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Abstract—Incorporating mobile health (mHealth) into cancer
care holds growing promise for improving quality and access,
especially in rural and disadvantaged populations, who continue
to face disparities in distress prevalence and healthcare engage-
ment. Regardless, sustained engagement with mHealth solutions
remains challenging due to motivational, technical, and usability
barriers. We developed and piloted a HIPAA-compliant mHealth
app, Assuage, in a 45-day longitudinal study with seven cancer
patients, the majority from rural backgrounds. Participants alter-
nated between daily and every-other-day symptom reporting. Our
findings reflect adherence trends across reporting frequencies,
stable and favorable system usability measures before and after
the study, and qualitative insights about participants’ willingness
to use mHealth for symptom self-reporting.

Index Terms—mobile health, mHealth, cancer patients, adher-
ence, symptom-reporting, patient-reported outcomes, user studies

I. INTRODUCTION

The National Comprehensive Cancer Network (NCCN)
defines distress as “a multifactorial unpleasant experience of
a psychological (ie, cognitive, behavioral, emotional), social,
spiritual, and/or physical nature that may interfere with one’s
ability to cope effectively with cancer, its physical symptoms,
and its treatment [1].” Distress is highly prevalent among
cancer patients in the United States, with rural populations
disproportionately affected due to limited access to providers
and long travel distances to care [2]-[4]. Untreated distress
reduces treatment adherence, satisfaction with care, quality of
life, and survival rates [3]. The NCCN developed the Distress
Thermometer (DT) as a validated tool to screen for distress [5],
typically administered during in-person visits approximately
every 45 days [4].

The ubiquity of mobile devices makes mobile health
(mHealth) systems particularly attractive, especially for reach-
ing rural populations [6]. A promising use of mHealth is
remote patient monitoring (RPM), which can include objective
data collected via sensor devices or subjective data gathered
from patient-reported outcomes (PROs). This approach results
in a better understanding of a patient’s overall health and

symptom tracking between visits, potentially overcoming bar-
riers related to geography and provider availability. Incorporat-
ing mHealth into cancer care can reduce the need for frequent
in-person visits, lowering costs for patients and providers.

While patients generally accept mHealth for RPM and
PRO [7]-[10], sustained engagement and adherence remain
challenges [11]. Inconsistent use of mHealth is often attributed
to a lack of motivation, poor engagement strategies, and
poor usability [12]-[14], which directly relates to adoption
and engagement with an app, affecting a patient’s willing-
ness to adhere [15]. Notifications and prompting are impor-
tant for increasing and maintaining adherence to PROs with
mHealth [7]. However, encouraging PROs at too high a rate
can be counterproductive, contributing to patient distress and
burnout [16]-[18], indicating that a proper balance must be
struck to maximize compliance.

This paper introduces Assuage, a HIPAA-compliant
mHealth app, and presents preliminary results from a within-
subjects 45-day longitudinal study with seven cancer patients,
majority rural, that investigates adherence to distress symptom
reporting at varying frequencies. We approached this study
with the following research questions.

« How frequently are patients with cancer willing to self-
report symptoms?

o How can patients with cancer be effectively motivated to
engage with mHealth and adhere to symptom-reporting?

We report on participant adherence to reporting symptoms at
different frequencies, usability of the system, and participant
feedback concerning using mHealth and adhering to self-
reporting symptoms.

II. METHODS

A. Study Tool

Assuage is a HIPAA-compliant iOS mobile app designed as
a research testbed for conducting mHealth studies. It leverages
Apple’s open-source ResearchKit and CareKit frameworks
and integrates quality-of-life surveys seamlessly. Additionally,
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Fig. 1. Screenshots of the symptom reporting page in Assuage.

Assuage uses Apple’s HealthKit to collect sensor-based health
data from wearable devices such as Apple Watch or Fitbit, if
available.

All data collected by Assuage is securely stored on the
user’s device, with transmission and storage protected by
HIPAA-compliant encryption. Each participant is assigned a
random identifier within the app and database to safeguard
patient privacy. Key features of Assuage at the time of this
study included symptom reporting (Figure 1), local notifica-
tions to encourage adherence, alerts prompting users to contact
the cancer center if distress levels were rated medium or high,
and pre-loaded contact information for the cancer center, the
research team, and each participant’s oncologist.

B. Study Procedures

This mixed-methods study comprised three parts and was
approved by the University of Kentucky’s Institutional Review
Board (protocol 70590). Participants were recruited in person
from the Markey Cancer Center between July and December
2023 and required access to an iOS or iPadOS device. Em-
ploying a within-subjects design, each participant alternated
weekly between two symptom-reporting frequencies: daily
and every-other-day. Reporting schedules were pragmatically
aligned with participants’ most recent or upcoming medical
appointments.

At enrollment, participants met individually with a research
team member for approximately one hour to complete prelimi-
nary questionnaires covering demographic information, cancer
diagnosis, mobile device usage, attitudes toward electronic
symptom reporting, and an initial usability assessment. They
were informed that reporting frequency would vary weekly.
After the 45-day study period, participants met again individ-

ually for about an hour to answer post-study questions and
complete an additional usability assessment. All interactions
occurred either in person at the cancer center or via Zoom.

C. Data Collection and Analysis

We collected data through the Assuage app, questionnaires,
and semi-structured interviews. Variables collected included
demographics, system usability scores, patient-reported dis-
tress, reporting timestamps, notification interactions, app usage
metrics, and qualitative responses to post-study questions.
Quantitative data from Assuage and usability assessments were
analyzed descriptively using Python in Jupyter notebooks.
Semi-structured interview transcripts were analyzed using
thematic analysis [19]. System usability was measured using
the Post-Study System Usability Questionnaire (PSSUQ) [20],
which assesses overall usability and three subcategories: Sys-
tem Usability, Information Quality, and Interface Quality.
Although not diagnostic, the PSSUQ is effective for evaluating
usability in small samples [21].

Adherence was defined as logging distress on required
reporting days. To assess long-term compliance, we employed
the Loyalty Index (LI), a component of the Engagement
Index [22]. The LI calculation is as follows:

1
L=1 N @)
where N is the number of expected visits during a specified
interval [23]. For daily reporting weeks, the expected LI is:

1
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For every-other-day reporting weeks, the expected LI is:

1
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We evaluated adherence by comparing each participant’s ob-
served LI against these expected values.

III. RESULTS AND DISCUSSION

Descriptive statistics for usability and adherence are pre-
sented alongside participant feedback.

A. Participant Demographics

All seven participants were non-Hispanic White. Most (n=5)
held a college degree, while two completed some college.
Participant ages ranged widely: over 65 (n=1), 55-64 (n=3),
45-54 (n=1), 35-44 (n=1), and 25-34 (n=1). Diagnoses in-
cluded breast cancer (n=2) and melanoma (n=5), with partic-
ipants at various treatment stages. The majority (n=5) resided
in rural areas. Participants had varying levels of mobile app
experience. Notably, for one participant (P5), a caregiver used
and logged symptoms on their behalf, reflecting common real-
world practice.
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TABLE I
AVERAGE PSSUQ RATINGS BEFORE AND AFTER THE STUDY.
Usability Mean (SD)
Pre Post

Overall 1.2(0.7) | 1.4 (0.4)
System Usability 1.4 (0.8) | 1.3 (0.3)
Information Quality 1.4 (0.7) 1.6 (0.4)
Interface Quality 1409 | 1.2 (0.4)

TABLE 11

MEDIAN (IQR) VALUES OF THE Loyalty Index FOR A PARTICIPANT’S
RESPECTIVE REQUIRED ADHERENCE WEEK DURING THE STUDY.

Adherence

Daily week 1

Daily week 2

Daily week 3
Every-other-day week 1
Every-other-day week 2
Every-other-day week 3

Median (IQR)
0.78 (0.19-0.23)
0.79 (0.69-0.85)
0.65 (0.13-0.83)
0.71 (0.54-0.79)
0.75 (0.19-0.75)
0.67 (0)

B. Usability

Usability was assessed using the Post-Study System Us-
ability Questionnaire (PSSUQ), which employs a 7-point
Likert scale where 1 indicates strong agreement and 7 strong
disagreement. Table I summarizes average scores pre- and
post-study across overall usability and subcategories. Overall,
usability ratings remained stable and favorable throughout the
45-day period.

C. Adherence

Figure 2 depicts violin plots illustrating participants’ Loy-
alty Index (LI) grouped by daily and every-other-day reporting
weeks. Participant P2’s LI was excluded from median and

interquartile range calculations due to early dropout. Table II
reports weekly median LI values. The expected ideal LI
for daily and every-other-day reporting is 0.85 and 0.75,
respectively.

D. Participant Feedback

Most participants found the app highly intuitive and easy
to use, though several required initial orientation before in-
dependently navigating its features. Once familiar, nearly all
agreed that completing assessments demanded minimal extra
effort. Many successfully incorporated symptom logging into
their daily routines, while others reported more sporadically
as memory permitted. Notably, most participants relied on
self-motivation rather than local notifications, using the app
primarily at home but sometimes during work or between
appointments.

A strong preference emerged for daily or even multiple daily
reporting, particularly during periods of heightened symptom
severity. However, participants also recognized that sustained
daily reporting could become overwhelming when faced with
significant distress or life stressors. Reminders were consis-
tently viewed as valuable, helping counteract cognitive lapses
and facilitating engagement amidst the “chaos” of cancer
management.

Self-reporting fostered greater self-awareness, prompting
regular “self-checks” and facilitating more informed com-
munication with healthcare providers. Participants described
sharing logged symptom histories with their clinicians, which
enhanced the quality and efficiency of medical consultations.
Several expressed intent to continue routine self-reporting
beyond the study, either with the app or personal journals.



E. Discussion

Participant feedback underscored the app’s strength as a
supportive tool for self-monitoring and symptom trend track-
ing. Routine symptom logging empowered patients to re-
flect on their physical and emotional wellbeing, creating a
sense of control and active involvement in their care. This
self-awareness, paired with the ability to efficiently share
assessment histories with providers, helped facilitate higher
quality care interactions. Despite these benefits, some barri-
ers persisted. Providers lacked direct access to patient logs,
potentially limiting engagement. Many patients and clini-
cians preferred integrating symptom tracking with existing
platforms—particularly MyChart—highlighting the need for
interoperability with electronic health records to streamline
communication and workflow.

Notifications were broadly considered helpful and unob-
trusive; however, participants emphasized the importance of
flexibility in reporting schedules, as strict daily tracking could
exacerbate distress during challenging periods. These insights
point toward designing mHealth interventions that balance
structured engagement with patient autonomy, integrating
seamlessly into diverse clinical environments and supporting
ongoing behavioral change.

IV. CONCLUSION

This 45-day pilot study demonstrated the feasibility and
usability of Assuage, a HIPAA-compliant mHealth app, for
distress symptom reporting among seven cancer patients.
Adherence to varying symptom-reporting schedules and no-
tification strategies was assessed, with participants consis-
tently describing Assuage as intuitive, empowering, and non-
burdensome. Routine use increased patient awareness and
facilitated symptom tracking and communication with care
teams. Participant feedback highlighted desires for enhanced
connectivity with existing health systems and responsiveness
to individual reporting needs. Ongoing recruitment aims to
validate these findings in a broader population. Future develop-
ment will prioritize integration with electronic health records,
support bilateral provider engagement, and explore machine
learning approaches to proactively identify patients at risk for
deterioration.

REFERENCES

[1] NCCN, “Ncen clinical practice guidelines in oncology (nccn guide-
lines®) distress management,” 2024, [Accessed 09-15-2025]. [Online].
Available: https://apos-society.org/wp-content/uploads/2024/03/distress-
2024.pdf

N. S. Wagle, L. Nogueira, T. P. Devasia, A. B. Mariotto, K. R. Yabroff,

F. Islami, A. Jemal, R. Alteri, P. A. Ganz, and R. L. Siegel, “Cancer

treatment and survivorship statistics, 2025,” CA: A Cancer Journal for

Clinicians, 2025.

A. Getie, M. Ayalneh, and M. Bimerew, “Global prevalence and deter-

minant factors of pain, depression, and anxiety among cancer patients:

an umbrella review of systematic reviews and meta-analyses,” BMC

psychiatry, vol. 25, no. 1, p. 156, 2025.

[4] A. Donawa, C. Powell, R. Wang, M.-Y. Chih, R. Patel, R. Zinner,
E. Aronoff-Spencer, and C. E. Baker, “Designing survey-based mobile
interfaces for rural patients with cancer using apple’s researchkit and
carekit: Usability study,” JMIR Formative Research, vol. 8, no. 1, p.
e57801, 2024.

[2

—

[3

[t}

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

M. B. Riba, K. A. Donovan, K. Ahmed, B. Andersen, I. Braun, W. S.
Breitbart, B. W. Brewer, C. Corbett, J. Fann, S. Fleishman et al., “Nccn
guidelines® insights: distress management, version 2.2023: featured
updates to the nccn guidelines,” Journal of the National Comprehensive
Cancer Network, vol. 21, no. 5, pp. 450-457, 2023.

M. J. McCarthy, A. Wicker, J. Roddy, M. Remiker, I. Roy, M. McCoy,
E. S. Cerino, and J. Baldwin, “Feasibility and utility of mobile health
interventions for depression and anxiety in rural populations: A scoping
review,” Internet Interventions, vol. 35, p. 100724, 2024.

W. Leidong, M. Monachino, D. Lloyd-Williams, T. L. H. Nguyen,
B. Dsouza, and J. P. Moreira, “Mobile apps for cancer patients:
Identifying positive impacts and concerns,” Digital Health, vol. 11, p.
20552076241305707, 2025.

A. J. Nelson, N. J. Pagidipati, and H. B. Bosworth, “Improving medica-
tion adherence in cardiovascular disease,” Nature Reviews Cardiology,
vol. 21, no. 6, pp. 417-429, 2024.

V. Reshma, A. M. Chacko, N. Abdulla, M. Annamalai, and V. Kandi,
“Medication adherence in cancer patients: a comprehensive review,”
Cureus, vol. 16, no. 1, 2024.

S. Ren, C. C. McDonald, D. J. Corwin, D. J. Wiebe, C. L. Master, and
K. B. Arbogast, “Response rate patterns in adolescents with concussion
using mobile health and remote patient monitoring: observational study,”
JMIR pediatrics and parenting, vol. 7, p. €53186, 2024.

C. Armbruster, M. Knaub, E. Farin-Glattacker, and R. von der Warth,
“Predictors of adherence to cancer-related mhealth apps in cancer
patients undergoing oncological or follow-up treatment—a scoping
review,” International Journal of Environmental Research and Public
Health, vol. 19, no. 20, p. 13689, 2022.

S. Teles, C. Pail, P. Lima, R. Chilro, and A. Ferreira, “User feedback and
usability testing of an online training and support program for dementia
carers,” Internet interventions, vol. 25, p. 100412, 2021.

E. R. Haines, A. Dopp, A. R. Lyon, H. O. Witteman, M. Bender,
G. Vaisson, D. Hitch, and S. Birken, “Harmonizing evidence-based
practice, implementation context, and implementation strategies with
user-centered design: a case example in young adult cancer care,”
Implementation science communications, vol. 2, no. 1, p. 45, 2021.

K. M. White, E. Carr, D. Leightley, F. Matcham, P. Conde, Y. Ranjan,
S. Simblett, E. Dawe-Lane, L. Williams, C. Henderson et al., “Engage-
ment with a remote symptom-tracking platform among participants with
major depressive disorder: Randomized controlled trial,” JMIR mHealth
and uHealth, vol. 12, no. 1, p. e44214, 2024.

T. Lu, Q. Lin, B. Yu, and J. Hu, “A systematic review of strategies
in digital technologies for motivating adherence to chronic illness self-
care,” npj Health Systems, vol. 2, no. 1, p. 13, 2025.

J. L. Mair, J. Hashim, L. Thai, E. S. Tai, J. C. Ryan, T. Kowatsch,
F. Miiller-Riemenschneider, and S. M. Edney, “Understanding and
overcoming barriers to digital health adoption: a patient and public
involvement study,” Translational Behavioral Medicine, vol. 15, no. 1,
p. ibaf010, 2025.

N. F. M. Johari, N. M. Ali, M. H. M. Salim, and N. A. Abdullah,
“Factors driving the use of mobile health app: insights from a survey,”
mHealth, vol. 11, p. 12, 2025.

J. Woodward, Y.-P. Chen, K. Jurczyk, K. M. Ross, L. Anthony, and
J. Ruiz, “A survey of notification designs in commercial mhealth apps,”
in Extended Abstracts of the 2021 CHI Conference on Human Factors
in Computing Systems, 2021, pp. 1-7.

V. Clarke and V. Braun, “Thematic analysis,” The journal of positive
psychology, vol. 12, no. 3, pp. 297-298, 2017.

J. Sauro and J. R. Lewis, Quantifying the user experience: Practical
statistics for user research. Morgan Kaufmann, 2016.

J. R. Lewis, “Measuring perceived usability: Sus, umux, and csuq ratings
for four everyday products,” International Journal of Human—Computer
Interaction, vol. 35, no. 15, pp. 1404-1419, 2019.

Y. W. Tak, J. W. Lee, J. Kim, and Y. Lee, “Predicting long-term
engagement in mhealth apps: Comparative study of engagement indices,”
Journal of Medical Internet Research, vol. 26, p. €59444, 2024.

S. Taki, S. Lymer, C. G. Russell, K. Campbell, R. Laws, K.-L. Ong,
R. Elliott, E. Denney-Wilson et al., “Assessing user engagement of an
mhealth intervention: development and implementation of the growing
healthy app engagement index,” JMIR mHealth and uHealth, vol. 5,
no. 6, p. €7236, 2017.



