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Abstract

Objectives: To investigate whether functionally based resistance exercise could improve strength, physical function, and disability among

prostate cancer survivors (PCS) on androgen deprivation therapy (ADT); and to explore potential mediators of changes in outcomes from exercise.

Design: Randomized controlled trial.

Setting: Academic medical center.

Participants: PCS (NZ51; mean age, 70.2y) on ADT.

Intervention: PCS were randomized to moderate to vigorous intensity resistance training or stretching (placebo control) for 1 year.

Main Outcome Measures: Maximal leg press and bench press strength, objective and self-reported physical function, and self-reported disability.

Hierarchical linear modeling was used to test for significant group � time differences adjusting for covariates.

Results: Retention in the study was 84%, and median attendance to supervised classes was 84% in the resistance group. No study-related injuries

occurred. Maximal leg strength (PZ.032) and bench press strength (PZ.027) were improved after 1 year of resistance training, whereas little

change occurred from stretching. Self-reported physical function improved with resistance training, whereas decreases occurred from stretching

(PZ.016). Disability lessened more with resistance training than stretching (PZ.018). One-year change in leg press strength mediated the relation

between groups (resistance or stretching) and 1-year change in self-reported disability (P<.05).

Conclusions: One year of resistance training improved muscle strength in androgen-deprived PCS. Strengthening muscles using functional

movement patterns may be an important feature of exercise programs designed to improve perceptions of physical function and disability.

Findings from this study contribute to the mounting evidence that exercise should become a routine part of clinical care in older men with

advanced prostate cancer.
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Prostate cancer is the most common cancer in older men, with the
highest incidence rates in men 70 to 74 years of age.1 The prognosis
for most prostate cancer survivors (PCS) is favorable, and>90% of
men live at least 15 years past their diagnosis.Up to 70,000men each
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year experience prostate specific antigen-only recurrence and often
begin treatment with androgen deprivation therapy (ADT) to reduce
androgen exposure.2 Median survival in men with prostate specific
antigen-only recurrence can be as long as 16 years,3,4 lengthening
the time that PCS become susceptible to the combined adverse ef-
fects of age, cancer treatment, and inactivity on their health. Pro-
longed androgen deprivation from ADT has a profound impact on
the musculoskeletal system that could place PCS on an accelerated
trajectory to disability.5,6
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8 K.M. Winters-Stone et al
Disability has been conceptualized as resulting from a cascade
of declines in which illness and aging lead to physiological im-
pairments (eg, muscle loss, altered gait, fatigue). These impair-
ments lead to declines in physical functioning (eg, reduced
mobility, weakness).7-9 Declines in physical function lead to
dissability, defined as participation in daily tasks and social ac-
tivities. PCS on ADT are particularly susceptible to declines along
this pathway because androgen deprivation leads to muscle loss of
2% to 4% within 1 to 2 years.5,10 Muscle loss leads to muscle
weakening and fatigue, and PCS who are on ADT have lower
muscle strength,6,11 have worse performance on objective tests of
physical function,6 and report more fatigue and worse physical
function11 compared with PCS who are not on ADT or older men
without cancer. In older men without cancer, low muscle strength
is associated with self-reported functional limitations and both
current and future onset disability.12-15 Older adults with disability
have increased care needs, are more likely to be admitted to a
long-term care facility, and are more likely to die than older adults
who remain independent.16,17

In older adults without cancer, resistance training can reverse
muscle weakness and improve mobility, thereby reducing the risk
of disability.18-20 We have developed a resistance and impact ex-
ercise program, Prevent Osteoporosis with Impact þ Resistance
(POWIR), that has improved risk factors for falls and fractures
(eg, increased bone density, muscle strength, balance) in women
with21-23 or without cancer.24,25 We have reported preliminary
efficacy of the POWIR program to slow bone loss in a 12-month
randomized controlled trial in PCS on ADT.26 The purpose of this
article is to report on secondary endpoints of that study, including
muscle strength, physical function, and disability. We also
explored whether changes in strength, objectively measured
physical function, or fatigue mediated changes in self-reported
function or disability.

Methods

Design and setting

The study was a 12-month single-blind randomized controlled
trial comparing 2 parallel groups assigned to a supervised program
of POWIR or a placebo control program of seated stretching ex-
ercise (FLEX). Outcomes were measured at baseline and at 6 and
12 months. Testing and exercise training took place at Oregon
Health & Science University. The Oregon Health & Science
University Institutional Review Board approved the study.

Participants

Recruitment procedures are described elsewhere.26 Eligibility
criteria were participants with a confirmed diagnosis of prostate
cancer, currently receiving ADT but no other cancer treatment,
clear of bone metastases in the hip or spine, with bone mineral
density T score ��2.5, with no antiresorptive medications, with
List of abbreviations:

ADT androgen deprivation therapy

FLEX placebo control program of seated stretching exercise

ITT intention-to-treat

LLFDI Late-Life Function and Disability Instrument

PCS prostate cancer survivors

POWIR Prevent Osteoporosis with Impact D Resistance

PPB Physical Performance Battery
no participation in resistance and/or impact training �2 times per
week and �30 minutes per session, and with physician clearance
to exercise. Informed consent was obtained from each participant
prior to data collection.

Power analysis

Sample size was estimated from an a priori power analysis to
detect differences in our primary aim, bone mineral density,
resulting in 25 participants per group.26 Using the same approach
based on a 2�3 mixed design analysis of variance and using
differences scores for muscle strength from our prior work,25 we
determined that 21 participants per group would provide power of
.80 to detect a 17% difference in maximal leg strength at the end
of the intervention at a<.05.

Interventions

The interventions, including intensity and progression, have been
described elsewhere,26 but elements of the program that are salient
to this study are described here. Participants in both groups were
prescribed an exercise program of 2 supervised classes and 1 home-
based session per week for 12 months. The POWIR program was
based on our prior interventions in people without cancer27,28 and
was aimed to increase musculoskeletal health and function in older
adults through resistance plus impact training.29 Free weights were
used to apply resistance and included dumbbells, barbells, and
weighted vests (loaded as percentage body weight). Resistance
exercises were all multijoint and emphasized movements common
to activities of daily living, including wall-sits, squats, bent-knee
dead lifts, multidirectional lunges, 1-arm row, chest press, lateral
raise, and push-ups. Impact exercise, consisting of 50 two-footed
jumps, was included to mechanically load the skeleton for bone
outcomes.26 For home exercise, resistance bands replaced free
weights and body weight replaced weighted vests for upper-body
exercises and lower-body exercises, respectively.

Participants in the control group performed a series of seated or
lying whole-body stretching and relaxation exercises aimed to
minimize weight-bearing forces and muscle activation. For home
exercise, control participants followed a written guideline of
stretches and relaxation used in class. A gentle exercise placebo
groupwas used as a control rather than a usual care group to equalize
attention, maximize retention, and minimize contamination.

Procedures

Tests were administered by trained technicians blinded to group
assignment. Randomization was stratified by length of ADT use
(>1 or �1y) and current aerobic activity (�90min/wk vs <90min/
wk) and occurred after baseline testing.

Measures

Demographics and health status
The prevalence of chronic medical conditions was obtained by
self-report using the Charlson Comorbidity Index.30 Other health
information and demographics were self-reported using an in-
house questionnaire. Energy expended in physical activity (kcal/
wk) at baseline and 6 and 12 months was measured by self-report
with the Community Health Activities Model Program for Seniors
questionnaire for older adults.31 Fatigue was measured using the
Schwartz Cancer Fatigue Scale.32 Scores range from 6 to 36, with
higher scores indicating worse fatigue.
www.archives-pmr.org
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Muscle strength
Maximal strength of the upper and lower body was evaluated by a
1-repetition maximum leg press and bench press (kg) according to
standard protocols33 that we used in prior studies in cancer sur-
vivors.22,23,34 Our coefficients of variation for leg and bench press
are 6.6% and 7.5%, respectively.

Physical function
Objective physical function was assessed by the Physical Perfor-
mance Battery (PPB) that consists of 3 timed tests: 5-time chair
stand, standing balance, and 4-m usual walk speed.35 Each test is
scored 0 (unable) to 4 and then summed. Low scores on the PPB
have been shown to predict activities or daily living disability,
hospitalization, nursing home admission, and mortality.35-38 We
also evaluated changes in chair stand time and walk speed sepa-
rately. Our coefficients of variation for chair stand and walk speed
are 5.9% and 3.1%, respectively.

Self-reported physical function was measured using 3 separate
instruments, each with different attributes. For comparison with
commonly used questionnaires, we measured physical function with
the Medical Outcomes Study 36-Item Short-Form Health Survey
physical function subscale, a generic measure for use in general
population surveys,39 and the physical function subscale of the Eu-
ropeanOrganization forResearchandTreatment ofCancerQuality of
Life Questionnaire (version 3), a cancer-specific measure.40 To
examine conceptually distinct concepts of physical function, we
included theLate-Life Function andDisability Instrument (LLFDI), a
valid and reliable measure of function and disability in older adults
that contains subscales of function, including basic and advanced
function of the lower and upper extremities, and a disability scale.41,42

Scales on all 3 instruments range from 0 to 100, with higher scores
indicating better function or less disability.

Statistical analysis

We evaluated all hypotheses using an alpha significance level of .05.
The intention-to-treat (ITT) analysis was performed using a linear
mixed effects modeling approach implemented in the lme package
for the R statistical computing environment.a In this model, the
trajectory (change) across time in an outcome for each individual is
modeled as a random slope coefficient, and group membership
(POWIRvs placebo) ismodeled as afixedgroupeffect.A cross-level
interaction coefficient is also modeled, which tests whether the
groups have significantly different slopes (change) across time.As in
repeated-measures analysis of variance, the primary effect of interest
is this cross-level interaction. This approach uses the maximum
likelihood estimation and allows the estimation of individual change
(slopes) across time, even if subjects have missing data at �1 time
point.43,44 All available information on each subject is used to
generate the estimate, but imputed or estimated values for the
missing data points are not estimated directly as in multiple impu-
tation approaches. Therefore, it is not necessary to delete subjects
who have missing data (eg, listwise deletion) or to use methods (eg,
last-observation-carried-forward) that have been shown to produce
biased parameter estimates.43 Using maximum likelihood estima-
tion in this way has been shown to perform on par with multiple
imputation for generating unbiased parameter estimateswhendata is
missing at random.45 We also performed a sensitivity analysis using
a 2 (group)�3 (time)mixed design analysis of covariance excluding
participants who did not complete the study. Additional contrast
analyses were performed to determine if group � time interactions
were significant at 6months of exercise. The completer analysis used
www.archives-pmr.org
data from participants with complete baseline and 12-month data
and shows whether or not trends observed from ITT analyses that
includedmenwho dropped out of the programwere similar to trends
observed when analyses were limited just to men who finished the
trial. Age and time since diagnosis were included as covariates to
account for any influence of thesevariables on exercise tolerance and
adaptations. Complete case mediation analyses were performed
using Mplus statistical software.b Mplus software allows the direct
estimation of indirect (mediating) effects. For ITT mediation ana-
lyses,weused amultiple imputation approach to handlemissing data
because maximum likelihood methods can be more difficult to
implement in these models. Multiple imputation routines imple-
mented in Mplus software were used to generate average model
results across 5 datasets with imputed values for missing data. The
RMediation package implemented in R was then used to estimate
95% confidence intervals for the mediating (indirect) effects.
Mediation was tested only for outcomes that showed significant
group � time interactions.46

Results

Sample

A total of 467 men showed interest in the study, but most were
ineligible because theywere not onADT. A total of 51men enrolled
in the trial and were randomized to the POWIR (nZ29) or placebo
(nZ22) groups (fig 1). Sample sizes were uneven between groups
because enrollment ceased prior to completing a randomization
block of 20 participants. Regardless, baseline demographic and
outcome measures were similar between groups. On average, par-
ticipants were 70 years old, had multiple comorbidities, were 6
years past diagnosis, and were on ADT for 2.6 years (table 1). A few
of the men had metastatic disease or received chemotherapy. The
men were equally physically active at baseline.

Retention and adherence

Over 12 months, 6 men withdrew from the study and 2 were lost to
follow-up, yielding retention rates of 90% in the POWIR group and
75% in the control group (see fig 1). Final datawere not available for
5 men because of disease recurrence (nZ4) or poor health (nZ1);
however, these men still participated in exercise training as much as
possible. Men who withdrew from the study were more likely to
have received chemotherapy (PZ.02) than men who remained in
the study, but other characteristics were similar. Missing data may
not have been missing at random because disease recurrence and
poor health could be related to poorer strength and functional out-
comes. However, because most of the attrition occurred in the
control condition, any biasing effect would haveworked against our
hypotheses by boosting the average strength and functional scores of
the control condition. Attendance at supervised sessions averaged
83% and 67% and at home sessions averaged 49% and 50% for the
POWIR and control groups, respectively. No injuries or adverse
events were reported, but 2 men in the POWIR group performed a
modified version of the program formost of the intervention because
of preexisting limitations.

Outcomes

In ITT analyses, there were significant differences over time be-
tween the POWIR and control groups formaximal leg press strength
(coefficient for group � timeZ23.09, SEZ8.71, t74Z2.65) and
maximal bench press strength (coefficient for group� timeZ4.88,

http://www.archives-pmr.org


Initiated contact about trial
n=467

Randomized
N=51

POWIR (intervention)
Allocated (n=29)

FLEX (control)
Allocated (n=22)
Did not receive intervention (n=2)
Reasons: 

Too busy (n=1)
Health reasons (n=1)

Excluded (n=416) 
Ineligible (n=305)
Refused (n=87)
Unable to contact (n=24)

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

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

POWIR (n=26)
Withdrew (n=1)
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Fig 1 Participant flow throughout the trial.
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SEZ2.10, t71Z2.14) (table 2 and figs 2A and B). Similar trends
were observed in the completer analyses: maximal muscle strength
increased over the intervention period in the POWIR group by 7%
for bench press and 17% for leg press (see table 2), significantly
more than the slight improvements in the control group that were
within measurement error. Significant group differences in both
strength measures were detected by 6 months.

Changes in objective measures of physical function, examined
as a summary measure by the PPB or as individual outcomes of
the chair stand and walk speed, were not significantly different
between groups. However, both ITT and completer analyses
showed an observable trend where the POWIR participants
decreased the mean time to complete 5 chair stands compared
with control participants that approached significance (PZ.09 and
PZ.07 for the ITT and completer analyses, respectively).

In ITT analyses, the POWIR group increased mean self-reported
physical function on the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire subscale (coef-
ficient for group� timeZ4.98, SEZ1.65, t74Z3.02) and decreased
disability on the LLFDI subscale (an increase in disability score in-
dicates less dependence with daily activities; coefficient for group�
timeZ4.22, SEZ1.71, t74Z2.47); these changes significantly
differed from decreases in physical function or a slight lessening of
disability, respectively, in the control group (figs 2C and D). Signif-
icant group � time differences in self-reported physical function
using the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire remained with the completer
analysis, but significance dropped somewhat for disability scores;
however, the patterns of change were consistent between the 2 ana-
lyses (see table 2). Significant group differences in the European
Organization for Research and Treatment of Cancer Quality of Life
Questionnaire physical function scale, but not in disability scores,
were detectable by 6months. In both the ITTand completer analyses,
therewere no significant differences between groups in fatigue or the
Medical Outcomes Study 36-Item Short-Form Health Survey or the
LLFDI physical function subscales; however, a trend toward greater
reductions in fatigue among the POWIR group compared with the
control group was observed for the ITT analysis (PZ.06) (see
table 2), which may be attributable to the larger sample.

Mediation

Mediation analyses were limited to strength, European Organi-
zation for Research and Treatment of Cancer Quality of Life
www.archives-pmr.org
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Table 1 Baseline clinical characteristics of randomized participants

Characteristic POWIR Group (nZ29) FLEX Group (nZ22) P

Age (y) 69.9�9.3 70.5�7.8 .81

Comorbidity index 3.9�2.5 3.9�3.1 .99

BMI (kg/m2) 28.4�4.1 29.6�4.8 .21

Time since diagnosis (mo) 79.2�58.9 75.6�56.0 .83

Metastatic disease 27.6 13.6 .23

Received radiation therapy 44.8 50.0 .71

Received chemotherapy 6.9 13.6 .42

Length of time on ADT (mo) 39.0�36.1 28.5�29.2 .27

Physical activity energy expenditure (kcal/d) 249�241 245�300 .79

NOTE. Data are expressed as mean � SD for continuous data, percentage of sample for categorical data, or as otherwise indicated.

Abbreviation: BMI, body mass index.

Exercise, disability, and prostate cancer 11
Questionnaire physical function, and LLFDI disability outcomes
because these showed significant group � time interactions. In
ITT analyses, the 12-month change in leg press strength mediated
the association between group and self-reported disability (indi-
rect effect, e2.84; 95% confidence interval, 0.08e6.43; P<.05),
but not self-reported physical function. Therefore, we would
expect a 2.84-unit improvement in self-reported disability in the
POWIR group compared with the control group as a result of
changes in leg press strength. Mediation completer analyses only
resulted in convergent results (indirect effect, �3.52; 95% confi-
dence interval, �0.40 to 7.45; PZ.07). These results also held
after controlling for age and time since diagnosis. The 12-month
Table 2 Initial, midpoint, and final values on outcomes by study gro

Characteristic

POWIR Group

Baseline 6mo 1

Objectively measured outcomes

Bench press 1RM (kg) 46.8�13.2 49.4�15.3z

Leg press 1RM (kg) 121.3�33.5 137.5�44.3z 1

Chair stand (s) 12.1�2.47 10.9�1.9

4-m usual walk speed (m/s) 1.31�0.16 1.21�0.19

4-m fast walk (m/s) 1.98�0.26 1.67�0.31

PPB 10.9�1.1 11.4�0.82

Self-report outcomes

LLFDI

Overall function 68.7�9.6 69.7�10.7

Basic upper-extremity function 85.3�11.4 85.0�12.3

Basic lower-extremity function 81.6�13.8 82.7�17.2

Advanced lower-extremity function 63.5�14.5 65.3�12.8

Disability limitation 81.6�13.7 85.3�13.5

EORTC QLQC30

Physical function 87.5�14.3 92.2�11.7z

Schwartz Cancer Fatigue Scale

Fatigue 9.87�4.47 9.22�3.46

NOTE. Data are presented as unadjusted mean � SD for participants who co

indicated.

Abbreviations: EORTC, European Organization for Research and Treatment on C

* P value for group � time interaction using all 3 time points from per pro
y P value for group � time interaction using all available time points from
z Group � time interaction is significant at the midpoint of the trial tested

per protocol analyses, adjusted for age and time since diagnosis, P<.05.

www.archives-pmr.org
change in bench press strength did not mediate associations be-
tween the experimental group and self-reported physical function
or disability.

Discussion

To our knowledge, this trial is the first to show that exercise
training of any type can improve self-reported physical function
and lessen disability among older PCS currently on ADT. The
observed improvements in muscle strength from POWIR corrob-
orate the findings reported in other trials.34,47,48 Our resistance
plus impact training program, POWIR, was originally designed to
up

FLEX Group

P* Py2mo Baseline 6mo 12mo

50.0�16.2 44.6�11.3 42.2�12.0 43.8�13.0 .01 .03

42.4�52.2 119.9�30.3 121.8�33.4 120.8�30.6 .03 .01

10.3�1.83 11.4�1.61 11.7�1.8 10.6�1.61 .07 .09

1.39�0.18 1.20�0.23 1.07�0.27 1.29�0.29 .97 .37

2.06�0.31 1.88�0.32 1.67�0.29 2.07�0.31 .13 .31

11.5�0.72 10.6�1.7 10.9�1.4 11.2�1.6 .88 .92

70.0�9.4 75.6�19.1 73.4�18.7 74.4�18.3 .36 .21

85.1�9.5 85.2�17.9 81.3�16.0 81.1�1.2 .43 .15

82.8�14.1 83.9�20.5 83.6�20.7 85.4�18.9 .68 .40

65.3�13.1 69.8�22.4 67.6�22.4 69.8�21.9 .32 .26

89.8�13.3 78.2�17.3 79.0�17.4 80.9�14.1 .32 .02

93.3�9.0 89.7�15.3 82.4�20.1 86.7�20.7 <.01 <.01

8.83�3.19 9.92�3.58 9.17�2.98 9.83�3.66 .32 .06

mpleted baseline and 6-month and 12-month follow-up or as otherwise

ancer; 1RM, 1 repetition maximum; QLQC30, Quality of Life Questionnaire.

tocol analysis adjusted for age and time since diagnosis.

ITT analyses adjusted for age and time since diagnosis.

by planned comparisons between baseline and 6-month time points from

http://www.archives-pmr.org


Fig 2 Estimated fixed effects for significant group � time interactions adjusted for age and time since diagnosis: (A) maximum bench press

strength, (B) maximum leg press strength, (C) self-report disability limitation, and (D) European Organization for Research and Treatment of

Cancer QLQ physical function scale. Estimated values were calculated using the regression equation derived from hierarchical linear modeling

analysis using observed data. Abbreviations: max, maximum; QLQ, Quality of Life Questionnaire.
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prevent ADT-related bone loss to reduce fracture risk among
PCS.26 After 12 months, men in the POWIR group experienced
less bone loss compared with a stretching control group, and now
we have shown that POWIR also led to significant gains in
strength, better self-reported physical function, and less disability
compared with controls. Mediation analysis suggested that im-
provements in lower-body strength from POWIR could have
translated to reductions in self-report disability.

Despite a larger number of studies on exercise benefits for PCS
undergoing a variety of treatments (eg, surgery, radiation therapy,
ADT), only 3 controlled exercise trials have reported on the efficacy
of resistance training, either alone47 or in combination with aerobic
exercise,34,48 exclusively in PCS undergoing treatment with ADT.
Men in our POWIR program reported significantly better levels of
physical function and less disability compared with men in the
stretching control group, whereas none of the other trials observed
similar changes34,48 or did not measure these outcomes.47 Previous
trials evaluated the effect of short-term, 12-week training programs
consisting of seated machine-based resistance exercise. In contrast,
our training program was 4 times longer so we could evaluate
changes in bone health over a 1-year period. Our training program
was different from themachine-based training in other trials in that it
used freeweights to optimally load the skeleton and apply resistance
during weight-bearing functional movements. The differences in
self-reported outcomes between our trials and other trials suggest
that a longer period of training may be necessary before strength
gains lead to better functioning and ease of daily tasks recognized by
PCS. Also, the functionally based exercises (eg, chair stand, front
lunge) characteristic of our training programmay better translate to
functional movements used in daily activities (ie, weight transfer,
climbing stairs) than seated, machine-based resistance exercise.

Consistent with muscle strength, self-report physical function,
and disability improvements from the POWIR program,we expected
to also find significant improvements in objective measures of
physical function. We observed a trend for mean decreased chair
stand time among POWIR participants compared with the control
group (PZ.07e.09), but walk speed increased similarly in both
groups. Galvao,34 Cormie,48 and colleagues observed similar trends
in chair stand time, with their combined program of resistance and
aerobic exercise compared with usual care, but they reported mixed
outcomes for usual walk speed that depended on whether men were
initial or long-term users of ADT. Because our control group per-
formed seated stretching exercises and experienced some improve-
ment in walk speed, it is possible that lower-intensity stretching was
enough to improve this component of function. In fact, the degree of
improvements in usual walk speed among our 2 intervention groups
was similar to the 6.4% improvement reported from resistance plus
aerobic training in long-termADTusers byGalvao,34 suggesting that
simply increasing physical activity may be sufficient to improve
mobility. We must also consider that men who participated in this
trial were well functioning to begin with, as reflected by their rela-
tively high scores on the PPB; therefore, we may have encountered a
ceiling effect by using functional tests designed to detect lower limits
of physical functioning in older adults.

An important feature of our trial was the measurement of
distinct components on the pathway to disability, which we used
to determine whether and how exercise training might reduce
disability in PCS on ADT. Our mediation analyses identified
www.archives-pmr.org
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increases in muscle strength as the only significant mediator of
training effects on self-reported disability. In older men without
cancer, low muscle strength has been significantly associated with
current self-reported functional limitation and disability12,13 and is
predictive of future onset disability.14,15 ADT causes accelerated
muscle loss and weakening that places PCS on this treatment,
most of whom are older and at risk for disability. Our mediation
analysis showed that muscle strengthening from a program that
includes functionally based lower-body exercise lessened self-
reported disability in this vulnerable group of men.

Study limitations

Our study has notable strengths. We are the first to determine the
influence of a long-term (eg, 12-mo) exercise program on distinct
components along the pathway to disability among PCS on ADT.
Prior trials have been much shorter and may not have been long
enough to observe trajectories of change, changes in outcomes with
a longer time course of adaptation, or long-term tolerance to exer-
cise training among this older group of cancer survivors. Strength
and physical function improvements were detectable at 6 months,
and these early changes might provide motivation for men to
continue exercising to receive the longer-term benefits that pre-
served their day-to-day abilities. The good adherence of men to
moderate- to high-intensity exercise and the maintenance of
strength improvements over a 1-year period (see figs 2A and B) is
encouraging, given their older age and degree of comorbidities that
might limit their tolerance to training over time. Another strength of
our study was our resistance training program that was designed
around functional movement patterns to strengthen muscles used in
everyday activities. Following the principle of specificity,49 per-
forming exercises using functionally based movement patterns are
more likely to lead to changes in functional tasks and activities that
use these same patterns. Unfortunately, the clinical relevance of our
findings remains difficult to predict until minimally important dif-
ferences using the same measures are established for PCS on ADT.
Although the use of an exercise placebo group may have obscured
our ability to detect changes in walk speed, it was important to use
this type of group instead of usual care given the subjective nature of
several outcome measures. Our sample size, although adequate to
detect group differences in muscle strength using our full sample
and similar to sample sizes in other trials of PCS, may have been
insufficient to detect differences in objective physical function
measures. Although we used contemporary methods for handling
missing data, we did have substantial loss to follow-up that could
introduce bias to the extent that the missing data were not missing at
random. Adherence to home training was lower than adherence to
supervised exercise, suggesting that men may have preferred to
exercise in a group setting and that this setting may elicit better
improvements than exercising at home. Our sample of PCS onADT
was able and motivated to participate in facility-based training, and
this limits the generalizability of our findings. Other PCS may be
less motivated and/or able to engage in supervised exercise.

Conclusions

Our findings suggest that POWIR, a 12-month exercise program of
functionally based resistance plus impact training, can increase
muscle strength, improve self-report function, and reduce self-
report disability in PCS on ADT. As evidence of the benefits of
exercise mounts, it is increasingly clear that an exercise pre-
scription needs to be a routine component of cancer care and that
www.archives-pmr.org
the design and implementation of exercise programs matter. Our
work is designed to develop specific, feasible, and effective ex-
ercise programs that can become a routine component in the care
of men with advanced prostate cancer.
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