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ABSTRACT

WINTERS-STONE, K. M., J. C. DOBEK, J. A. BENNETT, G. F. MADDALOZZO, C. W. RYAN, and T. M. BEER. Skeletal Response

to Resistance and Impact Training in Prostate Cancer Survivors.Med. Sci. Sports Exerc., Vol. 46, No. 8, pp. 1482–1488, 2014. Introduction:

Androgen deprivation therapy (ADT) is associated with significant bone loss and an increase in fracture risk among prostate cancer

survivors (PCS). We investigated whether impact + resistance training could stop ADT-related declines in bone mineral density (BMD)

among PCS on ADT. Methods: We randomized 51 PCS (mean age, 70.2 yr) currently prescribed ADT to participate in 1 yr of impact +

resistance training (Prevent Osteoporosis with Impact + Resistance (POWIR)) or in an exercise placebo program of stretching exercise

(FLEX). Outcomes were proximal femur (total hip, femoral neck, and greater trochanter) and spine (L1–L4) BMD (gIcmj2) and bone

turnover markers (serum osteocalcin (ngImLj1) and urinary deoxypyrodinoline cross-links (nmolImmolj1 Cr)). Results: Retention in

the 1-yr study was 84% and median attendance to supervised classes was 84% in POWIR and 74% in FLEX. No study-related injuries were

reported. There were no significant differences between groups for average L1–L4 BMD or for BMD at any hip site. When examining

individual vertebrae, POWIR has a significant effect on preservation of BMD (j0.4%) at the L4 vertebrae compared with losses

(j3.1%) in FLEX (P = 0.03). Conclusion: Impact + resistance training was a safe and acceptable form of exercise for older PCS on

ADT. Among our limited sample, POWIR did not appear to have a clinically meaningful effect on hip or spine BMD, but some evidence

of skeletal adaptation to resistance + impact training in an androgen-deprived state was apparent. Future studies need to be conducted on

a larger sample of patients and should consider modifications to POWIR that could further enhance loading across the spine and at the hip

to preserve BMD at these clinically relevant sites. Key Words: OSTEOPOROSIS, FRACTURE, PHYSICAL ACTIVITY, WEIGHT

TRAINING, CANCER SURVIVOR, ANDROGEN DEPRIVATION THERAPY

M
ost men (93%) diagnosed with prostate cancer will
be alive 15 yr later and many even longer, making
efforts to manage treatment-related adverse effects

imperative (1). Androgen deprivation therapy (ADT) may be
prescribed to prostate cancer survivors (PCS) for a biochem-
ical recurrence, as adjuvant therapy along with radiation, or
before surgery for high-risk localized prostate cancer (8). Bone
loss is a common and serious consequence of ADT with rapid
declines in hip and spine bone mineral density (BMD) in the
first year of ADT ranging from 2% to 8% (6,10,26,33) and
annual rates of loss over time averaging 4.6% (14). These
rates of bone loss surpass the 0.5%–1.0% loss attributable to
aging alone and even the 2%–4% associated with menopause
in women (23). Low BMD is a significant risk factor for

fracture, and retrospective studies report significantly elevat-
ed relative risks of fracture associated with ADT ranging from
1.21 (95% confidence interval, 1.09–1.34) (31) to 1.37 (95%
confidence interval, 1.2–1.57) (29). Fractures carry consid-
erable morbidity in all persons, and in PCS, fractures are as-
sociated with shorter survival times compared with survivors
who do not experience a fracture (24).

Exercise may provide a nonpharmacologic strategy for
managing bone loss from ADT (7) and has extraskeletal
benefits; however, no empirically derived exercise guide-
lines to manage skeletal health in men on ADT exist. The
ideal exercise during ADT for prostate cancer may be impact
and resistance training because this combination provides an
optimal loading strategy to target the clinically relevant skel-
etal sites of the hip and spine (20,39). Recently, we reported
that a program of resistance + impact exercise increased BMD
at the hip and stopped BMD loss at the spine in prematurely
menopausal breast cancer survivors (40) and preserved hip
and spine BMD in older (950 yr) breast cancer survivors
(36,37). There are few trials evaluating the effect of any type
of exercise on BMD in healthy adult or older adult men (20),
and it is unclear whether or not PCS on ADT can tolerate the
types and levels of exercise training shown to have skeletal
benefits in women with or without cancer. The purpose of
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the present study was to determine whether Prevent Osteo-
porosis with Impact + Resistance (POWIR) could prevent
bone loss and reduce bone turnover in PCS on ADT.

METHODS

Design. We conducted a 12-month single-blind random-
ized controlled trial comparing two parallel groups: 1) progres-
sive, moderate-intensity resistance + impact training (POWIR)
and 2) a control program of flexibility training (FLEX). Pri-
mary outcomesweremeasured at baseline and 6 and 12months.
Testing and exercise training took place at Oregon Health
and Science University.

Participants. Men were recruited through the Oregon
State Cancer Registry, clinician referral, support groups, com-
munity events, and study advertisements. Interested men were
screened for the following eligibility criteria: histologic evi-
dence of prostate cancer, currently receiving ADT, not currently
receiving chemotherapy, no evidence of bone metastases in the
hip or spine, BMD T-score of j2.5 or higher, no prescribed
bone-active medications other than ADT (e.g., bisphospho-
nates), and no regular participation in Q30 min of moderate–
vigorous resistance training two times per week or more.
Medical clearance was obtained from potential participants’
physicians before enrollment. The Oregon Health and Sci-
ence University Institutional Review Board approved the
study, and informed consent was obtained from each partic-
ipant before study enrollment.

Power analysis. The PASS 2000 program (13) was used
to conduct a power analysis on the basis of a 2 � 3 mixed-
design ANOVA using initial and change values for primary
outcome measures from our prior work (36). With an n = 25
participants per group, we would have power 90.90 to detect
a 2% difference in BMD change over 12 months between
groups with > G 0.05. To protect against 15% attrition (30,36),
we aimed to enroll and randomize 30 participants per group.

Study interventions. Participants in both groups were
prescribed an exercise program consisting of two 1-h su-
pervised classes and one home-based session per week for
12 months. The resistance plus impact intervention (POWIR)
for this study was developed in our prior interventions in
people without cancer (32,39) and subsequently tested in
breast cancer survivors (36,40). POWIR complied with the
American College of Sports Medicine recommendations
for preserving bone health in adults by using resistance and/or
impact exercise at moderate to high bone loading forces

(17,18). Resistance exercise consisted of free weights to ap-
ply resistance—dumbbells for upper body, weighted vests
(loaded as percentage of body weight (BW)) for lower body,
and a barbell for one combined upper + lower body exercise.
Resistance exercises employed in POWIR specifically uti-
lized musculature with attachments directly on the skeletal
sites of interest (21,39) and included wall-sits, 90- squats,
bent-knee deadlifts, lunges, one-arm row, chest press, lateral
raise, and push-ups. Impact exercise consisted of two-footed
jumps from the ground to a target height 1 inch from the floor
with a bent-knee landing, performed with weighted vests on
and in sets of 10 jumps. Training volume and progression of
resistance and impact exercises were based on our previous
studies (39) (Table 1). Exercises at home were similar as in
class sessions but performed without weighted vests and re-
placing weights with resistance bands.

Participants in the FLEX performed a series of whole
body stretching and relaxation exercises in a seated or lying
position. Exercises were chosen to minimize weight-bearing
forces so that little stimulus to the musculoskeletal system
was applied and energy expenditure was minimal.

Procedures. Trained technicians, blinded to group assign-
ment, administered tests at baseline and 6 and 12 months. Ran-
domization was stratified by length of ADT use (91 or e1 yr)
and current aerobic activity (Q90 vs G90 minIwkj1) after the
completion of baseline testing.

Measures. BMD (gIcmj2) of the proximal femur (total
hip, greater trochanter, and femoral neck) and lumbar spine
(L1–L4) was assessed by dual energy x-ray absorptiometry
(DXA) (Hologic QDR Discovery Wi; software version
12.0). Due to the potential for age-related calcification of
soft tissues (e.g., aortic calcification) to introduce artifacts
on DXA scans that obscure accurate measurement of spine
BMD in older persons, we followed the International Soci-
ety of Clinical Densitometery guidelines to exclude affected
vertebra from analyses across all time points for a particular
subject. In two cases, a vertebra was excluded from analysis.
Repeating analyses after removing these cases did not change
statistical outcomes. Our in-house coefficients of variation for
DXA-measured BMD using a small subsample of older men
and women (n = 9) are as follows: L1 = 2.4%, L2 = 1.6%, L3 =
2.4%, L4 = 1.4%, L1–L4 = 0.9%, total hip = 1.1%; femoral
neck = 1.1%; greater trochanter = 1.2%.

Bone turnover was assessed by serum osteocalcin (ngImLj1),
a byproduct of bone formation, and urinary deoxypyrodinoline
cross-links (nmolILj1), a byproduct of bone degradation.

TABLE 1. Planned progression of training in POWIR over 12 months.a

Jump Lower Body Upper Body

Month Intensity Sets Reps Intensity Sets Reps Intensity Sets Reps

1 None None None 0% BW 1–2 8–12 13–15 RM 1–2 12–14
2 0%–1% BW 1–4 10 1%–3% BW 1–2 8–12 11–13 RM 1–2 10–12
3 1%–3% BW 5–6 10 3%–5% BW 1–2 8–12 9–11 RM 1–2 8–10
4–6 3%–7% BW 7–8 10 5%–10% BW 1–2 8–12 8–10 RM 1–2 6–8
7–9 7%–10% BW 9–10 10 10%–15% BW 1–2 8–12 8–10 RM 1–2 8–10
10–12 10% BW 9–10 10 15% BW 1–2 8–12 8–10 RM 1–2 8–10

aIntensity for jumps and lower body exercises set as the percentage of BW loaded into weighted vests. Intensity for upper body exercises set as RM: the number of repetitions completed
at a set weight. Higher RM indicates a lower workload (participant is doing lower weight for more repetitions), and lower RM indicates a higher workload.
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Blood and urine samples were collected in the morning after
12-h fast and stored at j70-C for analysis. Analyses were
conducted by enzyme-linked immunosorbent assay using
commercial kits (Diagnostic Systems Laboratory, Inc.) with
interassay coefficient of variation of 5.7% and 6.2% and
intraassay coefficient of variation of 8% and 4.8% for
deoxypyridinoline and osteocalcin, respectively.

Demographic, clinical history, and chronic medical condi-
tions using the Charlson Comorbidity Index (5) were obtained
by self-report at baseline. Changes in physical activity and diet
over the study were measured with the Community Health
Activity Model Program for Seniors physical activity ques-
tionnaire (34) and the 2005 Block Food Frequency Question-
naire at each testing visit (4).

Statistical analysis. Datawere initially analyzedusing an
intent-to-treat (ITT) approach via Hierarchical Linear Model-
ing (HLM) (HLM 6.08 software), keeping each participant
within his originally assigned group regardless of missing

data. We also evaluated intervention effects only in partici-
pants who completed the study using separate 2 (group) � 3
(time) mixed-design ANCOVA. Age and time since diag-
nosis were included as covariates in all analyses because ei-
ther might influence tolerance or adaptability to training.
HLM was repeated to examine potential effect modification
by ADT dosing regimen (continuous vs intermittent) or age.
Because ours was a preliminary study, we did not adjust
P values for multiple comparisons to reduce the likelihood
of false negatives.

RESULTS

Over the 2-yr recruitment period, 467 men expressed in-
terest in the study, with 51 enrolled in the trial and ran-
domized to POWIR (n = 29) or FLEX (n = 22) (Fig. 1). Due
to limited recruitment time, we were unable to enroll the
target sample to account for planned 15% attrition, leading

FIGURE 1—Participant flow throughout the trial.
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to unbalanced sample sizes from block randomization. On
average, participants were in their mid to upper 70s, over-
weight, and had normal skeletal health (T-score of j1.0 or
higher) (Table 2). Roughly a quarter or fewer men had met-
astatic disease, and a low proportion of participants had re-
ceived chemotherapy. Participants were an average of 6 yr
past diagnosis and on ADT for just over 2–3 yr. Intervention
groups were not different at baseline on any demographic
characteristic, physical activity levels, energy and calcium in-
take, or outcome measure. Physical activity levels and energy
and calcium intake did not change differently between groups
over time. One participant in FLEX began taking a bisphos-
phonate during the study; thus, analyses were repeated remov-
ing his data.

Retention of men in the yearlong study was 84% and
slightly better within POWIR (90%) than FLEX (77%). Rea-
sons for withdrawing from the study were similar in nature
and in proportion between study groups (Fig. 1). Men who
withdrew from the program were more likely to have received
chemotherapy compared with men who remained in the study
(P = 0.02). The median attendance for supervised-only and
home-only attendance was 84% and 43% for POWIR and
74% and 51% for FLEX, respectively. Final intensity for
POWIR was just shy of the planned progression, stopping at
13% of BW and 8–12 repetition maximum (RM) by month 9.
The final prescribed intensity for jumps was achieved by
month 9, but jump number was held at 50 because partici-
pants tolerated this volume of impact exercise well and prior
literature suggested that 50 jumps were sufficient for skeletal
adaptation (15). There were no injuries or adverse events
associated with participation in either intervention. Two par-
ticipants in POWIR performed a modified version of the
program for 96 months due to knee and shoulder discomfort
from higher workloads. Data analyses were repeated exclud-
ing these men and results were unchanged.

Using the ITT approach in the full sample, there were no
significant differences over time between POWIR and FLEX

groups for L1–L4 BMD or for BMD at any hip site. Because
ours was the first controlled study to examine whether the
skeleton would respond to loading exercise in a testosterone
and estrogen deplete state, we also explored differences be-
tween POWIR and FLEX on individual lumbar vertebrae.
In the full ITT sample, there were significant differences over
time between groups at the L4 site (coefficient on slope of
time = 0.018, SE = 0.008, t(46) = 2.3, P = 0.03), but not at
other vertebrae. L4 BMD was preserved in the POWIR group
(j0.4%) compared with loss (j3.1%) in controls (Fig. 2).
There was no effect modification of ADT dosing regimen
or age on any BMD or bone turnover measure. Similarly, fur-
ther adjusting analyses for length of time on ADT did not
change statistical outcomes. Among the smaller sample of
men completing the study, differences at the L4 site were
larger but not significant, likely due to reduced statistical power
(Table 3). Changes in serum osteocalcin did not significantly

TABLE 2. Baseline clinical characteristics of participants who were randomized.

Characteristic

POWIR (N = 29) FLEX (N = 22)

P ValueMean (SD) Mean (SD)

Age (yr) 69.9 (9.3) 70.5 (7.8) 0.81
Time since diagnosis (months) 79.2 (58.9) 75.6 (56.0) 0.83
Metastatic disease (%) 27.6% 13.6% 0.23
Received radiation therapy (%) 44.8% 50.0% 0.71
Received chemotherapy (%) 6.9% 13.6% 0.42
Length of time on ADT (months) 39.0 (36.1) 28.5 (29.2) 0.27
Continuous ADT (%) 82.8% 90.9% 0.40
Total testosterone (ngIdLj1) 50.8 (143.7) 30.2 (82.6) 0.55
Sex hormone binding globulin (nmolILj1) 40.1 (20.2) 50.1 (35.3) 0.30
Comorbidity index 3.9 (2.5) 3.9 (3.1) 0.99
Body mass index (kgImj2) 28.4 (4.1) 29.6 (4.8) 0.21
Spine (L1–L4) T-score

a 0.58 (2.2) 0.38 (1.5) 0.72
Femoral neck T-scorea j0.61 (1.1) j0.51 (1.2) 0.93
Energy expenditure (kcalIdj1)b 249.7 (240.8) 244.9 (299.7) 0.79
Calcium intake (mgIdj1)c 739.2 (352.0) 738.6 (396.4) 0.99

Data are expressed as mean (SD) for continuous data or percentage (%) of sample for categorical data.
aT-scores are reported for the lumbar spine and femoral neck. The World Health Organization recommends the femoral neck site be used for diagnosing osteoporosis in women but
acknowledges that other skeletal sites may be considered for clinical decision making.
bEnergy expenditure calculated from Community Health Activity Model Program for Seniors physical activity survey and includes energy expended in activities ranging from moderate to
vigorous intensity per week.
cCalcium intake includes calcium obtained both from dietary sources and from dietary supplement.

FIGURE 2—Pattern of changes in L4 spine BMD (gIcmj2) in FLEX
and POWIR across the 12-month intervention for all participants
(N = 51) using estimated marginal means for the full sample. *Signifi-
cant difference between slopes, P = 0.03.
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differ between groups. Changes in deoxypyrodinoline were
not different between groups in the ITT analysis, but among
completers, FLEX significantly decreased compared with in-
creases in POWIR (Table 3). When repeating analyses, ex-
cluding data from the participant who started bisphosphonate
treatment, group differences disappeared (P = 0.10).

DISCUSSION

Among our sample of PCS on ADT, a combined impact +
resistance exercise (i.e., POWIR) program showed some
evidence for preservation of BMD in the lumbar spine.
POWIR appeared unable to prevent declines at the hip com-
pared with a program of low intensity stretching and had no
effect on bone turnover. POWIR was a moderate–vigorous
intensity training program and was well tolerated by the ma-
jority of older men, with only two participants requiring a
modification of their training program (e.g., reduced weight
and alternate exercises). Supervised POWIR classes were well
attended across the year (84%), but home program atten-
dance was only half as good (43%).

Ours is the first controlled trial to report the effects of
exercise on bone health in PCS on ADT. Only one other
study has reported an effect of exercise on BMD in men on
ADT, a single-group study of a 20-wk machine-based re-
sistance training program in men on ADT that did not
change whole body or hip BMD. Spine BMD was not re-
ported in that study (9). In fact, few trials of exercise to im-
prove BMD in healthy men have been reported. Out of
six published controlled trials of exercise on bone health in
men without cancer, only one 12-month trial of resistance +
impact loading in older men (mean age 60.7 yr) (19) reported
a significant BMD change at the hip. In that study, the impact
loading program consisted of 90–180 jumps from varying
heights and directions three times per week, which was a
higher dose of impact loading than we prescribed in POWIR.
Because ours was the first study to use impact loading in PCS
on ADT, a treatment that frequently causes muscle weakness,
frailty, and incontinence, we cautiously prescribed the mini-
mum dose of jumps shown to improve hip BMD in adult
women (2,3) and slowly progressed intensity with added
weight. The majority of men tolerated the jumps well and

reached the target of 50 jumps plus 10% BW. Researchers
designing future trials should consider further increasing the
number of jumps and cautiously varying direction of loading
to deliver a greater stimulus to the hip. The older age of our
PCS and their ADT use may have also contributed to our null
findings at the hip, similar to our findings in earlier studies of
breast cancer survivors, that early estrogen deprivation and
older age each independently blunted the effect of POWIR on
hip BMD (37,40).

In this study, POWIR showed some evidence of prevent-
ing bone loss in the spine, a potentially important finding. Our
results were in contrast with those of Kukuljan et al. (19)
suggesting that POWIR exercises that loaded the lower back
(e.g., deadlift, 1-arm row, push-ups) are key components for
improving BMD, which would be consistent with our previ-
ous work showing the site-specific effect of resistance exer-
cises at the spine (38). POWIR effects on spine BMD were
only significant at the L4 vertebra, although changes in BMD
for the average of the L1–L4 region trended in the hypothe-
sized directions. L4 is the most load bearing of the four
measured lumbar vertebra used during sitting and standing
and thus added loads by performing upper body exercises in a
standing position and when rising from a squat position (i.e.,
chair stands and bent-knee deadlifts) may have reached the
threshold for an osteogenic effect. Because a trend was ap-
parent for preventing BMD declines across lumbar vertebra, it
is possible that higher loads, a longer duration of loading, or
incorporation of more lateral loads to increase sheer forces
at the upper lumbar regions could enhance the effect of
POWIR at the spine.

A strength of this study is that it was the first to target loss
of BMD in PCS on ADT—a group of cancer survivors at
known risk for developing osteoporosis and fractures (7,35)—
using an empirically tested osteogenic exercise program known
to stop bone loss in womenwith or without cancer (37–39). The
study was strengthened in comparison to the few prior studies
of BMD in men by including an exercise placebo group rather
than usual care to protect against unequal attrition, contami-
nation by increased physical activity in controls, and risks
associated with inactivity. Importantly, our program was well
accepted and tolerated by these older PCS as evidenced by
strong retention and compliance rates for POWIR that were

TABLE 3. Initial and final values on primary outcomes and covariates by exercise group from baseline to 12 months in study completers.

Characteristic

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

P value*

Baseline 12 Months

% Change

Baseline 12 Months

% ChangeMean (SD) Mean (SD) Mean (SD) Mean (SD)

BW (kg) 85.0 (15.5) 84.4 (15.3) j0.71 86.1 (13.8) 86.5 (14.0) 0.46 0.35
Spine (L1–L4) BMD (gIcmj2) 1.129 (0.254) 1.123 (0.241) j0.88 1.111 (0.154) 1.094 (0.156) j1.8 0.47

L1 BMD (gIcmj2) 1.025 (0.263) 1.023 (0.235) 0.0 0.977 (0.136) 0.966 (0.137) j1.1 0.59
L2 BMD (gIcmj2) 1.110 (0.229) 1.098 (0.226) j0.9 1.114 (0.141) 1.118 (0.121) 0.9 0.47
L3 BMD (gIcmj2) 1.156 (0.282) 1.151 (0.276) j0.9 1.164 (0.189) 1.153 (0.198) j0.9 0.44
L4 BMD (gIcmj2) 1.187 (0.263) 1.184 (0.252) j0.8 1.178 (0.227) 1.136 (0.215) j3.4 0.14

Total hip BMD (gIcmj2) 0.965 (0.134) 0.956 (0.135) j0.93 0.981 (0.136) 0.971 (0.129) j1.0 0.37
Greater trochanter BMD (gIcmj2) 0.777 (0.125) 0.776 (0.131) j0.13 0.787 (0.120) 0.783 (0.112) j0.51 0.58
Femoral neck BMD (gIcmj2) 0.770 (0.121) 0.752 (0.131) j2.34 0.802 (0.107) 0.791 (0.098) j1.37 0.77
Osteocalcin (ngImLj1) 13.5 (6.2) 14.2 (6.4) 5.19 12.1 (4.6) 12.3 (5.5) 1.65 0.22
Deoxypyrodinoline (nmolImmolj1 Cr) 11.1 (2.8) 12.3 (4.0) 10.81 15.6 (9.2) 12.5 (2.9) j19.87 0.03

Data presented as unadjusted mean (SD) for participants with complete data sets for both time points.
*P value from RM-ANCOVA comparison between groups that included baseline and 6- and 12-month time point.

http://www.acsm-msse.org1486 Official Journal of the American College of Sports Medicine

C
LI
N
IC
A
L
SC

IE
N
C
ES

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



similar to those reported in other controlled trials of super-
vised resistance exercise that were far shorter in duration than
ours (3 months (27) to 6 months (28)).

Limitations of the study include the modest sample size,
low compliance to home-based training, and inclusion of
aerobically active men in the sample. We did not exclude
men who were aerobically active from participating because
impact and resistance exercise load the skeleton in distinctly
different ways than aerobic exercise and are superior for
osteogenesis (16,21,22). Similar physical activity levels and
the lack of change over time suggest little influence of aer-
obic activity on our findings. However, it is possible that par-
ticipation in aerobic exercise could contribute to the normal
T-scores in our sample, which are atypical of older men,
and may have created a ceiling effect similar to that which we
have observed in our prior work in women (40). Given the
normal BMD T-scores, engagement in aerobic exercise, and
motivation to participate in a 12-month supervised interven-
tion, our results may not fully generalize to the broader pop-
ulation of older PCS on ADT who may be frailer, less active,
and less motivated. Despite extending our recruitment period
beyond the originally planned 9 months, we were unable to
recruit our planned sample size. The sample size in our study
was similar to or greater than that for other center-based ex-
ercise trials in men on ADT (11,12) but had insufficient
representation of ADT types and doses to fully explore any
potential moderating influence of treatment on skeletal ad-
aptations. The lower sample size likely contributed to our
failure to detect significant differences between groups for
L1–L4 or hip BMD despite observable trends (Fig. 2). How-
ever, the P value for the ITT analysis of L4 BMD was not
marginal, lowering the risk of a type I error. Adding a day of
home-based exercise increases the weekly dose of exercise

without increasing the participant burden in the study, but
attendance to home training was low. Possibly the men pre-
ferred exercising with a group rather than alone, which could
be further explored in a future trial.

The results of our trial suggest that resistance + impact
training, a combined training mode known for its osteogenic
capacity, is well tolerated and acceptable among PCS on
ADT and shows preliminary efficacy for reducing bone loss
at the spine. Our exercise program failed to affect the hip,
probably due to an inadequate volume of loading, thus greater
attention to how to best effectively load this skeletal site of
high clinical relevance is critical for future trials. Participants
attended sessions for 12 months without adverse events, and
the potential benefits of exercise on BMD and other health
outcomes may be identified with more intense exercises in
larger samples. A 1%–2% increase in BMD translates to a
7%–14% decrease in fracture risk (16); thus, further refining
the POWIR program to maximally load both clinically rele-
vant skeletal sites could have future implications for fracture
prevention. Given the paucity of controlled trials examining
the skeletal benefits of exercise for PCS, who are likely to be
at risk of fracture, our trial provides a starting basis for fu-
ture trials.
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