontrol study) or outcome (cohort study). Each dimension
consists of subcategorized questions: selection (a maximum
of 4 stars), comparability (a maximum of 2 stars), and exposure or outcome (a maximum of 3 stars).[15,16] Apparently, a study can be awarded a maximum of 9 stars, which
indicates the highest quality. In the present study, 2 authors
independently evaluated the quality of all the studies.

RESULTS
The initial search identified 247 references from the selected databases. The 203 references were excluded by
screening the abstracts and titles for duplicates, unrelated
articles, case reports, systematic reviews, and non-comparahttps://doi.org/10.11005/jbm.2022.29.2.63
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Identification

tive studies. The remaining 17 studies underwent full-text
review and subsequently, 10 studies were excluded. The details of the identification of relevant studies are shown in the
flow chart of the study selection process (Fig. 1). Five RCTs
and 2 comparative studies were selected for further investigation. The total number of patients was 497 (RCTs, 279;
comparative studies, 221). Five studies included patients ≥
65 years of age, and 2 studies included patients ≥60 years
of age. There were 3 studies that applied the Asian working
group criteria for the definition of sarcopenia.[2,3,17]
The main characteristics and outcomes of the studies included in this systematic review are presented in Table 1.
[1-5,8,17] Two studies conducted specific rehabilitation intervention and 1 study conducted intervention using erythropoietin drugs.[2,3,17] Oh et al. [3] applied an antigravity
treadmill combined with conventional rehabilitation to hip
fracture patients. Antigravity treadmill was applied with
50% to 60% of body weight administered at a rate of 1.5
mph for 20 min based on a weekday. After that, the proportion of body weight and speed of the antigravity treadmill was increased step by step. Lim et al. [17] analyzed the
effect of the fragility fracture integrated rehabilitation management (FIRM) program. The FIRM program consists of 10
days of physical therapy (2 60-min sessions per day), 4 days
of occupational therapy, fall prevention education, discharge
243 of records identified
through database searching

planning, and referral to community-based care during
the-2 week hospital stay after surgery. Zhang et al. [2] administered intravenous erythropoietin to intertrochanteric
fracture patients for 10 days after surgery.
Four studies conducted nutritional interventions using
amino-acid or protein, although there were differences in
composition, dose, and duration of intervention.[1,4,5,8]
Malafarina et al. [8] provided supplements consisting of
protein-fat carbohydrates, and Flodin et al. [5] provided
protein with calcium and vitamin D for sarcopenia patients.
In the studies of de Sire et al. [4] and Invernizzi et al. [1], patients received a 2-month amino acid supplementation.
The most frequently used assessment tool for intervention was handgrip strength (Table 2).[1-5] In addition, ambulatory functions such as the Koval score, timed up and
go, body composition measured by dual energy X-ray absorptiometry, and appendicular skeletal muscle mass was
used. Among the studies included in this systematic review,
2 studies did not find a clear statistical difference in assessment tools compared to controls after intervention.[4,5]
However, the rest of the studies positively interpreted the
effect of results for intervention. The Newcastle-Ottawa
scale was used to assess the quality of the selected studies.
All included studies scored 6 to 8 points, indicating relatively high quality.

7 of additional records identified through other sources

247 Potentially
relevant studies

230 Studies were excluded on basis of
titles and abstracts

Eligibility

17 Studies retrieved for
the full test

5 RCTs and 2 comparative studies met inclusion criteria

10 Reports withdrawn with:
Non-comparative studies: 4 studies
Protocol report: 1 study
Other patients: 4 studies
No sarcopenia: 1 study

Included

Screening

3 Studies were duplicated

Fig. 1. Flowchart according to the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guideline. RCT, randomized controlled trial.
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AWG

AWG

2020 Retrospective Age >60,
comparative after interstudy
trochanteric
Fx. surgery,
sarcopenia

Zhang
et al.
[2]

Lim et al. 2019 Prospective Age >65,
[17]
observation- femoral neck
al compara- Fx
tive study

EWG

Age ≥65, 3
months after
THA for hip Fx

2020 Prospective
RCT

AWG

80

141

20

38

Controls

Intervention
Treatment group

Rehabilitation

Medication

Nutrition

The fragility FIRM program during 2 weeks hospital stay after surgery. The FIRM program consists of 10 days of physical therapy (2 sessions of 60-min per day), 4 days of OT,
fall prevention education, discharge planning, and referral
to community-based care during the-2 week hospital stay
after surgery. During the FIRM program, physical therapy
(weight-bearing exercises, strengthening exercises, gait
training, aerobic exercise, and functional training) gradually progressed based on the individual’s functional level;
OT for activity of daily living (transfer, sit-to-stand, bed
mobility, dressing, self-care, and use of adaptive equipment) was also provided. Intensive education-based on an
hip Fx. care manual was provided for patients and their
families by members of the multidisciplinary rehabilitation
team
(Continued to the next page)

Patients received the erythropoietin intravenous injection
(10,000 IU) once per day on the day of surgery and then
continuously for 10 days. Recombinant human erythropoietin injection (CHO cell, Shenyang Sansheng Pharmaceutical, Shenyang, China)

Specific physical exercise rehabilitative program,
Patients received a 2-month amino acid supplementation
consisting of 5 sessions of 40 min each (15 min of (Aminotrofic®, Errekappa Euroterapici Spa, Milan, Italy),
walking training, 10 min of upper and lower limb
2 sachets of 4 g daily (1,250 mg of l-leucine, 650 mg of lstrengthening and stretching, and 10 min of ballysine; 625 mg of l-isoleucine, 625 mg of l-valine, 350 mg
ance exercises) per week for 2 weeks under the
of l-threonine, 150 mg of l-cystine, 150 mg of l-histidine,
supervision of an experienced physical therapist,
100 mg of l-phenylalanine, 50 mg of l-methionine, 30 mg
and, subsequently, a home-based exercise protocol of l-tyrosine, 20 mg of l-tryptophan; 0.15 mg of vitamin B6,
(aerobic, flexibility, resistance, and neuromotor)
and 0.15 mg of vitamin B1) with specific physical exercise
without physical therapist supervision
rehabilitative program

Rehabilita- Conventional rehabilitation (30 min from physical
AGT combined with conventional rehabilitation in the first
tion
therapist on each of the 10 consecutive working
week (on days 1–5), AGT was applied with 50–60% of
days. Passive hip and knee mobilization, strength- body weight administered at a rate of 1.5 mph during 20
ening of the hip abductor and extensor muscles,
min based on weekday. In the following weeks (on days
transfer, and gait training on the floor and stairs
6–10), patients received AGT for 20 min, with 70–80% of
during every session)
body weight administered at a rate of 1.5–1.8 mph

Diagnosis
No. of hip Type of incriteria of
fractures tervention
sarcopenia

de Sire
et al.
[4]

Inclusion
criteria

Age 65-90, sarcopenia, after
hip Fx. surgery

Year Study design

Oh et al. 2020 Prospective
[3]
RCT

References

Table 1. Baseline characteristics of included studies
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Year Study design
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2015 Prospective
RCT

Flodin
et al.
[5]

EWG

EWG

EWG

Nutrition

79

Nutrition

107 (drop- Nutrition
out 15)

32

Diagnosis
No. of hip Type of incriteria of
fractures tervention
sarcopenia
Treatment group

Received calcium 1 g and Ca, vitamin D + Risedrovitamin D 800 IE; spenate (Optinate®, Warner
cifically, cholecalciferol Chilcott, Weiterstadt,
(Calcichew-D3®, Takeda Germany) 35 mg once
Pharmaceutical Comweekly for 12 months
pany Limited, Osaka,
Japan) divided into 2
daily doses for
12 months

Ca, vitamin D + Risedronate + nutritional supplement a 200
mL package twice daily, each containing 20 g of protein
and 300 Kcal (Fresubin®, Fresenius Kabi, Bad Homburg,
Germany). This supplement was given for the first 6
months following hip Fx

Rehabilitation therapy comprised 2 distinct parts.
Rehabilitation therapy with standard diet plus oral nutriThe first part took place in the hospital ward
tional supplementation in the form of 2 bottles a day of
(nursing staff and occupational therapist) and was HMB. The nutritional characteristics of the standard diet
based on moving patients early using technical
are: 1,500 Kcal, 23.3% protein (87.4 g/day), 35.5% fat
aids (canes, crutches, or walker), and rehabilitation (59.3 g/day) and 41.2% carbohydrates (154.8 g/day). In
of activities of daily living. The second part (physi- addition, patients in the IG received 2 bottles a day (1 in
cal therapy) took place at the hospital gym and
the morning and 1 in the afternoon) of prepared oral liquid
included exercises to strengthen the lower limbs,
nutritional supplementation (220 mL×2, total: 660 Kcal)
balance exercises and walking re-training in indi(Ensure® Plus Advance, Abbott Laboratories, Chicago, Il,
vidual or group 50 min sessions, once a day 5 days USA) with the following nutritional characteristics: 1.5
a week (Monday to Friday)
Kcal /mL, 24% protein (9.1 g/100 mL), 29% fat (5 g/100
mL) and 46% carbohydrates (16.8 g/100 mL). The supplement was enriched with CaHMB 0.7 g/100 mL, 25(OH)D
227 IU/100 mL and 227 mg/100 mL of calcium

Physical exercise rehabilitative program (5 sessions Physical exercise rehabilitative program (5 sessions of 40
of 40 min/week for 2 weeks, followed by a homemin/week for 2 weeks, followed by a home-based exercise
based exercise protocol). The first phase of each
protocol) and received a dietetic counseling; supplemented
session consisted of 15 min of walking training,
with 2 sachets of 4 g/day of essential amino acids (Amithe second phase consisted of 10 min of upper and notrofic®, Errekappa Euroterapici Spa). Patients in group
lower limb strengthening and stretching, standing A were treated for 2 months with an essential amino
or at bed, and the fourth phase consisted of 10
acid supplementation (Aminotrofic®) 2 sachets of 4 g per
min of balance exercises. Each session lasted 40
day (1,250 mg of l-leucine, 650 mg of l-lysine; 625 mg of
min and was performed with the supervision of
l-isoleucine, 625 mg of l-valine, 350 mg of l-threonine,
an experienced physiotherapist. After these first 2 150 mg of l-cystine, 150 mg of l-histidine, 100 mg of lweeks of physical exercise rehabilitative program, phenylalanine, 50 mg of l-methionine, 30 mg of l-tyrosine,
all participants performed a home-based exercise. 20 mg of l-tryptophan; 0.15 mg of vitamin B6, and 0.15 mg
Protocol up to the end of the study period, after 2
of vitamin B1)
months of intervention

Controls

Intervention

RCT, randomized controlled trial; Fx, fracture; THA, total hip arthroplasty; AWG, Asian Working Group; EWG, European Working Group; HMB, β-hydroxy-β-methylbutyrate; AGT, antigravity treadmill; FIRM,
fracture integrated rehabilitation management; OT, occupational therapy.

Age >60,
after hip Fx.
surgery

2017 Multicenter Age >65,
prospective after hip Fx.
RCT
surgery

Age >65,
3 months
after hip Fx.
surgery

Inclusion
criteria

Malafarina
et al.
[8]

Invernizzi 2019 Prospective
et al.
RCT
[1]

References

Table 1. Continued
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45
35

Lim et al. [17] Controls
Treatments

16
16

33
22
44
39

Zhang et al. Controls
[2]
Controls
Treatments
Treatments

Controls
Treatments

10
10

de Sire et al. Controls
[4]
Treatments

Invernizzi
et al. [1]

19
19

12
11

0
35

33
22
44
39

8
7

19
19

No. of No. of
Interven
hip frac- sarcopetion
tures
nia

Controls
Treatments

Oh et al. [3]

References

77.65±8.4
80.33±6.72

79.7±6.5
82.8±7.5

78.63±7.28
75.01±8.2
79.54±6.2
76.97±7.71

77.65±8.4
80.33±6.72

81.15±4.9
76.94±9.43

Age
157.73±7.53
160.08±8.25

Height
(cm)

14:3
13:2

34:11 157.6±7.1
28:7 153.6±8.4

33:0
0:22
44:0
0:39

8:2
9:1

13:6
13:6

Sex
(F:M)

56.7±8.1
48.5±9.1

52.08±11.62
55.51±11.15

Weight
(kg)

23.15±5.33
23.05±4.77

22.9±3.5
21.2±3.4

20.93±4.54
21.58±3.23

BMI
(g/m2)

Table 2. Patient characteristics and assessment methods for intervention and conclusions of included studies
Conclusions

Erythropoietin can improve the muscle
strength of female patients with sarcopenia during the perioperative period,
and increase muscle mass both of
women and men

Hand-grip strength, TUG, and Iowa
Level of Assistance Scale

A multidisciplinary rehabilitative and
nutritional intervention seems to be
effective on functioning in hip fracture
patients, in particular sarcopenic ones
(Continued to the next page)

Main outcomes for ambulatory func- The fragility fracture integrated rehabilition (Koval score, Functional Ambutation management program was effeclatory Category) and other secondary tive for promoting functional recovery in
outcomes were measured at rehaolder patients with fragility hip fracture,
bilitation admission, at discharge,
either with or without sarcopenia
at 3 months and 6 months after
surgery. Other secondary outcomes
were measured. The possibility of
independent ambulation at 6 months
after surgery were also investigated

Appendicular skeletal muscle mass,
hand-grip strength measurement,
Hemoglobin level

Serum myostatin level, skeletal mus- In this proof of principle study, we found
cle mass index, obtained by wholea significant intragroups difference in
body tetrapolar bioelectrical imped- terms of serum myostatin levels in both
ance analysis (BIA 101 Anniversary
groups. On the other hand, we found no
Sport Edition, Akern Srl, Florence,
significant differences between groups
Italy); appendicular muscle strength, in serum myostatin levels at the end of
measured by hand-grip strength test treatment, probably due to the correla(hand-held Jamar® dynamometer);
tion between physical exercise protocol
and physical performance, using the and myostatin levels, independently
TUG
from amino acids supplementation

Koval walking ability scores functional Both groups were improved after interambulatory category, Berg Balance
vention. As additional benefits were
Scale, Korean version of Minievident among those who carried out
Mental State Examination, Euro
antigravity treadmill, it may be approQuality of Life Questionnaire Fivepriate for patients with sarcopenia after
Dimensional Classification, Korean
hip fracture surgery
version of modified Barthel index,
and grip strength

Assessment methods
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Body composition as measured by
Protein-rich nutritional supplementation
dual-energy X-ray absorptiometry,
was unable to preserve fat-free mass
HGS and HRQoL were registered at
index more effectively than vitamin
baseline, 6 and 12 months postopD and calcium alone, or combined
eratively
with bisphosphonate, in this relatively
healthy group of hip fracture patients.
However, trends toward positive effects
on both HGS and HRQoL were observed
following nutritional supplementation
22.4±2.6
24±2.9
22.7±3.4
19:6
18:10
19:7
78±11
80±9
81±8
25
28
26
Controls
Controls
Treatments
Flodin et al.
[5]

https://doi.org/10.11005/jbm.2022.29.2.63

DISCUSSION

The data is presented as mean±standard deviation.
F, female; M, male; BMI, body mass index; TUG, Timed Up and Go test; HGS, hand-grip strength; HRQoL, health-related quality of life; HMB, β-hydroxy-β-methylbutyrate.

Body mass index, anthropometric
A diet enriched in HMB improves muscle
parameters, Barthel index and the
mass, prevents the onset of sarcopeFunctional Ambulation Categories
nia and is associated with functional
score. Muscle mass was assessed
improvement in elderly patients with
using bioelectrical impedance analy- hip fractures. Orally administered nutrisis, which allowed us to calculate
tional supplements can help to prevent
appendicular lean mass
the onset of sarcopenic obesity
26±5.4
24.9±4.4
63.2±14.7
62.7±12.9
160±1.0
160±1.0
35:9
33:10
84.7±6.3
85.7±6.5
43
49
Controls
Treatments
Malafarina
et al. [8]

No. of No. of
Interven
hip frac- sarcopetion
tures
nia
References

Table 2. Continued

Age

Sex
(F:M)

Height
(cm)

Assessment methods

Conclusions
BMI
(g/m2)
Weight
(kg)
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Approximately 40% of elderly people with a fracture do
not recover their previous functional status.[18] Functional
loss is associated with institutionalization and increases
mortality.[18] Bed confinement and the reduced mobility
of hospitalized elderly patients are associated with loss of
muscle mass and function.[19] In addition, age-related muscle loss occurs in elderly patients.[5] It has been reported
that about 5% to 6% of muscle loss occurs within 1 year after hip fracture.[20] Thus, the prevalence of sarcopenia in
elderly patients with hip fractures is up to 54%.[21]
The pathogenesis of sarcopenia is linked to an alteration
of the homeostasis between protein anabolism and catabolism in the muscle tissue, resulting in the progressive reduction of the muscle mass.[22] This homeostasis is affected by several factors. Inflammatory cytokines, cortisol, myostatin, and the over-expression of the ubiquitin-proteasome
pathway promotes muscle tissue degradation, while adequate protein or amino acid intake, growth hormone, and
insulin growth factor-1 promote the synthesis of new muscle tissue.[22] Thus, mainstream methods of intervention
for sarcopenia include nutritional intervention, exercise intervention and drug intervention.[2]

1. Results and limitations of studies related to
rehabilitation
Oh et al. [3] applied an antigravity treadmill combined
with conventional rehabilitation for 10 days after surgery
in hip fracture patients with sarcopenia. Although functional scores, such as Koval score and Berg Balance Scale,
improved at postoperative 3 to 6 months, they plateaued
in the subsequent period. They concluded that rehabilitation with an antigravity treadmill provided additional benefit to hip fracture patients, but there is no improvement in
handgrip strength. Lim et al. [17] operated an elaborate rehabilitation program for about 10 days on patients who
underwent hip fracture surgery and reported the following clinical results. They insisted that the ambulatory function, assessed through Koval score, Functional Ambulatory
and Category scale, of the patients investigated up to 6
months after surgery was improved by this rehabilitation
program regardless of the presence of sarcopenia. However, no significant improvement in handgrip strength was
observed in this study as well.
https://e-jbm.org/  69
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Although improvement in functional score was observed
in both studies, several factors could be considered for the
fact that there was no change in handgrip strength, an index related to sarcopenia. First, exercise for 10 days after
surgery is considered too short to improve sarcopenia. In
Lim et al.’s study [17], even considering the degree of complication due to hip fracture, 61.5% to 70% of patients who
recovered to their pre-injury (fracture) ambulatory function still displayed muscle loss. Moderate to high-intensity
resistance exercises can improve muscle mass and strength,
and improve body muscle function.[2] We believe that additional research is needed on the intensity and duration
of exercise that can increase muscle mass in hip fracture
patients, and a change in rehabilitation protocol is required
in consideration. Second, it is possible that the failure of
social or familial support for rehabilitation after surgery
may have affected the patients’ sarcopenia status. Third,
there was no support for nutritional status in both studies.

2. Results and limitations of studies related to
nutrition
In the studies of de Sire et al. [4] and Invernizzi et al. [1],
2 months of amino acid supplementation were performed.
The main components of the amino acids used were l-leucine, l-lysine, and l-valine, with addition of vitamin B6 and
vitamin B1. In the study by Malafarina et al. [8], patients
were supplemented with 2 bottles per day of β-hydroxy-βmethylbutyrate (HMB), a metabolite of leucine, during hospitalization. In the study of Fitschen et al. [23], HMB has
been shown to improve the synthesis and reduce the degradation of muscle proteins. The endogenous output of
HMB reduces with age and its levels are associated with
the loss of appendicular lean mass and handgrip strength.
[24] In the study of Kuriyan et al. [24], supplementation with
HMB prevents muscle loss associated with bed confinement.
Branched-chain amino acids, such as leucine, are responsible for the activation of muscle metabolism by stimulating
the mammalian target of rapamycin.[25]
De Sire et al. [4] measured serum myostatin levels after
amino acid supplementation, but myostatin levels decre
ased regardless of intervention, and there was no difference between the 2 groups. Invernizzi et al. [1] reported
that handgrip strength, Timed Up and Go test, and Iowa
Level of Assistance scale was improved only in hip fracture
patients with sarcopenia among patients who received
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nutritional support, but in patients without sarcopenia,
improvement was not observed. In the study of Malafarina
et al. [8], the intervention group undergone HMB supplementation lost weight at discharge compared to the time
of admission, but to a lesser degree compared to the control group. The appendicular lean mass did not decrease in
the intervention group compared to at the time of hospitalization.
The low concentration of vitamin D is associated with a
reduction in muscle mass and strength, and supplementation with vitamin D is effective in the prevention and management of frailty.[26] In the studies of Artaza-Artabe et al.
[26] and Flodin et al. [5], calcium and vitamin D was included in nutritional supplements. Interestingly, in the
study of Flodin et al. [5], although protein-rich nutritional
supplementation positively affects handgrip strength and
quality of life, there was no difference in change in fat-free
mass index and handgrip strength between the control
group (only calcium and vitamin D) and the intervention
group (calcium and vitamin D, protein, and risedronate).
Also, the period of nutritional supplement was 6 months.
As far as we know there have not been any nutritional intervention trials persisting longer than six months for hip
fracture patients. Two possible explanations for the lack of
significant benefits may be that: poor nutritional state prior to hip fracture; prolonged catabolic state, in which metabolic, hormonal, and inflammatory response to injury and
operation result in an accelerated breakdown of muscle
protein.[27-29]
In the studies of de Sire et al. [4] and Invernizzi et al. [1],
the duration of rehabilitation was 2 weeks, and in the study
of Malafarina et al. [8], exercise was performed for 5 days
per week during hospitalization. A study by Flodin et al. [5]
reported that conventional rehabilitation aimed at restoring the ability to walk was performed, but did not describe
how long it was performed. Although nutrients and, in particular amino acids, play a key role in muscle metabolism
and functioning in older people, all studies performed nutritional support and rehabilitation simultaneously. All studies reported that nutritional intervention reduced muscle
mass loss, but it does not seem to completely prevent muscle mass loss, because of the short-term intervention. In
addition, since the rehabilitation and nutrition protocols,
methods for evaluating the effectiveness of interventions
differed for each study, thus it was not possible to conclude
https://doi.org/10.11005/jbm.2022.29.2.63
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which method was the most effective.

3. Results and limitations of studies related to
medication
Patients’ comorbidity and cognitive impairment will worsen over time after hip fracture. In addition, complications
of hip fracture, and pain caused by fracture itself and following surgical interventions interfere with ambulation.
These can make rehabilitation or exercise difficult to sustain. Even if long-term nutritional support is provided, if
continuous rehabilitation is limited, the effectiveness of
nutritional support seems to be also limited. Therefore, although there is no drug proven to date, it is necessary to
develop a drug that can directly affect myocytes. Erythropoietin has been reported to have therapeutic effects such
as anti-apoptosis, anti-oxidation, anti-inflammation and
maintenance of vascular structure, as well as a normal function.[30-32]
Zhang et al. [2] administered erythropoietin to intertrochanteric fracture patients over 60 years after surgery by
classifying groups according to the presence or absence of
sarcopenia and sex. They reported that erythropoietin increased handgrip strength in sarcopenic women compared
to the control group, although there was no effect in sarcopenic men. They also reported that the appendicular skeletal muscle increment of the intervention group was markedly increased regardless of sex. Therefore, they insisted
that erythropoietin can improve the muscle strength of female patients with sarcopenia during the perioperative period and increase muscle mass both of women and men,
with erythropoietin possibly improving the symptoms of
sarcopenia. Moreover, even more surprising in the study
was that administration of erythropoietin reduced postoperative complications and length of stay. However, in this
study, muscle strength increase due to erythropoietin was
not observed in men, and they did not evaluate the reduction state of the fracture, the leg length discrepancy caused
by the collapse of the fracture site, and postoperative ambulatory state. In addition, since cost effectiveness and safety for complications by erythropoietin have not been proven, caution is needed in the use of erythropoietin.
There are limitations to our study. First, because the characteristics of patients included, such as race and age, are
heterogenous, the definition or measuring methods for
sarcopenia in each study are different. Therefore, it may be
https://doi.org/10.11005/jbm.2022.29.2.63

difficult to use the protocols introduced in this study in
general. Second, because the number of studies that performed intervention for the treatment of sarcopenia in patients with hip fracture was small and there were many
differences between the protocols, we could not find proper intervention protocol for sarcopenia in patients with hip
fracture. It is considered that further research is needed in
the future.

CONCLUSION
Although mainstream methods of intervention for sarcopenia include nutritional intervention, exercise intervention and drug intervention, the validity of these interventions in elderly hip fractures has not been proven clearly.
Also, most studies have reported short-term results, there
is no consensus on optimal long-term treatment.
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