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Resistance Exercise Reduces Body Fat and Insulin 
During Androgen-Deprivation Therapy  
for Prostate Cancer

Purpose/Objectives: To determine whether exercise could 
reduce biomarkers of cancer progression in prostate cancer 
survivors (PCSs) on androgen-deprivation therapy (ADT). 

Design: Randomized, controlled trial.

Setting: Oregon Health and Science University School of 
Nursing.

Sample: 51 PCSs randomized to one year of resistance and 
impact training or a stretching control group. 

Methods: The authors investigated changes in body com-
position and cancer-related biomarkers, and the influence 
of age and fat loss on changes in biomarkers. 

Main Research Variables: Body composition (total fat, 
trunk fat, and lean mass), insulin, insulin-like growth  
factor-1, and sex hormone–binding globulin.

Findings: In the 36 PCSs with baseline and 12-month data, 
total fat (p = 0.02) and trunk fat (p = 0.06) mass decreased 
in the training group compared to gains in controls. Loss of 
total and trunk fat each mediated the relationship between 
groups and one-year change in insulin (p < 0.05). Age 
moderated the insulin response to exercise where insulin 
reductions were smaller with increasing age (p = 0.03). 

Conclusions: Resistance and impact exercise may reduce 
body fat among PCSs undergoing ADT, in turn exerting an 
insulin-lowering effect. 

Implications for Nursing: Nurses should counsel PCSs to 
exercise to reduce the risk of obesity and associated condi-
tions, including cancer progression. 
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weight training 
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Article

A 
mong prostate cancer survivors (PCSs), 
inactivity, increased adiposity, and weight 
gain have been associated with poorer 
survival outcomes. Overweight and obese 
PCSs have lower survival rates and an 

increased risk of cancer progression compared to men 
who weigh less (Gong, Agalliu, Lin, Stanford, & Kristal, 
2007). Adiposity may worsen prognosis for PCSs 
because it can lead to hyperinsulinemia and chronic 
inflammation, which worsens insulin resistance, and 
these states are associated with an increased risk of 
prostate cancer recurrence, as well as prostate cancer 
and overall mortality (Cao & Ma, 2011; Prins et al., 
2012). Two large, observational studies suggested 
that PCSs who report regular physical activity have a 
lower risk of disease progression and cancer-specific 
mortality than sedentary survivors (Kenfield, Stampfer, 
Giovannucci, & Chan, 2011; Richman et al., 2011). The 
mechanisms that underlie this observed relationship 
between physical activity and survival have yet to be 
substantiated through controlled trials, but because 
exercise is an accepted weight-control strategy, the pro-
tective effect of exercise against cancer recurrence may 
act through this mechanism (McTiernan, 2008). Some 
studies in non-cancer populations report that exercise-
induced reductions in cytokines or sex hormones only 
occur in the presence of weight loss and that, among 
people who exercise, fat loss is directly associated with 
reductions in inflammation (Kohut et al., 2006; Kraemer 
et al., 1999). Whether or not changes in adiposity must 
occur to shift biomarkers of cancer progression in PCSs 
remains unknown.

About one-third of all PCSs are treated with androgen-
deprivation therapy (ADT) to reduce tumor androgen 
exposure. PCSs undergoing ADT experience significant 
increases in adiposity, including subcutaneous and 
visceral fat deposits that could further increase their 
risk of cancer progression (Haseen, Murray, Cardwell, 
O’Sullivan, & Cantwell, 2010). In addition to concerns 

about disease prognosis, PCSs undergoing ADT face ad-
ditional threats to survival because of the effects of aging 
or cancer treatment, including osteoporosis, cardiovascu-
lar disease, and diabetes (Keating, O’Malley, Freedland, 
& Smith, 2010). The authors of the current article devel-
oped a resistance and impact exercise program, Prevent 
Osteoporosis With Impact and Resistance (POWIR), that 
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reduces risk factors for 
fracture in female can-
cer survivors (Winters-
Stone et al., 2011, 2012, 
2013) and slowed bone 
loss, reversed muscle 
weakness, and lessened 
mobility disability in 
PCSs undergoing ADT 
(Winters-Stone et al., 
2014, 2015). In the latter 
study, the authors also measured body composition and 
collected serum samples for analysis of select biomarkers 
associated with cancer progression (i.e., insulin, insulin-
like growth factor [IGF]-1, and sex hormone–binding 
globulin [SHBG]). The purpose of this article is to deter-
mine whether the benefits of POWIR extend to improved 
body composition and biomarker profiles in PCSs 
undergoing ADT. The authors also explored whether 
changes in body fat influenced (i.e., mediated) changes 
in biomarkers of cancer progression and whether age or 
ADT dosing regimen moderated the influence of exercise 
on body composition and biomarkers (see Figure 1).

Methods
Design

The authors conducted a 12-month single-blind 
randomized, controlled trial comparing two parallel 
groups receiving progressive, supervised exercise: (a) 
POWIR (experimental) and (b) FLEX (short for “flex-
ibility,” placebo control). Outcomes were measured at 
baseline, 6 months, and 12 months. Testing and exer-
cise training took place at Oregon Health and Science 
University (OHSU). 

Recruitment methods for the trial were reported 
elsewhere (Winters-Stone et al., 2014). Inclusion criteria 
were having a diagnosis of prostate cancer, currently 
receiving ADT, no concurrent chemotherapy, no known 
bone metastases in the hip or spine, no detectable os-
teoporosis, no regular (more than twice per week with 
30 minutes per session) participation in moderate-to-
vigorous resistance training, and no contraindications 
for exercise. Physician clearance for exercise training 
was obtained for each participant before training com-
menced. The study was approved by the institutional 
review board at OHSU, and informed consent was 
obtained prior to baseline testing.

Sample size was estimated from an a priori power 
analysis to detect differences in the primary aim of the 
study, bone mineral density, resulting in 25 participants 
per group (Winters-Stone et al., 2014). Using the same 
approach based on a 2 x 3 mixed-design analysis of 
variance and using initial and change values for body 
fat from a prior study (Winters & Snow, 2000), 25 partic-

ipants per group would provide power of greater than 
0.8 to detect a 6% decrease in fat mass with a Cronbach 
alpha of less than 0.05. 

Interventions

A detailed description of the interventions, includ-
ing program progression, is provided elsewhere (Win-
ters-Stone et al., 2014). Participants in both groups 
were prescribed an exercise program consisting of two 
one-hour supervised classes and one 30- to 45-minute 
home-based session per week for 12 months. POWIR 
was based on prior interventions in people without 
cancer (Winters & Snow, 2000) and followed American 
College of Sports Medicine’s recommendations for 
preserving bone health and muscle strength in older 
adults (Chodzko-Zajko et al., 2009; Kohrt, Bloomfield, 
Little, Nelson, & Yingling, 2004). Resistance training 
used free weights (e.g., dumbbells, barbells, weighted 
vest) for 1–3 sets per exercise at a weight that could 
be lifted for 8–12 repetitions (about 60%–80% of one 
repetition maximum [RM]). Impact exercises were 
included to place a load on the skeleton by generating 
ground reaction forces and consisted of 50 two-footed 
jumps from the ground with weighted vests. An exer-
cise session consisted of wall-sits, squats, dead lifts, 
lunges, rows, chest presses, lateral raise, push-ups, 
and two-footed jumps. Participants in the control 
group (FLEX) performed whole-body stretching and 
relaxation exercises in a seated or prostrate position 
to minimize muscle forces and energy expenditure. 
Aside from FLEX, participants in this group were en-
couraged to maintain habitual physical activity levels 
throughout the intervention.

Procedures

At the baseline visit, blood was drawn following 
12-hour fasts, body composition measurements were 
taken, and participants completed questionnaires. 
Tests were administered by trained technicians blinded 
to group assignment and were repeated at 6 and 12 
months. Randomization was stratified by length of 
ADT use (greater than one year or one year or less) and 
current aerobic activity (90 minutes per week or more 
versus less than 90 minutes per week). 

Androgen-deprivation 
therapy

Figure 1. Model of Androgen-Deprivation Therapy Influence on Body Composition 
and Biomarkers Associated With Cancer Progression

Increase in adiposity

Inflammation

Insulin  
resistance

Cancer progression
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Demographic, clinical history, and medication use was 
obtained by self-report at each visit. Chronic medical  
conditions were assessed by self-report using the 
Charlson Comorbidity Index (Charlson, Pompei, Ales, 
& MacKenzie, 1987). To consider whether physical 
activity and diet changed during the intervention, the 
authors used valid and reliable instruments to mea-
sure current physical activity energy expenditure with 
the Community Health Activity Model Program for 
Seniors (CHAMPS) physical activity questionnaire for 
older adults (Bennett, Young, Nail, Winters-Stone, & 
Hanson, 2008; Stewart et al., 2001) and energy intake 
with the Block Food Frequency Questionnaire (Block, 

Thompson, Hartman, Larkin, & Guire, 1992). Answers 
to select questions on CHAMPS were also used to 
screen for eligibility. Body height (in meters) was mea-
sured without shoes using a wall-mounted stadiometer, 
and body weight (in kilograms) was measured on a 
balance-beam scale.

Bone-free lean and fat mass (in kilograms) of the 
whole body were assessed by dual-energy x-ray ab-
sorptiometry (DXA). The authors also determined fat 
mass in the trunk region from the whole-body scan 
to estimate central adiposity. DXA scans were per-
formed by licensed technicians blinded to participant 
group and were analyzed by a single technician. The 
authors’ in-house coefficients of variation (CVs) for 
DXA-measured soft tissue are less than 1.5% (Winters 
& Snow, 2000). 

From stored and batched serum samples, insulin 
(mcIU/ml), IGF-1 (ng/ml), and SHBG (nmol/ml) were 
analyzed by chemiluminescent assay, and total testos-
terone (ng/dl) was analyzed by radioimmunoassay, all 
using commercial kits. Inter-assay and intra-assay CVs 
for insulin, IGF-1, SHBG, and testosterone were 7.1% 
and 5.7%, 6.4% and 3.6%, 8% and 6.9%, and 6% and 10%, 
respectively. 

Statistical Analysis

The intent-to-treat (ITT) analysis was performed 
using a linear mixed-effects modeling approach imple-
mented in the lme package for the R statistical comput-
ing environment. The approach uses full information 
maximum likelihood estimation for handling missing 
data and performs on par with multiple imputation for 
generating unbiased parameter estimates. In addition 
to ITT analysis, data from participants in both groups 
with complete baseline and 12-month data were con-
sidered to evaluate intervention effects in participants 
who completed the study (completers) using separate 2 
(group) x 3 (time) mixed-design analysis of covariance 
for each outcome. Age and time since diagnosis were 
included as covariates to account for any influence of 
these variables on exercise tolerance and adaptations. 
To examine the influence of ADT dosing regimen 
(e.g., continuous versus intermittent) or age on the 
efficacy of POWIR, linear mixed-effects modeling was 
repeated to examine for potential moderator effects. 
To explore whether changes in biomarkers of cancer 
progression from POWIR were mediated by changes 
in body composition parameters, mediation analyses 
were performed using the RMediation package us-
ing the distribution-of-the-product method (Tofighi & 
MacKinnon, 2011). Mediation tests were conducted us-
ing mediator (total fat mass, trunk fat mass, or percent 
body fat) and biomarker change scores (from baseline 
to 12 months). The authors evaluated all hypotheses 
using an alpha significance level of 0.05.

FLEX—flexibility; POWIR—Prevent Osteoporosis With Impact 
and Resistance
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Initiated contact about 
trial  

(n = 467)
Excluded (n = 416)
• Ineligible (n = 305)
• Refused (n = 87) 
• Unable to contact  

(n = 24) 
Randomized (N = 51)

POWIR (n = 29) FLEX (n = 22)
Did not receive  
intervention (n = 22)
• Too busy (n = 1)
• Health reasons  

(n = 1)

POWIR (n = 27)
Withdrew (n = 2)
• Too busy (n = 1)
• Disinterested (n = 1)

FLEX (n = 17)
Withdrew (n = 3)
• Too busy (n = 1)
• Disinterested (n = 1)
• Health reasons  

(n = 1)

POWIR (n = 26)
Withdrew (n = 1)
• Deceased (n = 1)

FLEX (n = 17)

POWIR
• Intent-to-treat  

analysis (n = 29)
• Per protocol analysis 

(n = 24)
– Disease recurrence 

(n = 2)

FLEX
• Intent-to-treat  

analysis (n = 22)
• Per protocol analysis 

(n = 12)
– Unable to com-

plete visit because 
of poor health  
(n = 1)

– Lost to follow-up 
(n = 2)

– Disease recurrence 
(n = 2)

Figure 2. Participant Flowchart
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Results
Sample

Of 467 men expressing interest, 51 were eligible and 
enrolled in the trial. Participants were randomized to 
POWIR (n = 29) or FLEX (n = 22) (see Figure 2). On 
average, participants were older, overweight men with 
multiple comorbidities (see Table 1). Less than 25% 
of men had metastatic disease, and few had received 
chemotherapy prior to enrollment. Participants were 
an average of six years past diagnosis and had been 
undergoing ADT for more than two to three years. 
Intervention groups were not different at baseline on 
any demographic, clinical characteristic, or outcome 
measure when considering the full sample; however, 
among completers, groups differed for baseline energy 
intake, which was then considered as a covariate for 
analyses in this sample (see Table 2). 

Adherence and Compliance

Retention of men in the one-year study was 84% and 
was slightly higher, but not significantly so, within 
POWIR (90%) than FLEX (77%). The median attendance 
for supervised classes was 84% for POWIR and 74% for 
FLEX, and median attendance to home-based sessions 
was 43% for POWIR and 51% for FLEX. Attendance did 
not significantly differ between groups. No injuries or 
adverse events were reported.

Body Composition

A significant group x time interaction for fat mass 
was noted when considering completers and includ-
ing all covariates in the model (p = 0.02); significance 
weakened when considering the ITT sample (p = 0.13). 
Similar patterns were found for percent body fat and 
trunk fat mass where group x time interactions were 
almost significantly different in completers (p = 0.07 
for percent body fat; p = 0.06 for trunk fat mass) but 
weakened somewhat in the ITT sample. Men in the 
POWIR arm lost weight and decreased percent body 
fat because of a reduction in fat mass, whereas men 
in the FLEX arm gained weight and increased percent 
body fat because of a disproportionate increase in fat 
relative to lean mass. 

Biomarkers

Circulating insulin and IGF-1 levels decreased 
slightly among men in the POWIR arm compared to 
increases in both biomarkers among men in the FLEX 
arm. A trend toward significance for insulin was found 
among the ITT sample (Coefficient for group x time = 
–1.34, standard error [SE] = 0.76, t(73) = –1.76, p = 0.08). 
Despite increases in testosterone during the interven-
tion period, changes were similar between the POWIR 
and FLEX arms, but SHBG was unchanged. Testoster-

one increases were greater among men receiving inter-
mittent ADT (n = 6), with mean increases of 161.2 ng/dl 
(SD = 252.4 ng/dl) during one year compared to mean 
increases of 21 ng/dl (SD = 180 ng/dl) among men 
receiving continuous ADT (n = 30); however, group x 
time interactions for testosterone were not significant 
when considering men on intermittent or continuous 
ADT separately.

Moderation and Mediation Analyses

Neither age nor ADT dosing regimen moderated the 
effects of exercise on body composition. There was no 
effect of ADT dosing regimen on changes in any bio-
marker; however, there was a significant effect modifica-
tion by age on group x time differences for insulin (Co-
efficient for age x group x time = 0.19, SE = 0.09, t(71) =  
2.20, p = 0.03) where differences between the POWIR 
and FLEX arms were greatest among younger PCSs 
and narrowed with increasing age of participants (see 
Figure 3). Mediation analyses revealed significant in-
direct effects of loss of total fat mass (indirect effect = 
–1.96; 95% CI [–0.19, –3.83]; p = 0.04) and loss of trunk 
fat mass (indirect effect = –1.38; 95% CI [–0.23, –2.61]; 

Table 1. Baseline Clinical Characteristics  
of Participants (N = 51)

POWIR  
(n = 29)

FLEX  
(n = 22)

Continuous Data
 —
X SD

 —
X SD p

Age (years) 69.9 9.3 70.5 7.8 0.81
Charlson Comor-

bidity Indexa

3.9 2.5 3.9 3.1 0.99

BMI (kg/m2) 28.4 4.1 29.6 4.8 0.21
Time since diagnosis 

(months)
79.2 58.9 75.6 56 0.83

Time undergoing 
ADT (months)

39 36.1 28.5 29.2 0.27

Energy expenditure 
(kcal/d)b

249 241 245 300 0.79

Categorical Data n n p

Metastatic disease 08 03 0.23
Received radiation 

therapy 
13 11 0.71

Received 
chemotherapy

2 03 0.42

Continuous ADT 24 20 0.4

a Range = 0–35; higher scores predict greater 10-year mortality 
risk.
b Energy expenditure calculated from Community Health Activity 
Model Program for Seniors physical activity survey and includes 
daily energy expended in activities of moderate to vigorous 
intensity.

ADT—androgen-deprivation therapy; BMI—body mass index; 
FLEX—flexibility; POWIR—Prevent Osteoporosis With Impact 
and Resistance
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p = 0.03) on group differences in insulin from baseline 
to 12 months. 

Discussion

The authors’ study is the first to show that a one-year 
resistance and impact training program (POWIR) that 
was designed to combat ADT-related bone loss may 
also have a favorable influence on body composition 
that reduces circulating insulin. POWIR has shown 
preliminary efficacy for preventing bone loss (Winters-
Stone et al., 2014) and lessening disability (Winters-
Stone et al., 2015) and now also appears to prevent 
gains in body fat, including central fat deposits that are 
typical with ADT. A trend occurred for POWIR to lower 
insulin compared to increases experienced in the con-
trol group, and these group differences were influenced 
by age and fat loss during the study period. POWIR 
training was more likely to lower insulin levels among 
men in the younger age range of the sample compared 

to older-aged men, and POWIR appears to have exerted 
an insulin-lowering effect through changes in body fat.

The ability of exercise to favorably shift body com-
position among PCSs undergoing ADT has only been 
examined in three controlled trials that used short-term 
training programs and machine-based resistance exer-
cise. Segal et al. (2003) failed to detect any influence of 
a 12-week machine-based, moderate-intensity resis-
tance training program on body weight or composition 
among PCSs undergoing ADT. Other investigations of 
a 12-week program of machine-based resistance and 
aerobic training in PCSs undergoing ADT reported 
consistent effects on lean body mass but prevention of 
fat gain only in men just beginning ADT (Cormie et al., 
2015; Galvão, Taaffe, Spry, Joseph, & Newton, 2010). 
The authors of the current study expected POWIR to 
improve lean body mass, but the intensity of training 
actually performed by men in the trial may have been 
insufficient to induce muscle hypertrophy. The energy 
deficit among men in the POWIR arm could have 

Table 2. Primary Outcomes and Covariates by Group From Baseline to 12 Months

POWIR (n = 24) FLEX (n = 12)

Baseline 12 Months
% 

Change

Baseline 12 Months
% 

ChangeCharacteristic
 —
X SD

 —
X SD

 —
X SD

 —
X SD pa pb

Bone-free lean 
mass (kg)

59.2 9 59.2 9.5 0 57.5 6 57.2 7 –0.5 0.37 0.8

Fat mass (kg) 24.3 7.7 23.9 7 –0.2 28.4 11.1 29.9 12.8 5.3 0.13 0.02

IGF-1 (ng/ml) 124.5 51.4 122.6 35.9 –1.5 117.5 27.8 126.6 28.9 7.7 0.84 0.59

Insulin (mclU/ml) 10.1 6.9 9.5 7.7 –5.9 11.1 7.4 12.2 8.4 9.9 0.08 0.39

Percent body fat 28.7 5.1 28.4 4.3 –1.1 31.6 7 32.4 6.6 2.5 0.22 0.06

Physical activity 
energy expenditure 
(kcal/d)

233 184 430 279 84.1 309 387 288 253 –6.6 0.09 0.07

SHBG (nmol/ml) 41.1 21.8 41.8 19.2 1.7 39.8 14.6 41.3 15.9 3.8 0.9 0.62

Total body mass 
(kg)

83.6 15 83.2 15 –0.4 83.6 13.4 84.2 14.2 0.7 0.12 0.34

Total daily energy 
intake (kcal/d)

1,652 408 1,457 450 –11.8 1,348.3 435 1,145.6 377 –15 0.72 0.52

Total testosterone 
(ng/dl)

58.3 160.7 104.3 210.1 78.9 49.9 116 83.5 164.1 67.3 0.94 0.92

Trunk fat mass (kg) 13.5 4.8 13.1 4.3 –3 15 6.6 15.4 6.1 2.7 0.09 0.07

a p value for group x time interaction from intent-to-treat analyses adjusted for age and time since diagnosis 
b p value from repeated measures analysis of covariance from completers analyses that included baseline, 6-, and 12-month time adjusted 
for age, time since diagnosis, and energy intake at baseline

FLEX—flexibility; IGF-1—insulin-like growth factor-1; POWIR—Prevent Osteoporosis With Impact and Resistance; SHBG—sex  
hormone–binding globulin

Note. Unadjusted mean and standard deviations are presented for participants with complete data for both time points.
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limited the ability to gain lean body mass, but might 
also suggest that POWIR preserved muscle during 
energy restriction (Miller et al., 2013). Men in this trial 
were undergoing ADT two to three times longer than 
participants in other trials, so it also is possible that 
exercise becomes a less effective countermeasure to 
ADT-induced lean body mass loss as duration of treat-
ment extends. POWIR participants who completed 
the trial maintained body fat and even lost trunk fat in 
contrast to control participants who gained fat in the 
total body and trunk region. POWIR likely limited fat 
gain because it increased physical activity by an aver-
age of 200 kcal/day. Participation in POWIR would 
contribute to this energy expenditure, estimated at 
about 350 kcal/session (Ainsworth et al., 2011), but it 
may also reflect an increase in participation in addi-
tional physical activity outside of the intervention. The 
effectiveness of POWIR to improve body composition 
was not influenced by age or ADT dosing regimen and, 
therefore, could be an effective countermeasure to fat 
gain across a wide age range of men and under varied 
management strategies.

The authors observed a trend for an insulin-lowering 
effect for men in the POWIR arm but no effect on 
other biomarkers. Two controlled exercise trials in 
PCSs undergoing ADT found no influence of aerobic 
and resistance training on insulin levels (Cormie et 
al., 2014; Galvão et al., 2010). Compared to the three-
month combined programs in other trials, the POWIR 
program was of similar intensity (resistance workloads 
of 8–12 RM for POWIR and 6–12 RM for other trials) 
but included a greater amount of muscle-loading 
(resistance) exercise (50 minutes in POWIR versus 30 
minutes in other trials) and was three times longer 
in duration. Controlled trials in older adults without 
cancer have demonstrated an insulin-lowering effect 
of resistance training alone (Flack et al., 2010); there-
fore, the length of a training program may be a more 
important feature of an exercise prescription than the 
duration of resistance exercise within a single session. 
Moderator analyses did not show any influence of ADT 
regimen on changes in biomarkers; however, age had 
a significant influence. POWIR appeared to be most 
effective at preventing increases in insulin among 
men in the younger age range of the sample, but this 
effect diminished with increasing age. Although physi-
ologic aging could underlie the dampened insulin- 
lowering effect of POWIR, it also is reasonable to con-
sider that older men were not training at the same level 
of effort as younger men. Age was not correlated with 
class attendance, but inspection of the strength data 
showed a significant inverse correlation between age 
and change in maximum strength (r = –0.48, p < 0.01; 
unpublished data). To achieve consistent benefits from 
exercise training across men of all ages, strategies to 

ensure that older men can maintain training volume, 
particularly intensity, over time will be important.

The authors explored a potential mediating effect of 
changes in body fat on changes in biomarkers across 
the intervention and found that the insulin-lowering 
effect of POWIR was exerted through loss of body fat, 
particularly through decreases in trunk fat mass, a mea-
sure indicative of central adiposity. Several potential 
mechanisms have been proposed to explain the link 
between physical activity and prostate cancer survival 
including decreased adiposity and associated decreases 
in systemic inflammatory cytokines and metabolic hor-
mones (McTiernan, 2008). Adiposity can create low-level 
systemic inflammation that stimulates insulin resistance 
and hyperinsulinemia, promoting an environment for 
cancer progression (Ballard-Barbash et al., 2012). In-
creases in body fat and central adiposity with age are 
associated with hyperinsulinemia and glucose intoler-
ance (Coon, Rogus, Drinkwater, Muller, & Goldberg, 
1992). Although weight loss was not a primary aim of 
the study, resistance training can result in loss of body fat 
and reductions in central adiposity (Deschenes & Krae-
mer, 2002). Resistance training is a recommended form 
of exercise to prevent or manage diabetes because it is an 
effective training modality to reduce abdominal fat and 
improve glucose tolerance (Flack et al., 2010). Although 
preliminary, the finding that loss of total and central 
body fat mediated reductions in circulating insulin from 
resistance training provides beginning insight about one 
potential mechanism by which physical activity could 

FLEX—flexibility; POWIR—Prevent Osteoporosis With Impact 
and Resistance

Note. Values for circulating insulin were calculated using the 
regression equation derived from hierarchical linear modeling 
analysis using observed data.

Figure 3. Predicted Values for Circulating Insulin
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Knowledge Translation 

Programs that include exercise could improve survival in 
prostate cancer survivors (PCSs). 

Exercise may have an array of benefits for cancer survivors, 
and healthcare providers should include exercise training 
programs into the care plan for PCSs.

The influence of exercise training on biomarkers associated 
with cancer progression may occur by preventing gains in 
weight and body fat; therefore, maintaining or reducing 
energy intake when adding an exercise program could be 
an important consideration when making lifestyle changes.

affect prostate progression and should be considered 
in the design of future trials that address biobehavioral 
approaches to extend cancer survival.

Strengths and Limitations

The current study had notable strengths and limi-
tations. This study was the first to examine the ad-
ditional potential benefits of an exercise program that 
was designed to combat ADT-related bone loss in PCSs. 
More than 75% of PCSs fail to achieve recommended 
amounts of aerobic exercise, and only 4% engage in 
any resistance exercise (Bellizzi, Rowland, Jeffery, 
& McNeel, 2005; Coups & Ostroff, 2005; Richman et 
al., 2011). Therefore, PCSs, most of whom are older, 
are unlikely to engage in multiple types of exercise 
programs to achieve different benefits. By exploring 
whether or not a single exercise modality can affect 
multiple outcomes that are relevant to quality of life 
and disease progression, clinicians could more easily 
prescribe exercise to patients, and patients may be 
more likely to comply. The current study is one of few 
controlled trials to examine moderators and mediators 
of exercise-induced changes in biomarkers of cancer 
progression. Identifying moderators of the exercise 
response provides knowledge about whether or not 
benefits are independent of influences, such as age or 
ADT dosing regimen, or whether benefits are more 
likely in certain subgroups or conditions. By exploring 
a mediating effect of body fat on exercise-induced insu-
lin changes, the authors found preliminary evidence for 
a mechanism by which exercise might reduce insulin 
among men undergoing ADT and could suggest that 
designing exercise programs for weight loss may be 
particularly effective at reducing biomarkers of disease 
progression. In addition, the POWIR program was 
of sufficient length to explore changes in response to 
longer-term (i.e., greater than three months) exercise 
and may explain why other, shorter programs failed to 
favorably shift insulin levels. Retention and adherence 
to the 12-month program was good, particularly among 

older men with multiple comorbidities, demonstrating 
that POWIR could be a sustainable exercise program 
for PCSs undergoing ADT. However, the study also 
had notable limitations. The sample size, although 
similar to those in comparable exercise trials, was not 
large. The authors enrolled the minimum sample size 
to detect group differences in body fat and, despite a 
low dropout rate, this may explain why differences 
between the groups only approached significance on 
several outcomes. Therefore, the findings should be 
considered preliminary and need to be confirmed by a 
properly powered, controlled trial that is also designed 
to examine potential mediator and moderator effects. 
The authors of the current study only explored a lim-
ited number and type of biomarkers associated with 
prostate cancer progression. Other markers, such as 
inflammatory cytokines, adipokines, and myokines, 
have been posited as potential mechanisms that explain 
the link between physical activity and cancer survival 
(Basaria & Bhasin, 2012; McTiernan, 2008; Neilson, 
Friedenreich, Brockton, & Millikan, 2009). Future trials 
should include a more comprehensive set of biomark-
ers that might better capture the mechanism through 
which exercise affects cancer progression. 

Implications for Nursing

Oncology nurses are an influential member of the care 
team for PCSs and can make important recommendations 
for lifestyle modification for cancer survivors. Nurses car-
ing for PCSs, who are mostly older, should counsel their 
patients on the benefits of exercise, particularly resistance 
training, that could extend to prolonging survival from 
cancer and from other causes, such as comorbid condi-
tions, fractures, and disability. In conjunction with other 
healthcare professionals (e.g., physical therapists, exercise 
physiologists) nurses can create an exercise prescription 
that considers PCSs’ needs, preferences, abilities, and 
limitations. Nurses can then monitor and support PCSs 
to maintain a long-term exercise program.

Conclusions

The findings from this study provide preliminary 
evidence that POWIR, a 12-month exercise program of 
resistance and impact training, can reduce body fat and 
central adiposity that lowers circulating insulin levels in 
PCSs undergoing ADT. Because evidence of the benefits 
of exercise for cancer survivors extends to consider a 
potential influence on disease progression, the mecha-
nisms that underpin such benefits must be identified to 
substantiate the link between exercise and survival from 
observation studies. This study suggests that POWIR 
could be a specific and effective exercise program that 
addresses multiple consequences of ADT because of its 
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feasibility and its potential to become a routine compo-
nent of the care of men with advanced prostate cancer.
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