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Abstract

Background: Consumer fitness tracker devices offer scalable opportunities to monitor real-world behavior and support health
in cancer survivorship. However, adoption and sustained use outside structured research settings remain incompl etely characterized,
limiting their integration into survivorship care.

Objective: The primary objectives were to describe the prevalence of fithess tracker ownership and use patterns among cancer
survivors and to identify sociodemographic, psychosocial, and usability-related correlates of device ownership and frequent use.

Methods: We conducted a cross-sectional survey of 893 cancer survivors enrolled in the Total Cancer Care protocol at a
comprehensive cancer center. Participants completed an adapted online questionnaire ng fitnesstracker ownership, frequency
of use, and perceived barriers and facilitators. Multivariable logistic regression models were used to identify sociodemographic,
psychosocial, and usability-related correlates of device ownership and frequent use.

Results: More than half of the participants (506/893, 56.7%) reported owning a fitness tracker, and among owners, 82.2%
(416/506) reported frequent use (most days or every day), including 71.3% (361/506) who wore the device every day. The most
commonly used devices were the AppleiWatch (272/506, 53.8%) and Fitbit (147/506, 29.1%). In multivariable analyses, fithess
tracker ownership was independently associated with sex, household income, and cancer site. Male participants had lower odds

https://cancer.jmir.org/2026/1/€92876 JMIR Cancer 2026 | vol. 12 | 92876 | p. 1
(page number not for citation purposes)

RenderX


mailto:roberto.benzo@osumc.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CANCER Benzo et d
of ownership (adjusted odds ratio [aOR] 0.61, 95% CI 0.42-0.87; P=.006), while higher household income was associated with
greater ownership (US $50,000-$99,999: aOR 1.70, 95% CI 1.13-2.57; P=.01; =US $100,000: aOR 3.64, 95% CI 2.41-5.50;
P<.001). Ownership also differed by cancer site. Among owners, frequent use was concurrently and inversely associated with
self-reported device discomfort (P<.001), low motivation (P<.001), information overload (P=.04), and limited app integration
(P=.007).

Conclusions: In this single-center, predominantly White, higher-income sample of cancer survivors, fitness tracker ownership
was common and patterned by demographic and socioeconomic characteristics, whil e sustained engagement among device owners
was associated with psychosocial and usability factors. These findings suggest that scal able, fitness tracker—enabled survivorship
care will need to address both structural disparities in ownership as well as behavioral readiness and user experience to ensure

clinically meaningful implementation.

(IMIR Cancer 2026;12:€92876) doi: 10.2196/92876
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Introduction

Fitness tracker sensing technol ogies have become increasingly
prominent in oncology research as tools for continuously
capturing real-world physiological and behavioral data,
including physical activity (PA), heart rate, heart rate variability,
deep, and circadian rest-activity rhythms. These devices offer
apotentially scalable approach for monitoring patient recovery,
functional status, and emerging health risks in daily life,
complementing infrequent clinic-based assessments[1-3]. Their
expanding role reflects a broader shift toward digital health
measurement in cancer survivorship and the need for objective
data streams that can inform timely intervention and long-term
self-management.

PA is among the most frequently assessed metrics in fitness
tracker—enabled oncology research because of its established
relevance to cancer survivorship outcomes. Moreover, exercise
issafe before, during, and after treatment and is associated with
improved qudlity of life, reduced fatigue, and better physical
function [3,4]. Observationa studies consistently link higher
postdiagnosis PA with lower risks of cancer-specific and
all-cause mortality across multiple cancer types|[3,5]. However,
many survivors experience declinesin PA during treatment that
persist into survivorship, and exercise promotion is not routinely
embedded in oncology care[6]. Reflecting this gap, Stout et al
[7] highlighted the need for patient-centered pathways that
support repeated assessment of functional status and timely
referral for personalized exercise interventions. In this context,
fitness tracker devices may complement clinic-based
performance tests by enabling continuous monitoring of
functional proxies, such as habitua and ecologicaly valid
measures of PA walking patterns and heart-rate responses to
daily ambulation, as well as emerging estimates of
cardiorespiratory fitness (eg, maximum volume of oxygen
consumed [VO, max] derived from walking-based a gorithms),
thereby supporting scalable identification of functional decline
between visits.

Recent reviews indicate substantial growth in the use of fitness
trackers across oncology studies. In a synthesis of 199 trias
involving more than 18,500 patients, Chow et a [8] reported
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that the most commonly used devices were ActiGraph (36% of
studies), Fithit (19% of studies), Garmin (7% of studies), and
activPAL (6% of studies) [8]. Activity minutes and step counts
werethe most frequently collected metrics, with adherencerates
reported at or above 80%, when available. Complementary work
has emphasized the role of fitness trackers in behavioral
interventions: a meta-analysis of randomized controlled trials
found that programs incorporating pedometers or activity
trackersyield significant increasesin moderate-to-vigorous PA,
totd activity, and daily steps, aswell asimprovementsin fatigue,
aerobic fitness, and quality of life relative to usual care [9]. A
scoping review concluded that wearable fitness trackers are
generally acceptable and can facilitate short-term increases in
activity in cancer survivors, although long-term adherence and
maintenance remain inconsistent [10].

Tracker-derived signals may also provide insight into broader
health outcomes beyond PA. For example, rest-activity rhythm
parameters obtained from accelerometry have demonstrated
moderate-to-strong associationswith survival, functional status,
and symptom burden [11]. However, the overal literature
remains limited by methodological heterogeneity, reliance on
small or trial-sel ected samples, variability in device algorithms,
and minimal integration into routine survivorship care[8,10,11].
These limitations underscore the need to understand the
real-world feasibility of relying on fitness tracker devices to
inform clinical or behavioral decision-making.

A critical barrier to trandation is that little is known about
real-world patterns of fitness tracker ownership and use among
cancer survivors. Most existing oncology studies recruit
participants who agree to use devices provided by the research
team, leaving unanswered questions on whether survivors in
the general population own fitness trackers, use them
consistently, or differ from the broader population in meaningful
ways. Moreover, digital health interventions risk reinforcing
inequitiesif fitnesstracker access and engagement vary by age,
race, ethnicity, socioeconomic status, or cancer history.
Characterizing these patterns is essential for determining the
feasibility, reach, and equity of tracker-enabled survivorship
care.
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To address these gaps, this study examined fitness tracker
ownership and active use among a large sample of cancer
survivors. We identified sociodemographic, clinical, and
behavioral correlates of ownership and sustained use, providing
data needed to inform the design and implementation of
equitable, scalable digital health strategies for cancer
survivorship.

Methods

Study Design and Setting

This cross-sectional study examined fitness tracker ownership
and use among cancer survivors enrolled in the Total Cancer
Care (TCC) protocol a the Ohio State University
Comprehensive Cancer Center — James Cancer Hospital and
Solove Research Institute. The study followed the CONSORT
(Consolidated Standards of Reporting Trials) guidelines. Data
were collected between December 2023 and December 2024
using a self-administered online survey delivered through
REDCap (Research Electronic Data Capture). A trained research
assistant was available over email to address participants
guestions.

Ethical Considerations

The study was approved by the Ohio State University
Ingtitutional Review Board (IRB #2023C0190) with a waiver
of signed consent, and standardized protection of participants

rights and interests was ensured. Online consent was obtai ned
through survey completion. Theright to discontinueinvolvement
in the survey at any point was guaranteed to participants.
Participantswere offered entry into arafflefor US $25 Amazon
electronic gift cards as compensation for their participation.
Data security and participant confidentiality were protected via
several measures. data were fully deidentified, secure and
password-protected data storage systemswere installed, access
toidentifying information wasimplemented, and confidentiality
protocol s were mandated.

Participants and Recruitment

Eligible participantswere adults (=18 years), English speaking,
diagnosed with a neoplasm (breast, prostate, lung, colorectal,
head and neck, gynecologic, genitourinary, endocrine,
hematologic, thoracic, digestive, nervous system, cutaneous, or
soft-tissue/bone sites), and with an active email address in the
TCC registry. Individuals with cognitive or psychiatric
impairments precluding informed participation were excluded.

Recruitment was conducted by querying the TCC database for
all eigible patients who had not been recently contacted for
other survey requests (ie, =3-4 months since the last contact).
The sampling frame included 8568 patients with cancer at
different sites: breast (n=2137, 24.9%), thyroid (n=1451, 16.9%),
head and neck (n=1670, 19.5%), digestive system (n=661,
7.7%), urinary system (n=727, 8.5%), thorax (n=409, 4.8%),
hematol ogic system (n=533, 6.2%), gynecol ogic system (n=190,
2.2%), and additional sites (cutaneous, nervous system,
soft-tissue/bone, and unknown; n=790, 9.2%). Of these, 7700
(89.9%) individuals had an email address registered with the
TCC and were contacted via email invitations sent in monthly
batches. Participants received an email invitation with a short
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study description and a link to a landing webpage with a full
description.

Of the 7700 (89.9%) individuals contacted, 895 (11.6%)
completed the survey, 152 (2.0%) partially completed the
survey, and 6653 (86.4%) did not respond. Two completed
surveys were excluded due to missing key demographic
variablesrequired for analysis, yielding afinal analytical sample
of 893 (11.6%) participants. The overall survey response rate
(completed or partially completed surveys) was 13.6% (n=1047).

Survey Instrument

The survey was part of the Lifestyle Technology in Cancer
Study, a broader multimodul e questionnaire designed to assess
how cancer survivors engage with mobile health (mHealth)
technologies across several domains.

For the fitness tracker component, an instrument devel oped by
Holko et a [12] for Federally Qualified Health Center patients
was used and adapted with permission. The adaptation retained
the original structure (awareness, ownership, reasons for use
and nonuse, perceived barriers, and data-sharing preferences),
while updating language to reflect survivorship contexts (eg,
anchoring items to recovery and health after cancer treatment)
and modern device features, such as sleep tracking, workout
guidance, and integration with other apps and devices.
Additional items were added to capture survivor-specific
considerations, including participants' interestsin topics, format,
and features for future digital lifestyle interventions. Prior
engagement with supportive care services, including nutrition
and PA counseling, was assessed in alignment with American
Cancer Society survivorship recommendations [3].

The broader Lifestyle Technology in Cancer survey also
included modules on mHealth app use, health and lifestyle
behaviors, and social and structural determinants of health.
These modules were collected to support a series of future
analyses and manuscripts focused on different aspects of
mHealth engagement; however, they fall outside the scope of
the study. Here, the fitness-tracker module and its associated
outcomes (ownership and use) are reported, consistent with the
analytic aims of this study. All items were administered
electronically in English via REDCap, with multiple-choice
responses and optional free-text fields. The adapted survey was
pilot-tested internally for clarity prior to study launch and can
be found in Multimedia Appendix 1.

M easures

The survey assessed multiple domains related to fitness tracker
ownership, use, and perceptions. Participants were first asked
whether they currently owned a fitness tracker and, if so, to
indicate the device brand, duration of ownership, and frequency
of wear. Follow-up questions explored reasons for using the
tracker, including activity monitoring, sleep and heart rate
tracking, goal setting, motivation, and accountability, as well
as reasons for nonuse, such as discomfort, technical issues, or
loss of interest. Non-owners were asked to identify reasons for
not owning atracker (eg, cost, lack of interest, privacy concerns,
or feeling self-motivated without a device) and to indicate
whether they were interested in obtaining one in the future.
Barriers to and facilitators of use were assessed through
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multiple-choice items adapted from Holko et a [12], with
optional free-text responses, allowing participants to elaborate
on personal challenges and motivations related to wearable
engagement.

Sociodemographic and social determinants of health variables
were assessed using items adapted from the PRAPARE
(Protocol for Responding to and Assessing Patient Assets, Risks,
and Experiences) survey, awidely used, nationally standardized
screening tool for social and structural determinants of health
in clinical settings [13]. Psychosocial measures included
perceived stress and confidence in one's ability to take good
care of one's health. The confidence item was adapted from the
Health Information National Trends Survey (HINTS-5), a
nationally administered and validated popul ation-based survey

[2].
Statistical Analyses

Descriptive statistics, including means (SES) and percentages,
were used to characterize participants and their reported reasons
for owning and using afitness tracker. To explore associations
between variousfactors and fitnesstracker ownership, univariate
logistic regression was performed to estimate odds ratios (ORS)
and 95% Cls for demographic, socioeconomic, psychosocial,
and PA-related variables. Similarly, univariate logistic
regression was used to assess associ ations between demographic
characteristics and specific challenges that may hinder fitness
tracker usage (eg, concerns about accuracy, discomfort, or lack
of motivation). These associations were evaluated in relation
to frequent use (ie, using afitnesstracker on most daysor every
day) versus less frequent use (including the remaining
categories). This binary threshold was predetermined to
differentiate habitual use from sporadic use, as both “most days’
and “every day” signify a consistent integration of the device
into daily life. Furthermore, thisthreshold was selected to align
methodologically with the common operationalization of
adherence in digital health and the wearable literature [14]. To
identify independent predictors of fitnesstracker ownership and
frequent use, multivariable logistic regression models were
constructed. Variables with at least marginal statistical
significance (P<.15) in univariate analyses were initialy
included. A stepwise backward elimination approach was then
applied: variables were removed sequentially, starting with the
least significant, until all remaining variables were either (1)
statistically significantly associated with the outcome or (2)
demonstrated substantive confounding effects (defined as
altering the association of another variable in the model with
the outcome by =15%). The final multivariable models thus
included only those factors that were independently associated
with fitness tracker ownership or frequent use. Breast cancer
was selected as the reference category for the cancer-site
variable because it represented the largest single cancer sitein
theanalytic sample (=278, 31.1%) and provided the most stable
and interpretable comparison group; this choice is descriptive
only and does not imply a substantive hypothesis about breast
cancer survivors asanormative referent. Thisvariable selection
strategy was chosen to accommodate the exploratory aims of
the study, which sought to identify correlates of fitness tracker
ownership and use across abroad set of candidate domains, for
which no single established theoretica framework jointly
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specifies predictors in cancer survivor populations. A purely
confirmatory, theory-driven specification was therefore not
feasible, and a data-driven screening approach was selected to
allow empirical identification of independently associated
factors, while controlling for potential confounding.
Multicollinearity among candidate predictors was evaluated
using variance inflation factors (VIFs) prior to model fitting;
al VIFs were below conventional thresholds (<5), indicating
no problematic collinearity. To assess model stability, both
multivariable models were refit with all candidate predictors
entered simultaneously (Tables S1 and S2 in Multimedia
Appendix 2) to confirm that the direction and magnitude of the
primary associations were consistent across specifications.
Given the cross-sectional design, all models estimated
associations and could not establish temporal order or causality.
Moreover, the two regression model swere crafted with distinct
analytical objectives. The ownership model explored a wide
array of sociodemographic, clinical, and behavioral factors to
pinpoint correlates linked to device ownership. In contrast, the
frequent-use model was more narrowly focused, concentrating
on modifiable usability and psychological barriers reported by
device owners.

Notably, PA was excluded as a potential predictor in the
frequent-use model dueto this model’s emphasis on actionable
usability and psychological barriers. Complete-case analysis
was used for all regression models; participants with missing
data on any variable included in a given model were excluded
from that analysis. For household income, which had a
substantial nonresponse rate (149/893, 16.7%), “no response’
was retained as an explicit category in both univariable and
multivariable ownership models rather than excluding these
participantsin order to preserve the sample size and avoid bias
from listwise deletion of a nonrandomly missing variable.
Missingness on other covariates was minimal and handled via
complete-case exclusion. The multivariable model predicting
fitness tracker ownership included 893 participants, and the
multivariable model predicting frequent use among device
owners included 504 participants.

Results

Participant Characteristics

Figure 1 shows the participant selection flowchart based on
CONSORT guidelines. A total of 893 cancer survivors were
included in the analytic sample (Table 1). The mean age was
61.8 (SE 0.38) years, 68.8% (614/893) identified asfemale and
93.5% (835/893) as non-Hispanic White. The most common
cancer sites were breast (278/893, 31.1%), thyroid (166/893,
18.6%), and oral cavity/pharynx (149/893, 16.7%). The mgjority
of survivors had the International Classification of Diseases
for Oncology (ICD-O) cancer classification of “malignant”
(742/893, 83.1%), and the mean time since diagnosis at thetime
of survey completion was 10.3 (SE 0.20) years. Approximately
one-third of the participants reported annual household incomes
exceeding US $100,000 (324/893, 36.3%), and 68.3% (610/893)
earned at least acollege degree. Regarding psychosocial factors,
20.8% (186/893) participants reported feeling “quite a bit” or
“very much” stressed, and 52.3% (467/893) were “very” or
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heslth.

Figure 1. Participant selection flowchart based on CONSORT guidelines. CONSORT: Consolidated Standards of Reporting Trials.

Total population

(N=8568)

¥

Sent email

{n=7700)

4

Initiated survey

(n=1047, 13.6% response rate)

L4

Completed survey

(n=895, 11.6% completion rate)

¥

Final analytical sample

(n=893)

https://cancer.jmir.org/2026/1/e92876

RenderX

No email on record, deceased, etc

(n=868)

Did not initiate survey

(n=6653)

Did not complete survey

(n=152)

Missing key data, excluded from analysis

(n=2)

JMIR Cancer 2026 | vol. 12 | €92876 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CANCER Benzo et d

Table 1. Sample demographic and socioeconomic factors and responses to questions concerning stress and confidence in taking care of health for 893
mHealth® participants.

Characteristics Value

Ageb (years), mean (SE) 61.8 (0.38)
Agegroup (years), n (%)

<50 138 (15.5)
50-59 208 (23.3)
60-69 316 (35.4)
=70 231(25.9)

Sex, n (%)

Female 614 (68.8)
Male 279 (31.2)

Race/ethnicity, n (%)

White/non-Hispanic 835 (93.5)
Other 58 (6.5)

Cancer site, n (%)

Breast 278 (31.1)
Thyroid 166 (18.6)
Oral cavity/pharynx 149 (16.7)
Bone marrow 61 (6.8)

All other sites 239 (26.8)

Malignancy level, n (%)

Malignant 742 (83.1)

Insitu 125 (14.0)

Benign/unknown 26 (2.9)
Time since diagnosis (years), mean (SE) 10.3(0.2)

Timesince diagnosis (years), n (%)

<5 147 (16.5)
5-10 389 (43.6)
>10 357 (40.0)
Household income (US $), n (%)
0-49,999 171 (19.1)
50,000-99,999 249 (27.9)
>100,000 324 (36.3)
No response 149 (16.7)
Education, n (%)
High school diploma/General Educational Development [GED] or less 109 (12.2)
Some college 169 (18.9)
College degree 359 (40.2)
Graduate/professional degree 251 (28.1)
No response 5(0.6)
Stressleve , n (%)
Not at all 136 (15.2)
A little bit 313(35.1)
https.//cancer.jmir.org/2026/1/e92876 JMIR Cancer 2026 | vol. 12| €92876 | p. 6
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Characteristics Value
Somewhat 254 (28.4)
Quite a bit/very much 186 (20.8)
No response 4(0.4)

Confidence about ability to take good care of health, n (%)
Completely confident 126 (14.1)
Very confident 341 (38.2)
Somewhat confident 316 (35.4)
A little confident/not confident at all 108 (12.1)
No response 2(0.2

3mHealth: mobile health.

bAge is presented as a continuous variable with mean (SE). Percentages may not total 100% due to rounding. Small cell sizes (eg, <5) are presented
because the data were fully deidentified and not linked to sensitive or identifiable subgroups. Categories with small response counts (eg, <5) should be

interpreted with caution.

Fitness Tracker Ownership

More than half of the respondents (506/893, 56.7%) reported
currently owning a fitness tracker, while 43.3% (386/893) did
not, and 1 (0.1%) individual declined to answer (Figure 2). The
most common deviceswerethe AppleiWatch (272/506, 53.8%),
Fitbit (147/506, 29.1%), the Samsung Galaxy Watch (36/506,
7.1%), and the Garmin Wrist Tracker (29/506, 5.7%). Among
non-owners, 60.6% (234/386) participants expressed interest
in obtaining a tracker, with the most common reasons being to
monitor activity (173/386, 44.8%), sl eep (148/386, 38.3%), and
heart rate (146/386, 37.8%), as well as for encouragement,
reminders, and accountability (114/386, 29.5%).

The most frequently endorsed facilitators of ownership were
activity tracking (403/506, 79.6%), heart rate tracking (228/506,
45.1%), deep tracking (164/506, 32.4%), and integration with
other apps and devices (148/506, 29.2%), followed by goal
setting or progresstracking (112/506, 22.1%). Preventive health
tracking (38/506, 7.5%) and food/calorie tracking (31/506,
6.1%) were less commonly reported. Barriers to ownership
reported among non-owners included cost (165/386, 42.7%)
and lack of interest (138/386, 35.8%), which were the most
frequently cited reasonsfor not having atracker. Other common
barriers were believing they did not need a fitness tracker to
stay healthy (78/386, 20.2%) and limited technology skills
(73/386, 18.9%). Smaller proportions of participants reported
comfort issues (34/386, 8.8%), privacy concerns (33/386, 8.5%),
and lack of awareness about fitness trackers (31/386, 8.0%).

In univariate analyses (Table 2), several demographic and
clinical factorswere significantly associated with fitnesstracker
ownership. A younger age, female sex, a higher household
income, higher educational attainment, and the cancer sitewere
each associated with greater odds of ownership in unadjusted
models. Specifically, male participants had lower odds of
ownership compared to females (OR 0.42, 95% CI 0.31-0.56;
P<.001), while higher household income was positively

https://cancer.jmir.org/2026/1/e92876

associated with ownership (US $50,000-$99,999: OR 1.61, 95%
Cl 1.08-2.38; P=.02; =2US $100,000: OR 3.85, 95% CI
2.61-5.68; P<.001).

In the final adjusted multivariable model, fitness tracker
ownership remained independently associated with sex,
household income, and cancer site. Male participants had 39%
lower odds of ownership compared to females (adjusted odds
ratio [aOR] 0.61, 95% CI 0.42-0.87; P=.006). Higher household
income was strongly associated with ownership, with
participants reporting annual household incomes of US
$50,000-$99,999 (aOR 1.70, 95% CI 1.13-2.57; P=.01) and
>US $100,000 (aOR 3.64, 95% CI 2.41-5.50; P<.001) having
greater odds of owning a tracker compared to those earning
<US $50,000. Ownership aso varied by cancer site, with lower
odds observed among participants with thyroid cancer (aOR
0.64, 95% Cl 0.41-1.00; P=.05), oral cavity/pharyngeal cancer
(aOR 0.39, 95% CI 0.25-0.63; P<.001), bone marrow cancer
(aOR 0.49, 95% CI 0.26-0.90; P=.02), and other cancer types
(aOR 0.48, 95% CI 0.31-0.73; P<.001) relative to the reference
group. Age was marginally associated with ownership in the
adjusted model (aOR 0.99 per year, 95% CI 0.97-1.00; P=.05).
Education, race/ethnicity, the BMI, perceived stress, and
self-rated health confidence were not independently associated
with ownership after adjustment.

The demographic homogeneity of the sample (primarily
non-Hispanic White, college-educated individuals with higher
household incomes, recruited via email) may limit statistical
power to detect associations for certain characteristics,
particularly race/ethnicity. Consequently, null findings for
sociodemographic variables, such as race/ethnicity and
education, should be interpreted in this context rather than as
evidence that disparities do not exist. Finally, in a sensitivity
analysis in which al candidate predictors were entered
simultaneously, the direction, magnitude, and significance of
associations were largely consistent with the reduced model
(Table S1in Multimedia Appendix 2).
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Figure2. Fitnesstracker ownership, interest, and associations among cancer survivors. Participants were asked about their current ownership of fitness
trackers, their interest in using one, and specific features or functionalities they find helpful. Over half reported owning atracker, with the Apple iWatch
being most common. Among those interested in owning one, top motivationsincluded activity tracking and health monitoring. Facilitators of ownership
included usability features such asintegration with other apps, while common barriers were cost and lack of interest. Participants could select multiple
responses, but those who chose “no response” for a section could not select other options. The "%" column refersto the percentage of participants who
selected each option. Participants could select multiple responses.

Do You Own a Fitness Tracker Rig

-

Would you like a
fitness tracker?

What kind of fitness
tracker do you own
right now?
53.8%
Apple Watch (272)
29.1%

No Response
3.1%

(12)

Fitbit (147)

m7.1%

Samsung Galaxy Watch (36)

®57%
Garmin Wrist Tracker (29)

-~

Reasons for interest among all non-owners \

L ¢ @

Activity Sleep Heart rate Encouragement,  Goal setting

tracking tracking tracking reminders, and and progress
\ accountability tracking j/

Facilitators of Ownership Barriers of Ownership
% n=506 % n=386
Activity Tracking 79.6% 403 Cost 42.7% 165
Heart Rate Tracking 45.1% 228 Lack of interest 35.8% 138
Sleep Tracking 32.4% 164 Idon'tneedafiness 5450, 78
Integrating with Other 59 5o, 148 tracker to live healthy
Apps and Devices Not tech sawvy 18.9% 73
Encouragement, ’
Reminders, and 26.3% 133 (e B 8.8% 34
Accountability Privacy concerns 8.5% 33
Goal Setting and 22.1% 112 Lack of awareness (|
Progress Tracking don't know what they ~ 8.0% 31
Health Insights 11.9% 60 are or what they do)
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Table 2. Logistic regression predicting fitness tracker ownership.

Benzo et a

Varigbles Univarigble Multivariable (n=893)
OR® (95% Cl) Pvalue aORC (95% Cl) Pvalue

Age (per year increase) 0.97 (0.96-0.98) <.001 0.99 (0.97-1.00) .052
Sex

Female Reference _d Reference —

Male 0.42 (0.31-0.56)° <.001° 0.61 (0.42-0.87)° 006
Race/ethnicity

White, non-Hispanic Reference — Reference —

Other 0.77 (0.46-1.31) 34 — —
Annual household income (US $)

0-49,999 Reference — — —

50,000-99,999 1.61(1.08-2.38)° 02° 1.70 (1.13-2.57)° 01

2100,000 3.85 (2.61-5.68)° <.001¢ 3.64 (2.41-5.50)° <0018

No response 1.36 (0.88-2.12) 17 1.47 (0.93-2.33) .10
Education

High school diploma/General Educational Develop-  Reference — Reference —

ment (GED) or less

Some college 1.05 (0.65-1.70) .85 — —

College degree 2.13(1.38-3.29)¢ <.001¢ - -

Graduate/professional degree 1.85(1.17-2.91)° .008° - -
Cancer site

Breast Reference — — —

Thyroid 0.63 (0.42-0.95)° 03¢ 0.64 (0.41-1.00)® .05°

Oral cavity/pharynx 0.27 (0.18-0.41)° <.001¢ 0.39 (0.25-0.63)° <.001¢

Bone marrow 0.32 (0.18-0.56)° <.001° 0.49 (0.26-0.90)¢ .02¢

All other sites 0.33 (0.23-0.47)° <.001¢ 0.48 (0.31-0.73)° <.001¢
Perceived stresslevel

Not at al Reference — Reference —

A little bit 1.23(0.83-1.85) .306 — —

Somewhat 1.48 (0.98-2.26) .07 — —

Quite a bit/very much 1.43(0.91-2.23) a2 — —
Confidencein self-care

Completely confident Reference — — —

Very confident 0.84 (0.56-1.28) 43 — —

Somewhat confident 0.79 (0.52-1.20) .26 — —

A little/not at all confident 0.80 (0.47-1.34) .39 — —
PAf frequency

Every day Reference — — —

4-5 days/week 0.93 (0.64-1.36) 72 — —

2-3 days/week 1.04 (0.70-1.54) 85 — —

<2 days/week 0.72 (0.49-1.05) .09 — —
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Varigbles Univarigble Multivariable (n=893)
ORP (95% Cl) Pvalue aORC (95% Cl) Pvalue
BMI category (kg/m?)
<25.0 (normal weight) Reference — — —
25.0-29.9 (overweight) 0.89 (0.63-1.26) 51 — —
>30.0 (obese) 0.82 (0.59-1.14) 24 — —

#The multivariable model included variableswith P<.15 in univariable analyses; backward elimination retained variablesthat were statistically significant
or demonstrated substantive confounding (=15% change in another coefficient).

POR: odds ratio.
Ca0R: adjusted odds ratio.

dy/ariables not retained areindicated by an em dash (—). The univariable sampleincluded all 893 participants; the multivariable model wasfit on n=893.

Variablesincluded in the multivariable model were mutually adjusted.
Cstatistical significance at P<.05 (two sided).
P physical activity.

Use Patterns and Perceived Barriers Among Fitness
Tracker Owners

Among participantswho owned afitness tracker, most reported
daily use: 71.3% (361/506) wore their device every day, and an
additional 10.9% (55/506) wore it most days, while 6.3%
(32/506) wore it some days, 6.5% (33/506) rarely used it, 4.5%
(23/506) never used it, and 0.4% (2/506) declined to answer the
question (Figure 3). For analytic purposes, “never,” “rarely,”
and “some days’ were grouped as infrequent use (88/506,
17.3%), and “most days’ and “every day” were categorized as
frequent use (416/506, 82.2%). This binary variable served as
the outcome for the logistic regression analyses presented in
Table 3.

Among current users, the most commonly reported challenges
to regular use were battery life (147/506, 29.1%) and concerns
about accuracy (103/506, 20.4%). Other barriers included not
feeling tech savvy (70/506, 13.8%); discomfort, such asirritation
or bulkiness (54/506, 10.7%); low motivation (51/506, 10.1%);
information overload (42/506, 8.3%); and additional costs
(28/506, 5.5%). Notably, nearly one-third of the owners
(161/506, 31.8%) reported having no chalenges using their
device.

In multivariable models (Table 3), several barriers were
significantly associated with lower odds of being a frequent
tracker user. In the multivariable model, participants who
reported device discomfort or irritation were 75% lesslikely to
use their trackers frequently (aOR 0.25, 95% CI 0.13-0.48;
P<.001). Those citing information overload were 55% lesslikely
to use their trackers frequently (aOR 0.45, 95% CI 0.21-0.97;
P=.04). Similarly, participants reporting low motivation were
76% lesslikely to usetheir trackers frequently (aOR 0.24, 95%
Cl 0.12-0.46; P<.001). Reports of device malfunction and lack

https://cancer.jmir.org/2026/1/e92876

of integration with other apps or devices were each associated
with 75% lower odds of frequent use (aOR 0.25, 95% ClI
0.10-0.62; P=.003; aOR 0.25, 95% CI 0.09-0.69; P=.007,
respectively). Accuracy concerns, privacy issues, and battery
lifewere not significantly associated with the frequency of use.
It is important to note, however, that some barrier items
(particularly low motivation and information overload) are
conceptually proximate to the outcome of infrequent use and
may partialy reflect participants’ descriptions of their current
behavior rather than independent antecedent factors.
Device-level barriers, such as discomfort, malfunction, and
limited app integration, are more clearly separable from use
frequency, but the cross-sectional design precludes establishing
temporal order for any of these associations. Findly, in a
sensitivity analysis in which all candidate predictors were
entered simultaneously, the direction and magnitude of the
primary associations were consistent with the reduced model
(Table S2 in Multimedia Appendix 2). Two variables near the
conventional significance threshold exhibited minor shifts:
concern about accuracy moved from nonsignificant to
significant, and information overload moved from significant
to nonsignificant. These fluctuations are consistent with the
modest size of the infrequent-use group (n=88, 17.3%) that do
not ater the substantive conclusions. A sensitivity analysis
restricting the outcometo daily use produced largely consistent
findings (Table S3in Multimedia Appendix 2).

Overall, athough most participants used their fitness trackers
regularly, less frequent use was concurrently associated with
self-reported device usability and motivational factors rather
than demographic characteristics or privacy concerns. Asthese
factors were measured at the same time as the outcome, they
should be interpreted as correlates rather than established
antecedent barriers.
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Figure 3. Frequency of fitness tracker use and barriers to use among cancer survivors. Participants were asked how often they used their fitness tracker
and whether they experienced any challenges with use. Most participants reported wearing their tracker daily, while othersindicated less frequent use.
Of the five response categories, three reflected infrequent use, while two represented frequent use. Among the identified barriers, the most common
were battery life, accuracy concerns, and discomfort. Participants could select more than one challenge. Barrierswere only reported if participants either
selected specific issues or indicated “I did not have any challenges.” Those who chose not to answer or skipped the question were excluded from the
barrier summary. The"%" column refersto the percentage of participants who selected each option. Participants could select multiple responses. Those
who chose “no response” for a section were not allowed to select additional options. Note: 0.5% of responses are missing due to nonresponse.

How Often Do You Use This
Fitness Tracker on a Daily Basis?

4.5% (23)
| never wear it

| wear it every day

6.5% (33) 17.3%
| rarely wear it Infrequent
Users
6.3% (32)
| wear it some
days
10.9% (55)
| wear it most
days 82.2%
Frequent
71.3% (361) Users

What are some challenges or barriers that can make
it hard to use your fitness tracker?

%o
Battery life 29.1%
Concem of accuracy 20.4%
Mot tech sawwy 13.8%
Discomfort (irritation, bulkiness, etc) 10.7%
Unmotivated 10.1%
Information overload 8.3%
Additional costs 5.5%
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Table 3. Logistic regression predicting frequent use® of fitness trackers among current owners.

Variables Univariable Multivariable (n=504)b
ORC (95% Cl) P value aoORY (95% CI) P value
Age (per year increase) 1.00 (0.98-1.02) .96 _e —
Sex
Female Reference — Reference —
Mae 0.96 (0.59-1.58) 88 — —
Reported barriersto use
Accuracy concerns 1.77 (0.92-3.40) .09 1.91 (0.96-3.78) .07
Discomfort (irritation, bulkiness) 0.30 (0.16-0.56)" <.001f 0.25 (0.13-0.48)" <.001f
Not tech savvy 1.00 (0.53-2.00) .94 — —
Battery life 0.65 (0.40-1.06) .09 — —
Information overload 0.43 (0.22-0.87)" 02f 0.45 (0.21-0.97)" o4f
Low motivation 0.27 (0.15-0.51)' <.001f 0.24 (0.12-0.46)" <.001f
Privacy concerns 0.57 (0.18-1.84) .35 — —
Additional costs 0.62 (0.25-1.50) .28 — —
Limited app/device integration 0.24 (0.10-0.59)" .002f 0.25 (0.09-0.69)" .007f
Device malfunction 0.33(0.14-0.78)" o1 0.25 (0.10-0.62)" .003f
Limited internet access 0.56 (0.14-2.14) .39 — —
No oneto help me useit 0.91 (0.26-3.28) .89 — —
Other 0.57 (0.18-1.84) 35 — —

3Frequent use was defined as wearing the device every day or most days (416/506, 82.2%); the reference category was infrequent use (rarely, some

days, or never; 88/506, 17.3%).

PThe multivariable model included variableswith P<.15in univariable andl yses, backward elimination retained variables that were statistically significant
or demonstrated substantive confounding (=15% change in another coefficient).

COR: odds ratio.
930R: adjusted odds ratio.

SVariables not retained are indicated by an em dash (—). All included variables were mutually adjusted.

fStatistical significance at P<.05 (two sided).

Discussion

Principal Findings

This study included one of the most comprehensive
examinations to date of real-world fitness tracker ownership
and engagement among cancer survivors. More than half of the
respondents reported owning atracker, yet frequent use (defined
as wearing the device most days or every day) was less
universal, highlighting important distinctions between device
adoption and sustai ned engagement. Patterns of ownership were
associated primarily with demographic and socioeconomic
characteristics within this cohort, while continued use among
device owners appeared more strongly related to psychosocial
and usability-rel ated factors. These preval ence estimates should
beinterpreted in light of the cohort’s characteristics: participants
wererecruited from asingleinstitution, required an active email
address to be contacted, and were predominantly non-Hispanic
White, with a college education and ahigher household income.
Concurrent self-reports of device discomfort, information

https://cancer.jmir.org/2026/1/e92876
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overload, and technical issues were associated with less
consistent engagement in cross-sectional analysis.

Although the sample was relatively homogeneous in terms of
race and ethnicity, which may limit theidentification of certain
access and equity-related barriers, the observed differencesin
ownership by sex, income, and cancer site highlight significant
disparitiesin access, even within thisgroup. Although this study
was underpowered and not ideally suited to detect such patterns,
they were still discernible within our limited sample. These
patterns are becoming increasingly relevant as oncology moves
toward digitally supported survivorship care, where fitness
trackers offer a potential data source for monitoring PA,
symptoms, and functional recovery.

Comparison With Prior Research

In this study, approximately 57% of cancer survivors reported
owning afitness tracker, a prevalence higher than that reported
in several prior population-based studies. Thisdifferencelikely
reflects, in part, the cohort's recruitment approach and
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demographic composition rather than a uniform increase in
adoption among cancer survivorsgenerally. Despite this caveat,
Zhou et a [15], using Health Information National Trends
Survey — Surveillance, Epidemiology, and End Results
(HINTS-SEER) data, documented increasing adoption of
wearablesamong US cancer survivorsover time, with ownership
rising from approximately 21% in 2019 to 31% in 2022. Prior
work has also documented lower wearable adoption among
older cancer survivors. For example, Faro et al [16], in a study
with amean participant age of 74 years, found that only 31.8%
of survivors owned a wearable device and that increasing age
isinversely associated with ownership.

In addition to overall prevalence, we observed differences in
fitnesstracker ownership by sex, household income, and cancer
site that are largely consistent with the established literature.
Higher ownership among femal e participants corresponds with
previous popul ation-based research indicating agreater adoption
of self-monitoring technologies by women. Similarly, higher
ownership is aso observed among individuals with higher
incomes[17]. Inthis cohort, cancer-specific ownership patterns
were also identified; however, such patterns have been less
frequently explored in previous survivorship research, and the
findings of this study should be viewed as preliminary
observations to be tested in studies with detailed treatment and
clinical data.

Popul ation-based analyses of mHealth tracking have identified
lower engagement among older cancer survivors. In a large
HINTS-SEER analysis, Hong [18] reported that mHealth and
behavior tracking isindependently associated with younger age,
although this outcome combines app- and wearable-based
tracking rather than wearable ownership alone. In this study,
age was significantly associated with fitness tracker ownership
in unadjusted analyses and was marginally associated in adjusted
models, suggesting that the age gradient in this cohort is partialy
but not fully explained by correlated sociodemographic factors.
Differences in cohort composition, outcome definitions, and
baseline levels of technology engagement may also contribute
to variation across studies. Importantly, these findings should
not be interpreted as evidence that age-related disparities have
resolved, particularly in geriatric oncology populations, where
continued evaluation remains warranted.

Prior oncology research has primarily evaluated the feasibility
of fitnesstrackers under supervised conditions. In chemotherapy
populations, Nilanon et al [19] demonstrated that continuous
monitoring is feasible, with adherence above 68% and lower
activity predicting unplanned clinical encounters. Ng et al [20]
similarly reported very high adherence (94%-96%) and high
perceived usefulness among inpatient and outpatient
rehabilitation patients provided with trackers. These
intervention-based findings confirm feasibility when devices
are supported within structured settings, but reveal little about
voluntary, sustained use. This study extended prior research by
examining behavioral, motivational, and usability factorslinked
to real-world fitness tracker engagement.

Interpretation of Key Findings

The observed associations between fitness tracker ownership
and demographic and socioeconomic characteristics suggest
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that accessto these technol ogies remains patterned by structural
factors within cancer survivor populations. In this study,
ownership was associated with household income, sex, and
cancer dite, indicating that socioeconomic resources and
survivorship context may play a central role in shaping initial
adoption. The income gradient is consistent with broader
patterns of unequal access to consumer digital technologies
documented in popul ation-based studies[17]. Consumer-grade
fitnesstrackers and smartwatchestypically range from US $100
to US $400, a cost that may present a meaningful barrier for
lower-incomeindividuas, particularly given thefinancia burden
associated with cancer treatment. Notably, cost was the most
frequently endorsed barrier among non-owners in this study
(42.7%), further supporting the interpretation that financial
accessibility contributes to the observed income gradient.

Lower odds of fitness tracker ownership among male
participants is consistent with sex-based differences in health
self-monitoring behaviors observed in general population studies
[17]. Prior research has documented that women are morelikely
than men to engage in preventive health behavior, patterns
attributed, in part, to gender socialization around health vigilance
and self-care [21].

Differencesin fitnesstracker ownership by cancer site have not
been widely examined in prior survivorship research, and the
cross-sectional design and absence of clinical covariates
(treatment status, disease stage, recurrence, symptom burden,
and functional limitations) preclude evaluation of the
mechanisms underlying these patterns. The interpretations
offered below are therefore hypothesis generating rather than
explanatory. Breast cancer survivors, who served as the
reference group, demonstrated the highest ownership prevalence,
which may reflect both the demographic composition of this
group (predominantly female, higher income) and the
well-established culture of survivorship engagement, peer
support, and wellness-oriented sel f-management in breast cancer
communities. The lower ownership observed among survivors
of oral cavity/pharynx cancers (aOR 0.39), bone marrow
malignancies (aOR 0.49), and other sitesmay reflect differences
inthe treatment burden, physical sequelae that limit device wear
(eg, peripheral neuropathy, dermatologic toxicity), or lower
exposure to fitness-oriented survivorship messaging.

In contrast to ownership, frequent use among device owners
was more closely associated with experiential and motivational
factors within this cohort. Device discomfort, technical
malfunctions, limited app integration, and information overload
emerged as the most strongly associated barriers with lower
frequent use. However, these associations warrant different
levels of interpretive confidence. Device-level factors, such as
discomfort, malfunction, and limited integration, are
conceptually distinct from use frequency and are therefore more
defensible as independent correlates. In contrast, self-reported
motivational and cognitive burden items (low motivation,
information overload) overlap conceptually with the outcome
itself: reporting that one is “unmotivated” to use a tracker is
difficult to disentangle from the behavior of not using it. These
items may therefore function, in part, as retrospective
explanations for disengagement. This distinction does not
invalidate the observed associations but does constrain their
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interpretation; none should be treated as established causal
barriers, given the cross-sectional design. With this caveat, our
findingsalign with prior digital oncology research emphasizing
simplicity, interoperability, and actionable feedback as key
correlates of sustained engagement [10,11].

Fitness trackers play a key role in PA monitoring, a central
behavioral target in survivorship. PA is safe and beneficial
before, during, and after treatment, improving fatigue, functional
capacity, and quality of life and reducing mortality risk [6,7,22].
In asystematic review, Singh et al [9] found moderate-to-large
improvements in PA and related outcomes from
wearable-supported  interventions.  Similarly, oncology
rehabilitation frameworks emphasize early identification of
functional decline and referral to exercise oncology services
[7]. Together, these bodies of work highlight why understanding
real-world fitness tracker engagement is clinically significant.

Implicationsfor Digital Health and Survivor ship Care

Although this study did not eval uate implementation strategies,
clinical integration models, or interventions targeting usability,
the observed patterns of fitness tracker ownership and use may
inform future research and program development. As
survivorship care increasingly incorporates remote monitoring,
the relatively high prevalence of fitness tracker ownership in
this cohort (506/893, 56.7%) and frequent use among owners
(416/506, 82.2%) suggest that for digitally engaged subgroups,
wearables could meaningfully extend assessment beyond the
clinic. These rates should not, however, be taken as
population-level estimates of what scal able tracker-enabled care
can rely on. Wearables may support the identification of
emerging functional vulnerability by enabling longitudinal
monitoring of mobility-related activity patterns, including
sustained reductions in daily step counts and overall activity
levels, which have been associated with postoperative recovery
trgjectories, readmissions, and frailty-related outcomesin cancer
and older adult populations [23-25]. In parald,
wearable-derived measures of PA, sedentary behavior, heart
rate, and sleep have been proposed as scal able digital indicators
of cardiovascular and cardiometabolic risk in cancer
survivorship, complementing clinic-based evaluations rather
than replacing them [26].

The significant associati ons between sociodemographic factors
and device ownership indicate that equitable access may bethe
first and most critical step infacilitating fitnesstracker adoption.
The strong income gradient observed in this study, combined
with cost being the most frequently endorsed barrier among
non-owners, suggests that financial accessibility remains a
meaningful obstacle for lower-income participants. Strategies
to address this barrier may include device subsidy or loaner
programs, integration of fitness tracker provision into
survivorship care plans, or partnerships with device
manufacturers to reduce cost. Similarly, the lower ownership
observed among male participants and among survivors of
certain cancer types suggests that outreach and engagement
strategies may need to be tailored to reach populations that are
less likely to adopt these technol ogies independently.

However, inconsistent engagement among device owners
highlights that access alone may not be sufficient to support
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sustained use. Future studies should evaluate implementation
approaches that directly address behavioral and usability
barriers, including device comfort, cognitive burden, and
platform interoperability. Evidence from patientsreceiving care
at federally qualified health centers indicates that baseline
wearable ownership is low (21%), despite substantial interest
among those without adevice (58%), highlighting that effective
implementation may require education, onboarding, and user
support to address commonly reported usability and knowledge
barriers beyond device provision aone, even when economic
barriers are addressed [12]. It is important to note, however,
that the ownership prevalence in this study cohort was
significantly higher, at 56.7%, and the cohort itself showed
limited sociodemographic diversity. This suggests that further
research involving more diverse study populationsis necessary
to determine if the sociodemographic patterns observed within
this study generalize to populations with greater racial, ethnic,
and socioeconomic diversity.

Finally, because most ownersin this cohort were aready using
consumer devices, such as the Apple iWatch and Fitbit, future
digital lifestyle interventions may benefit from supporting
multidevice integration and bring-your-own-device approaches,
allowing cancer survivors to continue using familiar
technologies and reducing friction to participation. Evaluating
these strategies in more diverse populations and health care
settings will be essential to determine how tracker-enabled
survivorship approaches can be implemented effectively and
equitably.

Strengths and Limitations

This study has several limitations. The cross-sectional design
precludes causal inference, and fitness tracker ownership and
use were self-reported rather than objectively verified, which
may introduce recall or social desirability bias. Second, the
dataset lacked clinical characteristics, such as treatment status
and recurrence history, which may limit interpretation. In
addition, in the use-frequency analysis (Table 3), both the barrier
itemsand the outcome were ascertained simultaneously through
the same self-report instrument. Although device-level barriers
(eg, discomfort, malfunction) are conceptually separable from
use frequency, motivational and cognitive burden items (eg,
low motivation, information overload) are difficult to distinguish
from the outcome they are intended to predict, raising the
possibility of criterion contamination. Future longitudinal
designs that assess barriers at baseline and track use patterns
prospectively would help clarify whether these factors precede,
accompany, or result from changes in engagement.

The sample primarily consisted of non-Hispanic White
individuals with a college educated and higher household
incomes, which limits the generalizability to more diverse
survivor populations. Although several sociodemographic
correlates of ownership were detected, including sex, income,
and cancer site, the limited racial and ethnic diversity of the
sample constrains the ability to identify disparities along these
dimensions, and the observed associations may not generalize
to populations with greater sociodemographic variability. We
were also unable to evaluate device-level characteristics, such
as accuracy, brand-specific differences, or wear time
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verification, which constrain theinterpretation of how technical
performance may influence engagement. In particular, several
of the barriers identified in the frequent-use model, such as
battery life, device malfunction, and limited app or device
integration, are plausibly device or brand specific and may vary
by manufacturer, device generation, or operating-system
ecosystem; because brand-level subgroup analyses were not
powered in the sample, these barriers should be interpreted as
aggregate user experiences rather than properties of fitness
trackers as a class. Finaly, athough the survey captured
additional digital heath constructs, the analysis focuses
specifically on fitness tracker behaviors to maintain conceptual
and analytic clarity.

Degspite these limitations, this study has important strengths.
The sample included survivors across a broad range of cancer
types, and the survey simultaneously assessed demographic,
psychosocial, and experiential correlates of fitness tracker use,
domainsthat are not often examined together. By characterizing
real-world engagement with consumer-owned devices rather
than study-provided fitness trackers, thiswork providesinsight
into naturalistic patterns of adoption and sustained use. These
findingshelpfill acritical gap in theliterature, which haslargely
been divided between population-level estimates of device
ownership and feasibility studies conducted under structured
clinical or research conditions. By integrating both perspectives,
this study advances understanding of how survivors adopt and

Benzo et a

maintain fitness tracker use in everyday contexts, providing a
behavioral foundation for devel oping scalable, equitable digital
health interventions to support long-term self-management.

Conclusion

In summary, we conducted one of the largest studies of
real-world fitness tracker engagement among cancer survivors
and found that within this single-center, demographically
homogeneous cohort, although ownership was common, initial
ownership was primarily correlated with sociodemographic
factors, while sustained use within this sample varied widely
and was concurrently associated with self-reported psychosocial
and usability factors, which should be interpreted as correlates
rather than established antecedent barriers. Because the sample
likely reflects a digitally engaged subgroup, these patterns
should be interpreted as upper-bound estimates rather than
broadly representative figures. These findings highlight the
importance of integrating behaviora support, human-centered
design, and seamless system-level interoperability into digital
survivorship programs. Future research should examine
longitudinal associations between fitness tracker—derived activity
and clinical outcomes, test interventions targeting motivational
and emationa barriers, and develop implementation models
that facilitate integration of fitness tracker data into oncology
workflows. By strengthening both access and sustained
engagement, fitness trackers may help support scalable,
personalized approaches to survivorship care.
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