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Abstract

Purpose: Despite the benefits of physical activity for breast cancer survivors, the majority
remain insufficiently active. Mobile health (mHealth) physical activity interventions may be a
more scalable strategy to increase activity among survivors. However, little is known about their
preferences for mHealth intervention features. This study explored survivors’ preferences for these
features.

Methods: Survivors [N=96; M4~ 55.8 (SD=10.2)] self-reported demographic and disease
characteristics, physical activity. A subset (n=28) completed a semi-structured phone interview.
Transcribed interviews were evaluated using a thematic content analysis approach and consensus
review. Following interviews, the full sample self-reported interests and preferences for
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intervention features via online questionnaires. Quantitative data were analyzed using descriptive
statistics.

Results: Five themes emerged from interview data: (1) importance of relevance to breast cancer
survivors; (2) easy to use; (3) integration with wearable activity trackers; (4) provide sense of
accomplishment and (5) variability in desired level of structure and personalization. The highest
ranked intervention features were: daily and weekly progress feedback (87.5%), newsfeed
(86.6%), activity challenges (81.3%) and scheduling tool (79.2%). Survivors were interested in
receiving progress feedback (80.2%), motivational (78.1%) and reminder (75.0%) messages.

Conclusions: Breast cancer survivors are interested in mHealth physical activity promotion
interventions but preferences varied around themes of relevance, ease of use, and enhancing
personal motivation.

Implications for Cancer Survivors: Engaging survivors in developing and implementing
remotely-delivered, mHealth activity promotion interventions may enhance their effectiveness.
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INTRODUCTION

An estimated 3 million breast cancer survivors live in the U.S. and this number is expected
to increase to 4 million over the next decade [1]. Breast cancer survivors are at an elevated
risk of chronic conditions and compromised quality of life (QOL) [2, 3]. Higher levels of
moderate to vigorous intensity physical activity (MVPA) are associated with fewer negative
treatment-related side effects, better quality of life, and improved cancer outcomes including
increased survival and reduced progression and mortality among breast cancer survivors [4,
5]. However, survivors demonstrate declines in MVPA that persist post-treatment [6]. Up to
70% do not meet public health and cancer survivor-specific recommendations of 150
minutes per week of MVPA [7-10].

Traditional MVPA interventions in breast cancer survivors incorporate intensive on-site,
one-on-one or group training or coaching which is costly and limits their scalability [11-15].
Recent data suggest the majority of breast cancer survivors can perform home-based
exercise programs safely and independently without need for supervision [16]. Interventions
which use mobile health (mHealth) technology such as text messages, smartphone apps, or
wearable activity trackers may be particularly useful for breast cancer survivors as they offer
a more scalable alternative to traditional interventions and could have much broader reach
given the increasing adoption of smartphones [17, 18]. Further, mHealth MVPA promotion
interventions, especially those including wearables, offer a unique opportunity to
continuously monitor survivors for adherence and safety which is an advance over
traditional distance-based interventions. Emerging data indicate mHealth interventions
demonstrate promising improvements in MVPA in other populations [19-22]. Recent data
also suggest technology-supported interventions [23] and wearable activity trackers [24]
may be of interest to breast cancer survivors and other survivor groups [25]. However,
engagement and continued use of mHealth MVPA promotion interventions is mixed in the
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general population [26] and only a few mHealth interventions have been conducted or are
ongoing in cancer survivors [27-30]. Thus, the National Cancer Institute has identified
developing and testing mHealth interventions in cancer survivors as a research priority [31].
Currently, little is known about the feasibility and acceptability of mHealth interventions to
promote MVPA in cancer survivors. Prior to developing and testing interventions, it is
essential to engage survivors to understand barriers and facilitators of mHealth technology
and what types of technology-supported features are of most interest. Including survivors’
perspectives increases the likelihood that mHealth interventions will be relevant, engaging
and effective [32]. Therefore, the purpose of the present study was to explore the
acceptability of various mHealth MVVPA promotion intervention features among breast
cancer survivors.

Recruitment and Randomization

All study procedures were approved by the university institutional review board. Women
were recruited through an “e-blast” sent to members of the Army of Women,® an on-line
directory that connects researchers with survivors interested in participating in breast cancer-
related research. Inclusionary criteria included: age > 18 years, diagnosed with stage I-111
breast cancer within the last 5 years, = 3 months post-primary treatment (i.e. surgery,
chemotherapy, radiation therapy), able to read, write and speak English, own a smartphone
and have access to a computer with Internet. Women who expressed an interest in
participation, were sent an e-mail further describing the study’s purpose and eligibility
criteria. This email also included a personalized link to the online screening tool. Women
who self-reported meeting eligibility criteria were automatically redirected to an online
informed consent. Study participation was limited to 100 participants for the questionnaire
portion of the study. We randomly selected a subsample of 35 women using a pre-populated
computer algorithm. Because of the qualitative and formative nature of the interview
component, the interview sample size was chosen to sufficiently capture diversity of
preferences but also achieve theme saturation.

Data Collection

Measures

We used a sequential mixed methods approach. First, the subset of participants selected for a
phone interview were emailed to schedule an interview appointment. After completion of
interviews, the questionnaires were developed based on previous findings and findings from
the interviews. All participants who consented to participate were e-mailed a secure,
personalized link to the study questionnaire. Participants received up to three reminders to
complete the questionnaires and/or schedule a phone interview.

Interviews—Interviews were conducted by an expert in physical activity and cancer
survivorship. Interviews followed a semi-structured interview guide developed by the
research team (see Supplementary Table 1). All interviews were audio recorded and
professionally transcribed.
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Online Questionnaire

Demographics and Health History.: Survivors provided demographic information

including age, race/ethnicity, income, education, and height and body weight to calculate
body mass index. They also reported date of cancer diagnosis, disease stage and treatment.

Physical Activity.: Participants indicated the number of times per week they engaged in
MVPA on average in a given week over the previous 6 months and the average number of
minutes of each session. These two questions were slightly adapted from the Health
Information National Trends Survey to provide additional details on the definition of
moderate to vigorous physical activity. The total times per week was multiplied by minutes
per session to obtain total minutes of MVPA.

mHealth I ntervention Feature Preferences.: Instructions for this portion of the survey
explained that study findings would be used to inform the development of a completely
remotely-delivered (i.e. no in-person contact), mHealth intervention that would use a
smartphone application (app) and was designed to help breast cancer survivors make gradual
progress towards meeting the public health recommendations of 150 minutes per week of
MVPA each week. Participants were asked about their preference regarding a number of
potential intervention features including educational content, specific app features (i.e.
newsfeed, symptom tracker, scheduling tool), physical activity tracking and feedback,
symptom tracking and text messages/app notifications (see Table 1). Survivors indicated
whether they liked/disliked/were unsure (multiple choice) about most features and provided
feedback on the potential content (i.e. type of messaging, topics to be covered) and structure
of features such as delivery mode (i.e. text message, phone) or format (physical activity
feedback), willingness to share data, and desire to have data shared. Survivors were provided
with descriptions of the potential features and, when appropriate, images of what the feature
might look like (i.e. feedback format). These questions were based on previous findings
from a needs assessment in breast cancer survivors [23]. We also asked about preferences for
social features. However, given the breadth of information obtained on this topic, we
analyzed and reported on those data separately [33].

Data Analyses

Descriptive statistics including means and standard deviations (continuous variables) and
frequencies (categorical variables) were calculated for all questionnaire data including
demographic and disease characteristics, weekly minutes of MVPA, and beliefs about
specific mHealth MVPA promotion intervention features. Logistic regression was used to
determine whether participant characteristics including: race (White v. non-White); ethnicity
(Hispanic/Latina v. Non-Hispanic/Latina); employment status (employed v. not employed);
age (continuous); education (=college degree v. <college degree); time since treatment
(continuous); disease stage (continuous); treatments received (i.e. chemotherapy, radiation,
endocrine/hormone therapy) (yes v. no), health status (continuous) or meeting MVPA
guidelines (yes v. no) influenced preferences. Questions with three response items were
recoded into two categories (Yes and No/Not sure) to create binary variables. All analyses
were conducted in SPSS V.22 [34].
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For interview data, an iterative, multi-step inductive approach was used to deduce underlying
concepts [35]. Key themes were identified through thematic text analysis using an inductive
approach [36-38]. First, two research team members independently read through interview
transcripts and identified relevant content. Second, the two team members compared content
codes and iteratively developed a coding scheme (i.e. code names and meanings) to describe
and summarize relevant content. The coding scheme was reviewed by the larger research
team to achieve consensus. Third, transcripts were read by two independent coders who
assigned codes to relevant content. Discrepancies in coding were resolved through
discussion with the larger research team. Then, the larger research team met to organize
codes into larger thematic categories based on conceptual similarities and a priori research
questions. Consensus was reached through discussion. Finally, two team members
independently reviewed the narrative content within each thematic category, summarized
findings and identified illustrative quotes. The pair reviewed any inconsistencies, and
discrepancies were resolved through iterative consensus. NVivo 11.0 [39] was used to
organize narrative content within thematic categories.

Initially, 259 women expressed interest in participating. As the study goal was originally set
at 100, recruitment ceased after 104 eligible participants were consented. Of these, 96
completed the online questionnaire. Of the 35 women randomly selected as an interview
subsample, 28 completed the interview. Demographics and disease characteristics for the
full sample and interview subsample are presented in Table 2. In the full sample, women
were on average 55.8 £10.2 years of age. The majority of women were white (92.7%), had
at least a college degree (83.7%), employed at least part-time (70.6%), and were 27.5

(+ 15.1) months post-treatment on average. Survivors reported engaging in 140.8 £123.6
minutes of MVPA per week. Participants who completed interviews had similar
demographics to the full sample of participants

Five main themes emerged about the preference for mHealth interventions from the
interview data: (1) importance of relevance to breast cancer survivors; (2) easy to use; (3)
integration with wearable activity trackers; (4) provide sense of accomplishment and (5)
variability in desired level of structure and personalization. The desire to socially connect to
other survivors also emerged as a theme. However, because there were so many subthemes
under this topic area, we decided to analyze and present those data separately [33]. Interview
questions are presented in Supplementary Table 1 and illustrative quotes related to each
theme are provided in Table 3.

Theme 1: Importance of relevance to breast cancer survivors—Women expressed
a desire to have the program be relevant to their experiences as a breast cancer survivor.
While they felt there was a lot of information available for the general public regarding
MVPA, they were unsure whether this information applied to them as cancer survivors and
liked the idea of having the intervention content be very specific to breast cancer survivors.
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Women were also interested in having the program provide the latest evidence-based
information and research studies on benefits and harms/risks of exercise for breast cancer
survivors. They felt that making a clear linkage to their experience as a cancer survivor
would serve as a reminder to them why being physically active is so important and
encourage them to do more. Further, they wanted the program to take into account common
side effects of treatment and provide modifications and recommendations for exercises to
address these side effects. Women were also interested in knowing what other, similar
survivors had done to become and stay active as well as hearing about “success” stories.

Theme 2: Easy to use—Survivors were very interested in the idea of having a
smartphone app to monitor and promote MVPA for breast cancer survivors because they felt
apps were easy to check and they almost always had their phone with them. However, they
cautioned that a major barrier to using technology to promote MVPA could be survivors’
level of tech savviness and the desire some people have to disconnect from technology.
Survivors were clear that a technology supported intervention and specifically an app should
be user-friendly and not overly complex. They wanted app features that were easy to read,
engaging and visually appealing. They wanted to be able to navigate the app quickly and
efficiently in terms of activity tracking and feedback. This included a desire for the
technology to provide straightforward, clear, interpretable goals and feedback so they could
easily see what they needed to do, evaluate their daily, weekly and monthly progress and
identify what they need to improve upon.

Theme 3: Integration with Wearables—Survivors endorsed the use of wearable
activity trackers to promote MVPA. Although wearables were not explicitly discussed as the
only means to track activity throughout the interviews. Participants seemed to assume a
wearable activity tracker would be used indicating this was like an essential feature.
Participants indicated they were interested in a wearable that was easy to use, communicated
seamlessly with an app and provided easy to access activity data. Because such wearables
could be worn unobtrusively most of the time, many believed they would make it easier to
track their progress and accomplishments, provide positive reinforcement, hold them
accountable and serve as a reminder to be more active and accomplish their goals. They
wanted a wearable to capture physical activity not only resulting from aerobic exercise, but
also from other types of exercise (i.e. resistance training, yoga) and from activities of daily
living (i.e. household chores and shopping). Many survivors were concerned about not
receiving credit for all the activities they completed for both exercise and for their daily
living. They also expressed frustrations they felt with perceived inaccuracies in
commercially available wearable activity trackers. Regardless, survivors overwhelmingly
indicated a strong preference for the use and integration of wearable activity trackers as the
primary method for tracking, as opposed to other tracking options such as manual entry of
activity, recording session timings or GPS tracking because they were easy to use and did
not require them to carry their phone to have their activity count. However, most women also
wanted the flexibility to manually enter physical activities in the event they forgot to wear
the tracker, it malfunctioned or it did not capture the activity they were doing. Finally,
women did not want to have to carry around their phone in order to participate in the
intervention.
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Theme 4: Encouraging and Provides Sense of Accomplishment—Most
participants indicated a strong desire to have the program be positive and provide a sense of
accomplishment. Women generally liked the idea of an app holding them accountable and
keeping them oriented and working towards a goal. However, women suggested that
repeatedly not being able to meet high activity goals would lead to frustration and
disengagement. They thought it was important to have survivors start off slow and set goals
that were realistic for each individual in terms of their fitness level and physical limitations
so they could be successful which they felt would increase their motivation to do more
activity. Survivors expressed a desire for the program to help them feel like they were
“checking off” their goals. Survivors liked the idea of being congratulated or rewarded via
positive feedback and encouraging messages multiple times throughout the week, including
when they completed an exercise session or accomplished a goal, or some increment of that
goal, because they felt these messages would motivate them to stay active. Women also felt
it would be convenient and important to regularly remind them of their goals and what they
needed to reach these goals and push them to do more. They saw it as an opportunity to feel
positively connected to the study team in moments of low motivation. However, they
consistently reiterated the need for all messages to be positive and encouraging and to not
shame or make them feel guilty they did not reach their goals. Finally, survivors wanted to
be able to easily look back at the progress they made and be recognized in the app or via
messages for their progress.

Theme 5: Level of Structure and Personalization—Women varied in the level of
structure, instruction, feedback and reminders they wanted the intervention to provide. The
majority highlighted clear goals as pivotal to increasing MVVPA. Some women indicated a
preference for a structured program in which goals were set for them while others desired a
more flexible program to limit discouragement in cases where goals were not met. Women
thought providing a list of physical activities they could choose from to participate in would
help them to tailor the program goals to their specific needs. Videos and example exercises
were viewed favorably, especially for resistance exercises, so they would know how and
what to do. Additionally, they thought having some way to track other variables such as
mood and treatment symptoms that may impact their activity and have this information
incorporated into their goals would be useful for further tailoring the program to their needs.

While most survivors’ thought receiving encouraging, motivational text messages would be
helpful because they are unobtrusive, others indicated they would likely ignore messages if
they receive too many. Many thought there should be an option to elect in or out of specific
messages or indicate their desired frequency. Several women endorsed having a results page
where they could easily view and interpret their own progress through the program in
addition to, or in place of, messages. Ultimately, survivors valued the ability to personalize
the program to their needs and desired the ability to choose various features and frequency
of feedback based upon their own personal preferences.

Online Questionnaire

Intervention preferences elicited from the online questionnaire are presented in Table 4 and
summarized below.

J Cancer Surviv. Author manuscript; available in PMC 2020 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Phillips et al.

Page 8

Educational Content—Survivors wanted to receive educational information via app
alone (37.5%) or a combination of app and e-booklet (34.4%). Survivors’ rated the
following as the most important educational content to include: benefits of physical activity
for breast cancer survivors (84.6%), effective goal setting and monitoring (81.7%), finding
the activity that’s right for them (76.9%), the importance of strength training (76.9%) and
ways to incorporate activity into daily life (76.0%).

Specific App Features

Newsfeed.: Participants liked the idea of a newsfeed where study staff could post relevant
content (86.6%). They were most interested in having newsfeed posts related to workout
ideas (85.6%), information on new relevant studies published in physical activity and cancer
survivorship (75.0%), and tips for proper nutrition (71.2%).

Scheduling Tool.: The majority of women (76.3%) thought an exercise scheduler would be
helpful to keep them on track to meeting their activity goals. They liked the idea of having
the option to record their own workouts or use workouts pre-populated by study staff
(83.5%). In terms of scheduler features, they wanted the ability to change a scheduled
exercise session (97.9%), “check off” workouts when completed (91.8%) and increase or
decrease their exercise goals (79.2%). They also wanted the scheduler to sync with their
phone calendars (76.0%).

Symptom Tracker.: About two-thirds (62.5%) of participants reported they would be
interested in having a symptom tracker incorporated within the app to provide feedback on
symptoms in relation to physical activity. Survivors’ indicated they would be inclined to
track their symptoms on a weekly basis (42.5%) and were most interested in tracking energy
level (79.4%), how they feel, overall, (76.3%), and sleep quality (74.2%).

Others.: Survivors liked the idea of incorporating a Fit Tip of the Week (83.2%), Fit
Challenges (81.3%), a Fit Study of the Week (74.7%), and Fit Survivor Spotlights (58.9%).
Women’s preferences were mixed about how they would like to receive these features; the
most popular modality was via a newsfeed (Fit Tip of the Week 35.8%, Fit Study of the
Week 36.8%), but similar proportions also indicated interest in receipt via text message, app
notification or no preference.

MVPA Tracking and Feedback—When asked about preferences for tracking activity via
manual entry, participants preferred the ability to select an activity from a preloaded activity
list (51.0%) with the app remembering common activities they enter (97.9%). In terms of
passive wearable tracking options, 46.3% of participants preferred wearing a wrist worn
activity tracker, while 36.8% were interested in the option to wear it on their wrist, waist, or
underneath their clothing. Survivors wanted feedback on their activity displayed on both an
activity tracker and app (87.2%). Feedback metrics of interest included: steps taken (77.9%),
total minutes of activity (72.1%), time spent in various intensities of activity (65.4%), and
calories burned (63.5%). Survivors’ indicated they would prefer to receive both daily and
weekly physical activity feedback summaries (87.5%).
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Text Messages/App Notifications—Overall, participants believed receiving text
messages or app notifications including reminders to be active (75.0%), feedback on
progress (80.2%) and motivational messages (78.1%) would be helpful. Survivors did not
have a strong preference for whether these messages were delivered via text message or app
notification. Survivors’ were split on the frequency in which they were interested in
receiving these messages (range: 25.5% to 38.9%) with the highest proportion indicating at
least daily for each message category.

Preferences and Participant Characteristics—The relationship between preferences
for specific features and demographic and disease characteristics are presented in
Supplementary Table 2. Women with more advanced disease were less likely to indicate they
liked the idea of a scheduler (= -1.16, p= 0.03) than those with early stage disease. Those
who had received chemotherapy (f= 1.5; p=0.04) were more likely to endorse having a
symptom tracker than those who had not. Compared to younger women, older women (3=
-0.07, p= 0.02) were less likely to endorse a symptom tracker. Similarly, compared to those
who had not, those who had who received radiation therapy (8= -1.3, p= 0.04) were less
likely to endorse a symptom tracker. Women who had received chemotherapy were more
likely than those who had not to indicate they liked the idea of reminder (5= 1.8, p= 0.03)
and motivational messages (5= 2.3, p= 0.01). Those with better health status were less likely
to indicate they liked the idea of reminder messages (f= -1.1, p= 0.03) than those with
worse health status. Compared to women who had not received endocrine or hormone
therapy, survivors who had were more likely to indicate they liked the idea of survivor
spotlights (8= 1.4, p= 0.03) while older women (8= —0.08, p= 0.01) were less likely than
younger women to endorse this idea. No other significant relationships were observed.

DISCUSSION

Technology usage is rapidly increasing and emerging as a potentially useful tool for
promoting MVPA. However, there is very little evidence about the acceptability and
preference for using technology among cancer survivors. Thus, the present study used a
mixed-methods approach to evaluate breast cancer survivors’ interest and preferences for
mHealth MVPA promotion interventions. Overall, survivors believed mHealth interventions
could be helpful for MVVPA promotion and were interested in a variety of mHealth
intervention features. Survivors wanted intervention features that were easy to use,
specifically designed and tailored to breast cancer survivors, positive and encouraging,
seamlessly integrated wearable activity trackers and personalized. Preferences varied
regarding which specific features should be implemented and how. Our findings indicated
that unique preferences survivor preferences for mHealth physical activity interventions
should be taken into consideration when designing strategies to enhance their uptake and
efficacy.

Findings from the present study are consistent with other studies that have explored breast
survivors’ preferences for technology-supported MVPA interventions and wearable activity
trackers [23, 24] providing further evidence to support the acceptability of these types of
interventions among breast cancer survivors. Integration of a wearable activity tracker with
other intervention components and technologies emerged as a desired feature. Although
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commercially available activity trackers (e.g. Fitbit) are popular, little is known about their
effectiveness for increasing MVPA, alone, or in combination with other intervention
components in breast cancer survivors. Studies in the general population and other chronic
diseases indicate activity trackers may be effective tools in the context of multicomponent
interventions [27], but in isolation may not be effective, alone, at creating meaningful /ong-
term changes in MVPA [38-40]. Future research should examine their effectiveness, alone,
and in combination with other intervention tools, among breast cancer survivors. Finally,
because survivors’ preferences for wearables in terms of measurement capabilities extends
beyond their current capacity, it may be important to understand survivors’ expectations of
the functionality of technology used in interventions. If there is a mismatch between their
expectations and the capabilities, it may be necessary to educate them to ensure they are not
disappointed or become discouraged because the technology does not function as they had
hoped or expected.

The variability in preferences for intervention features in conjunction with the desire for
technology that is easy to use, visually appealing and intuitive serves to highlight the
importance of engaging survivors throughout the entire process of developing and testing
mHealth MVPA activity interventions to enhance intervention uptake. Survivors should be
involved in the initial development phase to ensure variability in preferences is taken into
consideration to make sureintervention features are thoroughly vetted prior to making
decisions on what features to include. To ensure ease of use, research teams should strongly
consider engaging experts alongside survivors in usability testing and human computer
interaction to thoroughly test mHealth interventions before deployment in the field.
Survivors should also be included in message development to ensure messages are relevant
and meet their criteria for being encouraging, providing a sense of accomplishment and
avoiding guilt. Finally, because data from the general population indicate that simply
providing individuals with an app or text messages may not be sufficient to elicit significant
changes in MVPA [19-21]., the engagement process should not stop with intervention
deployment because keeping survivors engaged in using the mHealth technology is likely
critical to intervention success [40-42]. Future work is needed to better understand not only
mHealth intervention uptake, but continued usage and engagement with the intervention
[41]. This includes developing a better understanding of how to define and measure
engagement, systematically test engagement strategies, and delineate engagement strategies
from intervention delivery so as not to compromise intervention rigor. Finally, because
treatment received, disease stage, health status, and age were significantly related to some
preferences, participant characteristics should also be considered in the engagement process
to ensure the right intervention features are being used to engage the population of interest.

The variability in survivors’ preferences for intervention features and levels of support also
indicates there is not a “one-size-fits-all” mHealth intervention to promote MVPA in breast
cancer survivors. Future work should explore which intervention features are most effective
for whom, under what conditions [43, 44] and at what cost. Multiple intervention
components and decision rules can be tested systematically using methodologies such as
Multiphase Optimization Strategy Trials (MOST; [45, 46]), Sequential Multiple Assignment
Trials (SMART; [45]) or Micro-randomized trials [47]. These rigorous trial designs allow for
rapid studies to identify and adapt the most effective technology-supported exercise
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intervention components, or component sequence(s), to answer the questions of what works
for whom, in what contexts, and for what outcomes [44]. Additionally, mHealth
interventions provide a unique opportunity to create highly tailored interventions which can
take into account personal preferences (i.e. message frequency, contact modality) and other
contextual factors (weather, symptoms, time of day, motivation, activity level) in real time,
which has not been possible in traditional on-site and home-based MVPA interventions.
Future work should explore how best to tailor intervention components for diverse groups of
breast cancer survivors and should also consider testing the feasibility and efficacy of a
patient-centered tailoring approaches whereby survivors are provided with a “menu” of
features to choose from to customize the intervention to their preferences.

Results of this study should be interpreted within the context of its limitations. First, our
sample may be more engaged and technologically savvy than the typical breast cancer
survivor because they were members of the Army of Women® and were recruited via the
Internet. Additionally, the majority of participants were White, non-Hispanic, high income,
early stage survivors. Future research should examine whether this study’s findings
generalize to more diverse breast cancer survivors (i.e. Hispanic, more advanced disease) at
different times since diagnosis and with varying experiences with technology. Additionally,
we examined a limited number of participant characteristics that may influence preferences
within our relatively homogenous sample and all characteristics were self-reported and used
a crude measures of physical activity. Future work should explore how additional factors
(i.e. psychosocial, motivational, personality) may influence preferences in larger more
diverse samples using objective measures when available. Finally, this study involved a
cross-sectional assessment of preferences for mHealth intervention features. As many factors
may influence mHealth intervention usage across time, future work should explore the
dynamics of individual intervention preferences and how to accommodate them to ensure
intervention success.

Despite these limitations, to the best of our knowledge, this is the first study to use a mixed
methods approach to examine breast cancer survivors’ preferences for a variety of mHealth
intervention features. Our rigorous mixed methods approach yields greater insight into
survivors’ preferences than quantitative or qualitative data alone. In addition, our sample was
geographically diverse and included both active and inactive survivors allowing us to
understand preferences for features based on a broad range of geographic locations and
physical activity levels. Finally, engaging survivors to understand their preferences may
increase the success of future mHealth physical activity promotion interventions in this
population.

In conclusion, our study indicates breast cancer survivors are interested in mHealth physical
activity promotion interventions. Findings highlight the need to develop easy to use,
encouraging, tailored mHeath interventions specific to breast cancer survivors. The observed
variability in survivors’ preferences for specific features indicates engaging survivors in
designing, testing and implementing mHealth interventions is needed to enhance their
relevancy and efficacy. Future work is warranted to determine which mHealth intervention
features, sequence of features or combination of features is most feasible, acceptable,
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engaging, efficacious and cost-effective for increasing and maintaining physical activity in
breast cancer survivors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Potential Intervention Features Assessed Definitions Provided to Participants

Feature

Description

Educational Content

Basic educational content about physical activity, safety and effectively changing behavior

Specific App Features

Newsfeed

Place where study staff could post workout ideas, interesting photos, links, videos, etc.

Scheduling Tool

Allows participants to specify when and how they will meet their activity goal for that week.

Symptom Tracker

Allows participant to track symptoms or mood within the app and provides feedback on these data in
relation to physical activity

Fit Survivor Spotlight

Highlights the story of a breast cancer survivor who had become successfully active

Fit Tip of the Week

Provides simple tip for increasing physical activity. (Ex: Every minute of activity counts! If you can’t set
aside 30 minutes to go for a walk, try to take three 10 minute walks throughout the day.)

Fit Study of the Week

Provides simple information on studies related to physical activity and cancer survivorship. (Ex: “A study
by Dr. Jones found that walking at a moderate intensity three times per week for 40 minutes improves
memory.”)

Fit Challenge

Individual challenge could enroll in for a given amount of time either in conjunction with your weekly
goal or as an additional way to engage in more physical activity (Ex: “5 minutes brisk walk a day weekly
challenge”)

Activity Tracking

Wearable monitor worn on the body 24/7 to automatically track physical activity

Activity Feedback

Information on metrics related to physical activity engaged in (i.e. steps, minutes, heart rate, etc.)

Text Messages/App Notifications

Reminders to be active, motivational messages or progress messages delivered via text message or app
notification
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Table 2.

Sample Demographic and Disease Characteristics

Factor Full Sample (n=96) | Interview Subsample (n=28)

Age (M, SD) 55.8 (10.2) 53.39 (10.1)
Race, white (%) 92.7 92.9
Education

< College degree (%) 16.3 10.7

College degree (%) 33.7 39.3

Graduate or professional degree (%) 50.0 50.0
Employment status

Not working (%) 29.4 25.0

Working part-time (%) 29.3 321

Working full-time (%) 41.3 429
Disease Stage

Stage | (%) 533 67.9

Stage 11 (%) 34.8 21.4

Stage 111 (%) 12.0 10.7
Treatment Type

Chemotherapy (%) 56.3 50.0

Radiation (%) 615 57.1

Surgery (%) 95.8 100

Hormone Therapy (%) 66.7 57.1
Currently Receiving Hormone Therapy (%) 76.9 59.3
Months Since Treatment (M, SD) 27.5(15.7) 21.8(15.1)
Reported physical activity, min/week (M, SD) 140.8 (123.6) 172.6 (129.2)

J Cancer Surviv. Author manuscript; available in PMC 2020 April 01.

Page 16



Page 17

Phillips et al.

[zv#d] .. op ued noA sBuiyl poob awos aJe aiay ‘uonow Jo abues paywi] NoA pue Awolaalsew e pey aA,noA 4| “nydiay
puNoy dARY SIOAIAINS JadURD J8YI0 JeYM S,313Y ‘Op Ued NOA Jeym s,a19H,, ‘Uo suonsabbns agAew pue way) 1oy ssaully 3ybis ayy Buipuly ajdoad 1oy quiyy |

[€T2#d] W Buisn ur paysassiul
a0 pINoOM | Uayl paau noA yeym uo Buipuadap a|ge|leA. S|aAs] JUSIBLIP Sey 31 pue a1ay S.31 J| “Teys mouy| “**[Apealje Aayi] asneoaq uolrewosul alow
paau "ajdoad awos uay} INg [Nyash s, Jeym 4o op pInoys Asy} as1a1axa yanw moy Inoge eapl ou aney ajdoad awos "S|ans| JUsIaIp aAey 03 Sey 1 Uiy} |

[02T#d] Muiys | poob sAemje s1 uado uondo ayy BuineH 'sbBuiy) o apis Jeyl Inoge el 03 Juelon|as 1snl a1,noA asnedaq 1,upip
oym ajdoad pue 1eyy ui payedionted oym ajdoad ag pjnom atay yuiy | “[enpiaipul A1aA ag pjnom Jeys yuiyl | ‘[Buneanow] aq pinod [1axoes) woidwAs v]

UOITeZI[RUOS J8d PUR 8NN IS JO A8

[0zz#d] ¢a18ys ul BuiyiAiana s1 moy ax1] 31q 33| & SAemje a1,noA
139UBD aARY NOA Ja)fe asnedaq SIOAIAINS 10} A]el0adsa pue suoAue 1oy abny Jadns s 1eyl YUIyl | "891N0S Y} JaA3IUM Xoeqpaa) anlIsod 40 Bapl ayl a1 |

[8ez#d] "Buinoadwi we | Ing ‘1 uo dn aA1B 1ou pue of 18] 01 Jou pue Buiroadwi (1S W, | Feyl smoys ‘aw Joy ‘sdaay 1snl reyr Buiylswos

[66T#d] ‘[eob
InoA Jo abeiuadiad e Bunasw Jo ‘saInuIW 10 ‘paulng SaLI0fed ul s} Jayaym ‘ssaifoud sjqesnseaw Buisas uenodwil A1aA siuiyl | ‘ssaiboid InoA Buisas

[8TT#d]
Kepoy ul sdays puesnoyy uanas 106 NoA ‘qor poo9),, aeqpaa) pooh aw BulAlb ax1] mouy noA ‘aw Buidjay auiyoew ay) Jo sjoadse asn 03 A|ax1| alow aq p, |

[9eT#d] ‘mou 1ybi1 ybnoy s1 11 asnedaq Buioh uo dasy 01 sw afeinosus 03 Os|e INg Sem | Uey) 181aq aq 0} 31| SAempe |

Juawys1|dwodoe
J0 85USS SOpIN0Id pue Buibe inoou]

[eTz#a1] npalo ay 196 op NOA 0s ‘ANAIIOR JO SWI0Y JUBIBHIP [[8 JUNOIJR OJUI 8B} PINOM Jeyl " Bulylawos Sem a1ayl Ysim |

[6€#d] "Mou s1eak Jo 31dnod  10j BuIs[em 1oy Teyl Pasn aA,| 8SNeIaq ‘NG - UM 998LI8)UI 03 31 10§ SAO]| PINOM |

[29T#d] "pip noA 1eym Jo eapi [e10] &
aAeY PIN0J NOA 1By} 0S ‘8INSeall UOWWIOD JO PUIY SWOS 01Ul SAIIIAIJR JO SPUIY JUBJBHHIP aU) |[e LBAUOD AJises 0S|e pue BuiylAIana 4Jel) 0] 31 JUBM PINOM |

[9eT#d] ‘aw 01 JoreAnow e aq Ajfeal pjnom Jeys quiyy | ssaiboud Aw Buiyoesy 1o suoyd Aw uo jjasAw Buixdess aq pjnoa | |

S9[qe Jes\\ YHm uofre sBaiu |

[eT2#d] "1 8sN 3,UOM | BLIOSIBQUIND S,1 J1 9sNedaq 1 4o Audnjdwis ayp ‘asn 40 ases ays si Buiyy Juerodwi 3sow ayl Aes pinom |

[SzT#d] "asn 01 Ases ‘as1ou0d ot sBuiyy Buifind ur Aex aup aq [ Ayorduwis suiys |

[66T#d] ‘wayl asn 1,uop ajdoad YuIyy | ‘YuM 198.81UI 0] JNIILIP 00} aJe sBuIy) §|

[8€z#d] "Jo pauiny )96 U a1aym s, et YUYy | paresljdwiod Ajfesl s, )1
111ng ‘01 4B BW0I ||IM ajdoad a1aym s, Jeyl 1yl Yulyl | ‘asn 01 Ases S, §| asn 01 39au ay} ut ured e a1, A8y} asnedaq asn 3,uop | yeyr suoyd Aw uo sdde
10 U0] ® 100 | "Way} 03 %9eq 3W0I 3,uop Asyl pue Jo wayl uin} ajdoad 1sow uayl asnedaq paredtjdwod 31 Bupfew ou si sdde yum Buiys 1sepley ayl Yuiyy |

asn 01 Aseq

[98#d]"spaau 1ualaIp aney op
9M 9SNBIAY 90URJAYIP BIg B 8Xew PINOM Jeyl YUIY | SIOAIAINS J93UBD SPIemOo) pateal Buiyiswos sem aiay J1 yulys | st siyy Inoge sw Bumesdn Jo pury s,31

[ev#d] ‘Inydjay
punoy} 8ARY SIOAIAINS 182URD JBY10 1BYM S,818Y ‘Op UBD NOA Jeym s,819H,, ‘Uo suonsabbns agAew pue way) 1oy ssauiy ybu ayy Buipuly sjdoad 1oy quiyl |

[72T#d] "SIOAIAINS SPIEAO} PaWIE 10U
S,11 INQ S8S19J8X8 JO 10] © NOA SaAIB 18y} 18UIBIU| 8U) UO 10] B S,818 1 “Jusuodwod 181y 8y} 8q PINOM Jey L "SIOAIAINS PIEAMO) PaLUIe 8g 01 SPasu 1 Jeyl YUyl |

SIOAIAING JBoURD
1SE9.g 0130UBASRY JO soueliodw |

a1o0nd) aAlesn|||

awey |

painuap| sswsay L uoddng 01 se10nd Pa10s|es

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

available in PMC 2020 April 01.

J Cancer Surviv. Author manuscript



Page 18

Phillips et al.

Auew 0s yym [eap 1,ued Aay) asnedaq 1no Bundo ajdoad 186 1,Uop NOA Jey) 0S awely awi Jo pury Aue 1o ,‘Aep Jayio Alans aouo Buiylswos Juem |,, Jo ,‘Aep
® sawn € Buiylawos Juem | |19AN,, ‘Ul 1do 01 ajqe Bulaq ajdoad Buiaey pue wayl uo 1wi| [eaibo] e Buiaey qulyl | ‘pooh aq ued sabessaw 1xa) ***Aes pjnom |

[szT#QI] sabessaw

ajonQ anlresN|||

Wyl

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

J Cancer Surviv. Author manuscript; available in PMC 2020 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Phillips et al.

Table 4.

Page 19

Findings from Online Survey of Breast Cancer Survivors’ Preferences for Technology-Supported Intervention

Features (N=96)

Question
Educational Content
How would you like to receive education information?
App Only
App and e-Book
No preference
e-Book Only
Other

What type of educational content do you think would be important to have? *
Benefits of MVPA for breast cancer survivors
Effective goal setting and monitoring
Finding the right activity for you
Importance of strength training
IncorporatingMVPA into your life
Ways to monitor intensity
Proper nutrition
Proper hydration
Overcoming barriers
Facilitating MVPA participation
Public Health recommendations for MVPA
Safety

Newsfeed

Frequency (%)

375

34.4

20.8
5.2
2.1

84.6
81.7
76.9
76.9
76.0
70.2
67.3
59.6
55.8
48.1
433
36.5

What are your thoughts on a newsfeed where study staff could post workout ideas, interesting photos, links, videos, etc.?

| like this idea
Not sure

| don’t like this idea

If there were a study newsfeed, what types of information would you like posted? *
Work-out ideas
Information on new relevant studies in MVPA and cancer survivorship
Tips on proper nutrition
Content on how to keep motivated
Common questions and answers about activity and cancer
Stories about other breast cancer survivors who successfully became active
Information related to other aspects of a healthy lifestyle
Relevant articles and information from the popular press regarding MVPA
Exercise Scheduler
Do you think an exercise scheduler would be helpful for keeping you on track?
Yes

Not sure
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Question Frequency (%)

No 52
Do you think it would be helpful to be able to increase or decrease the weekly goal provided by the program?

Yes, both increase and decrease 79.2

No, goal should stay static 115

Yes, but only increase goal 9.4
Would you want to select from specific workouts designed by the study team or enter your own?

Option to use workouts designed by study staff or enter my own 83.5

Enter my own workouts 10.3

Use workouts designed by study team 31
Which of the following would you want to schedule in a scheduler?

Day only (i.e. 30 min walk on Wednesday) 41.1

Day and specific time (i.e. 30 min walk on Wed at 6:30am) 36.8

No preference 221
Would you like this scheduler to sync with the calendar on your phone?

Yes 76.0

Not sure 18.8

No 52
Do you want the ability to move scheduled exercise sessions to different days/times?

Yes 97.9

Not sure 2.1

No 0.0
Would you want the ability to check off workouts you complete?

Yes 91.8

No 4.1

Not sure 4.1

Symptom Tracker

What are your thoughts on incorporating a symptom or mood tracker within the app and providing feedback on these data in relation to physical

activity?
| like this idea
Not sure
1 don’t like this idea

How frequently would you want feedback on your symptoms/mood in relation to physical activity?

Weekly

Daily

Every 2-4 days
Monthly

If you were provided with a symptom/mood tracker, what would you be interested in tracking? *

How you feel, overall
Energy level

Pain

Sleep quality
Anxiety

J Cancer Surviv. Author manuscript; available in PMC 2020 April 01.
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Question
Other
Prefer not to answer
Other Features: Fit Survivor Spotlight, Fit Studies, and Fit Challenges
What are your thoughts on a Weekly Fit Survivor Spotlight?
| like this idea
Not sure
1 don’t like this idea
Who would you want to be featured in a Weekly Fit Survivor Spotlight?
Combination
Someone who is currently enrolled in the intervention
No preference
Do you think a Fit Tip of the Week that message would be helpful for keeping you on track?
Yes
Not sure
No
How would you like to receive Fit Tip of the Week messages?
In-app study newsfeed
App notification
Text message
No preference
Do you think a Fit Study of the Week message would be helpful for keeping you on track?
Yes
Not sure
No
How would you like to receive Fit Study of the Week messages?
In-app study newsfeed
App notification
Text message
No preference
What are your thoughts on weekly Fit Challenges you could enroll in?
| like this idea
Not sure
1 don’t like this idea
Physical Activity Tracking and Feedback

Which of the following would you prefer as a way to enter the physical activity you performed?

Select from list of activities
Free-entry of activity
No preference
Would you like the app to remember your common activities?
Yes
No

Not sure

J Cancer Surviv. Author manuscript; available in PMC 2020 April 01.
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2.1
6.7

58.9
35.8
53

38.0
33.7
28.3

83.2
12.6
42

35.8
23.2
22.1
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74.7
18.9
6.3

36.8
27.4
17.9
17.9

81.3
125
6.3

51.0
37.5
115

97.9
1.0
1.0
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Question
Where on your body would you most prefer to wear an activity tracker?
Wrist
Option to wear it all ways
Attached to clothing at hip/waist
No preference
Attached to undergarments
Where would you prefer to get feedback on your activity?
Both activity tracker display and app
App
Activity tracker display

Doesn’t matter

What feedback would you like the app to provide to you on your activity? *
Steps taken
Total minutes of activity
Time spent in various intensities of activities
Calories burned
Distance traveled
Minutes of exercise
Time spent in various types of activities
Physical activity enjoyment
Would you want both daily and weekly feedback displayed when you opened the app?
Yes
Not sure
No
Text Messaging/App Notifications
Do you think push notification or text message reminders to be active would be helpful?
Yes
No
Not sure
How would you like to receive reminder messages?
Text message
App notification
No preference
What would you like the frequency of reminder messages to be?
At least daily
1-2 times per week
3-4 times per week
5-6 times per week
Less than 1 time per week
Other
Do you think push notification or text message motivational messages would be helpful?
Yes
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Frequency (%)

46.3
36.8
9.5
6.3
11

87.20
53
4.3
3.2

77.9
72.1
65.4
63.5
60.6
58.7
53.8
17.3

87.5
9.4
3.1

75.0
15.6
9.4

46.2
355
18.3

38.9
21.1
20.0
10.0
8.9
11
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Question
Not sure
No
How would you like to receive motivational messages?
Text message
App notification
No preference
What would you like the frequency of motivational messages to be?
At least daily
1-2 times per week
3-4 times per week
5-6 times per week
Less than 1 time per week
Do you think push notification or text message progress feedback messages would be helpful?
Yes
Not sure
No
How would you like to receive feedback messages?
Text message
App notification
No preference
What would you like the frequency of feedback messages to be?
At least daily
3-4 times per week
1-2 times per week
5-6 times per week

Less than 1 time per week

Frequency (%)
115
10.4

50.0
36.2
13.8

25.5
245
23.4
12.8
12.8

80.2
10.4
9.4

447
37.2
18.1

30.9
22.3
22.3
12.8
117

*
Indicates more than one response could be selected.
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