HOSTED BY .

Available online at www.sciencedirect.com

Spiort and Health Science

[Bisiic

ScienceDirect

Check for
updates

Journal of Sport and Health Science 11 (2022) 194—201

Review

The effects of resistance training on muscular strength and hypertrophy
in elderly cancer patients: A systematic review and meta-analysis

Junghoon Lee
Department of Kinesiology and Health Education, College of Education, University of Texas at Austin, Austin, TX 78712, USA

Received 9 April 2020; revised 30 November 2020; accepted 17 December 2020
Available online 14 February 2021

2095-2546/© 2022 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Background: One of the most life-threatening comorbidities in elderly cancer patients is cancer cachexia, which is characterized by the ongoing
loss of skeletal muscular strength and mass and is also associated with aging. There is a lack of recommendations for optimal resistance training
(RT) for those patients. The purpose of this study was to systematically review and quantify the effects of RT on muscular strength and hypertro-
phy in elderly cancer patients.

Methods: Five electronic databases were searched (until January 2020) for studies that met the following criteria: (i) cancer patients aged >60
years; (i) structured and supervised RT intervention for >6 weeks; and (iii) measured muscular strength and/or hypertrophy.

Results: Thirteen studies (717 participants, average age = 66 years) met the inclusion criteria. RT significantly increased muscular strength (mean
effect size =0.87, 95% confidence interval (95%CI): 0.43—1.32, p < 0.001) and did not significantly induce muscle hypertrophy (mean effect
size =0.09, 95%CI: —0.14 to 0.31, p=0.45). In subgroup analyses for muscle strength, higher weekly frequency was significantly associated
with larger effect size. Egger’s test showed no significant publication bias for the 2 outcomes.

Conclusion: The results suggest that RT improves muscular strength but does not significantly induce muscle hypertrophy in elderly cancer patients.
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1. Introduction It has been well established that resistance training (RT)
increases both muscular strength and mass in the general elderly
population.”' RT induces neuromuscular adaptations through
increased motoneuron recruitment and excitability, which
improves muscle cell activation during voluntary muscle con-
tractions.'” Cancer-related muscle atrophy can be attenuated by
RT, which downregulates the ATP-dependent ubiquitin—pro-
teasome system (a principal system responsible for muscle pro-
tein degradation in cancer) by decreasing the activity of
proinflammatory cytokines.?

There are 2 previous meta-analysis studies which report that
RT increases muscular strength and/or mass in cancer
patients.'"'> However, the 2 existing studies investigated can-

Elderly cancer patients account for 50% of all newly diag-
nosed cancer cases, and 71% of cancer deaths occur in those
aged 65 years and older.' One of the most life-threatening
comorbidities in elderly cancer patients is cancer cachexia,” a
multifactorial syndrome characterized by the ongoing loss of
skeletal muscular strength and mass, with or without the loss
of fat mass.” Cancer cachexia is caused by diminished caloric
intake and abnormal metabolism induced by tumor-derived
factors.! Moreover, aging is closely associated with both
decreased muscle strength and mass.” Sarcopenia (degenera-
tive loss of skeletal muscle mass, strength, and quality) usually

starts after the age of 50,° and the phenomenon worsens after
age 60.” Sarcopenia aggravates cancer cachexia® and, conse-
quently, augments cancer mortality in elderly populations.”'’
Thus, elderly cancer patients need to maintain or increase their
muscle strength and mass to increase their chance of survival.
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cer patients who were mostly middle-aged or who were only
undergoing neoadjuvant and adjuvant therapy'®'"; further-
more, they lacked clear recommendations for optimal RT.
Accordingly, the practical application of RT for elderly cancer
patients is underdeveloped. Therefore, the primary purpose of
this study was to evaluate the effects of RT on muscular

strength and hypertrophy in elderly cancer patients by
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Resistance training for elderly cancer patients

conducting a systematic review and meta-analysis. This review
carefully examined the specific variables of the exercise train-
ing regimens (i.e., intensity, duration, frequency, and volume),
different types of cancer populations (tumor type, type of can-
cer treatment received, and stage of cancer treatment), and
reported adverse events in order to provide sufficient evidence
for establishing optimal exercise guidelines. Moreover, it was
hoped this study would reveal current bottlenecks in the field
and inspire future research to resolve these issues.

2. Methods

This current systematic review followed the strategy of the
Preferred Reporting Items for Systematic reviews and Meta-
analyses (PRISMA) Statement.'® Ethics committee approval
was not sought for the present study because this meta-analysis
study was based on the results of previously published studies.

2.1. Data sources

Five electronic databases (CINAHL, EMBASE, PubMed,
SportDiscus, and Web of Science) were searched for eligible
studies published in English from the earliest date available to
January 2020. The following keywords were used for searches:
“resistance training or strength training or weight training”,
“muscular strength or muscle hypertrophy or muscle”, and
“cancer”. Manual searches of reference lists were conducted to
ensure all relevant studies were captured. One reviewer (JL)
searched all of the articles and applied the inclusion and exclu-
sion criteria to the titles and abstracts searched. When the
information was not clear, the full text papers of the studies
were obtained for review. Corresponding authors of potentially
eligible studies were contacted if studies reported data for
which it was impossible to discriminate.

2.2. Study selection

The inclusion criteria for eligible studies were as follows:
(i) cancer patients aged >60 years who have been actively
receiving treatment or are in long-term follow-up; (ii) struc-
tured and supervised resistance exercise intervention for >6
weeks; and (iii) measured muscular strength and/or hypertro-
phy. Studies including additional interventions such as aerobic
training or dietary supplements were excluded in order to focus
on the effects of RT alone. Duplicate studies or sub-studies of
included trials were also excluded from the analysis.

2.3. Quality assessment

One reviewer (JL) assessed the quality of the included studies
using the PRISMA recommendations.'® The quality assess-
ment consisted of 6 items: (i) appropriate generation of
random allocation sequence; (ii) concealment of the allocation
sequence; (iii) blinding of the assessment and collection out-
comes; (iv) proportion of participants lost to follow-up; (v)
complete outcome data; and (vi) the intention-to-treat
principle.'®
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2.4. Data extraction

Data were extracted from all selected studies and recorded
in detail with respect to subject characteristics, study methods,
interventions, outcomes, and adverse events. We used mean
and standard deviation (SD), and where the standard error
(SE) or 95% confidence interval (95%CI) were provided, they
were converted to SD.

Population characteristics, age, gender, body mass index
(BMI), body fat percentage, and the number of participants
were recorded from each study in order to compare the simi-
larity of participants between trials. The primary outcomes
were muscular strength (percent changes in the one-repeti-
tion maximum (1-RM) or dynamometry) and muscle hypertro-
phy (lean body mass or cross-sectional area (CSA)). We
selected only whole-body lean mass or whole-body fat-free
mass for muscle mass. If muscular strength or CSA were
reported as upper and lower body, we used the lower body or
dominant leg. To compare the similarity of training methods
between trials, we recorded for each intervention the total dura-
tion, frequency (days per week), intensity, repetition, set, rest
periods, session duration, type and order of exercise, names of
exercise machine or tool, supervisors, places of intervention,
and whether exercise was performed to muscular fatigue or not.
The methods of measuring muscular strength and/or mass were
also extracted. The median values were used for calculation if
the studies reported a range of data (e.g., 16 of repetitions was
used to report 15—17 of repetitions). Detailed interventions
about control groups (CON) and any additional interventions
were recorded.

2.5. Data analysis

Heterogeneity between studies was assessed using the
Cochran Q statistic'” and the /* test.'® /* ranges from 0 to
100%: a value <25% indicates a low risk of heterogeneity,
25%—75% indicates a moderate risk of heterogeneity, and
>75% indicates a high risk of heterogeneity. In each study, the
effect size (ES) for the intervention was calculated by the stan-
dardized mean difference between pre- and post-intervention
using Cohen’s d. Separate meta-analyses of trials with muscu-
lar strength and hypertrophy were performed to generate the
mean ES and 95%CI. ESs were classified according to
Cohen’s definition,'” where 0.2 is considered small, 0.5 mod-
erate, and 0.8 large. We used a fixed-effects model when
homogeneity was verified or a random-effects model when
heterogeneity was shown by the O statistic.'® When the O
value exceeds the degrees of freedom (df) of the estimate, sig-
nificant heterogeneity is supposed to exist. Publication bias
was assessed using the Egger’s regression test.”’ To evaluate
whether an individual cohort had undue influence on the over-
all meta-analysis result, we performed sensitivity analyses on
both outcomes by omitting 1 trial at a time and determining
whether statistical conclusions remained the same. The percent
changes in muscle strength and mass between pre- and post-
intervention were calculated using the weighted averages. All
calculations were conducted with SPSS Version 20.0 (IBM
Corp., Armonk, NY, USA), Microsoft Excel 2016 (Microsoft
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Corp., Redmond, WA, USA), and STATA Version 14.2 (Stata
Corp., College Station, TX, USA).

Subgroup analyses were performed where sufficient num-
bers of trials existed in subgroups to identify factors that could
potentially influence the effect of exercise on outcomes and
account for the heterogeneity between studies: (i) male vs.
female; (ii) <24 weeks vs. >24 weeks; (iii) 2 days per week
vs. 3 days per week; (iv) moderate-intensity (50%—70% of
1-RM) vs. high-intensity (70%—90% of 1-RM); (v) <60 sets
per week vs. >60 sets per week; and (vi) <540 repetitions per
week wvs. >540 repetitions per week. Random effects
meta-analysis regression was conducted to compare the effect
estimates in different subgroups by considering the meta-anal-
ysis results from each subgroup separately. To interpret the
results of subgroup analyses, p < 0.05 between study varia-
tions was considered as the statistical difference between sub-
groups.

3. Results
3.1. Study selection and characteristics

The selection process resulted in 1309 potential studies and
was documented in the PRISMA flow diagram (Fig. 1). From
the titles and abstracts, 1255 studies were excluded based on
the inclusion and exclusion criteria, and then 54 full-text
studies were reviewed for eligibility by applying the same
criteria. Of these, 41 studies were excluded after assessment
and, finally, a total of 13 articles met the criteria. In selected
studies, 2 aerobic training groups’"* ** and 1 middle aged RT
group (40—59 years)” were excluded from our analysis.
Consequently, 13 RT cohorts in 13 studies’' —** were selected.

3.2. Quality assessment and potential bias
22-25,27,28,30—33

In the quality assessment, 10 studies”
reported appropriate generation of a random allocation
sequence (77%), 4 studies”"****** presented concealment of
the allocation sequence (31%), 7 studies®!+??:>#26:2%:32:33
described blinding of the assessment and collection outcomes

[ Included ][ Eligibility ][ Screening ][ Identiﬁca(ion]

Records identified from CINAHL, EMBASE,

PubMed, SportDiscus, and Web of Science
(n=1309)
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Excluded based on title and abstract

!

Full text assessed for eligibility

(n=54)

(n = 1255)

Excluded based on inclusion criteria
(n=41):
* Duplicate (n=9)
* Aged <60 years (n=7)

Studies included in the meta-analysis

(n=13)

* Combined with aerobic training (n = 5)
* Acute training (n = 3)

* Imprecise data (n = 4)

« Additional intervention (n = 4)

* Unstructured or unsupervised (n = 5)
* Published as just abstract (n = 4)

Fig. 1. Study search and selection process.

to follow-up, all 13 studies exhibited complete outcome data,
and 5 studies™*>?"**% reported that the intention-to-treat
principle (39%) were used for statistical analyses. Egger’s test
showed no significant publication bias for both muscular
strength and hypertrophy (p =0.08 and p =0.17, respectively)

(Fig. 2).

3.3. Adverse events

The presence or absence of adverse events was recorded in
10 studies of the 13 studies. Eight studies reported that there
were no adverse events.””°~? One study reported that 3
patients discontinued the intervention due to knee or back
pain.”* Another study reported that 1 patient experienced chest
pain during exercise and subsequent cardiologic investigations
were negative.””

3.4. Participants

Table 1 shows the characteristics of all of the studies
included. Articles were published from May 2003”° to June
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Fig. 2. Funnel plots of publication bias in 2 outcomes: (A) muscular strength and (B) muscular hypertrophy. SE = standard error; SMD = standardized mean difference.



Table 1
Summary of included studies.
Age (year) n (% female) BMI (kg/m?) Intervention
Study RT CON RT CON RT CON Cancer Patientor ~ Treatment type Treatment  Duration  Frequency  Volume Session  Intensity
type survivor stage (week) (per week) length
(min)
Alberga et al. (2012)°' 67.1+£6.9 654+7.6  40(0) 41 (0) 28.1+35 29.0+42  Prostate Patient ADT N/A 24 3 10 x 2 x (8—12) N/A 60%—70% of
1-RM
Benton et al. (2014)™ 68.3 + 6.8 N/A 8(100) N/A 274+28 N/A Breast Survivor No treatment N/A 8 2 8x3x(8-12) N/A 50%—80% of
1-RM
Nilsen et al. (2015)™* 66.0 £ 6.6 66.0£50 28(0) 30 (0) 29.1+39 284+34  Prostate Patient ADT, Radiotherapy NA 16 3 9 x (1-3) x (6—10) N/A 80%—100% of
10-RM, 6-RM
Nilsen et al. (2016)™ 67.0+7.0 64.0£6.0 12(0) 11 (0) 28.0+23 29.8+3.5  Prostate Patient ADT, Radiotherapy N/A 16 3 9 x (1-3) x (6—10) N/A 80%—100% of
10-RM, 6-RM
Cormie et al. (2013)”’ 73.1+£75 712+£69 10(0) 10 (0) 29.1+3.1 283+4.0  Prostate Patient No treatment N/A 12 2 8 x (2—4) x (8—12) 60 8—12-RM
Cormie et al. (2014)** 70.0 £9.8 N/A 20 (15) N/A 28.5+3.5 N/A Breast, Patient No treatment N/A 12 2 8 x (2—4) x (8—12) 60 8—12-RM
Prostate
Rosenberger et al. (2017)*° 65.0£11.0 61.0+6.0 10(20) 10 (20) 259439 241+26 Renal, Patient Therapies with N/A 12 2 8x2x12 60 12-RM
Gastrointestinal tyrosine kinase
inhibitors
Segal et al. (2003)” 682+79 67.7+75 82(0) 73 (0) 29.0+35 285+3.7  Prostate Patient ADT 2—-4 12 3 9x2x(8-12) N/A 60%—70% of
1-RM
Segal et al. (2009)* 66.4+7.6 653+£7.6 40(0) 41 (0) 28.1+35 29.0+42  Prostate Patient ADT 2—-4 24 3 10 x 2 x (8—12) N/A 60%—70% of
1-RM
Simonavice et al. (2017)*’ 64.0+7.0 N/A 27(100) N/A 27755 NA Breast Survivor No treatment 0-3 24 2 10 x 2 x (8—12) N/A 60%—80% of
1-RM
Winters-Stone et al. (2011)™ 623+6.7 622+6.7 52 (100) 54 (100) 29.5+58 295+56 Breast Survivor Chemotherapy, 0-3 48 3 10 x (1-4) x (8—12)  45-60 60%—70% of
Radiotherapy 1-RM
Winters-Stone et al. (2012)°" 623+6.7 622+6.7 36(100) 31(100) 29.5+58 295+5.6  Breast Survivor Chemotherapy, 0-3 48 3 9 x (1-3) x (8—12) N/A 60%—80% of
Radiotherapy 1-RM
Winters-Stone et al. (2015)* 69.9+9.3 705+7.8  29(0) 22 (0) 284+41 29.6+4.8  Prostate Survivor ADT, Chemotherapy, NA 48 3 10 x 3 x (10—12) N/A 60%—70% of

Radiotherapy

1-RM

Notes: Age and BMI are presented as mean &= SD. Volume is presented as number of exercise x sets x repetitions.

Abbreviations: ADT = androgen deprivation therapy; BMI = body mass index; CON = control group; N/A = not available; RM = repetition maximum; RT = resistance training group.
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198 J. Lee
Study ES (95%Cl) Weight (%)
Alberga et al. (2012) 2! —+%— 0.74 (0.29 to 1.19) 9.32
Benton et al. (2014) 2* —5—0— 1.54 (0.50 to 2.58) 6.61
Nilsen et al. (2015) 24 —é—o— 1.00 (0.43 to 1.57) 8.82
Nilsen et al. (2016) ** + 0.90 (0.06 to 1.74 7.53
Cormie et al. (2013) 27 ——o—é— 0.23 (-0.65 to 1.11) 7.34
Cormie et al. (2014) % —-o—i 0.14 (-0.53 t0 0.81) 8.37
Rosenberger et al. (2017) 2® ——0—%— 0.18 (-0.70 to 1.06) 7.34
Segal et al. (2003) 25 E —%— 236 (2.01 t0 2.71) 9.67
Segal et al. (2009) 22 —0‘:— 0.78 (0.33 to 1.23) 9.32
Simonavice et al. (2017) 2 —;0— 0.90 (0.06 to 1.74) 7.53
Winters-Stone et al. (2012) 21 —0:— 0.85 (0.36 to 1.34) 9.16
Winters-Stone et al. (2015) 32 —*ﬂ:— 0.63 (0.10 to 1.16) 8.99
Overall (= 85.2%, p =0.000) <> 0.87 (0.43 t01.32) 100.00

]
i
T T

—2.71  Favors control 0

Favors treatment 21

Fig. 3. Forest plot of ES and 95%CIs for 12 cohorts representing muscular strength, based on the random effects meta-analysis results. 95%CI=95% confidence

interval; ES = effect size.

interventions (RT =394, CON = 323; females =33.5%); study
cohorts ranged from 8 participants® to 155 participants.”
The average age of the participants was 66.0 & 7.3 years (RT:
66.4 £ 7.5 years; CON: 65.5 &+ 7.0 years; mean + SD). BMI
was 28.7 & 4.3 kg/m? (RT: 28.6 & 4.3 kg/m?; CON: 28.9 +
4.4 kg/m?). Out of the 13 studies, 97'***72%*"=33 were con-
ducted during adjuvant treatment (chemotherapy, radiation,
and/or androgen deprivation therapy), whereas 4°>*’ >’ were
conducted after the completion of treatment.

3.5. Interventions

All interventions were supervised in research centers by
qualified trainers or researchers using free weights or weight
machines. All training targeted both upper and lower body.
The mean training period was 23 weeks (mini-
mum—maximum: 8 weeks”>—48 weeks’’ 7). In all studies,
training frequency was 2 or 3 days per week. All training con-
sisted of 1—4 sets, 6—12 repetitions, and 8—10 exercises. The
number of total sets per week ranged from 32°° to 90, and
the number of total repetitions per week ranged from 384°° to
990.°% All trials established their intensity by percentage of
1-RM or 6—12-RM (a workload that enables the participant to
complete 6—12 repetitions). Intensities ranged from moderate
(50% of 1-RM™) to high (100% of 6-RM****). All trials
except for 2°*** progressively increased their intensity over
the duration of the intervention on the basis of the progression
of 1-RM tested at baseline and mid-study. The majority of
included studies did not provide information regarding session
duration, rest periods, or the use of momentary muscular fail-
ure with verbal encouragement.

3.6. Measurements

Of all 13 cohorts, 10 trials assessed muscular strength by
measuring maximum weight moved.”' **?"2"3173% Two tri-
als measured maximal voluntary isometric contraction”® or the
number of repetitions,”” and 1 trial did not measure strength.*’
Six trials assessed muscle hypertrophy by measuring lean
body mass by dual X-ray absorptiometry,”***"—*" and 1 trial
measured muscle fiber CSA by Tema Image-Analysis
System.™

3.7. Muscular strength

RT in 12 trials significantly increased muscular strength
(mean ES =0.87, 95%CI: 0.43—1.32, p < 0.001) (Fig. 3). The
absolute increase of muscular strength was 23.61%. Univariate
meta-regression showed high heterogeneity between studies
(0="74.47,df=11; > =85.2%, p < 0.001). In subgroup analy-
ses, there was no significant difference in effect between male
and female subgroups (p =0.65). In terms of training variables,
significant difference in effect was not found between sub-
groups training for <24 weeks and >24 weeks (p=0.69),
moderate intensity (50—70% of 1-RM) and high intensity
(70%—90% of 1-RM) (p=0.75), 2 days per week and 3 days
per week (p=0.29), <60 sets per week and >60 sets per week
(»=0.79), and <540 repetitions per week and >540 repeti-
tions per week (p =0.37).

3.8. Muscle hypertrophy

RT in 7 trials did not significantly induce muscle hypertro-
phy (mean ES=0.09, 95%CI: —0.14 to 0.31, p=0.45)
(Fig. 4). The absolute increase of muscle hypertrophy was
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Study ES (95%Cl) Weight (%)
|
Alberga et al. (2012) 2! —o—'— -0.03 (-0.46 to 0.40) 26.85
|
Nilsen et al. (2015) 24 : 0.07 (-0.46 to 0.60) 17.83
Nilsen et al. (2016) 32 E > 0.49 (-0.33 to 1.31) 7.37
Cormie etal. (2013) 7 f 0.08 (-0.80 to 0.96) 6.42
i
Cormie etal. (2014) # 0.15(-0.52 t00.82)  11.24
i
Simonavice et al. (2017) 2° E 0.04 (-0.76 to 0.84) 7.73
Winters-Stone et al. (2012) *! ——E&— 0.09 (-0.38 to 0.56) 22.56
Overall (= 0.0%, p =0.974) <:> 0.09 (-0.14 t00.31)  100.00
|
i
T * T

-1.31 Favors control 0

Favors treatment 1.31

Fig. 4. Forest plot of ES and 95%ClIs for 7 cohorts representing muscular hypertrophy, based on the fixed effects meta-analysis results. 95%CI =95% confidence

interval; ES = effect size.

16.25%. Univariate meta-regression did not show heterogene-
ity between studies (Q=1.26, df=6; >=0.0%, p=0.974). In
subgroup analyses, there was no significant difference in effect
between male and female subgroups (p=0.96). In terms of
training variables, significant difference in effect was not
found between subgroups training for <24 weeks and >24
weeks (p=0.55), moderate intensity (50%—70% of 1-RM)
and high intensity (70%—90% of 1-RM) (p =0.67), 2 days per
week and 3 days per week (p =0.95), <60 sets per week and
>60 sets per week (p=0.95), and <540 repetitions per week
and >540 repetitions per week (p = 0.60).

3.9. Sensitivity analysis

Sensitivity analysis reported that by excluding any of all
cohorts from the meta-analysis the estimated effects will still
be within the 95%CI of the mean ES in both 2 outcomes, sug-
gesting the results of the meta-analysis will not significantly
change after the removal of any one cohort.

4. Discussion

The primary results of this meta-analysis study are that RT
significantly increased muscular strength by 23.61% but insig-
nificantly induced muscle hypertrophy by 16.25% in cancer
patients of an average age of 66.4 years. An increase of
22.1 kg in lower limb muscle strength was achieved by RT.
An increase of 10.7 kg in leg press is associated with a 35%
decreased risk of cancer mortality in men, independent of car-
diorespiratory fitness and body fat.” Moreover, muscle loss
greater than 5% is associated with a 2 times higher cancer mor-
tality rate.'’ Therefore, it is noted that RT could substantially
contribute to improve health in elderly cancer patients by
enhancing muscle function.

High heterogeneity was found between studies on muscular
strength. However, significant differences in effect were not
found between subgroups training for durations of short/

middle-term (<24 weeks) and middle/long-term (>24 weeks),
at moderate intensity (50%—70% of 1-RM) and high intensity
(70%—90% of 1-RM), with lower weekly frequency (2 days
per week) and higher weekly frequency (3 days per week), and
with lower (<60 sets or <540 repetitions per week) and higher
training volume (>60 sets or >540 repetitions per week).
These results suggest that RT would improve muscle strength
in elderly cancer patients by widely satisfying patients’ prefer-
ences, e.g., for a lower or higher training volume. In connec-
tion with training volume, 5 of 7 subgroups training 3 days
per week performed at a higher volume, while all of 5 sub-
groups training 2 days per weeks performed at a lower volume.
These results seem to be natural as weekly training volume
increases in proportion to weekly frequency. However, train-
ing intensity is another major factor that is inversely associated
with training volume in general. In this study, 4 of 5 sub-
groups training with higher intensity performed at a lower
training volume, suggesting that training volume does not
depend exclusively on weekly frequency. Based on subgroup
analyses, no training variables lead to a significant difference
in effect. In other words, we found that muscular strength in
elderly cancer patients could be significantly increased through
RT applied at moderate intensity for relatively short periods
with a lower training volume and weekly frequency. These
results are partially similar to a previous meta-analysis study
which reported that weekly frequency and volume of RT have
no statistically significant association with strength gains in
middle-aged cancer patients.'* In this study, however, there is
a bit of discrepancy between the subgroups sorted by training
frequency with regard to the number of studies. Moreover,
other essential elements, such as session duration, rest periods,
and the use of momentary muscular failure, were not reported
in most included studies. Thus, additional studies are needed
to investigate these variables.

In subgroup analyses based on demographic variables, most
cancer patients were in various cancer treatments (e.g.,
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chemotherapy, radiation, and androgen deprivation therapy).
Thus, further analysis based on the types of treatment and the
stage of cancer could not be carried out. A recent meta-analysis
study reported that RT increases muscle strength independent of
treatment type.'” Since most cancer patients in this study had
a normal body weight (BMI < 30 kg/m?), it is possible that
different training strategies could be required for obese cancer
patients. As the patients in this study were mostly male, it is
difficult to determine a sex difference in effects of RT on
outcomes. Future research is warranted to investigate these
variables.

In terms of muscle hypertrophy, there are some possible
reasons for no significant change after RT. First, muscular
hypertrophic responses to RT may be decreased according to
an increase in training periods due to physiological adapta-
tions. Although significant difference in effect was not found
between subgroups training for <24 weeks and >24 weeks
(p=0.55), 4 included studies training for <24 weeks reported
that RT significantly increases lean body mass®**"** or mus-
cle fiber CSA,*” whereas 3 studies training for >24 weeks
reported that RT does not result in a significant effect on mus-
cle hypertrophy.”' " In particular, resistance was progres-
sively increased for the middle/long-term training. Other
training elements may have to be adjusted throughout the
intervention, such as exercise type, volume, repetition speed,
and momentary muscular failure as the point of set termination
in order to promote continuous muscle hypertrophy. Future
research is warranted to ascertain the influence of these diverse
variables on muscle hypertrophy. Another possible reason for
the insignificant muscle hypertrophy is that additional dietary
interventions, such as a protein supplement or a modified
higher protein diet, were not incorporated in all studies, which
could result in diminished muscle protein synthesis. According
to a recent meta-analysis,”* the use of protein supplements
alongside RT induces muscle hypertrophy as well as strength
in elderly populations more than RT without protein supple-
ments. To the best of our knowledge, there have been few stud-
ies investigating the effects of protein consumption on muscle
hypertrophy following RT. Thus, further studies are needed
for identifying them.

There are some limitations to this study. First, the number
of included studies might not be adequate. Some studies were
excluded to enhance homogeneity. Also, only studies pub-
lished in English were retrieved, which could increase the risk
of bias; however, significant publication bias was not found in
either outcome. Second, 12 of the 13 studies were conducted
on breast and/or prostate cancer patients, thus limiting the
generalizability of this review to all cancer patients. Lastly, 3
of the included studies did not involve CON.?***®?° However,
differences in ESs are insignificant between randomized and
nonrandomized trials.*”

Despite these limitations, this meta-analysis study has sig-
nificant strengths. This is the first study to investigate the
effects of RT on both muscular strength and hypertrophy in
elderly cancer patients. To enhance the validity of the research,
this review did exclude studies that targeted cancer patients
aged <60 years and/or those that conducted RT combined

J. Lee

with aerobic training or RT for <6 weeks. It has been sug-
gested that muscle hypertrophy usually occurs after 6 weeks of
training.”® Furthermore, this review determined that gains in
muscle strength can be significantly induced by RT and that no
training variables lead to significant differences in effect.
Thus, this study reveals the importance of RT on muscle func-
tion in elderly cancer patients and contributes to establishing a
specified RT strategy for the patients.

This review suggests that an intensity of moderate
(50%—70% of 1-RM), a frequency of 3 days per week, and a
duration of 8—12 weeks should be considered a priority in RT
programs for greater effect on muscle strength gains in elderly
cancer patients. For detailed training variables, a volume of
10—12 repetitions, 3 sets, and 10 large muscle group exercises
can be an additional recommendation. To promote muscle
hypertrophy, it is necessary to adjust various training elements
during middle/long-term training (>24 weeks). For greater
effect with a minimum of exercise-induced injuries or adverse
events in the elderly patients, resistance should be gradually
increased under the direction of practitioners throughout the
training period. The RT guidelines recommended in this
review are not much different from the recommendations for
cancer survivors given by the American College of Sports
Medicine (ACSM) this is to be expected as the majority of
included studies followed the ACSM guidelines.’’ Impor-
tantly, the RT guidelines in this review should be differently
applied to patients with consideration of the physical condition
of each individual. Future research should investigate various
training elements beyond the traditional ACSM guidelines.
For example, low-load RT can be carried out to momentary
muscular failure with short rest periods between sets because
high-intensity training can be defined as not only heavy loads
lifted but also light loads with high repetitions and short rest
periods. Moreover, it is well-known that chemotherapy can
reduce bone density and increase frailty in elderly cancer
patients. As chemotherapy is also associated with muscle
loss,'” it would be helpful to understand whether previous RT
experience, prior to chemotherapy, influences the response to
RT during or following chemotherapy. In summary, research-
ers should seek to determine those various factors related to
RT in order to establish further optimization of exercise guide-
lines.

5. Conclusion

This systematic review and meta-analysis found that RT
significantly increased muscular strength but induced insignifi-
cant muscle hypertrophy in elderly cancer patients. Subgroup
analyses determined that no training variables lead to signifi-
cant differences in effect, which suggests that RT would
improve muscle strength in elderly cancer patients through an
appropriate RT strategy flexibly applied depending on the
patients’ preferences. It is expected that traditional RT guide-
lines would induce marginal muscle hypertrophy in the elderly
patients. In future investigations, researchers may wish to
examine various training components in detail to establish fur-
ther optimization of exercise guidelines.
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