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Abstract

Background

Accounting for more than 60% of cancer survivors, older (�65 years) cancer survivors have

a 2- to 5-fold risk of physical function impairment, compared to cancer-free peers. One strat-

egy to improve physical function is dietary and resistance training interventions, which

improve muscle strength and mass by stimulating muscle protein synthesis. The E-PROOF

(E-intervention for Protein Intake and Resistance Training to Optimize Function) study will

examine the feasibility, acceptability, and preliminary efficacy of a 12-week randomized con-

trolled trial of an online, tailored nutritional and resistance training education and counseling

intervention to improve physical function and associated health outcomes (muscle strength,

health-related quality of life (HRQoL), self-efficacy, and weight management).

Methods

In this study, 70 older cancer survivors will be randomized to one of two groups: experimen-

tal (receiving remote behavioral counseling and evidence-based education and resources),

and control (general survivorship education). We will examine the intervention effects on

physical function, muscle strength, HRQoL, self-efficacy, weight, and waist circumference

during a 12-week period between the experimental and control groups. Three months fol-

lowing the end of the intervention, we will conduct a follow-up assessment to measure physi-

cal function, muscle strength, and HRQoL.

Significance and impact

This study is the first synchronous, online protein-focused diet and resistance training inter-

vention among older cancer survivors. This novel study advances science by promoting

independent health behaviors among older cancer survivors to improve health outcomes,
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and provide foundational knowledge to further address this growing problem on a wider

scale through online platforms.

Introduction

The older cancer survivor (OCS) population (�65 years) is comprised of�12 million adults

[1], and is increasing rapidly due to advances in cancer screening and treatment and the aging

of the U.S. population [2]. Despite accounting for 67% of cancer survivors [3], OCS are vastly

understudied in survivorship research [2,4,5]. Additive effects of cancer treatments, age-

related musculoskeletal and soft-tissue degeneration, and increased comorbidity result in a 2-

to 5-fold increased risk of functional limitations among OCS, compared to cancer-free con-

trols [6–10]. Further, recent longitudinal studies found OCS have accelerated declines in mus-

cle mass, evidenced by worsening grip strength, slower gait speed, and lower overall

performance than older adults without cancer [6,11,12]. Physical function impairment is asso-

ciated with a myriad of poor health outcomes including diminished health-related quality of

life (HRQoL), multimorbidity, increased falls, and all-cause mortality [13–16]. Although a loss

of muscle mass and decline in physical function may be expected with aging, there is variation

in the decline, suggesting modifiable behaviors (diet, exercise) could influence physical func-

tion [17,18]. Improving physical function among this vulnerable group increases the ability to

live independently, which reduces burden to themselves, loved ones, and the healthcare system

[19,20]. Thus, addressing physical function among OCS is an immediate and increasing need

[21–23].

Recent studies have found that physical needs including diet and exercise are the highest

reported unmet needs, and physical challenges (i.e., loss of strength) were the most frequently

reported problems among OCS [24,25]. Yet, most survivors receive minimal, if any, diet and

exercise counseling as part of their cancer care [25–27]. This lack of tailored guidance on posi-

tive health behaviors [28] to mitigate these issues necessitates immediate intervention.

Substantial evidence from randomized trials supports the potential for combined exercise

and diet interventions to improve physical function among older adults and cancer survivors

[7,22,29–33]. Diet and exercise interventions can improve function through stimulating mus-

cle protein synthesis, which increases muscle strength and mass. Dietary protein supplementa-

tion is required to maximize skeletal muscle mass gain during prolonged resistance-type

exercise training, which more effectively counteracts sarcopenia and physical function decline

[34–37]. Despite this mounting evidence, there is a paucity of research focusing on protein

consumption and resistance training among OCS, a group at high risk for functional limita-

tions [38]. Few studies have used resistance exercise as the main mode of training [39–43],

despite its established association with improved physical function among older adults [44–

47]. Further, a recent study found resistance exercise improved more outcomes than aerobic

exercise, including muscle strength, aerobic capacity, and physical function among older

breast cancer survivors [48].

Previous research demonstrates the acceptability and effectiveness of technology (e.g., Fit-

bits, apps) to improve health outcomes (exercise, balance, HRQoL) of OCS [48,49]. Prior work

recommends one-on-one, synchronous online conversations as the most effective approach

for older adults [50–52], providing real-time guidance and support. Considering the influx of

telehealth due to COVID-19, increased technology use among older adults (84% own a cell-

phone, computer, or tablet and know how to use it [53]), and the positive impact of online
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behavior change interventions for cancer survivors [49,54–58], online-based interventions to

improve physical function need to be tested within OCS, a vulnerable and growing population.

Until our study, there were no synchronous, online diet and exercise interventions for OCS.

The E-PROOF (E-intervention for Protein Intake and Resistance Training to Optimize Func-

tion) study (1R21AG078258-01A1) will implement and assess the efficacy of the first online

dietary and resistance training intervention to improve OCS’ physical function and improve

associated health outcomes (muscle strength, dietary quality, health-related quality of life, self-

efficacy, weight management).

Materials and methods

Aim, design, and setting

The EPROOF study is a 12-week pilot, randomized controlled trial (See SPIRIT [59] Fig 1;

study schema Fig 2). This study’s overall objective is to improve physical function through

online, tailored nutritional and resistance training counseling to increase protein intake,

improve diet quality, increase resistance training, and improve related health outcomes (mus-

cle strength, dietary quality, HRQoL, self-efficacy, weight management). In this pilot random-

ized controlled trial, participants (n = 70) will be randomized to one of two groups:

experimental (online counseling, menus, educational materials) and enhanced control (passive

educational materials). We will examine the intervention effects on physical function and asso-

ciated health outcomes during the 12-week period between the experimental and control

group. This ongoing study is taking place at The Ohio State University, specifically within the

Physical Activity and Education Sciences lab, on the main campus.

Sample size, eligibility criteria, and recruitment

The target sample size is 70 older cancer survivors (n = 35 for intervention arm, n = 35 for con-

trol arm). For this study, the minimum sample size is calculated using G*Power. Specifying

alpha level to be 0.05 (one-sided), expected power to be 0.80, and an expected effect size of 0.50

for the primary outcome (physical function measured by Short Physical Performance Battery

(SPPB) [60]), the sample size required is 27 per group. By recruiting 70 participants, we allow

for a 22% attrition rate.

Eligibility criteria are:�65 years of age, a primary diagnosis of stage I-III breast, colorectal,

or prostate cancer, completion of primary curative treatment, reported at least 1 physical func-

tion limitation on the 10-question RAND-36 Physical Function Subscale (PFSS) [61] (“limited

a little”, “limited a lot”), no evidence of progressive disease or second cancers, community-

dwelling, and able to provide written informed consent. Individuals are excluded if they cur-

rently receive cancer treatment (e.g., chemotherapy, radiation), have liver and/or renal disease

limiting their protein intake, are under the care of a registered dietitian (RD)/nutritionist, par-

ticipating in other diet/exercise interventions, consume protein supplements, and have contra-

indications to unsupervised exercise (e.g., walker/wheelchair use).

Recruitment began on August 28, 2023, and occurs through several methods. The first

method is through previously consented older cancer survivors in the Ohio State University

Comprehensive Cancer Center’s Total Cancer Care (TCC) registry. The TCC registry, a per-

sonalized cancer care initiative designed to collect clinical data and tumor specimens through-

out a patient’s lifetime, will be utilized to capture a larger cancer population. Based on the

eligibility criteria, TCC will contact potential participants, identified across all OSUCCC clin-

ics, through phone calls, to introduce the proposed study and see if they agree to be contacted

by the EPROOF study staff. Second, is through advertisements on Facebook and Research-

Match©, a free and secure online tool created by academic institutions across the country to
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Fig 1. SPIRIT schedule of enrollment, interventions, and assessments for EPROOF study.

https://doi.org/10.1371/journal.pone.0302727.g001
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share study and PI contact information to potentially eligible participants. Third, is through

flyers distributed to potentially eligible participants at the OSUCCC’s Cancer and Aging Resil-

iency clinics, site-specific medical oncology clinics (breast, colorectal, and prostate) and Survi-

vorship clinics. Lastly, through community engagement including presentations at Columbus-

area senior centers, health-oriented community groups, and cancer-specific non-profit organi-

zations. All these methods ask potential participants interested in the study to contact the clini-

cal research coordinator to ask questions and complete the screening questionnaire to confirm

eligibility.

Randomization

Subjects are block randomized by the number of physical function limitations measured by

the PFSS [62]. Randomization to study group (intervention, enhanced control) occurs prior to

the baseline assessment, via an online random team generator tool used by the clinical research

coordinator. Potential participants are informed of the chance of randomization during the

eligibility screening. Equitable distribution of participants between the intervention and atten-

tional control group occurs as needed throughout study recruitment. Participants are blinded

to their treatment group to reduce potential bias and foster engagement to the same extent,

regardless of group.

Intervention

The study consists of three in-person clinic visits for participants in both study arms. At the

baseline visit, study staff will attain written informed consent and measure the physical func-

tion (SPPB), muscle strength (handgrip, SPPB), height, weight, and waist circumference of all

participants. Online questionnaires, via Research Electronic Data Capture (REDCap), will

assess dietary quality, self-reported exercise, HRQoL, self-efficacy, and demographic and clini-

cal information. After data collection, the research assistant will show intervention participants

how to access the REDCap-based logs and enter their weekly dietary intake and exercise

adherence. At the end of the baseline visit, intervention participants will receive a binder with

printed educational materials on increasing dietary protein, healthy eating, and resistance

training to preserve or rebuild lean body mass as a reference tool. Resistance bands (three lev-

els of Thera-bands1), and resistance band exercise guidelines (exercises by muscle group,

Fig 2. EPROOF study schema.

https://doi.org/10.1371/journal.pone.0302727.g002
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proper form, how to rate difficulty) will be distributed to intervention participants. Enhanced

control group participants receive printed materials (National Cancer Institute’s “Facing For-

ward: Life After Cancer Treatment”) pertaining to general cancer survivorship.

Social Cognitive Theory [63] and the Health Belief Model [64] provide a foundation for

behavior changes (increased protein intake, improved diet quality, and increased resistance

exercise) proposed in this intervention. Motivational interviewing strategies support the par-

ticipants’ progress, provide reinforcement, explore strategies to overcome barriers, field ques-

tions, and establish tailored goals.

a. Intervention group. Within 1 week of the baseline visit, an RD will review the dietary

quality results and create a tailored dietary plan focusing on protein intake and healthy eating

for each intervention participant. At weeks 1, 3, 5, 7, 9, and 11, the RD will provide one-on-one,

online nutritional counseling to the intervention participants. Counseling will consist of educa-

tion to stimulate sufficient protein- and energy intake using regular food, based on the current

American Cancer Society nutrition guidelines for cancer survivors [65] and DGAs for protein

and energy for adults aged�60 (5–6.5 oz. eq/day based on 1,600–2,600 calories/day) [66].

For the first 6 weeks, the exercise scientist (ES) will host weekly, one-on-one, 30-minute,

online resistance training sessions for the intervention group, using a progression model [67].

After week 6, the resistance training sessions will taper, and be held biweekly at weeks 8, 10,

and 12. In each training session, the ES will provide education, then lead participants through

a 5-minute warm-up, followed by a series of whole-body exercises (each major muscle group)

performed at each session, and a 5-minute cool-down. The training is based on the ACSM

exercise guidelines for cancer survivors [68] and ACSM recommendations for progressive

resistance training for older adults [69] consisting of 1–3 sets of 8–10 exercises with 8–12 repe-

titions with a 1–2 min rest between sets. Participants will be encouraged to complete these

exercises two more times/week, totaling three sessions/week. Intervention group participants

will be asked to complete weekly online diaries of their weekly diet and exercise.

b. Enhanced control group. The enhanced control group will receive general healthy eat-

ing sessions (RD) and whole body stretching (ES) to match the attention provided to the inter-

vention group. The RD will provide 30-minute online information sessions at weeks 1, 3, 5, 7,

and 9. The ES will hold online stretching sessions for 30 minutes in weeks 1–6, then in weeks

8, 10, and 12. These control group sessions will not educate on or promote protein intake,

resistance training, and physical function. Enhanced control group participants are also asked

to complete weekly online diaries of their weekly diet and exercise.

Outcomes and measures

The measures used in the EPROOF study are validated within older adults and/or older cancer

survivors and used within prior lifestyle interventions with cancer survivors [7,46,49,70,71].

Primary outcome: Physical Function. The physical performance assessment, SPPB [60], will

measure physical function at baseline, end-of-study, and follow-up. The SPPB includes three

lower extremity physical performance measures (standing balance, five consecutive chair rises,

4-meter gait walk at usual pace) to assess lower extremity strength. Summary scores range

from 0 to 12, with higher scores denoting higher physical function.

Secondary outcomes:

Acceptability and feasibility. At end-of-study, intervention group participants will com-

plete a 5-item, Likert-scale questionnaire, with written comments, regarding their preferences

for receiving education and counseling, successes and challenges, program satisfaction, and

suggestions for improvement. Intervention feasibility will be measured prospectively tracking

rates of accrual, retention, and adherence at baseline, end-of-study, and 3-month follow-up.
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Recruitment rate is based on Consolidated Standards of Reporting Trials criteria [72] that

includes eligible consented individuals and eligible non-consented individuals with non-

recruitment reasons documented. Process information (number/duration of video visits) will

be recorded.

Muscle strength. Handgrip strength will be measured at baseline, end-of-study, and fol-

low-up in both hands using a hydraulic grip strength dynamometer (Jamar Model 7498).

Three trials with brief pauses will be conducted for each hand and the mean score of the six tri-

als will be used as the mean handgrip score.

Dietary quality. Protein intake and dietary quality will be assessed at baseline and end-of-

study by the National Cancer Institute’s Diet History Questionnaire III (DHQIII) [73]. The

DHQIII assesses Healthy Eating Index-2015 (HEI-2015) total and individual component

scores (e.g., protein) and average daily nutrient intakes, according to the DGA [74].

Resistance exercise. Self-reported resistance exercise will be assessed using the revised

version of The Godin-Shephard Leisure-Time Exercise Questionnaire modified to specifically

capture self-reported resistance exercise participation. This measure has been used extensively

to capture self-reported resistance exercise in past observational and interventional trials

[71,75–77].

HRQoL. RAND-36 Health Status Measure [61] is comprised of 8 subscales assessing mul-

tiple aspects of HRQoL. Physical and mental component summaries are created. All scores

range from 0–100, with 100 as the highest. Changes of�5 points on the component scores are

considered clinically relevant [78,79]. The RAND-36 will be completed at baseline, end-of-

study, and follow-up.

Self-efficacy. Baseline and end-of-study self-efficacy for diet and resistance training will

be measured by: “How sure are you that you could do exercises to make your body stronger

for 15 minutes, 3 days a week?” and “How sure are you that you could improve your diet?” A

10-point Likert response scale, ranging from a score of 1 (completely uncertain) to 10

(completely certain), will be used.

Self-regulation. Baseline and end-of-study self-regulation for diet and exercise will be

measured by the 12-item Dietary Self-Regulation Scale [70] and the 12-item Exercise Self-Reg-

ulation Scale [80].

Technology competency. The 8-item eHealth Literacy Scale (eHEALS) [81] will measure

knowledge, comfort, and perceived skills of engaging in eHealth at baseline and end-of-study.

A 5-point Likert scale will be used.

Demographic and health information. Participants’ age, race, ethnicity, sex, education,

income, marital status, insurance status, cancer diagnosis, stage at diagnosis, time since diag-

nosis, treatments received (e.g., chemotherapy, radiation) and comorbidities will be collected

at baseline and updated at end-of-study. Body weight, height, and waist circumference will be

collected at baseline and end-of-study.

Retention

The following is a brief point summary of guidelines to promote retention of participants and

adherence to the protocol: Fostering personal participant-staff relationships; Maintaining con-

tinuity of care; Maintaining an inviting, convenient, and accessible environment for in-person

data collection; Consistent and clear participant-staff communications; Minimizing wasted

time during in-person data collection; Appointment reminders by mail and telephone; Provid-

ing contact information (phone number, email address) of the clinical research coordinator

and study PI. Lastly, based on feedback from the patient advocacy group within the Cancer

and Aging research group, intervention participants will also have the option of attending
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Zoom1-based social hours to share their thoughts and experiences with each other. This

socialization opportunity may also promote retention, motivation, and adherence among

intervention participants.

Data management

The proposed intervention utilizes an individualized approach and does not operate in group

settings, therefore ensuring participants’ privacy. All data points will be collated and stored on

a REDCap database, a secure web application [82]. Data will be used only in aggregate and no

identifying characteristics of individuals will be published or presented. Confidentiality of data

will be maintained by using research identification numbers that uniquely identify each indi-

vidual. Data other than demographic information do not use names as an identifier. Safe-

guards will be established to ensure the security and privacy of participants’ study records. All

computer systems will be password-protected against intrusion. All network-based communi-

cations of confidential information will be encrypted.

All paper files and computer files with the de-identified data will be stored under lock and

key at all times. The files matching participants’ names and demographic information with

research numbers will be kept in a separate room and will be stored in a locked file that uses a

different key from that of all other files. Only study personnel will have access to these files,

and they will be asked to sign a document that they agree to maintain the confidentiality of the

information.

Safety considerations

We anticipate that this study will entail minimal physical and psychological risks for study par-

ticipants. There is a small risk to participants of sustaining an injury while participating in the

intervention. Physical injury is not anticipated, and the trained ES will provide guidance on

how to participate in resistance training, safely and effectively. Participant risk may also

include, but is not anticipated, psychological distress associated with completion of the online

questionnaires. If this occurs, study staff will speak to the participant about the difficulties that

the questionnaires have caused and will offer a referral to a mental health professional, if neces-

sary. Lastly, we are proposing a synchronous online intervention design to reduce psychologi-

cal distress and assist with the maintenance of health behaviors among participants.

In order protect against risk, all study staff are trained on the unique needs and challenges

of older cancer survivors prior to the intervention. Participants are also screened for physical

limitations prior to enrollment. If a potential participant has three or more reported physical

limitations, we will obtain a release form from each participant’s primary care physician for

involvement in the study. We also will refer to the project’s safety officer when we have ques-

tions about potential safety risks as well as any injury or symptoms due to study participation.

Lastly, provision of the educational materials, video-based synchronous dietary and exercise

sessions, and participant logs, all provide methods of addressing potential participant difficul-

ties and thus, reducing risk.

Planned analyses

Analyses will be conducted by a PhD-level statistician. The feasibility of implementing a

12-week online diet and resistance training intervention with OCS will be determined by the

study accrual rate, retention rate, and adherence rate. The study accrual rate will be calculated

by dividing the number of potential participants that passed screening by the total number of

participants started in the study after appropriate informed consent procedures. The recruit-

ment goal is set at 70 participants recruited over a 9-month period. Retention rate will be
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calculated by dividing the total number of participants initiated by total number of participants

in the study at baseline and 12 weeks (end-of-study). The retention goal for this trial is 80%. If

80% (56/70) of participants are retained at end-of-study, the retention goal for this trial will be

achieved. The primary outcome of the SPPB will be assessed at three time points: baseline,

end-of-study, and 3-month follow-up. Efficacy will be based on 12 weeks.

The SPPB score is a continuous variable, collected as the total score ranging from 0–12.

Group differences in SPPB scores over time will be tested using repeated measures ANOVA

(SAS PROC MIXED). Using the planned contrasts command, we will investigate the changes

in SPPB scores within each group, and between the intervention and control groups at end-of-

study. Descriptive statistics and frequency distributions will be used to characterize the sample.

To examine the effect of the intervention on the changes in physical function, a linear mixed

effect model will be adopted using the SAS PROC MIXED procedure. The intervention group

(intervention vs. control) and time points (baseline, end-of-study, 3-month follow-up) serve as

the categorical predictors, together with the intervention*time interaction term. A significant

intervention*time interaction effect would indicate a differential change pattern over the time

between the groups. Using post-hoc contrasts, we will compare group differences in collected

variables at each time point. Using planned contrasts command, we will investigate for each

group the change from baseline to end-of-study, from end-of-study to 3-month follow-up, and

from baseline to 3-month follow-up to capture the change patterns over the phases and Bon-

ferroni correction will be applied. A Shapiro-Wilk test, skewness, kurtosis, and Q-Q plots will

be used to assess normality of survivor baseline and end-of-study outcomes. Based on normal-

ity tests, change in participant outcome measures from baseline to end-of-study will be

assessed using paired t-tests or Wilcoxon’s signed rank tests. Analysis will be carried out using

intent-to-treat (all participants) and modified intent-to-treat (adherent participants only). All

quantitative analyses will be performed using SAS version 9.4.

Ethical considerations and declarations

All study materials and protocols have been reviewed and approved by the OSUCCC’s Clinical

Scientific Review Committee and OSU’s Institutional Review Board (2022C0220). This study

is registered on at the National Institutes of Health’s clinical trials website (NCT06016725).

Status and timeline

The study is currently enrolling participants. Participant recruitment began at the end of

August 2023 and will continue into summer 2024. End-of-study visits and subsequent analyses

will be completed by early 2025 and May 2025, respectively.

Discussion

Limitations

There are some limitations to this study. First, potential participants must have and be able to

utilize web-based computers or smartphones. This may inadvertently exclude individuals

from enrolling in the study if they do not have these resources. Another limitation is that

despite this intervention being mostly online, there are three in-person physical assessments,

which can decrease the potential participant population. However, we have found that partici-

pants are willing to drive up to approximately 100 miles to participate. The last limitation is

the limited generalizability of this study because OCS are recruited from one academic medical

center and the greater Columbus, Ohio area. Efforts to recruit a diverse participant group

include multiple recruitment strategies and less restrictive eligibility criteria.
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Dissemination and future directions

We will present the initial and final research findings at scientific conferences related to cancer

survivorship, health behavior, geriatric oncology, and geriatrics. We will upload our abstracts

and presentations to be made public when prompted by the conference organizers. The study

team will also submit manuscripts to peer-reviewed journals in the fields of cancer survivor-

ship, health behavior, geriatric oncology, and geriatrics. The research team will submit manu-

scripts to peer-reviewed open access journals and/or opt-in for open access when provided the

option. We also will deposit our data through the National Archive of Computerized Data on

Aging (NACDA), which is a NIH-funded repository. These data will be shared with investiga-

tors working in an institution with a Federal Wide Assurance (FWA) and can be used for sec-

ondary study purposes, such as finding disparities in survivorship outcomes.

The proposed study will significantly contribute to our understanding of diet and resistance

training interventions among older cancer survivors. This work will provide greater insight

into how protein and diet quality can mitigate physical function impairment, knowledge that

is currently lacking among older cancer survivors, and that promises to yield novel insights

into aging, lifestyle behaviors, and cancer survivorship. The results of this study will be used as

the foundation for a future R01 randomized controlled trial to examine the impact of a pro-

tein-focused meal delivery program and resistance exercise regimen on physical function and

sarcopenia among older cancer survivors, as determined by body composition imaging and

physical performance test batteries. We will explore additional questions through mixed meth-

ods observational research to understand motivation and the role of social support in diet and

exercise adoption and adherence among OCS.
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