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Abstract
Purpose Exercise is beneficial for prostate cancer patients’ physical functioning; however, effects on social and cognitive
functioning are inconsistent. This meta-analysis of exercise interventions for prostate cancer patients had two aims: the primary
aim was to evaluate the effects of exercise interventions on social functioning; the secondary aim was to consider additional
outcomes of cognitive functioning as well as adverse events.
Methods Electronic databases (Embase,MEDLINE, PubMed, PsycINFO, and the Chinese databaseAirti Library) were searched
for relevant papers (1987–2019), which included hand searching. After careful inspection, 10 relevant randomized controlled
trials were analyzed using Comprehensive Meta-Analysis software; pooled means determined social and cognitive functioning.
Results Meta-analysis of summary scores (fixed-effects model) showed an overall beneficial effect of exercise on social func-
tioning (Hedges’ g = 0.35, 95% CI [0.193, 0.515], p < 0.001) and cognitive functioning (Hedges’ g = 0.35, 95% CI [0.123,
0.575], p < 0.01) in men with prostate cancer when compared to controls. Intervention durations of 12–16 and 24–48 weeks
that provided supervised aerobic exercise combined with resistance exercise sessions had a small to medium effect on social
functioning compared to controls. One exercise group experienced one serious, but non-fatal, adverse event due to a higher
exercise intensity (50–75% VO2max).
Discussion and recommendations To the best of our knowledge, this is the first meta-analysis to examine the effects of exercise
interventions on cognitive functioning among prostate cancer patients. We suggest further research be conducted to confirm these
findings.
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Introduction

Prostate cancer is ranked second in terms of incidence rate
amongmales. Approximately 1.3million menwere diagnosed
with prostate cancer worldwide in 2018 [1]. The majority of
prostate cancer patients are successfully treated and have a
longer life expectancy than other cancer patients [2]; 96% of
patients in the USA have a 15-year relative survival rate.
However, numerous side effects can appear after receiving
anticancer therapies such as androgen deprivation therapy
(ADT), which can cause increased body composition, bone
mineral density reduction, increased risk of cardiovascular
diseases, and psychological distress [3]. Cognitive impairment
can also result from ADT or radiotherapy [4, 5].

A meta-analysis showed that patients with prostate can-
cer had a high incidence of depression and anxiety across
the pre- and post-treatment period [6]. Compared to
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women, men are less likely to discuss their physical or
psychosocial concerns with health professionals [7]. This
failure to discuss health concerns includes men with pros-
tate cancer, who often avoid seeking psychological support
because of gender image [8].

Quantitative and qualitative studies demonstrated that pros-
tate cancer patients who participated in an exercise interven-
tion arm experienced physical and psychological benefits
[9–13]. The use of exercise as an intervention for cancer pa-
tients is an established method of reducing overall mortality
and cancer-specific mortality and improving survival out-
comes after a cancer diagnosis (e.g., breast and colon cancer)
[14–16]. Previous systematic reviews and a meta-analysis
which demonstrated exercise interventions for prostate cancer
patients improved cardiovascular fitness, fatigue, and quality
of life, which positively affected physical well-being [17–21].
However, among prostate cancer patients, findings of whether
exercise interventions can improve social functioning were
inconsistent, and relatively few studies have examined wheth-
er exercise training improves cognitive functioning.
Therefore, this meta-analysis of exercise interventions for
prostate cancer patients after diagnosis had two aims: the pri-
mary aim was to evaluate the effects of exercise interventions
on social functioning; the secondary aim was to consider ad-
ditional outcomes in regard to cognitive functioning and ad-
verse events.

Methods

Identification and selection of studies

This literature review included the process of identification,
screening, eligibility, and inclusion, shown in Fig. 1. The
checklist of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) protocol [22] was
used to ensure the rigor of this meta-analysis.

A search of studies in peer-reviewed journals published
between 1987 and May 3, 2019, was conducted using five
electronic databases: Embase, MEDLINE, PubMed,
PsycINFO, and the Chinese database Airti Library. All of
the references in the identified articles were searched, and
when an article was not indexed in the electronic databases,
it was retrieved by hand. The literature search was performed
by two independent reviewers (the first and third authors). The
search used the terms “prostate cancer,” “exercise or physical
activity,” and “intervention, training, or strategies” to identify
articles. For example, in the PubMed search, keywords were
employed such as prostate cancer and exercise (“Physical ac-
tivity”) and intervention (“Training,” “Strategies”). The same
search method was employed for the four other electronic
databases.

The inclusion criteria of the studies are shown in Table 1.
Briefly, included studies employed a randomized controlled
trial (RCT) with participants who were adult men (age ≥
20 years) with prostate cancer at either early or advanced
stages. Selected studies assessed the effects of an intervention
that was exclusively aerobic exercise or strength training (any
type), and outcome measures were determined by a pretest-
posttest design with a control group and a post-intervention
assessment. To ensure comparisons were made according to
the same benchmark, the control group received only standard
oncology care (routine care with or without health education).
Social functioning was the primary outcome variable. The
exclusion criteria are shown in Table 1. We excluded interven-
tions that were multimodal or involved qigong or yoga be-
cause these result in heterogeneous effects. Additionally, if
one or more publications identified originated from the same
exercise program, we excluded all but the most recent
publication.

Quality assessment of the included studies

The quality of the studies was assessed by three team mem-
bers (the second, third, and fifth author). Two critical appraisal
tools, the Jadad quality scale [23] and the Cochrane
Collaboration’s tool [24], were used to assess the risk of bias
in each RCT study. When the appraisal of an item was incon-
sistent, the reviewers discussed the item and sought assistance
from a third reviewer (the first author); the reviewers then
continued to discuss the item until consensus was reached.

Data extraction

All searched studies were imported into Endnote X8 and then
the duplicates were removed. After the previous step was
completed, the studies were screened by title and abstract.
Studies were screened by inclusion and exclusion criteria
and applicability. The first and second authors extracted infor-
mation based on the description of the intervention provided
in the review studies (e.g., sample size, type of intervention,
and questionnaires used to measure social functioning).

Outcome measures

Three self-report questionnaires most commonly used to mea-
sure the outcome of social functioning were the 36-Item Short
Form Health Survey (SF-36) [25–28], the European
Organization for Research and Treatment of Cancer Quality
of Life Questionnaire Core 30 (EORTC QLQ-C30) [29, 30],
and the Functional Assessment of Cancer Therapy–General
(FACT-G) [31–34]. A higher score represents better social
functioning.

Four of the ten studies reported on the effect of an exercise
intervention for the outcome of cognitive functioning [29, 30,
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33, 34], which allowed us to address one of our secondary
aims. All four studies used the EORTC QLQ-C30 self-report
questionnaire; a lower score indicates a poorer level of cogni-
tive functioning. In this report, we pooled the analyses to
determine the level of cognitive functioning. Seven of the
ten articles reported on the outcome of adverse effects of ex-
ercise interventions [9, 26–28, 30, 31, 34]; we used a narrative
synthesis to examine this outcome.

Data analysis

Comprehensive Meta-Analysis (CMA) software, version
3.3.070, was used to calculate effect size [35]. For the out-
come of social functioning, we used summary scores of the
three different questionnaires. For cognitive functioning, we
pooled data from the four studies reporting this outcome [29,
30, 33, 34]. We computed means and standard deviations

Fig. 1 The literature screening
process

Table 1 Inclusion and exclusion criteria for selected studies

Variable Inclusion criteria Exclusion criteria

Research study • Published in peer-reviewed journal
• Published in English or Chinese language

• Unpublished studies (abstract or protocol)
• Excluded all but the most recent study when

more than one publication originated from a
previously reported study using data obtained
from the same exercise program

Study design • Randomized controlled trial
• Pretest-posttest design with a control group

• Non-interventional studies (e.g., qualitative study)

Participants • Adult men (age > 20 years)
• Only prostate cancer patients
• Patients had early or advanced stage cancer

• Patients with multiple cancers

Interventions • Exclusively aerobic or strength training (any type) exercise
• Home-based or supervised or both home-based and supervised
• Control group received only standard oncology

care with or without health education

• Exercise combined with any other non-exercise
intervention

• Multimodal interventions such as behavioral lifestyle
interventions, qigong, yoga

• Psychosocial interventions or other unrelated
interventions such as symptom self-management

Outcome parameters • Primary outcome measure of social functioning • No posttest assessment of the intervention
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(SDs) or the mean differences (MDs) and SDs to compare
differences between the exercise intervention and the standard
oncology care groups. If the above values were not available,
we used the appropriate formula (e.g., F, p, or t) to determine
the effect size for the data. Because the prostate cancer patients
in the selected studies were recruited in different areas and
were assessed by different questionnaires to detect their social
or cognitive functioning, variation in the outcomes of the
studies was expected. To report our results, Hedges’ g was
used to standardize the between-group effect size and 95%
confidence interval (95% CI).

To detect publication bias, funnel plots were constructed
using Egger’s regression analysis and Begg’s rank test
[36]. Statistical heterogeneity was determined with chi-
squared (Cochran’s Q test) and the I2 test; the higher value
of I2 indicates greater heterogeneity between the studies.
Heterogeneity can be divided into three levels, low (0–
25%), moderate (25–50%), and high heterogeneity (50–
75%) [35, 37]. If studies showed high heterogeneity, the
overall effectiveness was calculated by the random effect
method to manage the heterogeneity [38, 39]. Thus, if there
was no significant heterogeneity, the fixed-effect method
was used to present the final result.

After performing data synthesis, there were significant
findings overall among the patients with prostate cancer.
Subgroup analyses were performed [40] for differences in
exercise intervention effects between subgroups based on their
treatment status (categorized as ongoing or completed), inter-
vention design (categorized as supervised or supervised com-
bined with home-based exercise), exercise type (categorized
into aerobic, resistance, or aerobic combined with resistance
exercise), exercise session (categorized into small group based
or individual), and intervention duration (categorized as equal
to or less than 8 weeks, 12–16 weeks, or 24–48 weeks). To
detect suitability of inclusion and adjustment in effect size
with time [41], we used sensitivity analysis and cumulative
meta-analysis to investigate the impact of each study and time
effect on the pooled results.

Results

Flow of studies

The process of the search and selection of studies is shown
in Fig. 1. A total of 1501 relevant studies were published
from 1987 to 2019. After removal of duplicates (n = 1085)
and exclusion based on titles and abstracts (n = 205), 211
articles remained for further screening. Full-text analysis in
the last step resulted in the exclusion of 201 articles. A
total of ten full-text RCT studies were retained and selected
for this analysis.

Quality of the studies

The Jadad quality scale [23] was used to assess the ten studies
(Table 2). All ten selected studies had a Jadad score of three
points, indicating they were of high quality. Risk-of-bias judg-
ments, determined with Cochrane Collaboration’s tool [24],
are shown in Fig. 2. All studies had a high risk of performance
bias. None of the studies were described as double-blind;
however, four studies described study coordinators, exercise
physiologists, statisticians, or data managers who were
blinded to the group assignment of the participants [26, 31,
33, 34]. Six studies included allocation concealment, and 8
studies reported random sequence generation. Of the 10 stud-
ies, 70% (n = 7) had a low risk of reporting bias, and 3 studies
had a low risk of other sources of bias.

Participants

The 10 RCT studies selected for analysis represented a total
639 patients with prostate cancer (study sample sizes ranged
from 20 to 147) (Table 3). Five studies were conducted in
Australia [25–29]; two were undertaken in Poland [33, 34];
and three were conducted in Canada [31], the USA. [32], or
Norway [30]. Eight studies involved participants undergoing
cancer treatment with androgen deprivation therapy (ADT)
[25, 26, 28], radiotherapy (RT) [32–34], and ADT or RT
[27] and treatment with ADT after completion of RT [30].
Two studies reported on participants who had already com-
pleted anticancer treatments [29, 31].

The age of participants in the intervention groups ranged
from 58 to 73.1 years (median, 67.7 years) and in the control
group from 61 to 71.5 years (median, 68.9 years). The median
age was not statistically significant between groups.

Exercise interventions and exercise adherence

The type of exercise intervention and adherence for the in-
cluded studies is shown in Table 3. For most studies, the
intervention was supervised; the other three studies used a
combination of supervised and home-based exercise interven-
tions [25, 29, 31]. The intensity level for most studies was
moderate (n = 7), and these combined aerobic exercise with
resistance exercise [25–29, 33, 34]. Two studies examined
aerobic exercise alone (e.g., walking) [31, 32]; one examined
resistance training [30]. The duration of the intervention pro-
grams ranged from 8 to 48 weeks; five studies were 12 to
16 weeks [25, 26, 28, 30], three studies were 24 to 48 weeks
[27, 31, 34], and the other two studies were 8 weeks [32, 33].
Exercise frequency varied from 2 to 5 times per week, and
total training time per week ranged from 40 to 275 min. Five
studies recorded total weekly exercise volume; three
employed a weekly self-report exercise diary [29, 33, 34];
and two combined an accelerometer or pedometer with a
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Table 2 Jadad quality scale scores: evaluation of the methodological quality of the included studies

Study 1a 1b 2a 2b 3 Jadad
scoreWas the study

described as
randomized?

Was method of generating
randomization sequence
appropriate?

Was the study described
as double-blind?

Was the method of
double blinding
appropriate?

Was there a description
of dropouts and
withdrawals?

Cormie et al. (2013) Yes Yes No No Yes 3

Cormie et al. (2015) Yes Yes No No Yes 3

Galvao et al. (2010) Yes Yes No No Yes 3

Galvao et al. (2014) Yes Yes No No Yes 3

Hojan et al. (2016) Yes Yes No No Yes 3

Hojan et al. (2017) Yes Yes No No Yes 3

Jones et al. (2014) Yes Yes No No Yes 3

Livingston et al. (2015) Yes Yes No No Yes 3

Monga et al. (2007) Yes Yes No No Yes 3

Nilsen et al. (2015) Yes Yes No No Yes 3

Note. No, false; Yes, true; scores range from 1 (the lowest quality) to 5 (the highest quality); a score of 3–5 indicates a high quality
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weekly self-report exercise diary [26, 27]. Of these five stud-
ies, four confirmed exercise intensity and also monitored heart
rate during the exercise intervention [26, 27, 31, 32].

Exercise adherence rates were not reported for five of the
studies [25, 27, 28, 32, 33]. For the five studies reporting
adherence rates [26, 29–31, 34], rates ranged from 72% to
93.2%. Three of these studies supervised the exercise inter-
vention, and adherence rates ranged from 84% to 93.2% [26,
30, 34]; the two other studies used a combination of super-
vised and home-based exercise for the intervention and rates
ranged from 72% to 85% [29, 31].

Summary of reported outcomes

Outcome measures reported in the selected studies are
shown in Table 3. Only three of the ten studies reported
that the exercise intervention improved social functioning
compared to the control group [25, 27, 32]; one of the
studies reported that social functioning also improved
within the exercise group [32]. The remaining seven stud-
ies found no effect of the exercise intervention on social
functioning [26, 28–31, 33, 34]. Four of the studies also
included an outcome measure for cognitive functioning,
measured with the EORTC QLQ-C30 [29, 33, 34]; all but
one [30] showed that the exercise intervention improved
cognitive functioning for the intervention group compared
with controls.

Seven of the ten studies provided information on the pres-
ence or absence of adverse events [9, 26–28, 30, 31, 34] and
involved 420 men with prostate cancer (Table 3). Two studies
reported no adverse effects during testing or the exercise in-
tervention [25, 28]. For studies reporting the occurrence of
adverse events, these events were not life-threatening, and
any occurrence of death was not attributed to exercise [9, 26,
28, 30, 31, 34]. Adverse events included a fractured rib, which
resulted from a fall while dressing at home [26]; a non-fatal
myocardial infarction (MI) during exercise [27], which oc-
curred with high-intensity aerobic exercise (exercise intensity
range, 70–85 maximum heart rate); overuse injuries in the
lower extremities [34]; and training-induced leg cramps, back
pain, or knee pain [30, 31].

Meta-analysis of included studies on the effect
of exercise interventions

Forest plots were used to determine the effects of the exercise
intervention among the included studies on social functioning
(Fig. 3a) and cognitive functioning (Fig. 3b). Only two of the
ten studies had a significant improvement on overall social
functioning (p values < 0.05) [25, 27]. None of the four stud-
ies that examined the outcome of cognitive functioning
showed a significant improvement (p values > 0.05) [29, 33,
34]. However, using the fixed-effects model, summary scores
showed an overall beneficial effect of exercise on social

a  Social functioning

b Cognitive functioning

Model Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value

Monga et al. (2007) 0.858 0.440 0.193 -0.004 1.720 1.950 0.051

Galvao et al. (2010) 0.321 0.263 0.069 -0.195 0.836 1.220 0.223

Cormie et al. (2013) 0.264 0.430 0.185 -0.580 1.107 0.613 0.540

Galvao et al. (2014) 0.802 0.206 0.043 0.398 1.207 3.887 0.000

Jones et al. (2014) 0.126 0.334 0.112 -0.529 0.780 0.376 0.707

Cormie et al. (2015) 0.620 0.255 0.065 0.120 1.120 2.432 0.015

Livingston et al. (2015) 0.138 0.182 0.033 -0.219 0.494 0.757 0.449

Nilsen et al. (2015) 0.036 0.262 0.068 -0.476 0.549 0.139 0.889

Hojan et al. (2016) 0.191 0.269 0.072 -0.336 0.718 0.709 0.478

Hojan et al. (2017) 0.306 0.245 0.060 -0.175 0.786 1.248 0.212

Fixed 0.354 0.082 0.007 0.193 0.515 4.305 0.000

Random 0.354 0.092 0.009 0.173 0.536 3.834 0.000

-2.00 -1.00 0.00 1.00 2.00

Favour usual care Favours exercise

Model Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value

Livingston et al. (2015) 0.338 0.181 0.033 -0.016 0.693 1.869 0.062

Nilsen et al. (2015) 0.095 0.262 0.069 -0.418 0.609 0.364 0.716

Hojan et al. (2016) 0.510 0.273 0.074 -0.025 1.044 1.870 0.062

Hojan et al. (2017) 0.463 0.247 0.061 -0.021 0.947 1.875 0.061

Fixed 0.349 0.115 0.013 0.123 0.575 3.022 0.003

Random 0.349 0.115 0.013 0.123 0.575 3.022 0.003

-2.00 -1.00 0.00 1.00 2.00

Favour usual care Favours exercise
Heterogeneity: Chi

2
= 1.50, df = 3 (P = 0.681); I

2
= 0.0%

Heterogeneity: Chi
2
= 10.94, df = 9 (P = 0.280); I

2
= 17.77%

Fig. 3 Forest plots of exercise
intervention overall effects on
social and cognitive functioning
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functioning (Hedges’ g = 0.35, 95% CI [0.193, 0.515],
p < 0.001; heterogeneity, Chi2 = 10.94; p = 0.28; I2 =
17.77%) and cognitive functioning (Hedges’ g = 0.35, 95%
CI [0.123, 0.575], p = 0.003; heterogeneity, Chi2 = 1.50; p =
0.68; I2 = 0.0%).

Risk of bias across studies

The funnel plot (Fig. 4) and the Egger and Begg tests sug-
gested that the meta-analysis of social functions (coefficient =
0.16, p > 0.05, and Z = 0.18, p > 0.05, respectively) had a
small publication bias. As less than ten studies reported on

the effects of exercise on cognitive functioning, this was not
analyzed in the funnel plots or the Egger or Begg tests.

Subgroup analysis

The fixed-effects model (Fig. 3a) showed that exercise inter-
ventions had a positive effect on outcomes compared to pa-
tients receiving standard oncology care; however, the effect
size was small. Therefore, we performed subgroup analyses
(Table 4) with a fixed-effects model to determine if there were
significant differences in social functioning. For the subgroup
of treatment status, patients undergoing treatment had better

Note: Egger test (Coeff = 0.16, P > 0.05) and Begg test (Z = 0.18, P > 0.05)

Sensitivity Analysis

Cumulative Meta-analysis

Study name Statistics with study removed Hedges's g (95% CI) 

with study removed
Standard Lower Upper 

Point error Variance limit limit Z-Valuep-Value

Monga et al. (2007) 0.333 0.093 0.009 0.151 0.515 3.587 0.000

Galvao et al. (2010) 0.359 0.104 0.011 0.154 0.563 3.439 0.001

Cormie et al. (2013) 0.359 0.100 0.010 0.163 0.555 3.595 0.000

Galvao et al. (2014) 0.269 0.090 0.008 0.094 0.445 3.007 0.003

Jones et al. (2014) 0.372 0.099 0.010 0.177 0.566 3.744 0.000

Cormie et al. (2015) 0.323 0.098 0.010 0.131 0.515 3.295 0.001

Livingston et al. (2015)0.403 0.100 0.010 0.207 0.598 4.041 0.000

Nilsen et al. (2015) 0.390 0.095 0.009 0.204 0.577 4.103 0.000

Hojan et al. (2016) 0.373 0.102 0.010 0.173 0.572 3.657 0.000

Hojan et al. (2017) 0.361 0.105 0.011 0.155 0.567 3.436 0.001

0.354 0.092 0.009 0.173 0.536 3.834 0.000

-1.00 -0.50 0.00 0.50 1.00

Favor usual care Favor exercise

Study name Cumulative statistics Cumulative 

hedges's g (95% CI)
Standard Lower Upper 

Point error Variance limit limit Z-Valuep-Value

Monga et al. (2007) 0.858 0.440 0.193 -0.004 1.720 1.950 0.051

Galvao et al. (2010) 0.473 0.242 0.059 -0.001 0.948 1.955 0.051

Cormie et al. (2013) 0.419 0.200 0.040 0.028 0.811 2.098 0.036

Galvao et al. (2014) 0.604 0.145 0.021 0.319 0.888 4.161 0.000

Jones et al. (2014) 0.512 0.149 0.022 0.220 0.804 3.439 0.001

Cormie et al. (2015) 0.549 0.117 0.014 0.319 0.779 4.686 0.000

Livingston et al. (2015)0.436 0.123 0.015 0.195 0.676 3.551 0.000

Nilsen et al. (2015) 0.383 0.117 0.014 0.153 0.613 3.261 0.001

Hojan et al. (2016) 0.361 0.105 0.011 0.155 0.567 3.436 0.001

Hojan et al. (2017) 0.354 0.092 0.009 0.173 0.536 3.834 0.000

0.354 0.092 0.009 0.173 0.536 3.834 0.000

-2.00 -1.00 0.00 1.00 2.00

Favor usual care Favor exercise

Fig. 4 Funnel Plot, sensitivity
analysis, and cumulative meta-
analysis of social functioning
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social functioning (Hedges’ g = 0.43, 95% CI [0.25, 0.62],
p < 0.001) than those who had completed treatment. Both su-
pervised exercise (Hedges’ g = 0.40, 95% CI [0.20, 0.60],
p < 0.01) and a combination of supervised and home-based
exercise designs (Hedges’ g = 0.27, 95% CI [0.01, 0.54],
p < 0.05) had a significant positive effect on social functioning
compared to controls. Programs that employed an exercise
type of aerobics combined with resistance exercise attained
statistical significance for social functioning (Hedges’ g =
0.39, 95% CI [0.21, 0.57], p < 0.01). Interventions with dura-
tions of 12–16 weeks and 24–48 weeks had significant bene-
fits for subjectivemeasures of social functioning (Hedges’ g =
0.25, 95% CI [0.03, 0.47], p < 0.05, and Hedges’ g = 0.51,
95% CI [0.23, 0.79], p < 0.01, respectively). The studies with
an exercise intervention that combined a supervised and
home-based design had low levels of homogeneity (I2 =
23.20%). No significant effect was found for any subgroup
using the random effects model.

Sensitivity and cumulative meta-analysis

Sensitivity analyses (Fig. 4) showed that no individual study
had an impact on the pooled results for social functioning;
when any one of the ten studies was excluded, the pooled
results did not change. Cumulative meta-analysis displayed a
beneficial effect of an exercise intervention on social function-
ing (Fig. 4).

Discussion

Our meta-analysis of the effects of an exercise intervention on
social and cognitive functioning included ten RCTs involving
639 patients with prostate cancer. All studies examined out-
come variables of social functioning; four of the ten studies
examined cognitive functioning. Using the fixed-effect model,
summary scores showed improvements in social as well as
cognitive functioning, suggesting that providing an exercise
intervention to prostate cancer patients has beneficial effects
for these outcomes.

Anticancer therapy, radiotherapy, or ADT causes short-
term and long-term health problems, such as fatigue, muscular
atrophy, and cognitive impairment for prostate cancer patients
[3–5, 42, 43]. Although previous meta-analyses showed that
exercise interventions can significantly improve fatigue, mus-
cle mass, muscle strength (e.g., upper or lower body strength)
and physical performance for prostate cancer patients [17,
44–47], there was limited information on whether these inter-
ventions improved cognitive functioning. Our study found a
small to medium effect on self-reported cognitive functioning
(range from 0.12 to 0.58) for prostate cancer patients who
received an exercise intervention during and after cancer treat-
ments. To the best of our knowledge, this is the first meta-
analysis to examine the effects of exercise interventions on
cognitive functioning among prostate cancer patients. We sug-
gest further research be conducted to confirm these findings.

Table 4 Subgroup analysis: weighted average effect size of exercise modulating scores for social functioning

Effect size, Hedges’ g(95%CI) Heterogeneity

Subgroup k Fixed effects Random effects Q value I2 p

Treatment status

Ongoing treatment 8 0.433** (0.245 to 0.620) 0.426** (0.218 to 0.635) 8.386 16.523 0.300

Completed treatment 2 0.135 (−0.178 to 0.448) 0.135 (−0.178 to 0.448) 0.001 0.000 0.975

Intervention design

Supervised and home-based 3 0.271* (0.006 to 0.537) 0.283 (−0.031 to 0.598) 2.604 23.197 0.272

Supervised 7 0.402** (0.199 to 0.604) 0.392** (0.156 to 0.627) 7.755 22.633 0.257

Exercise type

Aerobic and resistance 7 0.388** (0.208 to 0.567) 0.389** (0.184 to 0.594) 7.557 20.606 0.272

Aerobic 2 0.393 (−0.128 to 0.915) 0.436 (−0.273 to 1.145) 1.757 43.073 0.185

Resistance 1 0.036 (−0.478 to 0.549) 0.036 (−0.478 to 0.549) 0.000 0.000 1.000

Exercise session

Group based 6 0.473** (0.265 to 0.680) 0.473** (0.265 to 0.680) 5.016 0.321 0.414

Individual 4 0.174 (−0.081 to 0.429) 0.174 (−0.081 to 0.429) 2.753 0.000 0.431

Duration of intervention

≦8 weeks 2 0.372 (−0.078 to 0.822) 0.433 (−0.196 to 1.062) 1.674 40.268 0.196

12 to 16 weeks 5 0.253* (0.034 to 0.472) 0.253* (0.034 to 0.472) 3.229 0.000 0.520

24 to 48 weeks 3 0.510** (0.231 to 0.790) 0.462* (0.051 to 0.873) 4.022 50.277 0.134

Note. A higher score indicates better social functioning; weighted mean effect size by Hedges’ g; k is the number of studies for each variable; the 10
studies provided 10 total effect size estimates; *p < .05;**p < .01
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Prostate cancer patients are less likely than breast cancer
patients to seek medical and psychological help [7]. This can
result in more physical- and or psychosocial-related unmet
needs [48–52], which can cause a profound sense of isolation
[53] and is associated with poor social functioning [54].
Although physical and psychological difficulties have short-
and long-term effects on the survival of cancer patients [54],
quantitative evaluations of social functioning are often
overlooked. A few qualitative studies have reported the social
benefits of exercise for prostate cancer patients, especially
when there are interactions with other patients facing similar
health difficulties [9–11]. This meta-analysis found that pros-
tate cancer patients who participated in an exercise program
had significantly better social functioning than controls re-
ceiving standard oncology care.

The design and duration of the exercise intervention were
found to significantly benefit social function, with close to a
medium effect size. This meta-analysis suggests that patients
should be provided with an exercise intervention when under-
going treatment, because they are more likely to show clinical
improvements in social functioning rather than after treatment
is completed. Our meta-analysis also indicated patients who
received exercises which were supervised aerobic combined
with resistance and group-based and which had a duration
from 12 to 16 weeks or 24 to 48 weeks had better social
functioning among men with prostate cancer than patients in
the usual care control group. The exercise design described
above pertains to interventions with small to medium effect
size. In a previous study by Cormie, Oliffe, Wootten, Galvao,
Newton, and Chambers [49], it was also suggested that pros-
tate cancer patients should undertake exercise as a support
group in the future.

Adverse events during an intervention are major concerns
in any form of experimental study. For studies that focus on
exercise for older adults, it is important to balance the benefits
of physical activity while reducing the risk of cardiovascular
disease, which is a risk for older patients [55–58]. Few studies
reported any adverse events resulting from the exercise inter-
ventions, and no deaths were attributed to exercise training in
any of the included RCTs. The study by Cormie et al., which
included prostate cancer patients with bone metastases,
showed no adverse effects of skeletal complications or chang-
es in the use of pain medication throughout the intervention
[26]. There was one serious adverse event in a person with no
history of cardiac disease; an aerobic group participant expe-
rienced a MI; however, he subsequently had a full recovery
[27]. Participation in moderate- to high-intensity exercise (≧ 6
METs) has been shown to result in a higher risk of MI than
low-intensity exercise [59]. Therefore, we suggest that exer-
cise intensity be monitored and exercise programs for prostate
cancer patients begin with light to moderate intensity (40 to
50%VO2max), which is recommended for beginners and per-
sons at risk of cardiovascular events [57]. Prostate cancer

patients desiring to perform at intensity levels higher than
50% VO2max should be under supervision.

Limitations

The generalization of these results is limited due to the screen-
ing process for specific articles and excludes patients with
poor physical functional status (e.g., musculoskeletal, cardio-
vascular, and neurological disorders or cognitive dysfunc-
tion). In addition, it may not be possible to directly extrapolate
these findings to a global population because all included
studies were conducted in developed Western countries.

Conclusions

This meta-analysis provides evidence of the benefits of exer-
cise interventions on social and cognitive functioning among
patients with prostate cancer when compared with patients
receiving standard oncology care. Although meta-analysis of
the individual four studies that assessed cognitive functioning
showed no significant improvement, the fixed-effect model
demonstrated a significant improvement in cognitive func-
tioning compared to controls. None of the ten included
RCTs reported any deaths due to an exercise intervention.
Although one study reported an exceptional case of a patient
experiencing a MI in the exercise group, the patient subse-
quently made a full recovery following the adverse event.
Although the MI was a rare event, this finding indicates pa-
tients must be thoroughly assessed before initiation of an ex-
ercise intervention and monitored during participation in the
program. Evidence suggests that when prescribing age-
appropriate exercise programs for older patients, the prefera-
ble exercise intensity should begin at 40–50% VO2max (ap-
proximately the range of 60–70% HRmax); exercise intensity
of more than 70% HRmax must be performed under
supervision.

Implications for future research

Our findings of this meta-analysis have implications for future
research. The limited number of studies that assessed cogni-
tion suggests that additional research is needed on the benefits
of an exercise intervention on cognitive functioning. The sub-
group analyses provide evidence for approaches to future re-
search, which could improve social functioning. The improve-
ments that were seen for prostate cancer patients who partic-
ipated in an exercise program were most significant when the
intervention occurred during treatment was group-based and
lasted at least 12 to 16 weeks; the significance was greater
when the length of the intervention was 24 to 48 weeks. Our
findings suggest that these might be important variables for
optimizing the benefits of an exercise intervention.
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