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Chapter 4 Treatment of sarcopenia
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CQ1: Can exercise intervention be
effective for sarcopenia?

Statement

• Exercise interventions can be effective for increas-
ing appendicular skeletal muscle mass, knee
extension muscle strength, normal gait speed and
maximum gait speed in patients with sarcopenia,
and therefore are recommended (evidence level:
very low; recommendation level: weak).

Explanation

Exercise interventions are generally well known to pro-
vide benefits for muscle strength and physical function.
However, much remains unclear as to whether this
same efficacy will also be shown in patients with sarco-
penia. A meta-analysis of seven randomized clinical tri-
als (RCT) was carried out on skeletal muscle mass data,
the basic concept of sarcopenia.1 Based on the results,
most of the RCT examined included data showing
improvement in muscle strength2–6 and physical func-
tions, such as gait,3–5,7 whereas just three of these
studies had data showing increased skeletal muscle
mass.2,4,5 However, these RCT analyzed primarily older
individuals residing locally whose conditions were also
complicated by frailty,1 and whether the study conclu-
sions can also be applied to older patients diagnosed
with sarcopenia before any intervention is debatable.
Therefore, focusing on RCT regarding patients with
sarcopenia is necessary.

In the systematic review carried out for this clinical
question (CQ; Fig. 1),8 although RCT focusing on older
patients who satisfied either the European Working
group on Sarcopenia in Older People (EWGSOP) or

Asian Working group for Sarcopenia (AWGS) diagnos-
tic criteria for sarcopenia were targeted, not all of the
RCT screened applied inclusion criteria requiring older
patients diagnosed with sarcopenia based on either the
EWGSOP or AWGS criteria, and as such, RCT included
participants diagnosed with sarcopenia based on a com-
bination of the amount of reduction in skeletal muscle
mass and muscle strength/physical functions. Exercise
interventions administered in three extracted RCT com-
prised a comprehensive training program, including 60-
min resistance exercises carried out twice weekly for
3 months.9–11 Comparison against the control group
who underwent nutritional intervention or health edu-
cation showed that after the comprehensive training
program, the appendicular skeletal muscle mass, normal
gait speed, maximum gait speed and knee extension
muscle strength were 0.38 kg, 0.11 m/s, 0.26 m/s,
0.11 Nm/kg and 8.55 Nm, respectively, each showing
improvement.8 In contrast, no change in grip strength
was observed as a result of the comprehensive training
program.8 It is necessary to consider that although par-
ticipants in this study were not diagnosed with sarcope-
nia based on established diagnostic criteria, such as the
EWGSOP and AWGS, they were diagnosed using data
showing decreased skeletal muscle mass.

With regard to other exercise interventions, whole-
body vibration training was found to be ineffective in
improving the cross-sectional area of the quadriceps
vastus medialis muscle and knee extension muscle
strength compared with participants in the control
group who did not engage in a training program.12

Based on the above results, undergoing exercise
interventions for ≥3 months might help increase skele-
tal muscle mass, muscle strength and gait speed. How-
ever, one issue is that the criteria used for the diagnosis
of sarcopenia before the intervention do not always
match the most current established diagnostic criteria,
and as such, numerous aspects of this topic remain at a
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very low evidence level. Further accumulation of clini-
cal data will be necessary to clarify these issues.

CQ2: Can nutritional intervention be
effective for sarcopenia?

Statement

• Nutritional interventions focused on the intake
of essential amino acids might improve knee

extension muscle strength in patients with sarco-
penia and are therefore recommended. However,
the ability of this treatment approach to improve
long-term outcomes is not yet clear (evidence
level: very low; recommendation level: weak).

Explanation

Nutritional interventions are strongly believed to offer
benefits similar to those of exercise interventions in

1. Appendicular skeletal muscle volume (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 13.8986 1.4519 70 13.35 1.1154 74 44.8% 0.55 (0.12, 0.97)

Kim 2013 14.3173 1.4869 59 13.8404 1.3932 57 34.0% 0.48 (−0.05, 1.00)

Kim 2014 13 2.2356 70 13.1463 2.0338 67 21.2% −0.15 (−0.86, 0.57)

Total (95%
CI)

199 198 100.0% 0.38 (0.01, 0.74)

Heterogeneity: Tau2=0.03; Chi2=2.79, df=2(P=0.25); I2=28%
Test for overall effect: Z=2.03(P=0.04)

Favors control
Favors 

intervention

2. Grip strength (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 19.2944 4.5844 59 17.4195 3.2036 57 50.4% 1.87 (0.44, 3.31)

Kim 2013 19.94 4.5548 70 21.0015 4.5854 67 49.6% −1.06 (−2.59, 0.47)

Total (95%
CI) 

129 124 100.0% 0.42 (−2.46, 3.30)

Heterogeneity: Tau2=3.74; Chi2=7.52, df=1(P=0.006); I2=87%
Test for overall effect: Z=0.29(P=0.78)

Favors control
Favors 

intervention

3. Normal gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.466 0.2613 70 1.29 0.2169 74 32.8% 0.18 (0.10, 0.25)

Kim 2013 1.3649 0.2699 59 1.2498 0.1935 57 31.0% 0.12 (0.03, 0.20)

Kim 2016 1.2486 0.2048 70 1.2 0.1985 67 36.2% 0.05 (−0.02, 0.12)

Total (95%
CI) 

199 198 100.0% 0.11 (0.04, 0.19)

Heterogeneity: Tau2=0.00; Chi2=5.86, df=2(P=0.05); I2=66%
Test for overall effect: Z=2.86(P=0.004)

Favors control
Favors 

intervention

Figure 1 Meta-analysis of randomized clinical trials (RCT) investigating the effects of exercise intervention to treat sarcopenia.
Yoshimura et al., J Am Med Dir Assoc 2017; 18: 553. e1–553. e16. © 2017 AMDA-The Society for Post-Acute and Long-Term
Care Medicine, with permission from Elsevier.
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regard to muscle strength and physical functions. How-
ever, numerous unclear points still remain regarding
whether nutritional interventions also have beneficial
effects in patients with sarcopenia. A meta-analysis

examined 12 RCT evaluating skeletal muscle mass data,
which is the basis for diagnosing sarcopenia.1 This
meta-analysis found that although improvement in
physical functions, such as gait, was observed in three of

Kim 2013 2.0354 0.3539 59 1.71 0.2643 57 48.6% 0.33 (0.21, 0.44)

Total (95%
CI) 

129 131 100.0% 0.26 (0.14, 0.38)

Heterogeneity: Tau2=0.00; Chi2=2.44, df=1(P=0.12); I2=59%

Test for overall effect: Z=4.23(P < 0.0001)
Favors control

Favors 
intervention

5. Knee extension strength (Nm/kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.1837 0.2767 70 1.07 0.2629 74 100.0% 0.11 (0.03, 0.20)

Total (95%
CI) 

70 74 100.0% 0.11 (0.03, 0.20)

Heterogeneity: Not applicable
Test for overall effect: Z=2.52(P=0.01)

Favors control
Favors 

intervention

6. Knee extension strength (Nm) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 49.789 11.3296 59 41.2425 9.7663 57 100.0% 8.55 (4.70, 12.39)

Total (95%
CI) 

59 57 100.0% 8.55 (4.70, 12.39)

Heterogeneity: Not applicable

Test for overall effect: Z=4.36(P< 0.0001)
Favors control

Favors 
intervention

7. Knee extension strength (N) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 1.9817 0.3257 70 1.78 0.3213 74 51.4% 0.20 (0.10, 0.31)

Kim 2013 2.0354 0.3539 59 1.71 0.2643 57 48.6% 0.33 (0.21, 0.44)

Total (95%
CI) 

129 131 100.0% 0.26 (0.14, 0.38)

Heterogeneity: Tau2=0.00; Chi2=2.44, df=1(P=0.12); I2=59%

Test for overall effect: Z=4.23(P < 0.0001)
Favors control

Favors 
intervention

4. Maximum gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.9817 0.3257 70 1.78 0.3213 74 51.4% 0.20 (0.10, 0.31)

Figure 1 Continued.
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1. Appendicular skeletal muscle volume (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 13.3064 1.3506 77 13.93 1.2188 78 41.0% −0.62 (−1.03, −0.22)

Kim 2013 13.88 1.4345 64 14.28 1.4095 64 35.2% −0.40 (−0.89, 0.09)

Kim 2016 13.1943 2.3407 70 12.9507 1.9144 69 23.9% 0.24 (−0.47, 0.95)

Total (95%
CI) 

211 211 100.0%
−0.34 (−0.78, 

0.10)

Heterogeneity: Tau2=0.08; Chi2=4.32, df=2(P=0.12); I2=54%
Test for overall effect: Z=1.50(P=0.13)

Favors control
Favors 

intervention

2. Appendicular skeletal muscle index (ASMI) (kg/m2) after 4 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Maltals 
2012

9.45 0.907 16 9.3 1.1 10 100.0% 0.15 (−0.66, 0.96)

Total (95%
CI) 

16 10 100.0% 0.15 (−0.66, 0.96)

Heterogeneity: Not applicable
Test for overall effect: Z=0.36(P=0.72)

Favors control
Favors 

intervention

3. Fat-free mass (FFM) (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Zdzleblik 
2015

61.1 6.88 26 57.8 7.46 27 100.0% 3.30 (−0.56, 7.16)

Total (95%
CI) 

26 27 100.0% 3.30 (−0.56, 7.16)

Heterogeneity: Not applicable
Test for overall effect: Z=1.67(P=0.09)

Favors control
Favors 

intervention

4. Grip strength (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2013 18.22 4.0066 64 18.5 4.1317 64 53.9% −0.28 (−1.69, 1.13)

Kim 2016 20.2314 5.1559 70 20.6942 3.9421 69 46.1% −0.46 (−1.99, 1.06)

Total (95%
CI) 

134 133 100.0%
−0.36 (−1.40, 

0.67)

Heterogeneity: Tau2=0.00; Chi2=0.03, df=1(P=0.86); I2=0%
Test for overall effect: Z=0.69(P=0.49)

Favors control
Favors 

intervention

Figure 2 Meta-analysis of randomized clinical trials (RCT) investigating the effects of nutritional intervention to treat sarcopenia.
Yoshimura et al., J Am Med Dir Assoc 2017; 18: 553. e1–553. e16. © 2017 AMDA-The Society for Post-Acute and Long-Term
Care Medicine, with permission from Elsevier.
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these studies,9,10,13 increases in skeletal muscle mass14

and improvements in muscle strength15 were observed
in one study, respectively. In addition, these RCT

primarily examined older individuals, including frail
older adults.1 As such, whether the conclusions reached
as a result of these studies can also be applied to older

5. Knee extension strength (Nm/kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.1844 0.2725 77 1.07 0.2677 78 100.0% 0.11 (0.03, 0.20)

Total (95%
CI) 

77 78 100.0% 0.11 (0.03, 0.20)

Heterogeneity: Not applicable
Test for overall effect: Z=2.64(P=0.008)

Favors control
Favors 

intervention

6. Knee extension strength (Nm) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2013 44.635 10.0517 64 46.43 12.5674 64 93.5% −1.80 (−5.74, 2.15)

Zdzleblik 
2015

140 28.3 26 139 27.4 27 6.5% 1.00 (−14.00, 16.00)

Total (95%
CI) 

90 91 100.0%
−1.61 (−5.43, 

2.20)

Heterogeneity: Tau2=0.00; Chi2=0.12, df=1(P=0.72); I2=0%
Test for overall effect: Z=0.83(P=0.41)

Favors control
Favors 

intervention

7. Knee extension strength (N) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2016 205.4571 58.3368 70 203.3899 66.6866 69 100.0% 2.07 (−18.77, 22.91)

Total 
(95% CI) 

70 69 100.0%
2.07 (−18.77, 

22.91)

Heterogeneity: Not applicable
Test for overall effect: Z=0.19(P=0.85)

Favors control
Favors 

intervention

8. Normal gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.3945 0.2416 77 1.36 0.2685 78 30.8% 0.03 (−0.05, 0.11)

Kim 2013 1.305 0.2245 64 1.31 0.2579 64 28.8% −0.01 (−0.09, 0.08)

Kim 2016 1.2 0.1985 70 1.2507 0.2048 69 40.4% −0.05 (−0.12, 0.02)

Total (95%
CI) 

211 211 100.0%
−0.01 (−0.06, 

0.04)

Heterogeneity: Tau2=0.00; Chi2=2.59, df=2(P=0.27); I2=23%
Test for overall effect: Z=0.44(P=0.66)

Favors control
Favors 

intervention

Figure 2 Continued.
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patients diagnosed with sarcopenia before intervention is
debatable. Therefore, focusing on RCT examining older
patients with sarcopenia was determined to be necessary.

The systematic review for this CQ examined five
RCT (Fig. 2) focusing on older patients previously diag-
nosed with sarcopenia.8 The nutritional interventions
carried out in these studies included the administration

of 3 g essential amino acids twice daily,9 540 mg tea
catechin supplement daily,10 3 g essential amino acids
and 540 mg tea catechin daily,11 and 12 g protein and
7 g essential amino acids daily.16

As a nutritional intervention, essential amino acid
supplementation was observed to be effective for
improving knee extension muscle strength (0.11 Nm/

9. Normal gait speed (m/s) after 4 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.5 0.2463 16 1.4 0.3 10 100.0% 0.10 (−0.12, 0.32)

Total (95%
CI) 

16 10 100.0% 0.10 (−0.12, 0.32)

Heterogeneity: Not applicable
Test for overall effect: Z=0.88(P=0.38)

Favors control
Favors 

intervention

10. Maximum gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.92 0.3211 77 1.84 0.352 78 54.4% 0.08 (−0.03, 0.19)

Kim 2013 1.86 0.3518 64 1.885 0.3547 64 45.6% −0.02 (−0.15, 0.10)

Total (95%
CI) 

141 142 100.0% 0.03 (−0.07, 0.13)

Heterogeneity: Tau2=0.00; Chi2=1.61, df=1(P=0.20); I2=38%
Test for overall effect: Z=0.61(P=0.54)

Favors control
Favors 

intervention

11. Maximum gait speed (m/s) after 4 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Maltals 
2016

2 0.4698 16 1.9 0.6 10 100.0% 0.10 (−0.34, 0.54)

Total (95%
CI) 

16 10 100.0% 0.10 (−0.34, 0.54)

Heterogeneity: Not applicable
Test for overall effect: Z=0.45(P=0.65)

Favors control
Favors 

intervention

12. Timed Up and Go test performance (s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2013 7.905 1.972 64 7.955 1.9754 64 100.0% −0.05 (−0.73, 0.63)

Total (95%
CI) 

64 64 100.0%
−0.05 (−0.73, 

0.63)

Heterogeneity: Not applicable
Test for overall effect: Z=0.14(P=0.89)

Favors control
Favors 

intervention

Figure 2 Continued.
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kg 3 months after).9 However, no significant differences
were observed with respect to skeletal muscle mass, fat-
free mass (FFM), grip strength, knee extension muscle
strength, gait speed or Timed Up and Go test
performance,7,17 which were examined in many combi-
nations, including use of other nutritional supplemen-
tation methods. Considering that participants in these
studies were diagnosed with sarcopenia based on the
degree of decline in skeletal muscle mass rather than in
accordance with established diagnostic criteria, such as
the EWGSOP and AWGS, is necessary.

The results of the above studies showed that nutri-
tional interventions extending for at least 3 months might
contribute to improvement in muscle strength. However,
further studies investigating whether such interventions
also affect skeletal muscle mass and physical functions
are required. Another concern is that the criteria used to
diagnose sarcopenia before intervention do not always
match the most current established diagnostic criteria,
and as such numerous aspects of this topic remain at a
very low evidence level. Further accumulation of clinical
data will be necessary to clarify these issues.

CQ3: Can drug therapy be effective for
sarcopenia?

Statement

• Therapeutic drugs including selective androgen
receptor modulators (SARM) are partially effective
in improving sarcopenia, but no such drugs are
currently approved in Japan (evidence level: very
low; recommendation level: weak).

Explanation

Changes in the endocrine environment accompanying
aging, decreases in skeletal muscle mass and muscle
weakness are closely related. The body of evidence
regarding the efficacy of drug therapy as a treatment for
sarcopenia is currently inadequate. However, some
reports showed that skeletal muscle mass and muscle
strength both can increase as a result androgen

supplementation therapy, but the participants in these
studies were men showing decreased gonadal function
and postmenopausal women18,19 rather than older
patients with sarcopenia. This CQ will pay particular
attention to the results of review articles20 and studies
verifying the ability of SARM to improve skeletal mus-
cle mass and physical functions in healthy men and
postmenopausal women.21 As such, this CQ will assess
whether drug therapies can be effective for increasing
skeletal muscle mass, muscle strength and physical
functions in older patients with sarcopenia through a
review of the results of the existing literature published
to date. Based on the results of a systematic review and
meta-analysis carried out to verify the therapeutic
effects of drugs, 1011 articles were extracted, but only
one article regarding verification of the efficacy of drug
therapy as a treatment for sarcopenia in older patients
could be found (Fig. 3).8

In 2013, Papanicolaou et al., carried out a random-
ized, double-blinded study in which 170 women aged
>65 years with sarcopenia were assigned to either a
group administered 50 mg SARM (MK-0773) or a
placebo for 6 months, during which the participants
were monitored with respect to changes in skeletal
muscle mass and physical functional capacity.22 All
participants received a placebo 14 days before the
start of the study intervention, after which the partici-
pants were randomly assigned to either the MK-0773
or placebo group. All participants were also adminis-
tered protein and vitamin D throughout the study
period. The participants were administered 25–35 g/
day protein supplementation from the start of
the intervention, and 2800–5600 IU/day vitamin D
14 days before the start of the intervention. Changes
in lean body mass (LBM) after 3 months were 1.00 kg
(95% CI 0.59–1.41) greater in the MK-0773 group
compared with the placebo group. In addition, the
change in appendicular LBM was 0.56 kg (95% CI
0.35–0.78) greater in the MK-0773 group compared
with the placebo group. Furthermore, changes in
LBM and appendicular LBM after 6 months in the
MK-0773 group were greater than those in the

13. Timed up and go test performance (s) after 4 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Maltals 
2016 

6.2
1.086

9
16 7 1.4 10 100.0%

−0.80 (−1.82, 
0.22)

Total (95%
CI) 

16 10 100.0%
−0.80 (−1.82, 

0.22)

Heterogeneity: Not applicable
Test for overall effect: Z=1.54(P=0.12)

Favors control
Favors 

intervention

Figure 2 Continued.
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placebo group. However, leg press performance, gait
speed and stair-climbing capacity increased in both
groups, and no significant difference was observed
between the MK-0773 and placebo groups with
respect to these factors. As such, although significant
changes in the LBM and appendicular LBM values
were observed between the baseline and after

3 months, no significant increases were observed
between the 3- and 6-month values.

Based on the above results, although increased skel-
etal muscle mass was observed as a therapeutic effect of
drugs administered to older patients with sarcopenia,
increased muscle strength or gait speed was not
observed. No report verified the therapeutic effects of

1. Appendicular lean body mass (aLBM) (kg) after 6 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Papanicolaou 
2013 13.27 1.84 65 12.56 1.57 60 100.0% 0.71 (0.11, 1.31)

Total (95%
CI) 

65 60 100.0% 0.71 (0.11, 1.31)

Heterogeneity: Not applicable
Test for overall effect: Z=2.33(P=0.02)

Favors control
Favors 

intervention

2. Lean body mass (LBM) (kg) after 6 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Papanicolaou 
2013 32.21 3.52 65 31.12 3.43 60 100.0%

1.09 (−0.13, 
2.31)

Total (95%
CI) 

65 60 100.0%
1.09 (−0.13, 

2.31)

Heterogeneity: Not applicable
Test for overall effect: Z=1.75(P=0.08)

Favors control
Favors 

intervention

3. Bilateral leg press (lb) after 6 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Papanicolaou 
2013 77.88 46.58 66 66.75 38.76 63 100.0%

11.13 (−3.63, 
25.89)

Total (95%
CI) 

66 63 100.0%
11.13 (−3.63, 

25.89)

Heterogeneity: Not applicable
Test for overall effect: Z=1.48(P=0.14)

Favors control
Favors 

intervention

4. Stair-climbing power (W) after 6 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Papanicolaou 
2013 89.46 28.63 65 83.49 27.31 63 100.0%

5.97 (−3.72, 
15.66)

Total (95%
CI) 

65 63 100.0%
5.97 (−3.72, 

15.66)

Heterogeneity: Not applicable
Test for overall effect: Z=1.21(P=0.23)

Favors control
Favors 

intervention

Figure 3 Meta-analysis of randomized clinical trials (RCT) investigating the effects of drug therapy to treat sarcopenia.
Yoshimura et al., J Am Med Dir Assoc 2017; 18: 553. e1–553. e16. © 2017 AMDA-The Society for Post-Acute and Long-Term
Care Medicine, with permission from Elsevier.
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drugs in men with sarcopenia. Based on this back-
ground, the evidence level available regarding the thera-
peutic effects of drugs in older patients with sarcopenia
is low, and no medications can currently be affirma-
tively recommended as treatments for sarcopenia.
Large-scale interventions of participant populations,
including men, will be required in the future.

CQ4: Can combined interventions be
effective for sarcopenia?

Statement

• Compared with singular interventions, combined
interventions, including comprehensive exercise-
based treatment interventions, such as resistance
training and nutritional intervention, are effec-
tive for improving sarcopenia and are

recommended. However, the ability of this
approach to improve long-term outcomes is not
yet clear (evidence level: very low; recommenda-
tion level: weak).

Explanation

We screened 315 articles regarding combined interven-
tion approaches. As a result of a systematic review8 that
meta-analyzed four articles (sample size 501) to verify
the effects of combined interventions in three
studies,9–11 a subgroup analysis, including studies com-
paring a combined intervention group against an exer-
cise intervention only group, or a combined
intervention group against a nutritional intervention
only group, was carried out. In addition, an RCT by
Zdzieblik et al., investigated older adults who engaged
in 60-min resistance training using exercise machines

Papanicolaou 
2013 75.39 18.55 66 77.12 17.63 63 100.0%

−1.73 (−7.97, 
4.51)

Total (95%
CI) 

66 63 100.0%
−1.73 (−7.97, 

4.51)

Heterogeneity: Not applicable
Test for overall effect: Z=0.54(P=0.59)

Favors control
Favors 

intervention

6. Short Physical Performance Battery (SPPB) total score after 6 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Papanicolaou 
2013 8.88 2.19 66 8.9 1.93 63 100.0%

−0.02 (−0.73, 
0.69)

Total (95%
CI) 

66 63 100.0%
−0.02 (−0.73, 

0.69)

Heterogeneity: Not applicable
Test for overall effect: Z=0.06(P=0.96)

Favors control
Favors 

intervention

7. Activity measure for post-acute care (AM-PAC) mobility score after 6 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Papanicolaou 
2013 62.31 6.27 65 61.51 5.46 63 100.0%

0.80 (−1.23, 
2.83)

Total (95%
CI) 

65 63 100.0%
0.80 (−1.23, 

2.83)

Heterogeneity: Not applicable
Test for overall effect: Z=0.77(P=0.44)

Favors control
Favors 

intervention

5. Gait speed (cm/s) after 6 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Figure 3 Continued
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thrice a week while receiving 15 g collagen peptide or a
placebo for 3 months.17 A subgroup meta-analysis
incorporating these four RCT was carried out to com-
pare the effects of: (i) exercise intervention alone versus
a combination of nutrition and exercise interventions;
and (ii) combined exercise and nutritional intervention
versus nutritional intervention alone.

1) Comparison of exercise + nutrition versus exercise only

Although combined exercise + nutritional interventions
tended to increase FFM after 3 months in the four
RCT analyzed, no significant changes in appendicular
skeletal muscle mass, grip strength, knee extension
muscle strength or normal/maximum gait speed were
observed (Fig. 4).8

2) Comparison of exercise + nutrition versus nutrition only

In three of the RCT analyzed, combined exercise + nutri-
tional interventions were found to be effective for improv-
ing knee extension muscle strength after 3 months.
However, no significant changes were observed with
respect to appendicular skeletal muscle mass, grip
strength or normal/maximum gait speed (Fig. 5).8

Although the nature of any additive effects of exer-
cise and nutritional interventions could not be clarified
through this systematic review because the participants
were primarily older patients presenting with decreased
skeletal muscle mass + grip strength or decreased gait
speed, Rondanelli et al., reported increased FFM and
improved muscle strength in older patients with low
skeletal muscle mass who were administered whey pro-
tein, essential amino acids and vitamin D supplementa-
tion for 12 weeks after all the participants had
completed an exercise intervention.23 Accordingly, a
combination of exercise and nutrition was considered
to form the foundation of any effective therapeutic
intervention for sarcopenia. Furthermore, although not
sarcopenia, the ability of combined exercise and nutri-
tional interventions to improve muscle strength has
also been shown in patients with chronic obstructive
pulmonary disease (COPD),24 frail older adults6 and
patients with osteoporosis.25

No additive effects were observed in patients with sar-
copenia as a result of exercise + nutritional interventions
in this systematic review, and further accumulation of
evidence regarding the content of exercise and nutri-
tional interventions is required.

CQ5: Are interventions for secondary
sarcopenia effective as treatment for the
primary disease?

Statement

• Exercise is effective for increasing skeletal mus-
cle mass and physical functions in patients with

breast and prostate cancers (evidence level: very
low; recommendation level: weak).

• Amino acid supplementation is effective for
improving physical functions in patients with
COPD (evidence level: very low; recommendation
level: weak).

• Exercise can be expected to result in improved
physical functions in patients with chronic kid-
ney disease (CKD) (evidence level: very low; rec-
ommendation level: weak).

• Exercise and testosterone supplementation can be
expected to result in improved physical functions
in patients with chronic heart failure (evidence
level: very low; recommendation level: weak).

• Testosterone supplementation can be expected
to result in increased skeletal muscle mass in
patients with osteoporosis (evidence level: very
low; recommendation level: weak).

Diseases leading to secondary sarcopenia include
cancer, COPD, CKD, heart failure, osteoporosis and
others. This assessment investigated whether improve-
ment in the state of the primary disease was achieved
following treatment interventions designed to address
sarcopenia.

First, few reports currently described the results of
clinical trial results investigating the impact of improv-
ing sarcopenia in conjunction with cancer treatment.
Supplementation with vitamin D or β-hydroxy-
β-methylbutyric acid in cancer patients is effective for
increasing or preventing decreases in muscle mass,26

whereas suitable amounts of exercise have been
reported to potentially suppress loss of muscle mass
during breast cancer treatment.27 In addition, in an
RCT investigating 57 patients with prostate cancer
undergoing androgen suppression therapy for
>2 months, the patients were divided into a resistance +
aerobic exercise group (29 patients) and a usual care
group (28 patients), and were observed over a 12-week
period. As a result, patients in the exercise group
showed significant increases in skeletal muscle mass,
(whole body, lower extremities, upper extremities),
increased muscle strength and gait function compared
with the usual care group.28

Respiratory rehabilitation and physical training to
improve COPD have been shown to result in increases
in bodyweight and skeletal muscle mass, as well as
improved motor functions. In another study investigating
the impact of amino acid supplementation, 32 patients
aged >40 years with severe COPD complicated by sarco-
penia were divided into a 4 g/b.i.d. amino acid group
(16 patients) or a placebo group (16 patients), after which
the degree of change in their conditions after 4 and
12 weeks was examined. As a result, compared with the
placebo group, patients in the amino acid group showed
a mean increase in bodyweight of 6 kg, a 3.6–kg increase
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1. Appendicular skeletal muscle volume (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 13.59 1.53 38 14.19 1.33 39 46.7% −0.60 (−1.24, 0.04)

Kim 2013 14.18 1.41 32 14.45 1.57 32 35.9% −0.27 (−1.00, 0.46)

Kim 2016 13 2.3 36 13 2.2 35 17.5% 0.00 (−1.05, 1.05)

Total (95%
CI) 

106 106 100.0%
−0.38 (−0.81, 

0.06)

Heterogeneity: Tau2=0.00; Chi2=1.05, df=2(P=0.59); I2=0%
Test for overall effect: Z=1.69(P=0.09)

Favors control
Favors 

intervention

2. Fat-free mass (FFM) (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Zdzieblik 
2015 

61.1 6.88 26 57.8 7.46 27 100.0%
3.30 (−0.56, 

7.16)

Total (95%
CI) 

26 27 100.0%
3.30 (−0.56, 

7.16)

Heterogeneity: Not applicable
Test for overall effect: Z=1.67(P=0.09)

Favors control
Favors 

intervention

3. Grip strength (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2013 19.33 4.71 32 19.26 4.54 32 46.5% 0.07 (−2.20, 2.34)

Kim 2016 19.6 5.2 36 20.3 3.8 35 53.5% −0.70 (−2.81, 1.41)

Total (95%
CI) 

68 67 100.0%
−0.34 (−1.89, 

1.20)

Heterogeneity: Tau2=0.00; Chi2=0.24, df=1(P=0.63); I2=0%
Test for overall effect: Z=0.43(P=0.66)

Favors control
Favors 

intervention

4. Knee extension strength (Nm/kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 1.23 0.29 38 1.14 0.26 39 100.0% 0.09 (−0.03, 0.21)

Total (95%
CI) 

38 39 100.0% 0.09 (−0.03, 0.21)

Heterogeneity: Not applicable
Test for overall effect: Z=1.43(P=0.15)

Favors control
Favors 

intervention

Figure 4 Meta-analysis of randomized clinical trials (RCT) comparing the effects of exercise + nutritional intervention against
exercise intervention to treat sarcopenia. Yoshimura et al., J Am Med Dir Assoc 2017; 18: 553. e1–553. e16. © 2017 AMDA-The
Society for Post-Acute and Long-Term Care Medicine, with permission from Elsevier.
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5. Knee extension strength (Nm) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2012 49.85 8.97 32 49.73 13.38 32 87.8% 0.12(−5.46, 5.70)

Zdzieblik 
2015 

140 28.3 26 139 27.4 27 12.2%
1.00 (−14.00, 

16.00)

Total (95%
CI) 

58 59 100.0% 0.23(−5.00, 5.46)

Heterogeneity: Tau2=0.00; Chi2=0.01, df=1(P=0.91); I2=0%
Test for overall effect: Z=0.09(P=0.93)

Favors control
Favors 

intervention

6. Knee extension strength (N) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 95% 

CI
IV, Random, 95% CI

Kim 2016 205.7 62.6 36 202.7 69.5 35 100.0% 3.00 (−27.79, 33.79)

Total (95%
CI) 

36 35 100.0%
3.00 (−27.79, 

33.79)

Heterogeneity: Not applicable
Test for overall effect: Z=0.19(P=0.85)

Favors control
Favors 

intervention

7. Normal gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 1.43 0.29 38 1.5 0.23 39 29.8% −0.07 (−0.19, 0.05)

Kim 2013 1.37 0.24 32 1.36 0.3 32 23.0% 0.01 (−0.12, 0.14)

Kim 2016 1.2 0.2 36 1.3 0.2 35 47.2% −0.10 (−0.19, −0.01)

Total (95%
CI) 

106 106 100.0%
−0.07 (−0.13, 

−0.00)

Heterogeneity: Tau2=0.00; Chi2=1.77, df=2(P=0.41); I2=0%
Test for overall effect: Z=2.02(P=0.04)

Favors control
Favors 

intervention

8. Maximum gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 1.92 0.37 38 2.04 0.27 39 59.2% −0.12 (−0.26, 0.02)

Kim 2013 2.01 0.39 32 2.06 0.32 32 40.8% −0.05 (−0.22, 0.12)

Total (95%
CI) 

70 71 100.0%
−0.09 (−0.20, 

0.02)

Heterogeneity: Tau2=0.00; Chi2=0.36, df=1(P=0.55); I2=0%
Test for overall effect: Z=1.61(P=0.11)

Favors control
Favors 

intervention

Figure 4 Continued.
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1. Appendicular skeletal muscle volume (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 13.59 1.53 38 13.03 1.1 39 46.5% 0.56 (−0.04, 1.16)

Kim 2013 14.18 1.41 32 13.58 1.51 32 35.8% 0.60 (−0.12, 1.32)

Kim 2016 13 2.3 36 13.4 2.4 34 17.7% −0.40 (−1.50, 0.70)

Total (95%
CI) 

106 105 100.0%
0.40 (−0.09, 

0.90)

Heterogeneity: Tau2=0.04; Chi2=2.58, df=2(P=0.28); I2=22%
Test for overall effect: Z=1.60(P=0.11)

Favors control
Favors 

intervention

2. Grip strength (kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2013 19.33 4.71 32 17.11 2.81 32 52.3% 2.22 (0.32, 4.12)

Kim 2016 19.6 5.2 36 20.9 5.1 34 47.7% −1.30 (−3.71, 1.11)

Total (95%
CI) 

68 66 100.0%
0.54 (−2.90, 

3.99)

Heterogeneity: Tau2=4.97; Chi2=5.04, df=1(P=0.02); I2=80%
Test for overall effect: Z=0.31(P=0.76)

Favors control
Favors 

intervention

3. Knee extension strength (Nm/kg) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 1.23 0.29 38 1.14 0.25 39 100.0% 0.09 (−0.03, 0.21)

Total (95%
CI) 

38 39 100.0%
0.09 (−0.03, 

0.21)

Heterogeneity: Not applicable
Test for overall effect: Z=1.46(P=0.15)

Favors control
Favors 

intervention

4. Knee extension strength (Nm) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 49.85 8.97 32 39.42 8.29 32 100.0% 10.43 (6.20, 14.66)

Total (95%
CI) 

32 32 100.0%
10.43 (6.20, 

14.66)

Heterogeneity: Not applicable

Test for overall effect: Z=4.83(P < 0.00001)
Favors control

Favors 
intervention

Figure 5 Meta-analysis of randomized clinical trials (RCT) comparing the effects of exercise + nutritional intervention against
nutritional intervention to treat sarcopenia. Yoshimura Y, et al., J Am Med Dir Assoc 2017; 18: 553. e1–553. e16. © 2017 AMDA-
The Society for Post-Acute and Long-Term Care Medicine, with permission from Elsevier.
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in FFM, increased physical activity, improved cognitive
function and improved overall health.29

Sarcopenia readily complicates CKD cases, and the
prevalence of sarcopenia increases as the severity of
CKD progresses to higher stages.30 Exercise, and amino
acid and vitamin D supplementation are both effective
for improving inactivity and sarcopenia symptoms in
patients with CKD.31 In support of this observation,
based on the results of another study in which
119 patients with stage 3 or 4 CKD were randomly
selected and placed into a group undergoing exercise
training (65 patients) or a usual care group (54 patients),
and then followed for 12 weeks, the performance on

the 6-min walk test improved by 19% in the exercise
training group, whereas the performance decreased by
10% (P < 0.001) in the usual care group. In addition,
the performance on the chair-stand test improved by
29% and 0.7% in the exercise training and usual care
groups, respectively (P < 0.001). These results sug-
gested that the exercise program was effective for
improving the physical capacities and QOL of patients
with CKD.32

Restriction of physical activity due to diminished
cardiac function in patients with chronic heart failure
can result in decreased muscle mass and muscle weak-
ness, and sarcopenia occurs as a complication in

5. Knee extension strength (N) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 205.7 62.6 36 205.2 54.4 34 100.0% 0.50 (−26.93, 27.93)

Total (95%
CI) 

36 34 100.0%
0.50 (−26.93, 

27.93)

Heterogeneity: Not applicable
Test for overall effect: Z=0.04(P=0.97)

Favors control
Favors 

intervention

6. Normal gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 1.43 0.29 38 1.36 0.18 39 31.1% 0.07 (−0.04, 0.18)

Kim 2013 1.37 0.24 32 1.24 0.19 32 31.9% 0.13 (0.02, 0.24)

Kim 2016 1.2 0.2 36 1.2 0.2 34 37.0% 0.00 (−0.09, 0.09)

Total (95%
CI) 

106 105 100.0%
0.06 (−0.01, 

0.14)

Heterogeneity: Tau2=0.00; Chi2=3.28, df=2(P=0.19); I2=39%
Test for overall effect: Z=1.64(P=0.10)

Favors control
Favors 

intervention

7. Maximum gait speed (m/s) after 3 months

Intervention group Control group
Mean value 
difference

Mean value difference

Study or 
subgroup

Mean SD Total Mean SD Total Weight
IV, Random, 

95% CI
IV, Random, 95% CI

Kim 2012 1.92 0.37 38 1.92 0.27 39 50.5% 0.00 (−0.14, 0.14)

Kim 2013 2.01 0.39 32 1.71 0.23 32 49.5% 0.30 (0.14, 0.46)

Total (95%
CI) 

70 71 100.0%
0.15 (−0.15, 

0.44)

Heterogeneity: Tau2=0.04; Chi2=7.58, df=1(P=0.006); I2=87%
Test for overall effect: Z=0.99(P=0.32)

Favors control
Favors 

intervention

Figure 5 Continued.
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approximately 20% of older patients with chronic
heart failure.33 Although nutritional supplementation,
exercise and hormone replacement therapy have been
proposed as methods for improving sarcopenia and
diminished cardiac function,34 others have highlighted
the effect of a high-protein diet and/or amino acid
supplementation to cause weight gain in patients with
chronic heart failure,35 whereas exercise training has
been shown to help reduce myostatin and improve
aerobic capacity.36,37 Although inadequate testoster-
one in patients with chronic heart failure has been
associated with the onset of muscle weakness, such
patients have shown improved gait functions and
increased muscle strength as a result of testosterone
supplementation.38 Although similar effects have been
reported with regard to supplementation with human
growth hormone, ghrelin and vitamin D, there is cur-
rently insufficient evidence regarding the effects of
angiotensin-converting enzyme inhibitors, angiotensin
II receptor blockers and β-blockers in patients with
sarcopenia.

Osteoporosis is strongly associated with decreases
in muscle mass and muscle strength. In a study of
131 men (mean age 77.1 � 7.6 years) with a history
of bone fractures, low bone density and low blood
testosterone level, the participants were divided into
either a group administered 5 mg/day testosterone
supplementation or a placebo group, and were then
observed for 12–24 months. As a result, femoral cervi-
cal and lumbar bone densities increased by 1.4% and
3.2%, respectively, in the testosterone-supplemented
group. In addition, although muscle mass increased
and body fat decreased in the testosterone-
supplemented group, no differences in exercise capac-
ity were observed compared with the placebo group.39

Furthermore, in another study in which 5 mg/day of
alendronate and 0.5 μg/day of calcitriol were adminis-
tered for 6 months to 38 women (mean age
56.0 � 8.00 years) with decreased bone density,
interleukin-6 levels, lumbar vertebral bone density
and grip strength decreased by 56.5%, 2.62% and
33.5%, respectively. These findings clearly show that
treatment with 5 mg/day of alendronate and calcitriol
is effective for suppressing bone loss and increasing
skeletal muscle mass in women presenting with
reduced bone density.40

See Figures S1–S4 for literature flowchart.
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