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Abstract
Objective: To synthesize the evidence on the effects of progressive resistance training on 
muscle strength in older men with prostate cancer undergoing androgen deprivation therapy. 
Methods: A systematic review of randomized clinical trials was carried out in the PubMed, 
Scopus, Embase, LILACS and ClinicalTrials databases. Studies of older men aged 60 
years or older with prostate cancer undergoing androgen deprivation therapy comparing 
progressive resistance training to an active control group were included. Risk of bias and 
quality of evidence were assessed using the RoB 2.0 and GRADE tools, respectively. Results: 
Ten randomized clinical trials were included, with a total of N=481 participants. Progressive 
resistance training promoted significant gains in muscle strength, ranging from 7,0% to 
23,0%. Supervised protocols, with structured load progression, high adherence and a 
minimum duration of 12 weeks, showed the most consistent gains. In contrast, home-based 
or unsupervised interventions showed inconsistent or non-significant results. The one-
repetition maximum test was the most sensitive method for detecting changes in dynamic 
muscle strength. None of the interventions resulted in serious adverse events. Conclusion: 
Progressive resistance training is a safe and effective therapeutic strategy for increasing 
muscle strength in older men with prostate cancer undergoing androgen deprivation therapy. 
Supervised and structured protocols are superior and should be integrated as a standard 
component in oncology rehabilitation programs for this population.
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INTRODUC TION

Prostate cancer (PCa) is the most common solid 
malignant neoplasm in men and poses a growing 
challenge for health systems1,2. An estimated 60-
70% of cases are diagnosed in older men aged 
≥ 60 years, where PCa accounts for 13.5% of all 
malignant neoplasms among males in Brazil, ranking 
the second-leading cause of mortality from cancer in 
this group2-4. Androgen deprivation therapy (ADT), 
widely used in the treatment of advanced stage PCa, 
although effective for tumor control, is associated 
with significant side-effects, such as low muscle 
strength, loss of total muscle mass (TMM), and 
increased risk of sarcopenia, negatively impacting 
functioning, independence, and quality of life in 
this group5-9.

Previous systematic reviews (SR) have shown that 
the effectiveness of progressive resistance training 
(PRT) for improving muscle strength in oncologic 
populations depends on factors such as professional 
supervision, moderate-to-high intensity, frequency 
of 2-3 weekly sessions, and controlled increased 
load, where these elements impact the magnitude 
of strength gains10-13. Nevertheless, there is no 
consensus on the standard dose of PRT for older 
men receiving ADT, limiting the establishment of 
evidence-based clinical recommendations12,13.

Although associations such as the American 
College of Sports Medicine (ACSM) recommends 
PRT for individuals with cancer, no SRs were found 
solely analyzing the effects of this training on 
muscle strength in older men undergoing ADT12,14-

18. Thus, the present study is the first investigation 
to synthesize the evidence for this population. 
Therefore, the objective of this SR was to synthesize 
the available evidence on the effects of PRT on 
muscle strength in older men receiving ADT to 
inform clinical recommendations and guide future 
investigations.

METHOD

A systematic review (SR) was conducted in 
accordance with the recommendations of the 
Joanna Briggs Institute19 ( JBI). The SR was registered 

on the PROSPERO platform, under protocol 
CRD42024590545. 

Randomized Clinical Trials (RCT) investigating 
the effects of progressive resistance training (PRT) 
on muscle strength in older men with prostate cancer 
(PCa) undergoing androgen deprivation therapy 
(ADT) involving quantitative analysis were selected. 
The research question was structured using the 
PICO20 (Population, Intervention, Comparison, 
Outcome) strategy, where (P) older men with PCa 
on ADT; (I) PRT; (C) active control group; and 
(O) effects on muscle strength. Thus, the research 
question guiding the study was: “What are the 
effects of PRT on muscle strength in older men 
with PCa undergoing ADT, compared to an active 
control group (CG) that performed usual or minimal 
activities? ”.

The studies were selected based on the following 
inclusion criteria: regarding design, only RCT were 
include. The population had to comprise older men 
(age ≥60 years) diagnosed with PCa and undergoing 
ADT. The intervention had to be PRT, applied 
alone or in combination with other modalities. As 
a comparator, RCT had to include an active CG 
instructed to continue usual activities or engage in 
only minimal interventions. Lastly, searches were 
conducted in three languages (English, Portuguese 
and Spanish) using equivalent descriptors in each 
language, for reports published between 2014 and 
2024, in order to ensure the clinical relevance of 
evidence. The search targeted studies with a focus on 
training protocols and usual care practices reflecting 
the state of the art, given the theory on resistance 
training in older adults has undergone significant 
changes. The following exclusion criteria were 
applied: review studies, theses, dissertations, book 
chapters, technical reports, and letters to the Editor. 
In addition, the exclusion of the gray literature ensured 
that all RCT included had rigorous methodological 
description, elements that allow proper assessment 
of risk of bias, thereby guaranteeing the validity of 
data extracted for synthesis.

The search for RCT was carried out in March 
2025 on the following databases: National Center 
for Biotechnology Information (NCBI/PubMed), 
Literatura Latino-Americana e do Caribe em Ciências 
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da Saúde (LILACS), Excerpta Medica Database 
(EMBASE), Scopus, and ClinicalTrials. The RCT 
search strategy involved the use of a combination 
of controlled and uncontrolled descriptors, as 
indicated for each database. The search for RCT on 
PubMed used controlled descriptors from Medical 
Subject Headings (MeSH); on EMBASE used 
Embase Subject Headings (EMTREE), whereas 

Descritores em Ciências de Saúde (DeCS) were 
employed for the search on LILACS. Additionally, 
the descriptors selected for searching Scopus and 
ClinicalTrials were used. For these searches, the 
terms “prostate cancer”; “antiandrogen therapy”; 
“resistance training”; “muscle strength”; and “older 
adults” were used. The full search strategy for each 
database is presented in Chart 1.

Chart 1. Full search strategy by database. Brazil, 2025.

Database Full Search Strategy
PubMed/
MEDLINE

((("prostatic neoplasms"[MeSH Terms]) OR "prostate cancer"[tiab] OR "prostatic neoplasm"[tiab])) AND (("androgen 
antagonists"[MeSH Terms]) OR "androgen deprivation therapy"[tiab] OR "antiandrogens"[tiab])) AND (("resistance 
training"[MeSH Terms]) OR "strength training"[tiab])) AND (("aged"[MeSH Terms]) OR "elderly"[tiab]))

Scopus ( TITLE-ABS-KEY ( prostate cancer ) OR TITLE-ABS-KEY ( prostatic neoplasms ) OR TITLE-ABS-KEY 
( prostate tumor ) AND TITLE-ABS-KEY ( antiandrogen therapy ) OR TITLE-ABS-KEY ( antiandrogen ) 
AND TITLE-ABS-KEY ( weight lifting ) AND TITLE-ABS-KEY ( elderly people ) OR TITLE-ABS-KEY 
( aged ) OR TITLE-ABS-KEY ( older adults ) OR TITLE-ABS-KEY ( older people ) )

EMBASE ('prostate disease'):ab,ti OR (('prostate cancer'):ab,ti) AND (('antiandrogen'):ab,ti) OR (('antiandrogen therapy'):ab,ti) 
AND (('muscle strength'):ab,ti) AND (('resistance training'):ab,ti) AND (('aged'):ab,ti)

LILACS "Neoplasia da Próstata" OR “Câncer de Próstata” OR “Neoplasias Prostáticas” AND "Força Muscular" 
AND "Antagonistas de Androgênios" OR "Antiandrogênios" OR “Efeito Antiandrogênico” AND 
"Treinamento Resistido" OR “Treinamento de Força” OR “Treino de Força” OR “Treinamento com 
Pesos” AND “Idoso” OR “Pessoa Idosa”

ClinicalTrials Prostate Cancer OR Prostate Adenocarcinoma OR Prostate Carcinoma OR Prostate Neoplasm | Other terms: Androgen 
Deprivation Therapy OR Elderly People OR Elderly OR Elderly Patients OR Aged OR Older Adults | Resistance 
Training OR Resistance Exercise OR Resistance exercise training OR Strength Training | Muscle Strength

Strategies combine controlled descriptors (MeSH, EMTREE, DeCS) and free terms, using Boolean operators 'AND' and 
'OR'. Source: author elaboration.

Study selection was managed on the Rayyan 
platform²¹. The search strategy and procedures for 
selecting RCT, from databases to decision to screen 
titles and abstracts or full reading, were conducted 
according to JBI  methodological guidelines19. The 
process of identification, screening, and inclusion 
of articles was reported according to PRISMA22 
(Figure 1).

Two reviewers (AHHS and JPMA) independently 
screened titles and abstracts, where any disagreements 
were settled by consensus or a third reviewer (FGC). 
Potentially eligible articles were read in full for the 
final decision based on the inclusion criteria. Data 
extraction was also carried out independently by the 
same reviewers, using a standardized form devised 

using the Cochrane Handbook for Systematic 
Reviews of Interventions and adapted to the domains 
of the PICO question of the present SR (Higgins 
et al., 2024)23. The extracted variables were: (1) 
study characteristics (design, source of funding); 
(2) participant characteristics (sample size, age, 
ADT duration, Gleason Score); (3) details of the 
intervention and comparator (duration, frequency, 
supervision, load progression); and (4) muscle 
strength outcomes (absolute mean and standard 
deviation values pre and post-intervention or 
comparative data for groups, such as the difference 
in means and its p-value). For RCT that reported 
quantitative data, the effects of the intervention 
were extracted as the group difference in means, 
with respective confidence intervals and p-values.
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A narrative synthesis was chosen for this SR, 
because clinical and methodological heterogeneity 
found in the RCT, particularly with respect to 
intervention protocols, methods of measuring muscle 
strength outcomes, differing intervention periods 
and CG, precluded statistical pooling (meta-analysis). 

In cases of RCT whose data were missing or 
unavailable, the respective authors were contacted 
to obtain further information. Data extraction was 
based solely on the information published, whereby 
any given data item found to be unavailable was 
recorded as Not Reported (NR). For multicenter RCT, 
the percentage values reported by the authors were 
maintained24,25. Data were treated descriptively and 
assessed for certainty of evidence using the Grading 
of Recommendations, Assessment, Development 
and Evaluation (GRADE) system26.

Risk of Bias 2.0 (RoB 2.0)27 assessment was 
conducted for each main outcome, and results 
included in the certainty of evidence assessment. As 
per GRADE26, the certainty of evidence was rated 
based on five domains: Risk of bias, Inconsistency, 
Indirect evidence, Imprecision, and Publication bias. 
Drawing on the findings, results were organized 
to provide a descriptive synthesis of the data (see 
Tables 1 and 2).

DATA AVAIL ABIL IT Y

The data set underpinning the study results is 
available from the Figshare repository at https://doi.
org/10.6084/m9.figshare.29442248.v5.

RESULTS

The initial search of the databases identified 
370 studies. The process of removal of duplicate 
publications was performed using the Rayyan 
– Intelligent Systematic Review. Subsequently, 
assessment took place by examining titles and 
abstract and then full reading of the selected RCT. 

A final total of 10 RCT met the eligibility criteria 
and were included in the present SR. Also, a manual 
search of the reference lists of all RCT included in 
the final synthesis was carried out. This process, 
however, failed to identify any further RCT that 
met the eligibility criteria, as depicted in the flow 
diagram (Figure 1).

The present SR included 10 RCT, involving a 
total of N=481 participants, all older men, diagnosed 
with PCa, undergoing ADT during interventions 
with PRT28-35, and predominantly with high Gleason 
Score (7-8)24,25,30,32-35. All eligible RCT were published 
in English24,25,28-35, with no eligible studies identified 
in Portuguese or Spanish.

The RCT were widely distributed geographically, 
having been conducted in 10 different countries, 
with the majority carried out in Europe24,25,28,31,32,35, 
Ásia30,33, North America29, and África34.

ADT duration varied, from start of treatment33,34 
to long-term exposure28-30, with unequal groups in 
some RCT28,29,32.

Duration of RCT ranged from 12 weeks28,29,32,35 
to 56 weeks25, with frequency of 2 to 3 sessions 
weekly24,24,28-35, and adherence rates were between 
70.80% and 93.80%24,25,28,35.

Load progression was set according to different 
criteria, including fixed linear models29,31, automated32, 
periodized25,35, and individual approaches28,30,33. 
Some studies used individualized approaches, 
with adjustments based on the Rating of Perceived 
Exertion scale (RPE) or on participation adaptation 
to PRT28,30,33. More specifically, Houben et al.24 used 
a design with two PRT groups (protein and placebo), 
pooled together in this SR for having shown no 
significant differences in muscle strength outcomes 
(see Tables 1 and 2).

The intervention characteristics, methods of 
assessing muscle strength, and comparative effects 
are summarized in Table 2.
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Figure 1. Flow diagram of selection process of randomized clinical trials included in systematic review on the 
effects of resistance training in older men with prostate cancer on androgen deprivation therapy. Brazil, 2025. 

Records identified in English, Portuguese, and Spanish, with final eligible studies all published in English only. Source: Adapted from Page 
MJ, McKenzie JE, Bossuyt PM, et al., 202122.
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Table 1. General and clinical characteristics of studies included in systematic review on effects of resistance training among older men with prostate cancer. Brazil, 2025.

Study (Author, Year) – 
Locale (City, Country)

Design N (I/C) – Age (Years) 
(Mean+SD)

Primary Objective ADT Duration
(Mean+SD)

Gleason Score
(Mean+SD)

Buffart et al., 201428 – 
Amsterdam Holland

Parallel RCT 29/28 – 69.9+7.3 Mediators of exercise effect IG 18.2+38.5 months; CG 
10.1+26.8

NR

Winters-Stone et al., 201529 

– Portland, United States
Parallel RCT 29/22 – 70.2+8.6 Reduction of functional 

disability
IG 39.0+36.1 months; CG 
28.5+29.2 months.

NR

Kim et al., 201830 – Seoul, 
South Korea

Pilot RCT 26/25 – 70.8+5.3 Effects on strength and 
bone health

IG 22.5+26.5 months; CG 
21.6+19.1 months.

7.8+1.0 (IG/CG)

Gazova et al., 201931 – 
Bratislava, Slovakia

Parallel RCT 15/8 – 70.0+6.7 Effects on body 
composition and function

ADT Duration: 5.5–8.2 months 
(range for both groups)

NR

Villumsen et al., 201932 – 
Copenhagen, Denmark

Blinded RCT 23/23 – 68.7+4.5 Effects and safety 
of “exergaming”

<12.0 months: IG 13.0 / CG 17.0; 
≥12.0 months: IG 18.0 / CG 27.0 
(categorical).

8.0+1.0 (IG/CG)

Lam et al., 202033 – Hong 
Kong, China

Parallel RCT 13/12 – 70.5+2.1 Effects on body 
composition and strength

Start of ADT (no cumulative 
duration)

8.0+0.3 (IG/CG)

Ndjavera et al., 202034 – 
Cape Town, South Africa

Parallel RCT 24/26 – 72.0+4.8 Effects of PRT on side-
effects of ADT

Start of ADT (no cumulative 
duration)

7–8 (IG/CG)

Dawson et al., 202135 – 
Dublin, Ireland

Pilot RCT 9/8 – 65.0 [60.5-72.5]† Muscle and function 
changes with PRT

IG 11.0 [3.0–12.0]†; CG 11.5 
[7.0–25.5]†

IG 8.0 [6.5–8.5]†; CG 7.0 
[7.0–8.5]†

Houben et al., 202324 – 
Viena, Austria

Multi-center RCT 30/30/36 – 71.7+7.0 Strength and hypertrophy 
with PRT

IG (PLA) 6.2+9.3 months; IG 
(PTN) 3.5+6.8 months; CG 
1.2+1.6 months

8.0+1.0 (IG/CG)

Houben et al., 202425 – 
Viena, Austria

RCT (follow-up) 37/31 – 71.0+6.0 Maintenance of gains after 
supervision

IG 3.8+8.0 months; CG 1.3+1.7 
months

8.0+1.0 (IG/CG).

Data expressed as Mean + Standard deviation (SD), unless stated otherwise. RCT: Randomized Clinical Trial; N (I/C): number of participants in intervention and control groups; ADT: androgen deprivation therapy; 
IG: intervention group; CG: control group; PTN: supplementation with protein; PLA: supplementation with placebo; NR: not reported; † Data expressed as median [Interquartile Range - IQR]. Source: Data from study.
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Table 2. Intervention protocols, assessment methods, and main outcomes of randomized clinical trials reviewed. Brazil, 2025.

Study 
(Author, Year)

Protocol of IG (duration; frequ.; sup./home; prog.) 
vs. CG

Muscle strength 
assessment

Adherence 
(%)

Outcome: Δ IG+SD; Δ CG+SD; p between groups

Buffart et al., 
201428

12 wk; 2x/wk; sup; linear prog. 12RM–6RM vs. 
Usual exercise

1RM (kg) NR Bench press: Δ +3.8; Δ +0.5; p: NR; Leg press: Δ +36.2; Δ +7.0; p: NR

Winters-Stone 
et al., 201529

56 wk; 2x/wk; sup. + 1x/wk home; linear prog. 
(+5% every 2 wk) vs. Stretching

1RM (kg) 83.0 Bench press: Δ +3.2; Δ −0.8; p=0.027*; Leg press: Δ +21.1; Δ +0.9; 
p=0.032*

Kim et al., 
201830

26 wk; 2-3x/wk; home; prog. (RPE) vs. Stretching Isometric dynamometry 
(kg); Chair-stand test 
(rep)

≥80.0 Right HGS: Δ −0.21+0.55; Δ −1.61+0.61; p=0.008*; Leg HGS: Δ IG 
+0.34+0.73; Δ CG −2.65+0.80; p=0.008*; Hip Strength: Δ +1.65+2.37; 
Δ +2.61+ 2.58; p=0.755; CST: Δ +3.72+1.01; p=0.003* 

Gazova et al., 
201931

16 wk; 3x/wk; sup.; prog. (30-100% 1RM) vs. 
Usual exercise

6RM (kg); LL power 
(W)

78.3 Bench press: Δ +8.1; Δ +0.5; p=0.041*; Leg press: Δ +16.2; Δ +22.3; 
p=0.510

Villumsen et 
al., 201932

12 wk; 3x/wk; home; automated prog. vs. Usual 
exercise

Leg ext. power (W) 85.0 Leg ext.: Δ +29.9; Δ +5.0; p=0.227

Lam et al., 
202033

56 wk; 3x/wk; home; individualized prog. vs. 
Usual exercise

Isometric dynamometry 
(kg)

83.0 Tricep ext.: Δ −10.4; Δ −12.1; p=0.350; Leg ext.: Δ −72.2; Δ CG −54.7; 
p=0.002*; Right HGS: Δ −4.1; Δ −4.7; p=0.200; Left HGS: Δ −4.4; Δ 
−3.5; p=0.91

Ndjavera et 
al., 202034

12 wk sup. + 12 wk home; 2x/wk. prog. (RPE) vs. 
Usual exercise

Isometric dynamometry 
(kg)

70.0 HGS: Δ −1.1; Δ −2.2; p=0.910

Dawson et al., 
202135

12 wk; 3x/wk; sup.; prog. (cycles of 60-83% 1RM) 
vs. Stretching

10RM (kg) 93.0 Leg press: Δ +81.6 [66.0–108.8]†; Δ −2.4 [−9.5–1.1]†; p<0.010*; Leg ext.: 
Δ +43.0 [35.2–56.7]†; Δ +9.0 [3.4–12.4]†; p<0.010*; Leg curl: Δ +17.2 
[14.8–24.9]†; Δ 0.0 [−8.0–5.7]†; p<0.010*

Houben et al., 
202324

20 wk; 2x/wk; sup; prog. (cycles of 60-70% 1RM) 
vs. Usual exercise

1RM (kg) 82.0 Leg press: (PLA) 12% + 14%; (PTN) 13% + 11%; %Δ −5% + 11%; 
p<0.001*; Leg ext.: (PLA) 19% + 15%; (PTN) 15% + 19%; %Δ −6% + 
15%; p<0.001*

Houben et al., 
202425

52 wk (20 sup. + 32 home); 2x/wk; prog. (cycles of 
60-70% 1RM) vs. Usual exercise

1RM (kg) 83.0 Leg press: +4% + 11%; −10% + 9%; %Δ +4%–5%; p<0.001*; Leg ext.: 
+5% + 16%; %Δ −11% + 13%; p<0.001*

Values expressed as mean+SD or median [IQR]. Δ = post − pre (by group). %Δ when reported by authors, without calculation of absolute values due to differences in equipment. PRT: progressive resistance training; 
RM: repetition maximum; PTN: supplementation with protein; PLA: supplementation with placebo; HGS: hand-grip strength; CST: Chair-stand test; SD: standard deviation; IG: intervention group; CG: control group; 
RPE: Rating of Perceived Exertion; vs.: versus; NR: not reported; “p: NR”: absence of p between groups in original study; kg: kilograms; N: newtons; W: watts; s: seconds; †: Data expressed as median [Interquartile 
Range – IQR]; *: Statistically significant difference ( p<0.050); Abbreviations: Ext.: extension; rep.: repetitions; wk.: week; prog.: progression; sup.: supervised. Source: Data from study.
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The RCT that used direct supervision reported 
the highest adherence rates of 80%, and more 
consistent gains in muscle strength24,25,29,31,35. By 
contrast, home-based or unsupervised interventions, 
despite showing good adherence in some RCT, 
promoted no significant improvements in muscle 
strength30,32-34. The interventions exhibited high 
safety, with no reports of serious adverse events 
in the RCT31,33. The side-effects reported were 
mild, including transient muscle discomfort and 
a single case of tendinitis, which did not lead to 
discontinuation of the protocol25,28,31,33.

In general, the highest intragroup gains in 
maximal strength were seen in lower limbs (LL) 

28,29,35. Gains in upper limbs were lower, albeit 
consistent28,29,31. Conversely, hand-grip strength 
showed only slight differences or decreases30,32,34, 
while muscle strength, as measured using the Chair-
sit test, improved in the IG30. In the multicenter 
RCT, authors reported percentage change, allowing 
internal comparability but revealing heterogeneity 
in measures across studies24,25.

Assessment of Risk of Bias

Detailed assessment of risk of bias of the 10 
RCT, performed using the Cochrane RoB 2.0 tool27, 
revealed disparities: 3 RCT were classified as having 
"Low risk" 24,29,34, 3 as "Some concerns" 28,31,32, and 

4 as "High risk" 25,30,33,35 of general bias. The global 
classification proved the highest risk among the 
outcomes (Table 3). 

The Randomization process (D1) proved a 
strength in most of the RCT, with 9 out of 10 trials 
rated as “low risk” 24,25,28,29,31-35. In contrast, most 
of the “high risk” was attributed to the domains 
Deviations from intended interventions (D2)33,3535 
and Missing outcome data (D3)24,25, indicating 
problems in handling loss to follow-up.

The Measurement of the outcome domain (D4) 
was rated predominantly as “low risk” ”24,25,29,32,34 or 
"Some concerns"28,30,31,33,35, where the latter associated 
with lack of blinding of assessors in exercise trials. 
Lastly, the risk of bias in the Selective Reporting  
domain (D5) was consistently low across all RCT 
reviewed24,25,28-35. These individual assessments 
justify the risk of general bias ratings and support 
the downgrading of certainty of evidence in the 
GRADE analysis26.

Assessment of Qualit y of Evidence (GRADE)

A synthesis of the findings for each RCT reviewed 
is provided in Table 3, outlining the effect of the 
intervention, assessment of risk of bias27 and the 
factors underpinning the rating of certainty of 
evidence, as per the GRADE methodology26.
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Table 3. Effects of progressive resistance training on muscle strength in older men with prostate cancer: synthesis of assessment between groups and of quality of 
evidence. Brazil, 2025.

Study (Author, 
Year)

Outcome Assessed Measuring Instrument Effect of intervention: DM 
(IG–CG); 95%CI; p

Risk of Bias (General) Certainty of Evidence – Main Factors of 
Uncertainty

Buffart et al. 
201428

UL; LL Strength 1RM bench press (kg) | 
1RM leg press (kg)

+3.3; 0.5–5.1; p: NR | +29.2; 
19.6–40.6; p: NR.

Some concerns Both moderate – Risk of Bias and Imprecision

Winters-Stone et 
al., 201529

UL: LL Strength 1RM bench press (kg) | 
1RM leg press (kg)

+4.0; 0.8–9.0; p=0.027* | 
+20.2; 6.0–40.2; p=0.032*

Low Risk Both high – No relevant downgrading

Kim et al., 201830 Grip Strength; 
Functional Strength

HGS (kg) | hip isometric 
dynamometry (kg) | 
30CST (rep)

+3.5; NR; p=0.008* | +1.1; 
NR; p=0.755 | +3.6; NR; 
p=0.003*

High Risk Both very low – Serious Risk of Bias and 
Imprecision

Gazova et al., 
201931

UL Strength; LL Power 6RM bench press (kg) | 
leg press (W)

+7.5; NR; p=0.041* | −6.2 W; 
NR; p=0.510

Some concerns Low; Very Low – Serious Risk of Bias and 
Imprecision; Risk of Bias, Imprecision and 
Inconsistency

Villumsen et al., 
201932

LL Power leg ext. power (W) +20.3; -13.2–53.8; p=0.227 Some concerns Very Low – Risk of Bias, Imprecision and 
Inconsistency

Lam et al., 202033 Isometric Strength Isometric dynamometry – 
elbow ext. (N) | isometric 
dynamometry– leg ext. 
(N) | HGS (kg)

-5.0; NR; p=0.350 | −57.7; NR; 
p=0.002* | +1.8; NR; p=0.200

High Risk Both very low – Serious Risk of Bias and 
Imprecision

Ndjavera et al., 
202034

Isometric Strength HGS (kg) −0.1; -0.7–2.7; p=0.910 Low Risk Low – Imprecision and Inconsistency with 
other findings

Dawson et al., 
202135

LL Strength 10RM leg press (kg) | leg 
ext. (N) | leg curl (N)

+84.0†; p<0.010* | +45.3†; 
p<0.010* | +17.2†; p<0.010*

High Risk Both Low – Serious Risk of Bias and 
Imprecision

Houben et al., 
202324

LL Strength 1RM leg press (kg) | leg 
ext. (kg)

%Δ +12.0–13.0%; p<0.001* | 
%Δ +15.0–19.0%; p<0.001*

Low Risk Both Moderate – Indirect Evidence

Houben et al., 
202425

LL Strength 1RM leg press (kg) | leg 
ext. (kg)

%Δ +4.0–5.0%; p<0.001* | 
%Δ +4.0–5.0%; p<0.001*

High Risk Both Low – Serious Risk of Bias and Indirect 
Evidence

Guyatt GH, Oxman AD, Vist GE, et al., 200826. Effect of intervention: DM (IG−CG) according to measurement scale; %Δ when reported by authors. 95%CI and p as reported in study; “p: NR”: p-value not reported 
in original article. Risk of bias27 and certainty of evidence rated by GRADE domain, with main factors of uncertainty in corresponding column. * p<0.050; † values summarized as median [IQR]. IG: intervention 
group; CG: control group; UL/LL: upper/lower limbs; HGS: hand-grip strength; CST: Chair-stand test; RM: repetition maximum; ext.: extension. Source: data from study.
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Muscle strength of LL/UL in supervised RCT 
on the maximal resistance test showed clinically 
relevant effects24,25,28,29,31,35, while results for grip 
strength were inconsistent30,33,34 and evidence for 
functional strength limited30, as this parameter was 
measured in only one RCT with a high risk of bias30. 
The heterogeneity observed stemmed largely from 
differences in protocols, methods of measurement 
and forms of reporting24,25,35, showing imprecision 
and inconsistency26. The greatest gains in muscle 
strength were observed in RCT with structured 
interventions and well-defined load progression 
protocols. One RCT showed an average increase 
from 121.3 kg to 142.4 kg in the IG, whereas the CG, 
engaged in stretching, was unchanged29. Another 
RCT failed to report the p-value between the groups, 
but observed increased muscle strength in the IG 
relative to the CG28.

Dawson et al.35 showed that the use of a periodized 
load progression model resulted in greater gains 
compared to linear progression protocols, with 
increases in leg press strength of up to 13.3%.

However, home-based RCT, and those with less 
supervised control, promoted only slightly improved 
outcomes31,32. The study of Lam et al.33, involving a 
56-week intervention, reported a significant reduction 
in muscle strength for LL of the groups, despite good 
adherence. Nevertheless, Villumsen et al.32 observed 
improvement in aerobic resistance, yet no significant 
improvement in muscle strength (p=0.070).

The results obtained by Ndjavera et al.34, in spite 
of well-structured PRT, did not reach statistical 
significance. 

Intervention duration was another determining 
factor: most RCT with a duration ≥12 weeks and 
supervised interventions showed marked gains in 
muscle strength24,25,28,29,31,35, where all RCT reviewed 
involved periods greater than or equal to 12 
weeks24,25,28-35. The study by Houben et al.24 reported 
average gains of 13.2% and 15.1% in muscle strength 
for leg press and leg extension at 24 weeks, respectively.

Houben et al.25 also noted that, after cessation of 
supervised PRT, there was partial loss of the gains 

obtained, although values in the IG remained higher 
than those in the active CG.

A number of different sources of funding were 
identified, including funding agencies and financial 
support from industry24,25,28-35. Interventions in the 
CG (Table 2) consisted mainly of usual physical 
exercises or stretching protocols, both low intensity.

DISCUSSION

The objective of this SR was to synthesize the 
knowledge with respect to the effects of PRT on 
muscle strength in older men with PCa undergoing 
ADT. The findings revealed that PRT promotes 
consistent gains in muscle strength for this population 
compared to active controls. The importance of these 
findings lies in their clinical relevance, although the 
certainty of evidence of the RCT reviewed ranged 
from very low to high. Absolute gains in muscle 
strength, exceeding 20.0 kg on the 1RM leg press 
test in multiple RCT, represents a direct functional 
impact28,29,35.

Moreover, these findings corroborate the results 
of other reviews in oncologic populations, identifying 
professional supervision as a determining factor for 
the effectiveness of PRT, lending further support to 
this notion by confirming this principle in the specific 
context of ADT-induced anabolic resistance in older 
men10,12. The superiority of supervised protocols was 
clear. Home-based interventions, however, showed 
inconsistent results, despite the low drop-out rate 
(8.7%-15.4%)28,32,33, while protocols with structured 
and periodized load progression led to greater gains 
in muscle strength, indicating higher effectiveness 
in neuromuscular adaptation with periodic changes 
in intensity and volume24,25,34. 

Conversely, more imprecise models, such as those 
used in domestic settings with load progression 
based on the rating of perceived exertion scale or on 
automated systems with low chance of progression, 
have proven less effective28,32,33. Additionally, the 
gains attained tend to decline after supervision 
ceases, highlighting the need for continuity of 
exercises to maintain benefits for muscle strength25. 
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This suggests that supervision is a leading factor 
to ensure adequate load progression, constituting 
a more important element for the effectiveness of 
PRT than program adherence alone.

The data suggest that supervision of PRT sessions, 
standardization of load progression, and choice of 
objective methods of assessing muscle strength were 
directly associated with lower risk of bias, higher 
quality of evidence, and greater muscle strength gain 
in the RCT analyzed. These methodological elements 
confer greater consistency to findings and strengthen 
the evidence that supervised PRT promotes consistent 
effects on the muscle strength domain in older men on 
ADT. The superiority of PRT is further supported by 
the analyses of interventions in CG,  involving usual 
care or stretching, stimuli that proved insufficient to 
mitigate ADT-induced declines in muscle strength.

Nevertheless, it is noteworthy that the effects of 
PRT vary among older men, being influenced by 
previous trainability. Hitherto sedentary older men, 
or those with low cardiorespiratory fitness, tend to 
have lower tolerance to initial overload and greater 
susceptibility to adverse effects, requiring monitored 
gradual interventions10,13. 

The variability in muscle strength gains observed 
among the RCT, including for supervised protocols, 
coupled with the fact that most participants were 
previously detrained, reinforces the need for an initial 
functional evaluation to personalize the intensity of 
load progression, in an effort to guarantee both the 
safety and effectiveness of the intervention10,13,28,29,31,35. 
The heterogeneity in methods for assessing muscle 
strength directly influenced results4,25,28-35. RCT 
that used maximal strength tests displayed greater 
sensitivity for detecting changes in dynamic 
strength and had lower risk of measurement bias, 
compared to functional tests or indirect measures, 
which were found to be less able to capture the 
specific changes in muscle strength promoted by 
the intervention25,28-32,34,35.

Total protein intake was shown to be more relevant 
for muscle strength gain than supplementation 
alone24,35. No significant differences in muscle 
strength was found between groups using whey 

protein or placebo supplementation, a finding 
attributed to the groups having a similar level of 
total daily protein intake24,25.

The magnitude of gains in muscle strength 
observed in the RCT reviewed was influenced by 
physiological, clinical, and methodological variables. 
ADT promotes an accentuated catabolic state, due to 
inhibition of androgen hormones, resulting in loss of 
TMM and decline in muscle strength. This condition 
hinders neuromuscular adaptation to PRT, as it 
requires greater control over the mechanical stimuli 
imposed by the intervention29,35. The stimuli from 
PRT, however, is able to activate signaling pathways 
for muscle protein synthesis, even in an environment 
of hormonal inhibition10,12,24,25. Also, comorbidities 
such as arterial hypertension, sarcopenia, and obesity 
can influence tolerance and adherence to PRT29,30.

With regard to safety, none of the RCT reported 
serious adverse events. Besides objective gains in 
muscle strength, the interventions exhibited clinical 
relevance as they were associated with preservation 
of functional independence, reduced risk of falls, 
and improved overall quality of life in older men 
on ADT5,25,29,36.

Nonetheless, major knowledge gaps exist 
in the literature, particularly  with regard to the 
sustainability of long-term effects of PRT, given 
that few RCT assessed outcomes after cessation of  
supervised interventions.

Another relevant point pertains to the durability 
of effects of PRT. Although the study by Houben et 
al.25 showed partial maintenance of muscle strength 
gains after transition to the home environment, 
scant data are available on the long-term impact 
of PRT, such as functional reintegration, risk of 
hospitalization, and survival12,25. RCT with longer 
follow-ups are needed to investigate the longevity of 
effects and their impact on global clinical outcomes.

The geographic diversity of the RCT reviewed 
is noteworthy12,25. However, the generalization of 
findings is limited, because the lack of RCT in low-
income countries leaves doubts as to the applicability 
of results in these settings.
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With respect to the limitations of this SR, the 
small sample size of some of the RCT, and absence 
of meta-analysis, precluded an estimate of pooled 
effect size. Moreover, the lack of reply from authors 
reduced precision and was factored into the GRADE 
assessment26. Lastly, the systematic non-inclusion of 
gray literature may have increased publication bias, 
allowing possible overestimation of effects.

 In the RCT reviewed, a population was identified 
that had a Gleason Score classified as intermediate-
to-high (7-8)24,25,30,32-35. While this demonstrates the 
benefits of PRT in the group older men with aggressive 
disease, it limits generalization of the findings to other 
populations of older men0,13. The benefit of PRT, in 
this context, is to serve as a direct countermeasure for 
the catabolic state and anabolic resistance imposed by 
ADT24,25,30,32-35. Conditions differ among low-risk older 
adults not undergoing systemic therapy, preventing 
extrapolation of findings and suggesting benefit of 
other ways of manipulating external loads10,13.

RCTs that used home-based interventions failed 
to ensure an equal level of prior training32,33. In 
addition to these trials, two other RCTs did not 
perform this control, and although the latter showed 
good results for muscle strength, this may have 
increased sample heterogeneity.

Based on the results, PRT programs that are 
supervised, have 2-3 sessions weekly, progressive 
intensity of 60.0-85.0% 1RM, and duration of ≥12 
weeks, should be implemented for consistent results for 
muscle strength10,35. Progression should be structured 
and individualized, as most of the older men assessed 
by the RCT either did not engage in PRT or performed 
physical exercise less frequently than recommended 
by the ACSM28-31,34,35. This factor highlights the 
importance of multi-professional follow-up, centering 
on motor learning for detrained older men to increase 
the adaptation promoted by PRT.

Thus, the use of objective methods of assessing 
dynamic muscle strength are recommended, 
accompanied by nutritional support, with an emphasis 
on adequate protein intake24,25. Implementing these 
programs in clinical practice calls for a multi-
disciplinary approach, with referral to specialists. 
These recommendations can help enhance the clinical 
effectiveness of interventions and ensure that they 

are applied safely and effectively in different settings. 

CONCLUSION

This systematic review revealed that progressive 
resistance training is a safe, effective strategy for 
older men with prostate cancer undergoing androgen 
deprivation therapy. However, the study findings 
should be interpreted with caution, given that the 
certainty of evidence, as assessed using the GRADE 
methodology26, was rated as moderate for muscle 
strength gains in lower limbs, and as low-to-very low 
for the outcomes assessed. In addition, intervention 
protocols that were supervised, had structured load 
progression, and a minimum duration of 12 weeks, 
promoted consistent gains in muscle strength, besides 
additional benefits in functioning and fall prevention, 
compared to the usual activities in the control group.

Implementing supervised programs poses a 
challenge for public health, particularly in middle-to-
low income countries with limited access. Therefore, in 
order to improve the applicability of the findings, hybrid 
models (supervised sessions with remote monitoring) 
could be implemented as a cost-effective strategy for 
overcoming access barriers in different environments.

Future studies investigating the long-term effects 
of progressive resistance training (≥24 weeks), 
associated with external load parameters for this 
clinical population, should be conducted.
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