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Abstract

Background: Cancer survivors face long-term health challenges posttreatment. Physical activity (PA) can help manage
cancer-related side effects and offer additional health benefits, yet up to 80% of survivors do not meet PA guidelines. Effective
and translatable PA interventions are needed.

Objective: This randomized trial assessed the feasibility, acceptability, and preliminary efficacy of a 12-week automated
Internet program for increasing moderate-to-vigorous physical activity (MVPA) among cancer survivors. A secondary aim
examined the effect of the intervention on physical and mental well-being.

Methods: Inactive (<60 min/wk of PA) cancer survivors who completed cancer-directed treatment in the past 3-12 months or
those on a stable maintenance treatment regimen were randomized to the Energize! Exercise Program or Newsletter control
condition. The Energize! Program was fully automated and involved weekly behaviorally-based video lessons, homework
assignments, exercise planning and reporting, and progressive MVPA goals (75 to 200 min/wk). Algorithm-generated
personalized feedback was provided based on PA goal attainment and homework completion. The newsletter group received
bimonthly PA education newsletters (a total of 6). Assessments occurred at baseline, 3 months (postintervention), and 6
months (following a 3-month no-contact follow-up). Feasibility was assessed via enrollment and retention rates, acceptability
was assessed via intervention engagement metrics and program satisfaction questionnaire, and MVPA was assessed via both
self-report and accelerometer (min/wk of total and “bouted” MVPA [accumulated in bouts =10 min]). Health-related outcomes
(eg, quality of life, fatigue, psychological distress, psychological symptoms, and fear of cancer recurrence) were assessed via
electronic questionnaires.

Results: Forty-six adults aged 55.2 (SD 8.3) years, with BMI mean 33.0 (SD 7.6) kg/m?; 42 (91.3%) female, and 37 (80.4%)
non-Hispanic White enrolled in this trial. Feasibility metrics indicate that 69% (46/67) of those who screened eligible were
randomized and 6-month retention among randomized participants was 94% (43/46). Acceptability was also high, as evidenced
by the percentage of lessons viewed (mean 87.7%, SD 21.3%), exercise plans submitted (mean 82.6%, SD 25.8%), homework
assignments completed (mean 77.2%, SD 25.2%), and weeks in which exercise minutes were logged (mean 85.9%, SD
22.1%). Program satisfaction ratings were higher in Energize (mean 5.8, SD 1.6; 1-7 scale) versus Newsletter (mean 3.2,
SD 1.6; P<.001). Energize! increased self-reported (92.7 min/wk), bouted (35.4 min/wk), and total (46.3 min/wk) MVPA at
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3 months (Cohen d=0.74-0.94), and these changes were partially maintained at 6 months. Increases in MVPA were smaller
among Newsletter participants (d=0.28-0.47). Group differences in health-related outcomes were minimal and mixed, favoring
Energize! over Newsletter for vitality (d=0.63) and somatization (d=0.76) at 3 months, and for depression (d=0.59) and anxiety
(d=0.51) at 6 months.

Conclusions: The automated Energize! Program is feasible, acceptable, and associated with positive changes in MVPA, yet
future studies are needed to improve MVPA long-term. Findings suggest that self-guided PA programs may be beneficial for

increasing MVPA among cancer survivors.

Trial Registration: ClinicalTrials.gov NCT05376293; https://clinicaltrials.gov/study/NCT05376293

JMIR Cancer 2025;11:¢79610, doi: 10.2196/79610
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Introduction

Early detection and improved treatments have significantly
reduced cancer mortality rates in recent years, resulting in
greater numbers of cancer survivors [1]. Currently, there are
over 18.1 million cancer survivors in the United States, and
it is estimated that rates of cancer survivorship will increase
by an additional 44% by 2040 [2]. While survivorship rates
are encouraging, cancer survivors continue to face unique
health challenges (eg, limitations in daily activities, anxiety,
depression, fear of recurrence, and persistent fatigue [3-7])
which can persist well beyond the end of cancer treatment and
reduce physical and mental health-related quality of life.

Physical activity (PA) is a modifiable lifestyle behavior
that can help ameliorate these adverse health effects and
is positively associated with numerous physiological and
psychological health benefits. Findings from the Ameri-
can College of Sports Medicine’s International Multidiscipli-
nary Roundtable indicate that there is strong evidence that
regular PA can improve common cancer-related side effects,
which include anxiety, depression, fatigue, and reductions
in health-related quality of life, physical functioning, and
cardiorespiratory fitness [8,9]. PA is also associated with
a lower risk of all-cause mortality, cancer recurrence, and
the likelihood of other comorbid chronic diseases (eg, type
2 diabetes and cardiovascular disease) [10-12]. However,
estimates suggest that only 17% to 58% of cancer survivors
achieve the national PA guideline of =150 minutes/week of
moderate-intensity PA [13-19]. Thus, translatable interven-
tions for increasing PA among the growing number of cancer
survivors are needed.

Automated, Internet-delivered PA programs, which are a
type of eHealth intervention, allow for wide-scale dissem-
ination at a relatively low cost. Pew Research data indi-
cate that 95% of Americans use the Internet [20], making
it an ideal medium for delivering behaviorally-based PA
programs, as it can reduce provider costs and reach large
numbers of individuals. Further, the cost of delivering an
automated Internet program is low, and there is no added
cost for enrolling additional participants. This is particularly
important from a translation perspective, as this type of
program does not need to be delivered by exercise physi-
ologists, physical therapists, rehabilitation professionals, or
physicians. Moreover, patients are not required to live near
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a treatment or rehabilitation center and can access the entire
intervention on their own, without time constraints, travel
barriers, or schedule limitations (eg, sessions only offered
during certain hours at specific facilities).

Although eHealth interventions are widely used to
promote PA and other lifestyle behaviors in “non-clinical”
settings or within certain chronic disease populations (eg,
cardiovascular disease and diabetes), application of these
technologies to promote PA among cancer survivors has
lagged behind [21]. Considerable progress has been made
in the past several years; however, there remains a short-
age of randomized controlled trials, with stringent investiga-
tive processes, evaluating the effects of behavioral eHealth
interventions among cancer survivors [22-24]; additional
research is clearly warranted.

This randomized trial examines the feasibility and
acceptability of a 12-week, fully automated Internet program
for increasing PA among cancer survivors and explores
the effect of this program on PA relative to a newsletter
control condition. Specifically, it uses rigorous methodology
(eg, a randomized trial and PA assessment via accelerome-
ters), incorporates essential behavior change techniques (eg,
goal setting, action planning, self-monitoring, problem-solv-
ing, and affect regulation strategies), and examines whether
intervention effects are sustained 3 months postintervention,
thereby addressing important deficits in the current body
of research. A secondary aim of this trial was to com-
pare treatment groups on measures of physical and mental
well-being over the entire study period.

Methods

Participants and Recruitment

To be eligible, individuals needed to have a confirmed cancer
diagnosis (excluding nonbasal or squamous cell carcinoma)
and have either completed all cancer-directed treatment in
the past 3-12 months or be on a maintenance treatment
regimen for which they have been stable for at least 3
months. Other eligibility criteria included being 18-70 years
of age, a BMI of 18.5 to <45 kg/m?, daily Internet access,
English speaking, and inactive, defined as engaging in <60
minutes/week of self-reported moderate-intensity PA over the
past 3 months. Exclusion criteria included current, recent, or
planned pregnancy over the next 6 months, recent (< 2 y)
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hospitalization for a psychiatric condition, or the presence
of a medical condition for which PA is contraindicated.
These broad inclusion criteria were selected to enhance the
generalizability of study findings and not limit enrollment to a
particular cancer type.

Participants were recruited via advertisements at local
oncology clinics in the greater Providence, Rhode Island area,
and via national social media advertisements (eg, Facebook).
Interested individuals could scan a QR code on physical
flyers or click on a link within a social media advertisement
to be directed to an electronic screener. This screener was
designed to assess initial eligibility by confirming that age,
BMI, ability to exercise, and PA criteria were met. Indi-
viduals deemed initially eligible based upon the electronic
screener were then contacted by a member of the research
team, and a more thorough eligibility screener was conduc-
ted via telephone. Those who continued to be eligible were
invited to a one-on-one orientation session to learn more
about the study, ask questions, and obtain informed consent.
These sessions were conducted in-person or via videoconfer-
ence (eg, Zoom).

Study Procedures and Randomization

Cancer survivors enrolled in this study and randomized
to receive the 12-week Energize! Exercise Program or a
Newsletter control condition. Randomization occurred at
baseline using sealed, opaque envelopes containing pregener-
ated allocation assignments, stratified by maintenance therapy
status (on vs off therapy) to ensure balance across conditions.
Envelopes were prepared in advance, sequentially numbered,
and opened in order of enrollment. Assessments, which
consisted of electronic questionnaires and PA measurement,
occurred at baseline, 3 months (immediately postinterven-
tion), and 6 months (following a 3-month, no-contact
follow-up period). Descriptions of each assessment measure
and treatment condition are provided in greater detail below.

Primary and Secondary Aims

The primary aims of this study were to assess the feasi-
bility, acceptability, and preliminary efficacy of the Ener-
gize! Exercise Program for improving MVPA among
cancer survivors, relative to a Newsletter control condi-
tion. Feasibility was evaluated via retention and enrollment
rates. Of particular interest were the conversion rates of
(1) those who completed the screening process who were
deemed eligible, and (2) those who screened eligible but
were eventually randomized. Acceptability was assessed
via engagement with the intervention (eg, percentage of
video lessons viewed, exercise plans submitted, homework
assignments completed, and weeks in which exercise minutes
were logged), and via the program satisfaction questionnaire.
No predetermined thresholds for feasibility or acceptabil-
ity were established before the study began. Changes in
MVPA were assessed via both self-report and accelerome-
ter (described in detail below). Secondary aims were to
examine the effect of the intervention on health-related
physical and mental well-being, which were assessed via a
series of electronic questionnaires. This trial sought to enroll
approximately 50 participants; however, no formal power
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calculations were conducted given the preliminary nature of
this study.

Energize! Exercise Program

Participants randomized to the intervention group received
the 12-week Energize! Exercise Program. This fully
automated, behaviorally-based, Internet program was
designed to increase moderate-intensity PA to a level
consistent with national recommendations. The entire
program was delivered via a study website, which could
be accessed via any web browser on a computer, tablet, or
smartphone. No human intervention contact was provided.
Each week, participants were given a prescribed exercise goal
and asked to submit an exercise plan, watch a multimedia
lesson, complete a brief homework assignment, and report
their exercise on the study website. Computer-generated,
personalized feedback messages were also provided weekly.
Each of the Energize! Program components is described in
greater detail below.

Exercise Goals

Participants were given a weekly, moderate-intensity PA
goal that started at 75 minutes/week and increased by 25
minutes/week every other week, until reaching 200 minutes
by week 11. Given that this program was designed to
increase “purposeful” moderate-intensity aerobic exercise (eg,
brisk walking and cycling), participants were instructed not
to count activities such as hatha yoga, strength training,
household chores (eg, gardening or vacuuming), or occupa-
tional activities (eg, restaurant server and postal worker),
toward their weekly aerobic PA minute goal. To promote a
regular habit of PA, participants were encouraged to exercise
5 days/week.

Exercise Planning

Beginning at week 2, participants were encouraged to plan
their exercise prior to the start of each week and submit
that detailed exercise plan via the study website. Specifically,
individuals were asked to consider their schedule for the
upcoming week and record when they planned to exercise
(ie, day of week and time of day), as well as the type and
duration of exercise they planned to do.

Multimedia Lessons

Each week, participants were instructed to watch a 10- to
15-minute video lesson. These lessons were designed to teach
behavioral principles for modifying PA behavior. During
week 1, a general overview of the program was provided
along with an exercise prescription. Other video lesson topics
included exercise planning, managing negative thoughts,
stimulus control, overcoming exercise barriers, affect and
exercise enjoyment, a midpoint check-in, managing exercise
slips, exercise motivation, turning sitting time into active
time, future-oriented mindsets, and thinking like an exerciser.

Homework Assignments

Participants were asked to complete weekly homework
assignments electronically to help apply the content from the
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video lessons to their personal lives. Each assignment was
designed to correspond to the lesson of the week and take
no longer than 10 minutes to complete. Example assignments
included the creation of an exercise routine to promote habit
formation, journaling about the value of exercise and positive
feelings associated with exercise, problem-solving around
exercise barriers, and personal self-reflection based upon
one’s progress in the program. No specific feedback was
provided to the participant based on their responses to the
homework assignments. However, as noted below, automated
feedback, based solely upon whether the participant did or did
not complete the homework assignment, was included as part
of the weekly feedback message.

Self-Monitoring of Exercise

Similar to the exercise planning component of this program,
participants were also asked to report all exercise performed
on the study website daily. This included the time of day

Unick et al

that the exercise was performed, the type of exercise, and the
number of exercise minutes.

Automated Feedback Messages

Automated, yet personalized feedback was provided weekly
based on the data input by the participant from the pre-
vious week. Twelve weeks of human-developed, tailored
messages were embedded into the study website and took into
consideration the following factors: (1) number of exercise
minutes performed, (2) whether the homework assignment
was completed or not, and (3) whether any injury, illness,
or vacation prevented the participant from achieving their
weekly exercise goal. Table 1 provides the response options
and example feedback message for each factor. Generally,
feedback messages were designed to be encouraging and
motivational, praising individuals for meeting goals and
providing support, encouragement, and specific behavioral
recommendations for when goals were not met.

Table 1. Response options used to generate weekly, algorithm-derived feedback messages and example messaging for a given week.

Response category and response options

Example feedback message

Amount of exercise reported
Response option a:

Did not report any exercise

It looks like you didn’t report any exercise this week. We hope everything is OK. Perhaps
something unexpected happened or you had a particularly busy week. Whatever the case, we hope

you can get back on track! Consider the reasons you joined this program. Try to problem-solve

Response option b:

Achieved exercise minute goal

Response option c:

Some exercise but less than half of
goal

Response option d:

Did not achieve goal, but exercised
more than half of the total goal
minutes

Homework assignment completion
Response option a:

Assignment completed

Response option b:

Assignment not completed

Atypical week
Response option a:

Injury

around your current exercise barriers. Remember that when it comes to exercise, some exercise is
always better than no exercise. You got this!

You met the exercise goal for the week - great job! Hopefully, you’re starting to get into the swing
of things and that exercise is automatically becoming part of your daily routine. The exercise goal
will be increasing to 125 minutes this week. Start thinking about how you will get those additional
25 minutes of exercise in so that you can meet your goal again next week.

Meeting the exercise goal is an important part of this program. We are glad to see that you were
able to get at least a little bit of exercise this week. Challenge yourself next week to make exercise a
priority. To help you achieve your exercise goal, you could consider adding a positive social cue.
Ask a friend, coworker or family member to join you on a walk, hike or bike ride. This is a great
strategy for adding additional accountability and for making exercise fun and social. Keep pushing
yourself this week to reach the goal. We know that you can do it!

Meeting the exercise goal is an important part of this program. We are thrilled to see that you’re
putting in great effort to reach the goal. Although you fell a little short of the goal this week, keep
pushing yourself this week. The goal will be increasing to 125 minutes. To help you achieve this
goal, you could consider adding a positive social cue this week. Ask a friend, coworker or family
member to join you on a walk, hike or bike ride. This is a great strategy for adding additional
accountability and for making exercise fun and social.

It’s awesome to see that you have completed the homework this week! Hopefully, this homework
will help you in the future to identify inactivity cues in your daily life and determine which ones
you can replace with cues for activity. As you go about the week, keep thinking about ways that
you can add more active cues to your home or work environment.

A big part of this program is the homework that we assign each week. We think that it’s important
to complete the assignment so that you can spend more time reflecting on what you learned in the
lesson. You can still go back and complete the homework from last week. Take some time to do
that now. Also, what got in the way of you completing the homework last week? If you simply
forgot about it, try setting a reminder on your phone that prompts you at a certain time each week to
complete your homework.

It looks like last week was a little atypical for you due to an injury. We hope that it isn’t anything
serious and that you start to feel better soon! Please reach out to us if this injury persists.
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Response category and response options

Example feedback message

Response option b:

Illness

It looks like last week was a little atypical for you due to an illness. We hope that you are feeling
better! Once you feel back to normal, make it a priority to get back to your exercise routine. Please

let us know if your illness continues for over 2 weeks.

Response option c:
Vacation

It looks like last week was a little atypical for you due to vacation. We hope that you had a great
time! While vacation can sometimes be challenging because we get out of our routines, many times

we can still find ways to be active while away. If you are still going to be on vacation this week, try
to think of creative ways to exercise so that you can reach your goal. If you are home from vacation,
make it a priority to get back in an exercise routine this week.

Newsletter Condition

Participants randomized to the Newsletter condition,
considered the wusual care control condition, received
newsletters twice per month for 3 months. Consistent
with information available to individuals via the National
Cancer Institute and traditional survivorship care plans,
these newsletters focused on the general and cancer-spe-
cific health benefits of regular PA and reduced sedentary
time and included recommended PA guidelines and general
information for initiating aerobic PA, strength training, and
flexibility programs. Other topics included were exercise
safety, methods for gauging exercise intensity, an activity
of the month (eg, Zumba, swimming, etc), and motivational,
exercise-related stories from cancer survivors. Strategies for
facilitating PA behavior change were not included in these
newsletters.

Assessment of PA

Moderate-to-vigorous physical activity (MVPA) was assessed
at baseline, 3, and 6 months via both accelerometer and
self-report. The Actigraph GT9X Link accelerometer [25-27]
was worn on the waist for 7 consecutive days, during all
waking hours (exclusive of bathing or water activities), at
each assessment period. Participants were required to have >4
“valid” days (ie, =8 hours of wear time [28]) to be included in
the analyses. A previously published cutpoint (=1952 activity
counts/min) was used to define MVPA [26] and weekly
MVPA performed in bouts =1 minute (total MVPA) and
=10 minutes (bouted MVPA) were computed using ActiLife
software (version 6.13.5; ActiGraph, LLC).

Self-reported PA was assessed via a modified version
of the Paffenbarger Physical Activity Questionnaire [29].
At each assessment period, participants were queried by
research staff regarding their PA over the previous 7 days.
Specifically, participants were asked to report the number of
days and minutes per day spent (1) walking briskly for the
purpose of exercise or transportation (eg, outside, indoors,
or on a treadmill) for at least 10 consecutive minutes, and
(2) engaging in sports and recreational activities, excluding
occupational and household activities (eg, cleaning, laundry,
and yard work). Minutes per week spent brisk walking and
engaging in sports and recreational activities were summed to
compute total minutes per week of MVPA.

Questionnaire Measures

To address the secondary aim of comparing treatment groups
on measures of physical and mental well-being, participants
completed a series of questionnaires at each assessment
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period via REDCap (an online platform; Vanderbilt Univer-
sity). Health-related quality of life was assessed using the
36-Item Short Form Survey Instrument (SF-36) [30]. This
previously validated and widely used questionnaire measures
8 domains of health status: physical functioning, physical role
limitations, bodily pain, general health perceptions, vitality,
social functioning, emotional role limitations, and mental
health. Higher scores on each subscale indicate a more
favorable quality of life. Fatigue was assessed using the Brief
Fatigue Inventory, which has been previously validated in a
cancer population [31]. This measure assesses the severity
of fatigue and the impact of fatigue on daily functioning by
querying individuals regarding fatigue over the past week,
current fatigue, and usual and worst fatigue in the past 24
hours. An overall fatigue score was calculated, with higher
scores indicating more severe fatigue. Psychological distress
was assessed using the single-item Distress Thermometer
developed by the National Comprehensive Cancer Network
[32]. Individuals are asked to rate their distress on a scale of
0-10, with scores =4 typically suggesting clinically significant
distress. The Brief Symptom Inventory-18 [33] is widely
used to assess psychological symptoms in cancer survivors
and has 3 subscales (somatization, depression, and anxiety)
and a global score (Global Severity Index, which reflects
the overall level of psychological distress). Higher scores
on all subscales indicate greater psychological distress. The
Fear of Recurrence Inventory — Short Form [34] assessed the
intensity of fear related to the possibility of cancer returning.
A total score was computed, with higher scores reflecting a
greater severity of fear of cancer recurrence.

Statistical Analysis

The statistical analyses for this study were conducted using
mixed-effects models to evaluate the impact of the pro-
gram on various PA and psychological outcomes. The
primary outcomes analyzed included self-reported MVPA,
total MVPA, and bouted MVPA over time. Since this was a
pilot study with a relatively small number of participants, we
focus on effect sizes rather than P values.

For each outcome, mixed-effects models were used,
incorporating random intercepts for participants to account
for the repeated measures design of the study. These
models included fixed effects for time points, treatment
arms, and their interaction, as well as baseline values
of each outcome to control for initial differences across
groups. Additional covariates such as age, BMI, weight,
sex, education, racial and ethnic minority status, maintenance
therapy, days since treatment completion, and daily wear time
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(for accelerometer-based outcomes) were also included. All
mixed-effects models were fitted using maximum likelihood
estimation so that participants with incomplete data could
be included with all available observations. This approach
assumes that the data are missing at random, with missing-
ness depending only on observed variables in the model
(eg, baseline outcome, demographics, and clinical covari-
ates). For accelerometer outcomes, analyses were restricted
to assessments with >4 valid wear days, and daily wear time
was included as a covariate. The primary interest was in the
interaction between treatment arms and time points, which
was used to evaluate whether changes in PA differed between
the 2 groups (Energize! and Newsletter) at each time point
(baseline, 3 months, and 6 months).

Post hoc pairwise comparisons of estimated marginal
means were conducted to assess changes from baseline to
3 months and baseline to 6 months within each randomiza-
tion group. Bonferroni corrections were applied to adjust for
multiple comparisons. To further interpret the results, effect
sizes were calculated using standardized mean differences
(Cohen d), where 0.2 is considered a “small” effect, 0.5 is a
“medium” effect, and 0.8 is a “large” effect.

Ethical Considerations

Study procedures were approved by the Lifespan Institu-
tional Review Board (Lifespan IRB 3, project # 1850077).
Written or electronic informed consent was obtained by all
participants prior to initiating any study procedures. All study
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data collected were deidentified and stored on a secure server.
Participants were compensated US $25 in the form of cash
or a gift card upon completion of assessment procedures at
3 and 6 months (for a total compensation of US $50). No
compensation was provided for baseline assessments.

Results

Principal Results

Forty-six cancer survivors were randomized to the Energize!
Program (n=23) or Newsletter condition (n=23; Figure 1).
On average, participants were 55.2 (SD 8.3) years of age,
had a BMI of 33.0 (SD 7.6) kg/m?, 91.3% self-reported as
female (42/46), and 80.4% were non-Hispanic White (37/46).
Among the sample, 69.6% were breast cancer survivors
(32/46; vs “other” cancer type), 65.2% were on a mainte-
nance therapy regimen (30/46), and on average participants
were 684.7 (SD 861.5) days posttreatment. From a health
literacy perspective, only 1 participant indicated “sometimes”
having someone help them read instructions, pamphlets, or
other written material from their doctor or pharmacy [35].
Participants also rated the importance of exercise in their
lives as moderately high, mean 5.0/7.0 (SD 1.5), which was
significantly higher than prior to their cancer diagnosis, mean
3.9 (SD 1.3; P<.001). There were no differences between
treatment groups on any baseline demographic characteristics
(Table 2).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram depicting patient flow through the trial.
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* M=140 completed the phone screen, but 37 of those didn't first complete the online prescreen (i.e., they contacted research staff directly);
Retention numbers at follow-up assessments were calculated based upon whether physical activity portion of assessment was completed

Table 2. Comparison of baseline characteristics of study participants.?

Total Energize Newsletter
Variables (N=46) (n=23) (n=23) P value
Age (years), mean (SD) 552 (8.3) 544 (7.9) 56.0 (8.8) 52
BMI (kg/m?2), mean (SD) 33.0(7.6) 33.0094) 330054 =99
Weight (kg), mean (SD) 88.5(15.5) 87.8 (13.6) 892 (17.5) 77
Biological sex, n (%) A1
Female 42 (91.3) 19 (82.6) 23 (100.0)
Male 4@8.7) 4(17.4) 0(.0)
Race and ethnicity, n (%) 46
Non-Hispanic White 37 (80.4) 20 (87.0) 17 (73.9)
Other 9 (19.6) 3(13.0) 6(26.1)
Education, n (%) 49
College degree or higher 35(76.1) 19 (82.6) 16 (69.6)
Less than college degree 11 (23.9) 4(17.4) 7@(304)
Cancer type, n (%) 34
Breast cancer 32 (69.6) 14 (60.9) 18 (78.3)
Other? 14 (30.4) 9(39.1) 521.7)
Maintenance therapy, n (%) =99
Yes 30 (65.2) 15 (65.2) 15 (65.2)
No 16 (34.8) 8(34.8) 8(34.8)
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Total Energize Newsletter
Variables (N=46) (n=23) (n=23) P value
Duration since end of treatment (days), mean (SD) 684.7 (861.5) 665.0 (728.5) 703.6 (988.5) .88
Ex importance prior to cancer 3.9(1.3) 3.9(1.3) 39(14) >.99
Ex importance after cancer 5.0(1.5) 47(1.4) 5.2 (1.6) 34

4Mean (SD) for continuous variables and n (%) for categorical variables.

bOther categories include: colorectal (n=2), esophageal (n=1), melanoma (n=2), liver (n=1), uterine (n=2), lung (n=2), more than one type (n=4).

Feasibility and Acceptability Metrics

Study enrollment (n=46) was consistent with the targeted
goal of approximately 50 participants. Feasibility metrics
indicate that 48% of those who completed the screen-
ing process were deemed eligible (67/140), and of those
who were deemed eligible, 69% were randomized (46/67).
Further, retention at 3 and 6 months was 96% (44/46)
and 94% (43/46), respectively. Acceptability was assessed
via intervention engagement and program satisfaction. On
average, Energize! participants watched 87.7% (SD 21.3%)
video lessons (10.5/12), submitted an exercise plan on 82.6%
(SD 25.8%) of weeks (9.9/12), completed 77.2% (SD 25.2%)
of all homework assignments (9.3/12), logged their exercise
minutes on 85.9% (SD 22.1%) of all weeks (10.3/12), and
achieved their prescribed exercise goal on 56.5% of all weeks
(6.8/12; weeks 1-6: 70.3%, weeks 7-12: 42.8%). When asked
to rate the usefulness of each of the intervention elements (via
Likert scales 1-7), participants rated exercise planning (mean
5.0, SD 2.0) and exercise self-monitoring (mean 5.0, SD 2.0)
as most useful, followed by video lessons (mean 4.7, SD
1.7), feedback messages (mean 4.3, SD 1.6), and homework
assignments (mean 4.2, SD 1.8). Further, compared to the
Newsletter condition, Energize! participants reported higher
program satisfaction (mean 5.8, SD 1.6 vs mean 3.2, SD 1.6;
P<.001), usefulness of the program (mean 5.6, SD 1.5 vs
mean 4.2, SD 2.1; P<.001), and reported a higher likelihood
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of recommending the program to others (mean 5.9, SD 1.4 vs
mean 4.8, SD 1.9; P=.001).

Physical Activity Outcomes

On average, participants had 6.4 (SD 1.1) “valid” days of
accelerometer wear time, and the device was worn for mean
13.3 (SD 1.7) hours/day across all time points. Changes
in MVPA over time by treatment arm are shown in Fig-
ure 2. Mixed-effects models revealed that the interaction
between randomization group and time was not significant
for any of the MVPA variables from either baseline to 3
months (P>.14, d=0.36-0.51) or baseline to 6 months (P>.41,
d=-0.07 to 0.34). However, effect sizes for the change in
PA from baseline to 3 months for Energize! participants
were in the medium-to-large range, with mean changes
as follows: +92.7 minutes/week for self-reported MVPA
(P=.01; d=0.94), +46.3 minutes/week for total MVPA (P=.06;
d=0.74), and +35 .4 minutes/week for bouted MVPA (P=.04;
d=0.81). Among the newsletter conditions, no significant
3-month changes in MVPA were observed, and effect sizes
were “small” for self-reported MVPA (+46.0 min/wk; P=.40;
d=0.47), total MVPA (+17.2 min/wk; P=.99; d=0.28), and
bouted MVPA (+17.8 min/wk; P=.61; d=0.41). Changes from
3 to 6 months were not significant for either Energize!
(P=.99, d=0.19-0.26) or Newsletter (P>.95, d=0.02-0.32).
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Figure 2. Change in (A) self-reported moderate-to-vigorous physical activity, (B) total moderate-to-vigorous physical activity, and (C) bouted
moderate-to-vigorous physical activity over time by treatment arm. MVPA: moderate-to-vigorous physical activity.
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Questionnaire Measures

Table 3 reports the mean scores for all questionnaire
measures over the 6-month study period and compares
treatment groups at 3 and 6 months. Comparisons between
Energize! and Newsletter with medium-to-large effect sizes
(eg, =0.5) are highlighted below. At 3 months, the vital-
ity subscale of the SF-36 (d=0.63) and the somatization
subscale of the Brief Symptom Inventory (d=0.76) were

Unick et al

more favorable in Energize! compared to the Newsletter. At
6 months, outcomes favored Energize! over Newsletter for
the depression (d=0.59) and anxiety subscales (0.51) of the
Brief Symptom Inventory. However, Newsletter improved
more than Energize! on the bodily pain (d=-0.85) and general
health (d=—1.26) subscales of the SF-36 and on the Brief
Fatigue Inventory (d=0.61).

Table 3. Questionnaire measure scores by treatment arm at baseline, 3, and 6 months a

P P
valu Cohen value Cohen
e(3 d(@3 (6 d(6
mon months month months
Variables Baseline 3 months 6 months ths) ) s) )
Energize Newsletter Energize Newsletter Energize Newsletter
(n=23) (n=23) (n=22) (n=22) (n=22) (n=19)
Health-related quality of life, mean (SE)
Physical 78.74 (4.19)  77.64 (4.61) 80.36 (4.21) 81.63(4.59) 78.88(4.33) 81.514.78) 79 -0.10 .58 -0.20
functioning
Role physical 55.51(9.55) 45.64(10.69) 5326(9.6) 47.44(10.7) 49.57(9.95) 58.36 61 0.18 A5 -0.28
(11.37)
Role emotional 6592 (8.46)  58.15(9.26) 81.94 (8.51) 77.17(9.25) 72.05(8.82) 69.26(9.77) .63 0.17 79 0.10
Vitality 3743 (4.37) 3542 (4.74) 51.67(44) 4404 (4.71) 4832(451) 4629(4.86) .10 0.63 67 0.17
Mental health 69.66 (2.76)  68.39 (3.04) 76.89 2.77) 74.75(3.03) 77.51(2.85) 745 (3.14) 48 027 33 0.37
Social 69.67 (4.61)  63.4(5.03) 7892 (4.63) 73776 (5.03) 7998 (4.8) 7843(529) 34 034 78 0.10
functioning
Bodily pain 66.87 (4.67)  60.63 (5.37) 67.65(4.68) 66.11(54) 5992(4.82) 719 (5.6) 78  0.11 04 —0.85
General health 56.28 (2.76)  56.01 (3.12) 5786 (2.77) 59.6(3.07) 555(2.86) 6548(3.17) 57 -022 002 -1.26
Brief Fatigue 3.84 (043) 434 (0.47) 346(044) 4047) 3.87(044) 3.06(049) 28 -4l 12 .61
Inventory
Psychological 2.24(0.53) 2.31(0.61) 2.32(0.55) 224(0.61) 2.03(0.56) 1.54(0.63) .89 0.05 46 0.28
distress
Brief Symptom Inventory
Somatization 346 (0.64) 3.75(0.73) 342(0.65) 4.71(0.73) 3.93(0.65) 3.44(0.75) 06 -076 48 0.29
Depression 3.28 (0.77) 3.95(0.9) 34 (0.78) 3.51(0.89) 205(0.79) 3.37(0.92) 91 -005 .14 -0.59
Anxiety 2.82(0.62) 2.76 (0.69) 275(0.64) 2.75(0.68) 2.03(0.65 3.01(0.71) >99 0.00 17 -0.51
Global 9.69 (1.5) 10.71 (1.71) 9.7 (1.52) 11.19(1.7) 807(1.54) 1007 (1.76) .38 -033 25 -0.44
Fear of cancer 13.55 (1) 14.23 (1.1) 1194 (1.01) 13.04(1.1) 12.17(1.03) 12(1.14) 32 038 88 0.06
recurrence

For all health-related quality of life subscales, higher scores are indicative of a more favorable outcome; however, higher scores for fatigue,
psychological distress, brief symptom inventory, and cancer recurrence are indicative of a less favorable outcome.

Discussion

Principal Findings

Results of this preliminary investigation support the
feasibility and short-term efficacy of a 3-month, fully
automated, web-based intervention (Energize!) for improv-
ing MVPA among cancer survivors. Participant retention
(>94%), weekly engagement with intervention elements
(73%-86%), and program satisfaction ratings (average of
5.8 out of 7) were high. Additionally, the Energize! pro-
gram resulted in significant increases in both self-reported
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and accelerometer-derived MVPA from baseline to 3
months. Although there was no statistical difference between
treatment groups, effect sizes for MVPA were in the small-
to-medium range, favoring Energize! over the newsletter
condition. At 6 months, there was little difference in MVPA
between treatment groups.

Comparison With Prior Work

Although changes in PA between treatment groups were not
statistically significant, within the Energize! group, partici-
pants significantly increased their MVPA from baseline to
3 months by 93 minutes/week for self-reported PA and 35
and 46 minutes/week for accelerometer-derived bouted and
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total MVPA, respectively. This magnitude of change is in
line with prior reports of PA promotion interventions among
cancer survivors [36-39], and has been suggested to be
clinically meaningful for overall health and well-being [40].
Furthermore, self-reported increases in PA, as small as 35
minutes/week, have been shown to reduce cancer-specific and
all-cause mortality, underscoring the relevance of the results
from this investigation [41]. Finally, it should be noted that
the improvements in PA observed within the Energize! group
were partially maintained at 6 months, and full recidivism
to baseline levels did not occur, despite the absence of any
additional intervention during 3 to 6 months. While this
recidivism is disappointing, these findings are consistent with
the broader PA literature, which demonstrates the chal-
lenge of maintaining PA following an unsupervised exercise
program [42.43]. Future investigations may want to consider
extending the length of the active intervention period, adding
additional behavior change strategies that specifically target
habit formation or maintenance, or examining state and trait
level differences between those who successfully maintain
PA postintervention versus those who do not.

While effect size estimates indicate that changes in PA
were larger with Energize! compared to the newsletter
condition, the mean change in MVPA in the newsletter
group ranged from 17 to 46 minutes/week (depending on
the measurement method). This was somewhat surprising,
as newsletter participants did not receive behaviorally-based
PA promotion content. Further, we asked participants at 3
months whether they signed up for any formal exercise
programs, and only 1 participant indicated joining a weight
loss program. There may be several explanations for the
higher-than-expected PA in the Newsletter condition. First,
it is possible that being asked to wear a PA monitor and
answer questions related to PA could have prompted greater
PA, as participants may have gleaned the importance of this
behavior for study outcomes [44]. Alternatively, there are
some data to suggest that cancer survivors are often unaware
of, confused by, or not informed of PA recommendations
during cancer aftercare [45,46]; thus, providing even the most
basic information regarding the benefits of PA may have
been sufficient to stimulate some level of behavior change.
Finally, it is also possible that motivation for increasing PA
is already very high among cancer survivors who make the
decision to sign up for a PA program. This is corroborated
by past research in which participants were randomized to a
wait-list control condition, yet improvements in PA were still
observed [41]. Although we cannot pinpoint the exact reason
for the increase in PA levels in the Newsletter condition,
these findings highlight the need for further research on PA
behavior change during cancer survivorship.

Another interesting, yet not surprising, finding was the
discordance between self-reported and accelerometer-derived
PA. The results from this study are consistent with prior
research, in that accelerometer-derived bouted MVPA was
lower than self-reported MVPA [4748]. There may be
several explanations for this incongruency. First, although
the monitors used in this study were research grade, these
waist-worn activity monitors do not capture all forms of
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activity (ie, cycling, swimming, water aerobics, etc) [41,49].
Our self-report data suggest that 7%, 16%, and 19% of
participants engaged in these types of activities at baseline,
3, and 6 months, respectively. In addition, cutpoints used for
classifying accelerometer-derived MVPA were established
via validation studies in healthy individuals, yet cancer
survivors often have lower fitness levels and decondition-
ing due to treatment or fatigue. While it could be possi-
ble that activities that were indeed “moderate” based upon
a participant’s fitness level fell below the accelerometer
threshold for MVPA, our data do not support this hypoth-
esis. We conducted exploratory analyses which found that
there were no differences in light intensity PA or total PA
(which combines light, moderate, and vigorous PA) between
Energize! and Newsletter participants from pre- to postinter-
vention (data not presented). Future research should continue
to obtain both self-report and device-measured assessments of
activity to help garner a clearer understanding of PA behavior
in this population [41,49].

Another aim of this study was to examine the effect
of the Energize! Exercise program on common cancer-rela-
ted mental and physical well-being outcomes. At 3 months,
medium effect sizes, favoring Energize! over Newsletter,
were observed for vitality (ie, energy and fatigue) and
somatization (ie, the experience and expression of psycho-
logical distress through physical symptoms). At 6 months,
mixed findings were observed, with some outcomes favoring
Energize! (depression and anxiety) and others favoring
Newsletter (bodily pain, general health, and fatigue). One
potential explanation for these findings is that the magni-
tude of change in PA in Energize! (relative to Newsletter)
was not sufficient to elicit changes in the majority of the
health outcomes assessed. Another possibility is that baseline
differences between treatment groups may have made it
difficult for intervention effects to be observed (eg, the
majority of health-related quality of life scores at baseline
were significantly higher in Energize! than in Newsletter).
Nonetheless, these mixed findings are similar to meta-analy-
ses and systematic reviews of digital PA promotion interven-
tions on health-related outcomes in cancer survivors, which
have also reported mixed results [23,24,39]. Future studies
are needed to better understand factors contributing to these
discrepant findings and to determine which behavior change
techniques are most effective within web-based interventions
for modifying mental and physical well-being outcomes.

Limitations

This study has notable strengths, which include the use
of both self-report and accelerometer-derived PA measure-
ments, a no-contact intervention follow-up period to assess
the lasting effect of the intervention, and the inclusion of
individuals with varying types of cancer, which enhances
generalizability. However, it is not without limitations. First,
this was a preliminary investigation examining the effect
of the Energize! program on MVPA and cancer-related
mental and physical well-being; thus, it was not powered
to detect differences between treatment groups. While effect
size estimates are initially favorable regarding the Energize!
program, a fully powered trial is warranted. Further, the
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majority of the participants in this study were female and Conclusions
non-Hispanic White. This is common to both the broader
eHealth literature and cancer-specific literature [43,50], and
limits the generalizability of findings. Finally, while inclusion
criteria required participants to report engaging in less than 60
minutes of PA over the past 3 months on the initial eligi-
bility screener, some participants were above this threshold
at baseline. This suggests that participants may have been
highly motivated and begun to increase PA prior to the
start of the intervention, which could also have attenuated
the intervention effect. Finally, participants were in differ-
ent stages of survivorship when enrolling in this study;
therefore, it’s possible that this could have affected rates of
program engagement and changes in MVPA. Larger studies
are needed to determine if individualized tailoring could
improve outcomes.

This study supports the feasibility, acceptability, and
preliminary efficacy of the Energize! Exercise Program,
a 3-month remotely delivered PA promotion intervention
for cancer survivors. Results of the investigation indicate
participants were satisfied with the program, routinely
engaged with all study elements, and the majority were
retained for the entire study duration. PA significantly
increased from baseline to 3 months among Energize!
participants, and these increases were partially maintained
at 6 months. Future studies should investigate whether
additional components can be added to the Energize! program
to enhance PA or health-related outcomes, and whether
specific behavior change techniques could be used to promote
the long-term maintenance of PA changes.

Acknowledgments

The authors would like to acknowledge Ariana Rafanelli, BS, for her time and effort in implementing study protocols. This
study was funded by the Legorreta Cancer Center at Brown University.

Generative artificial intelligence was not used for any portion of the manuscript writing.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors’ Contributions

JLU, CD, DD, AF, and RRW were involved in the conceptualization of this study and obtaining grant funding. ZC analyzed
the data and prepared tables and figures. JLU, SYT, KO, and ZC wrote the first draft of this manuscript, and all authors
provided feedback on prior versions of the manuscript.

Conflicts of Interest

DD is a consultant for Puma and Immunogen. JLU is on the scientific advisory board of Medifast. The remaining authors have
no relevant financial or nonfinancial interests to disclose.

Checklist 1

CONSORT-eHEALTH checklist (V 1.6.2).
[PDEF File (Adobe File), 99 KB-Checklist 1]

References

1. ACS annual report: cancer mortality continues to drop despite rising incidence in women; rates of new diagnoses under
65 higher in women than men. American Cancer Society. 2025. URL: https://pressroom.cancer.org/
2025CancerFactsandFigures [Accessed 2025-09-25]

2. Tonorezos E, Devasia T, Mariotto AB, et al. Prevalence of cancer survivors in the United States. J Natl Cancer Inst. Nov
1,2024;116(11):1784-1790. [doi: 10.1093/jnci/djac135] [Medline: 39002121]

3. Bower JE. Management of cancer-related fatigue. Clin Adv Hematol Oncol. Nov 2006;4(11):828-829. [Medline:
17143252]

4.  Mitchell AJ, Ferguson DW, Gill J, Paul J, Symonds P. Depression and anxiety in long-term cancer survivors compared
with spouses and healthy controls: a systematic review and meta-analysis. Lancet Oncol. Jul 2013;14(8):721-732. [doi:
10.1016/S1470-2045(13)70244-4] [Medline: 23759376]

5. YilC, Syrjala KL. Anxiety and depression in cancer survivors. Med Clin North Am. Nov 2017;101(6):1099-1113. [doi:
10.1016/j.mcna.2017.06.005] [Medline: 28992857]

6.  Beckjord EB, Reynolds KA, van Londen GJ, et al. Population-level trends in posttreatment cancer survivors’ concerns
and associated receipt of care: results from the 2006 and 2010 LIVESTRONG surveys. J Psychosoc Oncol.
2014;32(2):125-151. [doi: 10.1080/07347332.2013.874004] [Medline: 24364920]

7. Ekwueme DU, Yabroff KR, Guy GP Jr, et al. Medical costs and productivity losses of cancer survivors--United States,
2008-2011. MMWR Morb Mortal Wkly Rep. Jun 13,2014;63(23):505-510. [Medline: 24918485]

8. Campbell KL, Winters-Stone KM, Wiskemann J, et al. Exercise guidelines for cancer survivors: consensus statement
from international multidisciplinary roundtable. Med Sci Sports Exerc. Nov 2019;51(11):2375-2390. [doi: 10.1249/MSS.
0000000000002116] [Medline: 31626055]

https://cancer . jmir.org/2025/1/€79610 JMIR Cancer 2025 | vol. 11 1e79610 | p. 12
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=cancer_v11i1e79610_app1.pdf
https://jmir.org/api/download?alt_name=cancer_v11i1e79610_app1.pdf
https://pressroom.cancer.org/2025CancerFactsandFigures
https://pressroom.cancer.org/2025CancerFactsandFigures
https://doi.org/10.1093/jnci/djae135
http://www.ncbi.nlm.nih.gov/pubmed/39002121
http://www.ncbi.nlm.nih.gov/pubmed/17143252
https://doi.org/10.1016/S1470-2045(13)70244-4
http://www.ncbi.nlm.nih.gov/pubmed/23759376
https://doi.org/10.1016/j.mcna.2017.06.005
http://www.ncbi.nlm.nih.gov/pubmed/28992857
https://doi.org/10.1080/07347332.2013.874004
http://www.ncbi.nlm.nih.gov/pubmed/24364920
http://www.ncbi.nlm.nih.gov/pubmed/24918485
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1249/MSS.0000000000002116
http://www.ncbi.nlm.nih.gov/pubmed/31626055
https://cancer.jmir.org/2025/1/e79610

JMIR CANCER Unick et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Rock CL, Thomson CA, Sullivan KR, et al. American Cancer Society nutrition and physical activity guideline for cancer
survivors. CA Cancer J Clin. May 2022;72(3):230-262. [doi: 10.3322/caac.21719] [Medline: 35294043]

Ibrahim EM, Al-Homaidh A. Physical activity and survival after breast cancer diagnosis: meta-analysis of published
studies. Med Oncol. Sep 2011;28(3):753-765. [doi: 10.1007/s12032-010-9536-x] [Medline: 20411366]

Meyerhardt JA, Giovannucci EL, Holmes MD, et al. Physical activity and survival after colorectal cancer diagnosis. J
Clin Oncol. Aug 1, 2006;24(22):3527-3534. [doi: 10.1200/JC0O.2006.06.0855] [Medline: 16822844]

Loprinzi PD, Lee H. Rationale for promoting physical activity among cancer survivors: literature review and
epidemiologic examination. Oncol Nurs Forum. Mar 1,2014;41(2):117-125. [doi: 10.1188/14.ONF.117-125] [Medline:
24578072]

LeMasters TJ, Madhavan SS, Sambamoorthi U, Kurian S. Health behaviors among breast, prostate, and colorectal cancer
survivors: a US population-based case-control study, with comparisons by cancer type and gender. J Cancer Surviv. Sep
2014;8(3):336-348. [doi: 10.1007/s11764-014-0347-5] [Medline: 24532045]

Blanchard CM, Courneya KS, Stein K, American Cancer Society’s SCS II. Cancer survivors’ adherence to lifestyle
behavior recommendations and associations with health-related quality of life: results from the American Cancer
Society’s SCS-II. J Clin Oncol. May 1, 2008;26(13):2198-2204. [doi: 10.1200/JC0O.2007.14.6217] [Medline: 18445845]
Forbes CC, Blanchard CM, Mummery WK, Courneya KS. A comparison of physical activity correlates across breast,
prostate and colorectal cancer survivors in Nova Scotia, Canada. Support Care Cancer. Apr 2014;22(4):891-903. [doi:
10.1007/s00520-013-2045-7] [Medline: 24240648]

Courneya KS, Katzmarzyk PT, Bacon E. Physical activity and obesity in Canadian cancer survivors: population-based
estimates from the 2005 Canadian Community Health Survey. Cancer. Jun 2008;112(11):2475-2482. [doi: 10.1002/cncr.
23455] [Medline: 18428195]

Nayak P, Holmes HM, Nguyen HT, Elting LS. Self-reported physical activity among middle-aged cancer survivors in
the United States: Behavioral Risk Factor Surveillance System Survey, 2009. Prev Chronic Dis. Sep 11,2014;11:E156.
[doi: 10.5888/pcd11.140067] [Medline: 25211504]

Coletta AM, Basen-Engquist KM, Schmitz KH. Exercise across the cancer care continuum: why it matters, how to
implement it, and motivating patients to move. Am Soc Clin Oncol Educ Book. Apr 2022;42(1-7):1-7. [doi: 10.1200/
EDBK 349635] [Medline: 35394822]

Swoboda CM, Walker DM, Huerta T. Odds of meeting cancer prevention behavior recommendations by health
information seeking behavior: a cross-sectional HINTS analysis. J Cancer Educ. Feb 2021;36(1):56-64. [doi: 10.1007/
s13187-019-01597-0] [Medline: 31396847]

Americans' use of mobile technology and home broadband. Pew Research Center. 2021. URL: https://www.pewresearch.
org/internet/2024/01/31/americans-use-of-mobile-technology-and-home-broadband [Accessed 2024-08-08]

Haberlin C, O’Dwyer T, Mockler D, Moran J, O’Donnell DM, Broderick J. The use of eHealth to promote physical
activity in cancer survivors: a systematic review. Support Care Cancer. Oct 2018;26(10):3323-3336. [doi: 10.1007/
$00520-018-4305-z] [Medline: 29909476]

Dorri S, Asadi F, Olfatbakhsh A, Kazemi A. A systematic review of electronic health (eHealth) interventions to improve
physical activity in patients with breast cancer. Breast Cancer. Jan 2020;27(1):25-46. [doi: 10.1007/s12282-019-00982-
3] [Medline: 31187411]

Kiss N, Baguley BJ, Ball K, et al. Technology-supported self-guided nutrition and physical activity interventions for
adults with cancer: systematic review. JMIR Mhealth Uhealth. Feb 12,2019;7(2):e12281. [doi: 10.2196/12281]
[Medline: 30747720]

Su CC, Guo SE, Kuo YW. Effects of internet-based digital health interventions on the physical activity and quality of
life of colorectal cancer survivors: a systematic review and meta-analysis. Support Care Cancer. Feb 20, 2024;32(3):168.
[doi: 10.1007/s00520-024-08369-7] [Medline: 38374448]

Matthews CE, Chen KY, Freedson PS, et al. Amount of time spent in sedentary behaviors in the United States,
2003-2004. Am J Epidemiol. Apr 1,2008;167(7):875-881. [doi: 10.1093/aje/kwm390] [Medline: 18303006]

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med Sci
Sports Exerc. May 1998;30(5):777-781. [doi: 10.1097/00005768-199805000-00021] [Medline: 9588623]

Aadland E, Ylvisdker E. Reliability of the actigraph GT3X+ accelerometer in adults under free-living conditions. PLoS
One. 2015;10(8):e0134606. [doi: 10.1371/journal.pone.0134606] [Medline: 26274586]

Miller GD, Jakicic JM, Rejeski WJ, et al. Effect of varying accelerometry criteria on physical activity: the look ahead
study. Obesity (Silver Spring). Jan 2013;21(1):32-44. [doi: 10.1002/0by.20234] [Medline: 23505166]

Paffenbarger RS, Wing AL, Hyde RT. Physical activity as an index of heart attack risk in college alumni. Am J
Epidemiol. Sep 1978;108(3):161-175. [doi: 10.1093/oxfordjournals.aje.al 12608] [Medline: 707484]

https://cancer.jmir.org/2025/1/€79610 JMIR Cancer 2025 | vol. 11 1e79610 | p. 13

(page number not for citation purposes)


https://doi.org/10.3322/caac.21719
http://www.ncbi.nlm.nih.gov/pubmed/35294043
https://doi.org/10.1007/s12032-010-9536-x
http://www.ncbi.nlm.nih.gov/pubmed/20411366
https://doi.org/10.1200/JCO.2006.06.0855
http://www.ncbi.nlm.nih.gov/pubmed/16822844
https://doi.org/10.1188/14.ONF.117-125
http://www.ncbi.nlm.nih.gov/pubmed/24578072
https://doi.org/10.1007/s11764-014-0347-5
http://www.ncbi.nlm.nih.gov/pubmed/24532045
https://doi.org/10.1200/JCO.2007.14.6217
http://www.ncbi.nlm.nih.gov/pubmed/18445845
https://doi.org/10.1007/s00520-013-2045-7
http://www.ncbi.nlm.nih.gov/pubmed/24240648
https://doi.org/10.1002/cncr.23455
https://doi.org/10.1002/cncr.23455
http://www.ncbi.nlm.nih.gov/pubmed/18428195
https://doi.org/10.5888/pcd11.140067
http://www.ncbi.nlm.nih.gov/pubmed/25211504
https://doi.org/10.1200/EDBK_349635
https://doi.org/10.1200/EDBK_349635
http://www.ncbi.nlm.nih.gov/pubmed/35394822
https://doi.org/10.1007/s13187-019-01597-0
https://doi.org/10.1007/s13187-019-01597-0
http://www.ncbi.nlm.nih.gov/pubmed/31396847
https://www.pewresearch.org/internet/2024/01/31/americans-use-of-mobile-technology-and-home-broadband
https://www.pewresearch.org/internet/2024/01/31/americans-use-of-mobile-technology-and-home-broadband
https://doi.org/10.1007/s00520-018-4305-z
https://doi.org/10.1007/s00520-018-4305-z
http://www.ncbi.nlm.nih.gov/pubmed/29909476
https://doi.org/10.1007/s12282-019-00982-3
https://doi.org/10.1007/s12282-019-00982-3
http://www.ncbi.nlm.nih.gov/pubmed/31187411
https://doi.org/10.2196/12281
http://www.ncbi.nlm.nih.gov/pubmed/30747720
https://doi.org/10.1007/s00520-024-08369-7
http://www.ncbi.nlm.nih.gov/pubmed/38374448
https://doi.org/10.1093/aje/kwm390
http://www.ncbi.nlm.nih.gov/pubmed/18303006
https://doi.org/10.1097/00005768-199805000-00021
http://www.ncbi.nlm.nih.gov/pubmed/9588623
https://doi.org/10.1371/journal.pone.0134606
http://www.ncbi.nlm.nih.gov/pubmed/26274586
https://doi.org/10.1002/oby.20234
http://www.ncbi.nlm.nih.gov/pubmed/23505166
https://doi.org/10.1093/oxfordjournals.aje.a112608
http://www.ncbi.nlm.nih.gov/pubmed/707484
https://cancer.jmir.org/2025/1/e79610

JMIR CANCER Unick et al

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item
selection. Med Care. Jun 1992;30(6):473-483. [Medline: 1593914]

Mendoza TR, Wang XS, Cleeland CS, et al. The rapid assessment of fatigue severity in cancer patients: use of the Brief
Fatigue Inventory. Cancer. Mar 1, 1999;85(5):1186-1196. [doi: 10.1002/(sici)1097-0142(19990301)85:5<1186::aid-
cncr24>3.0.co:2-n] [Medline: 10091805]

National Comprehensive Cancer Network. Distress management. Clinical practice guidelines. J Natl Compr Canc Netw.
Jul 2003;1(3):344-374. [doi: 10.6004/jnccn.2003.0031] [Medline: 19761069]

Derogatis LR. BSI-18: Brief Symptom Inventory 18: Administration, Scoring, and Procedures. NCS Pearson, Inc; 2000.

Simard S, Savard J. Screening and comorbidity of clinical levels of fear of cancer recurrence. J Cancer Surviv. Sep
2015;9(3):481-491. [doi: 10.1007/s11764-015-0424-4] [Medline: 25603948]

Morris NS, MacLean CD, Chew LD, Littenberg B. The Single Item Literacy Screener: evaluation of a brief instrument to
identify limited reading ability. BMC Fam Pract. Mar 24, 2006;7(21):16563164. [doi: 10.1186/1471-2296-7-21]
[Medline: 16563164]

Golsteijn RHJ, Bolman C, Volders E, Peels DA, de Vries H, Lechner L. Short-term efficacy of a computer-tailored
physical activity intervention for prostate and colorectal cancer patients and survivors: a randomized controlled trial. Int J
Behav Nutr Phys Act. Oct 30, 2018;15(1):106. [doi: 10.1186/s12966-018-0734-9] [Medline: 30376857]

Kanera IM, Willems RA, Bolman CAW, Mesters I, Verboon P, Lechner L. Long-term effects of a web-based cancer
aftercare intervention on moderate physical activity and vegetable consumption among early cancer survivors: a
randomized controlled trial. Int J Behav Nutr Phys Act. Feb 10,2017;14(1):19. [doi: 10.1186/s12966-017-0474-2]
[Medline: 28187725]

Rees-Punia E, Leach CR, Westmaas JL, et al. Pilot randomized controlled trial of feasibility, acceptability, and
preliminary efficacy of a web-based physical activity and sedentary time intervention for survivors of physical inactivity-
related cancers. Int J Behav Med. Apr 2022;29(2):220-229. [doi: 10.1007/s12529-021-09999-5] [Medline: 33954891
Roberts AL, Fisher A, Smith L, Heinrich M, Potts HWW. Digital health behaviour change interventions targeting
physical activity and diet in cancer survivors: a systematic review and meta-analysis. J Cancer Surviv. Dec
2017;11(6):704-719. [doi: 10.1007/s11764-017-0632-1] [Medline: 28779220]

Moore SC, Patel AV, Matthews CE, et al. Leisure time physical activity of moderate to vigorous intensity and mortality:
a large pooled cohort analysis. PLoS Med. 2012;9(11):e1001335. [doi: 10.1371/journal.pmed.1001335] [Medline:
23139642]

Golsteijn RHJ, Bolman C, Peels DA, Volders E, de Vries H, Lechner L. Long-term efficacy of a computer-tailored
physical activity intervention for prostate and colorectal cancer patients and survivors: a randomized controlled trial. J
Sport Health Sci. Nov 2023;12(6):690-704. [doi: 10.1016/j.jshs.2023.08.002] [Medline: 37591482]

Grimmett C, Corbett T, Brunet J, et al. Systematic review and meta-analysis of maintenance of physical activity
behaviour change in cancer survivors. Int J Behav Nutr Phys Act. Apr 27, 2019;16(1):37. [doi: 10.1186/512966-019-
0787-4] [Medline: 31029140]

Joseph RP, Durant NH, Benitez TJ, Pekmezi DW. Internet-based physical activity interventions. Am J Lifestyle Med.
Jan 2014;8(1):42-68. [doi: 10.1177/1559827613498059] [Medline: 25045343]

Keogh-Brown MR, Bachmann MO, Shepstone L, et al. Contamination in trials of educational interventions. Health
Technol Assess. Oct 2007;11(43):iii. [doi: 10.3310/htal1430] [Medline: 17935683]

Romero SAD, Brown JC, Bauml JM, et al. Barriers to physical activity: a study of academic and community cancer
survivors with pain. J Cancer Surviv. Dec 2018;12(6):744-752. [doi: 10.1007/s11764-018-0711-y] [Medline: 30182150]
Sander AP, Wilson J, Izzo N, Mountford SA, Hayes KW. Factors that affect decisions about physical activity and
exercise in survivors of breast cancer: a qualitative study. Phys Ther. Apr 2012;92(4):525-536. [doi: 10.2522/pt].
20110115] [Medline: 22156026]

Unick JL, Lang W, Williams SE, et al. Objectively-assessed physical activity and weight change in young adults: a
randomized controlled trial. Int J Behav Nutr Phys Act. Dec 4, 2017;14(1):165. [doi: 10.1186/s12966-017-0620-x]
[Medline: 29202850]

Dyrstad SM, Hansen BH, Holme IM, Anderssen SA. Comparison of self-reported versus accelerometer-measured
physical activity. Med Sci Sports Exerc. Jan 2014;46(1):99-106. [doi: 10.1249/MSS .0b013e3182a0595f] [Medline:
23793232]

Xiao K, Tang L, Chen Y, Zhou J, Yang Q, Wang R. The effectiveness of E-health interventions promoting physical
activity in cancer survivors: a systematic review and meta-analysis of randomized controlled trials. J Cancer Res Clin
Oncol. Feb 2, 2024;150(2):72. [doi: 10.1007/s00432-023-05546-9] [Medline: 38305910]

https://cancer . jmir.org/2025/1/€79610 JMIR Cancer 2025 | vol. 11 1e79610 | p. 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/pubmed/1593914
https://doi.org/10.1002/(sici)1097-0142(19990301)85:5<1186::aid-cncr24>3.0.co;2-n
https://doi.org/10.1002/(sici)1097-0142(19990301)85:5<1186::aid-cncr24>3.0.co;2-n
http://www.ncbi.nlm.nih.gov/pubmed/10091805
https://doi.org/10.6004/jnccn.2003.0031
http://www.ncbi.nlm.nih.gov/pubmed/19761069
https://doi.org/10.1007/s11764-015-0424-4
http://www.ncbi.nlm.nih.gov/pubmed/25603948
https://doi.org/10.1186/1471-2296-7-21
http://www.ncbi.nlm.nih.gov/pubmed/16563164
https://doi.org/10.1186/s12966-018-0734-9
http://www.ncbi.nlm.nih.gov/pubmed/30376857
https://doi.org/10.1186/s12966-017-0474-2
http://www.ncbi.nlm.nih.gov/pubmed/28187725
https://doi.org/10.1007/s12529-021-09999-5
http://www.ncbi.nlm.nih.gov/pubmed/33954891
https://doi.org/10.1007/s11764-017-0632-1
http://www.ncbi.nlm.nih.gov/pubmed/28779220
https://doi.org/10.1371/journal.pmed.1001335
http://www.ncbi.nlm.nih.gov/pubmed/23139642
https://doi.org/10.1016/j.jshs.2023.08.002
http://www.ncbi.nlm.nih.gov/pubmed/37591482
https://doi.org/10.1186/s12966-019-0787-4
https://doi.org/10.1186/s12966-019-0787-4
http://www.ncbi.nlm.nih.gov/pubmed/31029140
https://doi.org/10.1177/1559827613498059
http://www.ncbi.nlm.nih.gov/pubmed/25045343
https://doi.org/10.3310/hta11430
http://www.ncbi.nlm.nih.gov/pubmed/17935683
https://doi.org/10.1007/s11764-018-0711-y
http://www.ncbi.nlm.nih.gov/pubmed/30182150
https://doi.org/10.2522/ptj.20110115
https://doi.org/10.2522/ptj.20110115
http://www.ncbi.nlm.nih.gov/pubmed/22156026
https://doi.org/10.1186/s12966-017-0620-x
http://www.ncbi.nlm.nih.gov/pubmed/29202850
https://doi.org/10.1249/MSS.0b013e3182a0595f
http://www.ncbi.nlm.nih.gov/pubmed/23793232
https://doi.org/10.1007/s00432-023-05546-9
http://www.ncbi.nlm.nih.gov/pubmed/38305910
https://cancer.jmir.org/2025/1/e79610

JMIR CANCER Unick et al

50. Ester M, Eisele M, Wurz A, McDonough MH, McNeely M, Culos-Reed SN. Current evidence and directions for future
research in eHealth physical activity interventions for adults affected by cancer: systematic review. JMIR Cancer. Sep
20, 2021;7(3):¢28852. [doi: 10.2196/28852] [Medline: 34542415]

Abbreviations
MVPA: moderate-to-vigorous physical activity
PA: physical activity
SF-36: 36-Item Short Form Survey Instrument

Edited by Naomi Cahill; peer-reviewed by Iris Kanera, Seth Creasy; submitted 24.06.2025; final revised version received
02.09.2025; accepted 10.09.2025; published 02.10.2025

Please cite as:

Unick JL, Duffy C, Dizon D, Fenton MA, Cao Z, Oselinsky K, Tobin SY, Wing RR

Evaluation of a Translatable Web-Based Intervention for Increasing Physical Activity Among Cancer Survivors: Pilot
Randomized Trial

JMIR Cancer 2025;11:¢79610

URL: https://cancer jmir.org/2025/1/e79610

doi: 10.2196/79610

© Jessica L Unick, Christine Duffy, Don Dizon, Mary Ann Fenton, Zihuan Cao, Katrina Oselinsky, Selene Y Tobin, Rena
R Wing. Originally published in JMIR Cancer (https://cancer.jmir.org), 02.10.2025. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Cancer, is
properly cited. The complete bibliographic information, a link to the original publication on https://cancer.jmir.org/, as well as
this copyright and license information must be included.

https://cancer.jmir.org/2025/1/€79610 JMIR Cancer 2025 | vol. 11 1e79610 | p. 15
(page number not for citation purposes)


https://doi.org/10.2196/28852
http://www.ncbi.nlm.nih.gov/pubmed/34542415
https://cancer.jmir.org/2025/1/e79610
https://doi.org/10.2196/79610
https://cancer.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://cancer.jmir.org/
https://cancer.jmir.org/2025/1/e79610

	Evaluation of a Translatable Web-Based Intervention for Increasing Physical Activity Among Cancer Survivors: Pilot Randomized Trial
	Introduction
	Methods
	Participants and Recruitment
	Study Procedures and Randomization
	Primary and Secondary Aims
	Energize! Exercise Program
	Newsletter Condition
	Assessment of PA
	Questionnaire Measures
	Statistical Analysis
	Ethical Considerations

	Results
	Principal Results
	Feasibility and Acceptability Metrics
	Physical Activity Outcomes
	Questionnaire Measures

	Discussion
	Principal Findings
	Comparison With Prior Work
	Limitations
	Conclusions



