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Abstract
Purpose The study aimed to determine the feasibility of remotely delivered exercise (tele-exercise) for older, rural cancer 
survivors and to explore the effects of tele-exercise on physical function, physical activity, and patient-reported outcomes.
Methods Participants were rural cancer survivors age ≥ 60 years (79% female; mean age 70.4 ± 5.7) randomly assigned to 
the remotely delivered EnhanceFitness (tele-EF) exercise program, inclusive of aerobic, strength, and balance training and 
led by American Council on Exercise certified instructors for 1 h, 3 days/week for 16 weeks (n = 20) or to a waitlist control 
group (n = 19). We assessed feasibility, physical function, accelerometer-measured physical activity, and patient-reported 
outcomes at baseline and post intervention.
Results Among those screened as eligible, 44 (64%) consented to participate with 39 randomized after completing baseline 
measures. Attrition was equivalent between groups (n = 1, each) with 95% completing the study. The median class attend-
ance rate was 86.9% (interquartile range: 79–94%). Compared to controls, tele-EF participants had statistically significant 
improvement in the five-time sit-to-stand test (− 3.4 vs. − 1.1 s, p = 0.03, effect size = 0.44), mean daily light physical activity 
(+ 38.5 vs 0.5 min, p = 0.03, effect size = 0.72) and step counts (+ 1977 vs. 33, p = 0.01, effect size = 0.96). There were no 
changes in self-efficacy for exercise, fatigue, or sleep disturbance between groups.
Conclusions Findings indicate that tele-EF is feasible in older, rural cancer survivors and results in positive changes in 
physical function and physical activity.
Implications for Cancer Survivors Tele-EF addresses common barriers to exercise for older, rural cancer survivors, including 
limited accessible opportunities for professional instruction and supervision.
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Introduction

The number of cancer survivors is rising and projected to 
increase to 20 million by 2026, with the majority being age 
65 years and older [1]. Despite improvements in cancer 
diagnosis and treatment, cancer survivors report five comor-
bidities on average, with even more severe health conditions 
among those with obesity and inadequate physical activity 
[2]. The burden of chronic disease is even greater in rural 
residents, who have worse health outcomes and increased 
mortality risk compared to those living in urban areas [3, 4].

Participation in regular exercise confers benefits such 
as improvements in physical functioning, quality of life, 
and cancer-related fatigue among cancer survivors [5, 6]. 
Moderate-to-vigorous intensity physical activity (MVPA) 
reduces risk for many chronic diseases, in addition to 
mortality risk in cancer survivors [7]. Evidence-based 

 * Nancy M. Gell 
 nancy.gell@med.uvm.edu

1 Department of Rehabilitation and Movement Science, 
University of Vermont, 306B Rowell 106 Carrigan Drive, 
Burlington, VT 05405, USA

2 University of Vermont Cancer Center, Burlington, VT, USA
3 Department of Medicine, University of Vermont Medical 

Center, Burlington, VT, USA
4 Department of Physical Therapy Movement 

and Rehabilitation Sciences, Northeastern University, 
Boston, MA, USA

5 Department of Anesthesiology and Pain Medicine, University 
of Washington, Seattle, USA

6 Division of Gerontology and Geriatric Medicine, Department 
of Medicine, University of Washington, Seattle, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s11764-022-01292-y&domain=pdf


 Journal of Cancer Survivorship

1 3

guidelines strongly recommend multicomponent exer-
cise for people living with and beyond cancer based on 
robust evidence for the benefits [8, 9]. However, access to 
exercise programs that address the unique needs of cancer 
survivors is lacking [10], particularly in rural communities 
where cancer survivors have significantly lower levels of 
physical activity compared to those in urban areas [3, 11].

Previous work has identified unique barriers to exercise 
for cancer survivors. Known preferences for rural survi-
vors include professional guidance, home-based programs, 
and consideration of the rural environment [12, 13]. The 
majority of past interventions targeting rural cancer survi-
vors were created for breast cancer survivors, and did not 
address preferences for supervised exercise programming 
[11]. While the COVID-19 pandemic resulted in overall 
lower rates of physical activity participation among older 
adults [14], it also led to increased use and familiarity of 
technology in older adults [15]. The advances and accept-
ance of interactive videoconferencing technology provides 
a potential option for rural older adults to participate in 
remotely delivered group-based exercise programs from 
home.

EnhanceFitness (EF), an evidence-based, group exercise 
program for older adults, was adapted for remote delivery 
in 2020 [16, 17]. The development of remotely delivered 
EnhanceFitness (tele-EF), inclusive of aerobic, strength, 
balance, and flexibility exercise led by certified instruc-
tors, provides a unique and timely opportunity to engage 
hard-to-reach cancer survivors. Previous studies on the in-
person version of EF have shown effect sizes in the range of 
0.4–0.6 for physical function [18, 19], which, if replicated 
in a remote version, could provide evidence for tele-EF as a 
comparable option. Therefore, we sought to determine the 
feasibility of tele-EF for older, rural cancer survivors and to 
explore the preliminary effects of tele-exercise on physical 
function, physical activity, and patient-reported outcomes.

Methods

This was a randomized, waitlist-controlled pilot trial with 
1:1 group assignment. The trial was conducted in accord-
ance with the Consolidated Standards of Reporting Trials 
(CONSORT) for randomized pilot and feasibility trials [20]. 
Recruitment occurred between March and December 2021, 
using online forums, support groups, and patient navigator 
referrals. Recruitment was ongoing; however, the majority of 
people responded and enrolled during three targeted recruit-
ment waves. Randomization to the tele-EF intervention or 
waitlist control group took place after baseline measures 
were completed using QMinim Online Minimization, strati-
fying on age (60–74 vs.75 +) and sex [21].

Participants

Eligible participants were age 60 or older, self-reported can-
cer survivors, as defined by Stage I–III cancer history with 
completion of adjuvant chemotherapy, radiation therapy, or 
surgery for their cancer diagnosis, and residing in a rural 
community, as indicated by zip code in RUCA areas desig-
nated as 4–10 [22]. Participants were not excluded on can-
cer type. Other criteria included minimal participation in 
exercise, confirmed with baseline accelerometer measures 
(< 150 min/week MVPA consistent with “insufficient physi-
cal activity” per Physical Activity Guidelines for Americans 
[23]). Figure 1 displays participant flow from recruitment 
to study completion. All procedures were approved by the 
University of Vermont Institutional Review Board. The trial 
was registered at clinicaltrials.gov prior to the start of data 
collection (NCT04806139).

Procedures

All procedures were completed remotely. The principal 
investigator or a trained research assistant screened for 
eligibility over the phone and obtained informed consent. 
Participants completed the initial questionnaire through the 
REDCap electronic data portal (Vanderbilt University, Nash-
ville, TN) [24] or were mailed a paper copy, depending on 
preference. Physical activity and sedentary behavior were 
assessed with a thigh worn activPAL accelerometer (PAL 
Technologies Ltd, Glasgow, UK) over a 7-day period. The 
accelerometer was mailed to participants with detailed writ-
ten instructions for use. A link to a demonstration video was 
provided by email. Physical performance tests were com-
pleted on Zoom (Zoom, San Jose, CA). All measures were 
repeated after 16 weeks (post-intervention).

Intervention

Intervention participants were assigned to tele-EF after base-
line measurements were complete. Prior to starting the class, 
all participants were screened using the Screening Cancer 
Survivors for Unsupervised Moderate-to-Vigorous Inten-
sity Exercise [25] and the Screening for Physical Activity 
Readiness Questionnaire (PAR-Q) [26]. As a result of the 
screening, three participants were required to obtain medical 
clearance. Additionally, prior to starting the class, all par-
ticipants had a one-on-one technology orientation meeting 
with a research assistant. During these sessions, participants 
were guided on navigating Zoom, and room and equipment 
set-up for the exercise sessions. One participant was pro-
vided with a tablet to participate in the exercise classes, one 
participant was provided with an external camera, and one 
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participant was provided with a fish-eye lens to allow for full 
body viewing during the exercise classes. All participants 
were provided with two five-pound adjustable cuff weights 
to use during the class.

The tele-EF classes followed the procedures as prescribed 
in the Remote Class Delivery Guidance provided by Sound 
Generations [17]. An assistant joined each class to moni-
tor for safety and address technical challenges. Participants 
were invited to join the Zoom session 10 min prior to the 
start of the exercise as an opportunity for social interaction 
and to ask questions. The 1-h classes were delivered by an 
EF-certified instructor 3 days a week (Monday, Wednesday, 
and Friday) for 16 weeks and followed the prescribed format 
of a 5–8-min warm-up, 20 min of moderate intensity aero-
bic exercise, and a 3–5-min cool down. The remainder of 
the class was allocated to 20 min of progressive strengthen-
ing exercise using weights, 4–8 static and dynamic balance 
exercises, and 5–10 min of flexibility exercise. Instructors 
that have certification by the American Council on Exercise 
and undergo 12 h of training with an EF Master Trainer that 
includes audiovisual materials, live demonstration, and teach 
backs that demonstrate understanding of program protocols 
and how to modify exercises including seated options, as 

necessary. Per standard EF procedure, instructors demon-
strate two levels for each exercise with Level 1 being a less 
strenuous, often seated, version, and Level 2 being the more 
strenuous option. Participants are encouraged to choose 
either level for any exercise depending on functional ability 
and symptoms.

Waitlist control group

Participants allocated to the waitlist control group completed 
all study measurements at baseline and again after 16 weeks. 
Once the measures were complete, control group partici-
pants were invited to enroll in tele-EF classes.

Measures

Feasibility We assessed feasibility through recruitment and 
retention in the study. These metrics included identification 
of referral sources, measurement completion, and reten-
tion in each arm. Attendance was recorded for each session 
along with reasons for missing class, including technology 
challenges that limited participation. Based on previous tri-
als in cancer survivors [27, 28], we defined feasibility as 

Did not complete 
interven�on N=1

Follow-up Measures N=19 Follow-up Measures N=18

Withdrew from study
N=1

Incomplete follow-up data 
collec�on (n=3)

Lost accelerometer=2
Refused accelerometer=1

Interven�on N=20 Control N=19

Ineligible or declined (n=72)
• Current exerciser= 31
• Not available=19
• Medical conflict = 7
• Not rural/No cancer/Not 60+=8

Screened: 105

Consented: 44 Ineligible or declined (n=5)
• High baseline PA level=1
• Did not complete baseline 
     measures=4

Inquired or referred: 145

Fig. 1  CONSORT diagram
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enrollment of at least 50% of eligible participants with an 
80% retention rate. Feasibility for attendance was set at 75% 
of the sessions based on the minimum recommendation for 
cancer survivors [29, 30].

Demographic and health characteristics Self-report ques-
tionnaires were used to collect age, sex, race, education, 
marital status, employment status, health history, and can-
cer history.

Patient‑reported outcomes Physical function was assessed 
with the Patient Reported Outcome Measurement System 
(PROMIS)-Physical Function short form. This measure has 
10 items and been validated for use in multiple populations 
including cancer survivors and people with multiple chronic 
conditions [31]. Six additional domains of health-related 
quality of life (fatigue, sleep disturbance, depression, anxi-
ety, satisfaction in social roles, and pain interference) were 
assessed with the PROMIS-29. The raw scores for each of 
the seven PROMIS domains (range: 0–100) are transformed 
into T scores with a mean of 50 and a standard deviation of 
10 for the US general population. Higher scores indicate 
higher levels of the concept being measured.

Self‑efficacy for exercise Participants completed the 15-item 
“Self-Efficacy to Regulate Exercise Survey” developed by 
Garcia and King [32], which has demonstrated high internal 
consistency (Cronbach’s alpha = 0.90) and test–retest cor-
relation of 0.67 (p < 0.001). A mean self-efficacy score is 
obtained by calculating the mean of the 15 responses (range: 
0–100).

Physical performance Three tests of physical performance 
were conducted over the Zoom videoconference platform. 
A trained research assistant, blinded to group allocation, 
conducted the assessments at baseline and follow-up. Pro-
cedures for assessor training are described in the Online 
Resource. Participants were provided written instructions on 
how to prepare the testing area (e.g., chair with no arms or 
wheels, near a table or sturdy surface, video camera placed 
to allow full view of body). The tests included the five-time-
sit-to stand, 4-stage balance test, and 30-s-sit-to-stand [33]. 
Recent work has validated remote assessment of these meas-
ures [34, 35].

Physical activity and sedentary behavior were assessed 
using the activPAL4 accelerometer which has been previ-
ously validated for PA, cadence, and sedentary behavior 
in older adults and acceptability in cancer survivors [36–
38]. Participants were mailed the activPAL4, encased in a 
nitrile sleeve, and Tegaderm™ dressings. Participants wore 
the device 24 h/day for 7 days. A paper log was used to 
document any periods where the device was removed and 
for bed/wake times each day. Participants with allergies to 

the Tegaderm were provided paper tape and instructions to 
remove the device for bathing. After the accelerometers were 
returned, the data was downloaded and processed using the 
PAL software suite. Additional processing of the minute-
epoch files was conducted with a macro-enabled Excel pro-
gram. Derived metrics included mean daily MVPA based 
on the step cadence of ≥ 100 steps/min [39, 40] and light 
intensity physical activity (LPA) based on a cadence of 1–99 
steps/min sedentary time and total step counts. The activ-
PAL4 measurements were conducted at baseline and again 
at the end of the 4-month intervention period. Methods for 
identifying peak 30-min intensity and cadence outcomes are 
reported in the Online Material.

Sample size and data analysis

A goal of this pilot trial was to estimate the intervention 
effect size and its precision to help inform power calcula-
tions for a larger scale efficacy trial. We aimed to retain 15 
participants in each group to provide for nominal estimation 
(using a 95% confidence interval) of the mean changes in 
dependent variables [41]. With a sample size of 15 partici-
pants in each group, we had 80% power to detect a treatment 
effect on patient-reported physical function of 1.06 SD at 
the 2-sided 0.05 level of statistical significance. Additional 
participants were recruited to allow for up to 25% attrition 
and to ensure an optimal class size for tele-EF.

Feasibility was assessed with descriptive statistics to 
examine recruitment, measurement completion, exercise 
class attendance, and retention in each arm. Baseline char-
acteristics were compared between groups using percent-
ages or means with standard deviations (SD). Within-group 
differences for outcomes were assessed with paired-t-tests 
or chi-square tests. We used linear mixed models to assess 
group by time interactions in baseline and follow-up meas-
ures. Due to the small sample size and stratification at 
randomization on age and sex, the models did not include 
additional variables for adjustment. Effect sizes (Cohen’s 
d) for between-group differences were calculated using the 
pooled baseline standard deviation. [42]. Significance testing 
was set at 0.05 a priori. Data analysis was carried out using 
STATA 17 (Stata Corp., College Station, TX).

Results

Baseline characteristics for the study population as a whole 
and by group allocation are presented in Table 1. Partici-
pants were predominantly female (79%) with a mean age 
of 70.4 years (SD: 5.7, range 61–84). Two-thirds of par-
ticipants (67%) were classified as obese (BMI ≥ 30 kg/m2). 
The majority were breast cancer survivors (42%). More than 
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a third (37%) were employed full- or part-time. Nineteen 
participants (49%) were not able to maintain a single leg 
stand for at least 10 s. Twenty participants (72%) needed 12 
or more seconds to complete the five-time sit-to-stand test, 
indicating increased fall risk [43]. There were no statistically 
significant differences between groups on baseline measures.

Feasibility

One-hundred forty-five people responded to recruitment 
postings or were referred; of these 117 (81%) were screened 
for eligibility (see Fig. 1). Twenty-eight people (19%) did 
not respond to contact attempts after they were provided 
with inclusion criteria and study details. Among those 
screened, 46 (39%) were ineligible to participate based on 
inclusion criteria (e.g., no history of cancer, not living in a 
rural area, currently engaged in regular exercise). Among 
those screened as eligible, 44 recruits (64%) consented to 

participate, higher than our expectation of 50%. After con-
sent, four did not complete the baseline measures and one 
participant was deemed ineligible due to high physical activ-
ity levels as measured by the accelerometer. Thirty-nine par-
ticipants completed baseline measures and were randomized 
to the intervention (n = 20) or waitlist control group (n = 19). 
One intervention group participant withdrew at 9 weeks due 
to medical complications unrelated to the study and one 
control group participant withdrew prior to the follow-up 
measures. Therefore, follow-up measures at 16 weeks were 
completed by 19 participants in the intervention group (95%) 
and 18 participants in the control group (95%) resulting in a 
5% attrition between baseline and follow-up measures. Three 
participants in the intervention group did not complete the 
follow-up physical activity assessment (activPAL) due to 
losing the device (n = 2) or refusal to wear it (n = 1).

The median class attendance rate was 86.9% (interquar-
tile range: 79–94%). Participants missed classes primarily 

Table 1  Baseline characteristics of study participants

Total mean (SD) or n (%)
N = 39

Tele-EF mean (SD) or 
n (%)
N = 20

Control mean (SD) or 
n (%)
N = 19

P

Age (in years) 70.4 (5.7) 70.1 (5.3) 70.6 (6.2) 0.78
Sex
  Female 31 (79%) 16 (80%) 15 (78%) 0.87

Race and ethnicity
  White/Non-Hispanic 36 (97%) 19 (95%) 19 (100%) 0.35
  American Indian 1 (1.2%) 1 (5%) 0

Educational status
  College/University degree 33 (85%) 17 (85%) 16 (84%) 0.89

Marital status
  Married or living as married 22 (56%) 12 (60%) 10 (53%)
  Divorced/Widowed 9 (23%) 5 (25%) 4 (21%) 0.68
  Single/Never married 8 (21%) 3 (15%) 5 (26%)

Employment status
  Full time 6 (15%) 1 (5%) 5 (26%) 0.17
  Part time 8 (21%) 5 (25%) 3 (16%)
  BMI 30.5 (7.1) 31.6 (7.5)  29.3 ± 6.7 0.33

Cancer type
  Breast 16 (42%) 9 (45%) 7 (37%) 0.59
  Prostate 4 (11%) 3 (15%) 1 (5%)
  Cervical/Endometrial 6 (16%) 3 (15%) 3 (16%)
  Other 13 (33%) 5 (25%) 8 (42%)

Patient-report physical function (0–100) 46.1 (7.0) 45.2 (6.5) 46.9 (7.6) 0.43
Five-time sit-to-stand (s) 14.3 (4.4) 14.6 (5.2) 13.9 (3.4) 0.64
Single leg stand for 10 s (Y/N) 21 (54%) 10 (50%) 11 (58%) 0.62
Fatigue (0–100) 52.5 (8.6) 54.3 (7.0) 50.5 (9.8) 0.17
Sleep disturbance (0–100) 48.9 (7.6) 49.8 (7.3) 48.0 (7.9) 0.47
Mean daily MVPA (min) 4.0 (5.6) 3.0 (5.3) 5.2 (5.8) 0.24
Mean daily step counts 5598.5 (2256.5) 5082.3 (1947.0) 6172.2 (2486.7) 0.14
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because of medical appointments or illness (32%), vacation 
or family engagements (22%), and caregiving responsibili-
ties (15%). There were no serious adverse events associated 
with the intervention. Reported non-serious adverse events 
included a neck and a knee strain (exercises modified, no 
missed classes), a quadriceps strain, and a painful shoulder 
symptom re-occurrence (exercises modified, single missed 
class). One participant modified some of the standing exer-
cises due to an episode of piriformis syndrome that did not 
resolve until the exercise location was changed to a room 
without a slanted floor.

Physical function outcomes

Baseline and follow-up outcomes for patient-reported physical 
function and physical performance measures are presented in 
Table 2. Participants in the intervention group had a statisti-
cally significant improvement in the PROMIS physical func-
tion measure (+ 2.4 points, p = 0.04), the five-time sit-to-stand 
test (− 3.4 s, p =  < 0.001), and the 30-s sit-to-stand test (+ 1.9 
reps, p = 0.002) after participating in tele-EF. In contrast, the 
control group did not demonstrate significant change on the 
same measures. Group by time interaction for mean change in 
the five-time sit-to-stand test was significantly different for the 
intervention group compared to the control group (p = 0.03; 
d = 0.44). There was no significant difference between or 
within groups for change in the single leg stand balance test.

Physical activity outcomes

There were significant improvements in the intervention 
group for time spent in MVPA and LPA, step counts, and a 
reduction in time spent being sedentary (Table 3). Notably, 
time spent in LPA increased by 38.5 min (p = 0.01), mean 
daily sedentary time decreased by 56 min (p = 0.01), and 
mean daily step counts increased by 1977 steps (p = 0.003) 
after the intervention. There were no significant changes in 
the control group for the same outcomes. The between-group 
comparison showed significant differences in the physical 

activity outcomes for LPA (p = 0.03, d = 0.72), sedentary 
time (p = 0.001, d = 0.81), and total step count (p = 0.01, 
d = 0.96). Mean daily MVPA increased significantly in the 
intervention group by 3.2 min (p = 0.02). Several measures 
of cadence outcomes improved significantly among those 
in the intervention group but not in the control group (see 
Online Resource 2).

Self‑efficacy and other patient‑reported outcomes

There were no significant changes in self-efficacy between 
baseline and follow-up for either group. Changes in patient-
reported outcomes are presented in Online Resource 3. Of 
the six non-physical function PROMIS domains, there were 
no changes except for a significant increase in depression in 
the control group.

Discussion

We investigated the feasibility of remote exercise for older, 
rural cancer survivors and to examine the effects of remote 
exercise on physical function, and secondary outcomes of 
PA and patient-reported outcomes. The study was conducted 
remotely with no in-person recruitment or interaction. Despite 
this constraint, we exceeded our feasibility standards for 
recruitment and retention of older cancer survivors living in 
rural communities. Attrition was lower than expected (5% vs 
20%) with one drop-out from the exercise class due to unre-
lated medical issues and one drop-out from the control group.

The median class attendance rate of 87% was higher 
than the 64–75% reported in previous studies of in-person 
exercise classes for older adults [44, 45]. Attendance also 
exceeded the minimum recommendation of 75% attend-
ance for cancer survivors [29, 30]. Both retention and class 
attendance provide evidence that similar to in-person exer-
cise classes, EnhanceFitness classes offered 1 h, 3 days 
per week over 16 weeks which are feasible through remote 
delivery. In contrast to unsupervised work-out videos and 

Table 2  Physical function and physical performance outcomes

Bolded p-values indicate significance < 0.05

Tele-EF group 
Mean (SD) or n (%)
N = 19

Control group 
Mean (SD) or n (%)
N = 18

Baseline 16 weeks Change P Baseline 16 weeks Change p Group × time
p-value

Effect size

PROMIS Physical func-
tion (0-100)

45.5 (1.5) 47.9 (2.0) 2.4 0.04 47.1 (1.8) 47.2 (1.7) 0.1 0.94 0.22 0.33

Five-time sit-to-stand (s) 14.8 (5.3) 11.4 (3.5) -3.4  < 0.001 13.8 (3.5) 12.7 (3.1) -1.1 0.08 0.03 0.44
30-s sit-to-stand (reps) 10.9 (3.6) 12.8 (3.5) 1.9 0.002 11.4 (2.2) 12.3 (3.1) 0.2 0.19 0.21 0.33
Single-leg stand for 10 s (Y/N) 10 (53%) 11 (58%)  + 5.4% 0.60 10 (56%) 11 (61%)  + 5.4% 0.60 0.79 0.07
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fitness apps, videoconferencing provides opportunity for live 
interaction between participants and the exercise instructor. 
Real-time instruction of group-based classes helps motivate 
older adults to exercise by establishing relationships, foster-
ing social support, and receiving corrective and supportive 
feedback from instructors [46, 47].

Consistent with other pilot studies of remote exercise in 
older adults, participants in tele-EF demonstrated improved 
physical function [46, 48] with moderate effect sizes. This 
provides evidence that the frequency and intensity of tele-
EF was sufficient to improve self-reported and objectively 
measured physical function. Collectively, these outcomes 
represent functional improvements for this population at 
higher risk for falls and functional limitations. In particular, 
the improvement in the five-time sit-to-stand test suggests 
the intervention group had a reduction in fall risk. Given the 
higher fall rates in older cancer survivors [49], and designa-
tion of EF as an evidence-based falls prevention program 
[50], a future trial assessing efficacy of tele-EF on fall reduc-
tion in older cancer survivors is warranted.

After completing tele-EF, participants had an average 
daily increase of 39 min of LPA activity and close to an hour 
reduction in average daily time spent being sedentary. Fur-
ther, there was a corresponding 1977 step increase in mean 
daily step counts, which is an increase of almost one mile per 
day. In older adults, increases in light activity are associated 
with physical health and well-being [51]. Prior studies have 
estimated that replacing 30 min/day of sedentary time with 
equal amounts of light physical activity is associated with 
improved physical and cardiometabolic health, and reduced 
mortality risk [52]. Although the tele-EF intervention did 
not include explicit behavior change components, the multi-
component exercise program resulted in positive lifestyle 
changes with potential for significant health benefits.

The PA outcomes were assessed once the tele-EF pro-
gram ended. Therefore, it is not surprising that the mean 
daily increase in MVPA of 3.2 min, though statistically 
significant, was not substantial. The challenge of mainte-
nance of exercise behavior change post intervention is well 
documented [53]. Unlike many previous exercise interven-
tions for cancer survivors that did not include a maintenance 
option, tele-EF is already disseminated and available in the 
community through organizations such as the YMCA and 
senior centers. However, one limitation of the current dis-
semination model is potentially higher costs for tele-EF. Tra-
ditional EF classes incur a relatively fixed fee in securing a 
supply of dumbbells and cuff weights for use among partici-
pants whereas tele-EF requires individuals to have their own 
set of weights. A future efficacy trial will need to examine 
the additional costs of weights and technology needed for 
participation compared to the transportation cost savings. 
Although it was beyond the scope of the current study, future 
implementation studies can evaluate uptake of tele-EF for Ta
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exercise maintenance among older rural cancer survivors. 
This should include examination of continued participation 
rates in tele-EF and maintenance of improvements in those 
who continue participation versus those who do not, with 
evaluation of outcomes at least 6 months after the 16-week 
intervention ends.

Fatigue and sleep interference, common post-treatment 
symptoms among cancer survivors, improved, but not sig-
nificantly. Similarly, we did not see improvement in self-
efficacy for exercise or other patient-reported outcomes, sug-
gesting that access to supervised exercise, without additional 
intervention components, is not sufficient to see a change in 
those outcomes. As we did not limit recruitment to people 
immediately post cancer treatment, it is possible that these 
outcomes had already stabilized for the participants. Addi-
tionally, we recruited a heterogeneous group with respect to 
cancer type, which may have impacted the severity of these 
patient-reported outcomes. Longer follow-up, more precise 
dose assessments, or additional measures may help to elu-
cidate the lack of change in these outcomes.

As a pilot study, we acknowledge several limitations. The 
population recruited for the study was predominantly white, 
female, and college educated. It will be critical to include a 
more diverse population in fully powered trials to establish 
the efficacy of tele-EF for rural, older cancer survivors. This 
will require partnerships with community-based organiza-
tions and primary care and oncology practices who serve 
rural and more diverse communities, tailored communica-
tion, recruitment of trainers from the same communities, 
and multiple options for class timing [54, 55]. Addition-
ally, the sample size was not sufficient to identify changes in 
many of the patient-reported secondary outcomes. Physical 
activity measurement with accelerometers is not infallible; 
limitations of accelerometry include inability to capture 
upper extremity movement, potential for misclassification 
of intensity, and restrictions on the types of activity that 
are measured. A challenge of conducting exercise feasibil-
ity studies is the tendency for people who already exercise, 
or are interested in exercise, to be the first respondents to 
recruitment notices. Key to future implementation is the 
need for strategies to reach and recruit older rural cancer 
survivors who may not place a high value on exercise to 
participate in tele-exercise, particularly in situations where 
access is limited.

This study builds on previous work that established that 
older adults are capable of using technology to participate in 
tele-exercise, particularly when they have support and it is a 
valued activity [16, 46]. Our findings demonstrate that tele-
EF is feasible for older, rural cancer survivors and warrants 
further study given the limited access to community-based 
exercise options for cancer survivors [10], particularly in 
rural communities. Based on the positive changes and mod-
erate to large effect sizes in physical function and physical 

activity, future implementation-effectiveness studies with 
larger and more diverse populations are needed to establish 
evidence for tele-EF as an effective exercise program for 
aging cancer survivors.
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