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Abstract
Objectives: To evaluate the efficacy of resistance training (RT) combined with beta-hydroxy-beta-methylbutyric acid
(HMB) in the treatment of elderly patients with sarcopenia after hip replacement.

Methods: From January 1, 2018 to December 31, 2018, 200 elderly patients (68 men, mean age 76.3 years and
137 women, mean age 79.1 years) who experienced femoral neck fracture with sarcopenia after hip arthroplasty were
assigned to four groups: RT + HMB group, RT group, HMB group, and negative control group. Baseline data, body
composition, grip strength, Barthel index (BI), Harris hip score (HHS), and visual analog scale score (VAS) were com-
pared among the four groups before and 3 months after surgery.

Results: A total of 177 participants completed the trial, including 43 in the HMB + RT group, 44 in the HMB group,
45 in the RT group, and 45 in the negative control group. At the 3-month follow-up, the body composition and grip
strength of the HMB + RT group and RT group were significantly improved compared with those before operation. The
HMB group had no significant change, while the measures in the negative control group significantly decreased. Post-
operative BI and HSS did not reach pre-injury levels in any of the four groups, but postoperative VAS score was signifi-
cantly improved. However, there was no significant difference in BI, HSS, or VAS among the four groups.

Conclusion: RT, with or without HMB supplementation, can effectively improve body composition and grip strength in
elderly patients with sarcopenia after hip replacement at short-term follow-up. Simultaneously, use of exclusive HMB
supplementation alone may also help to prevent decreases in muscle mass and grip strength in these patients.
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Introduction

Sarcopenia, from Greeksarx (“flesh”) and penia
(“lacking”), is a geriatric syndrome characterized by pro-

gressive and widespread skeletal muscle loss1. The incidence of
sarcopenia varies widely among the elderly population, ranging

from 1% to 29% in the community population over 50 years of
age and from 14% to 33% in those requiring long-term care2.
Abundant evidence shows that sarcopenia is strongly associated
with patients suffering from hip fractures, cognitive decline,
and cardiovascular diseases3,4. These conditions frequently lead
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to decreased physical activity, resulting in decreased quality of
life, increased medical costs, and higher mortality5.

Femoral neck fracture is the most common fracture
leading to disability in the elderly, accounting for 48.22% of
hip fractures, and 3.13% of total adult fracture patients6. It is
estimated that by 2050, the number of femoral neck fracture
patients around the world will reach 6.3 million to 8.2
million7. Hip replacement is one of the most frequently per-
formed and successful reconstructive procedures for elderly
patients with femoral neck fracture8. Still, the mortality rate
of elderly patients with femoral neck fracture within 1 year
of surgery is up to 35.9%9, and 25%–30% of patients are
never able to recover the pre-injury physical state10. A grow-
ing number of studies have shown that sarcopenia is closely
linked to femoral neck fractures in the elderly as both an
independent risk factor and a common complication, with
an incidence of about 37% in patients with femoral neck
fracture11,12. Kim et al. showed that in patients with femoral
neck fracture and sarcopenia, the 1-year and 5-year mortality
rates were 22.2% and 82.7%, respectively13. Similarly, Mal-
afarina et al. found that the mortality rate of patients suffer-
ing from both femoral neck fracture and sarcopenia was
almost twice as high as that of patients without sarcopenia14.
Therefore, femoral neck fracture with sarcopenia in elderly
patients should be considered an urgent clinical problem to
be solved.

Resistance training (RT), also known as strength train-
ing, refers to the process of the body overcoming resistance
to achieve muscle growth and gain strength15. On a molecular
level, this can also inhibit the expression of myostatin mRNA
and stimulate myatin synthesis16. RT has been increasingly
adopted for home-dwelling hip fracture patients, in addition
to in supervised strength-training programs in a rehabilitation
setting, with the goal of recovering physical function, muscle
mass, strength, and balance15. Several clinical studies have
shown that RT is an effective, easy-to-use, functional training
program in maintaining functional strength and increasing
muscle mass in older adults with sarcopenia17. Nevertheless,
little is known about the specific roles of RT programs in
older individuals with sarcopenia, especially those with a fem-
oral neck fracture. Moreover, almost no studies have exam-
ined the effect of RT on femoral neck fracture patients with
sarcopenia after hip replacement.

In addition to strength training, supplements are some-
times prescribed to patients with the goal of aiding in recov-
ery, a common example of this is beta-hydroxy-beta-
methylbutyric acid (HMB), a metabolite of the branched
amino acid leucine18. HMB is thought to promote skeletal
muscle protein synthesis and inhibit skeletal muscle protein
decomposition, and may facilitate intracellular cholesterol
synthesis to support sarcolemma integrity18,19. As an energy
enhancing supplement, HMB has been widely applied to
enhance increases in the mass and strength of skeletal mus-
cles in both youths and the elderly, especially after endurance
exercise or RT18. For example, Ellis et al. concluded that oral
administration of HMB was able to increase muscle mass and

improve physical function in healthy elderly people20.
Besides, a number of studies have investigated the effect of
HMB in chronic diseases correlation with muscle wasting,
such as cancer, acquired immunodeficiency syndrome,
chronic obstructive pulmonary disease, and fractures that
requires long-term bed rest21. Gratifyingly, growing evidence
have certified that HMB supplementation is able to increase
lean body mass and preserve muscle strength and function in
elderly people22. Further, Malafarina et al. showed that a diet
rich in HMB could improve muscle mass and function in
elderly patients with hip fracture and prevent the occurrence
of sarcopenia23. And excitingly, Phillips et al. found that
HMB combined with RT could increase muscle mass in
patients with sarcopenia24. However, there have been no
reports of the effect on RT combined with HMB treatment in
elderly patients with femoral neck fracture and sarcopenia
after hip replacement.

The purpose of this study was as follows: (i) to
investigate the therapeutic effect of body composition and
muscle strength of RT combined with HMB in elderly
patients with femoral neck fracture and sarcopenia under-
going hip replacement surgery; (ii) to identify the influ-
ence on postoperative recovery of hip function and quality
of life on above participants after a short-term follow-up;
and (iii) to compare the outcomes among the different
interventions.

Materials and Methods

Study Design
The present investigation is a pragmatic, prospective obser-
vational study, which was in accordance with the Helsinki
Declaration. All participants were fully aware of the nature,
purpose, procedures, and risks of the study and signed
informed consent.

Participants
A total of 200 participants was conducted in Tianjin Hospital
(Tianjin, China) from January 1, 2018, to December 31,
2018. All participants received the same level of educational
lectures after admission and were given a guide book includ-
ing diet and exercise strategies. The flow chart of study par-
ticipants is shown in Figure 1. The inclusion and exclusion
criteria were described as follows:

Inclusion criteria: (i) patients with a first unilateral
femoral neck fracture; (ii) ≥65 years of age; (iii) patients
meeting the diagnostic criteria for sarcopenia (defined by
Asian working group of sarcopenia [AXGS]): hand-grip
strength (male at <26 kg, female at <18 kg) and high-
adjusted skeletal muscle mass by dual-energy X-ray absorpti-
ometry (male at < 7kg/m2 and female at <5.4 kg/m2)25;
(iv) primary unilateral hip replacement employed by tradi-
tional posterior approach; and (v) consent to be included in
the study.

Exclusion criteria: (i) accompanied by mental diseases,
cognitive impairment, movement disorders, or postoperative
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complications; (ii) recent experience with a regular guided
exercise program (more than three times per week); and
(iii) oral protein-rich nutritional medications, bisphosphonates
or vitamins, or any medication known to affect protein
metabolism.

Interventions
All participants were given routine postoperative rehabilita-
tion training26, and were randomly assigned to four groups:
(i) RT + HMB group;(ii) RT group; (iii) HMB group; and
(iv) negative control group.

HMB Supplementation
Currently, there is no specified therapeutic dose of HMB sup-
plement for patients with hip fracture and sarcopenia. However,
numerous studies suggest that a dose of 3 g per day of HMB in
older adults could treat muscle loss with no side effects27,28.
Therefore, we supplemented HMB (3 g/day) for participants in
two of the groups (RT + HMB group and HMB group) daily
for 3 months after surgery. The patients’ daily medication was
strictly recorded as a basis for assessing compliance.

Resistance Training
Before RT, training logs were made for every participant,
including training frequency, repetition times, training speed,
and training intensity (non-maximum repetition amount
including non-repetition maximum [NRM] and repetition
maximum [RM]). In order to illustrate the concepts of RT
intensity, how to evaluate the maximum intensity metric,
and how to adjust the training intensity, we provide the
following example: if a weightlifter can lift 100 kg at most
with the correct method, then 1RM is 100kg for weight
training, and a training intensity of 70%–80% 1RM would
mean lifting 70–80 kg. Participants can freely choose the
training intensity and the number of repetitions to achieve
the desired training effect. The postoperative RT for
patients were all under the guidance of professional rehabil-
itation instructors and training logs were recorded weekly
by telephone interview.

The main muscle groups (hip flexor, hip adductor, hip
abductor, and hip posterior extensor) were trained in stages
according to the Progressive Resistance Training Model for
Healthy Adults developed by the American College of Sports
Medicine29. In the first stage (1 month after surgery, every
3 days), 60%–70% 1RM exercise intensity was used for eight
to 12 repetitions in each set, with two to three sets of

Figure 1 Flowchart of patients in four

groups. BI, barthel; HMB,

hydroxymethylbutyrate; HSS, Harris

Hip Score; RT, resistance training;

VAS, visual analog scale
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training each time and 3–5 min of rest between sets. In the
second stage (2–3 months after surgery, every 2 days), 80%–
90% 1RM exercise intensity was used for 15 repetitions in
each set, two to three sets for each training, with 3–5 min of
rest between sets17,30,31.

Outcomes Measure
The following assessments will be taken at the baseline and
endpoint of 3 months.

Primary Outcomes

Body Composition
Body composition was measured by a Dual Energy X-Ray
Absorptiometry (DXA, HOLOGIC Discovery, USA) according
to DXA standards32–34, including: whole body fat-free mass
(WBFFM); upper-extremity mass(UEM); healthy lower-
extremity skeletal muscle mass (HLESMM); injured lower-
extremity skeletal muscle mass (ILESMM); body skeletal mus-
cle mass (BSMM); skeletal muscle mass index (SMI; the ratio
of muscle mass of the limbs to the height squared); and fat
mass (FM).

GS
The dominant side GS was measured using an electronic
dynamometer (EH101, CAMRY, China). Participants first
sat in a standard armchair with their upper arms in an
adductive neutral position, elbows flexed 90�, and their fore-
arms and wrists in a naturally relaxed position. The partici-
pants were then asked to hold a dynamometer in their hand
and squeeze the device with maximum force, reaching the
maximum smoothly without any twisting or twitching move-
ment of the forearm or hand. The GS was measured three
times for every participant with 1 min interval between each
time, taking the maximum value of three trials as the final
result35.

Secondary Outcomes

BI
The daily quality of life of patients was assessed based on the
improved BI, which has a high sensitivity and reliability, and
includes eating, bathing, dressing, stool control, urination
control, grooming, toilet use, bed chair transfer, physical
activity (walking), and walking up and down stairs36. The
total BI ranges from 0 to 100: a score below 20 indicates the
patient is in complete disability and complete dependence on
care; 20 to 40 indicates the patient is severely disabled and
needs significant daily aid; 40 to 60 suggests the patient has
moderate disability and requires some daily aid; above
60 indicates the patient has disability but can complete basic
self-care; 100 means the patient has no reliance on aid for
daily activities.

HHS
HHS is a measure employed to estimate recovery of hip
function of patients receiving hip surgery. It consists of
four dimensions (pain, function, deformity, and range of
motion), with individual scores for pain (0 to 44), function
(0 to 47), deformity (0 to 4), and range of motion (0 to 5),
totaling to between 0 and 10037. The scoring system can
be interpreted as: <70 is considered poor hip condition;
70–80 is considered as fair condition; 80–90 is considered
as good condition; and 90–100 is considered as excellent
condition.

VAS Score
Postoperative pain is a common complication of hip
arthroplasty, so it is necessary to evaluate pain in the hip
area to observe the efficacy of different interventions. VAS is
identified as a simple, relatively objective, and sensitive
method for pain assessment [37]. The basic method for mea-
suring VAS is to use a vernier about 10 cm long, with
10 marks on one side and a “0” and a “10” on each end. A
score of 0 indicates no pain and a score of 10 indicates the
most intolerable pain. The participants were requested to
mark the corresponding position on a scale that represents
their level of pain. The scale of pain severity based on VAS
score was 1–3 as mild pain, 4–6 as moderate pain, and 7–10
as severe pain.

The pre-fracture BI and HSS of all participants were
evaluated retrospectively by patients or their family mem-
bers, while VAS score was assessed after the injury. Postop-
erative BI, HSS, and VAS score were measured by a face-
to-face interview at 3 months after surgery. Treatment
compliance, any medications or nutritional supplements,
and adverse events were recorded by telephone interview
weekly and details were confirmed in the 3 months follow-
up interview. Physical examinations and body composition
tests for all participants were performed by the same
professional treatment team preoperatively and 3 months
postoperatively.

Statistical Analysis
Analyses were performed using SPSS version 25.0 statisti-
cal software (SPSS Inc., Chicago, Illinois, USA). The cate-
gorical variables of preoperative details and postoperative
outcomes were assessed using Pearson’s chi-squared test
or Fisher’s exact test. The continuous variable data were
assessed for a fit to a normal distribution and for homoge-
neity of variance using the Shapiro–Wilk test and Bartlett
test, which was represented as mean � SD. Then, the
paired-sample t-test was used for intra-group compari-
sons, and the analysis of variance (ANOVA) was used for
inter-group comparisons. The test level α was 0.05 on both
sides, and P value less than 0.05 was considered as statisti-
cally significant.
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Results

Database of Patients
A total of 177 participants completed the follow-up at
3 months after surgery, of which 43 patients were in the
HMB + RT group, 44 in the HMB group, 45 in the RT
group, and 45 in the negative control group. There were no
significant differences in age, gender, BMI, fracture types,
American Society of Anesthesiologists (ASA) class, total pro-
tein, albumin, operation time, intraoperative blood loss, time
to surgery, operation methods, and length of hospital stay
among the four groups (P > 0.05, Table 1).

Primary Outcomes

Body Composition
As shown in Table 2, there were no marked differences in
preoperative WBFFM, UEM, HLESMM, ILESMM, BSMM,
and SMI among the four groups (P > 0.05). However, com-
pared with pre-operation state, the WBFFM, UEM,
HLESMM, ILESMM, BSMM, and SMI of the HMB + RT
group and the RT group were significantly improved after
3 months (P < 0.05), while there were no significant differ-
ences in those of the HMB group (P > 0.05). The WBFFM,
UEM, HLESMM, ILESMM, BSMM, and SMI of the control
group were significantly decreased (P < 0.05). Comparison
among the four groups showed that there were no

differences in the change of WBFFM, UEM, HLESMM,
ILESMM, BSMM, and SMI between the HMB + RT group
and the RT group postoperatively at 3 months (P > 0.05),
which were higher than those of the HMB group (P < 0.05).
In addition, the change of WBFFM, UEM, HLESMM,
ILESMM, BSMM, and SMI in the HMB + RT group, the
HMB group, and the RT group were all better than those in
the control group (P < 0.05).

There was no statistical difference in FM among the four
groups before surgery (P > 0.05). However, 3 months after
operation, the FM in the HMB + RT group and the RT group
was significantly lower than before operation (P < 0.05), while
there was no significant change in the FM for the HMB or con-
trol groups (P > 0.05). The change of FM in the HMB + RT
group and the RT group was significantly higher than that in
the other two groups (P < 0.05). Compared with the RT group,
the change of FM in the RT+ HMB group seemed no differ-
ent (P > 0.05).

GS
Similar to the above findings, there was no marked discrepancy
in preoperative GS among the four groups (P > 0.05, Table 2).
The postoperative GS of the HMB + RT group and the RT
group were significantly improved at 3 months follow-up
(P < 0.05), whereas there was no change in the GS of the HMB
group (P > 0.05). The GS of control group was significantly
decreased when compared with preoperative condition

TABLE 1 Characteristics of participants

Variables
HMB + RT group HMB RT group Control

F value/χ2 value P value(n = 43) (n = 44) (n = 45) (n = 45)

Age (years) 78.3 � 5.9 77.1 � 6.5 78.5 � 6.5 76.8 � 7.1 0.756 0.520
Female (%) 31(72.1%) 30(68.2%) 35(77.8%) 36(80.0%) 1.908 0.566
BMI (kg/m2) 21.9 � 5.8 23.1 � 4.6 22.3 � 4.1 22.4 � 4.7 0.466 0.706
Fracture type 1.007 0.800
Garden I/II 7/1 5/0 6/0 6/1
Garden III/IV 31/4 35/4 32/7 34/4

ASA class 1.100 0.777

ASA I/II 23 20 25 22

ASA III/IV 20 24 20 23
Total protein (g/L) 64.4 � 5.5 62.1 � 6.0 63.4 � 6.5 61.8 � 6.4 1.696 0.170
Albumin (g/L) 37.1 � 3.3 38.5 � 5.2 39.1 � 4.7 37.8 � 3.6 1.803 0.149
Operation time(h) 1.6 � 0.3 1.5 � 0.4 1.6 � 0.3 1.6 � 0.3 1.026 0.383
Intraoperative blood loss (ml) 196.8 � 43.6 202.1 � 42.9 204.0 � 45.4 201.0 � 43.6 0.211 0.889
Time to surgery(d) 2.3 � 0.9 2.1 � 0.8 2.2 � 0.8 2.4 � 0.9 1.023 0.384
Surgical type 0.994 0.803

THA 11 11 15 12

HA 32 33 30 33
Length of hospital stay (d) 6.4 � 2.1 6.1 � 1.8 5.8 � 1.9 6.2 � 2.2 0.686 0.562

Note: Results are expressed as mean � SD or number of individuals (percentages).; Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index; HA, hemiarthroplasty; HMB, hydroxymethylbutyrate; RT, resistance training; THA, total hip arthroplasty.
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TABLE 2 Comparison of primary outcomes in different groups

Variables
HMB + RT group HMB group RT group Control

F value P value(n = 43) (n = 44) (n = 45) (n = 45)

WBFFM (kg)
Baseline 36.38 � 5.75 37.88 � 6.56 37.96 � 8.43 35.14 � 6.22 1.738 0.161
3 months 38.09 � 6.32a 37.26 � 6.42 39.43 � 7.92a 33.75 � 5.83a 5.931 0.001
ΔWBFFM 1.71 � 0.82b,c �0.62 � 0.91b 1.47 � 0.78b,c �1.39 � 0.92 141.1 <0.001

UEM (kg)
Baseline 3.98 � 0.82 4.01 � 1.12 4.05 � 1.01 3.90 � 0.84 0.198 0.897
3 months 4.26 � 0.90a 3.91 � 0.98 4.32 � 1.20a 3.27 � 0.64a 11.46 <0.001
ΔUEM 0.28 � 0.35b,c �0.19 � 0.22b 0.27 � 0.27b,c �0.63 � 0.39 84.90 <0.001

HLESMM(kg)
Baseline 4.87 � 0.85 5.05 � 0.79 4.94 � 1.27 4.91 � 1.43 0.207 0.892
3 months 5.46 � 1.03a 4.92 � 0.81 5.31 � 1.25a 4.40 � 1.02a 9.189 <0.001
ΔHLESMM 0.39 � 0.60b,c �0.13 � 0.45b 0.37 � 0.52b,c �0.51 � 0.79 22.84 <0.001

ILESMM (kg)
Baseline 4.80 � 0.82 4.95 � 0.79 4.98 � 1.26 4.90 � 1.19 0.251 0.861
3 months 5.35 � 1.03a 4.86 � 0.67 5.41 � 1.24a 4.33 � 0.94 11.46 0.001
ΔILESMM 0.55 � 0.40b,c �0.09 � 0.44b 0.43 � 0.58b,c �0.57 � 0.37 56.74 <0.001

BSMM (kg)
Baseline 19.78 � 3.34 20.21 � 4.06 20.45 � 4.62 18.78 � 3.88 1.520 0.211
3 months 20.53 � 3.65a 20.09 � 3.87 21.13 � 5.10a 17.92 � 3.28a 5.378 <0.001
ΔBSMM 0.75 � 0.82b,c �0.12 � 0.74b 0.68 � 0.89b,c �0.86 � 1.07 32.37 <0.001

SMI (kg/m2)
Baseline 5.13 � 0.66 5.23 � 0.85 5.27 � 0.96 5.13 � 0.76 0.338 0.798
3 months 5.49 � 0.86a 5.14 � 0.95 5.59 � 0.94a 4.70 � 0.58a 10.14 <0.001
ΔSMI 0.36 � 0.45b,c �0.09 � 0.42b 0.32 � 0.53b,c �0.43 � 0.51 26.91 <0.001

FM (kg/m2)
Baseline 18.52 � 5.29 19.66 � 4.93 19.97 � 4.97 19.76 � 5.37 0.697 0.555
3 months 17.76 � 4.79a 19.27 � 5.08 19.14 � 4.39a 19.33 � 5.26 1.014 0.388
ΔFM �0.76 � 0.60b,c �0.39 � 0.71 �0.83 � 0.66b,c �0.43 � 0.74 4.842 0.003

GS (kg)
Baseline 15.18 � 5.24 14.76 � 5.13 13.59 � 5.98 14.25 � 5.26 0.707 0.549
3 months 17.23 � 5.78a 15.64 � 5.39a 15.43 � 6.46a 13.14 � 4.52 4.022 0.009
ΔHS 2.05 � 1.98b,c 0.88 � 1.65b,c 1.84 � 1.79b,c �1.11 � 1.88 27.77 <0.001

Note: Results are expressed as mean � SD.; Abbreviations: BSMM, body skeletal muscle mass; FM, fat mass; GS, grip strength; HLESMM, healthy lower-
extremity skeletal muscle mass; HMB, hydroxymethylbutyrate; ILESMM, injured lower-extremity skeletal muscle mass; RT, resistance training; SMI, skeletal mus-
cle index; UEM, upper-extremity mass; ΔWBFFM, whole body fat-free mass.; a Difference vs. baseline (P < 0.05).; b Difference vs. control group (P < 0.05).; c Differ-
ence vs. HMB group (P < 0.05).

TABLE 3 Comparison of secondary outcomes in different groups

Variables
HMB + RT group HMB group RT group Control

F value P value(n = 43) (n = 44) (n = 45) (n = 45)

BI
Baseline 81.67 � 11.16 83.27 � 8.30 80.37 � 10.1 80.22 � 8.71 0.962 0.412
3 months 71.21 � 5.41a 69.27 � 6.19a 70.40 � 5.26a 68.33 � 7.82a 1.796 0.150

HSS
Baseline 85.62 � 13.22 84.37 � 11.68 81.37 � 18.31 84.12 � 13.63 0.681 0.565
3 months 69.21 � 7.93a 65.27 � 8.75a 68.40 � 7.46a 66.40 � 9.98a 1.938 0.125

VAS
Baseline 6.25 � 2.61 5.49 � 3.17 5.88 � 2.50 6.10 � 2.63 0.637 0.592
3 months 2.24 � 1.56a 1.90 � 1.52a 2.11 � 1.46a 2.51 � 1.77a 1.159 0.326

Note: Results are expressed as mean � SD; Abbreviations: BI, barthel; HMB, hydroxymethylbutyrate; HSS, Harris Hip Score; RT, resistance training; VAS, visual
analog scale.; a Difference versus baseline (P < 0.05).
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(P < 0.05). In a subsequent intergroup comparison of GS chang-
ing at 3 months after surgery, our results indicated that there
was no significant distinction between the HMB + RT group
and the RT group (P > 0.05), although both showed better
improvements than that of the HMB group (P < 0.05). Further-
more, compared to the control group, the change of GS in the
HMB + RT group, the HMB group, and the RT group were sta-
tistically different (P < 0.05).

Secondary Outcomes

BI
As illustrated in Table 3, there were no significant differences
in BI among the four groups before injury (P > 0.05). How-
ever, the postoperative BI of all four groups failed to reach
the pre-injury level 3 months later (P < 0.05). Simultaneously,
there were no differences in BI among the four groups
3 months after surgery (P > 0.05).

HSS
The preoperative HSS did not differ significantly among the
four groups (P > 0.05), nor did the postoperative HSS after
3 months (P > 0.05). Furthermore, the postoperative HSS did
not reach the preoperative levels (P < 0.05; Table 3). Encour-
agingly, the HMB + RT group had a higher rate of excellent
and good HSS than the other three groups.

VAS Score
There were no notable differences in the preoperative and
postoperative VAS score among the four groups (P > 0.05,
Table 3). However, our data showed that postoperative VAS
score was effectively improved in all groups at 3 months
follow-up (P < 0.05).

Discussion

To the best of our knowledge, this is the first study to
investigate the effects of RT combined with HMB sup-

plement on muscle strength, muscle mass, quality of life,
hip function, and pain in elderly patients with both femo-
ral neck fracture and sarcopenia after hip replacement. In
our study, we found that both RT + HMB and RT could
significantly improve body composition and GS of patients
after 3 months, while HMB treatment by itself was able to
alleviate the decline of muscle strength, muscle mass, and
GS when compared with negative controls. However, none
of the treatments were associated with improvements in
the BI, HHS, or VAS scores of patients after 3 months
later.

Effect of Interventions on Body Composition and Grip
Strength
Numerous studies have shown that healthy muscle mass is
conducive to maintaining glucose homeostasis, fatty acid
metabolism, aerobic capacity, and the normal functions of
bones and joints38. Muscle mass decreases associated with
aging can lead to sarcopenia, resulting in decreased physical

function, decreased quality of life, and higher mortal-
ity13,39,40. In addition, a prior study showed that for elderly
patients with femoral neck fracture, increasing muscle mass
and muscle strength helped to restore patients’ balance and
daily living activities, and reduce postoperative dislocation
rate, risk of fall, risk of re-fracture, and mortality41. It has
been suggested that HMB, a metabolite of leucine, could
promote increases in skeletal muscles by stimulating protein
synthesis through up-regulation of anabolic signaling path-
ways and down-regulation of catabolic signaling pathways,
consequently reducing protein hydrolysis41. This has led to
HMB being increasingly used in clinical practice42. How-
ever, several studies have concluded that HMB supplemen-
tation could not markedly improve body composition or
performance in young adults and older adults who loves
sports43,44. Still, increasing evidence suggests that HMB
treatment can improve muscle mass in patients with
chronic diseases such as chronic obstructive pulmonary dis-
ease, cancer, and malnutrition45. Wu et al. also found that
HMB was beneficial to increase muscle mass in elderly peo-
ple who were healthy or with various chronic diseases, and
could alleviate muscle atrophies caused by being bedridden
and other factors28. Additionally, a study by Malafarina
et al. indicated that oral HMB could build muscle mass,
improve physical function and prevent the occurrence of
sarcopenia obesity in elderly patients with associated hip
fracture 23. In agreement with the above studies, our study
also showed that HMB could effectively prevent the postop-
erative loss of muscle mass in patients with both femoral
neck fracture and sarcopenia at 3 months follow-up.

RT programs have been clearly demonstrated to
increase muscle mass, walking speed, and improve living qual-
ity in both young and older individuals38,46. Recent research
has shown that RT was a safe and effective method of increas-
ing muscle strength and preventing the development of severe
sarcopenia, and has been widely accepted as a leading clinical
intervention for sarcopenia17,47. In addition, Matheis et al.
found that RT was able to improve thigh circumference, hip
range of motion, walking speed, and muscle strength in
patients with hip fractures after hip arthroplasty48. Lee et al.
conducted a meta-analysis of the effects of RT on patients
with hip fracture after surgery, concluding that RT contrib-
uted to improvements in muscle strength, daily activity ability,
and balance ability49. Our own findings also clearly show that
RT exerted a strong effect on promoting muscle strength in
patients with sarcopenia associated with femoral neck fracture
after joint replacement.

Growing evidence suggests that HMB could effec-
tively promote the muscle strength of healthy people
undergoing RT50,51. For example, Cermak et al. showed
that long-term RT combined with HMB was more effective
than long-term RT alone in enhancing the total body mus-
cle and maximum leg strength of participants52. However,
Din et al. found that RT combined with HMB-FA supple-
ments in healthy older men did not increase muscle
strength more than RT alone53. To further determine
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whether HMB supplementation could improve body com-
position, Jakubowski et al. performed a meta-analysis of
11 randomized controlled trials, which indicated that HMB
supplementation did not significantly improve the body
composition of healthy subjects aged 18–45 years who
underwent RT54. Our study was the first to evaluate the
effect of combined RT and HMB supplementation on
changes in body composition in patients with sarcopenia
following joint replacement. We found that RT combined
with HMB treatment was effective in increasing muscle
mass and improving functional strength in elderly people
with sarcopenia after hip replacement, which suggests the
benefits of HMB may be greater in elderly people com-
pared to young people. However, we also found a limited
effect of RT combined with HMB treatment on muscle
mass and muscle power, when compared with RT alone.
Data from animals and humans have shown that
during exercise, protein synthesis in muscles remains
unchanged or decreases, while protein decomposition
remains unchanged or increases55. Recent evidence
supported the idea that healthy adults need to consume at
least 1.6 g/kg/day of protein during RT to support muscle
protein anabolism, and as high as 2.2 g/kg/day for men
who exercise regularly to achieve maximum fat-free mass
gain throughout the body56. This means that for adults,
higher HMB supplementation may be required if they need
to improve their body composition and increase muscle
mass. Therefore, the HMB dose we selected may explain
why there was no significant difference in muscle mass
increase between the RT + HMB group and the RT group.

Effect of Interventions on Postoperative Hip Function
and Life Quality
Baumgarther et al. first proposed the concept of oligomus-
cular obesity, in which skeletal muscle loss is accompanied
by an increase in body FM, and sarcopenia is strongly asso-
ciated with FM57. Evidence has shown that reduced levels
of physical activity and muscle mass contribute to reduced
total energy expenditure, which in turn leads to the accu-
mulation of adipose tissue.58 In addition, more adipose tis-
sue can result from the progression of sarcopenia, which
stimulates muscle cell catabolism59. Chen et al. showed that
RT could reduce the total FM of obese elderly people with
sarcopenia, which increased the muscle mass and muscle
strength of patients60. Our study also found that RT and
RT + HMB treatment could effectively reduce the FM of
patients with femoral neck fracture with sarcopenia after
joint replacement. Holland et al. showed that HMB did not
change the FM of young adults43, and Wu et al. found that
HMB treatment did not improve FM in older adults in a
meta-analysis involving seven randomized controlled tri-
als28. These previous results are consistent with our findings
that HMB supplementation did not lead to a significant
change in FM after joint replacement for femoral neck frac-
tures with sarcopenia. Moreover, Shiina et al. found that
amino acid intake combined with RT reduced the

percentage of FM and increased skeletal muscle mass in
patients with congenital heart disease with sarcopenia61.
Similarly, our study showed that HMB supplementation
combined with RT effectively reduced fat mass and
increased systemic muscle mass in patients with sarcopenia
after joint replacement for femoral neck fracture.

Martin et al. found that RT improved living ability and
motor function in patients with sarcopenia47. Additionally,
Singh et al. showed that high-intensity progressive RT could
improve the daily living ability of patients with hip fracture,
such as toilet use and turn around, reduce the reliance on
nursing workers, and decrease postoperative mortality of
patients30. A meta-analysis indicated that progressive RT was
able to improve the balance force and ability of daily life of
hip fracture patients49. Furthermore, Wu et al. showed that
RT could significantly improve postoperative walking speed
and HSS of patients undergoing total hip arthroplasty41.
HMB supplementation was also found to increase the rate of
improvement in postoperative daily life activities and physi-
cal function in elderly patients with sarcopenia following hip
fracture23. However, our study is the first to report on the
effects of HMB combined with RT treatment on the quality
of life and hip function after hip replacement in elderly
patients with femoral neck fracture and sarcopenia. Our
results suggest that HMB + RT, RT alone, and HMB alone
did not significantly improve patients’ living ability, hip
function, and pain compared with before injury. However,
HSS ratings of “excellent” and “good” were more common
in the HMB + RT, HMB, and RT groups than in the nega-
tive control group. We propose several possible explanations
for this. First, the previous studies recorded the hip function
and quality of life of the patients after the injury, while our
study investigated the hip function and quality of life of the
patients before injury. Second, compared with the previous
studies, we followed up for a shorter period of time, which
might have resulted in patients’ hip function and quality of
life not approaching pre-injury levels. And finally, all the
patients included in our study were elderly patients with
sarcopenia, and the postoperative recovery was somewhat
different from that of healthy elderly people.

Study Limitations
Despite these promising results, our study still has several
limitations. First, it is difficult to estimate the severity of
sarcopenia for patients with femoral neck fracture due to
most patients not being able to walk when they arrive at
the hospital and their walking speed cannot be calculated.
Second, the effects of HMB and RT treatments may become
more pronounced over time, and our trial may not be able
to detect these effects only 3 months after surgery. Addi-
tionally, this study was not a randomized controlled trial,
which can lead to bias of the results. Despite these limita-
tions, we believe that our patients were representative of
the population of elderly patients with sarcopenia who
underwent hip arthroplasty for femoral neck fracture. Still,
a longer prospective randomized controlled trial should be
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conducted as soon as possible to fully evaluate the effective-
ness of these treatments.

Conclusion

In this study, we found that RT with or without HMB sup-
plementation significantly increased muscle mass and

muscle strength after hip arthroplasty in elderly patients
with femoral neck fracture and sarcopenia. In addition, we
found that HMB supplementation alone may help to allevi-
ate muscle loss. Therefore, we suggest that RT should be
considered as an effective therapy in elderly patients with
femoral neck fracture with sarcopenia. In addition, HMB
supplements for these patients should also be considered in
conjunction with RT. Even on its own, HMB

supplementation may have a beneficial effect on preventing
the decline of muscle mass and strength. Future long-term
RCTs are still needed to assess treatment choices combining
HMB and RT for elderly patients with femoral neck frac-
tures and sarcopenia.
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42. Holeček M. Beta-hydroxy-beta-methylbutyrate supplementation and skeletal
muscle in healthy and muscle-wasting conditions. J Cachexia Sarcopenia Muscle,
2017; 8: 529–41.
43. Holland BM, Roberts BM, Krieger JW, Schoenfeld BJ. Does HMB enhance
body composition in athletes? A systematic review and meta-analysis. J Strength
Cond Res, 2019; 36: 585–92.
44. Courel-Ib�añez J, Vetrovsky T, Dadova K, Pallarés JG, Steffl M. Health benefits
of β-hydroxy-β-methylbutyrate (HMB) supplementation in addition to physical
exercise in older adults: a systematic review with meta-analysis. Nutrients, 2019;
11: 2082–101.
45. Bear DE, Langan A, Dimidi E, Wandrag L, Harridge SDR, Hart N, et al.
β-Hydroxy-β-methylbutyrate and its impact on skeletal muscle mass and physical
function in clinical practice: a systematic review and meta-analysis. Am J Clin
Nutr, 2019; 109: 1119–32.
46. Roig M, O’Brien K, Kirk G, Murray R, McKinnon P, Shadgan B, et al. The
effects of eccentric versus concentric resistance training on muscle strength and
mass in healthy adults: a systematic review with meta-analysis. Br J Sports Med,
2009; 43: 556–68.
47. Del Campo M, Cervantes J, Habacuc Macías Cervantes M, Monroy TR. Effect
of a resistance training program on sarcopenia and functionality of the older
adults living in a nursing home. J Nutr Health Aging, 2019; 23: 829–36.
48. Matheis C, Stöggl T. Strength and mobilization training within the first week
following total hip arthroplasty. J Bodyw Mov Ther, 2018; 22: 519–27.

49. Lee SY, Yoon BH, Beom J, Ha YC, Lim JY. Effect of lower-limb progressive
resistance exercise after hip fracture surgery: a systematic review and meta-
analysis of randomized controlled studies. J Am Med Dir Assoc, 2017; 18: 19–26.
50. Thomson JS, Watson PE, Rowlands DS. Effects of nine weeks of beta-
hydroxy-beta- methylbutyrate supplementation on strength and body composition
in resistance trained men. J Strength Cond Res, 2009; 23: 827–35.
51. Eley HL, Russell ST, Tisdale MJ. Attenuation of depression of muscle protein
synthesis induced by lipopolysaccharide, tumor necrosis factor, and angiotensin II
by beta-hydroxy-beta-methylbutyrate. Am J Physiol Endocrinol Metab, 2008; 295:
E1409–16.
52. Cermak NM, Res PT, de Groot LC, Saris WH, van Loon LJ. Protein
supplementation augments the adaptive response of skeletal muscle to resistance-
type exercise training: a meta-analysis. Am J Clin Nutr, 2012; 96: 1454–64.
53. Din U, Brook MS, Selby A, et al. A double-blind placebo controlled trial into
the impacts of HMB supplementation and exercise on free-living muscle protein
synthesis, muscle mass and function, in older adults. Clin Nutr, 2019; 38:
2071–8.
54. Jakubowski JS, Nunes EA, Teixeira FJ, Vescio V, Morton RW, Banfield L, et al.
Supplementation with the leucine metabolite β-hydroxy-β-methylbutyrate (HMB)
does not improve resistance exercise-induced changes in body composition or
strength in young subjects: a systematic review and meta-analysis. Nutrients,
2020; 12: 1523.
55. Poortmans JR, Carpentier A, Pereira-Lancha LO, Lancha A Jr. Protein
turnover, amino acid requirements and recommendations for athletes and active
populations. Braz J Med Biol Res, 2012; 45: 875–90.
56. Morton RW, Murphy KT, McKellar SR, et al. A systematic review, meta-
analysis and meta-regression of the effect of protein supplementation on
resistance training-induced gains in muscle mass and strength in healthy adults.
Br J Sports Med, 2018; 52: 376–84.
57. Baumgartner RN, Wayne SJ, Waters DL, Janssen I, Gallagher D, Morley JE.
Sarcopenic obesity predicts instrumental activities of daily living disability in the
elderly. Obes Res, 2004; 12: 1995–2004.
58. Lu CW, Yang KC, Chang HH, Lee LT, Chen CY, Huang KC. Sarcopenic obesity
is closely associated with metabolic syndrome. Obes Res Clin Pract, 2013; 7:
e301–7.
59. Choi KM. Sarcopenia and sarcopenic obesity. Korean J Intern Med, 2016;
31: 1054–60.
60. Chen HT, Chung YC, Chen YJ, Ho SY, Wu HJ. Effects of different types of
exercise on body composition, muscle strength, and IGF-1 in the elderly with
sarcopenic obesity. J Am Geriatr Soc, 2017; 65: 827–32.
61. Shiina Y, Matsumoto N, Okamura D, Takahashi Y, Kijima Y, Fukuda T, et al.
Sarcopenia in adults with congenital heart disease: nutritional status, dietary
intake, and resistance training. J Cardiol, 2019; 74: 84–9.

713
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 4 • APRIL, 2022
COMBINED RT WITH HMB TREATMENT IN SARCOPENIA


	 Effect of Resistance Training Combined with Beta-Hydroxy-Beta-Methylbutyric Acid Supplements in Elderly Patients with Sarc...
	Introduction
	Materials and Methods
	Study Design
	Participants
	Interventions
	HMB Supplementation
	Resistance Training
	Outcomes Measure
	Primary Outcomes
	Body Composition
	GS

	Secondary Outcomes
	BI
	HHS
	VAS Score

	Statistical Analysis

	Results
	Database of Patients
	Primary Outcomes
	Body Composition
	GS

	Secondary Outcomes
	BI
	HSS
	VAS Score


	Discussion
	Effect of Interventions on Body Composition and Grip Strength
	Effect of Interventions on Postoperative Hip Function and Life Quality
	Study Limitations

	Conclusion
	Acknowledgments
	References


