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Abstract
Purpose The aim of the present meta-analysis was to quantify
effects of resistance exercise (RE) on physical performance
and function, body composition, health-related quality of life
(HRQoL), and fatigue in patients with prostate cancer.
Methods Trial data were obtained from the databases
PubMed, MEDLINE, EMBASE, SCOPUS, and the
Cochrane Library as of inception to 31st of December 2016.
Thirty-two trials with 1199 patients were included. Results
that were measured by using the same assessment method in
five or more of the original studies were pooled in a meta-
analysis.
Results Pooled studies showed significant improvements of
muscular strength in the upper and lower body (95% CI
[2.52, 7.97] kg; p < 0.001 and 95% CI [10.51, 45.88] kg;
p = 0.008, respectively) after RE. Furthermore, significant
improvements were seen for body composition (body fat per-
centage 95% CI [−0.79, −0.53] %; p < 0.001; lean body mass
95% CI [0.15, 1.84] %; p = 0.028; trunk fat mass 95% CI
[−0.73, −0.08] kg; p = 0.024). Additionally, the improvement
of the 400-m walk time was significant (95% CI [−21.55,
−14.65] s; p < 0.001). Concerning fatigue and HRQoL, there
were not sufficient data for analysis.

Conclusions RE seems to be a promising approach in order to
counteract loss of muscle mass, muscle strength, and physical
performance in patients suffering from prostate cancer and its
treatment-related side effects. RE should play part in interdis-
ciplinary cancer rehabilitation and care of this patient group.
Nevertheless, further research should investigate RE further to
determine which protocols are the most pragmatic, yet yield-
ing best patient outcomes.

Keywords Prostate cancer . Resistance exercise . Androgen
deprivation therapy . Body composition .Muscular strength .

Physical performance

Introduction

In 2012, 1.1 million men were diagnosed with prostate cancer
(PCa) worldwide, accounting for 15% of all cancer diagnoses
in men. Thus, PCa is the second most common cancer in men
and the fifth leading cause for cancer in men. With an estimat-
ed 307,000 deaths, PCa represents 6.6% of total male cancer
mortality [1]. In Austria, from 2012 to 2014, the 1- and 3-year
survival rates were 95.3 and 92.7%, respectively, the 5-year
survival rate was 92.1% from 2007 to 2011, and the 10-year
survival rate was 91.2% from 2002 to 2006 [2], indicating
excellent survival rates of prostate cancer patients (PCaPs).
However, PCa and its treatment are related with considerable
side effects, including muscular atrophy, weight changes,
pain, and an overall decrease in health-related quality of life
(HRQol) [3]. Side effects during prostate cancer treatment can
cause serious health problems as well as a substantial limita-
tion of HRQoL in patients suffering from the disease [4].
Depressive symptoms, impaired cognitive performance, sex-
ual dysfunction, loss of libido, penile shortening, and gyneco-
mastia are meaningful side effects that usually affect the
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mental state and HRQoL of PCaPs [4–8]. These factors for
mental distress might play a role in the development of in-
creased risk of suicide in PCaPs [5, 9]. PCaPs undergoing
androgen deprivation therapy (ADT) can additionally suffer
from the symptoms of hot flushes, decreased physical activity,
and detrimental changes of their body composition, which
potentially leads to a deteriorated cardiovascular risk profile
[7, 10–14]. Moreover, sex steroid deficiency induced by ADT
leads to a decline in trabecular density and a decrease in bone
mineral density (BMD), which correlates with fracture risk
[15]. Furthermore, ADT is associated with an increased rate
of fracture and fracture associated mortality [16, 17]. In a
previously published systematic review, a qualitative over-
view of the meaningful effects of RE in the rehabilitation of
PCa was performed [18]. However, the number of high-

quality randomized controlled trials (RCTs) has increased sub-
stantially since then. Therefore, we decided to perform a quan-
titative analysis of the currently available data.

Treatment of prostate cancer includes surgery, radiation
therapy, targeted therapy, and chemotherapy. Furthermore,
ADT is part of the standard therapy for patients suffering from
high-risk disease, defined as those cases with stage T3 and T4
tumors, a Gleason score of 8 to 10 and PSA levels higher than
20 ng/mL, as well as locally advanced prostate cancer [3, 19].
ADT seems to be a valuable adjuvant to radiation therapy for
high-risk prostate cancer [19]. Almost half of all PCaPs re-
ceive ADT at some point in their therapy [20, 21]. Long-term
ADT is known to improve mortality [22–24], but comes at the
cost of treatment-related morbidity [25]. PCaPs receiving
ADT are susceptible to loss of muscle strength and muscle

Fig. 1 Flowchart of patient
allocation and dropouts

Fig. 2 Funnel plot for reported
mean differences in bench press/
chest press measurements
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mass, as well as increase of fat mass [12–14]. Further side
effects of ADT are alterations in lipolysis profile [26, 27]
and insulin metabolism [14, 27, 28] as well as increased arte-
rial stiffness [27, 28]. These changes are accompanied with an
increased risk for developing cardiovascular disease [27,
29–31], diabetes mellitus type II [29], and osteoporosis [13,
32]. ADT is related to earlier onset of serious myocardial
infarctions, especially in PCaPs older than 65 years of age
[33]. Therefore, lifestyle changing interventions like dietary
adjustments and exercise were recommended to mitigate car-
diovascular risk [30]. The negative changes of body compo-
sition that are particularly associated with ADT and their vis-
ible effect like muscle loss, gynecomastia, and female pattern
weight gain are perceived as emasculating and hence associ-
ated with psychosocial morbidity in PCaPs [9]. Consequently,

preservation of body composition alone is already considered
a positive outcome in PCaPs. Resistance exercise (RE) has
shown beneficial effects not just in the general public, but in
specific patient populations such as patients suffering from
metabolic syndrome, chronic obstructive pulmonary disease,
and cancer [34–36]. As the loss of muscle mass and increase
of visceral fat mass may be a key factor in the development of
cardiovascular disease [37], RE, causing initiation of muscle
hypertrophy, might be the medical training therapy of choice
to effectively combat adverse body composition changes.
Aerobic exercise (AE) might be a potent exercise modality
to decrease visceral fat mass and to counteract an increased
cardiovascular risk profile. In PCa, however, AE does not
target the basic physiology of the problem, which is loss of
muscle mass. Moreover, RE may indirectly have a beneficial

Fig. 3 Funnel plot for reported
mean differences in leg press
measurements

Fig. 4 Funnel plot for reported
mean differences in body fat
percentage

Fig. 5 Funnel plot for reported
mean differences in whole body
fat mass
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effect on visceral fat mass via an upregulation of adipose tis-
sue lipolysis, as mediated through adiponectin [38]. RE seems
to be a safe, feasible, and effective rehabilitation tool for
PCaPs undergoing ADT [18]. To our knowledge, no meta-
analysis has recently investigated the effectiveness of RE in
PCaPs. We hypothesize that RE has significant beneficial ef-
fects on muscle strength, physical performance and function,
body composition, HRQoL, and fatigue in PCaPs. The aim of
this meta-analysis was to quantify these effects.

Methods

A systematic literature research for RE intervention trials with
PCaPs published in English language between January 1966

and 31st of December 2016 was conducted by using the sci-
entific medical databases PubMed, MEDLINE, EMBASE,
SCOPUS, and Cochrane Library. Further, reference lists of
relevant publications were searched for additional studies.
The search strategy included the search terms Bresistance
exercise,^ Bresistance training,^ Bstrength training,^ Bprostate
cancer,^ Bandrogen deprivation therapy^ and Bandrogen sup-
pression therapy,^ and their possible variations. One thousand
three hundred and forty-seven articles were found and
screened for eligibility by title and abstract. One thousand
two hundred and eighty studies had to be excluded for not
meeting inclusion criteria [unsuitable type of study (review,
study protocol, pilot studies, conference abstracts, etc.), insuf-
ficient representation of RE in the intervention branch, inap-
plicable type of cancer (non-PCa), multiple search results]

Fig. 6 Funnel plot for reported
mean differences in whole body
lean mass

Fig. 7 Funnel plot for reported
mean differences in trunk fat

Fig. 8 Funnel plot for reported
mean differences in 400-m walk-
ing time
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Table 2 Results of the additional
articles published since October
2014, details of previous studies
published in Hasenoehrl et al.
[18]

Additional article Expansion Results

Gaskin [64]

Additional article of
Livingston [52]

Additional results

Fitness outcomes

• ↑ Aerobic fitness (6-min walk test)

• ↑ Upper body maximal strength (1RM, 90° leg press)

• ↑ Lower body maximal strength (1RM, seated chest press)

• ↑ Lower body muscular endurance (sit to stand test)

• ↑ Balance (functional reach test)

• ↔ BMI

• ↔ Girth measurements (chest, waist, hips, upper arm,
mid-thigh)

• ↔ Resting heart rate

• ↔ Blood pressure

Nilsen [65]

Additional article of
Nilsen [53]

Additional results

Muscle cellular
outcomes
(biopsies)

EI: n = 12

Cont: n = 11

Muscle fiber CSA

• (↑) Within group difference (EI)

• ↔ Within group difference (Cont)

• ↑ Between group difference (EI > Cont) (larger effect in type
II fibers)

Number of myonuclei

• ↑ Within group difference (EI)

• ↔ Within group difference (Cont)

• (↑) Between group difference (EI > Cont)

Myonuclear domain

• ↔ EI and Cont within group difference

• ↔ EI vs. Cont between group difference

Myonuclei per muscle fiber

• ↑ EI type I fibers

Muscle fiber CSA/myonuclei

• ↓ EI type I fibers

Number of satellite cells

• ↔ EI and Cont, EI vs. Cont

↔ Androgen receptor and myostatin

Muscle strength (knee extensor 1RM)

• ↑ Within group difference (EI)

• ↔ Within group difference (Cont)

• ↑ Between group difference (EI > Cont)

Nilsen [66]

Additional article of
Nilsen [53]

Additional results

Muscle cellular
stress

EI: n = 16

Cont: n = 15

Mitochondrial proteins, between group effects:

• ↔ Citrate synthase

• ↔ Cytochrome c oxidase subunit IV (COXIV)

• ↔ HSP60

Mitochondrial proteins, within group effects:

• (↓) Citrate synthase in Cont

Indicators of muscle cellular stress, between group effects:

• ↔ HSP70

• ↔ Alpha-B crystallin

• ↔ HSP27

• ↔ Free ubiquitin

• ↔ Total ubiquinated proteins

Indicators of muscle cellular stress, within group effects:

• ↓ HSP70 in EI

Buffart [67]

Additional article of
Galvao [45]

Moderator and
mediator analysis

Moderators:

• Marital status moderated the effect of EI on global QoL in
favor of married patients (no difference in attendance).
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Table 2 (continued)
Additional article Expansion Results

• Time since diagnosis moderated the effect of EI on global
QoL and physical, emotional, cognitive, and social function
with a smaller effect in patients who started exercising later
after diagnosis compared with those who started sooner (no
association with attendance).

• Significant moderation effect of presence of comorbidity on
cognitive function with a larger effect in patients with
comorbidities.

• Borderline moderation effect of biphosphonate use on
physical, role, and emotional function in favor of patients
who previously used biphosphonates (no difference in
attendance).

Mediators and associations:

• Chair rise time significantly mediated effect of EI on global
QoL and physical and social function.

• Chair rise test improvements associated with improvements
in global QoL and physical and social function.

• Self-reported PA increases associated with improvements in
global QoL.

• Fatigue reductions associated with improvements in global
QoL and physical, role, emotional, and social function.

• Distress reductions associated with improvements in global
QoL and physical and role function.

• Falls self-efficacy improvements associated with
improvements in global QoL and physical, role, and social
function.

• No significant mediating effects on health-related QoL out-
comes for aerobic fitness, physical activity, fatigue, distress,
or falls self-efficacy.

Gilbert [68]

Additional article of
Bourke [40]

Additional results

Endothelial function

Results from a subset of 50 subjects from the original trial (25
EI + 25 Cont):

Vascular assessments/endothelial function:

• ↑ FMD at 12 weeks

• (↓) Diastolic blood pressure

• ↔ Systolic blood pressure

Body composition (BiA):

• ↑ Skeletal muscle mass at 12 weeks

• ↔ Lipid profile

Blood markers:

• ↑ SHBG

• ↔ Total testosterone, free androgen index, PSA

Exercise tolerance:

• ↑ Treadmill walk time at 12 and 24 weeks

Exercise and dietary behavior:

• ↑ Exercise behavior (Godin LSI) at 12 weeks

• ↔ Dietary behavior

Lyons [69]

Additional article of
Winters-Stone [54]

Additional results

Levels of physical
intimacy

Engagement in affectionate and sexual behaviors

• Engagement in affectionate behaviors: ↑ wives and ↔
husbands in the EI group compared to Cont

• Engagement in sexual behaviors: ↔ husbands and wives

Winters-Stone [70]

Additional article of
Winters-Stone [51]

Additional results

Body composition,
blood biomarkers

Body composition and blood biomarkers

• ↓ Total fat

• (↓) Percent body fat
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which left 67 for full text analysis. Of those, 32 articles
finally met inclusion criteria of being relevant RE inter-
vention trials with RE either as the sole exercise inter-
vention or in combination with any other exercise mo-
dality in PCaPs [39–70]. Seventeen of those 32 studies
were identified as independent studies [39–55], which
published the primary results of a specific population
sample for the first time. Those studies included 1199
patients of which 580 were allocated to a RE interven-
tion group. Most of those studies included only PCaPs
on current or previous ADT [39–47, 49, 51, 53, 55],
some included both PCaPs on ADT and non-ADT [50,
52, 54] and one excluded PCaPs with adjuvant or neo-
adjuvant therapy after radical prostatectomy [48]. In the
other 15 trials, additional outcomes or analyses of the
former studies were published [56–70]. This distinction
was particularly important to prevent multiple represen-
tations of data of the same sample in our meta-analysis.
Additionally, the content of one erratum [41] was taken

into account. An overview over the selection process is
presented in Fig. 1. The process of systematic literature
review as well as selection of suitable articles was con-
ducted independently by two experienced researchers
following the PRISMA reporting guidelines for system-
atic reviews and meta-analyses. For each study, results
regarding body composition, strength, functional and
cardiovascular performance, as well as HRQoL and fa-
tigue were reviewed and used for meta-analysis.

Statistical analysis

All outcome variables measured with the same assessment
method in five or more of the original studies were subject
to meta-analyses. Outcome variables reported in less than five
studies were not considered for meta-analysis as the results are
considered unreliable when a small number of heterogeneous
studies are used [71]. For all variables, the relevant effect
measure was the difference in means between the respective

Fig. 9 Mean differences in bench
press/chest press strength mea-
surements in the original studies
and summarized estimate from
the random effects meta-analysis
model. Positive values indicate
increases in strength and therefore
a beneficial effect of RE. Intervals
are 95% confidence intervals

Table 2 (continued)
Additional article Expansion Results

Moderation and
mediation
analysis

• (↓) Trunk fat

• ↔ Lean mass

• ↔ Insulin

• ↔ IGF-1

• ↔ SHBG

• (↑) Physical activity energy expenditure

Moderation and mediation analysis

• Age moderates the insulin response to exercise (insulin
reductions were smaller with increasing age)

• Sig. indirect effect of loss of total fat mass and loss of trunk
fat mass on group differences in insulin from baseline to
12 months

Cont control group, BMI body mass index, EI exercise intervention, QoL quality of life, PSA prostate-specific
antigen, IGF-1 insulin-like growth factor 1, 1RM one repetition maximum, HSP heat shock protein, FMD flow-
mediated dilatation, BiA bioelectrical impedance analysis, LSI Leisure Score Index, SHBG sex hormone-binding
globulin, ↑ sig. increase, ↓ sig. decrease, ↔ no sig. change/difference, (↑) tendency to increase, (↓) tendency to
decrease
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baseline and post-intervention values. The standard devi-
ation of the differences was reported in one study [64],
while standard deviations of baseline and post-
intervention values were reported in all other studies.
For these studies, the (conservative) assumption of a
zero correlation between pre- and post-intervention
values was made when calculating the standard error
of the difference in means.

A weighted random effects meta-analysis model was
fitted for each outcome variable using the DerSimonian-
Laird approach. Confidence intervals for the summary
effect measure and p values for according tests of no
effect were calculated using Knapp and Hartung adjust-
ments. To investigate the possibility of publication bias,
funnel plots were inspected (Figs. 2, 3, 4, 5, 6, 7, and
8). In the funnel plots, triangular areas are displayed
that are expected to contain 95% of the observed values
given there is no heterogeneity between studies. Under
the realistic assumption of heterogeneity, a larger frac-
tion of studies may be found outside these areas.
Statistical analyses were performed using the library
metafor [72] in the statistical computing environment
R 3.1.

Results

Descriptive characteristics of the included studies that were
published since October 2014 are presented in Tables 1 and
2. Details of studies that were published previously are pre-
sented elsewhere [18].

Risk of bias analysis

The funnel plot of lower body muscle strength (leg press)
(Fig. 3) was suspicious, but the variable remained in the anal-
ysis due to reasons addressed in the discussion section. Funnel
plots of the other outcome variables showed no sign of publi-
cation bias.

Muscle strength

The results of bench press/chest press 1RM measurements
were pooled from eight studies [42–45, 53, 54, 63, 64]. The
difference in means for measurements was found to be signif-
icantly greater than zero, with an estimated increase of 5.24 kg
(CI [2.52, 7.97]; p < 0.001). The results are presented in
Fig. 9. Eight studies examined effects of RE on lower

Fig. 10 Mean differences in leg
press strength measurements in
the original studies and
summarized estimate from the
random effects meta-analysis
model. Positive values indicate
increases in strength and therefore
a beneficial effect of RE. Intervals
are 95% confidence intervals

Fig. 11 Mean differences in body
fat percentage in the original
studies and summarized estimate
from the random effects meta-
analysis model. Positive values
indicate increases in strength and
therefore a beneficial effect of RE.
Intervals are 95% confidence
intervals
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body strength by assessing the 1RM leg press [42–44,
46, 53, 54, 63, 64]. The pooled results of seven studies
[42–44, 53, 54, 63, 64] showed that the difference in
means for leg press was significantly greater than zero,
with an estimated increase of 28.20 kg (CI [10.51,
45.88]; p = 0.008) (Fig. 10). In both strength measure-
ments, the results of Hanson et al. (2013) had to be
disregarded for meta-analysis because mean values were
not presented [46].

Body composition

Body fat percentage was assessed in 11 studies [41–47,
50, 53, 54, 70], all but one assessed with dual x-ray
absorptiometry (DXA) [47]. The difference in means
for body fat percentage was significantly smaller than
zero, with an estimated decrease of 0.66% (CI [−0.79,
−0.53]; p < 0.001, Fig. 11).

Whole body fat mass was assessed in ten of the included
studies [41–46, 53, 54, 68, 70]. The difference in means for
whole body fat mass was not significantly different from zero
but showed a tendency to decrease (CI [−1.04, 0.06] kg;
p = 0.075, Fig. 12).

The results of whole body lean mass was pooled from
seven studies that all used DXA [41, 42, 44–46, 53, 54].

The difference in means for whole body lean mass was sig-
nificantly greater than zero, with an estimated increase of 1 kg
(CI [0.15, 1.84]; p = 0.028, Fig. 13).

Trunk fat mass was assessed with DXA in seven
studies [41, 42, 44, 45, 53, 54, 70]. The difference in
means for trunk fat mass was significantly smaller than
zero, with an estimated decrease of 0.4 kg (CI [−0.73,
−0.08]; p = 0.024, Fig. 14).

Physical performance

As measurement of cardiovascular fitness, six studies per-
formed a 400-m walk test [41–46]. As Hanson [46] did not
present mean values, the results of the remaining five studies
[41–45] were pooled for the meta-analysis. The difference in
means for the 400-m walk is significantly smaller than zero,
with an estimated decrease of 18.10 s (CI [−21.55, −14.65];
p < 0.001, Fig. 15).

Functional performance, HRQoL, fatigue

Functional performance was assessed in several studies with
different outcome variables. Quoted in excerpts, the 6-m walk
was assessed in five studies [42–44, 46, 73], repeated chair
rise [42–45] and sit-to-stand test [39, 46, 53, 64] in four

Fig. 12 Mean differences in
whole body fat mass in the
original studies and summarized
estimate from the random effects
meta-analysis model. Positive
values indicate increases in
strength and therefore a beneficial
effect of RE. Intervals are 95%
confidence intervals

Fig. 13 Mean differences in
whole body lean mass in the
original studies and summarized
estimate from the random effects
meta-analysis model. Positive
values indicate increases in
strength and therefore a beneficial
effect of RE. Intervals are 95%
confidence intervals
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studies, and Timed Up and Go test in two studies [41, 46].
Sufficient data existed for the 400-m walk tests only, which
were subject to meta-analysis.

HRQol was assessed in 12 studies, but the assessment
methods were very heterogeneous; therefore, there was no
sufficient data for meta-analysis [39–42, 44–47, 49, 50, 53,
54].

Fatigue was assessed in nine studies [39–42, 46, 47, 49, 50,
53]. Five studies assessed fatigue with the FACT-F [39, 40,
47, 49, 50], but only four presented sufficient data for the
meta-analysis. Therefore, meta-analysis for fatigue was not
feasible.

Discussion

The results of the present meta-analysis showed that there are
several beneficial effects for PCaPs associated with RE. Both
lower and upper body muscle strength and cardiovascular
fitness as well as measures of body composition increased
significantly.

Regarding body composition, the results of this meta-
analysis showed a significant decrease of whole body fat per-
centage and trunk fat, as well as a significant increase of whole
body lean mass in PCaPs who performed RE. This is of

particular interest, since preserving body composition itself
should be considered a positive outcome in RE for PCaPs.

Just like suffering from cancer and various other treatment
modalities (e.g., radiation therapy and chemotherapy), ADT is
associated with reduced functional performance, impaired dy-
namic balance, and decreases in strength. These factors affect
risk of falls and successful performance of activities of daily
living (ADL) [32, 74]. The preservation of physical perfor-
mance levels as shown in this meta-analysis should be seen as
a further positive clinical outcome of RE in PCaPs. In accor-
dance to this finding, quantitative analysis of currently avail-
able data showed that physical performance parameters sig-
nificantly increased with RE. Further, PCaPs significantly im-
proved upper and lower body strength while performing RE
which we argue could decrease fall risk and increase ADL
performance. It has been noted that results of 400-mwalk time
tests—where participants walk laps in a marked corridor
aiming to complete the full distance as quickly as possible—
have to be treated with caution [75]. Although the meta-
analysis showed a significant decrease of 18.10 s, Kwon et al.
(2009) described a minimally meaningful change of 20–30 s
[76]. Their study, however, analyzed sedentary, elderly pa-
tients, and it is possible that smaller changes might prove to
be clinically relevant for larger PCaPs cohorts. Moreover,
physical performance is an important factor for PCaPs to

Fig. 14 Mean differences in
trunk fat mass in the original
studies and summarized estimate
from the random effects meta-
analysis model. Positive values
indicate increases in strength and
therefore a beneficial effect of RE.
Intervals are 95% confidence
intervals

Fig. 15 Mean differences in 400-
m walking time in the original
studies and summarized estimate
from the random effects meta-
analysis model. Positive values
indicate increases in strength and
therefore a beneficial effect of RE.
Intervals are 95% confidence
intervals
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maintain HRQoL [77–80]. Therefore, an increase in physical
performance seems to be directly related to the patients’ ability
to at least maintain if not to improve HRQoL. Unfortunately,
as already described in the methods section, the available data
regarding HRQoL was insufficient for meta-analysis because
too many different assessment methods (FACT-P, QLQ-PR25,
PORPUS, EORTC-C30, SF-36) were used within relevant
studies. This heterogeneity among studies concerning assess-
ment methods can be seen as a limitation of the present meta-
analysis, and greater effort for international consensuses re-
garding HRQoL assessment is dearly needed to facilitate re-
search in this field. Furthermore, although RE was performed
in all studies included, heterogeneity in training methods still
existed to a certain extent between interventions. Most of the
studies that were included performed at moderate to high in-
tensities in the range of the 15–6 repetition maximum (about
60–85% of 1RM) [40–45, 47, 49, 53, 54, 63, 64, 70]. In two
studies, light to moderate loads were used for exercise
(bodyweight, 50–70% of 1RM) [39, 48]. The participants of
the study by Hanson et al. performed RE at very high intensity
(5RM) [46]. Their results for body fat percentage and body fat
mass did not differ substantially from the other studies that
were included in this meta-analysis (Figs. 11 and 12), but their
results for whole body lean mass were the only ones reaching
statistical significance (Fig. 13) [30]. This could have affected
the pooled results of the meta-analysis of effects of RE on
whole body lean mass towards a positive outcome.
Nevertheless, we decided to include these results because they
seem to provide an indication that high-intensity RE might be
superior to moderate- to high-intensity RE if muscle hypertro-
phy is seen as the primary goal of exercise in PCaPs. Another
limitation of this meta-analysis is that due to the small number
of high-quality RCTs, both studies conducting RE as the sole
intervention and studies conducting RE in combination with
other exercise interventions were included. Future meta-anal-
yses, able to select more studies including higher numbers of
patients receiving solely RE or RE in combination exercise,
are recommended to evaluate potentially different outcomes in
PCaPs. However, as a specific training stimulus can be attrib-
uted to a functional outcome, we do not perceive the incorpo-
ration of combined RE interventions in our analyses as a ma-
jor problem. As previously reported, RE is primarily associated
with an increase in strength and lean body mass, whereas AE is
primarily associated with adaptations of the cardiovascular sys-
tem. Therefore, the bench press outcome of a combined training
intervention study should not be affected by the AE interven-
tion (e.g., cycling) but the RE intervention only. For a more
complex understanding of exercise interventions in PCaPs, fu-
ture meta-analyses should aim to isolate the results of home-
based exercise trials from those of trials with supervised train-
ing sessions, as AE in a home-based environment seems to be
easier to perform than RE, which in contrast seems to be more
difficult to perform without supervision [47].

In order to check for publication bias, funnel plots were
inspected (Figs. 2, 3, 4, 5, 6, 7, and 8). On the one side, leg
press performance was untypically low in the study by
Winters-Stone et al. (2016) [38]. On the other side, the respec-
tive results were untypically high and unsteady in the trial by
Galvao et al. (2006) [27] (Fig. 3). This difference might be due
to different exercises and assessment methodologies used in
these studies. In the study of Winters-Stone et al. (2016), RE
for the lower body was performed with bodyweight and
weighted vests [38]. From the sensorimotor perspective, this
kind of RE has its advantages over machine-based RE.
However, it might be limited regarding the development of
sheer leg strength, especially when the participants are elderly
PCaPs receiving cancer treatment and when strength outcome
is measured with a standard 1RM test on the leg press. Galvao
et al. (2006) [27], on the other hand, who reported very high
outcomes, did not only assess 1RM but also measured muscle
endurance. Their participants performed the maximal number
of repetitions at 70% of their 1RM and, in contrast to the
participants of the other studies, might therefore have had a
learning effect when performing at complete exhaustion,
which might be a decisive factor for 1RM performance [81].
The seeming deviation of these studies might thus be rather
due to study heterogeneity, which was accounted for in the
meta-analysis, and not due to publication bias.

A prevalent shortcoming in all of the included studies was
the lack of blinding of the participants. This notion can be
explained by the nature of randomized controlled exercise
intervention studies, where blinding is not feasible.

Conclusion

In the present meta-analysis, we were able to confirm that RE
is a potent approach in counteracting increase of body fat as
well as loss of muscle mass, muscle strength, and physical
performance in patients suffering from prostate cancer. RE
should be an important part in multidisciplinary and interdis-
ciplinary cancer rehabilitation of this patient group as it seems
to have notable potential to reduce not only treatment-related
side effects but also detrimental psychosocial health issues [9,
18]. Many PCaPs are undergoing long-term ADT [82], while
substantial ADT side effects are already measurable after
3 months of treatment [83]. Therefore, implementation of
RE as an early countermeasure as well as within a long-term
rehabilitation process of PCa is essential in optimal supportive
care of PCaPs. Nevertheless, further and larger studies exam-
ining different protocols of RE and their effectiveness at dif-
ferent treatment and disease stages should be key components
of future research in this field.
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