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Background: While technology advances have increased the popularity of remote
interventions in underserved and rural cancer communities, less is understood
about technology access and preferences for home-based physical activity
programs in this cancer survivor population.

Purpose: To determine access, preferences, and needs, for a home-based physical
activity program in rural cancer survivors.

Methods: A Qualtrics Research Panel was recruited to survey adults with cancer
across the United States. Participants self-reported demographics, cancer
characteristics, technology access and usage, and preferences for a home-
based physical activity program. The Godin Leisure Time Exercise Questionnaire
(GLTEQ) assessed current levels of physical activity. Descriptive statistics included
means and standard deviations for continuous variables, and frequencies for
categorical variables. Independent samples t-tests explored differences between
rural and non-rural participants.

Results: Participants (N=298; mean age=55.2 + 16.5) had a history of cancer (mean
age at diagnosis=46.5), with the most commonly reported cancer type being
breast (25.5%), followed by prostate (16.1%). 74.2% resided in rural hometowns. 95%
of participants reported accessing the internet daily. On a scale of 0-100,
computer/laptop (M=63.4) and mobile phone (M=54.6) were the most preferred
delivery modes for a home-based physical activity intervention, and most
participants preferred balance/flexibility (72.2%) and aerobic (53.9%) exercises.
Desired intervention elements included a frequency of 2-3 times a week (53.5%)
for at least 20 minutes (75.7%). While there were notable rural disparities present
(e.g., older age at diagnosis, lower levels of education; ps<.001), no differences
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emerged for technology access or environmental barriers (ps>.08). However, bias
due to electronic delivery of the survey should not be discounted.

Conclusion: These findings provide insights into the preferred physical activity
intervention (e.g., computer delivery, balance/flexibility exercises) in rural cancer
survivors, while highlighting the need for personalization. Future efforts should
consider these preferences when designing and delivering home-based
interventions in this population.
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Introduction

The benefits of physical activity (PA) after a cancer diagnosis (1-
4) are significant but rarely realized, as up to two-thirds of survivors
remain insufficiently active (5, 6). Traditional PA interventions
designed to improve health during survivorship are center-based
and effective at managing function, mental health, quality of life,
and fatigue (7-9). Emerging evidence has highlighted growing health
disparities in rural cancer communities with little to no access to
health programs (10, 11); rural survivors tend to be less active than
their urban counterparts (12, 13) and are at increased risk of chronic
conditions and morbidity (12, 14-16). Unfortunately, the design of
traditional PA interventions aimed at eliminating health disparities
may reduce access for those cancer survivors who may stand to
benefit the most (e.g., rural, functionally impaired/disabled) (10). The
lack of accessible and effective home-based physical activity programs
(HBPAP) for rural cancer survivors is a critically unmet need (17).

As we consider the design and delivery of such programs, it is
important to understand the access barriers specific to rural cancer
survivors (18). Technological advances in recent years have expanded
the media through which PA programs can be delivered in low-access
or low-resource settings (19); however, there is concern that
leveraging such technologies may exacerbate existing health
disparities (20). The Pew Research Center has highlighted a rapidly
closing gap in technology access between rural and non-rural
Americans as of 2019 (21), but there are limited data in technology
access in rural cancer survivors specifically (22-24).

PA preferences in rural cancer survivors are arguably as
important as technology access (25). While survivors generally
prefer home-based activities with individual tailoring (22), less is
known about the extent to which these preferences also apply to rural
cancer survivors. Vallance and colleagues (26) conducted a survey of
rural breast cancer survivors in Canada and reported that no PA
counseling or programming variables were overwhelmingly endorsed,
highlighting that a “one size fits all” approach is likely not suitable for
this population (27). Indeed, “rurality” is not a monolith (28), and
more nuanced surveys in these populations are warranted.

To address these gaps, we conducted a survey of predominantly rural
adult cancer survivors across the United States. This survey aimed to: 1)
ascertain key wants and needs for a HBPAP in this population and; 2)
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identify demographic, behavioral, and preference differences between
cancer survivors who live in rural vs. more urban environments. We
hypothesized that the majority of cancer survivors would be interested in
having access to a HBPAP, with needs for unique cancer-specific features
(e.g., exercise modifications) and differences based on residential location.

Methods
Participants and study design

To be eligible to participate in the study, individuals must have been
panel members in Qualtrics who self-reported a previous cancer
diagnosis. Qualtrics is a survey sampling and administration
company that was contracted to recruit participants and deploy an
internet-based survey; this survey suite is made available to faculty and
staft through a university-wide site license. With over 20 online sample
providers, Qualtrics recruits participants from traditional, actively
managed market research panels and targets recruitment based on
contractual need. In the current study, Qualtrics targeted individuals
residing in rural locations using a 50% quota for sex. The study team
designed the survey online in Qualtrics to be primarily quantitative
with a limited number of open-ended questions that allowed for
qualitative responses. Survey protocols were reviewed and approved
by university Institutional Review Boards (protocol #202102086) and
the requirement for consent signature documentation was waived.

Development of the analytic sample

Responses from 315 individuals with a history of cancer were
collected through Qualtrics. To reduce the potential of confounding
due to favorable prognosis, we excluded individuals who reported
diagnosis of non-melanoma skin cancer or basal cell carcinoma
(n=16). Two different methods were used to ensure unique IDs: (1)
Qualtrics’ own duplicate-finding system, and; (2) “percentmatch”
program in Stata (29) to identify the percentage of shared responses
between respondents. In potential duplicate pairs with over 95%
shared responses, the ID with the least information was excluded
(n=1), leaving a final analytic sample of 298 cancer survivors.
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Measures

Demographic and
cancer-specific characteristics

Participants self-reported their current age, gender (male, female,
prefer not to say, self-describe), race (American Indian, Asian, Native
Hawaiian or Other Pacific Islander, Black, White, More than one
race), household income (categories of $15,000 from 0 to >$90,000),
highest level of education (categories spanning <high school to PhD
or equivalent), employment status (part time, full time, retired not
working, retired working part time, unemployed, full time
homemaker, other), height, weight, and residential location (urban:
city or metropolitan; suburban: outskirts of city; rural: outside of
towns and cities, sparsely populated). Participants further reported
their cancer type(s), age at diagnosis, cancer stage, recurrence (yes/
no), current treatment (y/n), and ever receipt of chemotherapy,
radiation, or surgery (y/n).

Technology and environmental access

Participants were asked to answer a series of questions regarding
access to technology, including internet, television, streaming
services, activity trackers (e.g., Fitbit), mobile phones, computers/
laptops, and tablets. Further questions such as frequency of use,
ownership vs. sharing, mobile phone type and primary usage were
prompted using skip logic depending on previous access responses.
Participants were also prompted to report any environmental barriers
that may prevent them from being as physically active as they would
like, including walkability, access to recreation facilities, safety,
transportation, and other.

Current PA behavior

The Godin Leisure Time Exercise Questionnaire (GLTEQ) (30)
was adapted for the Qualtrics survey to assess participants’ current
exercise behavior, given our interest in designing exercise-specific
programming. Participants indicated the frequency of time spent over
the past 7 days engaging in =15 minutes of strenuous (e.g., running),
moderate (e.g., fast walking), and mild/light exercise (e.g., easy
walking). Each activity category was multiplied by nine, five, and
three metabolic equivalent of task (MET) hours/week, respectively,
and then summed for a total exercise score. Total scores classified
individuals as active enough for meaningful health benefits (>24),
moderately active (14-24), or insufficiently active (<14) (30).

PA beliefs and preferences

Participants were asked if they believed cancer patients and
survivors “should be physically active” as well as their interest in
having access to a HBPAP. Those who were in favor of a HBPAP
(n=230) received further questions regarding program preferences,
including goals for completion, PA type (e.g., aerobic, balance),
intervention tailoring, program frequency, session duration, delivery
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method (e.g., computer, DVD), and a free-response question for
additional comments and preferences.

Data analysis

Descriptive statistics were calculated for all questionnaire data,
including means and standard deviations for continuous variables
and frequencies for categorical variables. Missing data was minimal
at <5% for any given question, and thus treated as missing at random.
Self-reported rurality was dichotomized (yes/no) by collapsing urban
and suburban into one category. Reported height and weight outliers
that fell outside of biological plausibility were excluded (n=32) prior
to the creation of body mass index (BMI) using the standard equation
(kg/mz) (31) and removed from BMI-specific calculations; however,
these participants’ responses to other questions were still included in
analyses. T-tests compared differences in continuous demographics,
clinical factors, technology access, and PA preferences by rurality.
Chi-square tests further compared differences in categorical factors by
rurality. All analyses were conducted in SPSS (Version 27; IBM Corp.
Armonk, NY), Stata version 17 (StataCorp, College Station, Texas),
and R [version 1.4.1717]. Significance level was set to 0.05.

Results

Demographic and
cancer-specific characteristics

Participant characteristics are detailed below in Table 1. Briefly,
participants were cancer survivors who were on average 55.2 + 16.5 years
old at survey administration with a majority female (57.4%), white
(90.3%) and overweight (BMI M=29.0 + 7.2). 49.7% were college
graduates and 40.9% were working at least part-time. 74.2% resided in
rural locations, defined as outside towns and cities that are sparsely
populated and not within commuting distance (self-reported). The most
commonly reported cancer type was breast (25.2%), followed by prostate
(16.1%) and cervical (15.1%). Of the 298 cancer survivors, 48 (16.1%)
reported multiple cancer types, in which breast, kidney, prostate and lung
cancer had the most overlap. Details of cancer types are outlined in
Table 2. Compared with non-rural survey respondents, participants from
rural areas were significantly older at the time of the survey and cancer
diagnosis (ps<.001). Fewer rural participants graduated college (p<.001),
made at least $90,000 per year (p<.001), worked at least part-time
(p<.001), and in general reported lower cancer stages (p<.001). A
smaller percentage of rural participants reported ever receiving
chemotherapy or radiation (ps<.04) or a cancer recurrence (p<.001).

Technology and environmental access

The majority of participants reported owning a television (97.7%)
and using the internet daily or at least 5 times a week (95%). Of the
99% who reported access to an electronic device (92.2% mobile
phone, 84.1% computer/laptop, 56.9% tablet), most reported
owning the device (95.3%) rather than sharing. Of those who
owned mobile phones, 86.1% used smartphones with touchscreen
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TABLE 1 Participant characteristics.
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Total Sample Rural Non-Rural
N=298 n=221 n=77
M (SD) or % M (SD) or % M (SD) or %

Age at survey administration 55.2 (16.5) 58.3 (15.4) 46.5 (16.5) <0.001
Female 57.4% 57.9% 55.8% 0.72
Race 0.03

White 90.3% 92.8% 83.1%

Black 3.4% 0.9% 6.5%

American Indian/Alaskan Native 2.3% 1.4% 2.6%

Asian 1.7% 2.7% 5.2%

More than one race 0.7% 0.9% 0%

Prefer not to answer 1.7% 1.4% 2.6%
Body mass index * 29.0 (7.2) 29.43 (6.9) 27.2 (8.1) 0.06
Annual household income >$90,000 22.8% 16.3% 41.6% <.001
College graduate 49.7% 43.4% 67.5% <.001
Working at least part-time 40.9% 32.6% 64.9% <.001
Age at diagnosis 46.5 (18.6) 49.0 (17.8) 38.8 (19.2) <.001
Cancer stage <.001

1 38.9% 43.9% 24.7%

I 26.5% 21.7% 40.3%

11 14.1% 13.1% 16.9%

v 3.7% 2.3% 7.8%
Unknown 16.8% 19.0% 10.4%
Cancer recurrence 22.5% 13.6% 48.1% <.001
Ever received chemotherapy 23.8% 23.1% 26.0% 0.04
Ever received radiation 32.6% 33.5% 29.9% 0.03

¥ n=32 biologically implausible values excluded.
and internet access. 64% of mobile phone owners did not use activity ~ PA jnterest

tracking apps. Making/receiving calls, sending messages, and surfing
the internet were the top reported mobile phone services used in the
last 3 months. 35.7% reported an environmental barrier to being
physically active; the most commonly reported barrier was walkability
(limited access to sidewalks or parks; 20.4%). Rural participants did
not differ from their non-rural counterparts on access to technology
or environmental barriers (ps>.08).

Current PA behavior

Most participants were active (54.4%), 18.1% were moderately
active, and 25.0% were insufficiently active/sedentary, as scored by the
GLTEQ (see first section of Figure 1). When examining each activity
intensity category individually, participants reported an average of
1.6, 2.3, and 3 days per week of strenuous, moderate, and light PA,
respectively. Rural participants also reported fewer days per week of
vigorous (p<.001) intensity PA.

Frontiers in Oncology

Almost all cancer survivors (99%) believed that cancer patients and
survivors should be physically active, and 77.2% were interested in a
HBPAP. The most commonly cited goals for completing a PA program
were: “become healthier overall” (77.4%), “help with fatigue and feel
more energized” (63.9%), “feel better about myself” (60%), and “lose
weight” (57.4%). 95.6% of participants believed that a PA program
would be at least moderately effective for achieving these goals.

Preferences for home-based PA

Most participants were interested in balance/flexibility (72.2%),
followed by aerobic (53.9%), yoga/Tai Chi (38.3%), and resistance/
weight lifting (37%) activities (see last three sections of Figure 1).
Most participants preferred a standard program without cancer-
specific tailoring (60.9%), because they “don’t want to think about
[their] diagnosis” (45.0%). Of those individuals who preferred a
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TABLE 2 Cancer types reported by current sample.

Total Sample

N=298

n (%)
Breast 75 (25.2%)
Prostate 48 (16.1%)
Cervical 45 (15.1%)
Melanoma 29 (9.7%)
Kidney 26 (8.7%)
Lung 21 (7.0%)
Endometrial/Uterine 16 (5.4%)
Colon or Rectal 20 (6.7%)
Leukemia 18 (6.0%)
Head & Neck 18 (6.0%)
Thyroid 15 (5.0%)
Bladder 14 (4.7%)
Ovarian 10 (3.4%)
Non-Hodgkin’s Lymphoma 8 (2.7%)
Liver 8 (2.7%)
Bone 3 (1.0%)
Other 11 (3.7%)
Multiple 48 (16.1%)

Counts and percentages do not add up to 298 and 100, respectively, due to reported multiple cancers.

tailored program, they preferred a program that “understands what
[they've] been through” (84.4%). Half of participants reported
willingness to use a HBPAP 2-3 times a week (53.5%) for at least
20 minutes per session (75.7%). On a scale of 0-100, most participants
preferred delivery via a computer or laptop (M=63.4). 77.0% of
participants reported no foreseen difficulties accessing a PA
program delivered via the above-mentioned media, and 53.0% of
participants reported that internet access was not required to
increase/optimize use. Most participants were interested in remote
delivery of counseling/guidance about how to be active safely (68.7%),
with preference for email (M=66.5), text (M=62.9), and Zoom/Skype
(M=51.6) delivery. Half were interested in access to a support group
of other survivors (50.4%). No rural differences emerged for preferred
PA modality (ps>.23) or frequency (p=.51), although a slightly larger
percentage of rural participants preferred shorter PA sessions (p=.05).
Compared with non-rural participants, rural participants had a lower
preference for DVD (p=.001) and mobile phone delivery (p=.01), and
a smaller percentage of rural participants preferred access to a support
group and PA tracker to be more active (ps<.001).

Discussion

There is an urgent need to achieve equitable access to PA
programs in underserved, rural cancer communities. To design for
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FIGURE 1
Current physical activity behavior and preferences for a future physical
activity program.

sustainability and reduce health disparities, it is important to consider
these survivors’ technology access and preferences at the outset. Our
findings suggest that rural cancer survivors are interested in receiving
HBPAPs and that survivors in the current sample have the
technological means for successfully participating in such programs.
Caution is warranted, however, in placing too much emphasis on
these results due to our survey’s digital delivery. These findings also
highlight notable differences in demographic and clinical factors
between rural and non-rural survivors, underscoring the
importance of accelerating our progress towards equitable access to
PA programs in these communities.

Over 77% of participants were interested in a HBPAP to become
healthier, feel more energized and better in general, and lose weight,
all of which are consistent with the exercise oncology literature (1,
22). The most common preferred exercise regimen (e.g., 2-3 days/
week of balance exercises and aerobic walking) in this sample of
rural cancer survivors is also the same frequency, intensity, and
modality that has been demonstrated in the literature to provide
important health benefits. A recent roundtable report by the
American College of Sports Medicine (ACSM) (1, 2) and updated
PA guidelines by the American Cancer Society (ACS) (32) report
significant health benefits with moderate-intensity activity up to 3
times per week, including reduced anxiety, depressive symptoms,
fatigue, and lymphedema, and improved health-related quality of
life and physical function. Observational studies have further
reported on survival benefits with increasing levels of post-
diagnosis PA (9, 33, 34). Consideration should be given to these
preferred features when designing home-based interventions for
rural cancer survivors, knowing that they are also likely to provide
substantial health benefits.

These preferences for a HBPAP did not differ by rurality,
although our results underscore the need for individual tailoring
to support survivors’ needs. A smaller percentage of rural
participants were interested in a support group, PA trackers, and
remote activity counseling compared with their non-rural
counterparts. More broadly, half of the current sample preferred a
cancer-specific program, while another half did not. Despite 99%
believing that cancer survivors should be physically active, only half
of participants were classified as “active” by the GLTEQ. This
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contradiction, accompanied by varied support interests, stresses the
importance of identifying PA interventions that are of high value
and can be consistently utilized by cancer survivors. One approach
may be designing flexible programs (i.e., different programmatic
tracks) that prescribe beneficial PA while also meeting participants’
individual needs. These findings support the notion that there is no
“one size fits all” approach for rural cancer survivors (26, 35),
stressing the need to understand what tools work for whom, in
what context, at what time (36). This emphasis on personalization
and equity in intervention design draws on principles of behavioral
(37) and implementation science (38, 39), signifying a shift away
from traditional approaches and toward addressing the unique
needs that arise from multiple spheres of influence (40).
Researchers should be thoughtful about what ancillary support
tools they provide and consider bringing in end users during the
design phase to draw on their expertise and systematically assess
their needs. This is a key principle of designing for dissemination,
implementation, and sustainability (D4DIS) (38) to ensure that we
are building effective, sustainable, and equitable programs.

Our finding of widespread access to and use of several
technological services and devices is consistent with recent reports
on the closing technology gap across populations. Roughly 7 in 10
rural Americans report having a broadband internet connection at
home (41), and rural adults have seen almost a 10% increase in stable
internet access since 2016 (21). Rural survivors in this sample
reported similar internet access as their non-rural counterparts,
highlighting this closing technology gap. While the COVID-19
pandemic forced many into technologies they may not have used
previously (42), our recruitment processes may also at least partially
explain the high levels of reported technology access in this sample.
All participants were active panel members for Qualtrics, and thus
were more likely to have stable internet access. It is also important to
clearly acknowledge that participants in this sample are groups
already well represented in research (e.g., White, educated, female),
and we must do better in reaching rural cancer survivors who have
been historically underserved.

Of further interest are clear differences in several demographic
and clinical factors in this sample by rural status. Compared to non-
rural participants, rural survivors were older at age of cancer diagnosis
and had lower vigorous PA levels. Rural participants also reported
lower levels of education and annual household incomes. Fewer rural
survivors reported ever receiving chemotherapy or radiation, which
could be explained by older age at diagnosis, lower cancer stage
reported by rural survivors in this sample, or limited access to the
appropriate treatments. There is conflicting evidence that rural cancer
survivors present at different stages of disease than their urban
counterparts (43-46), which speaks to the diversity of rurality and
its clinical implications across the United States. While no rural-
specific environmental barriers emerged in this sample, our results
underscore the presence of health disparities in rural communities
(12, 46, 47) and emphasize the need to improve access to safe and
enjoyable PA programs in rural settings.

These results should be interpreted in the context of their strengths
and limitations. We surveyed approximately 300 mostly rural cancer
survivors to understand technology access and preferences for a
HBPAP. This analysis had no cancer type, diagnosis, or treatment
restrictions, enrolling a wider variety of survivors than have historically
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been represented. However, this sample was comprised of
predominantly White panel members for Qualtrics, and some
important perspectives may not have been captured using this
approach. Investigators should replicate and extend these results
using different methodologies across varying geographical regions
with more questions about clinical factors (e.g., type of
chemotherapy) and behaviors (e.g., smoking history). The inclusion
of qualitative elements could also explore rich contextual factors that
drive technology access and PA preferences and spotlight other
determinants that are difficult to measure in surveys, such as
systemic racism, stigma, and culture. By design, these data were self-
reported and thus may be prone to misclassification. Self-reported
measures of physical activity can result in overestimation (48) and are
generally designed to capture only one domain of health-enhancing
activity; future studies should consider other activity assessment tools
(e.g., accelerometry, 24-hour recall) and demographic data (e.g.,
occupation) to characterize other important domains and contexts of
physical activity behaviors in rural cancer communities.

Increasing equitable access to PA programs after a cancer diagnosis
should be a top priority, with a special focus on how to leverage
technology to reduce health disparities. Our findings provide
preliminary feasibility for rural cancer survivors interest in, access to,
and preferences for a HBPAP that is comprised of balance/flexibility or
aerobic walking exercises, at least twice a week for at least 20 minutes a
session, and delivered via computer or laptop. These preferences are
consistent with cancer-specific PA guidelines for the accrual of multiple
health benefits and should therefore be given strong consideration,
alongside personalization, in the design and development of future
HBPAPs in rural cancer survivors.
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