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Abstract

Objective

To compare the effects of an exercise and dietary intervention with those of standard-of-
care management upon change in lift and carry performance and mobility-related self-effi-
cacy beliefs and explore associations in prostate cancer patients undergoing androgen dep-
rivation therapy.

Methods

32 prostate cancer patients (M age = 66.2 years; SD = 7.8) undergoing androgen depriva-
tion therapy were randomly assigned to a 3-month exercise and dietary lifestyle intervention
(n=16) or standard-of-care management (n = 16). Outcome assessments were obtained at
baseline, 2- and 3-month follow-up.

Results

The lifestyle intervention resulted in significantly greater improvements in lift and carry per-
formance (p=0.01) at 2 Months (d=1.01; p <0.01) and 3 Months (d=0.95; p < 0.01) and
superior improvements in mobility-related self-efficacy at 2 Months (d= 0.38) and 3 Months
(d=0.58) relative to standard-of-care. Mobility-related self-efficacy (r=-.66; p = 0.006) and
satisfaction with function (r=-.63; p = 0.01) were significantly correlated with lift and carry
performance at 3 Months.
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Conclusions

The exercise and dietary lifestyle intervention yielded superior improvements in lift and carry
performance and mobility-related self-efficacy relative to standard-of-care and key social
cognitive outcomes were associated with more favorable mobility performance.

Introduction

Androgen deprivation therapy (ADT) is the foundation of treatment of prostate cancer (PCa)
and increasingly employed in effective multimodality therapy with men showing prolonged
duration of therapy and survival. The adverse effects of ADT on PCa patients’ body composi-
tion and muscle strength increase risk of functional decline [1]. The concomitant loss of mus-
cular strength and gain in fat mass observed with ADT have the potential to significantly
compromise PCa patients’ capacity to perform basic mobility-related activities of daily living
that require lifting and carrying objects such as laundry baskets or grocery bags. As difficulty
with the physical demands of common daily activities is a primary predictor of mobility dis-
ability [2], countering declines in the ability to complete lift and carry tasks that accompany
ADT is integral to the supportive care of PCa patients. In this regard, lifestyle interventions
promoting physical fitness and healthy dietary intake consistently yield meaningful improve-
ments in mobility performance among older adults [3,4] and recent findings underscore the
potential utility of implementing lifestyle interventions for offsetting the deleterious effects of
ADT in PCa patients [5,6].

Social Cognitive Theory [7] provides a theoretical framework for understanding the factors
underlying adoption of lifestyle interventions for attenuating functional decline and delineates
the potential role of key self-regulatory and motivational factors involved in exercise and die-
tary behavior change. For example, select social cognitive constructs, such as mobility-related
self-efficacy (MRSE) judgments and satisfaction with function may have important behavioral
and clinical implications for the utility of lifestyle interventions in preserving physical function
and mobility among PCa patients undergoing ADT. MRSE is an established social cognitive
construct reflecting one’s belief in their ability to successfully complete more challenging
increments of a specific mobility-related physical task representative of a common activity of
basic living (i.e., lift and carry task). Satisfaction with function represents one’s perceived satis-
faction with their physical function and their subjective judgment of associated function-
related outcome expectancies. Together, these constructs have been shown to predict func-
tional decline [8], mediate the beneficial effects of lifestyle interventions upon mobility perfor-
mance [5,9], and are key aspects of one’s agency to pursue goal-directed actions that are
integral to successful adoption and maintenance of lifestyle behavior change in older adults
with, or at risk, for mobility disability [10-12]. Consistent with these findings, results from our
recently completed Individualized Diet and Exercise Adherence-Pilot (IDEA-P) trial demon-
strate that a Social Cognitive Theory-based lifestyle exercise and dietary intervention yielded
improvements in body composition, functional, and social cognitive outcomes relative to stan-
dard of care treatment in PCa patients on ADT [5,6,13,14].

As performance of basic functional tasks and mobility-related social cognitive beliefs are
meaningful predictors of functional decline, the IDEA-P trial provides one of the first opportu-
nities to examine the extent to which social cognitive outcomes are associated with lift and
carry task performance following a theory-based lifestyle intervention among PCa patients
undergoing ADT. Therefore, the purpose of this study is to conduct ancillary analyses of
IDEA-P trial outcomes to: 1) examine change in lift and carry (L+C) performance and
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associated task specific MRSE beliefs following lifestyle (EX+D) and standard of care (SC)
interventions; and 2) explore the post-intervention associations between L+C performance
and select social cognitive outcomes. It was hypothesized that the EX+D intervention, relative
to SC, would result in superior improvement in L+C performance and MRSE and that higher
self-efficacy and satisfaction with function would be associated with more favorable post-inter-
vention L+C performance.

Methods

Detailed descriptions of the IDEA-P trial design and methods including eligibility criteria have
been published previously [6,13,14]. However, a brief summary of the relevant procedures,
interventions, and measures is provided here. The primary objectives of IDEA-P were (a) to
determine the feasibility of delivering this specific EX+D intervention approach to prostate
cancer patients on androgen-deprivation therapy; (b) to explore the preliminary efficacy of EX
+D for improving clinically relevant functional, fitness, and patient-reported outcomes com-
pared with SC treatment to inform the design of a subsequent large scale definitive efficacy
trial; and (c) to examine the short-term adoption and maintenance of independent, self-regu-
lated exercise and dietary behavior change for men undergoing androgen suppression therapy.

Trials design

The IDEA-P trial was a single-blind, 2-arm randomized pilot trial with a 1:1 allocation ratio.
Participants and eligibility criteria, and settings. A total of 32 prostate cancer patients
on androgen-deprivation therapy were recruited to participate in the IDEA-P trial at The Ohio
State University James Cancer Hospital and Comprehensive Cancer Center (Columbus, OH).
Key eligibility criteria for the IDEA-P trial included: (a) histologically-defined diagnosis of pros-
tate cancer based upon pathology reports and staging studies; (b) currently undergoing andro-
gen-deprivation therapy with a planned course of at least 3 months of continuous therapy; (c)
sedentary activity pattern with less than 60 min of structured exercise participation per week
during the past 6 months, consistent with recent lifestyle intervention trial’s classification of
inactivity; and (d) free of poorly controlled medical conditions that precluded safe participation
in an exercise program. The Consolidated Standards of Reporting Trials (CONSORT) diagram
demonstrating recruitment and retention of participants through the trial is depicted in Fig 1.

Interventions

PCa patients enrolled in the IDEA-P trial were randomized into either the EX+D or SC inter-
vention arms. The 3-month EX+D intervention was a Social Cognitive Theory-based lifestyle
intervention that integrated exercise, diet, and group-mediated cognitive behavioral (GMCB)
counseling in a tapered contact schedule to develop group support and mastery of self-regula-
tory skills facilitating independent exercise and healthier dietary intake. The personalized exer-
cise component integrated one-hour supervised exercise sessions performed twice per week
and involved a combination of resistance and aerobic exercise. Additionally, participants were
encouraged to gradually progress towards accruing a total weekly volume of physical activity
consistent with national guidelines for health and well-being [15]. GMCB counseling was
delivered via small group (4-8 patients) sessions lasting 30 minutes in duration conducted
immediately following center-based exercise sessions during months 1-2. The dietary compo-
nent of the lifestyle intervention aimed to provide basic nutrition education/counseling to all
participants, address contemporary topics in nutrition and cancer, and personalized guidance
toward adopting changes in dietary intake consistent with current national nutritional objec-
tives [16]. As reported previously [6], adherence to the supervised sessions during the EX+D
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Fig 1. CONSORT diagram of participant flow through the IDEA-P trial.
https://doi.org/10.1371/journal.pone.0263136.9001
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intervention was 88%. The SC intervention involved standard treatment and disease manage-
ment education, as well as complementary literature describing the WCRF/AICR dietary and
physical activity guidelines [16]. To ensure equitable contact between treatment arms, 20-min-
ute phone contacts, delivered by study staff, focusing on routine aspects of PCa self-manage-
ment were conducted biweekly with men in the control arm. The trial was approved by The
Ohio State University Institutional Review Board (Protocol # 2012C0008) and all participants
completed informed consent prior to participation.

Outcomes

The L+C test is a simulated activity of daily living task. Patients pick up a storage bin contain-
ing a 10lb weight from a shelf, carry the container 5m down a hallway, circling around a cone
and walking back down the hallway to place the container back on the shelf. L+C performance
was assessed as the total amount of time (in seconds) to complete the task [2]. The social cogni-
tive constructs were assessed using the MRSE [3,13], and satisfaction with function [9] scales.
The MRSE scale consisted of an 8-item scale involving hierarchically organized items assessing
beliefs in successfully completing incrementally more challenging aspects of the L+C task on a
response scale ranging from 0% (no confidence) to 100% (completely confident). The 9-item
satisfaction with physical function and appearance (SWF) measure assessed patients on a
7-point scale ranging from -3 (Very Dissatisfied) to +3 (Very Satisfied). Each of the perfor-
mance and self-report measures has well-established validity and reliability and have been
used in prior randomized controlled lifestyle intervention trials [3,4,6,9,13]. All outcomes
were assessed at baseline and 2 Month and 3 Month follow-ups.

Sample size calculation

As noted in our prior trial publications [6,13,14], sample size was based on established recom-
mendations for estimating sample size in pilot, randomized trials and adequate to obtain effect
size estimates necessary to accurately set parameters for a subsequent, optimally-powered ran-
domized controlled trial.

Randomization

PCa patients were randomly assigned with equal probability to each of the 2 treatment arms
using a 1:1 ratio following the completion of the baseline screening visit. The computer-gener-
ated randomization allocation sequence was sequentially numbered and sealed in opaque
envelopes. The randomization allocation sequence was also concealed from study staft respon-
sible for recruiting patients & conducting the baseline assessments.

Blinding
As IDEA-P was a single-blind trial, all outcomes were assessed at baseline and 2 Month and 3
Month follow-ups by study staff that were blinded to intervention arm assignment.

Statistical analysis

Analysis was conducted with separate 2 (Treatment: EX+D and SC) x 2 (Time: 2 Month and 3
Month) analyses of covariance (ANCOVA) with time on ADT and baseline values of each
measure included in the models as covariates. All analyses were conducted using the inten-
tion-to-treat principle to account for missing data and the last-observation-carried-forward
approach, used to impute change across time as zero. Statistical tests were two-tailed with an
alpha level of 0.05 required for statistical significance. All analyses were conducted using SPSS
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Table 1. Unadjusted means (SD) for lift and carry performance and task specific mobility-related self-efficacy.

Intervention Arms

Variable EX+D SC
Lift and Carry Performance
Baseline 9.00 (3.99) 8.53(2.12)
2 Month 7.76 (2.56) 8.87 (2.51)
3 Month 7.54 (2.22) 8.96 (2.67)
Mobility-Related Self-Efficacy
Baseline 86.98 (25.53) 88.02 (13.04)
2 Month 93.13 (12.92) 90.21 (14.33)
3 Month 95.83 (8.11) 90.41 (13.70)
Satisfaction with Physical Function
Baseline 1.25 (1.13) 0.54 (1.53)
2 Month 1.92 (0.55) 1.03 (1.28)
3 Month 2.04 (0.50) 0.85 (1.02)

https://doi.org/10.1371/journal.pone.0263136.t001

23.0 (IBM SPSS Statistics for Windows, Version 23, Armonk, NY; IBM Corp.). Additionally,
Cohen’s d effect sizes were calculated to determine the magnitude of adjusted means differ-
ences and partial correlation analyses (Pearson correlation coefficient) controlling for time on
ADT and baseline outcome values were conducted to examine the relationship between the
social cognitive constructs and L+C performance at the 3 Month follow-up assessment.

Results

The unadjusted descriptive statistics for L+C performance, MRSE, and SWF are summarized
in Table 1. ANCOVA analyses of baseline-adjusted change scores yielded a significant treat-
ment effect for L+C performance (F[1,28] = 17.90, p = 0.006) at 2 and 3 Month follow-up. The
EX+D intervention resulted in superior increases in L+C performance at 2 Months (d = 1.01;
p < 0.01) and 3 Months (d = 0.95; p < 0.01) relative to SC (Fig 2). Although ANCOVA analysis
of MRSE revealed a non-significant treatment effect (F[1,28] = 1.94, p = 0.18), effect sizes dem-
onstrated that the EX+D intervention resulted in more favorable improvements in MRSE at 2
Months (d = 0.38; p > 0.05) and 3 Months (d = 0.58; p > 0.05) relative to SC (Fig 2). Partial
correlation analyses controlling for time on ADT and baseline mobility performance yielded
inverse correlations revealing that higher levels of task-specific MRSE (r = -.66; p = 0.001) and
SWE (r = -.63; p = 0.001) were significantly correlated with superior L+C performance at 3
Months. Collectively, these findings revealed the EX+D intervention yielded improvements in
L+C performance and MRSE relative to SC and select social cognitive outcomes were associ-
ated with more favorable mobility performance at 3 Month follow-up.

Discussion

The IDEA-P trial is one of the first studies to examine the effects of a combined diet and physi-
cal activity lifestyle intervention upon L+C performance and MRSE and explore the extent to
which social cognitive constructs are associated with performance of this mobility task. The
present findings demonstrated that the theory-based lifestyle intervention, integrating exercise
participation, modification of dietary intake, and group-mediated self-regulatory skills
counseling, yielded significant improvement in L+C performance and more favorable
improvement in MRSE relative to SC patient management. Furthermore, greater task-specific
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Fig 2. Adjusted mean changes (+SE) in lift and carry performance and social cognitive outcomes.

https://doi.org/10.1371/journal.pone.0263136.9002
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self-efficacy beliefs and satisfaction with function were associated with more favorable post-
intervention L+C performance.

To date, relatively few studies have examined the benefits of lifestyle interventions combin-
ing exercise and diet in the treatment of PCa patients on ADT [5]. Hence, knowledge of the
extent to which there may be substantive links among improvements in social cognitive pro-
cesses and mobility disability following lifestyle interventions among men undergoing pro-
longed androgen suppression remains limited [5,6,9]. Therefore, the present findings are
novel and demonstrate that key social cognitive constructs, which have been linked with
improvements in mobility performance following EX+D interventions in various chronic dis-
ease populations [3,4], are also associated with more favorable post-intervention mobility per-
formance in PCa patients on ADT. It is notable that recent evidence demonstrated that
improved mobility performance following a weight management intervention was more
strongly associated with reductions in total body mass, driven primarily by loss of fat mass,
rather than enhanced muscular strength [4]. We previously demonstrated that the EX+D
intervention in IDEA-P resulted in significant improvements in mobility, muscular strength,
and body composition in PCa patients on ADT and that improvements in adiposity were
more strongly related to mobility performance while the lean mass outcomes were more con-
sistently associated with muscular strength [6,13,14]. Collectively, these results underscore the
importance of exploring how interactions among change in multiple facets of body composi-
tion and social cognitive constructs may contribute to optimizing intervention strategies, per-
sonalizing approaches to individuals, and maximizing improvements in mobility performance
accompanying lifestyle interventions among PCa patients on ADT in future inquiry.

Although the IDEA-P results are promising, select limitations should be acknowledged.
IDEA-P was a single-center pilot trial comprised of a small, relatively homogenous sample
thereby limiting the statistical power to detect differences in outcomes of interest and the gen-
eralizability of the findings. Accordingly, future multi-center trials targeting more diverse sam-
ple of PCa patients are necessary for a more robust evaluation of the observed intervention
effects. Additionally, the sample size and brief intervention duration precludes exploring if the
social cognitive constructs mediated durable improvements in mobility accompanying the life-
style intervention, which is a pressing need for future research. Select aspects of the analytical
approach must also be considered when interpreting the present findings. For example,
whereas an ANCOV A analysis was used to evaluate baseline-adjusted change in the outcomes,
generalized estimating equations provide an elegant alternative to analytic approach that
should be incorporated in subsequent PCa intervention studies. The intention to treat analysis
was conducted using a conservative last value carried forward approach. However, as this
approach to the imputation of missing data has well-established limitations and future larger-
scale trials incorporating valid, more sophisticated maximum likelihood imputation methods
are warranted.

Conclusions

In summary, the EX+D intervention yielded greater improvement in L+C performance and
MBSE relative to SC treatment and select social cognitive outcomes were strongly associated
with post-intervention improvements in mobility performance. These findings illustrate the
potential value of integrating lifestyle interventions in the supportive care of PCa patients on
ADT and suggest social cognitive constructs may have an important role in contributing to the
benefits of these interventions for attenuating risk of mobility disability accompanying andro-
gen suppression.
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