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Abstract

Background: Primary health care (PHC) services face operational challenges due to high patient volumes, leading to complex
management needs. Patients access services through booked appointments and walk-in visits, with walk-in visits often facing
longer waiting times. No-show appointments are significant contributors to inefficiency in PHC operations, which can lead to an
estimated 3%-14% revenue loss, disrupt resource allocation, and negatively impact health care quality. Emirates Health Services
(EHS) PHC centers handle over 140,000 visits monthly. Baseline data indicate a 21% no-show rate and an average patient wait
time exceeding 16 minutes, necessitating an advanced scheduling and resource management system to enhance patient experiences
and operational efficiency.

Objective: The objective of this study was to evaluate the impact of an artificial intelligence (AI)-driven solution that was
integrated with an interactive real-time data dashboard on reducing no-show appointments and improving patient waiting times
at the EHS PHCs.

Methods: This study introduced an innovative AI-based data application to enhance PHC efficiency. Leveraging our electronic
health record system, we deployed an AI model with an 86% accuracy rate to predict no-shows by analyzing historical data and
categorizing appointments based on no-show risk. The model was integrated with a real-time dashboard to monitor patient journeys
and wait times. Clinic coordinators used the dashboard to proactively manage high-risk appointments and optimize resource
allocation. The intervention was assessed through a before-and-after comparison of PHC appointment dynamics and wait times,
analyzing data from 135,393 appointments (67,429 before implementation and 67,964 after implementation).

Results: Implementation of the AI-powered no-show prediction model resulted in a significant 50.7% reduction in no-show
rates (P<.001). The odds ratio for no-shows after implementation was 0.43 (95% CI 0.42-0.45; P<.001), indicating a 57% reduction
in the likelihood of no-shows. Additionally, patient wait times decreased by an average of 5.7 minutes overall (P<.001), with
some PHCs achieving up to a 50% reduction in wait times.

Conclusions: This project demonstrates that integrating AI with a data analytics platform and an electronic health record systems
can significantly improve operational efficiency and patient satisfaction in PHC settings. The AI model enabled daily assessments
of wait times and allowed for real-time adjustments, such as reallocating patients to different clinicians, thus reducing wait times
and optimizing resource use. These findings illustrate the transformative potential of AI and real-time data analytics in health
care delivery.

(JMIR Form Res 2025;9:e64936)   doi:10.2196/64936

KEYWORDS

electronic health record; EHR; artificial intelligence; AI; no-show appointments; real-time data; primary health care; risk prediction;
clinic waiting time; operational efficiency
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Introduction

Primary health care (PHC) centers are the initial contact point
for health care and are considered the gateway to the health care
system for a large proportion of the population [1,2]. PHC
centers experience a high daily patient influx, making PHC
operations complex and requiring efficient systems. While many
patients book appointments in advance, others rely on walk-ins,
often leading to longer wait times for older and pediatric patients
who require quicker attention. However, a significant issue is
no-show appointments, where patients fail to attend their
scheduled appointments without prior cancellation.

No-show appointments create a significant burden by
unnecessarily blocking health care resources. They can
negatively impact the financial and operational planning of
health care organizations, leading to an estimated revenue loss
of 3%‐14% [3,4]. Various interventions have been proposed
to address this issue, focusing on understanding patient
behaviors and reducing no-show rates [5]. Many organizations
use data analytics to predict no-show probabilities and devise
interventions to improve clinical efficiencies [6-8]. Literature
suggests that while machine learning models have been explored
to predict no-show likelihoods [9], a gap exists in
operationalizing these insights at a large scale, especially in
settings like the Emirates Health Services (EHS), which manages
a vast network of health care facilities.

Another key indicator of patient satisfaction is waiting time,
which directly affects the quality of care and patient experience
[10-12]. Numerous studies have demonstrated that reducing
patient waiting times can significantly enhance patient
satisfaction and overall service quality. These studies highlight
that multiple interventions, such as resource optimization and
system redesign, are necessary to improve operational efficiency.
Identifying bottlenecks and implementing practical interventions
can significantly reduce waiting times [13-17]. With the
evolution of artificial intelligence (AI), organizations can now
leverage real-time data analytics to develop predictive models
and suggest proactive interventions.

While there are examples from various health care settings
demonstrating the successful use of AI models and patient
reminders to reduce no-shows [18,19], there is limited research
on how such systems can be optimized specifically for large
health care networks like the EHS. Several studies highlight the
importance of real-time analytics in improving health care
outcomes, allowing organizations to respond promptly to
emerging challenges and optimize resource allocation [20-22].
Hence, this study aims to address this gap by providing an
electronic health record (EHR)-driven, real-time analytics
solution tailored to the operational needs of PHC centers.

The EHS is a vast health care network across 6 emirates in the
United Arab Emirates, managing hospitals, clinics, specialized
centers, and supporting services [23]. The PHC centers within
the EHS handle over 140,000 visits each month, resulting in a
high patient turnover. While this often leads to
longer-than-expected wait times negatively impacting patient
experience, some appointment slots remain underused due to
an average no-shows rate of 21%. Baseline data show the

average physician waiting time exceeds 16 minutes, and while
resources are distributed based on center needs, occasional
shortages contribute to operational delays.

Considering these challenges, our study aims to evaluate the
impact of a real-time dashboard that projects operational metrics
and integrates an AI model to predict no-show appointments in
PHC centers at the EHS. By using this AI-enriched dashboard,
clinic administrators can identify high-risk patients (risk of
no-show) and proactively contact them to emphasize the
importance of their scheduled visits. The primary goals of this
evaluation were to assess if the dashboard improved operational
efficiency, reduced no-show appointments, optimized resource
allocation, and decreased patient waiting times.

Methods

Study Design
This project was conceived as an innovative data-driven
intervention using our data intelligence platform seamlessly
integrated with the EHR (Multimedia Appendix 1). Using
real-time PHC data, we created a dashboard with an AI model
to guide the operational workflow and to reduce clinic wait
times and no-show appointments.

This was a before-and-after study that evaluated the impact of
a real-time dashboard with an AI-powered no-show prediction
model at EHS PHCs 3 months before and after implementation.
By leveraging this dashboard, clinic coordinators could
proactively manage PHC traffic flow, enhancing operational
efficiency and reducing patient waiting times. To capture key
metrics accurately, several data definitions were established to
track patient flow within the PHC setting. Clinic waiting time
was defined as the intervals between various points in a patient’s
journey, which were all recorded as time stamps in the EHR
system. Specifically, this included:

• Nurse waiting time: time from registration to the nurse
station.

• Physician waiting time: time from being ready to be seen
by the physician to the actual consultation.

• Check-in to checkout time: total time from check-in to final
checkout by the physician.

• Appointment no-show: defined as a patient missing a
scheduled appointment without prior notice to the PHC.

For comprehensive analysis, all visit and attendance data were
sourced from the EHR and the human resources attendance
system, both of which were updated in real time to ensure data
accuracy and relevance.

Research Road Map Intervention and Dashboard
Implementation
Our research followed a structured path from data acquisition
to intervention and evaluation. We first integrated patient and
clinic staff data from the EHR into a real-time dashboard that
incorporated an AI model trained on historical EHR data to
predict no-show appointments. This model, along with other
key PHC metrics—such as footfall, resource availability, and
wait times—were displayed on the dashboard to support clinic
coordinators in managing appointments proactively. The AI
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model projected daily no-show risk, allowing coordinators to
reach out to high-risk patients for confirmation or rescheduling.
Additionally, real-time resource constraints were visible on the
dashboard, enabling operational adjustments as needed. All
users received training on the new dashboard and workflow,
and continuous monitoring and evaluation processes were
established to assess ongoing performance. Finally, we analyzed
the results to measure the dashboard’s impact on clinic
operations (Multimedia Appendices 2 and 3).

AI Model
Our AI model was developed to predict no-show appointments
using historical EHR data from EHS PHCs, incorporating 16
distinct features: 4 demographic, 3 on patient history, and 9
appointment-specific factors (Multimedia Appendix 4). We
used a random forest classification technique to assess the
model’s effectiveness in handling high-dimensional data,
achieving an accuracy rate of 86%. The model categorized
appointments into a high, medium, or low risk of a no-show,
based on probability thresholds of ≥90%, 89%‐80%, and
79%‐70%, respectively. To validate the AI model, we used
bootstrapping to ensure robustness and to reduce overfitting.

Statistical Analysis and Experimental Validation
Data were analyzed using SPSS version 17 (IBM Corp) and
SAS version 03.05 software (SAS Institute). Descriptive
statistics were computed for all variables. Independent 2-tailed
sample t tests were conducted to compare mean waiting times
before and after the intervention. To analyze changes in
appointment no-show rates, z tests were performed. Logistic
regression was used to estimate odds ratios (OR) and determine
the likelihood of a no-show after implementation. Statistical
significance was set at an α level of .05, with 95% CI computed
for all estimates. The statistical validation involved performing
hypothesis tests to determine the significance of changes in
waiting times and no-show rates.

Outcome Measures
The outcome measures were the mean difference in waiting
times, which was calculated using the waiting times before and
after implementation and the percent reduction in no-shows,
which was calculated using the no-show rates before and after
implementation.

Ethical Considerations
Ethical approval was obtained from the Dubai Research Ethics
Committee at the Ministry of Health and Prevention, United
Arab Emirates. (Approval Reference No.
MOHAP/DXB-REC/S.O.O/No.136/2023). The study involved
deidentified, retrospective data negating the need for individual
patient consent. Patient compensation was not applicable for
this study. Bias was minimized by using deidentified data and
implementing objective data quality control measures.

Results

We implemented our project across all PHCs in the EHS in
October 2022. To compare the outcomes of this tool, we
analyzed the data 3 months before (July to September 2022)
and 3 months after (November 2022, to January 2023)
implementation, and the outcomes were grouped and labeled
as before or after, respectively. Descriptive analytics revealed
a total of 67,429 booked visits before implementation compared
to 67,964 visits after implementation with a similar sex and
nationality distribution between both periods (Multimedia
Appendix 5). Our analysis showed that most of the visits were
through walk-ins instead of booked appointments. There was
a slight decrease in walk-in appointments between the two
periods, but the percentage of these visits remained relatively
stable (80.9% to 80.7%). There was a notable change in the
number of no-show appointments, drastically reducing from
20.82% to 10.25% (Table 1).

Table . Visit frequencies and dynamics before and after program implementation in primary health care.

After implementation, n/N (%)Before implementation, n/N (%)

284,015/351,979 (80.69)285,700/353,129 (80.91)Walk-ins

67,964/351,979 (19.31)67,429/353,129 (19.09)Appointments

6966/67,964 (10.25)14,038/67,429 (20.82)No-shows

Using a z test, our analysis showed that the implementation of
the no-show AI model led to a significant 50.7% reduction in
no-show rates across the PHC department (P<.001). Binary
logistic regression further assessed the dashboard’s impact on
reducing no-shows, yielding an OR of 0.43 (95% CI 0.42‐0.45;

P<.001). This OR being less than 1 indicated that the
intervention effectively decreased no-show occurrences,
reducing the likelihood of no-shows by 57% after
implementation of the AI model (Table 2).

Table . Mean difference and impact analysis of appointment no-show rates before and after program implementation in primary health care centers.

P valueValuesMeasurements

<.00150.7Difference in no-show rate after implementation,
n/N (%)

<.0010.43 (0.42-0.45)Likelihood of no-shows after implementation,
odds ratio (95% CI)

Table 3 reflects the different waiting times for the nurse
assessment, physician assessment, and overall consultation time

(Multimedia Appendix 6). We observed reduced average waiting
times at all stations across the PHC journey. We found a
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decrease in patient wait times by an average of 5.7 minutes
(from 54 to 49 minutes; P<.001). Based on the average time
saved per visit (5.7 minutes), a total of 387,394.8 minutes were
saved in the 3 months after implementation. This is equivalent

to approximately 6,456.6 hours saved during this period. The
reduction in waiting time from check-in to checkout has been
consistent since implementing this solution.

Table . Comparison of patient waiting times at different stations during patient visits before and after program implementation at primary health care
centers.

P valueDifference following imple-
mentation (min)

After implementation (min),
mean (SE)

Before implementation
(min), mean (SE)

Waiting times

<.0011.27.2 (0.02)8.4 (0.02)Nurse waiting time

<.0011.315.0 (0.03)16.3 (0.03)Physician waiting time

<.0013.126.2 (0.06)29.3 (0.06)Physician consultation to
checkout time

<.0015.748.5 (0.07)54.2 (0.08)Check-in to checkout time

Discussion

Principal Results and Comparison With Prior Work
The implementation of an AI-powered no-show prediction
model, integrated with a real-time operational dashboard at PHC
centers within the EHS, has demonstrated significant
improvements in operational efficiency and patient care. Our
main findings revealed a significant 50.7% reduction in no-show
appointments (P<.001), and a 5.7-minute reduction in overall
patient waiting times, highlighting the direct impact of our
intervention on streamlining health care delivery. These results
underlined the value of leveraging predictive analytics and
real-time data in optimizing resource allocation, reducing
manual processes, and enhancing the patient experience. Unlike
other studies, where the emphasis has been to explore the factors
and behaviors contributing to patient no-shows using machine
learning and other techniques [24], we successfully
operationalized our machine learning model and connected it
to a closed loop workflow which helped reduce absenteeism.

A key achievement of this intervention was the substantial
reduction in no-show appointments. By proactively contacting
high-risk patients identified by the AI model, clinic
administrators were able to significantly reduce missed
appointments. This was a notable success, as it not only
improved the efficiency of the appointments but also allowed
walk-in patients to fill the available slots, further maximizing
clinic capacity. Additionally, the use of real-time dashboards
provided clinic managers with immediate insights into patient
volumes, waiting times, and staff availability, enabling swift
adjustments in resource allocation during peak hours. These
operational efficiencies, particularly the reduction in waiting
times at multiple stages of the patient journey (nurse assessment,
physician consultation, and overall clinic visit), underscore the
importance of real-time analytics in improving the flow of care.
Our robust analysis reassured that the findings of this before
and after implementation were significant and could be
attributed to our intervention.

The impact of these factors has been previously studied in
isolation. There are successful examples of AI models to predict
no-show appointments, which have helped reduce the burden
of these instances [25-27]. Our observations were in alignment

with these studies. Like other studies, we have seen that
connecting with patients before their scheduled appointment
reduces their chances of missing it [28]. Several strategies, like
text messages, patient portal reminders, and phone calls, have
been examined, and it has been found that calling patients before
their scheduled visit is effective for reducing no-shows [29].

Operationally, real-time dashboards and decision support tools
for clinic managers are helpful for identifying operational
bottlenecks. Numerous studies have examined the impact of
real-time dashboards on reducing patient waiting times in health
care settings. These studies suggest that real-time dashboards
are crucial for improving patient flow and reducing waiting
times across various health care settings, emphasizing their
potential as valuable tools in optimizing health care delivery
[30-33].

As recommended by other studies, using data to calculate and
predict interday scheduling precisely is undeniably beneficial
for large health care organizations [30,34]. Trend analysis helps
estimate the expected number of unbooked versus booked visits
and helps allocate resources accordingly. Many PHC centers
reserve a proportion of their scheduling slots for walk-in visits.
Since the EHS has many walk-in visits, we should follow a
similar strategy and use predictive analysis to help improve our
resource allocation. We must carefully design this strategy to
reduce our patient waiting times. In the future, we could further
enhance the outcomes achieved in this study. By scaling up the
AI-model to other services and departments, we could increase
the benefits of this program for the EHS. The flexibility and the
scalability of our real-time data intelligence platform makes it
a valuable tool to resolve operational challenges in our health
care system.

Strengths
This study presents a novel approach by integrating an AI-driven
predictive model with a real-time dashboard to manage no-show
appointments and reduce waiting times in a PHC setting. Unlike
previous studies, which primarily focus on predictive modeling
without an operational framework, our approach goes a step
further by embedding predictive insights into an actionable,
real-time dashboard that enables proactive intervention. By
operationalizing predictive analytics within a large-scale health
care network, this study contributes a scalable and practical
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solution to the current state of digital health interventions aimed
at improving health care efficiency and patient outcomes.

The major strengths of our study include big data analysis, the
use of case mix, the contextualization to the local population,
crossfunctional analytics for the clinician-to-patient ratio,
real-time analysis for immediate identification of prolonged
waiting times, and AI-based modeling for no-show appointment
prediction that is coupled with patient contact information. Our
holistic approach to use an AI model and real-time insights for
a guided operational management workflow is unique in its
nature and it can be used by organizations with similar resources.

Limitations
Certain limitations of this study must be acknowledged. First,
the mitigation workflow is outside of EHRs, so we cannot
quantify the efforts accurately. It is an established fact that a
reduction in no-show appointments result in improved financial
outcomes [35,36], and we acknowledge that a detailed analysis
of the financial implications of reducing no-shows was beyond
the scope of this study. Future research could address this aspect

to provide a more comprehensive understanding of the
intervention’s economic impact.

Conclusion
In conclusion, this project represents the first instance of the
EHS using a real-time, AI-driven analytics platform to improve
operational efficiency, reduce no-show appointments, and
enhance patient experience. The success of our solution in
reducing no-shows and waiting times highlights the importance
of integrating advanced analytics into daily health care
operations. By providing clinic administrators with real-time
actionable data, this platform enables better decision-making,
optimized resource use, and improved patient flow. The
scalability of this application across other health care settings
further emphasizes its potential to drive widespread
improvements in health care delivery, making it a valuable tool
for health care organizations looking to modernize their
operations through data-driven solutions. As we continue to
refine this system, we expect further reductions in waiting times
and improvements in patient satisfaction.
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Frequency distribution of booked visits before and after the artificial intelligence program implementation in primary health care
centers (July 2022, to January 2023).
[PDF File, 84 KB - formative_v9i1e64936_app5.pdf ]

Multimedia Appendix 6
Reduction in patient waiting times at different stages of care following artificial intelligence program implementation in primary
health care centers.
[PPTX File, 48 KB - formative_v9i1e64936_app6.pptx ]
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Abstract

Background: Insufficient sleep is a problem affecting millions. Poor sleep can trigger or worsen anxiety; conversely, anxiety
can lead to or exacerbate poor sleep. Advances in innovative consumer products designed to promote relaxation and support
healthy sleep are emerging, and their effectiveness can be evaluated accurately using sleep measurement technologies in the home
environment.

Objective: This pilot study examined the effects of smart goggles used at bedtime to deliver gentle, slow vibration to the eyes
and temples. The study hypothesized that objective sleep, perceived sleep, self-reported stress, anxiety, relaxation, and sleepiness
would improve after using the smart goggles.

Methods: A within-participants, pre-post study design was implemented. Healthy adults with subclinical threshold sleep problems
(N=20) tracked their sleep nightly using a polysomnography-validated noncontact biomotion device and completed daily
questionnaires over two phases: a 3-week baseline period and a 3-week intervention period. During the baseline period, participants
followed their usual sleep routines at home. During the intervention period, participants used Therabody SmartGoggles in “Sleep”
mode at bedtime. This mode, designed for relaxation, delivers a gentle eye and temple massage through the inflation of internal
compartments to create a kneading sensation combined with vibrating motors. Each night, the participants completed questionnaires
assessing relaxation, stress, anxiety, and sleepiness immediately before and after using the goggles. Daily morning questionnaires
assessed perceived sleep, complementing the objective sleep data measured every night.

Results: Multilevel regression analysis of 676 nights of objective sleep parameters showed improvements during nights when
the goggles were used compared to the baseline period. Key findings include sleep duration (increased by 12 minutes, P=.01);
duration of deep sleep (increased by 6 minutes, P=.002); proportion of deep sleep (7% relative increase, P=.02); BodyScore, an
age- and gender-normalized measure of deep sleep (4% increase, P=.002); number of nighttime awakenings (7% decrease, P=.02);
total time awake after sleep onset (reduced by 6 minutes, P=.047); and SleepScore, a measure of overall sleep quality (3% increase,
P=.02). Questionnaire responses showed that compared to baseline, participants felt they had better sleep quality (P<.001) and
woke feeling more well-rested (P<.001). Additionally, participants reported feeling sleepier, less stressed, less anxious, and more
relaxed (all P values <.05) immediately after using the goggles each night, compared to immediately before use. A standardized
inventory administered before and after the 3-week intervention period indicated reduced anxiety (P=.03), confirming the nightly
analysis.

Conclusions: The use of smart goggles at bedtime significantly improved objectively measured sleep metrics and perceived
sleep quality. Further, participants reported increased feelings of relaxation along with reduced stress and anxiety. Future research
expanding on this pilot study is warranted to confirm and expand on the preliminary evidence presented in this brief report.

(JMIR Form Res 2025;9:e58461)   doi:10.2196/58461

KEYWORDS

relaxation; stress; anxiety; sleep; health technology; intervention

Introduction

Insufficient sleep affects approximately one-third of the
population [1] and is associated with adverse health outcomes
and impaired performance [2]. Poor sleep can trigger or worsen

anxiety, while conversely, anxiety can lead to or exacerbate
poor sleep [3]. Technological advances in unobtrusive sleep
measurement enable intervention studies to be conducted in the
comfort of research participants’ own bedrooms, providing
ecologically valid results while capturing accurate objective
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data [4,5]. Concomitantly, the development of innovative
consumer products designed to promote relaxation and support
healthy sleep is emerging. Their effectiveness can be evaluated
in field studies using ambulatory measurement technologies
[6].

The aim of this research was to examine the effects of smart
goggles used at bedtime to deliver gentle vibration to the eyes
and temples, on sleep as well as on perceived stress, anxiety,
and relaxation. Although a variety of evidence-based relaxation
techniques [7] and sleep-enhancing products [8] already exist,
devices such as smart goggles may appeal to individuals who
wish to use such technological tools as an option within their
repertoire of strategies for winding down at bedtime. Previous
research suggests that vibration can increase relaxation [9],
induce drowsiness [10], and may be a useful
nonpharmacological intervention for poor sleep [11-13]. For
example, a preliminary study documented the use of vibration
in improving objectively measured sleep outcomes in people
with mild to moderate symptoms of insomnia [11]. In this pilot
study on adults with subclinical threshold sleep problems, we
hypothesized that objective and perceived sleep outcomes as
well as self-reported stress, anxiety, relaxation, and sleepiness
would improve after using smart goggles delivering slow
vibrations at bedtime.

Methods

Participants
Invitations to complete an eligibility questionnaire for a study
testing smart goggles were emailed to registrants in a large
database of individuals interested in sleep research and using
SleepScore technology. Eligible respondents were invited to
enroll based on the following selection criteria: difficulty falling
or staying asleep, no history of sleep disorders, absence of other
medical issues affecting sleep, substance use that could affect
sleep, and no lifestyle issues such as shift work that might
influence their sleep. The study included adults (N=20) with
subclinical threshold sleep problems who were willing to track
their sleep and use the smart goggles as instructed.

Design and Procedures
A within-participants, pre-post study design was implemented.
The participants were aware that the intervention had the
potential to affect their sleep. Following a 3-week baseline
period during which participants measured their sleep data at
home without any intervention, they used the Therabody
SmartGoggles (Therabody Inc, Los Angeles, CA) at bedtime
for 15 minutes (within 30 minutes of their intended sleep time)
over a 3-week intervention period. The participants were
instructed to use “Sleep” mode, designed for relaxation and
inducing sleepiness. This mode delivers slow and gentle massage
to the eye and temple areas by the inflation of internal
compartments to create a kneading sensation and vibrating
motors. Additionally, two other modes (SmartRelax and Focus)
are available; however, since these provide different experiences,
they were not used in this study.

During the entire 6-week study, nightly objective sleep
measurements were collected and participants completed online

questionnaires each morning and evening. Data collection was
synchronized across all participants to account for weekday or
weekend variation.

Measurement
Objective sleep data were collected with SleepScore Max
(Consumer Sleep Solutions LLC, Carlsbad, CA), a noncontact
monitoring device that uses respiratory signal and motion
sensing to detect sleep. The device is placed next to the bed and
controlled using a companion app. It uses ultra-low power
radiofrequency waves to monitor body movement and
respiration patterns when in bed; the measurement is unaffected
by bedding or nightwear. If a partner is present, only the sleep
of the individual closest to the device is measured. The device
captures high-resolution magnitude and duration data of gross
movements, micromovements, and full breathing cycles, which
are transformed into 30-second epoch sleep stage data (wake,
light, deep, rapid eye movement [REM]) using proprietary
algorithms. Studies have shown good agreement with
gold-standard polysomnography [14,15], exceeding the accuracy
typically reported for actigraphy-based devices [16].

Using the 30-second epoch data, standard sleep metrics were
calculated. In addition, 3 SleepScore technology proprietary
sleep metrics reflecting sleep quality, all ranging from 0 to 100
and normalized for age and gender using reference values from
the meta-analysis of quantitative sleep parameters by Ohayon
and colleagues [17], were calculated:

• SleepScore is an overall sleep quality metric that includes
objectively measured total sleep time, sleep onset latency,
and sleep stage durations.

• BodyScore reflects the age- and gender-normalized amount
of deep (non–rapid eye movement stage 3 [NREM-3]) sleep.

• MindScore reflects the age- and gender-normalized amount
of REM sleep.

Self-reported data were collected daily, across the entire study
via 100-point visual analog scales. Morning assessments
measured perceived sleep quality and feeling well-rested upon
waking. At night, the 100-point visual analog scales assessed
relaxation, stress, anxiety, and sleepiness before and after goggle
use. The construct validity and discriminate sensitivity of visual
analog scales to assess perceived stress and related constructs
have been documented [18]. Participants completed these scales
immediately before using the goggles at bedtime and after using
the goggles for 15 minutes, and then went to sleep. A 6-item
version of the state scale of the Spielberger State-Trait Anxiety
Inventory (STAI) [19] was administered once before and once
after the intervention period.

Statistical Analyses
Nightly objective sleep data and daily self-reported data were
analyzed using multilevel regression with random intercept,
accounting for nights nested within participants, comparing
nights during the baseline period to nights during the
intervention period for each outcome. The regression model
was Sleepmeasureij = β0 + β1*TestPeriodij + u0j + eij; TestPeriod,
coded as 0 for observations during baseline and 1 for nights
during the intervention period. Similarly, analysis of the nightly
self-reported data used the same model to compare pre- and
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post-goggle use. A 2-tailed paired-samples t test was used to
analyze changes in the 6-item STAI scores.

Discrepancies in sample sizes (N=20 for objective and
self-reported sleep, n=17 for 6-item STAI) were due to
incomplete data sources. Participants tracked their sleep at home
and, at times, were not fully compliant with the use of
measurement tools or the completion of online surveys. This is
common in field research collecting longitudinal and daily
assessment data. All reported results reflect the largest available
sample for each set of analyses.

Ethical Considerations
The study was approved by Sterling Institutional Review Board
(ID 11012), and all procedures were conducted in accordance
with the ethical standards of the Declaration of Helsinki. All

participants provided informed consent using a secure online
platform to review, electronically sign, and return a copy of the
document to the research coordinator. They were informed that
the study was voluntary, and of their right to withdraw at any
time. Both objective and self-reported study data were
deidentified prior to analysis and accessible only to members
of the research team. As compensation, participants kept the
smart goggles and sleep measurement device used during the
study.

Results

Of the 20 participants, 40% (n=8) were women, and the age
range was 26-75 (mean 50.41, SD 13.12) years. Further
demographic details are provided in Table 1.
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Table . Demographic information of participants at baseline (N=20).

ValuesDemographics

Age (years)

50.41 (13.12)    Mean (SD)

26‐75    Range

Gender, n (%)

8 (40)    Men

12 (60)    Women

0 (0)    Other identities

Race/Ethnicity, n (%)

0 (0)    American Indian or Alaska Native

1 (5)    Asian

0 (0)    Black or African American

4 (20)    Hispanic/Latino

1 (5)    Native Hawaiian or other Pacific Islander

14 (70)    White

Household composition, n (%)

7 (35)    I live alone

3 (15)    I live with my partner - (currently) no children in the house

1 (5)    I live with my children - (currently) no partner in the house

6 (30)    I live with my partner and child(ren)

3 (15)    I live with a family member(s)

0 (0)    I live with a roommate(s)

0 (0)    Other

Employment, n (%)

14 (70)    Working full-time

2 (10)    Working part-time

2 (10)    Homemaker

1 (5)    Full-time student

1 (5)    Retired

Education, n (%)

1 (5)    High school degree or equivalent (eg, GEDa)

5 (25)    Some college, no degree

1 (5)    Associate degree

8 (40)    Bachelor’s degree

3 (15)    Master’s degree

2 (10)    Doctoral degree

Annual household income (US$), n (%)

0 (0)    <$25,000

3 (15)    $25,000-$49,999

4 (20)    $50,000-$74,999

3 (15)    $75,000-$99,999

2 (10)    $100,000-$124,999

2 (10)    $125,000-$149,999
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0 (0)    $150,000-$174,999

0 (0)    $175,000-$199,999

5 (25)≥$200,000

1 (5)    Would rather not answer this question

aGED: General Educational Development.

Objective Sleep
Nightly objective measurement of sleep (n=676 nights nested
within 20 participants) revealed multiple improvements when
participants used the goggles at bedtime. Key findings included
increased sleep duration (+12 min, P=.01); increased deep sleep,
reflected both in duration (+6 min, P=.002) and proportion of

the night (7% relative increase, P=.02); enhanced BodyScore
(+4%, P=.002); fewer nighttime awakenings (−7%, P=.02);
reduced total wake time at night after sleep onset (−6 min,
P=.047); and improved SleepScore, indicating overall sleep
quality (+3%, P=.02). Detailed objective sleep metrics are
displayed in Table 2.

Table . Multilevel regression results for objective sleep (n=676 nights nested within 20 participants), comparing the baseline period (sleep at home
prior to intervention) to the intervention period (sleep at home using smart goggles at bedtime).

Estimated marginal meansbObjective measurement of sleep, observed mean

(SD)a
Outcomes

P valueβcIntercept (SE)Intervetion periodBaseline period

.0112.04331.52 (4.87)343.48 (62.69)331.55 (57.49)Total sleep time in
minutes

.92−0.1323.28 (1.64)23.20 (18.17)23.34 (18.33)Sleep onset latency in
minutes

.02−0.385.51 (0.17)5.14 (2.12)5.51 (2.10)Number of awakenings

.047−5.3960.17 (2.72)54.32 (31.38)60.50 (31.30)Time spent awake after
sleep onset in minutes

.264.54215.47 (3.99)219.86 (50.57)215.36 (49.64)Light sleep in minutes

.0025.5857.66 (1.79)63.19 (24.27)57.52 (19.92)Deep sleep in minutes

.321.9458.52 (1.93)60.44 (25.55)58.67 (23.54)REMd sleep in minutes

.08−1.0215.36 (0.58)14 (7)16 (7)Percentage of time
spent awake after sleep
onset

.970.0254.50 (0.60)55 (8)54 (8)Percentage of time in
light sleep

.021.1415.10 (0.49)16 (7)15 (6)Percentage of time in
deep sleep

.80−0.1214.92 (0.46)15 (6)15 (6)Percentage of time in
REM sleep

.022.0269.61 (0.87)71.65 (10.87)69.57 (10.89)SleepScoree

.0022.6473.42 (0.86)76.13 (11.15)73.14 (10.38)BodyScoree

.620.5569.18 (1.13)69.68 (14.48)69.30 (13.76)MindScoree

aFor the baseline and intervention periods, each mean was calculated by averaging nights across participants, then averaging those participants’ averages
to a single simple average.
bThese are the outcomes of separate multilevel regression analyses. Each row shows results from a different single-predictor, single-outcome model.
cThe beta values are unstandardized and can therefore be interpreted on the same scale as the original data.
dREM: rapid eye movement.
eThese scores range from 0 to 100. SleepScore is an age- and gender-normalized measure of overall sleep quality, BodyScore is an age- and
gender-normalized measure of deep sleep, and MindScore is an age- and gender-normalized measure of REM sleep.

Self-Reported Sleep Quality and Well-Restedness
Multilevel regression analyses of daily self-reported sleep data
(N=723 nights nested within 20 participants) showed that

participants perceived better sleep quality (β=12.37, P<.001)
and felt more rested in the morning (β=12.13, P<.001) when
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using the goggles at bedtime compared to baseline, as assessed
on a scale from 0 to 100.

Sleepiness, Anxiety, Stress, and Relaxation
Across 334 nights of the intervention period, multilevel
regression analyses comparing responses immediately after
using the goggles to those reported immediately before showed
that participants felt sleepier (β=9.98, P<.001), less stressed
(β=−10.38, P<.001), less anxious (β=−12.87, P<.001), and
more relaxed (β=11.76, P<.001), all rated on a scale from 0 to
100.

At the end of the intervention period, compared to the end of
the baseline period, participants’ scores on the 6-item STAI
showed reduced anxiety (t16=2.31, P=.03), reflecting a 10%
decrease and confirming the nightly analyses.

Discussion

Nonpharmacological techniques for promoting relaxation and
improving sleep have the potential to help millions of individuals
who experience suboptimal sleep [20]. This study evaluated the
effectiveness of smart goggles designed to induce relaxation
and support healthy sleep. Outcomes were measured using both
self-reported data and a polysomnography-validated, noncontact
biomotion device. The study population included a nonclinical
sample of adults reporting poor sleep in the absence of
diagnosed sleep disorders.

Compared to baseline, using the goggles at bedtime led to
objective improvements in both sleep quality and duration.
Although total sleep time remained less than 6 hours per night
on average, objective improvements were seen in several
parameters, including:

• sleep duration;
• increased deep sleep, both in duration and as a proportion

of the night;
• reduced number of nighttime awakenings;
• decreased time spent awake at night after initially falling

asleep; and
• enhanced sleep quality.

Aligning with these objective results, questionnaire data showed
that participants perceived improvement in their sleep quality
and felt more well-rested in the morning. In addition,
immediately after using the goggles, participants felt sleepier,
less stressed, less anxious, and more relaxed, compared to their
experience immediately before using the goggles. A
standardized inventory administered before and after the 3-week
intervention period also indicated reduced anxiety, confirming
the nightly analysis.

The observed improvements in the objective and self-reported
sleep data may be attributed to increased relaxation resulting

from the use of the goggles at bedtime. Vibration has been
previously shown to be able to induce physiological relaxation
[9,10] and support sleep [11-13]. This interpretation is supported
by the changes in perceived relaxation, stress, and anxiety.
However, objective parameters of physiological relaxation prior
to sleep were not assessed, presenting an interesting avenue for
future research.

Further studies could explore the intervention through a
controlled trial, including comparison to goggles without
vibration or to other relaxation techniques. This study assessed
changes in parameters from the baseline to the intervention
period while using the product at home, resembling how it is
used outside of a research setting. The within-participants study
design, which included long-term product use following a
baseline period without the intervention, provides confidence
that significant effects are due to the intervention itself.
Although this study design has limitations, it reflects the
real-world experience of introducing an intervention into the
home environment, while also accounting for night-to-night
variations in sleep patterns.

While longitudinal data provides an advantage by enabling the
detection of nightly within-person differences, this pilot study
is limited by its small sample size. Although we compared
participants’ improvements in sleep and related outcomes to
their own baseline, the small sample size could have introduced
a potential bias, and therefore these results should be interpreted
with caution. Future research should investigate the effects of
this intervention using larger sample sizes. Another limitation
is that contactless technology is not ambulatory and therefore
does not capture objective measures of daytime activity.
However, the noncontact sleep measurement system used in
this study offers the advantage of significantly higher overall
accuracy, particularly in specificity, compared to traditional
research-based actigraphy [16].

To conclude, this study found that using vibration therapy
administered via smart goggles before going to sleep was
associated with improvements in both objective sleep measures
and self-reported outcomes. While these findings must be
interpreted with caution, our data suggest that a device
delivering gentle vibrations to the eye and temple area may have
the potential to promote relaxation, decrease anxiety, and
support healthy sleep when used at bedtime by adults with
suboptimal sleep. Not only did sleep quality and sleep duration
increase relative to baseline, but there was a decrease in the
number of awakenings and the duration of time spent awake
during the night. Further, improvement was seen in multiple
metrics of deep sleep, which is vital for brain health and physical
recovery. Future research expanding on this pilot study is
warranted to confirm the preliminary evidence presented in this
study.
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REM: rapid eye movement
STAI: State-Trait Anxiety Inventory
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Abstract

Background: As digitalization continues to advance globally, the health care sector, including dental practice, increasingly
recognizes social media as a vital tool for health care promotion, patient recruitment, marketing, and communication strategies.

Objective: This study aimed to investigate the use of social media and assess its impact on enhancing dental care and practice
among dental professionals in the Philippines.

Methods: A cross-sectional survey was conducted among dental practitioners in the Philippines. The study used a 23-item
questionnaire, which included 5 questions on dentists’ background and demographic information and 18 questions regarding the
use, frequency, and purpose of social media in patient advising and quality of care improvement. Data were analyzed using SPSS

software, with frequency distributions and χ2 tests used to assess the association between social media use and demographic
variables and the impact on dental practice.

Results: The 265 dental practitioners in this study were predominantly female (n=204, 77%) and aged between 20‐30 years
(n=145, 54.7%). Most of the participants were general practitioners (n=260, 98.1%) working in a private practice (n=240, 90.6%),
with 58.5% (n=155) having 0‐5 years of clinical experience. Social media use was significantly higher among younger practitioners
(20‐30 years old) compared to older age groups (P<.001), though factors such as sex, dental specialty, and years of clinical
practice did not significantly influence use. The majority (n=179, 67.5%) reported using social media in their practice, primarily
for oral health promotion and education (n=191, 72.1%), connecting with patients and colleagues (n=165, 62.3%), and marketing
(n=150, 56.6%). Facebook (n=179, 67.5%) and YouTube (n=163, 61.5%) were the most frequented platforms for clinical
information, with Twitter (subsequently rebranded X) being the least used (n=4, 1.5%). Despite widespread social media
engagement, only 8.7% (n=23) trusted the credibility of web-based information, and 63.4% (n=168) perceived a potential impact
on the patient-dentist relationship due to patients seeking information on the internet. Social media was also perceived to enhance
practice quality, with users reporting significant improvements in patient care (P=.001).

Conclusions: The findings highlight that social media is widely used among younger dental practitioners, primarily for education,
communication, and marketing purposes. While social media use is associated with perceived improvements in practice quality
and patient care, trust in information on social media remains low, and concerns remain regarding its effect on patient relationships.
It is recommended to establish enhanced guidelines and provide reliable web-based resources to help dental practitioners use
social media effectively and responsibly.

(JMIR Form Res 2025;9:e66121)   doi:10.2196/66121
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Introduction

Traditionally, dental practices advertised their services primarily
through local yellow pages, such as telephone directories listing
local businesses or by placing promotional notices in the

windows of dental offices [1]. Word-of-mouth was also a
common method, where information about the quality of service
was shared from one person to another [2]. However, with the
advent of technological advancements, there has been a
significant shift toward the use of social media. Social media
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platforms offer the potential to reach diverse audiences,
including those seeking information on oral health management,
thereby promoting oral health [3].

Social media refers to a group of web-based applications built
on the foundations of Web 2.0 [4,5]. According to the
Merriam-Webster Dictionary, social media is defined as “any
form of electronic communication through which users create
web-based communities to share information, personal
messages, ideas, and other content such as photos and videos”
[6]. Popular platforms include social networking sites like
Facebook and Twitter (subsequently rebranded X),
media-sharing sites like YouTube and Instagram, blogs, and
microblogging sites [7]. These platforms are widely used for
searching, sharing, and communicating information, including
health-related content [8,9]. Facebook fosters connections
through its friend-based network, creating a web-based
community where users can stay in touch and share content
[10]. Twitter’s microblogging feature allows users to share ideas
and opinions in real time [11,12]. YouTube is a leading
video-sharing platform [13-15], while Instagram, a photo and
video social networking site, facilitates real-time communication
through comments and direct messages and supports
professional engagement and knowledge sharing [16-18].
TikTok, known for its short video content, has also gained
popularity [19,20].

Social media serves as a dynamic tool for exchanging
information and communicating with colleagues, patients, and
the public on health-related issues. Public health professionals
and organizations use these platforms for a variety of purposes,
including health education, telemedicine, social marketing,
scientific research, recruitment, career development, and
professional networking [9]. Dental practitioners are increasingly
leveraging social media to educate and inform the public by
sharing detailed content on various dental procedures and
educational activities [8,21-25], providing oral hygiene
instructions and promoting oral health [26,27], enhancing
communication [28-30], and engaging in marketing efforts
[1,25,31,32]. Given the widespread use of social media, using
these platforms responsibly and effectively in health care is
crucial to ensure that they contribute positively to patient health
outcomes.

As of April 2024, there were 5.44 billion internet users
worldwide, representing 67.1% of the global population. Of
this total, 5.07 billion, or 62.6% of the world’s population, were
social media users [33]. Based on the number of monthly active
users, the most popular social networks globally are Facebook,
YouTube, Instagram, WhatsApp, and TikTok [34]. In the
Philippines, approximately 68.72 million people are social media
users, with an average daily use of over 3 hours, the highest
across the Asia-Pacific region. Facebook, Instagram, TikTok,
and X (formerly known as Twitter) are currently some of the
most popular platforms, providing opportunities for connecting
with family and friends, sharing content via digital platforms,
and expanding the reach of promotional marketing through
web-based banners [35]. Social media in the Philippines has
gained significant traction for entertainment, communication,
marketing, and professional education. In dentistry, practitioners
use these platforms to share content related to oral health,

modern treatment options, trends in dental materials, and
treatment costs.

Although several reports have highlighted the use of social
media among dentists and its influence on dental practice
[3,8,9,22,30,32,36,37], as well as its impact on dental education
among faculty and students [7,21,23,38,39], relatively few
studies have examined the use and influence of social media on
dental practice in Southeast Asia, particularly in the Philippines
where these platforms are widely used. This study aims to
investigate the use of social media and assess its impact on
enhancing dental care and practice among dental professionals
in the Philippines.

Methods

Design and Study Population
This study used a cross-sectional survey design with purposive
sampling, targeting all eligible licensed dental professionals,
including both general dentists and specialists working in private
or public clinical settings and who were involved in patient care,
education, and practice management. Participants were also
required to be active members of the Philippine Dental
Association-Baguio City Chapter for the 2023‐2024 term. The
study population consisted of 265 dental practitioners.
Practitioners who were not active members of the chapter were
excluded from the study.

The survey questionnaire was adapted from previously published
literature related to social media use [22,36,38]. For this study,
social media included popular platforms such as Facebook,
YouTube, Twitter, Instagram, TikTok, and Viber, which dental
practitioners may have used for professional purposes like
patient education, practice marketing, peer communication, and
access to clinical information. A panel of experts validated the
questionnaire items and the questionnaire underwent pretesting
to ensure applicability and reliability. Revisions and minor
adjustments were made based on the pilot study results and
expert feedback. The 23-item questionnaire was divided into
two sections. The first section gathered background and
demographic information, including age, sex, dental specialty,
work sector, and years of clinical practice. The second section
comprised 18 questions designed to gather information on social
media use; frequency of use; and purpose in dental practice,
particularly its role in advising patients and improving the
quality of care. This study was conducted within dental practice
settings, with participants recruited through web-based methods.
Recruitment emphasized voluntary participation, with all
respondents providing informed consent before inclusion in the
study. The questionnaire was administered via Google Forms,
with the survey link disseminated through email, a Facebook
page, and the Baguio City Chapter group chat. Respondents
were encouraged to provide suggestions, assist in recruitment,
and further share the questionnaire with other dental
practitioners to reach more participants. They were given one
day to complete the form.

Data Analysis
Data were analyzed using SPSS software version 28.0 (IBM
Corp). The analysis included frequency distributions that were
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expressed in numbers and percentages, as well as χ2 tests to
assess the association between social media use and
demographic or social variables and the impact on dental
practice. Statistical significance was set at an α level of .05.
This study adhered to the reporting guidelines for cross-sectional
studies following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement.

Ethical Considerations
Ethical approval was obtained from the Human Research Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University (Study Code: HREC-DCU 2023‐108). Informed
consent was obtained from all participants through a written
consent form, which provided details about the study’s
objectives and potential benefits. Participation in the study was
entirely voluntary, with participants having the right to withdraw
or discontinue at any time without any penalties or loss of

benefits. All information was kept strictly confidential and
anonymized to ensure participants could not be identified. No
financial rewards or incentives were provided for participation.

Results

The background and demographic details of the 265 study
participants are summarized in Table 1. The majority of
participants were female (n=204, 77%), with over half (n=145,
54.7%) aged between 20 to 30 years. This was followed by
participants aged 31‐40 years (n=52, 19.6%), and both groups
of participants aged 41‐50 years and over 50 years represented
12.8% (n=34) of participants. Most participants (n=260, 98.1%)
were general practitioners, and 90.6% (n=240) worked as private
dentists. Regarding clinical experience, 58.5% (n=155) had 0
to 5 years of practice, while 29.8% (n=79) had over 10 years,
and 11.7% (n=31) had 6 to 10 years of practice.

Table . Demographic variables and their association with the use of social media among dental practitioners.

P valuebTotal (n=265), n (%)Use of social media, n (%)aVariable

NoSometimesYes

<.001Age (years)

145 (54.7)8 (5.5)35 (24.1)102 (70.3)    20‐30

52 (19.6)0 (0)21 (40)31 (60)    31‐40

34 (12.8)5 (15)2 (6)27 (79)    41‐50

34 (12.8)0 (0)15 (44)19 (56)    >50

.66Sex

61 (23)2 (3)19 (31)40 (66)    Male

204 (77)11 (5.4)54 (26.5)139 (68.1)    Female

.25Dental specialty

260 (98.1)13 (5)70 (26.9)177 (68.1)    General practitioners

5 (1.9)0 (0)3 (60)2 (40)    Specialists

.30Working sector

14 (5.3)2 (14)2 (14)10 (71)    Government

240 (90.6)11 (4.6)69 (28.8)160 (66.6)    Private

11 (4.2)0 (0)2 (18)9 (82)    Both (government
and private)

.19Number of years of clinical practice

155 (58.5)8 (5.2)38 (24.5)109 (70.3)    0 to 5

31 (11.7)0 (0)7 (23)24 (77)    6 to 10

79 (29.8)5 (6)28 (35)46 (58)    >10

aPercentages were calculated based on the number of participants corresponding to each variable.
bChi-square test; α=.05.

There was a significant increase in social media use among the
younger age group (20‐30 years) compared to older age groups
(31‐40 years, 41‐50 years, and >50 years), with a P value
of <.001. However, sex, dental specialty, work sector, and years
of clinical practice did not significantly influence social media
use.

Table 2 illustrates the frequency distribution of social media
use among dental practitioners. Of the 265 participants, most
reported moderate use of social media with 37.4% (n=99) using
it 1‐2 days per week. However, nearly two-thirds (n=164,
61.9%) reported using social media at least 3 days weekly.
Facebook (n=179, 67.5%) and YouTube (n=163, 61.5%) were
the most commonly visited platforms for obtaining clinical
information, followed by Instagram (n=115, 43.4%). Twitter
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(n=4, 1.5%) was the least popular platform. Social media was
mainly used for oral health education and promotion (n=191,

72.1%); communication with patients, friends, and family
(n=165, 62.3%); and marketing and advertising (n=150, 56.6%).

Table . Frequency, preferred platforms, and purpose of social media use.

Frequency (n=265), n (%)Variables

Social media use

2 (0.8)    Never

99 (37.4)    Seldom (average of 1‐2 d/wk)

96 (36.2)    Occasionally (average of 3‐5 d/wk)

68 (25.7)    Frequently (average of 6‐7 d/wk)

Social media website useda

4 (1.5)    Twitter

179 (67.5)    Facebook

115 (43.4)    Instagram

163 (61.5)    YouTube

38 (14.3)    TikTok

23 (8.7)    Viber

75 (28.3)    Others

Purpose of social media usea

191 (72.1)    Oral health promotion and education

165 (62.3)    Connect and communicate with patients, friends, and family

113 (42.6)    Exchange opinions and views regarding cases with colleagues

150 (56.6)    Marketing and advertising

aGiven that study participants could indicate multiple responses, the sum of the percentages is not 100.

The responses of dental practitioners to questions regarding
social media use are presented in Figure 1. Of the 265
participants, 67.5% (n=179) indicated that they use social media
in their dental practice. Despite this, 83% (n=220) of dentists
did not have their own web-based practice forums or websites.
However, the majority (n=227, 85.7%) reported using social
media to communicate with other dental professionals, and
41.5% (n=110) used it for marketing purposes. Although 41.1%
(n=109) of dentists referred to articles or research information
from social media for clinical practice, nearly half (n=127,
47.9%) were reluctant to broadcast treatment outcomes on the
internet to attract patients, and 41.9% (n=111) were open to
providing web-based consultations. Only 8.7% (n=23) of dentists

trusted the credibility of information on social media, while
63.4% (n=168) believed that social media can affect the
patient-dentist relationship when patients seek information on
the internet. Additionally, most participants (n=154, 58.1%) did
not allow patients to access their information through a website,
but 64.2% (n=170) would recommend a trusted website to
patients.

Table 3 explores the relationship between social media use and
its impact on dental practice. Participants who used social media
in their practice believed that it enhanced the quality of care
provided to patients (P=.001) and significantly reported that it
improved their dental practice (P=.02).
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Figure 1. Percentage of dental practitioners’ responses to questions on social media use (n=265).
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Table . Use of social media and respondents’ perceived impact on enhancing patient care quality and dental practice.

P valuebTotal (n=265), n (%)Use of social media, n (%)aVariable

NoSometimesYes

.001Social media improves the quality of care delivered to patients

170 (64.2)4 (2.4)40 (23.5)126 (74.1)    Yes

75 (28.3)9 (12)24 (32)42 (56)    Maybe

20 (7.5)0 (0)9 (45)11 (55)    No

.02Social media improves dental practice

142 (53.6)6 (4.2)30 (21.1)106 (74.7)    Yes

84 (31.7)7 (8)29 (35)48 (57)    Maybe

39 (14.7)0 (0)14 (36)25 (64)    No

aPercentages were calculated based on the number of participants corresponding to each variable.
bChi-square test was used with an α level of .05.

Discussion

Principal Findings
This study aimed to investigate the use of social media and
assess its impact on enhancing dental care and practice among
dental professionals. The findings revealed that over half of the
participants aged 20‐30 years are actively using social media
in their dental profession, aligning with other studies that
indicate younger dentists or health care professionals are more
likely to use social media compared to their older counterparts
[36,38,40-42]. Variables such as sex, dental specialty, work
sector, and years of clinical practice did not significantly
influence social media use.

Most respondents reported using social media 1‐2 days per
week to engage with the public and other dental professionals.
This is in contrast to other studies where social media was used
at least once daily for obtaining information [32,42]. Among
social media users in the Philippines, Facebook and YouTube
were identified as the primary platforms for accessing clinical
information, which is consistent with The Digital Report 2024,
highlighting that Facebook has 86.75 million active users in the
Philippines [43]. These findings are similar to those reported
among dentists in the United Kingdom and the United States,
where Facebook is the most commonly used platform in dental
practice [1,31]. This was also true as among dental students [7].
In comparison, dentists in Saudi Arabia predominantly use
Twitter [22,25] and Instagram [32], while WhatsApp is the
preferred platform among Indian dentists [37]. Similarly, South
African dentists primarily use Google Plus and Facebook for
personal rather than professional purposes [42].

Previous studies have shown that marketing is a common reason
for using social media [1,25,31,32]. In our study, 72.1%
(191/265) of participants indicated that their primary reason for
using social media was for oral health promotion and education.
This finding is consistent with earlier research, which found
that a high proportion of respondents use social media for dental
education and prefer to share clinical work [21]. Other studies
also support the notion that education and sourcing oral health
information are primary purposes for social media use among

dental professionals [22-25]. Social media interventions have
positively impacted various aspects of oral health, particularly
among adolescents, where platforms like YouTube, WhatsApp,
Instagram, and Telegram have been effectively used to promote
oral health [27]. For instance, a study demonstrated that oral
health education via Telegram significantly improved oral health
outcomes among secondary school students [44] and adolescents
[45] in Iran. Additionally, Instagram has been shown to support
orthodontists in motivating young patients to maintain proper
oral hygiene [46], and WhatsApp has been integrated
successfully into oral hygiene protocols to enhance patient
compliance and oral health during orthodontic treatment [47].
Presenting audiovisual information through YouTube has also
significantly improved patient knowledge [48].

Another key purpose of social media use is communication and
the exchange of opinions with colleagues. According to the
survey, 62.3% (165/265) of participants used social media to
connect with patients, friends, and family, while 85.7%
(227/265) used it to communicate with other dental
professionals. This is supported by studies showing that social
media communication, such as Instagram, can reduce patient
anxiety prior to dental procedures [28], enhance dentists’
communication skills with other professionals [38], and improve
patient interactions [30]. Another study found that a significant
proportion of the younger population engages with social media
to discuss dentistry. This highlights the need for careful
management to ensure the dissemination of accurate dental
health information [25].

The respondents of the survey also indicated that social media
had the potential to enhance dental practice and the quality of
care provided to patients. This finding is in agreement with
study that shows that dentists who use social media in their
practice not only recommend it to their peers but also believe
it enhances their practice [22]. Social media can improve various
aspects of dental practice, including service provision,
advertising, counseling, and oral health education, and it can
also be a tool for professional development [49]. Dental
organizations and educators can use social media to disseminate
information and updates [36,50]. Furthermore, multidimensional
health care approaches, including social media, have been
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proven highly successful in improving patient care, increasing
public knowledge, facilitating research, connecting health care
providers, improving medical education, and addressing public
health crises [29].

This study has several limitations that should be considered
when interpreting the results. First, the study population was
limited to dental practitioners in Baguio City, Philippines, which
may restrict the generalizability of the findings to the broader
dentist population in the country. The uneven distribution of
survey participation across various demographic variables, such
as age, sex, dental specialty, working sector, and years of clinical
practice, may further impact the ability to extrapolate the results
to the entire dental community. Additionally, the use of an
electronic survey as the sole data collection method presented
inherent challenges. A significant portion of the target
population may not respond to or use electronic surveys,
potentially introducing nonresponse bias and affecting the
representativeness of the sample. This bias could be particularly
relevant in the context of social media use, as those who are
less inclined to participate in electronic surveys may also be
less likely to engage with social media platforms. Furthermore,
the cross-sectional nature of the study limits the ability to
establish causal relationships between social media use and its
impact on dental practice and patient care. Longitudinal studies
would be necessary to better understand the long-term effects
of social media integration in dental settings. Despite these
limitations, this study provides valuable insights into the current
use of social media among dental practitioners in the Philippines
and its perceived impact on dental care and practice. Future
research should aim to include larger, more representative

samples across different regions and settings to enhance the
generalizability of the findings. Additionally, mixed-methods
approaches combining quantitative and qualitative data
collection techniques could provide a more comprehensive
understanding of the topic.

Conclusions
Social media is widely used among younger dental practitioners,
primarily for education, communication, and marketing, with
a notable impact on enhancing practice quality and patient care.
Social media platforms, especially Facebook and YouTube,
were commonly used by practitioners to promote oral health,
engage with patients and colleagues, and support marketing
efforts.

Social media offers a convenient space for professional growth,
patient education, and community interaction, which many
dentists perceive as beneficial to their practice. However, a low
trust in social media information and concerns about its
influence on patient-dentist relationships indicate the need for
clear guidelines and quality web-based resources. Enhanced
support in these areas can help dental professionals maximize
the positive impacts of social media on dental care and practice.

Future studies should compare social media with traditional
marketing methods in the dental practice such as print ads,
community outreach, and patient referrals. These traditional
methods remain valuable for building trust, local credibility,
and reaching offline patients. Comparing these strategies can
help find the best way to combine digital and traditional
approaches for better patient engagement and practice success.
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Abstract

Background: With the development of artificial intelligence (AI), medicine has entered the era of intelligent medicine, and
various aspects, such as medical education and talent cultivation, are also being redefined. The cultivation of clinical thinking
abilities poses a formidable challenge even for seasoned clinical educators, as offline training modalities often fall short in bridging
the divide between current practice and the desired ideal. Consequently, there arises an imperative need for the expeditious
development of a web-based database, tailored to empower physicians in their quest to learn and hone their clinical reasoning
skills.

Objective: This study aimed to introduce an app named “XueYiKu,” which includes consultations, physical examinations,
auxiliary examinations, and diagnosis, incorporating AI and actual complete hospital medical records to build an online-learning
platform using human-computer interaction.

Methods: The “XueYiKu” app was designed as a contactless, self-service, trial-and-error system application based on actual
complete hospital medical records and natural language processing technology to comprehensively assess the “clinical competence”
of residents at different stages. Case extraction was performed at a hospital’s case data center, and the best-matching cases were
differentiated through natural language processing, word segmentation, synonym conversion, and sorting. More than 400 teaching
cases covering 65 kinds of diseases were released for students to learn, and the subjects covered internal medicine, surgery,
gynecology and obstetrics, and pediatrics. The difficulty of learning cases was divided into four levels in ascending order.
Moreover, the learning and teaching effects were evaluated using 6 dimensions covering systematicness, agility, logic, knowledge
expansion, multidimensional evaluation indicators, and preciseness.

Results: From the app’s first launch on the Android platform in May 2019 to the last version updated in May 2023, the total
number of teacher and student users was 6209 and 1180, respectively. The top 3 subjects most frequently learned were respirology
(n=606, 24.1%), general surgery (n=506, 20.1%), and urinary surgery (n=390, 15.5%). For diseases, pneumonia was the most
frequently learned, followed by cholecystolithiasis (n=216, 14.1%), benign prostate hyperplasia (n=196, 12.8%), and bladder
tumor (n=193, 12.6%). Among 479 students, roughly a third (n=168, 35.1%) scored in the 60 to 80 range, and half of them scored
over 80 points (n=238, 49.7%). The app enabled medical students’ learning to become more active and self-motivated, with a
variety of formats, and provided real-time feedback through assessments on the platform. The learning effect was satisfactory
overall and provided important precedence for establishing scientific models and methods for assessing clinical thinking skills
in the future.

Conclusions: The integration of AI and medical education will undoubtedly assist in the restructuring of education processes;
promote the evolution of the education ecosystem; and provide new convenient ways for independent learning, interactive
communication, and educational resource sharing.

(JMIR Form Res 2025;9:e58426)   doi:10.2196/58426
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Introduction

Clinical thinking refers to the ability of doctors to understand,
diagnose, and treat diseases through analysis, synthesis,
judgment, reasoning, and other thinking activities by using their
medical knowledge, skills, and experience [1]. Clinical
reasoning skills include a series of strategies such as correlating
information, conducting a comprehensive analysis to form one
or more diagnostic hypotheses, weighing the risks and benefits
of diagnostic tests and treatments, as well as formulating a
reasonable diagnosis and treatment plan [2]. This detailed
process includes collecting and evaluating clinical information,
selecting diagnostic tests, evaluating test results, developing
diagnostic hypotheses, and weighing treatment options and risks
[3].

Teaching clinical thinking ability is a challenging task even for
experienced clinical teachers. As clinical knowledge is the basis
of clinical thinking, the cultivation of clinical thinking needs to
go through the links of guidance, deliberate practice, and
feedback, and it takes a long time to cultivate efficient clinical
thinking ability. The level of clinical thinking of residents is
directly related to the safety and quality of medical treatment
[4]. Therefore, we should constantly improve the understanding
of the clinical thinking training and improve the training quality
of residents.

Therefore, the cultivation of clinical thinking ability is a
necessary condition for the transition from medical students to
clinicians and is currently the key point and difficulty among
resident training programs. Among the training processes, the
most effective method is based on real or virtual case training,
combined with feedback and reflection to continuously improve.
Previous studies have shown that clinical thinking ability is
scarce among physicians, while offline training cannot meet
the gap between the present reality and the ideal requirements
[5]. Therefore, there is an urgent need for the development of
a web-based database to help physicians learn and exercise
clinical thinking ability.

Artificial intelligence (AI) is a novel technology that can be
utilized to research and develop the theories, methods,
technologies, and applications used to simulate, extend, and
expand human intelligence. AI belongs to the interdisciplinary
field of natural science, social science, and technological science
[6]. AI has a history of more than 70 years, and its application
in the medical field mainly focuses on five aspects: medical
imaging, auxiliary diagnosis, drug research and development,
health management, and disease prediction.

There have been several reports and studies on the use of AI in
medical teaching and training of clinical thinking ability. For
example, Diagnostic Reasoning (DxR) Clinician (DxR
Development Group, Inc.) was developed in 1994 by Myers
and Dorsey in the United States to train clinical thinking among
students [7]. In 2006, the BP network neural algorithm in AI
was applied to teach quality monitoring instead of manually
teaching daily monitoring [8]. In 2011, Knewton, an adaptive
education platform, offered personalized learning services by
extracting learning data from students. In 2017, Tsinghua
University launched a study system combined with AI and full

quantitative reality virtual technology. In this system, patients’
image data can be converted into a holographic
three-dimensional anatomical structure of the human body and
mapped in the virtual space [9]. In 2020, a competency-based
learning and assessment system (CBLAS) for residency training
was designed to provide resident physicians with clinical
assessments and learning in order to enhance the learning of
trainees and reduce the burden of assessments [10]. However,
in the era of AI, there are still issues that exist in medical
teaching, such as the lack of general education, the lack of
classroom interaction, and the lag in curriculum construction
[11].

On this basis, the present study introduces an app named
“XueYiKu,” which includes consultations, physical
examinations, auxiliary examinations, and diagnosis, by
incorporating AI and actual complete hospital medical records
to build an online-learning platform using human-computer
interaction. This application could cultivate students’ ability to
solve clinical problems as well as improve teaching quality and
efficiency, thereby achieving the sharing of high-quality
teaching resources.

Methods

Design and Study Population
The “XueYiKu” app was designed as a contactless, self-service,
trial-and-error system application based on actual complete
hospital medical records and natural language processing
technology to build an online-learning platform using
human-computer interaction. Training participants included
medical undergraduates, medical graduate students, residents,
chief residents, and attending doctors. The purpose of the app
was to improve clinical thinking ability through independent
study accompanied by real-time feedback. The XueYiKu app
was launched on the Android platform on May 14, 2019, and
on the IOS platform on August 3, 2019. After 27 updates, the
last version of the XueYiKu app was updated on January 12,
2022.

Data Collection
The general database of the XueYiKu app was based on a
collection of real medical records and data from general
teaching, including a standard clinical question database, virtual
medical record database, and student learning record database.
Using information extraction technology in natural language
processing from real medical records, the XueYiKu app could
poststructure the content from real electronic medical records,
generate questions, and match answers online through machine
learning. In the teaching cases, the automatically extracted
answers matched 90% of the original medical records. The
structured cases in the electronic medical record system of the
hospital were then screened by a teaching team from Peking
University Third Hospital, and appropriate medical records were
selected and reviewed by the teaching team. Once the teaching
case was determined, relevant inspection results were also
extracted, including inspections, auxiliary inspections, and
ultrasound, imaging, and pathology findings.
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Outcome Measures
Clinical thinking ability involves extremely high requirements
for the objectivity and standardization of evaluation. Hence, a
multidimensional automatic evaluation system is required. With
reference to the residents’standardized training report, the whole
process of student learning was recorded systematically, and
clinical thinking was evaluated in multiple dimensions according

to the learning situation of the student, including preciseness,
logic, systematicness, agility, knowledge expansion, and
multidimensional and comprehensive application (Table 1).
Based on the scores of students in various dimensions of
learning, a radar chart of clinical thinking ability is drawn to
assess the compliance of medical students’ clinical thinking
ability.

Table . Seven elements for clinical thinking evaluation in the XueYiKu app.

ContentsElements

Comprehensive evaluation of diagnosis and differential diagnosisPreciseness

The logical sequence evaluation of inquiry, physical examination, auxiliary
examination, and diagnosis

Logic

Comprehensive evaluation of the completion rate of inquiry, physical ex-
amination, auxiliary examination, diagnosis, and differential diagnosis

Systematicness

Comprehensive evaluation of the time of inquiry, physical examination,
auxiliary examination, diagnosis, and differential diagnosis

Agility

Accuracy and logical evaluation of diagnosis and differential diagnosisKnowledge expansion

Comprehensive evaluation of diagnosis and treatment programsMultidimensional evaluation indicators

Comprehensive application ability of basic and clinical knowledge (for
evaluation of level 4 individually)

Comprehensive application

Evaluation and Feedback
We recruited all students in Peking University Hospital to
evaluate the teaching effect of the XueYiKu app, including
medical undergraduates, medical graduate students, residents,
chief residents, and attending doctors. Both the questionnaire
method and interview method were utilized. Web-based surveys,
developed by the study team, were conducted upon completion
of the case study so that students could fill in and evaluate their
learning effect. Through interviews with relevant teachers and
experts, the common clinical path extracted using AI technology
was determined. Meanwhile, the range of clinical thinking
ability evaluation was confirmed according to the requirements
of different training stages. The questionnaire method was used
to investigate the following two factors: (1) the current status
of clinical thinking training regarding the ability of medical
students and residents to clarify the problems in clinical thinking
training and improve the content of the database; (2) the
experience of medical students and residents regarding the use
of the case database and self-evaluation of learning effects to
complete the effect evaluation of the XueYiKu app.

Data Processing
Details of the virtual case system and AI teaching development
based on actual complete hospital medical records and natural
language processing technology have been described previously

[12]. A flow chart of the program design from data collection
to interaction between students and teachers is shown in Figure
1. Case extraction was performed at a hospital’s case data center,
and the best-matching cases were extracted through natural
language processing, word segmentation, synonym conversion,
and sorting. A standard clinical questioning data module, virtual
case data module, and student learning difficulty module were
established to achieve simulation. Students can view the
objective examination and inspection data of actual cases,
including details of the consultation and physical examination,
and automatically provide their learning response via a
multidimensional evaluation system. In order to assess the
changes in students’ clinical thinking after using the XueYiKu
app, 15 medical graduate students were subjected to two
simulation tests before and after learning through the virtual
case system. The tests, which included the full-process case
examination of cases having the same difficulty level, examined
core clinical thinking test points such as consultation, physical
examination, and disposal, and generated multidimensional
evaluation indicators (rigor, logic, system, agility, and
knowledge expansion). Thus, a complete and credible evaluation
system was developed.

For statistical analysis, standard descriptive statistics were used
to describe the study population: continuous variables were
presented as the mean and SD, and categorical variables were
presented as percentages.
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Figure 1. Flow chart of the program design from data collection to interaction between students and teachers in the XueYiKu app.

Ethical Considerations
This study was reviewed and approved by the Peking University
Third Hospital Medical Science Research Ethics Committee
(No. IRB00006761-M2022063). Invitations were dispatched
to prospective participants via the XueYiKu app, accompanied
by a comprehensive informed consent form outlining the nature
of the investigation. Participants were clearly notified that the
interviews would be audio-recorded solely for analytical
purposes and would remain exclusively accessible to the
research team. Furthermore, they were assured of their right to
withdraw their consent at any juncture during the interview
process. All information gathered about the participants was
kept private and confidential. All study data were deidentified.

Results

Overview
After concealment processing, more than 400 teaching cases
covering 65 kinds of diseases were released for students to learn
from, and the subjects covered internal medicine, surgery,
gynecology and obstetrics, and pediatrics (Table 2). The
difficulty in learning cases was divided into 4 levels in ascending
order: level 1 provided all score items for students to choose
from; except for items from level 1, level 2 provided additional
interference items; compared with level 2, level 3 displayed
some score items and all interference items to enhance difficulty;
for level 4, there was neither a score item nor an interference
item, and the system would match the results from the students’
voice or manual input of the questions.
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Table . Categories of subjects and diseases for learning and evaluation in the database of the XueYiKu app.

DiseasesCategorySubjects

Coronary heart disease, heart failure, arrhythmia,
hypertension, pneumonia, chronic airway inflam-
matory disease, pleural effusion, pulmonary
embolism, upper gastrointestinal bleeding, pan-
creatitis, inflammatory bowel disease, ascites,
nephrotic syndrome, acute kidney injury, dia-
betes, hyperthyroidism, leukemia, anemia, sys-
temic lupus erythematosus, rheumatoid arthritis

20Internal Medicine

Inguinal hernia, appendicitis, gallbladder stones,
bile duct stones, stomach cancer, colon cancer,
rectal cancer, liver cancer, pancreatic cancer,
lung cancer, pneumothorax, pituitary tumor,
coronary heart disease, benign prostatic hyperpla-
sia, bladder tumor, acute respiratory distress
syndrome, cervical myelopathy disease, lumbar
disc herniation, knee osteoarthritis, ankle fracture

20Surgery

Ectopic pregnancy, uterine fibroids, ovarian tu-
mors, dysfunctional uterine bleeding, endometrial
cancer, cervical cancer, ovarian cancer, hyperten-
sion during pregnancy (including gestational
hypertension, preeclampsia, eclampsia, chronic
hypertension, and chronic hypertension combined
with preeclampsia), gestational diabetes or dia-
betes (impaired glucose tolerance) combined
with pregnancy, prenatal hemorrhage (including
placenta previa and abruption of the placenta)

15Gynecology and obstetrics

Neonatal hyperbilirubinemia, neonatal respiratory
distress syndrome, neonatal sepsis, neonatal hy-
poxic-ischemic encephalopathy, pneumonia, di-
arrhea, nutritional diseases, nervous system dis-
ease, Kawasaki disease, and kidney disease

10Pediatrics

App Use Status
From the first launch on the Android platform on May 14, 2019,
to the last version of the XueYiKu app updated in May 2023,
the total number of teacher and student users was 6209 and
1180, respectively. Figure 2 represents the use status of the
XueYiKu app during the test period and operation period. In

total, there were 3224 person-times in the last 3 years, with an
average of 771 person-times per year. From 2019 to 2021, the
person-times logged in the application were the highest in 2019,
at 1032 (125.4 on average per month), and increased from 646
in 2020 (53.8 on average per month) to 994 in 2021 (76.6 on
average per month).

Figure 2. Changes in the number of student users of the XueYiKu app from May 2019 to February 2023.
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We calculated the frequency at which subjects and related
diseases were learned by students, and the top 10 most
frequently learned subjects and diseases are listed in Table 3 in
descending order. For the second discipline, the most frequently
learned subjects were respirology (n=606, 62.2% in internal
medicine), general surgery (n=506, 48.8% in surgery), and

urinary surgery (n=390, 37.6% in surgery). For diseases,
pneumonia was the most frequently learned, with 452
person-times (58.4% in internal medicine), followed by
cholecystolithiasis (n=216, 28.4% in surgery), benign prostate
hyperplasia (n=196, 25.8% in surgery), and bladder tumor
(n=193, 25.4% in surgery).

Table . The top 10 most frequently learned subjects and diseases in the XueYiKu app.

Percentage (%)Person-time

Subjectsa

38.8975Internal Medicine

62.2606Respirology

20.6201Cardiology

988Gastroenterology

8.280Endocrinology

41.21036Surgery

48.8506General surgery

37.6390Urinary surgery

13.5140Thoracic surgery

13.5338Gynecology and obstetrics

51.8175Gynecology

48.2163Obstetrics

6.5163Pediatrics

Diseasesa

50.4774Internal Medicine

58.4452Pneumonia

12.899Coronary heart disease

10.279Lung cancer

9.876Arrhythmia

8.868Chronic airway inflammation

49.6761Surgery

28.4216Cholecystolithiasis

25.8196Benign prostate hyperplasia

25.4193Bladder tumor

10.479Appendicitis

10.177Inguinal hernia

aThe top 10 subjects and diseases were listed in descending order due to quantitative limitations.

Evaluation of the App and its Learning Effects
To evaluate the learning effect of the XueYiKu app, the scores
of 479 students were analyzed. On the basis of a full score of
100, 15% (n=73) of students scored less than a passing grade
of 60 points, roughly a third (n=168, 35.1%) had a score in the
60 to 80 range, and half of them had a score of over 80 points
(n=238, 49.7%). A radar chart (Figure 3) with specific scores
(Table 4) was presented considering multiple dimensions to
evaluate the learning situation of students: students who learned
cases with difficulty levels 3‐4 achieved excellent learning

outcomes regarding preciseness (83.4 for level 3), multiple
dimensions (87.4 for level 4), and knowledge expansion (86.5
for level 3). However, students who learned cases with a
difficulty of level 4 did not score as high as the other students
in systematicness (34.1 for level 4), agility (30.1 for level 4),
and logic (21.1 for level 4). In contrast, students who learned
from cases with level 3 difficulty had positive effects in many
areas (86.5 in knowledge expansion and 83.4 in preciseness).
In fact, there was a high level of satisfaction with knowledge
expansion and preciseness in all learners, but it is worth noting
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that all levels were completely negative about systematicness, agility, and logic.

Figure 3. Radar chart with specific scores of clinical thinking evaluation for the XueYiKu app by difficulty in learning cases.

Table . Scores of clinical thinking for the XueYiKu app by the difficulty in learning cases and 6 dimensions according to the learning situation of the
student.

Level 4

(n=83)

Level 3

(n=137)

Level 2

(n=129)

Level 1

(n=130)

34.172.369.671.0Systematicness

30.163.852.562.9Agility

21.171.067.972.1Logic

74.086.564.270.0Knowledge expansion

87.467.365.473.0Multidimensional evaluation
indicators

76.083.464.075.5Preciseness

Evaluation of the App and Its Learning Effects
This section provides information regarding the 70 students’
satisfaction of the XueYiKu app and their self-assessment of
its learning effect (Figure 4). Overall, most students were
satisfied with the app. The degree of satisfaction kept increasing
considering the app function, the personal learning effect, and
the case quality. For the self-assessment of learning outcomes,
all sections received a rating of more than satisfactory, but the
method of examination was rated the least satisfactory. In other
sections, the technique of questioning received the highest
satisfaction rating, followed by the interpretation of examination

items, with both categories receiving more than 80% positive
feedback. In contrast, the diagnostic accuracy and the order and
interpretation of treatment ranked next in order (~70%), and
the other factors were at approximately 60%. Most of the
dissatisfaction was rated for the order of treatment and the
comprehensiveness of the diagnosis, which were responsible
for more than 20% of the negative ratings. Except for the
questioning technique, the proportion of negative ratings was
more pronounced in all sections. Additionally, for the method
of examination, about 30% rated “medium,” which differed
greatly from other sections’ ratings.
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Figure 4. Self-assessment and satisfaction of 70 students towards the learning outcomes for the XueYiKu app.

Feedback on the App and Its Teaching Effects
According to the feedback, there were some issues associated
with the app that are worthy of attention. First, the original login
method should be simplified, as well as that for the online case
communication and sharing section. Additionally, discussion
and comment functions should be added. Regarding data
processing, the AI answers could optimize the fuzzy search,
and the system could be better connected to the residency system
so that students can check and manage the patient’s detailed
medical record information. Regarding the case corpus, there
is still no section in the app to read images. In addition, not only
do the users of the app want to obtain clearer guidance or
feedback in future updates, but it would also be beneficial if
special departments fulfilled the auxiliary examination and
clinical guidelines. Finally, some of the cases included in the
app are so simple that they are only suited for undergraduate
medical students; it would be beneficial to add cases that are
rare, complex, or even life-threatening, and to include the
postoperative complications, judgment, treatment, and other
information relevant to the case.

Discussion

Principal Findings
Clinical thinking training for medical students is very important;
however, few design cases rely on IT for self-learning. The
current study uses AI and big data platforms to establish a virtual
learning platform based on real clinical cases. The XueYiKu
app can assist in the development of medical students’ clinical
thinking skills by allowing them to perform consultation,
physical examination, auxiliary examination, diagnosis, and

treatment on virtual patients; the app can also design real cases
with different difficulties to meet the needs of residents’ clinical
thinking training at different stages. Through the evaluation of
students’ experiences with the app, this study concludes that
medical students’ learning can become more active and
self-motivated, using a variety of formats, with real-time
feedback through the platform’s assessment. The learning effect
is also satisfactory overall and provides important methods and
ideas for establishing scientific models and methods for
assessing clinical thinking skills in the future.

Comparison to Prior Work
Analysis of the data shows that the number of case studies was
positively correlated with the number of residents in the
specialty. The top 4 diseases most frequently learned included
pneumonia, cholecystolithiasis, benign prostate hyperplasia,
and bladder tumor, all of which are common, require adequate
diagnosis and differential diagnosis, and meet the basic goal of
clinical thinking training at the residency stage. The platform
contains 65 common diseases and 400 study cases covering
internal medicine, surgery, obstetrics and gynecology, and
pediatrics. The design is reasonable and can meet the basic
learning needs of residents in various specialties. In the 1990s,
DxR Clinician was developed by DxR Development Group,
Inc. [7] in the United States, and it was later introduced and
translated into Chinese by the China Union Medical University
Press in 2009 [13]. However, the use of this software in China
is still in its infancy, with few relevant literature reports. A
previous study showed that the cases included in the DxR
software were virtual cases and were limited by the purchase
[7]. Students needed to complete the study on the computer,
and the average time for students to become familiar with the
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software was as long as 2 hours. In contrast, the types of diseases
and the number of cases covered in the XueYiKu app, as well
as the ease of use, are advantages. In addition, the framework
of this platform is reasonable, as new case types of diseases can
be added according to students’ needs, and the user interface is
simple and fast. Therefore, this app is more suitable for
residents’ clinical thinking training in the global internet and
postepidemic era.

There is a decline in the training and formation of clinical
thinking in residents. Based on this, the real case base used in
this app was designed to present 4 levels of difficulty for the
same case. Evaluation and feedback in the process of clinical
thinking training formation and refinement are also important.
As a result, students were evaluated in multiple dimensions
according to the learning situation. Analysis of the results
showed that the learning process meets the clinical diagnosis
and treatment reality. For first- to second-year residents, level
2‐3 difficulty was the most appropriate, as illustrated by their
better performance in knowledge expansion and logic, among
other factors. The clinical learning process is in line with clinical
practice and meets the learning needs of residents. Specific to
the learning process at different levels of difficulty, the primary
difficulty allowed for a complete diagnosis based on the
completed clinical information, and as the difficulty level
increased, there was an advancement of the learning model; the
results of the 4 levels of difficulty were in line with the
development of the resident’s clinical thinking, realizing the
intended purpose of the app. One similar app currently in use
is Brianly, a medical tutoring and social networking platform
that provides personalized medical learning tutoring through
AI algorithms [14]. In Tsinghua University, “artificial
intelligence + virtual reality” within Brianly is used for clinical
training, which allows direct viewing of the anatomical details
of a patient’s real body structure in a virtual space, as well as
virtual surgery. However, there is currently no learning software
for medical students that is designed to match the growth and
learning process, and that provides a difficulty gradient based
on the clinical thinking ability. In this context, our current app
will continue to develop, improve, and provide feedback related
to the 4 levels of difficulty to be better used for the clinical
thinking training of senior residents.

Based on current usage, the highest number of uses per capita
was usually found during the admission and start of residency,

that is, from September to February each year. The survey
results show that students had a high level of satisfaction with
the consultation aspect of the app. The case study on the app
allows for both a generic history-taking process and a structured
questioning for a particular disease, which is inextricably linked
to the teaching case base from clinical consultations of real
cases. However, there are some differences between the
examination and the actual situation, and the contents of the
specialist examination and the physical examination for a
particular disease should be further optimized to be more concise
and focused.

Strengths and Limitations
One of the greatest advantages of our app is the inclusion of
real cases, which could provide a new model of clinical thinking
training by building a system to comprehensively assess the
“clinical competence” of residents at different stages. For
students, the strongest advantage is that they can customize
clinical competency training according to their needs without
the limitations of time and space. For app designers, the
XueYiKu app is inherently user-friendly and sustainable, which
allows the addition of cases in bulk based on the existing
framework.

In addition to the benefits of the app, there are several limitations
that could be further improved. First, current cases and diseases
could be further expanded to cover more subjects, which is the
next step of development. Second, in terms of use, students
currently use the app independently, while the frequency of use
is mainly based on students’ interests combined with required
course study and clinical rotation. Third, current evaluation
results are almost subjective evaluations by humans. Thus, the
evaluation results may be biased.

Conclusion
The emergence of virtual network learning systems such as the
XueYiKu app can not only rapidly cultivate students’ ability to
solve clinical problems but also save teaching costs, improve
teaching quality and efficiency, and achieve the sharing of
high-quality teaching resources. In addition to enriching the
content of clinical teaching, students with diverse experience
and innovative thinking are trained, which promotes the basic
clinical knowledge of medical students and effectively cultivates
their clinical thinking ability.
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Abstract

Background: An increasing number of multicomponent workplace interventions are being developed to reduce sedentary time
and promote physical activity among office workers. The Physical Activity at Work (PAW) trial was one of these interventions,
but it yielded an inconclusive effect on sedentary time after 6 months, with a low uptake of movement breaks, the main intervention
component.

Objective: This study investigates the factors contributing to the outcomes of the PAW cluster randomized trial.

Methods: Following the Medical Research Council’s guidance for process evaluation of complex interventions, we used a
mixed methods study design to evaluate the PAW study’s recruitment and context (how job nature and cluster recruitment affected
movement break participation), implementation (dose and fidelity), and mechanisms of impact (assessing how intervention
components affected movement break participation and identifying the facilitators and barriers to participation in the movement
breaks). Data from accelerometers, pedometers, questionnaires, on-site monitoring, and focus group discussions were used for
the evaluation. Linear mixed effects models were used to analyze the effects of different intervention components on the movement
breaks. Subsequently, qualitative analysis of the focus group discussions provided additional insights into the relationship between
the intervention components.

Results: The participation in movement breaks declined after the third week, averaging 12.7 sessions (SD 4.94) per participant
per week for the first 3 weeks, and continuing to decrease throughout the intervention. On-site monitoring confirmed high
implementation fidelity. Analysis of Fitbit data revealed that each additional movement break was associated with a reduction
of 6.20 (95% CI 6.99-5.41) minutes in sedentary time and an increase of 245 (95% CI 222-267) steps. Regarding the mechanisms
of impact, clusters with higher baseline sedentary time demonstrated greater participation in movement breaks, while those with
frequent out-of-office duties showed minimal engagement. Moreover, clusters with enthusiastic and encouraging movement break
leaders were associated with a 24.1% (95% CI 8.88%-39.4%) increase in participation. Environmental and organizational support
components using posters and leaders’ messages were ineffective, showing no significant change in percentage participation in
movement breaks (4.49%, 95% CI –0.49% to 9.47% and 1.82%, 95% CI –2.25% to 5.9%, respectively). Barriers such as high
workloads and meetings further hindered participation, while the facilitators included participants’ motivation to feel active and
the perceived health benefits from movement breaks.
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Conclusions: Despite high fidelity, the PAW trial did not significantly reduce sedentary time, with limited uptake of movement
breaks due to context-related challenges, ineffective environmental support, and high workloads during the COVID-19 pandemic.

(JMIR Form Res 2025;9:e57604)   doi:10.2196/57604

KEYWORDS

process evaluation; sedentary behavior; physical activity; workplace; movement breaks

Introduction

Background
Extensive research has examined workplace interventions to
reduce sedentary behavior and promote physical activity globally
[1,2]. Numerous interventions have yielded noteworthy results,
showcasing their effectiveness, whereas some have encountered
challenges in achieving desired outcomes [2-5]. While early
meta-analyses, such as one from 1998, suggested minimal
impact of workplace interventions on physical activity [6],
subsequent reviews, including one from 2003, began to
recognize their potential benefits [7]. However, more recent
evidence has provided a clearer picture, indicating that more
successful interventions tended to use pedometers, apply
internet-based approaches, and include activities at social and
environmental levels [5]. One systematic review found that
physical environment interventions, whether implemented at
the workstation, building, or neighborhood level, were effective
in promoting physical activity in the workplace [8]. Finally,
complex or multicomponent interventions emerge as the most
effective workplace strategy for reducing sitting time [4],
highlighting the intricate process leading to successful
behavioral changes [9].

However, multicomponent intervention trial reports often fail
to elucidate the rationale and mechanisms behind their results,
leaving readers with questions regarding the efficacy of the
interventions. Many scholars have criticized these trials as being
akin to a “black box” because the underlying reasons for their
success or failure remain unknown [10]. As a result, process
evaluations, which assess how interventions were implemented
in practice, are essential for deciphering the implications of the
results from multicomponent intervention trials. These
evaluations highlight aspects of the intervention that may require
improvement to increase the probability of success [11,12].

Several frameworks advocate for process evaluations to explore
the context, implementation, and impact mechanisms of
intervention programs, encompassing aspects such as
recruitment, reach, dose, fidelity, and challenges [10-13].
Process evaluations have become particularly relevant because
they can help determine whether success or failure lies in the
implementation, the intervention itself, or a combination of both
factors. Notably, the Medical Research Council’s guidance on
process evaluation of complex interventions is particularly
valuable for assessing multicomponent interventions [11]. By
contrast, frameworks like the one proposed by Steckler and
Linnan [13] focus more on specific elements such as dose and
fidelity but may not provide the broader perspective necessary
to understand the interactions between context, mechanisms,
and implementation. The emphasis of the Medical Research

Council’s guidance on context and mechanisms was pivotal in
capturing the socioecological dynamics within our intervention.

In addition, there is increasing acknowledgment that
incorporating both qualitative and quantitative data, as well as
using theoretical frameworks within process evaluations, plays
a crucial role in promoting evidence-based practice [14]; for
example, the Older People’s Exercise Intervention in Residential
and Nursing Accommodation trial [15] used a mixed methods
process evaluation to assess whether the multicomponent
intervention changed residents’ home culture to increase
physical activity and whether residents engaged in exercise
activities. The study found no notable cultural shifts or sufficient
engagement, thus explaining the trial’s null results [15,16].
Another process evaluation explored the implementation and
impact mechanisms of a park prescription intervention trial,
revealing key mediators of the intervention effects, such as park
physical activity levels, as well as barriers that may have
weakened intervention effectiveness [17].

Objectives
In Thailand, it has been reported that the majority of adults who
engage in sufficient physical activity reside in rural areas,
typically due to their work in the agricultural sector, whereas
physical activity levels tend to be lower among office workers
[18]. Numerous nonresearch initiatives have been launched to
promote physical activity and reduce sedentary behavior among
office workers in Thai companies and organizations. The
Physical Activity at Work (PAW) trial [19] marked the first
comprehensive cluster randomized trial aimed at promoting
physical activity and reducing sedentary behavior among Thai
office workers. This trial incorporated a multicomponent
intervention and used accelerometer-measured data, laying a
solid foundation for physical activity research in Thailand [20].
However, the trial produced inconclusive findings, leaving
critical questions regarding the factors contributing to its
outcomes unanswered. We observed a suboptimal uptake of
movement breaks, the primary intervention component, and
inferred that this, coupled with a low recruitment rate, may
explain the absence of statistically significant outcomes [20].
Understanding these underlying reasons is essential for making
necessary improvements in both research and policy. To address
this, we conducted a process evaluation to investigate the factors
contributing to the trial’s outcome.

Following the Medical Research Council’s guidance for process
evaluation of complex interventions [11], we used a mixed
methods study design to evaluate the PAW study’s recruitment
and context, implementation, and impact mechanisms.
Specifically, we examined how job nature and recruitment
processes within each cluster influenced participation in
movement breaks (context), the overall dose and fidelity of the
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intervention (implementation), and the effects of intervention
components on participation in movement breaks as well as the
facilitators and barriers to movement break participation (impact
mechanisms).

Methods

Description of the Cluster Randomized Trial
The PAW study was conducted in a free-living setting at the
Ministry of Public Health offices in Nonthaburi, Thailand.
Detailed methodological information regarding the cluster

randomized trial (Thai Clinical Trials Registry:
TCTR20200604007) was published in the protocol [19] and
main results [20] manuscripts. Briefly, between July and
September 2021, we recruited 282 office workers (age: mean
38.6, SD 10.4, years; female: n=228, 80.9%) from 18 separate
offices. After baseline data collection, the participants were
randomized into 9 intervention offices (140/282, 49.6%) and 9
control offices (142/282, 50.4%). The 6-month intervention,
which took place between September 2021 and March 2022,
consisted of 6 components across 4 levels, as outlined in
Textbox 1.

Textbox 1. Key elements of the Physical Activity at Work cluster randomized trial.

Individual-level components

• Providing a wearable device with real-time activity feedback (Fitbit Inspire HR; Google LLC)

• Using a Fitbit smartphone app

• Offering individual weekly lottery-based financial incentives, where 1 intervention group participant who participated in at least 70% of the
movement breaks within the previous week was randomly selected to receive a reward of THB 500 (US $16)

Social-level components

• Team movement breaks of light to moderate intensity, lasting at least 4 minutes and occurring 4 times a day (alarm clocks with speakers were
provided to movement break leaders to initiate sessions), which served as the primary intervention component

• Team-based incentives of an additional weekly lottery reward of THB 500 (US $16) given to the winner if at least 70% of the participants in the
cluster also attended at least 70% of the movement breaks within the previous week; 4 alarm reminders were set (9:30 AM, 10:30 AM, 2:30 PM,
and 3:30 PM), and trained movement break leaders managed the starting times, songs, and movements; participants working from home were
encouraged to join the sessions via web conferencing

Environmental-level component

• Three types of posters providing information on health risks associated with high sedentary time and the benefits of physical activity, as well as
examples of stretching exercises

Organizational-level component

• Leadership support in the form of messages sent by office directors twice a week via Line (LY Corporation) to encourage participants to reduce
sedentary time using movement breaks and increase physical activity, as well as to announce reward winners with congratulatory messages and
photographs of the reward ceremony

The multicomponent intervention was developed using the
socioecological model [9,21]. The intervention components
were strategically designed to complement one another, with a
particular focus on the primary component: the movement
breaks. In addition, department directors actively encouraged
participants to attend more movement break sessions and
announced the weekly lottery reward, which was contingent
upon the frequency of participation in the movement breaks.
Two movement break leaders per office were trained to oversee
these sessions. Moreover, posters were displayed to inform
participants about the adverse effects of prolonged sedentary
behavior and to provide examples of strategies to break up
sedentary time in the office. All intervention participants were
equipped with a Fitbit Inspire HR smartwatch (Google LLC),
preset to remind them to interrupt prolonged sitting every 30
minutes. Consequently, the intervention operated as illustrated
in Figure 1.

We formulated our research questions to encompass the context,
implementation, and impact mechanisms, with a specific
emphasis on the primary intervention component: the movement
breaks. This emphasis stemmed from two key considerations:
(1) as previously noted, our intervention design places the
movement break as the central intervention component,
supported by other components; and (2) we observed a low
participation rate (median 31.5%, IQR 20.4%-42.7%) in the
movement break sessions. Moreover, 77.5% (107/138) of the
intervention participants attended fewer than half of the breaks
(240/480, 50%) throughout the intervention period. We
hypothesized that the absence of a significant intervention effect
could be attributed to low attendance in the movement break
sessions [20]. Hence, our focus is to investigate the underlying
reasons behind this issue. Table 1 describes the process
evaluation components, specific questions, and the data sources.
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Figure 1. The mechanism of associations between the Physical Activity at Work cluster randomized trial intervention components and outcomes.

Table 1. Descriptions of the Physical Activity at Work process evaluation components, specific questions, and the data sources.

Qualitative dataQuantitative dataSpecific process evaluation questionsProcess evaluation components

Recruitment and context

Recruitment fashionRecruitment rateHow does recruitment influence partici-
pation in movement breaks?

Recruitment

Job description of each
cluster

Baseline summary statistics of each clusterWhat impact do job descriptions and
baseline characteristics of each cluster
have on movement break participation?

Context

Implementation

On-site monitoringWeb monitoring: Fitbit wear time and
conducts of movement breaks

What was the extent of intervention de-
livery?

Dose

On-site monitoringAssociations between participation in
movement breaks and daily Fitbit seden-
tary time data as well as step counts during
the intervention period

Was the intervention delivered as intend-
ed?

Fidelity

Mechanisms of impact

Focus group discussionsEffects of intervention components on the
percentage of weekly movement break
participation

How did supporting components influ-
ence participation in movement breaks?

Testing the assumptions be-
hind the intervention design

Focus group discussionsAdditional questionnaire regarding facili-
tators and barriers to participation in
movement breaks

What were the facilitators and barriers
to participation in movement breaks?

Participants’ attitude

Ethical Considerations
Ethics approval for both the quantitative and qualitative
components of this study was granted by the Ethical Review
Committee for Research in Human Subjects, Ministry of Public
Health, Thailand (IRB00001629), in accordance with relevant
ethical guidelines for human research. Any modifications to the
approved protocol will be submitted to the ethics committee for
review. All participants provided written informed consent
before participation, which included consent for the use of
deidentified data in secondary analyses and for the publication
of results. To protect participants’ privacy and confidentiality,
all data were deidentified, and no personally identifiable
information was included in the final dataset, with all published
data presented in aggregate form. Participants’ data (eg, case
record forms, laboratory test results, information sheets, and
consent forms) are stored in a locked cabinet in a researcher’s
office. All data will be destroyed by researchers within 5 years

of publication. During the study, only deidentified data were
used, and the data were only accessible to the research team.
Participants received compensation of THB 250 (approximately
US $7.5) for each data collection session in which they
participated.

Dissemination Policy and Authorship Guidelines
In addition to disseminating our research findings to the funder
of this study, the Ministry of Public Health, we will disseminate
our findings to other countries, the study participants, and the
research community. We have followed the authorship
guidelines of the International Committee of Medical Journal
Editing.

Data Collection

Baseline and Follow-Up Data Collection (Questionnaire)
An interviewer-administered questionnaire, based on the Thai
National Statistical Office’s health survey and capturing
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sociodemographic data such as age and education [22], was
used to collect participant data at both baseline and follow-up.
In addition, intervention participants were asked supplementary
questions regarding the implementation of the intervention
during the follow-up data collection session (Multimedia
Appendix 1).

Data Monitoring (Movement Break Schedule)
A data monitoring team, consisting of the trial implementer and
an administrator, conducted weekly random field visits to 4
offices during the scheduled movement break sessions, adhering
to the initial timetable. Monitored data included (1) the
occurrence of sessions, (2) session quality, (3) participant
attendance, and (4) any issues encountered during the session.

Movement break leaders were responsible for submitting weekly
schedules via Microsoft Excel Online, indicating session timings
and dates. Updates were required if a session did not fall within
the 30-minute alarm windows (9:30 AM, 10:30 AM, 2:30 PM,
and 3:30 PM), indicating absence or starting times outside the
specified windows.

Fitbit Data and Movement Break Participation
During the 6-month intervention period, we collected Fitbit
data, which included wear time, sedentary time, and step counts.
Daily activity data were anonymized and used to compile weekly
lists of potential reward recipients and to assess compliance
with movement breaks. We determined participation in each
movement break session by (1) analyzing a quadratic function
of steps, (2) detecting quadratic functions within the 1-hour
time frame of movement breaks, and (3) ensuring that
participants had accumulated at least 100 steps.

Quantitative Data Analysis
Linear mixed models were used to examine the associations
between intervention components and activity outcomes, as
well as between the intervention components themselves. These
models incorporated random intercepts from both individual
and cluster levels, while also accounting for random slope by
including intervention weeks. Weekly individual data were
derived from daily Fitbit records, follow-up questionnaire
responses, and monitoring data (Table 2). Data were analyzed
using RStudio (version 4.0.3; Posit Software, PBC) and Stata
software (version 14.2; StataCorp LLC), with significance level
set at 5%.
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Table 2. Variables used in the Physical Activity at Work process evaluation.

ScaleExplanationVariable

Associations between movement break participation and daily Fitbit sedentary time and step count data during the intervention period

Outcome variables

Continuous (min)Daily sedentary time data from FitbitSedentary time

Continuous (step count)Daily step count data from FitbitSteps

Exposure variables

Ordinal; 1-4 (sessions)Daily movement break participationMovement break
participation

Effects of intervention components on weekly movement break participation percentage

Outcome variable

Continuous (percentage)The frequency of an individual’s participation in movement break ses-
sions within a specific week compared to the maximum number of
sessions available during that week

Movement break
participation per-
centage

Exposure variables

1=won a reward last week; 0=othersWe designated the weeks following individual reward wins as {1},
while all other weeks were coded as {0}, using the web monitoring
data

Individual reward

1=a colleague in the same office cluster won a
reward last week; 0=others

We assigned {1} to the weeks following office colleagues’ reward wins
and {0} to all other weeks, using the web monitoring data

Cluster reward

1=wore Fitbit at or above the median wear time;
0=wore Fitbit below the median wear time

We categorized the average weekly Fitbit wear time for each individual
into a binary variable using the median

Fitbit wear time

1=at least 4 d/wk; 0=<4 d/wkHow often Fitbit led individuals to engage in physical activity in the
office in the last 2 weeks of the intervention

Fitbit wear time
(alternative)

1=at least 4 d/wk; 0=<4 d/wkHow often the directors’ support led individuals to engage in physical
activity in the office in the last 2 weeks of the intervention

Leadership sup-
port

3=both factors contributed somewhat or a lot;
2=only the encouragement contributed somewhat
or a lot; 1=only the enthusiasm contributed
somewhat or a lot; 0=both factors contributed
not at all, very little, or a little

How the movement break leaders’ (1) encouragement and (2) enthusi-
asm contributed to movement break participation (We asked the
movement break leaders and used the data as cluster-representative
data)

Movement break
leaders

1=at least 4 d/wk; 0=<4 d/wkHow often the posters led individuals to engage in physical activity in
the office in the last 2 weeks of the intervention

Posters

1=3-4 designs; 0=0-2 designsHow accurate individuals were in reporting the number of different
poster designs in their office

Posters (alterna-
tive)

Focus Group Discussions
The qualitative aspect of the study involved focus group
discussions aimed at exploring participants’ perspectives on
facilitators and barriers to engagement in movement breaks, as
well as their attitudes toward intervention components.
Intervention clusters were initially ranked by mean percentage
participation in movement breaks. Subsequently, using
purposive sampling, we invited up to 6 participants with the
highest percentage participation from the top 2 clusters and up
to 6 participants with the lowest percentage participation from
the bottom 2 clusters for each of the 4 focus group discussions.

The 4 focus group discussions took place via 45- to 75-minute
Zoom (Zoom Video Communications, Inc) meetings, with
participants joining from their respective offices. The focus
group discussions were recorded with participants’ consent
(both video and audio were captured), while notes were taken
during the sessions. Before each focus group discussion,

participants were briefed about its purpose, format, and
estimated duration, with the option to interrupt as needed.

Verbatim transcriptions were manually completed by hired
research assistants. The transcriptions were then subjected to
deductive thematic analysis, with facilitator and barrier serving
as overarching themes, and the socioecological model used as
subtheme [9]. Two analysts (KA and WI) independently coded
each transcript using the pre-established framework. References
under themes and subthemes were compared and discussed to
ensure consistency and accuracy. Intercoder reliability was not
analyzed in this study.

An interview guide (Table S1 in Multimedia Appendix 2) was
developed based on the research question “What are the
facilitators and barriers to movement break participation?” The
socioecological model informed this guide. A total of 4
interviewers (female: n=2, 50%) conducted the focus group
discussions. They comprised the PAW trial implementer (first
author; doctor of medicine), 2 study administrators (bachelor
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of communication arts and master of political science), and a
research assistant (bachelor of clinical pharmacology) who was
not a trial staff member. All interviewers underwent a
comprehensive 2-day training program tailored to the qualitative
data collection and analysis requirements of the study. This
training was led by a Thai senior researcher (PhD in
anthropology). The focus group discussion guide served as a
reference tool, ensuring that critical topics were not overlooked.
During the focus group discussions, the researcher flexibly
adjusted the sequence, content, and style based on individual
responses. Emotions and nonverbal cues expressed by
participants were carefully documented.

Code names were used in place of real names in the recorded
data to protect participant privacy. Data collection and analysis
proceeded concurrently throughout the study. After coding the
transcripts from the 4 focus group discussions, the researchers
and supervisors deliberated on data saturation. Subsequently,
2 additional focus group discussions were conducted with
participants from clusters ranked in the top and bottom thirds,
following the same procedures. No new themes emerged from
these final 2 focus group discussions, indicating that data
saturation had been achieved.

Results

Recruitment and Context
The PAW study recruited participants from all clusters within
the Department of Medical Services building and the
International Health Policy Program, Ministry of Public Health,
Thailand, between July and September 2020. The ministry’s
governance structure is typically bureaucratic, with each
department led by a single director general and each office
headed by an office director. In total, 18 clusters were
successfully recruited, with 15 (83%) falling under the
Department of Medical Services purview; the remaining 3 (17%)

clusters were under the jurisdiction of the Office of the
Permanent Secretary (n=2, 67% were part of the International
Health Policy Program and located in a distinct building
complex; Figure S1 in Multimedia Appendix 2).

Recruitment procedures at the cluster level proceeded
seamlessly. The directors of each office endorsed the active
involvement of their respective teams in the trial, resulting in
a cluster-level recruitment rate of 100% (18/18). For
individual-level recruitment, we initiated the process by
organizing office-specific group meetings to thoroughly explain
the trial details. After these meetings, office workers interested
in participating could engage with the trial staff to complete the
individual informed consent process. To accommodate those
unable to attend the scheduled meetings due to prior
commitments, additional sessions were arranged.

Despite the bureaucratic governance style, the individual
recruitment rate reached 62.9% (282/449). Job descriptions
varied and included research-related roles and academic, finance,
law, digital, and other administrative positions. At baseline, 3
(17%) of the 18 clusters exhibited a mean daily sedentary time
exceeding 9 hours (mean sedentary time of 546, SD 90.3 min).
Moreover, mean daily moderate to vigorous physical activity
time was generally higher than the current physical activity
guideline, reflecting that participants were relatively active. No
significant associations were observed among job descriptions,
baseline time spent in sedentary or moderate to vigorous
physical activity, and monitoring data. However, clusters with
higher baseline sedentary time demonstrated increased
participation in movement breaks (Figure S2 in Multimedia
Appendix 2). Furthermore, mean age and cluster size seemed
to influence participation in movement breaks within the
intervention group. Notably, individuals in the cluster with the
youngest and smallest number of participants showed minimal
participation in movement breaks (Table 3).

Table 3. Recruitment and context of intervention participants and the implementation of the Physical Activity at Work intervention (n=140).

Data monitoring (6-mo intervention period) (n=138)Baseline (n=140)

NotesMaximum work
from home, n/N
(%)

Movement break
participation (%),
mean (SD)

Lottery-in-
centive
wins, n (%)

Sedentary
time (min/d),
mean (SD)

Recruit-
ment rate
n/N (%)

Cluster
size, n
(%)

Job description

—a2.5/5 (50)59.7 (14.7)15 (63)541 (90.5)23/25 (92)23 (16.4Research related

Different building and department5/5 (100)25.8 (13.2)0 (0)483 (99.4)8/44 (18)8 (5.7)Research related

Different department0/5 (0)38.8 (16.6)4 (17)463 (117)13/37 (35)13 (9.3)Nursing

Broadcast from another cluster2/5 (40)32.9 (5.49)0 (0)460 (95.9)10/11 (90)10 (7.1)Finance

—2/5 (40)29 (16.4)1 (4.17)481 (94.1)14/17 (82)14 (10.0)Finance

—2.5/5 (50)31.5 (11)2 (8)473 (113)34/35 (97)34 (24.3)Human resource

Broadcast from another cluster2.5/5 (50)25 (7.99)1 (4)394 (141)18/31 (58)18 (12.9)Human resource

—2/5 (40)19.7 (9.83)1 (4)447 (116)15/25 (60)15 (10.7)Digital

n=3 (50%) participants at follow-up2/5 (40)3.88 (4.54)0 (0)350 (121)5/18 (27)5 (3.6)Inspection

aNot applicable.
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Implementation

Fidelity: Was the Intervention Delivered as Intended?

On-Site Monitoring

The on-site monitoring team conducted 65 field visits to the
intervention group participants’ offices during their scheduled
movement break sessions. During these visits, 35 movement
breaks were observed, with 28 (80%) sessions featuring the
Department of Medical Services theme song alongside another
preferred Thai song. Importantly, there were no instances of
cheating, such as merely shaking the Fitbit device without
engaging in actual physical activity. However, 1 (8%) of the 13
participants from cluster 13 chose to take a 10-minute walk
outside the office instead of participating in the team movement
breaks, even when the sessions were not prompted. This
participant managed to secure the weekly reward 3 times during
the 24-week intervention period. Finally, no participants from
the control group attended the sessions.

All alarm clocks were operational; nevertheless, leaders opted
to broadcast the movement break songs using alternative
devices, including the built-in broadcast system and office
speakers. Notably, 2 (22%) of the 9 clusters did not
independently initiate their movement break sessions; instead,
they waited for another cluster to start the activity because they
shared the same broadcast systems.

The movement break schedule reports submitted by the leaders
were accurate; nonleaders who independently initiated sessions
assisted with the reporting process. This collaboration ensured
that the recorded data accurately reflected actual session
initiation and participation. This also supports the finding that
in some of the clusters (3/9, 33%), participants took the initiative
to lead sessions without leader involvement, demonstrating
shared responsibility in maintaining intervention fidelity.

Weekly rewards were distributed to winners by department
directors. Participants received the team-based incentive on
only 2 (8%) out of 24 occasions. A photograph capturing the
reward ceremony, featuring face-to-face reward distribution,
was shared with all intervention participants through Line
OpenChat.

We received notifications regarding Fitbit issues, including
syncing, freezing, and charging problems, both during and

outside of our field visits. Fortunately, some participants with
technological expertise were able to provide assistance,
alleviating the need for the implementation team to respond to
every notification. During our observations, we noticed that
some of the participants (9/138, 6.5%) occasionally left their
Fitbit devices at home when attending the movement break
sessions. Despite understanding that their participation would
not be recorded without the Fitbit, they still chose to engage in
the sessions. In addition, 1 (0.7%) of the 138 participants was
observed wearing the Fitbit only during the movement breaks.

All posters remained undamaged and visible, without any
changes to their placement.

Due to the COVID-19 pandemic, a work-from-home policy was
implemented. However, fewer than half of the participants
(49/138, 35.5%) worked from home, with only 1 (11%) of the
9 clusters having a 100% work-from-home arrangement. This
cluster used Zoom for meetings to conduct their movement
breaks. Upon visiting the Zoom link twice, we found only 1
(0.7%) of the 138 participants in the Zoom meeting, with no
movement breaks initiated. By contrast, another cluster
coordinated their participation through a Line group chat when
working from home, ensuring simultaneous session participation
without requiring an online meeting.

Online Monitoring

We examined the correlations between engaging in movement
breaks and daily Fitbit sedentary time and step count data. Each
additional movement break was associated with a reduction of
6.20 (95% CI 6.99-5.41) minutes in sedentary time and an
increase of 245 (95% CI 222-267) steps, adjusting for Fitbit
wear time, number of public holidays in that week, and
participants' age, sex, and education, with cluster and ID as
random intercepts and intervention week number as a random
slope.

This analysis, based on pedometer-measured outcomes,
supported the fidelity of the movement break implementation
because our prescribed minimum requirement for the duration
of a single session was 4 minutes. Furthermore, the cumulative
steps surpassed the eligibility criterion of 100 steps. The analysis
also suggests successful data synthesis regarding movement
break participation (Table 4).

Table 4. Associations between movement break participation on daily Fitbit sedentary time and step counts during the intervention period in the Physical
Activity at Work cluster randomized trial.

Model BModel A

P valueβb (95% CI)P valueβa (95% CI)

<.001–6.20 (–6.99 to –5.41)<.001–6.32 (–7.06 to –5.57)Sedentary time (min)

<.001245 (222 to 267)<.001263 (242 to 283)Steps (count)

aLinear mixed-effect model adjusted for Fitbit wear time, with cluster and ID as random intercepts and intervention week number as the random slope.
bFurther adjusted for the number of public holidays in that week, age, gender, and education of the participants.
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Dose: What Was the Extent of Intervention Delivery?
(Online Monitoring)
According to the movement break leaders’weekly reports, many
movement break sessions were never initiated by the leaders in
each cluster. By the third week of the intervention,
approximately 40% (72/180) of the scheduled movement break
sessions had not been initiated (Figure S3 in Multimedia
Appendix 2). Similarly, the overall average participation in
movement breaks declined after the third week of the
intervention, reducing to an average of 8 sessions per week per
participant. Subsequently, the participation rate continued to
decrease (Figure S4 in Multimedia Appendix 2).

We plotted the average daily Fitbit wear time to assess
adherence during the intervention period (Figure S5 in
Multimedia Appendix 2). We found that participants typically
wore the devices for 10 to 15 hours per day at the start, with a
slight decrease to 8 to 14 hours occurring 2 to 3 months into
the intervention.

Mechanisms of Impact

Overview
Building on Figure 1, we present the effects of each component
derived from a mixed methods analysis aimed at exploring the
associations between each intervention component and
movement break participation. We combine results from both
quantitative and qualitative analyses to comprehensively address
the question.

Quantitative Analysis
A total of 3200 participant-week data points were extracted by
combining participants’ demographics, Fitbit wear time,
sedentary time and step count data, answers from the
attitude-toward-intervention-components questionnaire, and
online monitoring of rewards (Table 2).

Qualitative Analysis

Overview

There were 28 participants (n=3, 11% to n=6, 21% in each
session) across 6 focus group discussions. The primary data
analysts for the main results included 4 interviewers: the head
of the data collection team (male), a program administrator
(female), a researcher (male), and a staff member from the
Health Intervention and Technology Assessment Program (a
semiautonomous research unit under the Ministry of Public
Health; female). Demographic details of all participants from
the clusters (coded aby C12, C13, C5, C8, C16, and C17)
involved in the focus group discussions are presented in Table
S2 in Multimedia Appendix 2. Generally, the mean age of
participants from the 3 top-ranked clusters was higher than that
of participants from the bottom-ranked clusters. The majority
of the participants (≥80%; 23/28, 82%) were female. Notably,
the cluster with the lowest participation rate of 2.1% (10/480)
comprised only 3 (2.2%) of the 138 participants at the 6-month
follow-up (Table S2 in Multimedia Appendix 2).

How Did the Supporting Components Influence
Participation in Movement Breaks?

Lottery-Based Incentives
Individuals who won the weekly lottery rewards the previous
week demonstrated an 8.64% (95% CI 0.985%-16.3%) increase
in movement break participation compared to other data points
(Table 5). However, it is crucial to note the possibility of an
overestimation when comparing data from winners against those
from nonwinners. To address this, we conducted another
subgroup analysis exclusively including winners, revealing a
5.1% (95% CI –3.44% to –13.6%) increase in movement break
participation. However, this increase lacked statistical
significance due to the small sample size (Table S3 in
Multimedia Appendix 2).

Table 5. Effects of the Physical Activity at Work intervention components on weekly movement break participation percentage.

P valueStandardized β (%; 95% CI)βa (%; 95% CI)

.03.0257 (.00293 to .0484)8.64 (.985 to 16.3)Individual reward

.78–.004 (–.0325 to .0245)–.325 (–2.64 to 1.99)Cluster reward

.001.0696 (.04 to .0993)3.96 (2.28 to 5.65)Fitbit wear time

.38.0309 (–.0381 to .1)1.82 (–2.25 to 5.9)Leadership support

.840.077 (–.663 to .817)2 (–17.2 to 21.2)Enthusiastic

.890.0576 (–.724 to .84)1.49 (–18.8 to 21.8)Encouraging

.0020.929 (.346 to 1.51)24.1 (8.96 to 39.2)Both enthusiastic and encouraging

.080.0695 (–.00764 to .147)4.49 (–.493 to 9.47)Posters

aLinear mixed effects model adjusted for the previous-week movement break participation percentage, number of public holidays in that week, age,
sex, and education of the participants, with cluster and ID as random intercepts and intervention week number as the random slope.

During the focus group discussions, some of the participants
suggested that rather than a single winner receiving a substantial
cash prize, there should be multiple winners receiving more
affordable rewards:

Rather than cash, it should be acknowledgments, such
as showing who reach this many steps so we can
compete with each other. [C13]

[C]ould be something cheaper, don’t have to be cash.
Cheap shirts will do! [C10]
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[I]t was indeed a motivating factor, but the conditions
for obtaining it should be somewhat more lenient.
That is, to make it accessible to a broader audience,
but the current conditions seem to be quite high. If it
were reduced a bit, say to 100, I believe that providing
rewards would be motivating enough. [C8]

A participant in the worst-performing cluster did not remember
the details of the financial incentive:

Sorry but how much was the reward? [C17]

Team-Based Incentives
We observed no difference in movement break participation
percentage (–0.325%, 95% CI –2.64% to 1.99%) in the weeks
after a colleague from the same office won lottery rewards
compared to other weeks. Contrary to our assumptions during
the intervention development phase, peer pressure seems to
have had no discernible effects on motivating movement break
participation, as indicated by the quantitative analysis model
(Table 5).

Different ideas emerged during the focus group discussions, as
outlined in the following paragraphs.

Peer support was mentioned among members in the
best-performing cluster as an important motivator:

Because it helped the team. If we dance, someone gets
1000THB, if we don’t, it’s 500THB only. [C12]

However, others expressed discouragement:

When I see others got it and I never won for weeks,
I was disheartened. [C12]

Some of the participants viewed rewards as not motivating:

I joined the sessions because I want to be healthier.
Rewards are meaningless for me. [C13]

Fitbit Wear Time
There was a 3.96% (95% CI 2.28%-5.65%) increase in
movement break participation among individuals with higher
Fitbit wear time compared to those with lower wear time, using
the median weekly wear time as the cutoff (Table 5). However,
this increase may be attributed to motivation triggered by Fitbit
notifications (eg, reminders to break prolonged sitting) or
potentially to an information bias, wherein participants who
wore their Fitbit devices for longer periods were detected more
frequently in movement break participation.

To address potential bias, we compared the result with another
model where Fitbit exposure was based on self-report, using
the question “How often did you look at the Fitbit tracker during
the last 2 weeks of the intervention period?” The analysis
revealed that looking at the tracker more frequently (≥4
times/wk) was associated with a 1.97% (95% CI –1.42% to
5.36%) higher movement break participation percentage, without
statistical significance (Table S4 in Multimedia Appendix 2).

Qualitative analysis indicated that participants perceived Fitbit
as beneficial not necessarily for encouraging additional
movement breaks but rather for motivating increased exercise
and providing real-time feedback:

I joined short breaks a lot at first, but after a while,
I forgot...However, I always wear the watch; look at
the daily data. [C13]

I set my goal to walk 10,000 steps a day after I got
the watch, and I succeeded! [C16]

[S]aying Fitbit encourages more movement breaks
is wrong for me, but I feel the urge to exercise more
from wearing the watch, like running after work.
[C17]

Leadership Support
Participants perceived the encouragement from directors as
ineffective in motivating them to participate in more movement
breaks.

Although office directors joined very few movement breaks,
participants believed that their presence helped motivate
everyone in the cluster:

He joined, I saw. But mostly he’s busy. [C16]

It made us stand up and dance...if we didn’t it’d be
awkward. [C5]

We all danced every time our director was present
(laugh). [C8]

With regard to the movement break leaders’ encouragement
and enthusiasm, clusters with leaders who self-evaluated as
more encouraging and enthusiastic had a significant increase
of 24.1% (95% CI 8.88%-39.4%) in movement break
participation compared to clusters with less encouraging and
less enthusiastic leaders. However, because these exposure
variables are self-reported by cluster leaders, the detected
difference may be influenced by other cluster-specific factors.

Participants believed that movement break leaders’ enthusiasm
and encouragement helped them join more break sessions:

He was very active and always encourages everyone
to stand up and dance. [C8]

We were aware of the scheduled time, but if we were
occupied, the leader would notify us. [C13]

Nevertheless, some of the participants mentioned that they did
not rely on leaders:

No matter how many people in the office, we danced.
no leaders, no problem at all. [C12]

I’m not sure...leaders always initiated the activity,
but we did not always join. [C16]

No one was available. [C17]

Posters
Participants who reported that posters motivated them to engage
in more movement breaks during the last 2 weeks of the
intervention exhibited approximately a 5% higher participation
rate, although this increase lacked statistical significance (Table
5). Notably, this increase may indicate participants’ attitudes
toward the intervention component rather than the direct effects
of the posters themselves. Therefore, we compared the result
by converting the variable to whether participants accurately
identified the number of different styles of posters in their
offices. The analysis revealed no significant difference in
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movement break adherence between those who answered
correctly and those who did not (standardized β=1.94, 95% CI
–1.34 to 5.23; Table S5 in Multimedia Appendix 2).

Qualitative analysis showed that while the posters initially
captured interest, over time, they failed to sustain attention:

At first I read them. I thought it was helpful and tried
to follow some moves. After a while I just ignored
them. [C2]

I didn’t really read it that much...just walk past. [C3]

The standardized β coefficients of all exposures indicate that
the self-evaluated enthusiasm and encouragement of movement

break leaders were the most important variables among those
included, followed by Fitbit wear time and the individual reward
(Table 5).

Facilitators and Barriers to Movement Break Participation

Figure 2 illustrates participants’ attitudes regarding the
facilitators and barriers to movement break participation. The
top 2 facilitators were the positive feelings associated with being
physically active and the perceived health benefits, followed
by encouragement from leaders, directors, and colleagues. The
appeal of engaging in enjoyable exercises also motivated their
participation. Interestingly, weekly rewards ranked lowest
among the facilitators.

Figure 2. Facilitators and barriers to movement break participation in the Physical Activity at Work cluster randomized trial.

Conversely, the primary barrier perceived by participants was
their workload, followed by meetings and working outside of
the office. Surprisingly, many participants did not view working
from home as a barrier to their participation.

Thematic analysis revealed positive attitudes toward intervention
components:

I think having Fitbit is a really good motivation to
move. [C17]

Previously when someone invited me to run, I wanted
to but it was hard. This [movement breaks] is easier
and fun. [C12]

Participants also noted barriers to the intervention, such as the
lottery reward design:

It [individual reward] somehow motivated me, but I
guess I just could not do as good as others. [C16]

Another important barrier was the monotonous design of the
movement breaks:

Dancing with the same moves gets boring after a
while. [C8]

I think we can change the songs to make it more
interesting. [C16]

Table 6 presents thematic analysis results with references under
each theme and subtheme from all 6 focus group discussions.
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Table 6. Thematic analysis of focus group discussions on the facilitators and barriers to movement break participation in the Physical Activity at Work
cluster randomized trial.

QuotesThemes and subthemes

Facilitators

Psychological capability • “Previously when someone invited me to run, I wanted to, but it was hard. This is easier and fun.” (C12)

Social opportunity • “Both songs and moves...it was like mass hysteria; others enjoyed the sessions and I wanted to join”
(C12)

• “Our director joined, and we danced happily” (C8)
• “When my boss dance and I just sat there working, it felt strange, so I joined” (C5)

Physical opportunity • “I’m happy that there is a new opportunity for me to exercise...in workplace. Normally I don’t have
time.” (C12)

• “Our office is spacious. There are empty spaces for dancing.” (C5)

Reflective motivation • “My personal goal was actually health, not rewards” (C13)
• “I set my goal to get the reward and lose weight and cholesterol level because the programme measured

those” (C5)

Automatic Motivation • “It was relaxing, both mind and body...especially the mind.” (C17)
• “Just that we got to dance...when the session started, it relieved the stress quite a lot” (C5)

Barriers

Psychological capability • “10 min. dancing is too short. 30 min. working out is better for your health for the day.” (C13)
• “My programming work never allows me to lose focus” (C16)

Social opportunity • “Meetings definitely prevented us to join movement sessions” (C8)
• “We were not really motivated by directors and colleagues” (C17)

Physical opportunity • “Sometimes workspace is not wide enough...also I was afraid I'll annoy others who were not in the
project” (C13)

• “During high workload, we cannot join” (C5)
• “The high workload never allows us to do anything else” (C17)
• “Ever since COVID situation got worse, I’ve been sitting all the time at my desk. It’s the workload,

can’t do anything else.” (C16)

Reflective motivation • “Rewards could be anything, like shoes, incentives don’t need to be money, like shirts...” (C5)

Automatic motivation • “Each programme shouldn’t last long. I mean, we should always change the stimulant to avoid boredom...”
(C13)

• “Dancing with the same moves gets boring after a while” (C8)
• “I think we can change the songs to make it more interesting.” (C16)

Discussion

The PAW cluster randomized trial of a multicomponent
intervention, developed based on the socioecological framework
[9], showed a decrease in participants’ waking sedentary time
and an increase in moderate to vigorous physical activity,
although without statistical significance [20]. We conducted a
mixed methods process evaluation, following the Medical
Research Council’s guidance [11], to comprehensively describe
the PAW trial’s (1) recruitment and context, (2) implementation,
and (3) impact mechanisms.

Recruitment and Context
Our team anticipated a high recruitment rate once the office
directors approved the inclusion of their offices in the trial,
given the bureaucratic nature of the ministry organization in
Thailand. However, recruitment rates were low in many clusters,
weakening the trial’s statistical power and risking reduced

intervention adherence, particularly in the social-level
component.

Cluster 17 serves as a notable example, demonstrating minimal
engagement in movement breaks (Table 3; Figure S4 in
Multimedia Appendix 2). This could be attributed to the
recruitment of too few, relatively young participants alongside
a high number of nonparticipants (Tables 3 and 4). Despite its
potential for easy qualification for the team-based incentive
with just 3 participants (at follow-up), cluster 17 might have
faced challenges due to the negative influence of an environment
where breaks are discouraged. This aligns with a previous study
reporting reduced break taking in disapproving work
environments compared to more supportive ones [23]. Cluster
13 also faced challenges with a low recruitment rate; yet, the
engagement of the participants in this cluster in movement
breaks was high. Two reasons might explain this: (1) the
participant who chose to walk outside the office and secured 3
weekly rewards increased the cluster’s average participation
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rate, and (2) recruiting at least 13 participants could create an
environment conducive to making movement breaks feel
enjoyable and secure to participate in.

Job characteristics might also play a role in movement break
participation. Cluster 17, “the inspection office,” frequently
required its members to leave the office for inspections, which
was reflected in their low sedentary time at baseline (Table 3)
and echoed in the focus group interviews. In addition, cluster
16 represented a digital office where most participants worked
on their laptop computers all day. While this setting might seem
ideal for implementing the intervention, participants encountered
challenges with breaks because they needed continual focus to
code. This aligns with the suggestion that identifying the optimal
fit between the organizational context and the intervention is
crucial [24]. However, challenges remain when implementing
such interventions across organizations with diverse offices,
each characterized by unique job contexts and work styles.

Implementation
We implemented the trial with a comprehensive dose delivery,
ensuring intervention fidelity by closely adhering to the original
plan for each component. Moreover, the findings in Table 3
affirm the application of precise criteria for enumerating
movement breaks, underscoring their correlations with the
expected reductions in sedentary time and increases in step
counts. Nevertheless, we encountered challenges related to the
frequency of movement break sessions conducted by
participants, which we refer to as “dose received” [13]. This
inconsistency may be attributed to the performance of the
movement break leaders, as illustrated in Figure S3 in
Multimedia Appendix 2, which shows that many sessions were
never initiated. However, several clusters relied on automatic
timing mechanisms to initiate breaks, ensuring that sessions
commenced even without leaders present. We discuss this
further in the next subsection.

Mechanisms of Impact

Testing the Designed Intervention Components
Healthy behaviors are maximized when environments and
policies support healthful choices, and individuals are motivated
and educated to make them [25]. As one of the main principles
of the ecological model, the interaction of influences means
that variables within the system work together synergistically
[26]. Hence, our study examined the impact of the supporting
components on the movement break participation using
multivariate linear mixed models (Table 4).

The enthusiasm and encouragement of the movement break
leaders seem to have contributed to higher participation
percentages. However, the cluster that exhibited the best
performance challenged this observation, asserting that the
members initiated sessions independently, even without leaders.
Unlike other cluster randomized trials where exercise sessions
were led by nonparticipants such as physiotherapists [16], the
movement break leaders in our study were participants and
could be replaced if absent. Hence, without the leaders, other
members could initiate sessions automatically. Nevertheless,
the influence of the leaders’ encouragement and enthusiasm
likely played a role in motivating the rest of the team. Prior

research has also found that workplace team leaders play a
significant role in facilitating the implementation of workplace
interventions [27,28]. Moreover, a comprehensive review
emphasizes that effective team performance underscores the
fulfillment of leadership styles, supportive team behaviors,
communication, and performance feedback [29].

The impact of the team-based incentive on movement break
participation was evidently negligible. Regarding individual
lottery-based incentives, their influence remains somewhat
unclear. Systematic reviews suggest that financial rewards for
physical activity have positive short-term effects, surpassing
unconditional incentives [30,31]. Moreover, another study
indicates that increasing reward values may lead to improved
results [32]. Nevertheless, insights from online monitoring data
and focus group discussions revealed that only 1 (11%) of the
9 clusters actively pursued rewards and engaged in friendly
competition, while the others (8/9, 89%) were indifferent.
Awarding only 1 winner per week might have demotivated
participants who faithfully adhered to the intervention but never
won. This phenomenon can be explained using goal-setting
theory, which suggests that setting clear and appropriately
challenging goals is crucial [33]. By contrast, setting
unachievable goals may induce stress, anxiety, and perceived
pressure [34]. Therefore, overly difficult goals, such as securing
the weekly lottery reward, may have discouraged participants.

Fitbit was perceived as a helpful tool for real-time data
monitoring and might help motivate leisure physical activity.
However, current evidence indicates unfavorable outcomes
regarding the effectiveness of pedometers in increasing physical
activity within the workplace or in motivating sedentary breaks
[35,36]. The component may have primarily served as a data
collection tool rather than actively supporting movement breaks.
By contrast, the posters, which served as the environmental
component, proved ineffective and should be replaced with
physical environment interventions, which have been shown to
be more effective [4,8].

Finally, leadership support was considered helpful at the start
of the intervention but provided no lasting effect over time. The
component could be perceived as a nudge, which has been
widely used to prompt behavioral change among participants
by providing alternative options to sedentary habits in the
workplace [37]. Leadership support was expected to facilitate
these behavioral shifts. Management support has also been
found to be an essential enabler for workplace intervention
participation to reduce sitting time [27,38,39]. However, the
sustainability of the effects depends on the meticulous design
of the intervention component. Future studies evaluating
long-term effects must enhance the intervention component to
ensure sustainability.

Facilitators and Barriers
Automatic motivation, driven by the desire to feel active and
relaxed, was ranked as the top facilitator of movement break
participation, followed by reflective motivation, including
perceived health benefits. The findings are in line with a recent
systematic review [39]. Another review also supports the idea
that microbreaks at work can improve well-being by boosting
vigor and reducing fatigue [40]. In addition, participants
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generally grasped the concept of health benefits associated with
movement breaks. However, some of the individuals compared
movement breaks to aerobic exercise, expressing doubt
regarding their health benefits.

Workload and meetings were perceived as the main barriers to
movement breaks, which aligns with a previous study’s
prediction that high workloads, although positively related to
the desire to detach from work, would also deter employees
from actually taking breaks [23]. In addition, recent findings
from a systematic review supported the notion that microbreaks
increase well-being but do not necessarily improve work
performance, especially in tasks that require high cognitive
engagement. Moreover, the review suggested that breaks of >10
minutes may be necessary to enhance work performance [40].

By contrast, meetings presented clear barriers to our intervention
design. Future research should be dedicated to advocating
feasible and context-specific active meetings within an active
workplace; for example, an exploratory study found that
standing meetings were feasible, well-received by employees,
and may reduce sitting time among the population [41].
However, widespread adoption faces obstacles due to prevailing
sedentary work cultures and concerns about self-consciousness
in front of senior staff, highlighting the need for broader social
behavior change initiatives [42].

We hypothesized that movement break participation might be
low due to the work arrangement during the peaks of the
COVID-19 pandemic [20]. However, participants did not
consider working from home to be the main barrier to movement
break participation. Instead, they thought that the COVID-19
pandemic did not significantly hinder their adherence to the
intervention due to the work-from-home policy. Instead, they
attributed the difficulty to increased workload. Nevertheless,
working from home remained 1 of the barriers to movement
break participation. This is in line with another workplace cluster
randomized trial, which reported that engaging in physical
exercise with colleagues during working hours was more
effective than home-based exercise in enhancing vitality and
managing pain-related concerns among health care workers
[43].

Strengths and Limitations
We conducted a comprehensive mixed methods process
evaluation of the PAW multicomponent intervention, covering

recruitment and context, implementation, and impact
mechanisms. Rigorous analyses were applied to both
quantitative and qualitative data. The data are prospective,
spanning 6 months of follow-up. Although the overall results
show no significant impact of the intervention, this process
evaluation offers insights that could be crucial for the future
development and evaluation of intervention packages aimed at
reducing sedentary time while improving physical activity
levels.

Nevertheless, our study had some limitations. First, we could
not test mediators to understand the underlying mechanisms
through which one variable influences another due to the trial’s
lack of efficacy [20]. Second, constructing intervention theories
will involve reconstructing a logic model [11,44], a task we
plan to undertake in future studies. Third, we could not complete
the management and analysis of process evaluation data before
the conclusion of the PAW trial. As a result, the process
evaluation was conducted post hoc to elucidate the trial
outcomes. Furthermore, our evaluation only incorporated
participants’ data and perspectives, overlooking input from
other stakeholders such as organizational directors and
nonparticipants. Finally, the team members responsible for
process evaluation were also involved in the outcome evaluation.
While our team members possess the most comprehensive
understanding of the trial details, potential bias in interpretations
must be acknowledged [11].

Conclusions
The PAW trial did not significantly reduce sedentary time
among Thai office workers. Although the trial implementation
was satisfactory regarding dose delivery and fidelity, there was
limited uptake of the movement breaks, the key intervention
component. This limited uptake could be attributed to (1)
context-related challenges (including jobs requiring high
cognitive engagement or frequent out-of-office work and
meetings), (2) the absence of goal-setting aspects in the detailed
design of individual and social components, (3) the lack of
effective and sustainable supporting components at the
environmental and organizational levels, and (4) elevated
workloads in specific clusters (exacerbated during peak periods
of the COVID-19 pandemic) serving as a significant barrier.
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Abstract

Background: The increasing use of ChatGPT in clinical practice and medical education necessitates the evaluation of its
reliability, particularly in geriatrics.

Objective: This study aimed to evaluate ChatGPT’s trustworthiness in geriatrics through 3 distinct approaches: evaluating
ChatGPT’s geriatrics attitude, knowledge, and clinical application with 2 vignettes of geriatric syndromes (polypharmacy and
falls).

Methods: We used the validated University of California, Los Angeles, geriatrics attitude and knowledge instruments to evaluate
ChatGPT’s geriatrics attitude and knowledge and compare its performance with that of medical students, residents, and geriatrics
fellows from reported results in the literature. We also evaluated ChatGPT’s application to 2 vignettes of geriatric syndromes
(polypharmacy and falls).

Results: The mean total score on geriatrics attitude of ChatGPT was significantly lower than that of trainees (medical students,
internal medicine residents, and geriatric medicine fellows; 2.7 vs 3.7 on a scale from 1-5; 1=strongly disagree; 5=strongly agree).
The mean subscore on positive geriatrics attitude of ChatGPT was higher than that of the trainees (medical students, internal
medicine residents, and neurologists; 4.1 vs 3.7 on a scale from 1 to 5 where a higher score means a more positive attitude toward
older adults). The mean subscore on negative geriatrics attitude of ChatGPT was lower than that of the trainees and neurologists
(1.8 vs 2.8 on a scale from 1 to 5 where a lower subscore means a less negative attitude toward aging). On the University of
California, Los Angeles geriatrics knowledge test, ChatGPT outperformed all medical students, internal medicine residents, and
geriatric medicine fellows from validated studies (14.7 vs 11.3 with a score range of –18 to +18 where +18 means that all questions
were answered correctly). Regarding the polypharmacy vignette, ChatGPT not only demonstrated solid knowledge of potentially
inappropriate medications but also accurately identified 7 common potentially inappropriate medications and 5 drug-drug and 3
drug-disease interactions. However, ChatGPT missed 5 drug-disease and 1 drug-drug interaction and produced 2 hallucinations.
Regarding the fall vignette, ChatGPT answered 3 of 5 pretests correctly and 2 of 5 pretests partially correctly, identified 6 categories
of fall risks, followed fall guidelines correctly, listed 6 key physical examinations, and recommended 6 categories of fall prevention
methods.

Conclusions: This study suggests that ChatGPT can be a valuable supplemental tool in geriatrics, offering reliable information
with less age bias, robust geriatrics knowledge, and comprehensive recommendations for managing 2 common geriatric syndromes
(polypharmacy and falls) that are consistent with evidence from guidelines, systematic reviews, and other types of studies.
ChatGPT’s potential as an educational and clinical resource could significantly benefit trainees, health care providers, and
laypeople. Further research using GPT-4o, larger geriatrics question sets, and more geriatric syndromes is needed to expand and
confirm these findings before adopting ChatGPT widely for geriatrics education and practice.

(JMIR Form Res 2025;9:e63494)   doi:10.2196/63494
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Introduction

Background
ChatGPT stands for Chat Generative Pretrained Transformer and
was developed by an artificial intelligence (AI) research
company, OpenAI. It is an AI chatbot technology that can
process our natural human language and generate a response.
ChatGPT was released to the public by OpenAI on November
30, 2022, and surpassed 1 million users in just 5 days. This
performance set a record for the second fastest-growing user
base after that of Threads. ChatGPT currently has >180 million
users (as of October 26, 2024) [1]. ChatGPT users have
increased exponentially, and it has been increasingly used in
medicine, resulting in 4625 publications on PubMed (as of
October 26, 2024) [2]. Notably, ChatGPT was not programmed
originally to be used for medical education and clinical
application [1] despite reports of its wide application for medical
education [3-7] and clinical practice [5-12]. ChatGPT has been
studied in multiple specialties and subspecialties, such as
psychiatry [13], radiology [14], and cardiology [15]. Its rapid
progress in such a brief time has raised challenges, concerns,
and limitations, including privacy, ethnic and racial bias, and
legal risks [16-21].

Any application of ChatGPT to medical education and clinical
practice could be promising but needs to be well designed and
investigated. In the context of a growing aging population,
geriatrics education, geriatrics workforces, and geriatrics
practice have been facing significant challenges for the last 4
decades [22-26]. ChatGPT could offer an opportunity to improve
geriatrics education and clinical practice [27-30]. Preliminary
studies have shown promise [27-30]. For example, older adults
often have polypharmacy issues [31], and providers review and
deprescribe medications [32]. A specifically trained large
language model may provide useful clinical support in
polypharmacy management for primary care physicians [29].
ChatGPT has scored better on general and theoretical questions
in geriatrics than on complex decisions and end-of-life
situations, with the lowest scores related to diagnosis and
performing complex tests [30]. Overall, the application of
ChatGPT to geriatrics education and clinical practice is sporadic
and needs to be expanded and further investigated. Therefore,
this study was designed to determine whether we can trust
ChatGPT to be used in geriatrics education and clinical practice
using 3 distinct approaches.

The first approach was to evaluate any age-biased outputs
generated by ChatGPT. The aging narrative spans >210 years
[33]. The term ageism, coined by Robert Butler in 1969, refers
to age-based stereotyping, prejudice, and discrimination [34].
Self-perception of aging is another emergent concept related to
ageism [35]. Ageism is global and prevalent in daily life
[34,36,37], health care systems [34,38], and the news media
[39,40]. It is present in various medicine specialties such as
oncology [41] and cardiology [42] and was persistent during
the COVID-19 pandemic [43,44]. Ageism is significantly

associated with poor health outcomes and quality of life [34,35].
Interventions to reduce ageism have been widely studied [45,46].
ChatGPT has been found to exhibit privacy, ethnicity, gender,
and racial bias and entail legal risks [16-21]. For example,
ChatGPT recommends fewer female than male ophthalmologists
[47]. However, whether ChatGPT generates age-biased outputs
has not been reported. This study aimed to demonstrate whether
ChatGPT exhibits ageism by testing its geriatrics attitude using
a validated University of California, Los Angeles (UCLA)
geriatrics attitude instrument [48,49] and comparing its results
with those obtained by medical students residents, and geriatrics
medicine fellows from published articles

The second approach was to evaluate the geriatrics knowledge
of ChatGPT. ChatGPT has passed the United States Medical
Licensing Examination (USMLE) [50,51] and many other
medicine exams [52-56], demonstrating its competence in
medical knowledge. However, it has been less studied in
geriatrics. For example, in one Geriatrics and AI in Spain project
in Spain [30], ChatGPT was prompted with 10 questions about
geriatric medicine. Compared to 130 physicians who answered
the questionnaire, ChatGPT scored better on general and
theoretical questions than on complex decisions and end-of-life
situations, with the lowest scores for diagnosis and performing
complex tests [30]. AI is likely to be incorporated into some
areas of geriatric medicine, but it still presents significant
limitations, mainly in complex medical decision-making [30].
This study was designed to demonstrate the geriatrics
competency of ChatGPT by examining its performance on the
validated UCLA geriatrics knowledge test [48,49,57] and
comparing it with that of medical students, internal medicine
residents, and geriatric medicine fellows from previously
published articles in the literature.

The third approach was to evaluate ChatGPT’s knowledge of
2 geriatric syndromes and its clinical application to them
(polypharmacy and falls). Multiple previous studies have shown
that ChatGPT performs well on clinical vignette questions
[58-64]. For example, ChatGPT achieved 71.7% accuracy
overall on 36 clinical vignettes from the Merck Sharpe and
Dohme clinical manuals and impressive accuracy in clinical
decision-making [58]. In another study, GPT-4o was queried
for diagnoses and management plans with 20 physician-written
clinical vignettes in otolaryngology, showing high agreement
with physicians [59]. In addition, ChatGPT demonstrated
appreciable knowledge and interpretation skills in psychiatry
through 100 clinical case vignettes [60]. In another study, 33
physicians across 17 specialties generated 284 medical
questions. ChatGPT generated largely accurate information in
response to diverse medical queries as judged by academic
physician specialists, with improvement over time [61].
ChatGPT also offered accurate recommendations on managing
hypertension based on clinical practice guidelines [62]. ChatGPT
provided accurate recommendations for 8 out of 10 clinical
scenarios in cardiology [63]. In another study, GPT-4o generated
a good rehabilitation plan for a stroke case from a textbook [64].
Finally, several studies have reported the application of
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ChatGPT to predict common drug-drug interactions [65],
managing polypharmacy [29], clinical pharmacy [66-68], and
medical pharmacology as a self-learning tool [69]. Taken
together, all previous studies suggest that ChatGPT could
potentially be applied to complex geriatric syndrome vignettes
with comprehensive clinical questions. This study was designed
to demonstrate whether ChatGPT has solid geriatrics knowledge
and can apply it to 2 common complex geriatric syndrome
vignettes (polypharmacy and falls) by responding to
comprehensive questions.

Study Objectives
We designed these 3 distinct approaches to provide evidence
of whether ChatGPT can be trusted to be potentially applied to
geriatrics education and clinical practice as an assistive tool.

Methods

This observational study used the validated UCLA geriatrics
attitude instrument [48,49] and geriatrics knowledge test [57].

The Geriatrics Attitude Instrument
The geriatrics attitude instrument comprises 16 questions
(Multimedia Appendix 1) [48,49]. In total, 6 of these statements
reflect positive attitudes toward aging, such as “Most old people
are pleasant to be with” (question 1). A total of 10 statements
reflect negative attitudes toward aging, such as “Treatment of
chronically ill old patients is hopeless” (question 11). Responses
are graded on a Likert scale from 1 (strongly disagree) to 5
(strongly agree). The mean total score of ChatGPT was
calculated and compared to scores from medical students,
internal medicine residents, and geriatric medicine fellows based
on previously published studies in the literature. Subtotals for
positive and negative attitudes toward aging were also calculated
to compare them to those in previously published studies. For
statements reflecting a positive attitude toward aging, higher
scores indicated a more positive attitude toward aging. For
statements reflecting a negative attitude toward aging, lower
scores indicated a less biased attitude toward aging.

The Geriatrics Knowledge Test
The validated UCLA geriatrics knowledge test contains 18
questions (Multimedia Appendix 2) [57]. In total, 8 questions
are true-or-false statements, such as “Most older people are
living in nursing homes” (question 4; false). A total of 10
questions are short clinical vignettes, such as “A 78-year-old
nursing home resident with mild dementia associated with
Alzheimer’s disease is best determined by their ability to
understand treatment options” (question 9; correct answer: B).

To minimize unfounded guessing, the following scoring system
was used: +1 for a correct answer, –1 for a wrong answer, and
0 for “don’t know.” Therefore, the total score ranged from −18
to +18 [57]. Correct answers were determined by the author
based on the literature.

ChatGPT Inputs and Outputs
GPT-3.5 was prompted to undertake the validated UCLA
geriatrics attitude instrument and geriatrics knowledge test.
Prompts were derived from original published papers [48,49,57].

Each prompt was repeated 4 times to evaluate the consistency
and obtain an average response. In addition, ChatGPT was
prompted to respond to 2 common geriatric syndrome vignettes
(polypharmacy and falls). These 2 vignettes with questions were
used in the author’s previously published geriatrics curricula
[70,71] and are described fully in the following sections.

The Polypharmacy Vignette
This vignette was used from a previously published workshop
of prescribing and deprescribing [70]:

Ms. Smith, an 85-year-old white woman, has HTN,
CAD, HFpEF, A-Fib, DM (II), HLD, hypothyroidism,
gout, OA. On Warfarin 2.5 mg/d, furosemide 20 mg/d,
Glyburide 5 mg/d, Spironolactone 50 mg/d,
Amiodarone 300mg/d, Carvedilol 6.25 mg twice a
day, Lisinopril 40 mg/d, Lipitor 80 mg/d,
Levothyroxine 250 mg/d, Allopurinol 100 mg three
times a day, acetaminophen 500 mg two tabs q6h for
joint pain, and several supplements. Her pulse is 62
beat/min. Her BP is 120/70 (sit) and 98/64 (upright),
weight 60 kg. No JVD, HR regularly, no murmur, few
crackles on lung bases. Abdomen exam is benign, +
pitting edema of ankles. Serum Cr is 1.2 mg/dL and
Bun is 15 mg/dL. INR is 3.5. LDL is 50. albumin 4,
Hb1ac is 6.1. TSH is 2. EF is 60%.

ChatGPT was prompted with the polypharmacy vignette
following 2 steps. First, ChatGPT was prompted to answer 4
general questions on the appropriate use of medications to
examine its geriatric pharmacology knowledge: (1) “Which of
the commonly used 8 drugs are potentially inappropriate
medication (PIM) and should be avoided in older adults?” (2)
“What is PIM in older adults?” (3) “How to identify PIM in
older adults?” (4) “What to do with PIM?” Second, ChatGPT
was prompted to answer 4 additional specific questions related
to the polypharmacy vignette to evaluate its application of
geriatric pharmacology to a clinical vignette: (1) “Any drug-drug
interactions for this patient?” (2) “Any drug is ineffective for
this patient?” (3) “This patient was taking so many medications.
Any way to reduce the number of her medications?” (4) “Any
drug-disease interaction?”

The Fall Vignette
This vignette was used from a previously published workshop
of prescribing and deprescribing [71]:

An 82-year-old community-dwelling woman with
PMH of multiple falls, right hip fracture, Dx of
hypertension, coronary heart disease, knee arthritis,
came to my clinic after she fell after her meal at home
this morning. She felt pain of R head. She had a cane
and walker at home but didn’t use that often. She
thought she didn’t need it. She has taken care of her
husband for several years. Her medication included
Doxazosin (Cardura) and diltiazem (Cardizem), and
acetaminophen as needed. I asked many questions
related to her fall. Her vital signs were normal
without orthostatic hypotension. Her cardiovascular
and neurological examinations were benign. Her
mini-mental status examination (MMSE) was 30/30.
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She had independent activities of daily living (ADL).
Her geriatric depression scale (GDS) was 0/15. She
passed timed up and go test. Because of her right
black eye and pain of right head, I sent her to UVA
to rule out orbital fracture. Please ask the following
questions: List all potential fall risk factors for this
patient What are three fall screening questions you
need to ask for elderly patients in an outpatient setting
based on 2010 fall prevention guideline you want to
follow for this patient? Which one of three pathways
in figure 1 from 2010 fall prevention guideline you
want to follow for this patient? List all physical
examinations that you think are important to perform
for this patient. List your recommendations as many
as you think that could help her to prevent her falling.

ChatGPT was prompted with the fall vignette following 3 steps.
First, ChatGPT was prompted to answer 1 general question on
fall risks in older adults. Second, ChatGPT was prompted to
answer five pretest questions on fall prevention in older adults:
(1) “When an older person falls, should you ask the following
questions (one or more or none)? the circumstances of fall,
mental status, medication changes, vision change, drinking”;
(2) “Which of the following illnesses is a fall risk (one or more
or none)? Pneumonia, Parkinson’s disease, Diabetes mellitus,
Dementia, Orthostatic hypotension”; (3) “Which of the
following medications are not associated with an increased fall
risk (one or more)? Levothyroxine, Diazepam, Oxycodone,
Amitriptyline”; (4) “Which ones of the following are true (one
or more or none)? An elderly person may become so fearful of
falling that they restrict his or her mobility Most falls are
associated with significant injuries Falls is a leading cause of
accidental death in older population About 5%
community-dwelling elderly person falls each year Survivors
of fall-related hip fracture are rarely institutionalized Exercise
improves function and reduces fall risk and injurious falls”; and
(5) “Which of the following is NOT an environmental fall risk?
(only pick one answer) Throw rug, freshly waxed kitchen floor,
Grab bars, Electrical cord lying on the floor.” Finally, ChatGPT
was prompted to answer 5 additional questions to examine the
application of fall prevention knowledge to the fall vignette:
(1) “List all potential fall risk factors for this patient”; (2) “What
are three fall screening questions you need to ask for elderly
patients in an outpatient setting based on 2010 fall prevention
guideline you want to follow for this patient?”; (3) “Which one
of three pathways in figure 1 from 2010 fall prevention guideline
you want to follow for this patient?”; (4) “List all physical
examinations that you think they are important to perform for
this patient”; and (5) “List your recommendations as many as
you think that could help her to prevent her falling.”

Evaluation of ChatGPT Outputs
ChatGPT outputs were collected and analyzed by the author.
The author judged the correctness of the ChatGPT outputs on
the polypharmacy and fall vignette questions based on evidence
from clinical practice guidelines, systematic reviews, and other
types of evidence in the literature. The descriptive analysis was
performed using SPSS (version 28; IBM Corp).

In summary, we designed these 3 distinct approaches to provide
evidence on whether we can trust ChatGPT to be potentially
applied to geriatrics education and clinical practice as an
assisting tool.

Ethical Considerations
This study was not human participant related, including the
secondary data analysis. No informed consent was needed.

Results

Geriatrics Attitude
The total geriatrics attitude score of ChatGPT was significantly
lower than that of trainees (medical students, internal medicine
residents, and geriatric medicine fellows) from validation [49,57]
and follow-up studies [48] (Multimedia Appendix 3). However,
the mean subscore on positive geriatrics attitude of ChatGPT
was higher than that of the trainees (medical students, internal
medicine residents, and neurologists; Multimedia Appendix 4),
where a higher score is better. The higher subscore on positive
geriatrics attitude indicates a better attitude toward aging.
Conversely, the mean subscore on negative geriatrics attitude
of ChatGPT was lower than that of the trainees and neurologists,
where lower subscores are better (Multimedia Appendix 4). The
lower subscore on negative geriatrics attitude indicates a less
age-biased attitude toward aging. Individual responses to 14
geriatrics attitude statements by ChatGPT, trainees, and
neurologists are shown in Multimedia Appendix 4. The
subscores of the comparison group in Multimedia Appendix 4
were based on previously published studies [72-74]. Notably,
responses to statements 15 and 16 were rarely reported in
previously published studies (Multimedia Appendix 4).

Of the 14 geriatrics attitude statements (Multimedia Appendix
4), 5 (36%) were positive, and 9 (64%) were negative. Regarding
the positive geriatrics attitude statements, ChatGPT had 1 lower
positive geriatric attitude response (indicating a less positive
geriatrics attitude) and 5 similar or better positive geriatric
attitude responses compared to medical students and residents
(indicating a similar or better positive geriatrics attitude).
Regarding the negative geriatrics attitude statements, ChatGPT
had 1 similar negative geriatric attitude response and 8 better
negative geriatrics attitude responses than medical students and
residents, indicating a less negative geriatrics attitude.

The response from ChatGPT to the first prompt of the geriatrics
attitude questions did not follow the Likert-scale format (1-5;
1=strongly disagree; 5=strongly agree; Multimedia Appendices
3 and 4) as ChatGPT provided only comments. The response
to the third prompt included both the Likert-scale format (1-5;
1=strongly disagree; 5=strongly agree) and comments
(Multimedia Appendix 4).

Geriatrics Knowledge
The total score of ChatGPT (mean 14.25) was significantly
higher than the scores from all trainees (medical students,
residents, and internal medicine fellows) in the validation studies
[57] (mean 11.3; Multimedia Appendix 3) and was also
significantly higher than that of first-year (mean 9.9) and
second-year (mean 9.5) medical students (Multimedia Appendix
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3) in the follow-up studies [48]. It was slightly higher than the
scores of third-year medical students (mean 13.6) and internal
medicine interns (mean 13.2), slightly lower than the scores of
second- and third-year internal medicine residents (mean 14.7
and 14.9, respectively), and significantly lower than the scores
of geriatric medicine fellows (mean 17.5) in the follow-up
studies [48]. ChatGPT’s performance on geriatrics knowledge
in the first prompt was lower than that on the following 3 repeat
prompts. For the first prompt, ChatGPT provided rationales
without selecting options (Multimedia Appendix 4). For the
third prompt, ChatGPT selected options and provided rationales
for its choices (Multimedia Appendix 4). For the second and
fourth prompts, ChatGPT select options without providing
rationales (Multimedia Appendix 4).

To make it easy for the reader to replicate the results of this
study, Multimedia Appendix 5 shows a few examples of prompts
on geriatrics attitude and knowledge test questions and outputs
by ChatGPT (all original outputs of ChatGPT are available upon
request).

The Polypharmacy Vignette
Overall, ChatGPT performed well on the polypharmacy vignette
involving a woman aged 85 years (Multimedia Appendix 6).
ChatGPT provided appropriate responses to 4 general drug
therapy questions and moderate responses to 4 specific drug
therapy questions based on the vignette. ChatGPT correctly
identified 5 drug-drug interactions and suggested deprescribing.
However, it missed an ineffective medication (a supplement),
1 drug-drug interaction, and 3 drug-disease interactions
(Multimedia Appendix 6). Despite the patient not having lung
disease, ChatGPT provided 2 irrelevant drug-disease interactions
specific to the vignette (ChatGPT hallucination; Multimedia
Appendix 6).

The Fall Vignette
ChatGPT performed well on the fall vignette involving a woman
aged 82 years (Multimedia Appendix 7). ChatGPT correctly
summarized 10 common fall risks in older adults and correctly
answered 3 out of 5 pretest questions. In the remaining 2 pretest
questions, ChatGPT missed a few correct responses. In the fall
vignette, ChatGPT provided appropriate responses to all 4
prompts (Multimedia Appendix 7). ChatGPT recognized most
fall risk factors and responded perfectly to fall screening
questions following the latest Centers for Disease Control and
Prevention (CDC) fall guidelines even though the prompt
specified the 2010 fall prevention guidelines. ChatGPT
accurately followed the 3 pathways from the 2010 fall
guidelines. It missed a few physical examinations. ChatGPT
provided almost all recommended fall prevention strategies,
with only a few omissions.

Discussion

Principal Findings
With the increasing use of ChatGPT in medical education [3-7]
and clinical practice [5-12], the aim of this study was to evaluate
whether we can trust ChatGPT to be used in geriatrics. The
major findings of this study demonstrated that ChatGPT had
less age-biased output than the trainees, outperformed the

trainees on the validated UCLA geriatrics knowledge test, and
reasonably applied geriatrics knowledge to 2 common geriatric
syndrome vignettes (polypharmacy and falls). The preliminary
findings of this study are promising and demonstrate that
ChatGPT could be trusted and used as an assistant tool in
geriatrics practice and education via 3 approaches, which are
fully discussed in the following paragraphs.

The first approach was to evaluate ChatGPT’s performance on
a validated UCLA geriatrics attitude instrument [48,49]. To the
best of our knowledge, this is the first study to demonstrate that
ChatGPT is less likely to generate age-biased outputs, which
contrasts with a few ethical and other concerns regarding
ChatGPT [16-21]. This finding is significant because ageism
is prevalent and associated with multiple poor outcomes,
including health outcomes [34,35]. Various instruments exist
to measure geriatrics attitude to assess ageism [34,35], with the
UCLA geriatrics attitude instrument [48,49] being one of these
validated tools [75], which we used in this study [48,49]. The
UCLA geriatrics attitude instrument includes 16 items [48,49],
6 of which refer to a positive geriatrics attitude (eg, “most old
people are pleasant to be with”) where a higher score is better,
and 10 of which refer to a negative geriatrics attitude where a
lower score is better. Previous studies using the UCLA geriatrics
attitude instrument have primarily used the total score on the
geriatrics attitude scales without calculating and reporting the
mean subscores on positive and negative geriatrics attitudes
[48,49], which makes it difficult to interpret the significance of
geriatrics attitude. However, a few studies have reported
individual responses to the UCLA geriatrics attitude instrument,
including positive and negative geriatrics attitude [48,49], for
which we were able to calculate the subscores for comparison.
We recommend that the subscores of the UCLA geriatrics
attitude instrument should be reported to assess positive and
negative geriatrics attitude. Overall, ChatGPT’s individual
responses to the UCLA geriatrics attitude statements were better
than those of medical students and residents, with higher scores
for positive attitude and lower scores for negative attitude
(Multimedia Appendix 4), suggesting that ChatGPT has less
age-biased outputs and could be trusted from an ethical
perspective. This study suggests that ChatGPT is better than
the news media and humans in providing less age-biased
information [39,40]. However, a reliable and valid instrument
with which to quantify modern medical student attitudes toward
older people has not yet been developed. An adaptation of the
Aging Semantic Differential scale for contemporary use has
been recommended [76]. This study can be repeated using the
Aging Semantic Differential scale to see whether ChatGPT still
generates less age-biased outputs in the future.

The second approach was to evaluate ChatGPT’s geriatrics
knowledge. This study is the first to assess ChatGPT’s
performance on a validated UCLA geriatrics knowledge test
[49,57]. ChatGPT has a substantial knowledge base and has
been reported to pass the USMLE [50,51] and perform well on
many other examinations [52-56]. Previous studies have
suggested that ChatGPT could significantly impact medical
education [3-7] and clinical practice, including clinical
decision-making [5-12]. For example, a recent systematic review
and meta-analysis on the performance of ChatGPT in medical
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examinations showed that ChatGPT has been evaluated in
multiple specialties, including plastic surgery, ophthalmology,
neurosurgery, orthopedics, diabetes, gastroenterology, radiology,
cardiology, dermatology, and anesthesia [61]. It can be
reasonably believed that ChatGPT has good geriatrics
knowledge. This study supported this belief and demonstrated
that ChatGPT performed better than the average trainee in the
validation studies (mean score 14.7 vs 11.3) and follow-up
studies (mean score 14 vs 13.3; Multimedia Appendix 3).
ChatGPT’s performance was better than that of medical students
and first-year internal medicine residents (PGY 1 in Multimedia
Appendix 3), comparable to that of second- and third-year
residents (PGY 2 and PGY 3 in Multimedia Appendix 3), but
lower than that of geriatric medicine fellows. This suggests that
ChatGPT could be a valuable supplemental resource for health
professional trainees, health care providers, and laypeople.
Given that GPT-4o has more parameters, it is reasonable to
believe that GPT-4o could perform better on the geriatrics
knowledge test. The UCLA geriatrics knowledge test only has
18 questions [57] and much less questions than the USMLE
tested in previous studies [50,51]. Future studies should evaluate
GPT-4o’s performance on more multiple-choice questions from
geriatrics board examinations to confirm the findings of this
study before adopting ChatGPT for geriatrics education and
clinical practice.

The third approach was to evaluate ChatGPT’s responses to 2
common geriatric syndrome vignettes—polypharmacy and falls
in older adults—from the author’s previously published
geriatrics curricula [70,71]. This study demonstrated that
ChatGPT performed well on these 2 geriatric syndrome vignettes
(Multimedia Appendices 6 and 7), which was promising and
will be fully discussed in the following paragraphs.

For the polypharmacy vignette, ChatGPT was able to provide
systematic recommendations for polypharmacy in older adults,
which has not been investigated before. In this study, ChatGPT
provided appropriate general principles for prescribing and
deprescribing; identified PIMs; and suggested resources and
criteria such as the Beers criteria [77], the Screening Tool of
Older Persons’ Prescriptions [75], the Drug Burden Index [78],
and the Medication Appropriateness Index [79] (Multimedia
Appendix 6). In addition, ChatGPT was able to provide 5
appropriate ways to manage PIMs in older adults (Multimedia
Appendix 6) that are consistent with the evidence from geriatrics
practice guidelines and prescribing principles [75,77-80]. In
particular, this study demonstrated that ChatGPT can identify
all 8 exemplary PIMs (Multimedia Appendix 6). These
medications should be avoided in older adults [75,77-80].
ChatGPT was able to identify 4 drug-disease interactions but
missed 3 drug-disease interactions in the polypharmacy vignette
(Multimedia Appendix 6). This suggests room for improvement
in training ChatGPT further. ChatGPT also identified drug-drug
interactions accurately in the polypharmacy vignette
(Multimedia Appendix 6), which was different from a previous
study in which ChatGPT identified 39 out of 40 drug-drug
interactions when it was given 40 pairs of drugs [65]. Therefore,
the question is what the implications are of what ChatGPT can
do for polypharmacy. Previous studies have shown that within
the last 10 years medical students, postgraduate residents,

primary care providers, and pharmacists were unaware of PIMs
and the standard guidelines for older adults, such as the Beers
criteria [81-84]. This study has shown that ChatGPT is more
knowledgeable than humans. Both geriatricians and general
internists still prescribed 7.2% to 8.7% of PIMs, respectively
[84].

The persistent prevalence of PIMs and polypharmacy in older
adults was well-reported [31,32]. What ChatGPT demonstrated
its good knowledge and ability to do with polypharmacy in this
study suggests that ChatGPT has great potential to be used by
trainees and providers as an assistant tool. One suggested
example will be to include an older patient’s medical history
and a list of all their medications in the ChatGPT prompt used
in this study for medication review and to generate ChatGPT
outputs which can be reviewed by providers at Clinic or other
clinical settings. This will help nurses, other providers, and
trainees at the point of care. It could help laypeople self-check
PIMs. It could also help health professional trainees in the
self-study of geriatric pharmacology.

Falling is another significant US and global problem [85,86]
and one of the common geriatric syndromes in older adults [87].
ChatGPT has not been tested to provide systematic fall
prevention recommendations for an older adult. This study
demonstrated for the first time that ChatGPT has good
knowledge of fall prevention as it performed well on pretests
and provided a comprehensive summary of 10 common fall
risks in older adults and specific recommendations in the fall
vignette (Multimedia Appendix 7).

The 2024 US Preventive Services Task Force fall prevention
guidelines listed several fall risks, including age; history of falls;
cognitive and sensory deficits; presence of acute and chronic
medical conditions; certain medications; environmental or
occupational hazards; home or neighborhood features and
alcohol or drug use; and impairments in mobility, gait, and
balance [87]. The 2023 CDC Stopping Elderly Accidents,
Deaths, and Injuries also has a long list of fall risks [88]. In
addition, a systematic review and meta-analysis showed
evidence-based fall risk factors among the aging population
[89]. This study showed that ChatGPT identified most of fall
risks for the fall vignette (Multimedia Appendix 7) consistent
with the aforementioned fall prevention guidelines [87,88] and
systematic review [89] except for missing risky behaviors such
as standing on a chair instead of a step stool and loss of sensation
in the feet.

This study also used 5 pretests to further evaluate ChatGPT’s
knowledge of fall prevention (Multimedia Appendix 7).
ChatGPT generated responses consistent with the guidelines
[88,89] and a systematic review [90]. In pretest 1, ChatGPT
provided 5 good recommendations with reasoning for taking
the medical history of an older adult. In pretest 2, ChatGPT
correctly identified several medical conditions as fall risks,
including Parkinson disease, dementia, and orthostatic
hypotension but missing pneumonia and diabetes mellitus. This
indicates that ChatGPT has some limitations. In pretest 3,
ChatGPT correctly identified diazepam, oxycodone, and
amitriptyline as fall risks [75,77-79] and levothyroxine as not
a fall risk. In pretest 4, ChatGPT underestimated the prevalence
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of falls in community-dwelling older adults (5%) but correctly
answered most other true and false questions about fall risks
and consequences. In pretest 5, ChatGPT correctly answered
all questions about environmental fall risks and identified grab
bars as not a risk. Overall, ChatGPT performed very well on 5
pretests with a few mistakes, indicating good knowledge of fall
prevention for older adults.

To further test ChatGPT’s clinical application to individual
patients, the fall vignette was used to prompt ChatGPT.
ChatGPT correctly identified 6 common fall risk factors except
for potential home environment factors, consistent with the
evidence from fall prevention guidelines [88,89] and a
systematic review [90]. ChatGPT impressively recognized older
caregiver burden, hypertension, and coronary heart diseases as
fall risks, also consistent with the evidence from fall prevention
guidelines [88,89] and a systematic review [90]. In response to
fall screening questions, ChatGPT was correct if the 2023 CDC
guidelines were used [89] but incorrect if the 2010 American
Geriatrics Society guidelines were used [91]. This study
indicates that ChatGPT can use the latest guidelines, although
specific prompts might be unclear to ChatGPT. Regarding
physical examinations relevant to the fall vignette, ChatGPT
missed several but recommended multiple appropriate physical
examinations [89,91], indicating a reasonably good performance.
In the final prompt on fall prevention recommendations for the
fall vignette, ChatGPT provided 6 appropriate fall prevention
recommendations, including home environment–related
prevention despite previously missing the home environment
as a fall risk [88-91]. It was notable that the home environment
was not on the list of fall risks in ChatGPT’s response to the
first prompt. However, ChatGPT correctly answered pretest 5
(home environment fall risk) and recommended home
environment–related prevention for the patient in the fall
vignette (Multimedia Appendix 7). This suggests some
discordance between the fall assessment and action plans by
ChatGPT, indicating a possibly different thinking and decision
process within ChatGPT.

The crucial question is whether ChatGPT can be helpful and
necessary in screening for fall risks and providing fall prevention
recommendations to older adults in daily practice. Providers
need knowledge and willingness to screen for fall risks in older
adults, but multiple studies have shown that providers often
lack fall prevention knowledge and are unwilling to screen for
fall risks [92-96]. For example, one study showed that
emergency providers lacked knowledge on which patients to
be screened and were unwilling to spend more than a few
minutes on screening for fall intervention [95]. Another study
revealed that only 14% of providers at accountable care
organizations were aware of the CDC’s fall risk assessment
algorithm (Stopping Elderly Accidents, Deaths, and Injuries)
[93]. Furthermore, 43% of primary care providers did not agree
that they had the expertise or time to perform fall risk
assessments, and only a small percentage billed for fall risk
screening despite being aware of Medicare reimbursement [96].
In addition, general practitioners were often unaware of their
frail patients’ fall history or fear of falling, with most patients
not receiving fall prevention care. Less than 40% of providers
asked most or all their older patients if they had fallen in the

previous 12 months, and less than a quarter referred their
patients to physical therapists for balance or gait training [92].
A recent CDC report showed some improvement, but gaps
remain. Only 20% of providers were aware of any injury
prevention resources, and a higher percentage screened for fall
risk when older adults presented with specific concerns [94].

Given the high prevalence of fall among older adults and poor
knowledge of fall prevention among providers, this study
demonstrated that ChatGPT has better knowledge and ability
to apply the fall prevention guidelines than many providers,
suggesting that it can assist providers in assessing fall risks and
preventing falls in older adults. For instance, entering an older
patient’s history into ChatGPT and reviewing the outputs
generated can help providers identify patients with fall risk at
the point of care. ChatGPT can also be used as an assistant tool
to help health professional trainees with self-study.

Limitations and Quality Assessment of This Study
There are serval limitations to this study, which will be discussed
in this section. ChatGPT’s responses are based on the data that
it was trained on, which may not include the most current
geriatrics research, best practices, or region-specific guidelines,
potentially limiting the trustworthiness of its advice. This study
did not account for the quality of the information sources that
ChatGPT draws from as ChatGPT cannot differentiate between
authoritative and nonauthoritative content in real time like all
other ChatGPT-based research. Despite GPT-4o having more
data for training without releasing its data sources, this will not
solve this basic problem. This study indicates that applying
ChatGPT to geriatrics practice and education should be cautious
and it should be used as an assistant tool only. ChatGPT will
never or is unlikely to replace clinicians. As this study evaluated
ChatGPT based on geriatric syndrome vignettes, it does not
fully account for the complexities and nuances of real-world
clinical decision-making and patient interactions, where
additional context, history, and human judgment play critical
roles. In addition, ChatGPT’s responses might be overly
generalized as it lacks the ability to perform individualized
assessments or make nuanced clinical decisions based on
patient-specific data. This is similar to vignette-based simulation
education. This indicates that ChatGPT will not make a decision
for someone but could assist with the decision-making. The
effectiveness of ChatGPT’s responses varies significantly
depending on how well the user phrases the questions or
provides necessary information. The input provided in this study
was based on the author’s geriatrics practice experience for >20
years, which might not mimic the way in which other clinicians
would interact with the tool. Therefore, the results of this study
may not be generalizable. Prompt engineering is developing to
help improve the quality of the input. However, a standardized
prompts among different providers can be very challenging.
The author suggests practicing prompts to improve
human-ChatGPT interaction and obtain reliable outputs from
ChatGPT.

ChatGPT lacks clinical experience and the ability to engage in
human clinical judgment, whereas it can process vast amounts
of medical information. This may limit its application in critical
decision-making scenarios or nuanced treatment planning for
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complex geriatrics cases. Providers must use their clinical
judgment integrated with clinical circumstances and not fully
depend on the outputs of ChatGPT.

ChatGPT might face ethical and legal consequences. ChatGPT
or AI hallucinations could cause ethical and legal risks. After
the release of GPT-4o, ChatGPT often says, “I am AI and not
clinician and cannot make decisions for you.” It seems that
ChatGPT developers recognize the potential legal and ethical
consequences and protect ChatGPT.

Human-AI interaction is complex. Providers should be cautious
in interpreting ChatGPT outputs. ChatGPT outputs should be
interpreting with evidence-based clinical guidelines, systematic
reviews, and randomized controlled trials shown in the
Comments from the author columns in Multimedia Appendices
6 and 7. Whether the ChatGPT outputs are appropriate in this
study should be judged and verified by a group of geriatricians

In addition, this study has several other limitations. This study
used GPT-3.5. GPT-4o might produce better results.
Comparisons between ChatGPT and human performance on
geriatrics attitude and knowledge were based on previously
reported results in the literature many years ago. A new study
assessing geriatrics attitude and knowledge among current
medical students, residents, and geriatric medicine fellows is
needed to confirm the findings of this study. ChatGPT produced
some errors, including ChatGPT hallucinations such as unrelated
drug-disease interactions in Multimedia Appendix 6, consistent
with previous reports [97,98]. We should be aware that ChatGPT
can make mistakes, just like humans. ChatGPT should not be
used alone in geriatrics practice and education at this point.
ChatGPT needs to be pretrained specifically for medical
education and clinical practice.

Like any other research, systematic appraisal of the current
ChatGPT research is needed. A preliminary checklist, Model,
Evaluation, Timing, Range and Randomization, Individual
Factors, Counts, and Specificity of Prompts and Language
(METRICS), to standardize the design and reporting of studies
on generative AI–based models in health care education and
practice has been recently developed [99]. The current study
was started and completed before its development. However,
it is worthwhile to use METRICS to evaluate the quality of this
study. The following seven domains of METRICS will be used:

1. Model—ChatGPT was described and used.
2. Evaluation—both subjective and objective evaluation were

described and used.
3. Timing—the study date was documented, but the duration

was not documented; transparency—the geriatrics attitude
instrument and knowledge test, the vignettes, and prompts
were well described, and the outputs were exactly presented.

4. Range—the topics were well described, including geriatrics
attitude and knowledge; randomization was not used.

5. Individual—there was subjective involvement with
ChatGPT, such as judging the correctness of its outputs.
This study was conducted by a single investigator.

6. Count—a total of 4 prompts were used. This study did not
have a sample size.

7. Specificity of the prompts or language—for geriatrics
attitude and knowledge, the prompts were from previously

published studies. It is unclear whether they are appropriate
for ChatGPT. For the 2 vignettes on polypharmacy and fall,
the prompts were from previously published curricula. It
is also unclear whether they are appropriate for ChatGPT.

Overall, the quality of this study is reasonably good based on
METRICS. METRICS should be used in the reporting of any
AI-based research in all journals.

In summary, this study took 3 distinct approaches to demonstrate
the trustworthiness of ChatGPT to be used as an assistant tool
in geriatrics practice and education. The implications of this
preliminary study for geriatrics practice and education are
further discussed in the following section.

Implications for Geriatrics Practice and Education
This study showed that ChatGPT outputs are not age-biased
using the validated geriatrics attitude test and that ChatGPT
performed well on the validated geriatrics knowledge test and
on applied geriatrics knowledge tests (2 cases of common
geriatric syndromes). These findings suggest that ChatGPT
could potentially help geriatrics practice and education as an
assistant tool in numerous ways. It is very important to know
that ChatGPT is algorithm based. Clinical practice often uses
algorithm- and pathway. Therefore, the underlying rationale for
ChatGPT and clinical practice is similar. However, ChatGPT
is not intended to replace physicians and other providers.

ChatGPT can be used as an assistant geriatrics tool and tutor to
support self-learning and immediate feedback and
self-assessment. For example, when trainees are studying
geriatric syndromes, they can obtain responses on geriatric
syndromes from ChatGPT. Therefore, ChatGPT could be
incorporated to supplement the existing program in geriatrics
education and support continuing medical education. ChatGPT
can be potentially to be integrated to clinical reasoning and
decision in a timely fashion and potentially improve the point
of care in all clinical settings. For example, ChatGPT can help
identify individual older patients who might have fall risks and
drug-drug interactions.

ChatGPT can be used as an assistant or autonomous clinical
tool to alleviate the geriatrics workforce crisis. For example, a
nongeriatrician health provider could look for answers to clinical
geriatrics questions, such as recommendations for preventing
falls and reducing polypharmacy in older patients, from
ChatGPT and help answer their patients’ questions in a timely
fashion. This is particularly helpful for rural practice where
geriatrics consults are rare or nonexistent. This will improve
physicians’ and other providers’ efficiency and accuracy in the
care of older patients and provider-patient interactions.

It is expected that ChatGPT can help with post-visit summaries
by providing patient education materials, such as home safety
and environment modification for fall prevention. ChatGPT can
also draft Clinic letters such as providing lab results and their
interpretation to the patient in the Clinic letter.

ChatGPT can help older patients with self-screening or initial
self-assessment when they are sitting in a clinic waiting room.
For example, they can input their medical history into ChatGPT
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such as age, physical function medications, and chronic
conditions to ask whether they are at higher risk of fall.

Importantly, GPT-3.5 is free to use and can be cost-saving for
providers and the health care system.

Finally, with more data training, ChatGPT will be more reliable
and helpful in geriatrics practice and education.

Comparison With Previous Work
To the best of our knowledge, health professional trainees and
providers but not ChatGPT have been assessed for geriatrics
attitude [48,49]. ChatGPT has been assessed for geriatrics
knowledge [28-30]. For example, ChatGPT was asked to answer
10 geriatrics questions [30]. The correctness of the outputs by
ChatGPT were rated by a group of geriatricians [30]. In contrast,
in this study, the correctness of the outputs by ChatGPT was
determined by the author only, which could lead to errors. In
another study, ChatGPT was prompted with 1 simple question
[28]. The questions in the aforementioned studies were not
validated. However, this study used validated UCLA geriatrics
knowledge tests [57,72-74]. Several previous studies have
demonstrated that ChatGPT has geriatric pharmacology
knowledge [29,65-69]. For example, ChatGPT could identify
drug-drug interactions from 40 drug-drug pairs [65]. In another
study, ChatGPT could manage polypharmacy and make
decisions on deprescribing 2 to 3 inappropriate medications
based on a vignette [29]. Another study compared the answers
from ChatGPT and clinical pharmacists to real clinical cases
and clinical competency assessments [68]. However, these
studies are different from this study, which used a systemic
approach to polypharmacy (Multimedia Appendix 6). To the
best of our knowledge, ChatGPT has not approached falls in
older adults.

Future Directions
This study was a pilot with both promising findings and
limitations. With the fast-growing use of ChatGPT and the new
version of GPT-4o being released, the author suggests the
following research directions.

A larger study using ChatGPT is needed to extend and confirm
the findings of this study before adopting ChatGPT for geriatrics
education and clinical practice. For example, more geriatrics
knowledge questions and vignettes should be examined using
GPT-4o. For example, the performance of ChatGPT on geriatrics
certification exams should be tested.

Coinvestigators are needed to reduce biases. In particular, the
correctness of the ChatGPT outputs should be evaluated and
judged by a group of experts in geriatrics and integrated with
the latest evidence, such as clinical practice guidelines,
systematic reviews, and randomized controlled trials. For
example, the ChatGPT outputs to a prompt should be rated from
strongly agree to strongly disagree by a group of geriatrics
experts in addition to determining their consistency with
evidence-based clinical practice guidelines

Those who conduct ChatGPT research should receive training
on prompt engineering. The author is doing this and feels that
it is beneficial. This could reduce the variation in prompts.

The reliability of ChatGPT performance needs to be tested using
different prompts to improve generalizability. The outcomes of
the application of ChatGPT to geriatrics practice and education
need to be further investigated.

Conclusions
This study suggests that ChatGPT could be a valuable assistant
tool in geriatrics education and practice, helping health
professional trainees and providers combat ageism, supplement
geriatrics knowledge, and address common geriatric syndromes
such as polypharmacy and falls. This study demonstrated that
we could trust ChatGPT to be used in geriatrics practice and
education by using 3 distinct approaches. One strength of this
study is that Multimedia Appendices 5-7 provide the details of
prompts to ChatGPT and the outputs generated by ChatGPT,
which allows readers to apply a similar approach to their
geriatrics education and practice studies. The findings of this
study are promising but need more investigation before
ChatGPT is widely adopted in geriatrics practice and education.
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Multimedia Appendix 2
University of California, Los Angeles, geriatrics knowledge test (questions 1-18).
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Comparison of geriatrics attitude and knowledge test performance between ChatGPT and trainees.
[DOCX File , 25 KB - formative_v9i1e63494_app3.docx ]

Multimedia Appendix 4
Comparison of performance on the geriatrics attitude subscales by ChatGPT, trainees, and neurologists.
[DOCX File , 17 KB - formative_v9i1e63494_app4.docx ]

Multimedia Appendix 5
Examples of ChatGPT outputs on geriatrics attitude and knowledge questions.
[DOCX File , 15 KB - formative_v9i1e63494_app5.docx ]

Multimedia Appendix 6
ChatGPT output on the polypharmacy vignette about a woman aged 85 years.
[DOCX File , 17 KB - formative_v9i1e63494_app6.docx ]

Multimedia Appendix 7
Fall risk identification and management in a woman aged 82 years.
[DOCX File , 20 KB - formative_v9i1e63494_app7.docx ]
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Abstract

Background: Intimate partner violence (IPV) and violence against children are global issues with severe consequences.
Intersections shared by the 2 forms of violence have led to calls for joint programming efforts to prevent both IPV and violence
against children. Parenting programs have been identified as a key entry point for addressing multiple forms of family violence.
Building on the IPV prevention material that has been integrated into the parenting program ParentText, a digital parenting
chatbot, this pilot study seeks to explore parents’engagement with the IPV prevention content in ParentText and explore preliminary
changes in IPV.

Objective: This study aimed to assess parents’ and caregivers’ level of engagement with the IPV prevention material in the
ParentText chatbot and explore preliminary changes in experiences and perpetration of IPV, attitudes toward IPV, and
gender-equitable behaviors following the intervention.

Methods: Caregivers of children aged between 0 and 18 years were recruited through convenience sampling by research
assistants in Cape Town, South Africa, and by UNICEF (United Nations Children's Fund) Jamaica staff in 3 parishes of Jamaica.
Quantitative data from women in Jamaica (n=28) and South Africa (n=19) and men in South Africa (n=21) were collected
electronically via weblinks sent to caregivers’ phones using Open Data Kit. The primary outcome was IPV experience (women)
and perpetration (men), with secondary outcomes including gender-equitable behaviors and attitudes toward IPV. Descriptive
statistics were used to report sociodemographic characteristics and engagement outcomes. Chi-square tests and 2-tailed paired
dependent-sample t tests were used to investigate potential changes in IPV outcomes between pretest and posttest.

Results: The average daily interaction rate with the program was 0.57 and 0.59 interactions per day for women and men in
South Africa, and 0.21 for women in Jamaica. The rate of completion of at least 1 IPV prevention topic was 25% (5/20) for
women and 5% (1/20) for men in South Africa, and 21% (6/28) for women in Jamaica. Exploratory analyses indicated significant
pre-post reductions in overall IPV experience among women in South Africa (P=.01) and Jamaica (P=.01) and in men’s overall
harmful IPV attitudes (P=.01) and increases in men’s overall gender-equitable behaviors (P=.02) in South Africa.

Conclusions: To the best of our knowledge, this is the first pilot study to investigate user engagement with and indicative
outcomes of a digital parenting intervention with integrated IPV prevention content. Study findings provide valuable insights
into user interactions with the chatbot and shed light on challenges related to low levels of chatbot engagement. Indicative results

JMIR Form Res 2025 | vol. 9 | e58611 | p.72https://formative.jmir.org/2025/1/e58611
(page number not for citation purposes)

Schafer et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:moa.schafer@spi.ox.ac.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/


suggest promising yet modest reductions in IPV and improvements in attitudes after the program. Further research using a
randomized controlled trial is warranted to establish causality.

(JMIR Form Res 2025;9:e58611)   doi:10.2196/58611

KEYWORDS

intimate partner violence; SMS text messaging; chatbot; user engagement; parenting; violence; mobile phone

Introduction

Background
Violence against women (VAW) and violence against children
(VAC) are global issues with severe, long-lasting consequences,
which affect individuals and communities worldwide. Global
reports have revealed alarmingly high rates of both forms of
violence [1,2]. Prevalence estimates of intimate partner violence
(IPV), which is the most common form of VAW, have found
that >27% of ever-partnered women aged >15 years have
experienced physical IPV, sexual IPV, or both at least once in
their life [1]. Reports of VAC are also of great concern, with
systematic review findings suggesting that >50% of all children
worldwide, that is, >1 billion children globally, have experienced
past-year violence [3,4]. Research findings also indicate that
prevalence rates are higher for both forms of violence in low-
and middle-income countries [5,6].

A growing body of evidence shows that IPV and VAC
frequently cooccur in the same families [7]. In recent years, the
intersections between IPV and VAC have received increasing
attention, with a growing demand for prevention efforts that
target both forms of violence concurrently [8]. Intersections
shared by both IPV and VAC include common risk factors, such
as acceptability of family violence and parental history of
physical abuse [9,10], similar short- and long-term
consequences, including mental and physical health problems
[11], and various intergenerational effects [12]. In the past,
despite their overlaps, the fields of IPV and VAC prevention
research have predominantly been separated [8]. Therefore,
initiatives that seek to address these common risk factors may
help shift violence prevention efforts from a siloed approach to
one that targets multiple types of violence simultaneously. By
targeting multiple and intergenerational forms of violence, this
strategy is likely to be more sustainable long-term, helping to
reduce costs and increasing opportunities for scale-up and
impact [13].

In the field of IPV prevention, researchers and practitioners are
increasingly adopting what is known as gender-transformative
approaches in programs that aim to address multiple forms of
violence, that is, both VAW and VAC [14]. More specifically,
gender-transformative approaches can be defined as those that
aim to address harmful social and gender norms and are
“designed specifically to encourage men and boys to adopt and
enact gender-equitable, nonviolent attitudes and behaviors”
[15]. Many programs that adopt this approach include activities
and modules that focus on topics such as improving
interpersonal skills, redefining responsibilities in the home, and
changing perceptions around gender roles and violence [14].
Emerging evidence suggests that gender-transformative
approaches offer promising results in preventing IPV

perpetration, shifting restrictive gender norms, and promoting
gender-equitable behaviors and attitudes [16-18].
Gender-transformative approaches are being adopted in family
and sexual health interventions, further highlighting the shift
toward a more holistic approach toward violence prevention
and recognition of the intergenerational elements of family
violence and shared risk factors [19,20].

Alongside gender-transformative interventions, in the field of
VAC, parenting programs have been identified as a major
strategy for reducing and preventing violence [21]. Findings
from a recent systematic review of parenting programs for
reducing child maltreatment in low- and middle-income
countries identified several promising results across child,
parent, and family outcomes, with meta-analyses results
revealing reductions in child maltreatment and harsh parenting
[22]. One program that has integrated both VAC and IPV
prevention content includes the gender-transformative
Bandebereho program in Rwanda, which engaged men and
partners with the aim of encouraging healthier couple
relationships and enhancing caregiving skills [23]. The program
used fatherhood as an avenue to promote gender equality and
foster positive shifts in men’s relations with both their children
and partners [18]. A randomized controlled trial (RCT) of the
program found promising short- and long-term effects, with
reductions in IPV and physical punishment of children at both
21 months posttest and at a 6-year follow-up [18].

Despite the promising potential of parenting programs to tackle
multiple forms of family violence, scaling up parenting
interventions remains a challenge [24]. To address barriers to
scale, digital parenting interventions have been gaining
momentum as a means to increase reach, engagement, and
accessibility [25]. One such program, developed by Parenting
for Lifelong Health [26,27], is a chatbot intervention called
ParentText that provides caregivers with social learning–based
parenting content that seeks to improve parent-child interaction
and prevent child maltreatment [28]. Given the emerging
evidence based on the potential to integrate parenting and
gender-transformative approaches to prevent multiple forms of
family violence, this study seeks to explore how users engage
with a parenting chatbot that contains integrated IPV prevention
material. Building on the development of IPV prevention
material designed and integrated into the ParentText intervention
in 2021 [28], the purpose of this pilot study was to examine
user engagement with the IPV prevention content in the chatbot
as well as explore preliminary changes in IPV.

Objectives
The overarching aim of this pilot study is 2-fold. First, it seeks
to assess parents’ and caregivers’ level of engagement with the
integrated IPV prevention material in the ParentText chatbot.
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Second, it aims to conduct exploratory analyses of preliminary
pre-post changes in experiences and perpetration of IPV and
related outcomes, including attitudes toward IPV and
gender-equitable behaviors following the intervention.

Consequently, this study seeks to answer the following research
questions:

1. What is the level of user engagement with the IPV
prevention content integrated into the parenting chatbot,
ParentText, among parents and caregivers with low income
in South Africa and Jamaica?

2. What, if any, are the preliminary changes in experiences
and perpetration of IPV (primary outcomes) and related
risk factors, including attitudes toward IPV and
gender-equitable behaviors (secondary outcomes) among
caregivers with low income in South Africa and Jamaica,
after using the ParentText chatbot?

Methods

Study Setting
The study was conducted in 2 countries where IPV is
particularly widespread: South Africa and Jamaica. Despite
differing in their cultural contexts and geographical regions,
South Africa and Jamaica share similar challenges surrounding
high rates of IPV, making them comparable settings for
exploring the integration of IPV prevention strategies in a
parenting chatbot. South Africa has one of the highest rates of
IPV globally, with studies revealing prevalence rates of 20%
to 50% in which women reported having experienced IPV
sometime during their life [29-31]. In Jamaica, rates of VAW
are also alarming, with 24% of women having experienced
physical violence, sexual violence, or both, from an intimate
partner sometime in their life [32]. These high rates of violence
underscore that urgent prevention efforts that seek to prevent
and reduce violence are crucial. Moreover, research findings
also indicate a high prevalence of patriarchal social norms and
restrictive beliefs around women’s roles in both Jamaica [33]
and South Africa [34], further highlighting the harmful
sociocultural norms prevalent in both contexts and the
overlapping challenges that both countries face. In Jamaica, this
study was conducted in the parishes: Kingston, St Catherine,
and St Elizabeth; and in South Africa, this study was conducted
in Cape Town.

Participants and Recruitment
In Cape Town, South Africa, participants were recruited through
convenience sampling by local research assistants through the

organization Clowns Without Borders South Africa. Recruitment
mainly took place in neighborhoods, townships, and
communities in urban Cape Town. In Jamaica, recruitment also
took place through convenience sampling by members of
UNICEF (United Nations Children's Fund) Jamaica staff
members in partnership with the National Parenting Support
Commission, an agency of the Jamaican Ministry of Education
and Youth. Participants were recruited primarily at schools and
at women’s centers for adolescent mothers in urban and rural
communities. While the aim was to recruit both men and
women, due to resource constraints, in the end, only women
were recruited in Jamaica. Furthermore, while originally, the
study sought to only include parents aged >18 years, following
an interest expressed by UNICEF Jamaica and the Jamaican
National Parenting Support Commission to address challenges
faced by adolescent parents in the country, additional procedures
were put in place (refer to the Ethical Considerations section
for more details) to include adolescent parents aged >16 years
in Jamaica. Unfortunately, due to staff and resource limitations
in Cape Town, it was only possible to recruit parents aged >18
years in South Africa.

Consequently, the inclusion criteria for participants in this study
were as follows: (1) age >18 years in South Africa and >16
years in Jamaica (where adolescent parents aged >16 years were
also recruited), (2) currently caring for a child aged between 0
and 17 years, (3) being in a relationship (defined as either having
a partner or being married—refer to Multimedia Appendix 1
for further details), (4) having access to a phone that could
receive messages on WhatsApp (Meta Platforms) or Telegram
(Telegram Messenger Inc) and that could connect to 3G or the
internet, (5) provided consent to participate in the study, and
(6) being able to speak either English or isiXhosa (South Africa
only). Exclusion criteria were participants who were not
currently in a partnered relationship and participants who were
not caregivers, parents, or currently caring for a child. As an
initial pre-post evaluation, this study was not designed to detect
significant intervention effects but rather to assess user
engagement and conduct exploratory analyses of intervention
outcomes [35]. Due to funding limitations, the sample size of
the study was restricted to 86 participants, with some lost due
to drop out (Figure 1). Nevertheless, the study used a G*Power
3 calculator with a sensitivity power analysis to calculate the
effect size (Cohen d) needed to obtain a significant intervention
effect. Input parameters included the use of 2-tailed paired t
tests based on the study’s primary outcomes. Assuming a type
I error of P<.05, 80% power, this sample size was sufficiently
powered to detect a moderately significant intervention effect
of Cohen d=0.67.
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Figure 1. Theory of change for the ParentText intimate partner violence (IPV) prevention content, including risk factors, program components,
immediate-term outcomes, and long-term outcomes.

Intervention
ParentText is a chatbot intervention for parents and caregivers
of children aged between 0 and 17 years [28]. The technical
architecture is open source and available for developers through
GitHub. The digital parenting intervention sends automated
messages to users through social messaging platforms, such as
WhatsApp, Telegram, and Facebook messenger (Meta
Platforms), and is also available via SMS text messaging for
individuals without smartphone access (for an example of
program components and example messages, refer to Figures
1-3 and Multimedia Appendix 2). The parenting content of
ParentText is derived from the in-person Parenting for Lifelong
Health programs [26,27]. Enrolled users receive 23 days of daily
ParentText messages personalized for their chosen child’s
developmental stage (0-23 months, 2-9 years, and 10-17 years).
Content is provided using a range of formats, including text,
image, video, and audio. Structured and sequential parenting
content is derived from common elements of social learning

theory-based programs along two main themes as follows: (1)
positive relationship building and (2) limit setting and nonviolent
discipline [36]. In addition, content specifically targeting
positive partner relationships and IPV prevention for users in
partnered relationships was integrated into the chatbot by
drawing on gender-transformative material from a range of
interventions found to reduce IPV and improve gender-equitable
attitudes [23,37,38]. It is the engagement with this content that
is the primary focus of this study. The IPV prevention content
in ParentText is divided into 5 topics (refer to program
components in Figure 1). The proposed causal pathway between
each IPV prevention topic, identified risk factor, and behavior
change domain is illustrated in the theory of change in Figure
1. Schafer et al [28] and Multimedia Appendix 3 give further
details on the development of the IPV prevention content and
theory of change. Additional information and examples on how
parents can interact with the chatbot, along with examples of
the sequencing of the ParentText messages, are available in
Figures 2 and 3.
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Figure 2. Flow of the intimate partner violence (IPV) prevention content text messages in ParentText, which illustrates the flow of text messages that
users in ParentText receive, including introduction text messages and text messages providing options to view further IPV prevention content.

Figure 3. Flow of the check-in message on the intimate partner violence (IPV) topic 2 “joint decision-making,” which illustrates the flow of the check-in
text message that users in ParentText receive to provide an opportunity to reflect on the topic of “joint decision-making.”.
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Design and Procedures
This study used a repeated-measures, single-arm design. Pre
and posttest assessments were conducted at baseline
(preintervention) and at 6 weeks after baseline (ie, 3 weeks after
the end of the intervention) using the application Open Data

Kit (ODK; refer to the Measures section and Multimedia
Appendix 1 for more details). The posttest was planned as a
1-month posttest (1 month after the end of intervention);
however, due to fieldwork challenges that arose and time
constraints, it needed to be changed to 6 weeks after baseline
(Figure 4).

Figure 4. Overview of the ParentText chatbot timeline, illustrating what content is delivered on what days of the program from day 1 to day 23, and
demonstrating when the 3-week posttest assessment is delivered. IPV: intimate partner violence.

Reporting follows the CONSORT (Consolidated Standards of
Reporting Trials) 2010 guidelines extension to randomized pilot

and feasibility trials [39] (refer to Multimedia Appendix 4 for
the CONSORT checklist). Recruitment, delivery, and
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assessments in South Africa and Jamaica were conducted on a
rolling basis from September 2022 to March 2023. Participants
who enrolled in the intervention received data credit using a
local service provider to ensure they would have access to 3G
during the intervention. During recruitment, participants
received a message that included a link to the program
embedded within a WhatsApp or Telegram business account.
After clicking the link, participants were directed to the
ParentText chatbot account and asked to select their preferred
language for the program. In keeping with recommendations
from the formative research [28], the language was set to English
in Jamaica, and the options were English and isiXhosa in South
Africa. Participants were asked if they consented to participate
in the intervention and evaluation and were provided with a link
to a more detailed information sheet. Participants who did not
consent exited the intervention. In alignment with guidelines
for conducting statistical surveys on VAW [40], the survey
included skip patterns, which determine the eligibility of specific
questions that respondents are asked [40,41]. For example, in
this study, men who responded that their partner was taking
part in the intervention were not asked the IPV items in the IPV

assessment and were instead only asked the questions on
attitudes toward IPV and gender roles and on gender-equitable
behaviors. Further information about this is provided in the
Ethical Considerations section.

At baseline, participants were invited to complete the IPV
assessment, which was optional, on an external server via
Oxford’s Linux virtual machine using ODK to ensure responses
were not saved on their mobile devices. Participants provided
their phone number when completing the IPV survey for their
responses to be recorded and linked with a unique user ID. These
data were then deidentified, exported as CSV files, and uploaded
to a secure server in Oxford, which was only accessible by the
research team and password protected. All personal identifying
data were deleted once endline data collection was completed.
Participants were invited to respond to the IPV assessment at
3 weeks postintervention via the phone number they provided
when completing the IPV assessment at baseline.

Measures
The user engagement, demographic, primary outcomes, and
secondary outcomes are provided in Table 1.
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Table 1. Outcome measurements in the study, including user engagement, demographics, background variables, and primary and secondary outcomes,
with descriptions of the study measurement used and the number of items used for each outcome.

Items, nStudy measurementOutcomes

User engagement outcomes

1Measured by the final day the participant used the chatbot subtracted by the first day participant used the
chatbot (including inactive days)

Number of days in the
ParentText program

1Number of days participants actively interacted with ParentText as measured by chatbot interactions (ex-
cluding inactive days)

Number of active days
the user actively interact-
ed with the chatbot

1The number of interactions logged per day divided by the total number of days participants actively inter-
acted with ParentText

Overall chatbot interac-
tion rate

5The number of participants who viewed each IPV topic, in line with existing digital parenting intervention
research where module viewing is frequently used as a proxy measure for the level of participant engagement
[42,43]

Participant engagement

with each IPVa topic

5Number of IPV topics completed out of the total 5 topics (measured by the number of IPV topics participants
viewed that were recorded via RapidPro, UNICEF’s open source framework developed to send and receive
data using mobile phones [44])

Completion rate of IPV
topics

1Number of parenting modules completed (measured by the number of modules viewed that were recorded
via the RapidPro (UNICEF) software)

Overall completion rate
of ParentText parenting
modules

Primary behavioral outcomes

5Items adapted from the WHOb VAWIc and the core questionnaire in the WHO-MCSd [45]: physical (1
item), psychological (1 item), sexual (1 item), coercion (1 item), and economic abuse (1 item). Participants

Women’s experiences of
IPV

asked to give a frequency score on a scale of 0 to 8 or more times. The original VAWI tool measures past-
year experiences of IPV [45]; however, a 1-year reporting time frame surpassed the duration of the inter-
vention. The reporting timeframe and response codes were therefore adapted from the past-year (once, a
few times, and many times) to the number of experiences of IPV in the past month (0, 1, 2, 3, 4, 5, 6, 7,
and >8) to enhance the sensitivity of measuring changes in experiences of IPV. These adjustments are

similar to those made to measure child maltreatment with the ISPCANe Child Abuse Screening Tool
(ICAST)-Trial measurement by Meinck et al [46]. Past-month time frame when measuring IPV has been
used in other similar pieces of research, such as a study by Ebert and Steinert [47], which examined expe-
riences of IPV during COVID-19 in Germany. Responses were dichotomously recoded, where 1 indicated
any experience of each subsequent type of IPV and 0 indicated no experience of each type of IPV in the
past month [48].

5Items adapted from the WHO VAWI and the core questionnaire in the WHO-MCS [45]: physical (1 item),
psychological (1 item), sexual (1 item), coercion (1 item), and economic abuse (1 item). Participants were

Men’s perpetration of
IPV

asked to give a frequency score on a scale of 0 to >8 times, with responses dichotomized into any perpetration
of IPV in the past month.

Secondary behavioral outcomes

2Two items used and adapted from Abramsky et al [49], namely: “In the past month, during any potential
times that you may have used violence against your partner, did they ever fight back physically to defend

Men’s experiences of
IPV

themselves?” and “In the past month, have you ever been hit or physically mistreated by your partner when
you were not hitting or physically mistreating them?” Respondents were asked to give a frequency score
on a scale of 0 to 8 or more times, with responses dichotomized.

2Two items were adapted from a questionnaire developed by researchers at the London School of Hygiene
and Tropical Medicine for a randomized controlled trial of a violence prevention intervention in Tanzania

Women’s perpetration of
IPV

[49]. Items included: “During any potential times that you were hit in the past month, did you ever fight
back physically to defend yourself?” and “In the past month, have you ever hit or physically mistreated
your partner when they were not hitting or physically mistreating you?” Respondents were asked to give a
frequency score on a scale of 0 to 8 or more times, with responses dichotomized.

1Item adapted from Abramsky et al [49] asking: “How many times in the past month did your partner show
you they cared and respected your feelings even though they disagreed with you?” Participants were asked
to give a frequency score on a scale of 0 to 8 or more times.

Women’s positive part-
ner interactions

1One item adapted from Abramsky et al [49], that asks, “How many times in the past month did you show
your partner you cared and respected their feelings even though you disagreed?.” Participants asked to give
a frequency score on a scale of 0 to 8 or more times.

Men’s positive partner
interactions
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Items, nStudy measurementOutcomes

4Measured using items adapted from questionnaires used in previous violence prevention interventions
[23,49]. In total, 3 items were adapted from Abramsky et al [49], which included questions on couple
communication, joint decision-making, and partner conflict resolution, with questions such as: “In the past
week, how many times did you and your partner talk about your worries and feelings?” and “In the past
week, how many times did you and your partner make a decision together?” The fourth item was adapted
from a questionnaire developed by researchers of a randomized controlled trial of a gender-transformative
violence prevention intervention in Rwanda [23], which asks: “In the past week, how many times did you
and your partner share housework and caregiving tasks equally?” Respondents were asked to report whether
in the past week the specific behavior occurred on a scale of 0 (never) to 3 (many times). The scores were
summed for all items for the overall gender-equitable behavior score. The possible overall score ranged
from 0 to 12.

Gender-equitable behav-
iors

6Measured using 6 items in the “Attitudes toward gender roles” section of the WHO-MCS [45], such as “A
woman should obey her husband’s wishes even if she disagrees.” Respondents were asked to indicate
whether they agree or disagree with the statements using a Likert scale ranging from 1 (strongly agree) to
5 (strongly disagree). Negative items were reverse-coded so that higher scores denoted more gender-equitable
attitudes. The scores were summed for all items for the overall attitude score. The possible overall score
ranged from 6 to 30.

Attitudes toward gender
roles and IPV

Background variables

8 (1
item
each)

Sociodemographic informationParent gender, age, rela-
tionship status, living
with partner, education
level, employment status,
partner employment sta-
tus, and number of chil-
dren

1Measured using 1 item adapted from the WHO VAWI and the core questionnaire in the WHO-MCS [45],
which asks, “How many times, in the past 12 months, did your partner do one of the following: insult or
shout at you, hit or shove you, or force you to have sex?” Respondents were asked to give a frequency score
on a scale of 0 to 8 or more times. Due to the skewed response patterns in the data for IPV, responses for
IPV were dichotomously recoded, where 1 indicated any experience of IPV and 0 indicated no experience
of IPV in the past year [48].

Women’s past-year IPV
experience (measured at
baseline)

aIPV: intimate partner violence.
bWHO: World Health Organization.
cVAWI: Violence Against Women Instrument.
dMCS: Multi-Country Study on Domestic Violence.
eISPCAN: International Society for Prevention of Child Abuse and Neglect.

Statistical Analysis
Data analyses were conducted using R (R Core Team).
Descriptive statistics and frequencies were used to describe the
sociodemographic characteristics of participants and to report
engagement outcomes, summarized using means (SDs), medians
(range), and N (%). To investigate changes in outcomes between
pre and posttest, McNemar chi-square tests (for dichotomous
variables) and paired dependent-sample t tests (for continuous
variables) were conducted, with corresponding 95% CIs and P
values [50,51]. Assumptions were examined to confirm no
violations existed. Data were analyzed using complete case
analysis.

Ethical Considerations
Ethical procedures were followed to ensure the safety and
welfare of study participants. At the start of the IPV assessment,
screening procedures ensured that men and women from the
same household were not interviewed about IPV. This is based
on the World Health Organization VAW research guidelines
[52] and ethical and safety recommendations for intervention
research on VAW [45] to prevent putting women at risk.
Consequently, men who responded that their partner was taking

part in the intervention were not asked the IPV items in the IPV
assessment and were only asked instead the questions on
attitudes toward IPV and gender roles and on gender-equitable
behaviors. In addition, efforts were also in place to ensure
responses to the IPV questions could not be viewed by others
by delivering the IPV assessment using ODK. This procedure
was implemented to protect participants by ensuring no
responses were saved on their mobile devices. Participants who
disclosed experiences of IPV were automatically provided
referrals to local services, customized to their regional context
that supported individuals experiencing violence. Local referral
information could also be accessed by writing “Help Me” and
choosing “Other Support” in the ParentText free text field. In
line with UNICEF risk communication and community
engagement guidelines [53], ParentText is also formatted to
detect high-risk keywords to identify potential disclosure of
dangerous situations via the free text field. Following detection,
ParentText automatically offers the participant an empathetic
and empowering reply with referral details that are customized
to the country, which supports parent and child safety (eg,
hotlines, police, and ambulance).
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Further ethical considerations that were taken within the research
project include recognitions surrounding power and limitations
of positionality [54]. For instance, it is worth noting that while
collaborators and members of the research team came from
several countries, the primary author of this paper is from and
is part of a research institution in the global north. Efforts to
address limitations associated with this positionality were put
in place, including integrating reflexivity across the stages of
the research process [55]. For example, during the research
design and data collection planning phase, members of local
grass-roots organizations, communities, and stakeholders in
Jamaica and South Africa were continuously consulted to review
and revise the IPV prevention content and assessment materials
[28]. Integrating these embedded consultations and opportunities
for research amendments with members of the local community
was a pivotal part of the research project, particularly given the
first author’s positionality as an “outsider” [55].

Ethics approval was obtained by the Department Research Ethics
Committee at the University of Oxford (Central University
Research Ethics Committee 2 Ref No: R69569/RE009). All
methods were carried out in accordance with relevant guidelines
and regulations. Informed consent to participate in the study
was obtained from all participants before enrolling in the study
and the intervention.

Results

Participants Characteristics
Participant characteristics are provided in Table 2 by country
and with an overall summary. A study flow diagram illustrating
the flow of participants through the trial is provided in Figure
5. The average age of participants across both countries was
34.4 (SD 8.74; range 16-57) years. The average age of women
in South Africa was 34.9 (SD 6.77; range 25-49) years and men
28.8 (SD 2.68; range 25-36) years. In Jamaica, where only
women were recruited into the study, the average age of women
was 39.9 (SD 11.52; range 16-57) years. Most participants,
across both countries, were partnered but not married (48/68,
71%). On average, participants had 2.23 (SD 1.19) children.
Approximately half of the participants across both countries
had a secondary education (36/68, 53%), and 7% (5/68) had
only primary education or less. In South Africa, among women
participants, 42% (8/19) were working and 58% (11/19) were
unemployed or looking for work. Among men, slightly more
were working (13/21, 62%), with 29% (6/21) unemployed or
looking for work. In Jamaica, among women participants, this
was similar, with 43% (12/28) working and 54% (15/28)
unemployed or looking for work. Across both countries, the
employment of partners was high (50/68, 74%), with only 18%
(12/68) with partners who were unemployed or looking for
work. Experience of IPV (women-report only due to safety
reasons) at baseline was high: 21% (4/19) of women participants
in South Africa and 29% (8/28) of women in Jamaica had
experienced some form of IPV in the past year, respectively.
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Table 2. Demographic characteristics of study participants in South Africa and Jamaica.

OverallJamaicaSouth Africa

Total (N=68)Women (n=28)Men (n=21)Women (n=19)

Gender, n (%)

47 (69)28 (100)N/Aa19 (48)Women

21 (31)—b21 (53)N/AMen

34.4 (8.74)39.9 (11.52)28.8 (2.68)34.9 (6.77)Age (y), mean (SD)

Relationship, n (%)

20 (29)12 (43)2 (10)6 (32)Married

48 (71)16 (57)19 (90)13 (68)Partnered but not married

2.23 (1.19)2.61 (1.25)1.19 (0.68)2.53 (1.17)Number of children, mean (SD)

Education, n (%)

5 (7)4 (14)0 (0)1 (5)Primary

36 (53)17 (61)10 (48)9 (47)Secondary

27 (40)7 (25)11 (52)9 (47)Higher

Employment, n (%)

33 (49)12 (43)13 (62)8 (42)Working

32 (47)15 (54)6 (29)11 (58)Unemployed or looking for work

2 (3)0 (0)2 (10)0 (0)Student

1 (2)1 (4)0 (0)0 (0)Retired

Partner’s employment, n (%)

50 (74)22 (79)17 (81)11 (58)Working

12 (18)3 (11)2 (10)7 (37)Unemployed or looking for work

2 (3)0 (0)2 (10)0 (0)Student

2 (3)2 (7)0 (0)0 (0)Retired

2 (3)1 (4)0 (0)1 (5)Refuse to answer

Experience of IPVc, n (%)

12 (26)f8 (29)Xe4 (21)Experienced IPV in the past yeard

aN/A: not applicable.
bNo men were recruited in Jamaica.
cIPV: intimate partner violence.
dFor safety reasons, men were not asked this question at baseline.
eMen were not asked this question at baseline due to safety reasons.
fOverall IPV here only includes women.
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Figure 5. Study flow diagram illustrating the flow of participants through the trial. CONSORT: Consolidated Standards of Reporting Trials.

User Engagement Outcomes
Overall engagement outcomes are provided in Table 3. The
ParentText program lasted 23 days, with the main IPV
prevention content delivered on day 2 and check-in messages
delivered within the first 12 days (Multimedia Appendix 2
provides an overview of the program content delivered each
day). In terms of engagement, in South Africa, the average
number of days in the program was 13 (SD 23.90) and 3 (SD
3.78) days for women and men, respectively. The average
number of days users interacted with the chatbot was 3 (SD
1.58) for women and 2.6 (SD 1.52) for men, each with an
average interaction rate of 0.57 (SD 0.26) interactions and 0.59
(SD 0.17) interactions per day, respectively. In Jamaica, the
average number of days in the program was 27 (SD 23.10) days,
and the average total number of days users interacted with the

chatbot was 5.2 (SD 5.45) days. The average interaction rate in
Jamaica was 0.21 (SD 0.20) interactions per day. In terms of
engagement across the 5 relationship topics, there was a greater
engagement with topics in Jamaica where engagement with
each topic ranged from 11% (3/28) to 29% (8/28) compared to
South Africa, where it ranged from 0% to 11% (2/19). In terms
of completion rates, in South Africa, 25% (5/20) and 5% (1/20)
of women and men completed 1 out of the 5 IPV topics, and
5% (1/20) and 0% completed all 5 IPV topics, respectively. In
comparison to the completion rate of overall ParentText
modules, 16% (3/19) and 9% (2/21) of women and men
completed all the parenting (ie, the non-IPV) ParentText
modules in South Africa. In contrast, in Jamaica, 21% (6/28)
completed 1 out of the 5 IPV topics, 11% (3/28) completed all
5 IPV topics, and 18% (5/28) completed all the parenting
ParentText modules.
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Table 3. ParentText user engagement outcomes of the 23-day program in South Africa and Jamaica, including overall retention, engagement per
intimate partner violence (IPV) topic, and IPV topic completion rate.

JamaicaSouth AfricaOutcomes

Women (N=28)Men (N=21)Women (N=19)

Overall retention, mean (SD)

27 (23.10)3 (3.78)13 (23.90)Number of days in programa

5.2 (5.45)2.6 (1.52)3 (1.58)Number of active days the user interacted with the chatbotb

0.21 (0.20)0.59 (0.17)0.57 (0.26)Number of interactions per dayc

Engagement per IPV topicd

Participants who viewed each IPV topic, n (%)

7 (25)2 (10)2 (11)Relationship topic 1: “Treat each other as equals”

4 (14)0 (0)2 (11)Relationship topic 2: “Become a confident parent and supportive spouse”

5 (18)1 (5)2 (11)Relationship topic 3: “Share family responsibilities”

3 (11)1 (5)2 (11)Relationship topic 4: “Resolve conflict peacefully”

8 (29)1 (5)2 (11)Relationship topic 5: “Listen and talk to each other”

3 (11)0 (0)1 (5)All relationship topics (viewed all relationship topics)

Completion rate of IPV topics completed, n (%)e

6 (21)1 (5)5 (25)1

3 (11)0 (0)0 (0)2

1 (4)0 (0)0 (0)3

0 (0)1 (5)0 (0)4

3 (11)0 (0)1 (5)5

18 (0.20)9 (0.06)16 (0.19)Completion rate of ParentText parenting modules, mean (SD)

aMeasured by the final day participant used the chatbot, subtracted by the first day the participant used the chatbot (note: this measure includes inactive
days).
bNumber of days participants actively interacted with ParentText (note: this measure excludes inactive days).
cMeasured by the number of interactions logged per day divided by the total number of days the participant actively interacted with ParentText.
dMeasured based on the number of participants who viewed each IPV topic.
eNumber of IPV topics completed out of the total 5 topics.

Behavioral Outcomes

Experiences and Perpetration of IPV
Table 4 presents the descriptive results of the IPV outcomes,
summarizing experiences of IPV among women and perpetration
of IPV among men using past-month frequencies at pre and
posttest and P values for each outcome. At posttest, 73% (11/15)
of women in South Africa and 72% (13/18) of women in
Jamaica reported experiencing some form of IPV, compared to
84% (16/19) and 96% (23/24) at baseline, reductions that were
significant in South Africa (P=.01) and in Jamaica (P=.01).

Experiences of all subtypes of IPV for women in both South
Africa and Jamaica also showed reductions at posttest, and so
did acts of self-defense and perpetration (Multimedia Appendix
5). For perpetration of IPV among men, at posttest, 75% (9/12)
of men in South Africa perpetrated some form of IPV, compared
to 85% (11/13) at baseline, which was nonsignificant for overall
perpetration of IPV (P=.06). Analyses of subtypes of IPV,
however, found significant reductions in psychological (P=.04),
physical (P<.001), and sexual (P<.001) violence among men
in South Africa (Multimedia Appendix 5). Detailed tables of
the primary and secondary outcomes are provided in Multimedia
Appendix 5.
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Table 4. Primary behavioral outcomes for women’s past-month experience of overall intimate partner violence (IPV) in South Africa and Jamaica and
men’s past-month perpetration of overall IPV in South Africa.

P valuebPosttest overall IPV, n (%)Baseline overall IPV, n (%)a

Women’s experience of overall IPV (past month)

.0111/15 (73)16/19 (84)South Africa

.0113/18 (72)23/24 (96)Jamaica

Men’s perpetration of overall IPV (past month)

.069/12 (75)11/13 (85)South Africa

a% used is proportional to the baseline and posttest samples, respectively.
bMcNemar chi-squared P value.

Positive Partner Interactions
Table 5 presents outcomes on positive partner interactions
measured through respectful behaviors, summarized using means

and SDs for pre and posttest along with P values. There were
no significant effects detected for change in positive partner
interactions reported by men or women.

Table 5. Secondary behavioral outcomes for positive partner interactions in the past month, overall attitude toward gender roles and intimate partner
violence (IPV), and overall gender-equitable behaviors in the past week for women and men in South Africa and women in Jamaica.

P value (t test)Posttest, mean (SD)Baseline, mean (SD)

Positive partner interactions

South Africa

.574.14 (2.98)4.74 (2.84)Women (n=15)

.105.67 (2.46)3.92 (2.50)Men (n=12)

Jamaica

.143.89 (2.54)5.08 (2.60)Women (n=15)

Overall attitudea toward gender roles and IPV

South Africa

.9810.13 (3.89)10.11 (2.71)Women (n=14)

.018.88 (2.63)11.90 (3.82)Men (n=16)

Jamaica

.5611.89 (2.35)11.39 (3.45)Women (n=15)

Overall gender-equitable behaviorsb

South Africa

.637.93 (3.53)7.37 (2.95)Women (n=15)

.029.75 (1.61)7.81 (1.94)Men (n=16)

Jamaica

.807.39 (2.85)7.14 (3.49)Women (n=15)

aA lower score indicates less harmful attitudes toward IPV and gender roles.
bA higher score indicates more gender-equitable behaviors in the past week.

Attitudes Toward (Harmful) Gender Roles and IPV
Table 5 summarizes means and SDs for the attitude outcomes
at pre and posttest, with P values for each attitude outcome also
provided. Analyses indicate a significant reduction in harmful
attitudes toward IPV and gender roles reported by men in South
Africa (P=.01); however, no effects were reported among
women in South Africa (P=.98) or in Jamaica (P=.56).

Gender-Equitable Behaviors
Analyses found a significant increase in gender-equitable
behaviors for men (P=.02; Table 5). No significant effects were
detected for women in South Africa (P=.63) or in Jamaica
(P=.80).
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Discussion

Principal Findings
To the best of our knowledge, this pre-post pilot study is the
first that examines user engagement and indicative outcomes
in a digital parenting intervention with integrated IPV prevention
content [22]. The study offers valuable, preliminary insights
across 2 countries on user engagement with a digital parenting
intervention with integrated IPV prevention, as well as provides
exploratory, indicative results on IPV experience and
perpetration, attitudes toward IPV, and gender-equitable
behavior outcomes. First, we will discuss the key findings on
levels of user engagement. While the average daily interaction
rate was higher in South Africa (0.57 and 0.59 interactions per
day for women and men, respectively) compared to Jamaica
(0.21 interactions per day), the average number of days users
stayed in the program in Jamaica was greater (27 days),
compared to South Africa (13 and 3 days for women and men,
respectively). Due to WhatsApp messaging restrictions, “push”
messaging was paused after 24 hours of user inactivity, until
user activity resumed. Given research findings that highlight
the importance of messaging reminders in digital interventions
[56], this restriction may have contributed to some of the low
engagement levels observed.

The completion rate of engaging with at least 1 IPV topic in the
program was lower than expected across the intervention, with
completion rates of 5% (1/20) for men and 25% (5/20) for
women in South Africa, and 21% (6/28) for women in Jamaica.
The completion rates of all 5 IPV topics were much lower, with
0% of men and 5% (1/20) of women in South Africa, and 11%
(3/28) of women in Jamaica completing all 5 IPV prevention
topics. Even though user engagement and retention rates have
been noted as a challenge in digital interventions [57],
completion rates in this study were lower than anticipated in
comparison to findings in the field. For example, a review of
digital interventions for parents with young children found that
attrition rates in digital parenting programs ranged from 30%
to 50% [58]. Accordingly, the low completion rates of the IPV
topics observed in ParentText raise questions about whether
user engagement in the program was sufficient to change
complex behaviors and deeply rooted attitudes surrounding
violence and gender roles.

There are various possible reasons for the low levels of
engagement with the IPV content observed in ParentText. First
is the format of the program schedule. On day 2 of the
ParentText program, participants were provided with a list of
all 5 IPV prevention topics, which they could choose to explore.
After selecting a topic to view, users were given the option to
view one of the other IPV topics. However, it is possible that
viewing >1 IPV prevention topic per day may have been
overwhelming for users. Therefore, this may have inhibited
users from engaging with multiple IPV topics in the program.
Another element that may have affected engagement was the
timing of the program “check-in” reminders. Participants
received “check-in” messages in the latter part of the program
(days 4-12; Multimedia Appendix 2), where they were
encouraged to revisit and explore the IPV topics they had not

yet engaged with. However, given the already low average
number of days for which the participants remained in the
program, it is likely that many participants did not receive these
messages. These findings raise important questions on how to
increase engagement with the IPV modules integrated into the
ParentText. For example, amending the timing of content
delivery might be one way to increase engagement. For example,
a study assessing a text-messaging intervention focusing on
promoting health relationships found that the timing of message
delivery played a key role in program engagement and that if
delivered at the wrong time, users might be less likely to engage
with the text messages [59].

Taken together, these study results give valuable insight into
how users engage with IPV content integrated into a chatbot
and suggest that rather than interacting with the chatbot content
daily, users appear to interact with the chatbot at their own pace.
Consequently, providing more options for user-led selection of
program content would be important for future iterations of the
chatbot to ensure users can access and revisit the information
they need more readily. The importance of user-led content
delivery has also been underscored by other digital parenting
intervention research. For instance, findings from a study on
the digital fatherhood program “SMS4dads” revealed that the
length of time between users receiving a text message with a
link to program content to that of users clicking the link was,
on average, 2.11 (SD 3.94) days [60]. This highlights how
engagement with digital intervention content is often not
instantaneous, but rather asynchronous and driven by users’
schedules [60]. Accordingly, in future versions of ParentText,
combining “push” notification reminders with user-led selection
of program content might help increase user engagement.
Notably, since the present trial of ParentText in South Africa
and Jamaica, newer versions of the WhatsApp settings have
been released, which allow future iterations of the program to
override the 24-hour limit inhibiting “push” messages after user
inactivity.

More broadly, the relatively low levels of user engagement
found in this pilot study raise questions as to whether a digital
modality is sufficient when delivering intervention content
related to complex gender-equitable beliefs and behaviors. It
may be the case that a hybrid approach, combining both digital
content delivery and in-person sessions, might be necessary.
For instance, a study on enhancing father engagement in
parenting programs revealed that in terms of intervention
delivery, fathers prefer less intensive and low-dose programs,
including internet‐based interventions [61]. However, a recent
systematic review of interventions promoting gender equality
noted that in various studies it was found that dialog was critical
for driving change in gender norms [62]. The importance of
dialog is further underscored by research examining men’s
engagement in family and health interventions, revealing that
men value and often seek the opportunity to connect with other
men to discuss parenting and fatherhood, even though cultural
norms sometimes hinder this. Together, these findings suggest
that a combination of digitally delivered content and in-person
discussion opportunities might be needed. Various studies also
suggest that using face-to-face recruitment and participatory,
peer-engaged methods is an effective approach for engaging
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parents, particularly fathers [63,64]. Research findings also
suggest that providing opportunities to critically discuss and
engage in dialog with others, especially on difficult topics, plays
a valuable role not only in terms of engagement but also in terms
of creating change and shifting harmful gender attitudes
[17,62,64]. Taken together, it may be possible that low-intensity,
1-way engagement with a chatbot is insufficient to create change
in more deeply rooted behaviors and attitudes among users and
that more interactive engagement is needed to shift behaviors
and beliefs. While these hybrid options and amendments may
improve engagement, it should be noted that they will also
increase intervention costs and limit scalability, which are some
of the benefits of digital-only interventions [24].

It is also possible that the low level of user engagement with
the IPV prevention topic was due to other factors, such as the
format of the program. The IPV content in ParentText was only
delivered on 1 specific day, after which only check-in messages
were sent (refer to Figure 4 for an overview of the content
delivery schedule). Receiving the option to view all the IPV
content on the same day may potentially have been
overwhelming for participants. This may have reduced user
engagement rates due to intervention fatigue [65], which is
cognitive or emotional weariness resulting from competing
demands of intervention engagement and other burdens in daily
life [66] and has been linked to intervention adherence.
Considerations for future iterations of ParentText include (1)
delivering all the content automatically (since optional and
supplemental content in digital interventions is often associated
with low engagement [67]) and (2) adjusting the timing of
content and spreading out the delivery of the IPV content to
allow mental rests in between new material, strategies that have
been suggested to reduce intervention fatigue [65]. Notably,
this is already an amendment that future iterations of ParentText
are incorporating and that is currently being implemented in a
trial of an updated version of ParentText in Malaysia [68]. This
integrated approach of implementing IPV prevention content
beyond a single module is also a strategy that is favored and
advocated by gender-transformative approaches and is one that
is being advocated more broadly in the parenting field [69].

The exploratory analyses of the behavioral outcomes, while
only preliminary, are also important to discuss. In terms of IPV,
women in Jamaica reported a significant reduction in overall
experiences of IPV at posttest. These tentative findings are in
line with results from other parenting and gender-transformative
programs that have found reductions in both IPV experience at
posttest and even at follow-up [18,23,37]. For example, findings
from an RCT of a gender-transformative intervention in Rwanda
found that, compared to the control, women in the intervention
group reported reductions in both physical and sexual IPV
following the intervention [23].

In contrast to the significant reductions in IPV experience among
women, no significant effects for overall IPV perpetration were
detected among men in South Africa. However, analyses of IPV
subtypes found significant reductions in psychological violence,
physical violence, and sexual violence among men in South
Africa (Multimedia Appendix 5). The lack of change in overall
IPV perpetration might be related to the low level of male
engagement. Notably, the user engagement and the IPV

completion rate of men in South Africa were 50% less than
those of women. Hence, the limited interaction men had with
the chatbot may not have been sufficient to change these
behaviors.

It may also be the case that more interactive engagement is
needed to shift these complex behaviors. For instance, emerging
findings suggest that content modality can impact digital
intervention outcomes [42], as highlighted in a recent study on
ChattyCuz, a chatbot intervention that aims to support young
women in navigating intimate relationships in South Africa
[70]. Interestingly, an RCT of ChattyCuz found that while the
gamified version of the chatbot (treatment 1) led to modest but
significant reductions in IPV experience compared to those
without treatment, in the narrative treatment, there was no effect
on IPV experience [70]. The authors hypothesize that the lack
of measurable effect on IPV experience in the narrative
treatment arm of the study might be related to the lack of user
interaction, that greater engagement with intervention content
is necessary for behavior change, and that an information-only
approach is insufficient [70]. These findings highlight how low
levels of user engagement in ParentText might play a role in
the lack of behavior changes detected and underscore that,
amendments to the program modality might be needed to make
the content more interactive to shift behaviors. Recent studies
have also demonstrated the strong impact that interpersonal
relationships have on gender attitudes, underscoring the need
for interventions to not only target individuals but also social
networks, such as peers and family members through, for
example, critical reflection and dialog among social groups
[71]. Research suggests that programs that have shown evidence
of change in gender norms involve the engagement of
stakeholders at different levels of the social-ecological model,
include activities that allow for active participation, and promote
critical awareness [14]. Consequently, it is possible that greater
interactive engagement is needed to see greater changes in IPV
experience and perpetration.

This study also revealed a significant overall reduction in
harmful attitudes toward IPV as well as a significant increase
in overall gender-equitable behaviors among men in South
Africa. These indicative effects are promising, and while caution
is warranted given the small sample, the findings align with
other interventions that have observed reductions in harmful
attitudes among men at posttest and detected increases in
gender-equitable behaviors following gender-transformative
interventions [72,73].

Strengths and Limitations
The study has various strengths worth noting. As the first study
of a digital parenting intervention with integrated IPV prevention
content, the present research makes a valuable contribution to
the field of violence prevention and targeted efforts seeking to
address VAC and IPV concurrently. With a growing emphasis
in policy and research on preventing multiple forms of violence
simultaneously [74], this study sheds light on preliminary
behavioral outcomes and how users engage in IPV prevention
content that has been integrated into a digital parenting
intervention. Another strength of the study is the use of data
from 2 countries. By delivering the program in 2 different
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regions and cultures, this study offers an insight into important
considerations to bear in mind before scaling up the intervention.
For instance, the challenges with recruiting men in Jamacia
compared to South Africa suggest that alternative recruitment
strategies might be needed when scaling up the intervention in
the Caribbean region.

The study also has various limitations. The first relates to the
lack of a control group, without which causality cannot be
established from the pre-post data. The study also had a small
sample size, which means that the research findings need to be
interpreted with caution given that there is limited statistical
power in detecting pre-post intervention effects. Consequently,
the next step is a fully powered RCT to establish effectiveness.
Future research would also benefit from incorporating a factorial
experiment design, which can be used to examine which specific
intervention components have an effect on outcomes and which
components interact with each other [75]. Knowing which
components should be kept to sustain impact when taking an
intervention to scale or delivering it in a new setting is critical,
especially when considering program length and implementation
costs [76]. Including follow-up assessments to examine whether
intervention effects remain, become reduced, or are delayed
over time [77] would also be beneficial in future studies as this
study was limited to a 6-week posttest due to resource and time
constraints. In addition, the study used a convenience sampling
approach, which may limit the generalizability of the study
findings. For example, it is possible that caregivers who opted
to take part in the parenting program were more willing to
change, which may bias the results. The outcomes in the study
were also self-reported, and consequently, they may be subject
to disclosure bias, recall bias, and social-desirability bias,
leading to under reporting of unfavorable behaviors and over
reporting of what might be perceived as desirable answers.
However, given that the self-reports were carried out on
participants’ phones and participants were told the reports were
fully anonymized, this will likely have reduced desirability bias
in the quantitative surveys.

Another important limitation is that while in this study,
participants were provided with mobile credit, this may not
always be realistic in a real-world setting. While access to the
internet and mobile data are increasing globally [78], it is
important to explore potential options of being able to use the
program without mobile data, especially when planning
strategies for scale-up and delivery. One digital intervention
that has explored this is the parenting program ParentApp for
Teens, which is a mobile app designed for offline use that targets

parents of teenagers [79,80]. There are also assessment
limitations related to the self-reported measurements used in
this study. Given the sensitive nature surrounding IPV and
attitudes toward violence, it is possible that participants were
hesitant to disclose violence due to stigma or fear of being
endangered, leading to under reporting and consequently leading
to undetected changes in behaviors [81]. Similarly,
social-desirability bias may have also impacted the measurement
of behavioral outcomes, particularly the measurement of IPV
perpetration, which has been found to be more prone to
social-desirability bias than reports of IPV experience [82].

An additional limitation worth noting is that men were
underrepresented in the study. Recruitment of male caregivers
is a known difficulty with parenting interventions [83], and even
though it was possible to recruit both male and female caregivers
in South Africa, it was only possible to recruit female caregivers
in Jamaica. The lack of male caregivers from Jamaica means
that certain experiences may have been underestimated due to
the low number of fathers included. This challenge highlights
the need for future studies to ensure greater efforts are taken to
adopt recruitment strategies that ensure men are also included.
In future studies, it would also be valuable to include people
aged between 16 and 17 years in the South African sample to
better understand how adolescent parents in South Africa engage
with the chatbot.

Conclusions
This research presents tentative findings on the first-ever attempt
to research the integration of IPV and parenting content into a
digital intervention. Some of the preliminary results of the
intervention are promising, with indications of reductions in
overall IPV for women and a potential decrease in harmful IPV
attitudes among men. However, the high rates of IPV
experiences and perpetration reported at the posttest are still
concerning and suggest that greater intervention efforts and
programmatic amendments are likely necessary to tackle
deep-rooted attitudes and harmful behaviors. In addition, the
unexpectedly low levels of engagement in the intervention raise
questions about whether interactions with the chatbot were
sufficient to shift behaviors and attitudes and suggest that a
hybrid approach to program delivery might be necessary. Given
the urgent need for scalable prevention efforts that can tackle
multiple forms of violence concurrently [84], more research is
necessary to further explore how to increase chatbot user
engagement and achieve greater reductions in IPV and harmful
attitudes toward gender roles and IPV.
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Abstract

Background: The iAide2 (Tokai) physical activity monitoring system includes diverse measurements and wireless features
useful to researchers. The iAide2’s sleep measurement capabilities have not been compared to validated sleep measurement
standards in any published work.

Objective: We aimed to assess the iAide2’s sleep duration and total sleep time (TST) measurement performance and perform
calibration if needed.

Methods: We performed free-living sleep monitoring in 6 convenience-sampled participants without known sleep disorders
recruited from within the Waki DTx Laboratory at the Graduate School of Medicine, University of Tokyo. To assess free-living
sleep, we validated the iAide2 against a second actigraph that was previously validated against polysomnography, the MotionWatch
8 (MW8; CamNtech Ltd). The participants wore both devices on the nondominant arm, with the MW8 closest to the hand, all
day except when bathing. The MW8 and iAide2 assessments both used the MW8 EVENT-marker button to record bedtime and
risetime. For the MW8, MotionWare Software (version 1.4.20; CamNtech Ltd) provided TST, and we calculated sleep duration
from the sleep onset and sleep offset provided by the software. We used a similar process with the iAide2, using iAide2 software
(version 7.0). We analyzed 64 nights and evaluated the agreement between the iAide2 and the MW8 for sleep duration and TST
based on intraclass correlation coefficients (ICCs).

Results: The absolute ICCs (2-way mixed effects, absolute agreement, single measurement) for sleep duration (0.69, 95% CI
–0.07 to 0.91) and TST (0.56, 95% CI –0.07 to 0.82) were moderate. The consistency ICC (2-way mixed effects, consistency,
single measurement) was excellent for sleep duration (0.91, 95% CI 0.86-0.95) and moderate for TST (0.78, 95% CI 0.67-0.86).
We determined a simple calibration approach. After calibration, the ICCs improved to 0.96 (95% CI 0.94-0.98) for sleep duration
and 0.82 (95% CI 0.71-0.88) for TST. The results were not sensitive to the specific participants included, with an ICC range of
0.96-0.97 for sleep duration and 0.79-0.87 for TST when applying our calibration equation to data removing one participant at a
time and 0.96-0.97 for sleep duration and 0.79-0.86 for TST when recalibrating while removing one participant at a time.

Conclusions: The measurement errors of the uncalibrated iAide2 for both sleep duration and TST seem too large for them to
be useful as absolute measurements, though they could be useful as relative measurements. The measurement errors after calibration
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are low, and the calibration approach is general and robust, validating the use of iAide2’s sleep measurement functions alongside
its other features in physical activity research.

(JMIR Form Res 2025;9:e63529)   doi:10.2196/63529
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actigraphy; sleep; Motion Watch 8; iAide2; total sleep time

Introduction

Background
The iAide2 (Tokai) is a physical activity monitoring system
that measures intensity levels, step counts, temperature, and
pulse rate [1,2] to assess activity and sleep, with
minute-by-minute assessment of wake/sleep [3,4]. It is based
on TDK’s Silmee W20/W22 actigraphs [4-6] used in previous
research [5,7-9]. The iAide2 supports long trials (via
rechargeability and off-watch data storage) and timely behavior
feedback (via a wireless EVENT button and near–real-time
access to data). Its sleep measurements are not well validated;
Kimura et al [7] compared its predecessor, the W20, to
video-monitoring sleep assessment (which is itself unvalidated),
and reported 5 sleep duration values, with detailed methodology
not given [7].

Actigraphs are commonly validated against polysomnography
(PSG) or another actigraph. PSG, though imperfect, is the gold
standard of sleep measurement [10]. PSG’s complexity requires
sleep in a laboratory [11], which is costly and unrepresentative
of free-living sleep. Watch-based actigraphy can efficiently
collect multiple nights’ data in a natural environment [12,13].

Objective
We assessed iAide2-measured sleep duration and total sleep
time (TST) in participants without sleep disorders and added
calibration when needed.

Methods

Approach
To assess free-living sleep, we validated iAide2 against a second
actigraph, the MotionWatch 8 (MW8; CamNtech Ltd) [14],
using methods similar to other actigraph-to-actigraph
comparisons [11,15-17]. The MW8 is validated against PSG
[18-20], with high correlations (r=0.920) and no significant bias
(7.0 minutes) for TST [19]. Researchers have used the MW8
to assess sleep in people without sleep disorders [21-23]. We
used validated MW8 settings (mode 1, 30-second epochs, and
a threshold of 20 [24,25]).

Data Collection
We collected data from a convenience sample of members of
the Waki DTx Laboratory at the Graduate School of Medicine,
University of Tokyo. The laboratory is investigating lifestyle
interventions to improve sleep and exercise and identified the
iAide2 as a candidate measurement device. This validation study
assessed the accuracy of iAide2 sleep monitoring in 6
individuals without known sleep disorders. They wore both

devices on the nondominant arm, with the MW8 closest to the
hand, all day except when bathing.

The participants used the MW8 EVENT-marker button to record
bedtime (when they began trying to sleep) and risetime (when
they stopped trying to sleep). The duration between these times
is time in bed (TIB). Our MW8 and iAide2 assessments both
used these nonactigraphy measurements.

MotionWare (version 1.4.20; CamNtech Ltd) provided sleep
onset (“Fell Asleep” in MotionWare, the earliest time after
bedtime when the participant was asleep), sleep offset (“Woke
Up,” the latest time prior to risetime when the participant
transitioned from asleep to awake), and TST (the sum of all
minutes of sleep between sleep onset and offset) [25]. From
these measurements, we derived sleep onset latency (the duration
between bedtime and sleep onset), sleep offset latency (the
duration between sleep offset and risetime), and sleep duration
(the duration between sleep onset and sleep offset).

We used a similar process with the iAide2, using iAide2
software (version 7.0). We defined sleep onset as the time of
the first sleep after bedtime. Similarly, we defined sleep offset
as 1 minute after the time of final sleep prior to risetime. We
defined TST as the sum of minutes asleep within the sleep
duration period.

Statistical Analysis
We compared measurements using intraclass correlation
coefficients (ICCs; 2-way mixed effects, absolute agreement,
single measurement, unless otherwise specified) [26,27]. We
used the irr package 0.84.1 in R for point estimation of ICC
and calculating 95% CIs, and R (version 4.2.1) for calibration.

Ethical Considerations
The University of Tokyo School of Medicine institutional review
board (2024137NI) approved this study, which abided by the
Declaration of Helsinki. Participants provided verbal consent
for data collection upon recruitment. All participants provided
written consent for the use of their data. Participants’ data were
anonymized. No compensation was provided.

Results

Participants
We recruited 6 participants (aged 24-63 years) and recorded
data for 64 nights (Figure 1). The number of nights per
participant varied from 5 to 21. The average nightly sleep
duration via MW8 per participant varied from 5.52 to 6.73 hours,
and the participants differed in the regularity of their sleep
durations.
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Figure 1. Participants’ information and sleep duration measured using the MotionWatch 8 actigraph (MW8; 6 participants, 64 nights).

Measurements
The iAide2 underestimated duration relative to the MW8 and
showed moderate ICC of 0.69 (95% CI –0.07 to 0.91; Figure
2A) [26]. Relative performance was excellent (ICC=0.91, 95%
CI 0.86-0.95; 2-way mixed effects, consistency, single
measurement) [26]. The mean, maximum, and minimum

differences between iAide2 and MW8 were –0.86, 0.22, and
–2.22 hours, respectively (Figure 2B).

Similarly, the iAide2 underestimated TST and showed moderate
ICC of 0.56 (95% CI –0.07 to 0.82; Figure 2C) and a good
consistency ICC (2-way mixed effects, consistency, single
measurement) of 0.78 (95% CI 0.67-0.86). The mean, maximum,
and minimum differences between iAide2 and MW8 were –0.93,
0.80, and –3.20 hours, respectively (Figure 2D).
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Figure 2. Scatter plot and Bland-Altman plot for measured sleep duration and total sleep time using iAide2 and the MotionWatch 8 actigraph (MW8;
64 nights).

Calibration
Our iAide2 data showed very small sleep offset latencies (mean
0.03 hours) but significant overestimates of sleep onset latency,
so we corrected the sleep duration by the difference between
the iAide2-measured sleep onset latency and an iAide2 sleep
onset latency calibrated to the MW8 measurements via ordinary
least squares (OLS). We added a small (<5 minute) bias
correction, selected to optimize ICC, to account for small offset
latency biases. To prevent physically impossible results, we
limited the calibrated duration to be no longer than the TIB.
The resulting calibration equation is D’ = min {0.59S + D +
0.26, TIB} (hours), where D is the measured duration, S is the
measured sleep onset latency, and D’ is the calibrated duration.

For TST, we used OLS to calibrate the measured TST value,
limiting the result to be not greater than the calibrated sleep
duration. The resulting equation is T’ = min {0.73T + 2.15, D’}
(hours), where T is the measured TST and T’ is the calibrated
TST.

Calibration greatly improved accuracy. Sleep duration had
excellent ICC (0.96, 95% CI 0.94-0.98; Figure 3A). The mean
difference almost disappeared (–0.01 hours) and the difference
between the maximum (0.72 hours) and minimum (–0.96 hours)
values decreased (Figure 3B). TST similarly had greatly
improved accuracy, with good ICC (0.82, 95% CI 0.71-0.88;
Figure 3C). The mean difference became almost zero (–0.04
hours) and the difference between the maximum (1.15 hours)
and minimum (–1.93 hours) values decreased (Figure 3D).
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Figure 3. Scatter plot and Bland-Altman plot for calibrated sleep duration and total sleep time using iAide2 and the MotionWatch 8 actigraph (MW8;
64 nights).

Because our sample size is small with a varying number of
nights per participant, we conducted a sensitivity analysis to
determine how the ICC agreement rate changes based on the
included participants. First, to show that our ICCs are not
sensitive to the exact individuals, we performed trials excluding
the data of one participant at a time, recalibrating for each trial.
The calibrated ICC range was 0.96-0.97 for sleep duration,
effectively unchanged from 0.96 in the baseline analysis, and
0.79-0.86 for TST, similar to 0.82 in the baseline analysis,
demonstrating that our results are not highly influenced by the
variability in number of nights per participant. To demonstrate
the generality of our calibration equations, we applied the
calibration derived from all participants’data to trials excluding
one participant at a time. The ICC range was 0.96-0.97 for sleep
duration and 0.79-0.87 for TST, again similar to baseline
analysis values, showing that our calibration has high generality
and is not highly dependent on any one participant’s data.

Discussion

Principal Findings
The absolute accuracies of uncalibrated iAide2 measurements
for sleep duration (ICC=0.69) and TST (ICC=0.56) are relatively
poor. Uncalibrated data could be useful in applications needing
relative measurements, with good values for the consistency
version of the ICC (2-way mixed effects, consistency, single
measurement) of 0.91 for sleep duration and 0.78 for TST.

The calibrated measurements have excellent absolute accuracy.
The ICCs for sleep duration (0.96) and TST (0.82) are
comparable to or better than those reported previously (0.67
and 0.68 for sleep duration and 0.77 and 0.84 for TST [28,29]).
Sensitivity analysis revealed essentially unchanged performance
when applying this calibration to data while removing one
participant at a time and when recalibrating while removing
one participant at a time. The calibration methods are simple
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and have good statistical bases. The calibrated iAide2
measurements of sleep duration and TST seem usable in a wide
range of applications.

Limitations
The MW8, our validation standard, has its own errors, with a
reported underestimation of sleep onset latency (mean difference
8.9 minutes) and overestimation of TST (mean difference 47.1
minutes) relative to PSG [30]. Validation against other
standards, including PSG, is warranted.

We used more nights (N=64) than some PSG-based validation
studies (N=20, 37, and 38) but fewer than actigraph-based

research (N=140) [17,18,31,32]. Our convenience sample was
small (N=6); however, it included a mix of ages, sex, and
sleeping regularity. Our results may not fully apply to other
populations; and larger studies are warranted.

Conclusions
The iAide2 has interesting measurement capabilities with
convenient features, and validating its sleep measurement
accuracy adds to its usefulness. The absolute accuracies are
low, but good relative accuracy may be suitable for some
applications. Its postcalibration accuracies are excellent and
well validated against the MW8.
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PSG: polysomnography
TIB: time in bed
TST: total sleep time
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Abstract

Background: There is a growing concern that digital health care may exacerbate existing health disparities. Digital health care
or eHealth encompasses the digital apps that are used in health care. Differences in access, use, and perceived benefits of digital
technology among socioeconomic groups are commonly referred to as the digital divide. Current research shows that people in
lower socioeconomic positions (SEPs) use eHealth less frequently.

Objective: This study aims to (1) investigate the association between SEP and eHealth access to, use of, and perceived benefit
within the adult Dutch population and (2) evaluate disparities in eHealth access, use, and perceived benefit through three
socioeconomic variables—education, standardized income, and the socioeconomic status of the neighborhood.

Methods: A secondary analysis was conducted on data from the Nivel Dutch Health Care Consumer Panel (response rate 57%,
849/1500, to assess access to, use of, and perceived benefits from eHealth. These data were collected to monitor eHealth
developments in the Netherlands. eHealth was examined through two concepts: (1) eHealth in general and (2) websites, apps,
and wearables. Results were stratified into 9 SEP populations based on 3 indicators—education, standardized income, and
socioeconomic status level of the neighborhood. Logistic regression analyses were performed to evaluate whether the outcomes
varied significantly across different SEP groups. Age was included as a covariate to control for confounding.

Results: This study confirms the association between eHealth and SEP and shows that low SEP respondents have less access
(odds ratio [OR] 5.72, 95% CI 3.06-10.72) and use (OR 4.96, 95% CI 2.66-9.24) of eHealth compared to medium or high SEP
respondents. Differences were most profound when stratifying for levels of education.

Conclusions: The access to and use of eHealth has a socioeconomic gradient and emphasizes that SEP indicators cannot be
used interchangeably to assess eHealth access and use. The results underline the importance of activities and policies aimed at
improving eHealth accessibility and usage among low SEP groups to mitigate disparities in health between different socioeconomic
groups.

(JMIR Form Res 2025;9:e49585)   doi:10.2196/49585
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Introduction

Digital health care is expected to provide benefits for health
care systems, providers, and patients and is considered a solution
to address workforce shortages and rising health care costs [1-4].
Moreover, digital health care is anticipated to enhance the
quality of care, stimulate patient self-management, and improve
health accessibility and equity [1-4]. Digital health care or
eHealth is defined as the digital apps that are used in health
care. Health care policies focus on increased use of and
dependency on the eHealth apps [4-6]. Concerns have been
raised that digital health care may not be equally accessible for
all [7-13]. Populations with lower socioeconomic positions
(SEPs) are more likely to encounter financial, skill, or cognitive
barriers to accessing and using eHealth, such as limited access
to devices, limited digital health skills, or limited ability to take
the initiative in using eHealth [7,11-16]. Additionally, these
populations experience challenges in comprehending and
implementing health information and healthy behaviors in daily
life [17-21].

The demand for health care services is often higher in low-SEP
populations, as people with a low SEP endure more often from
chronic illnesses [18,19,22,23]. Research shows that low-SEP
populations often have different views on health and the possible
benefits of healthy behaviors compared to high-SEP populations
[24-27]. Studies find that low-SEP populations have less time,
more stress, and limited financial capacities to implement
healthy behaviors [26]. Next to this, it is theorized that health
beliefs often find origin in the health beliefs of previous
generations [24-27]. In the context of low SEP, the expectation
of a shorter life and the belief that their own behavior has limited
influence on their longevity pose barriers to adhering to healthy
behaviors [20]. Therefore, the digitalization of health care could
seriously impact the access and use of health care for those who
need it most [5,6,13,28-31].

National digital connectivity and policies that stimulate the
transition toward a digital health care system could improve the
implementation and accessibility of eHealth. The European
Union and its member states deploy policies to realize the digital
transition of health care systems [5,6]. Some states, such as the
Netherlands, have been experimenting with digital health care
for over a decade [4,6]. Most Dutch households (98%) have
fast broadband coverage (2020) and 88% of the Dutch
population uses mobile broadband (2019), which indicates the
use of a mobile phone or other device with mobile internet
access [5]. The level of connectivity in the Netherlands could
facilitate the implementation of digital health care [5].

Several countries have developed national eHealth monitoring
programs to monitor the uptake and effects of eHealth among
health care professionals and citizens [32-34]. From a citizen’s
perspective, the monitoring programs focus on the use and
evaluation of eHealth that involve citizen interaction [32-34].
This includes applications such as websites, apps, and wearables

that citizens can use independently or involve eHealth tools that
facilitate digital communication with a health care professional,
such as video calls or messaging via patient portals [32-34].
This study is based on secondary data analysis of the Dutch
eHealth monitoring program (2021) [29], which collects data
about access, use, and perceived benefits from eHealth among
Dutch citizens through questionnaires.

There is still limited understanding of the relationship between
SEP and eHealth access, use, and perceived benefit and that
understanding is generally limited to either access, use, or
perceived benefit from eHealth, specific eHealth apps or specific
subpopulations. Research showed the relation between SEP and
the use of personal health records [35] and mobile apps [36].
Other research focuses on either the benefit from [37] or the
use of eHealth [38,39] or specific patient groups such as cancer
survivors [40,41], or citizens bound to specific locations [42].
To our knowledge, insight into differences in eHealth access,
use, and perceived benefits and how different indicators for SEP
display these differences within the Dutch general population
aged 18 years and older are largely unknown. This study aims
to assess differences in eHealth-related access, usage, and
perceived benefits for different socioeconomic populations,
based on education, standardized income, and socioeconomic
status (SES) level of the neighborhood in the Netherlands. The
findings of this study give insight into the disparities in access
to, use of, and perceived benefit from eHealth in a highly
connected country with an increasingly digitalized health care
system. The results are insightful for other contexts that aim for
or experience the same ambitions to transition to a digital health
care system.

Methods

Panel
Data from the Dutch Health Care Consumer Panel (DHCCP)
were used [43]. The DHCCP is a panel managed by Nivel (the
Netherlands Institute for Health Services Research) and currently
(as of September 2023) consists of approximately 11,500 panel
members aged 18 years and older [43]. For this study, a study
sample of 1.500 panel members was drawn by researchers from
DHCCP. The study sample was representative of the Dutch
population aged 18 years and older regarding age and sex [43].
Background characteristics of panel members, including their
sex, age, level of education, net monthly income per household,
and 4-digit postal codes were known. The panel was periodically
renewed to ensure representative samples of the adult population
in the Netherlands can be drawn. New panel members were
recruited by buying an address file from an address supplier
[43]. As a result, possible new members were sampled at random
from the general population in the Netherlands [43]. The panel
could only be joined through invitation. It was not possible for
people to sign up on their own initiative [43]. Upon membership,
panel members were informed of the purpose, scope, method,
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and use of the panel [43]. Based on this information, participants
could give permission to participate in the panel [43].

Ethical Considerations
According to the Dutch legislation, neither obtaining informed
consent nor approval by a medical ethics committee was
obligatory for doing research within the DHCCP [43,44]. Data
analysis was conducted with pseudonymized data, according
to the privacy regulations of the DHCCP, in compliance with
the General Data Protection Regulation [44]. The privacy of
the panel members was protected. All data were carefully stored
by Nivel [43]. Personal information such as addresses was stored
separately from the data of the questionnaires [43]. The privacy
of the panel members in the study sample was guaranteed by
DHCCP [43]. The researcher (LS) who analyzed the data had
no access to the personal information of the panel members
[43]. A written or digital informed consent was obtained at the
time of registration of a new member to the panel [43]. Panel
members were asked to participate approximately 4 or 5 times
per year [43]. Participation was voluntary.

Data Collection
Data on the population’s perspective on eHealth were collected
via the DHCCP as part of a larger monitoring study into the
perceptions, experiences, and usage of eHealth in the
Netherlands [43]. A questionnaire was developed and reviewed
by a team of representatives from the health care field in the
Netherlands. The questionnaire was based on earlier distributed
questionnaires of the monitoring study and was adjusted to
reflect market developments [34]. The questionnaire was
distributed via email and post (according to the preferences of
the panel members) in May 2021. A digital reminder was sent
after 1, 2, and 3 weeks after the start of the questionnaire and
1 written reminder was sent after 2 weeks. Panel members had
4 weeks to respond.

Socioeconomic Position Indicators

Overview
The concept of SEP is complex, as it results from the interaction
between individual, social, economic, cultural, and societal
factors [45,46]. In this study, 3 different operationalizations of
SEP were used to study the digital divide in the context of
eHealth—education as a historic starting point, standardized
household income as a measure of current wealth, and SES level
of the neighborhood to include environmental influence [46-49].

Education
The education levels were defined as low (none, primary school,
or prevocational education); medium (secondary or vocational
education level 1, 2, 3, or 4); and high (professional higher
education or university) [50].

Standardized Income
Standardized income was defined as the net monthly income
of the household adjusted for number of household members.
The net income was converted to the equivalent of the net
income of a single adult household by using equivalence factors
from Statistics Netherlands (the Dutch Institute for Population
Statistics) [51]. Some respondents acknowledged having

children or other adults living in their household apart from
their partner or children older than 18 years of age but did not
specify the number. In the case of an unknown amount of
children, 1.57 children were assumed. In case of an unknown
amount of extra adults 1 extra adult was assumed. Assumptions
were derived from the averages in Dutch households [50,52,53].
Information gathered from the panel members about their
monthly net income was in ranges, and the mean of the range
was taken as the monthly net income. Standardized income was
divided into three categories (1) low (between €0 and €1659
[US $1718.56] per month; The used conversion rate was
applicable on May 1, 2021), (2) medium (between €1660 [US
$1719.59] and €2332 [US $2415.72] per month), and (3) high
(more than €2332 [US $2415.72] per month). The categories
were derived from the quartile distribution of the net income
of the Dutch households (2020) [54].

Socioeconomic Status Level of the Neighborhood
The SES level of the neighborhood of all respondents was
determined using the Social Economic Status-Wealth Education
Employment (SES-WOA) score (2019) from the Statistics
Netherlands. The SES-WOA score was based on the wealth,
educational status, and recent employment history of households
in the neighborhood [55,56]. The SES-WOA score was matched
to the respondent by the 4-digit postal code. The neighborhoods
of the respondents were categorized as (1) low (first tertile of
SES score: –0.89 to 0.042), (2) medium (second tertile of SES
score: 0.043-0.21), and (3) high (third tertile of SES score:
0.21-0.71). The average score of Dutch neighborhoods was
0.092 (SD 0.23; range –0.89 to 0.71) [55,56].

eHealth and the Digital Divide
For the interpretation of the data, the digital divide model was
used. The digital divide model published by van Dijk et al [57]
conceptualized that individuals’ SEPs influence the available
resources to access, use, and benefit from new digital media.
In this study, the digital media in focus was eHealth.

Two concepts of eHealth were examined: (1) eHealth in general
and (2) websites, apps, and wearables. Items in the questionnaire
that informed these 2 concepts were matched to the 3 levels of
the digital divide model [57], namely level 1—access, level
2—use, and level 3—perceived benefit. Operationalization of
the variables measuring access, use, and perceived benefit for
eHealth in general and websites, apps, and wearables can be
found in Multimedia Appendix 1.

First, eHealth in general was studied to gain insight into an
overall interest toward digital apps in health care. The levels of
digital divide that were studied are access and the perceived
benefit. Access was measured by motivation. Here respondents
were asked what their general thoughts are about digital apps
used in health care. The perceived benefit was operationalized
by measuring to what extent the respondents perceived
themselves as making more conscious decisions about their
health as a result of eHealth use.

Second, eHealth in terms of websites, apps, and wearables was
studied to gain insight into the use of these specific eHealth
tools to improve health or provide support in coping with a
disease. The digital divide levels that were taken into account
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are access and use. Access was measured by motivation and
physical access. Motivation was measured by asking the
respondents if they have used or would like to use websites,
apps, and wearables for their health. For physical access, the
respondents were asked if they have access to an electronic
device with internet.

The digital divide concept use was measured by barriers in use,
diversity of use, and frequency of use. For the concept barriers
in use, the respondents were asked if they experienced barriers
in the use of websites, apps, and wearables. The use of websites,
apps, and wearables was further operationalized in 2
variables—diversity of use and frequency of use. For these
variables, the respondents were asked about 16 different
websites, apps, or wearables if they used the app (once or more
than once). Diversity entails the variety of websites, apps, and
wearables used, while the frequency of use operationalizes the
number of times (more than once) the apps were used.

Statistical Analysis
Descriptive analyses were used to describe the demographics
and the outcome of the variables measuring the access, use, and
perceived benefit for eHealth in general and websites, apps, and
wearables. The variables measuring access, use, and perceived
benefit were constructed by combining items from the original
questionnaire. The operationalization of these variables can be
found in Multimedia Appendix 1.

The outcomes were stratified by the 3 variables of
SEP—educational level, standardized income, and SES level
of the neighborhood. The differences in eHealth access and
usage between SEP populations were investigated using logistic
regression analysis. Ordered logistic regression was used for
testing the differences in perceived benefit between SEP
populations. Age was included in the analysis to test for
confounding, as age is associated with both health and
familiarity and use of digital media [10,58,59]. The correlation
between the independent variables was determined via the
Spearman rank order correlation coefficient. Data analysis was
conducted using the Stata Statistical Software release (version
16.1; StataCorp) [60]. A P<.05 was considered statistically
significant. Variables of physical access and diversity of use
were not included in the logistic regression analysis because
there were too few cases in outcome categories to meet the
assumptions of the logistic regression analysis. The univariate
outcomes are presented in Multimedia Appendix 2.

Results

Sample Characteristics
In total, 849 panel members responded to the questionnaire,
resulting in a response rate of 56.6% (849/1500). Among the
panel population of 1500, 8.9% (133/1500), 40% (600/1500),
and 48.7% (731/1500) had a low, medium, and high level of
education, respectively. Of these groups, 55.6% (74/133), 59.3%
(356/600), and 54.3% (397/731) responded to the questionnaire.
Regarding standardized income 35.8% (537/1500), 31.8%
(477/1500), and 27.9 (419/1500) had low, medium, and high
levels of standardized income, respectively. Of these groups,
57.2% (307/537), 56.4% (269/477), and 54.9% (230/269) had
responded to the questionnaire. Finally, for SES-level of the
neighborhood, 42.8% (642/1500), 32.6% (489/1500), and 23.1%
(346/1500) had low, medium, and high levels of SES-level of
the neighborhood in the panel population, respectively. Of these
groups, 56.1% (360/642), 58.1% (284/489), and 55.2%
(191/346) responded to the questionnaire.

The demographics of the study population can be found in Table
1. An overview of the study population stratified by education,
standardized income, and SES level of the neighborhood can
be found in Multimedia Appendix 3. Overall, the sample
contained the same distribution of males or females as in the
general population. When stratified for age category, our sample
contained slightly more respondents aged 40 years and older
and fewer respondents aged 18-39 years as compared to the
general population. A frequency table of males and females in
3 age categories from the study population and the general Dutch
population can be found in Multimedia Appendix 4 [61].
Compared to the Dutch general population, the study population
had more males (11.3% general population, 14.9% study
population) and females (13.1% general population, 15.4%
study population) in the age category of 65 years and older. In
terms of sex, the distribution was equal between both
populations (Dutch general population of 49.3% male and 50.7%
female, study population male 48.7% and female 51.3%). The
mean age was 54 (SD 16.96) years. The lowest number of
respondents was in the low educational level subpopulation
(74/849, 8.72%) and the highest in the high educational level
subpopulation (397/849, 46.76%). A high educational level was
significantly and positively associated with a high standardized
income level, as indicated by the correlations of educational
level and standardized income level: ρ=0.37 (P<.001),
educational level and SES level of the neighborhood: ρ=0.021
(P=.55), and standardized income level and SES level of the
neighborhood: ρ=0.035 (P=.33) [62].
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Table 1. Demographic description of the study population (n=849). Study population was sampled (2021) from a representative population (N=1500)
of general Dutch population aged 18 years and older.

Total (n=849)

Sex, n (%)

413 (48.6)Male

435 (51.2)Female

1 (0)Missing

Age (years)

54 (16.96)Mean (SD)

19-92Range

Average household size

2.29 (1.11)Mean (SD)

1-7Range

Number of households with children younger than 18 years, n (%)

604 (71.1)No

235 (27.7)Yes

10 (1.2)Missing

Number of households with children older than 18 years, n (%)

763 (89.9)No

76 (9)Yes

10 (1.2)Missing

Education

2.39 (0.65)Mean (SD)

1-3Range

74 (8.7)Low, n (%)

356 (41.9)Medium, n (%)

397 (46.8)High, n (%)

22 (2.6)Missing, n (%)

Standardized income

1.90 (0.81)Mean (SD)

1-3Range

307 (36.2)Low, n (%)

269 (31.7)Medium, n (%)

230 (27.1)High, n (%)

43 (5.1)Missing, n (%)

SESb level of the neighborhood

1.80 (0.79)Mean (SD)

1-3Range

360 (42.4)Low, n (%)

284 (33.5)Medium, n (%)

191 (22.5)High, n (%)

14 (1.7)Missing, n (%)

aEducation level—low (none, primary school or prevocational education); medium (secondary or vocational education level 1, 2, 3, or 4); and high
(professional higher education or university). Standardized income was divided into 3 categories—low (between €0 and €1659 [US $1718.56] per
month); medium (between €1660 [US $1719.59] and €2332 [US $2415.72] per month); and high (more than €2332 [US $2415.72] per month). The
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SES level of the neighborhood was determined using the Social Economic Status-Wealth Education Employment (SES-WOA) score (2019) from
Statistics Netherlands. The SES-WOA score was based on the wealth, educational status, and recent employment history of households in the neighborhood
[55,56]. Categories: low (first tertile of SES score: –0.89 to 0.042); medium (second tertile of SES score: 0.043-0.21); and high (third tertile of SES
score: 0.21-0.71). Not all values add up to 100% due to missing values.
bSES: socioeconomic status.

Results of the Relation Between the Digital Divide
Levels and the Socioeconomic Position Indicators

Overview
An overview of the measured and analyzed variables can be
found in Figure 1. The frequencies of these outcomes can be
found in Multimedia Appendix 2. Table 2 presents a descriptive

overview of access, use, and perceived benefit, stratified by
SEP indicators. The results showed that the outcome differed
the most when the population was stratified by education. Figure
2 presents the associations between access; use; perceived
benefit; low, medium, and high education; standardized income;
and SES level of the neighborhood populations. The underlying
data used for Figure 2 is presented in Multimedia Appendix 5.

Figure 1. Overview of the concepts of access, use, and perceived benefit, the variables matched to these concepts and the socioeconomic position
indicators used in this study. Legend indicates whether the variables were matched for eHealth in general (bold), websites apps and wearables (underlined)
or both. Second, the legend indicates whether the variables were viable, either included (black) or not included (grey), for logistic (ordered) regression
analysis [57]. SES: socioeconomic status.
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Figure 2. The relation between access, use, and benefit of eHealth and low, medium, and high levels of 3 SEP indicators—education, standardized
income, and SES-level of the neighborhood. Results from a questionnaire (2021) answered by a representative study population (n=849) for the general
Dutch population aged 18 years and older. Access: motivation, use: barriers in use and frequency of use, and perceived benefit: perceived benefit. For
each SEP indicator, a bar graph of the results of logistic (ordered) regression analysis was presented. Each bar shows the odds ratio (OR) and the 95%
CI for the difference between SEP levels for each digital divide concept. For each SEP indicator, the comparisons made were medium compared to low
(dark grey), high compared to low (light grey), and high compared to medium (medium grey). The number of respondents (n) included in the analysis
for each digital divide concept was indicated. The variable barriers in use were recoded to ensure that a positive score (1) reflected the outcome: no
experienced barriers. Positive ORs (OR>1) should be interpreted that the primary group in the comparison, in the case of this study either medium or
high SEP, had more likelihood of not experiencing barriers in use. *P>.05, **P>.01, ***P>.001. SEP: socioeconomic position; SES: socioeconomic
status.

JMIR Form Res 2025 | vol. 9 | e49585 | p.109https://formative.jmir.org/2025/1/e49585
(page number not for citation purposes)

Standaar et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Table 2. Frequency distribution of access, use, and perceived benefit for (1) eHealth in general and (2) websites, apps, and wearables, stratified by

education, standardized income, and SESa level of the neighborhood. Frequencies are derived from results of a questionnaire (2021) conducted among

a sample of the general Dutch population (N=1500), final study population (n=849)b,c.

SES level of the neighborhoodStandardized incomeEducationTotal

HighMedLowHighMedLowHighMeddLow

19128436023026930739735674849Population, n

eHealth in general

Access—motivation, n (%)

68 (35.6)141
(49.6)

174
(48.3)

90 (39.1)124
(46.1)

153
(49.8)

152
(38.3)

177
(49.7)

46 (62.2)386
(45.5)

No motivation

107 (56)127
(44.7)

157
(43.6)

123
(53.5)

127
(47.2)

131
(42.7)

218
(54.9)

153
(43.0)

21 (28.4)401
(47.2)

Motivation

Perceived benefit—perceived benefit, n (%)

46 (24.1)76 (26.7)85 (23.6)65 (28.3)68 (25.3)70 (22.8)108
(27.2)

80 (22.4)17 (23.0)211
(24.9)

Totally dis-
agree—disagree

75 (39.3)134
(47.2)

158
(43.9)

89 (38.7)119
(44.2)

144
(46.9)

159
(40.1)

171
(48.0)

33 (44.5)370
(43.6)

Not agree nor dis-
agree

53 (27.7)61 (21.5)87 (24.2)61 (26.5)65 (24.2)69 (22.5)104
(26.2)

81 (22.8)17 (23.0)205
(24.1)

Agree—totally
agree

Websites, apps, and wearables

Access—motivation, n (%)

23 (12.0)50 (17.6)65 (18.1)34 (14.8)43 (16.0)59 (19.2)41 (10.3)62 (17.4)35 (47.3)143
(16.8)

No motivation

150
(78.5)

215
(75.7)

263
(73.1)

178
(77.4)

206
(76.6)

221
(72.0)

328
(82.6)

265
(74.4)

29 (39.2)636
(75.0)

Motivation

Use—barriers in use, n (%)

71 (37.2)119
(41.9)

145
(40.3)

76 (33.0)109
(40.5)

135
(44.0)

159
(40.1)

140
(39.3)

29 (39.2)339
(40.0)

Experienced barri-
ers

110
(57.6)

156
(54.9)

197
(54.7)

145
(63.0)

149
(55.4)

157
(51.1)

223
(56.2)

201
(56.5)

39 (52.7)472
(55.6)

No experienced
barriers

Use—frequency of use, n (%)

24 (12.6)47 (16.5)57 (15.8)29 (12.6)36 (13.4)59 (19.2)38 (9.6)60 (16.9)29 (39.2)131
(15.4)

No frequent use

149
(78.0)

226
(79.6)

277
(76.9)

189
(82.2)

219
(81.4)

222
(72.3)

339
(85.4)

274
(77.0)

34 (45.9)662
(78.0)

Frequent use

aSES: socioeconomic status.
bThe variables physical access and diversity of use for websites, apps, and wearables were not presented in Table 2 because these variables could not
meet the assumptions for logistic regression analysis. The frequencies of these outcomes can be found in Multimedia Appendix 2.
cNot all values add up to 100% due to missing values.
dMed: medium level.

Access and Motivation
For eHealth in general, as well as for websites, apps and
wearables, differences in motivation were found between
different levels of education. Differences in motivation were
most profound between low or medium versus highly educated
respondents in both eHealth in general (odds ratio [OR] 2.18,
95% CI 1.22-3.88) and websites, apps, and wearables (OR 5.72,
95% CI 3.06-10.72). Regarding standardized income, a
difference in motivation for eHealth in general was found
between high and low standardized incomes (OR 1.52, 95% CI
1.05-2.21). A significant difference in motivation between low

(OR 1.74, 95% CI 1.19-2.55) and medium (OR 1.63, 95% CI
1.1-2.43) versus high SES level of the neighborhood was found
for eHealth in general.

Use, Barriers in Use, and Experienced Barriers
High standardized income was associated with no experience
of barriers in use in comparison to low and medium levels of
standardized income. This implies that fewer respondents with
a high standardized income experienced barriers while using
eHealth websites, apps, and wearables (OR 1.60, 95% CI
1.11-2.31). The frequency of eHealth use also differed between
respondents with a low, medium, or high level of education,
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with the most significant difference between high and low
educational levels (OR 4.96, 95% CI 2.66-9.24). In terms of
standardized income, there were significant differences between
low and high (OR 1.76, 95% CI 1.06-2.91) and low and medium
(OR 1.74, 95% CI 1.09-2.79) standardized income levels. High
SEP respondents were more likely to frequently use an eHealth
app, website, or wearable compared to medium or low SEP
respondents.

Perceived Benefit
There were no significant differences found regarding the
perceived benefits between low, medium, or high-SEP
populations.

Discussion

Principal Findings
This study shows that low SEP respondents have less access to
and use of eHealth compared to medium or high SEP
respondents. The most significant digital divide observed in
this study is related to educational background. The results of
this paper contribute on a population level to previous findings
that the access and use of eHealth has a socioeconomic gradient.
Additionally, the results emphasize that SEP indicators cannot
be used interchangeably to assess eHealth access and use.

The results of this study highlight that, across all 3 SEP
indicators, the most substantial differences are found in access
through motivation. Respondents from higher socioeconomic
categories expressed greater motivation to use eHealth, including
websites, apps, and wearables, in comparison to those from
lower SEPs. Health equity researchers emphasize that
comprehending how people perceive health and health care is
a complex issue influenced by several societal, contextual,
social, and biological individual factors. Therefore, a
multidimensional and multicausal approach is necessary to
comprehend these disparities [24,63,64]. Weiss et al [28] discuss
existing literature and multiple theories as to why differences
in eHealth access and use exist between socioeconomic groups.
The literature described that the social position of individuals
and the influence of the context and organizations surrounding
the individual play a role in whether individuals choose to
consume digital health care or not [28]. Other literature
emphasized that the diffusion of digital health care in society
will decrease the digital divide gap as the low-SEP population
is assumed to be the latest to adopt [28]. However, the role of
health care organizations, social policies, and political decisions
that impact individuals’ motivations toward eHealth has not
been adequately studied. Current national Dutch policies
concerning eHealth are focused on the development and
interoperability of eHealth apps, the digital skills of health care
professionals and the use of eHealth by older people at home,
resulting in eHealth becoming an essential part of the health
care system [65]. In countries where health care digitalization
is progressing, it would be valuable to examine the potential
influence of the government, health care organizations, and
businesses on the motivation of low socioeconomic populations
toward eHealth. Such research could offer valuable insights into
the societal and policy changes required to make eHealth more
appealing to low-SEP populations.

In this study, use was examined by studying the barriers in use
and frequency of use of eHealth websites, apps, and wearables.
The results demonstrated that respondents with a high
standardized income level infrequently experienced barriers to
using eHealth websites, apps, and wearables compared to lower
standardized income levels. Previous studies show that highly
educated people often have higher health literacy levels and
digital skills and are more in contact with the digital world via
their education or profession [10,31,59,66-70]. Other studies
show that in the development of eHealth new apps are often
pilot-tested by highly educated respondents and, therefore, might
be more tailored to the needs of highly educated individuals
[9,71,72]. In contrast, other studies point out the variety of health
behaviors and health care use within SEP groups. De Boer et
al [73] show that low SEP groups have more health care costs
but that healthy lifestyle behavior such as smoking or being
member of a sports club are attributed greatly to the variety in
health care use in each socioeconomic group. In the light of
eHealth, Agachi et al [74] showed that the user interface and
the type of eHealth offered attributes to the use of eHealth
between socioeconomic groups. Results revealed that for the
same eHealth program, people living in a low socioeconomic
neighborhood use the app-based tool more than people living
high in a socioeconomic neighborhood. For the web-based
version, results show the opposite emphasizing the importance
of the user interface and the accessibility to digital devices, as
is also theorized in the digital divide model [49,74]. Both De
Boer [73] and Agachi [74] show that behavior-related and
technical-related factors play a role in the use of health care and
eHealth. The results of this study and other studies showed that
understanding and creating insight into the existence of and
possible solutions for health disparities is dependent on multiple
dimensions. Future research into how the socioeconomic
gradient in eHealth access and use are associated with other
behavioral and technical factors is important to create an
in-depth understanding of disparities in eHealth access and use
that can inspire research, policy, and practice.

Results pointed out that high education and high standardized
income levels were associated with frequent use of websites,
apps, and wearables. This is in accordance with previous
research, which shows that a high level of education and income
is found to be associated with more access to and use of eHealth
[12,13,31]. Surprisingly, no difference was found in the
perceived benefits (making more conscious decisions in health
because of eHealth use) in any of the SEP indicators, although
the frequency of use of websites, apps, and wearables was high
(78%) and did show significant differences. This implies that
respondents with more frequent use of websites, apps, and
wearables had the same perceived benefit, namely, making more
conscious decisions due to eHealth use, compared to respondents
who have not used websites, apps, and wearables once.
Evaluation studies show that high SEP respondents have better
outcomes from eHealth use than low SEP respondents
[10,30,31,59]. The results of this study might indicate that in
the real-life context, even though current eHealth apps might
be more suitable for highly educated individuals, eHealth is not
used appropriately or with similar discipline as in the clinical
trial context.
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Strengths and Limitations
The strengths of this study were the use of a large and
representative sample of the Dutch population and the use of 3
SEP operationalizations to provide a broad insight into the
effects of SEP on the digital divide. This study also has some
limitations. Despite a large number of respondents, the skewed
distribution of outcomes across SEP levels hampered the
performance of multivariable logistic regression analysis [62].
Next to this, the SEP indicators used are focused on social
demographic and economic aspects of SEP. Cultural and other
social aspects, such as social networks and cultural background,
have not been taken into account.

The questionnaire used in the study was not designed to measure
all the different aspects of the digital divide model and is a
secondary analysis of the data gathered. Although the majority
of digital divide levels could be well matched with questionnaire
items, data on the second level digital divide for eHealth in
general and the third digital divide level for websites, apps, and
wearables was lacking. In some cases, with emphasis on the
concept barriers in use for websites, apps, and wearables more
in-depth insights into the digital divide levels would have been
desirable to improve the validation of the findings. Van Dijk
[57] provides concepts to further define the digital divide levels.
Access, the first level of digital divide, is described to entail the
concepts of motivational access and physical access. Use, the
second level of digital divide entails the concepts of digital skills
and usage. Usage here encompasses both frequency and diversity
of digital media use. Perceived benefit, the third level digital
divide, is conceptualized by personal outcomes that are a result
of the use of digital media [57]. In this study, the concept
barriers in use were used instead of digital skills, as experienced

barriers are not limited to barriers formed by a lack of digital
skills.

Additionally, for the first and the second level digital divide,
the technical design and the information and communication
technology of eHealth are of importance [57]. The technical
design and the information and communication technology
imply factors such as accessibility, usability, mobility, quality,
and accessibility of internet access and automation (self-learning
devices or software tailored to serve the consumer better and
automatically) of devices and apps. These factors are important
to facilitate adherence and appropriate use of eHealth apps [57].
The questionnaire provided no insight into these factors.

Conclusions
The results of this study revealed that differences in motivation
for eHealth use are most profound between different
socioeconomic populations in the Dutch society, in which
low-educated people are likely to be disadvantaged. A successful
transition toward digital health care is a social issue that is
dependent on the motivation to use eHealth and specific apps.
It is imperative that future studies within academia and within
the health care field focus on the motivations and needs
associated with digital health care, specifically for low-SEP
populations. Research on the societal changes stemming from
the digital health care transition and the technical and design
studies of digital care apps in single-intervention studies are
both vital for the realization of an inclusive and comprehensive
digital health care system. If eHealth takes a predominant role
in the Dutch health care system, it might affect access and use
of health care for the citizens who need it the most. The results
of this study underscore the importance of policies aimed at
facilitating and supporting low-SEP populations in the use of
eHealth to reduce differences in health.
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Abstract

Background: Mental health treatment is hindered by the limited number of mental health care providers and the infrequency
of care. Digital mental health technology can help supplement treatment by remotely monitoring patient symptoms and predicting
mental health crises in between clinical visits. However, the feasibility of digital mental health technologies has not yet been
sufficiently explored. Rhythms, from the company Health Rhythms, is a smartphone platform that uses passively acquired
smartphone data with artificial intelligence and predictive analytics to alert patients and providers to an emerging mental health
crisis.

Objective: The objective of this study was to test the feasibility and acceptability of Rhythms among patients attending an
academic psychiatric outpatient clinic.

Methods: Our group embedded Rhythms into the electronic health record of a large health system. Patients with a diagnosis of
major depressive disorder, bipolar disorder, or other mood disorder were contacted online and enrolled for a 6-week trial of
Rhythms. Participants provided data by completing electronic surveys as well as by active and passive use of Rhythms. Emergent
and urgent alerts were monitored and managed according to passively collected data and patient self-ratings. A purposively
sampled group of participants also participated in qualitative interviews about their experience with Rhythms at the end of the
study.

Results: Of the 104 participants, 89 (85.6%) completed 6 weeks of monitoring. The majority of the participants were women
(72/104, 69.2%), White (84/104, 80.8%), and non-Hispanic (100/104, 96.2%) and had a diagnosis of major depressive disorder
(71/104, 68.3%). Two emergent alerts and 19 urgent alerts were received and managed according to protocol over 16 weeks.
More than two-thirds (63/87, 72%) of those participating continued to use Rhythms after study completion. Comments from
participants indicated appreciation for greater self-awareness and provider connection, while providers reported that Rhythms
provided a more nuanced understanding of patient experience between clinical visits.
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Conclusions: Rhythms is a user-friendly, electronic health record–adaptable, smartphone-based tool that provides patients and
providers with a greater understanding of patient mental health status. Integration of Rhythms into health systems has the potential
to facilitate mental health care and improve the experience of both patients and providers.

(JMIR Form Res 2025;9:e57624)   doi:10.2196/57624

KEYWORDS

digital health; mobile intervention; telepsychiatry; artificial intelligence; psychiatry; mental health; depression; mood; bipolar;
monitor; diagnostic tool; diagnosis; electronic health record; EHR; alert; notification; prediction; mHealth; mobile health;
smartphone; passive; self-reported; patient generated

Introduction

Mental disorders are predicted to be the leading cause of disease
burden worldwide by 2030 [1]. However, there is a tremendous
mismatch between the number of psychiatrists, psychologists,
and other mental health care providers and individuals in need
of treatment for mental illness, including substance use
disorders. In the United States alone, 160 million people reside
where there is a shortage of mental health professionals [2].
Roughly 56% of counties are without a practicing psychiatrist,
while 33% of counties are without a licensed psychologist [3].
The workforce is expected to be short 38,821 psychiatrists by
2024 [4]. In the United States, the majority of individuals
seeking treatment for depression, anxiety, or any mental illness
receive care from their primary care physician (PCPs), and PCPs
provide almost a third of the care for serious mental illness [5].

On average, a PCP addresses between 3 to 5 problems, including
psychiatric problems, during a typical encounter [6,7].
Furthermore, the majority of PCPs cannot see patients as
frequently as may be necessary to adequately monitor a patients’
mental illness and response to treatment, nor do they have a
mental health specialist to whom they can refer their more
concerning patients [8]. In the context of the current mental
health landscape, remote monitoring of patient mental
well-being between visits is poised to play a major role in the
redesigning of mental health care, similar to what is occurring
with remote management of myriad other conditions [9,10].

Ideally, remotely acquired data would be integrated into the
electronic health record (EHR) and readily available to the
patient’s provider for interpretation and intervention if needed.
With remote patient monitoring, the documentation of history
since the previous appointment is quicker, the challenges of
patient recall with respect to their signs and symptoms are
obviated, and there is a foundation for patients to participate to
a greater degree in their own psychiatric care by tracking their
symptoms alongside their provider.

Clinical, patient-generated, app-acquired health data that are
embedded and presented into the EHR workflow provide the
opportunity for interprofessional use. This is particularly
important when patients have multiple comorbid medical
conditions that impact brain health and vice versa. Furthermore,
patient engagement with health apps, including those that are
mental health related, declines dramatically over the first few
weeks of use, in some cases dropping below 10% within 2 weeks
[11,12]. An ideal app may rely less upon active user engagement
for data collection and to a greater degree on passively acquired

data that reduce patient burden, which then trigger the
completion of symptom self-reports using nationally accepted
standardized ratings when passively acquired patient-generated
health data (PGHD) indicate a relapse is about to occur.

To address these deficits in the digital mental health space, an
academic-industry collaborative team was formed to test the
feasibility and acceptability of industry start-up Health Rhythms’
smartphone solution called Rhythms for use across a large health
system. Previous research has demonstrated that Rhythms’
proprietary artificial intelligence (AI) algorithm applied to
passively collected data indicative of behavioral vital signs (eg,
sleep patterns, activity measures, and sociability) can predict a
relapse of depression 7 days before the patient’s self-report of
relapse with 90% accuracy [13-15]. This collaborative team
reports the results of the EHR integration, results of the
feasibility testing of the urgent and emergent alert algorithms,
effectiveness of the 24/7 virtual patient monitoring system, user
acceptability in terms of both patient use of and satisfaction
with Rhythms, and provider impressions of the impact of
Rhythms on patient care.

Methods

Collaborative Team
Health Rhythms is a technology company that was founded by
experienced researchers and clinicians (EF and DK) in the
assessment, treatment, and research of mental illness,
particularly bipolar disorder and depression, in partnership with
international leaders (MM) in behavioral sensing technology
focused on mental health. The University of Colorado (CU)
Anschutz Medical Campus Department of Psychiatry is a large
department (500+ faculty) with a strong commitment to the
incorporation of digital health and technology in the care of
patients with serious mental illness. CU Innovations brings
together industry partners, entrepreneurs, and investors to help
CU researchers create biomedical technology that improves
care delivery, health outcomes, and patient quality of life
worldwide. University of Colorado Health (UCHealth) is a
not-for-profit health care system across Colorado, southern
Wyoming, and western Nebraska with an academic medical
center, the University of Colorado Hospital (UCH), that is
affiliated with the CU School of Medicine. The CARE
Innovation Center at UCHealth partners with CU to create a
comprehensive platform of resources both to conduct clinical
and biomedical research and to transform real-world clinical
practice together with industry partners or faculty entrepreneurs.
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App Development
The Rhythms app was developed using a participatory design
process [16], an approach that seeks to deeply involve end users
in the design process. A weekly meeting between the Health
Rhythms team and the UCHealth clinical team was the primary
means to engage in this process. It focused on understanding
end-user needs, existing clinical workflows, and seeking
feedback on early prototypes.

A key decision resulting from this process was to integrate the
Health Rhythms software development kit (SDK) into
UCHealth’s MyChart mobile app, rather than providing a
distinct separate app that participants would have to download.
Health Rhythms’ SDK is a modular piece of software that can
be integrated easily into native iOS or Android apps. Although
this decision required significant technical work, the team
anticipated that it would significantly streamline the patient
end-user experience, since they would only have to install and
use 1 app, and would help maintain user privacy and security.

Once integrated into the UCHealth MyChart app and end users
have provided explicit permissions during onboarding, the SDK
collects data continuously in the background from the activity,
location, and display smartphone sensors. These data can then
be used to automatically assess behavior patterns derived from
these data streams including how much time a person is
spending at home, levels of physical activity, estimates of sleep
timing, and duration and interaction patterns with the
smartphone itself.

Safeguarding patient privacy was paramount. Users were
uniquely identified using a nonidentifiable identifier that was
passed to Health Rhythms. The Rhythms app did not collect
any identifiable data that falls under the protections of the Health
Insurance Portability and Accountability Act (HIPAA) such as
birth dates, home addresses, or social security numbers, and the
SDK did not collect any data from texts, calls, photos, internet
browsing, or other content. All data, including GPS location,
are encrypted using state of the art encryption (ie, a 256-bit key)
on the device, in transmission and in the cloud. The sensor data
for each patient were computed into daily nonidentifiable
behavioral summaries that were then transmitted into the EHR
using standard Fast Healthcare Interoperability Resources end
points. No unprocessed sensor data, including GPS, were
transferred into the EHR.

While there is always a risk of data breach in such systems, the
following measures were implemented to mitigate this risk. The
team applied the principle of data minimization, reducing the
collection, storage, and use of personal data to what is strictly
necessary to assess individual behavioral health. Patient end
users had the agency to rescind permissions for sensor data
collection at any time by a “Manage Settings” screen, and
transparent, easy-to-understand messaging during onboarding
communicated clearly what data were collected and how they
would be used. Finally, Health Rhythms maintained General
Data Protection Regulation and California Consumer Privacy
Act certification and conducted regular security tests by
professional third parties.

AI Methods
The Rhythms system collects passive sensing data, comprising
location, pedometer, activity, and device data, from the onboard
sensors in smartphones. Each day, these data are processed into
65 behavioral inferences for each person. These inferences
encompass measures related to physical and social activity,
stability or instability of the person’s weekly routine, sleep, and
smartphone use. For example, time at home is an inference
derived from location data about how much time a person is
spending at home.

These behavioral inferences are used in 2 ways. First, heuristics
related to these inferences are used to trigger a request for a
self-report from participants. A total of 15 static heuristics,
empirically derived from previous datasets, dynamically
prompted individuals to complete self-reported assessments.
For example, if an individual had a diagnosis of major
depression and spent a long time at home for over 7 days, then
a self-report was triggered. Second, the behavioral inferences
were fed into a logistic regression machine learning model that
provided a continuous and passive estimate of a person’s risk
for a relapse in depression, defined as scoring greater than 10
on the Patient Health Questionnaire 9-Item (PHQ-9). This model
aims to be predictive of how a given person would answer
specific questions on the PHQ-9. Model outputs with a high
probability for a high PHQ-9 score were used to flag individuals
as a medium alert on the dashboard if there was no corroborating
self-report.

Participant Criteria and Recruitment
Potential participants were residents of Colorado; aged between
18 and 89 years; were the primary user of a mobile phone that
supported iOS12 or above; enrolled in MyHealthConnection
(MHC), which is UCH’s EHR patient portal; and were willing
to enroll their device into Rhythms.

The UCH’s EHR (EPIC) was used to search the caseload of
participating clinicians in the CU Department of Psychiatry to
identify patients who carry the diagnosis of depressive disorder
including major depressive disorder (MDD), dysthymia,
depressive disorder due to another medical condition, or bipolar
disorder. Providers reviewed the list to confirm that individuals
were current patients and would be clinically appropriate for
contact about Rhythms.

Recruitment was conducted virtually. Patients were contacted
initially through MHC with a general message describing the
study. Due to poor initial response to the MHC outreach, a
personalized email letter was sent from their provider. Potential
participants were contacted up to 3 times by a study coordinator,
and screening appointments were scheduled if they expressed
interest in the study. After consenting and screening, the study
coordinator reviewed how to download the app and interact
with the platform and placed an order for Rhythms in EPIC.
Participants were considered lost to follow-up if they did not
respond to 3 contacts by the study team after enrollment.

Throughout the study, participants provided data by completing
electronic surveys sent by the study team (baseline, end of study
[6 weeks], and when triggered by algorithm), as well as by
active and passive use of the Rhythms platform. A purposively
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sampled [17,18] group of participants participated in qualitative
interviews with a member of the study team at the end of the

study. An overview of the study design and procedures is
presented in Figure 1.

Figure 1. Study flow chart: (A) potential participants identified using the electronic health record in collaboration with providers; (B) potential
participants contacted up to three times; (C) participants (who met criteria and signed consent) downloaded Rhythms and were instructed in its use; (D)
participants completed baseline assessments; (E) participants continued their daily activities, with Rhythms passively collecting data for 6 weeks; (F)
participants completed baseline assessment again at end of study; (G) participants completed a survey of likes and dislikes with respect to Rhythms;
and (H) selected group underwent qualitative interviews about Rhythms use.

Data Collected by Rhythms

Passively Measured Outcomes
Rhythms acquired proxy information regarding sleep quality,
activity level, and sociability. The AI algorithm uses passively
collected data to detect deviations from the individual’s baseline
and triggers a push to complete the self-report ratings described
below. During the course of this study, the participant could
not view their own passively acquired data.

Self-Report Measures
Per study protocol, self-report measures were administered at
baseline and end of study. In addition, self-report measures were
pushed by Rhythms to the participant during the study period
when the AI algorithm detected a deviation in passively
collected data indicative of worsening of symptoms of
depression, anxiety, or mania. Participant self-ratings included
the following:

PHQ-9 Instrument
The PHQ-9 asks the individual to rate the severity of symptoms
over the past 2 weeks on a 4-point scale ranging from “not at
all” to “nearly every day.” Endorsement of either depressed
mood or anhedonia (PHQ-2) triggers further evaluation with
the PHQ-9, which assesses for the presence of other criteria for
MDD. In multiple studies, PHQ-9 scores >10 had a sensitivity
of 88% and a specificity of 88% for MDD [19-21].

Columbia-Suicide Symptom Severity Rating Scale
The Columbia-Suicide Symptom Severity Rating Scale
(C-SSRS) is used to assess severity and immediacy of suicide
risk using four constructs: (1) severity of suicidal ideation, (2)
intensity of ideation, (3) behavior, and (4) lethality. The
instrument has been reported to have a 67% sensitivity and 76%
specificity for identifying suicidal behaviors [22,23].

Generalized Anxiety Disorder 7-Item
The Generalized Anxiety Disorder 7-Item (GAD-7) is used to
measure the severity of generalized anxiety disorder symptoms
by asking individuals to rate the severity of symptoms on a
4-point scale with ranging from “not at all” to “nearly every
day.” Scores of 5, 10, and 15 represent cutoff points for mild,
moderate, and severe anxiety, respectively [24].

Altman Self-Rating Mania Scale
The Altman Self-Rating Mania Scale (ASRM) is a 5-item,
self-reported scale to assess positive mood, self-confidence,
sleep patterns, speech patterns and amount, and motor activity,
which are rated on a scale of “0” or “normal” to “4” or “overtly
manic.” Total scores range from 0 to 20, with scores equal to
or higher than 6 indicating a higher likelihood of manic or
hypomanic symptoms [25].

Participant-Reported Measures Collected by Study
Team

Postintervention Feasibility and Satisfaction Survey
At study end, participants completed a survey about what they
liked or disliked most about Rhythms, their interest in continued
use, challenges or barriers to use, and any concerns that they
may have had regarding alerting and monitoring through the
use of Rhythms.

Qualitative Interviews
The qualitative in-depth interviews were conducted by Zoom
(Zoom Video Communications) using a semistructured interview
guide to ensure key topics were discussed while also allowing
for emergence and exploration of topics important to the
participants. The main interview questions for patients focused
on their perceived benefits from and drawbacks of the Rhythms’
system and suggestions for improving Rhythms’ features and
use.

Providers also completed a feedback survey at study end. Main
questions for providers included their experience integrating
the Rhythms system into their workflow, how the system was
perceived to impact the quality of care, and the efficiency of
providing personalized treatment for patients.

Determining Alert Structure
Based upon previous research with Rhythms [14,15,17,26] and
consensus of subject matter experts in the treatment of MDD,
anxiety, and bipolar disorder, Rhythms was programmed to
send urgent or emergent alerts to UCHealth’s Virtual Behavioral
Health Center (VBHC) or the Department of Psychiatry’s care
coordinator based upon passively acquired data and participant
self-ratings (Textbox 1).
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Textbox 1. Urgent and emergent alerts.

Urgent alert

• Physician Health Questionnaire-9 item score is 20-27, when the previous score was lower.

• Columbia-Suicide Severity Rating Scale question 3=yes.

• Altman Self-Rating for Mania Scale score is ≥11.

• Altman Self-Rating for Mania Scale score is <11 and score for question 3=3 or 4.

• If bipolar disorder diagnosis and Rhythms detect a 40% decrease in sleep.

• If bipolar disorder diagnosis and Rhythms monitoring shows no sleep in 2 days.

• Generalized Anxiety Disorder-7 item score ranges from 15-21, when the previous score was not in this range.

Emergent alert

• Columbia-Suicide Severity Rating Scale questions 4, 5, or 6=yes.

• Altman Self-Rating for Mania Scale total score >11 and answer to question 3=4.

The following specific self-rating questions pertained to the
alert structure: C-SSRS question 3: Active suicidal ideation
with any methods (not plan) without intent to act; C-SSRS
question 4: Active suicidal ideation with some intent to act,
without specific plan; C-SSRS question 5: Active suicidal
ideation with specific plan and intent; C-SSRS question 6: Have
you ever done anything, started to do anything, or prepared to
do anything to end your life?; and ASRM question 3: Regarding
Sleep Patterns: score of 3=“I frequently need less sleep than
usual.” and score of 4=“I can go all day and night without any
sleep and not feel tired.”

Per protocol, a care coordinator from the VBHC or the
Department of Psychiatry called the participant up to 3 times
within 24 hours in response to an urgent alert. The VBHC
monitor covered alerts over weekends, holidays, and after hours,
while the care coordinator supporting the participant’s primary
mental health care provider covered during regular work hours.
When the participant was reached by the VBHC, a brief safety
assessment was conducted; participants were offered the chance
to speak to an on-call clinician for the VBHC and referred to
their current provider if appropriate. In the case of clinic care
coordinators, the participant was assessed with respect to safety,
possible medication changes, and need for earlier appointment
with their provider.

In response to emergent alerts, Health Rhythms sent a page to
the VBHC monitor. The pager beeped every 5 minutes until the
alert was acknowledged by the monitor in the EHR. All
emergent alerts were managed by the VBHC monitor with the
expectation that a call to the patient would be initiated within
15 minutes of the alert. Upon reaching the patient, a safety
assessment was conducted, and an appropriate disposition was
managed. If after 3 attempts there was no contact with the
patient, the VBHC monitor called emergency services to conduct
a welfare check at the address listed for the participant.

Initially, participants received a message each time they
completed self-report measures that they could receive a call
from the VBHC based upon how they answered the
questionnaires. This caused confusion for participants and the
process was changed such that only participants who had

triggered an emergent or urgent alert would get the message
that they would receive a call.

Data Analysis
Demographics and baseline behavioral rating scores as well as
number and nature of alerts were analyzed descriptively with
means (SDs) and frequencies (percentages). Postintervention
survey data were summarized descriptively for fixed-choice
items. Open-ended survey items and interview transcripts were
analyzed qualitatively. Human-adjudicated transcription of
interview recordings was performed with Otter.ai, a proprietary
AI-powered note taking engine, to generate initial transcripts,
after which a member of the study team reviewed the transcripts
while simultaneously listening to the recordings to ensure there
were no errors in transcription.

A rapid qualitative analysis approach was used for content
analysis of open-ended survey and interview transcript data.
We first deductively explored and identified common themes
that appeared in participants’ responses. Two members of the
research team separately reviewed the data and identified
keywords and topics that are relevant to our research questions
(eg, most liked and disliked features of the Rhythms’ system,
facilitators and barriers to using the Rhythms system, and
suggestions to improve the system). During this process, each
reviewer independently summarized how frequently common
items were reported by study participants. The reviewers
compared their results, discussed and resolved any discrepancies,
reached consensus on the latent themes that had emerged in
analysis, and generated a summary.

Ethical Considerations
This project was approved by the University of Colorado
Multiple Institution Review Board (COMIRB; 21-4903), and
participants gave electronic informed consent. Participants
received US $25 in compensation for completing the screening,
enrollment, and baseline surveys, and an additional US $50 for
completing the postintervention surveys as described below.
All data were deidentified for analysis and presented
anonymously.
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Results

Participants
Of 394 patients who were informed about the study through
MHC or email, 178 (45.2%) did not respond, 26 (6.7%) were
contacted but lost to follow-up before enrollment, 86 (21.8%)
were screened but did not enroll, and 104 (26.4%) were enrolled
within 8 weeks of study initiation. The most common reason
(60/86, 69.8%) for not meeting study criteria was having a phone
using the Android operating system.

The study sample comprised 104 individuals; the majority
identified as women (n=72 69.2%), non-Hispanic (n=100

96.2%), and White (n=84 80.8%). The average age was 42.1
(SD 15.9) years. The majority of participants had MDD (n=71
68.3%), while 23 (22.2%) individuals had either bipolar I or II
disorder and 10 individuals (9.6%) had “other mood disorder”
(Table 1).

Between enrollment and study completion, 17 (16.3%) of the
104 enrolled participants were lost to follow-up, withdrew from
the study, or did not complete the final survey. Of note, among
the 87 (83.7%) completers out of 104, a total of 72% (63/87)
continued using Rhythms despite no longer being compensated
for doing so.

Table 1. Participant characteristics and baseline behavioral ratings.

Value (n=104)Variable

42.1 (15.9)Age (years), mean (SD)

Gender, n (%)

72 (69.2)Women

29 (27.9)Men

3 (2.9)Transgender or nonbinary

Ethnicity, n (%)

3 (2.9)Hispanic

100 (96.2)Non-Hispanic

1 (1)Not answered

Race, n (%)

9 (8.6)Asian

1 (1)Black or African American

1 (1)American Indian or Alaska Native

84 (80.8)White

4 (3.8)More than one race

5 (4.8)Other or prefer not to answer

Diagnosis, n (%)

71 (68.3)Major depressive disorder

12 (11.5)Bipolar 1 disorder

11 (10.6)Bipolar II disorder

10 (9.6)Other mood disorder

Ratings, mean (SD)

6.5 (5.3)Physician Health Questionnaire 9-Item

5.9 (4.8)Generalized Anxiety Disorder 7-Item

2.2 (2.7)Altman Self-Rating Mania Scale

Urgent and Emergent Alerts
Over the course of the entire 16-week study period, the
monitoring of 104 individuals with Rhythms for 6 weeks each
resulted in 2 emergent alerts and 19 urgent alerts. The largest

number of participants being monitored at 1 time was 92 and
the average was 64. The greatest number of alerts on any given
day was 3 (all urgent, 1 day only) when there were 58
participants being monitored (Figure 2).
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Figure 2. Urgent and emergent alerts across time and by number of active participants.

The first emergent alert was triggered by a participant answering
ASRM question 3 about sleep with a “4,” indicating “I can go
all day and night without any sleep and not feel tired.” The
second emergent alert was triggered by the participant answering
yes to C-SSRS question 6, indicating that they “had ever done
anything, started to do anything or prepared to do anything to
end their life.” The primary (n=15) trigger for urgent alerts was
answering “yes” to question 3 on the C-SSRS, indicating that
the participant had active suicidal ideation without method or
intent to act. The second most common (n=12) reason for urgent
alerts was a GAD-7 score indicating severe anxiety. Three
urgent alerts occurred because of the ASRM indicating mania
or hypomania based upon total ASRM or response to question
3 regarding need for sleep.

All calls to participants were managed within the specified alert
time. Eleven (58%) of the 19 urgent alerts came through during
work hours and were managed by the Department of
Psychiatry’s care coordinator. The 2 emergent alerts were
managed by the VBHC, neither of which required an emergency
room referral or in-person well-being check.

Postintervention Survey: Patients and Providers
Of the 87 participants who completed the postintervention
feasibility and satisfaction survey, the median score for ease of
starting the system, ease of use, and surveys being delivered at
convenient times were 9, 10, and 9, respectively, on a scale of
0 (strongly disagree) to 10 (strongly agree). Median score for
participant satisfaction with the Rhythms system within their
MHC app was 8.

Themes from the free text indicated that respondents most liked
that Rhythms gave them a greater awareness of their own mental
health status, the feeling of being taken care of by their provider,

and its ease of use. The most common complaint about Rhythms
(mentioned by n=18, 21%) was having to keep the app open.
Only 3 (3%) reported concerns about being “tracked.”

When providers were surveyed about their experience with
Rhythms, they noted that the platform provided them with
information they would not otherwise have had and information
that was directly actionable. For example, 1 provider commented
that “...the sleep section was the most useful for me to review.
I am very surprised that one of my patients is only averaging
about 5 hours of sleep per night, so that is definitely something
we will talk about.” Another commented that “The more
frequent assessment was great. I don't think patients remember
their condition for more than a few days. I was able to reach
out to a couple of patients based on worsening in [their] data.”

Qualitative Interviews: Patients
Qualitative interviews with 19 (22%) of the 87 completers
revealed that all but 2 were well established in the CU and UCH
system for their mental health care, having received care there
for at least 3 years. Most agreed to participate in the study
because they felt positively about research (n=10, 11%), thought
it would be easy (n=4, 5%), or thought it would be helpful to
either themselves (n=3, 3%) or others (n=3, 3%). Setup and
initial use of Rhythms was reported by 13 (68%) of those
interviewed as being “simple, intuitive, and unobtrusive,”
although 5 (26%) reported some technical challenges, including
difficulty with changing settings, granting permissions, or
finding specific features. With respect to completing the
self-report measures and their frequency, 63% (n=12) of
respondents reported completing them at the time of the prompt.
In general, respondents were okay with the frequency of
measures (n=3, 3%) or agreed that weekly (n=3, 3%) or every
2 weeks (n=4, 5%) would be acceptable, although a few (n=2,
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2%) preferred monthly or felt surveys were sent too often (n=1,
1%).

Overall, interview participants reported positive perceptions of
Rhythms, finding it easy to use (n=8, 9%) and enjoying its use
(n=5, 6%). With respect to what was liked most about Rhythms,
there was consensus that the platform promoted greater provider
connection (n=4, 5%) and provider awareness of patients’health
status (n=6, 7%), contributing to a feeling of being “looked out
for” (n=4, 5%). Participants also reported improved
self-awareness of one’s own mental health status (n=5, 6%).
What was liked least about Rhythms was having to keep the
app open (n=7, 8%), with related concern for battery life (n=4,
5%); the wording of a response message to completed surveys
notifying patients that they might be contacted based on their
responses (n=6, 7%); concerns about what would happen if
answers to questions were negative (n=3, 3%); not receiving
immediate feedback from Rhythms; and accuracy of the data
if the person did not have their phone with them or were
traveling outside of Colorado.

Roughly half of those interviewed endorsed having had a helpful
discussion about their Rhythms data with their provider, while
others indicated that their provider did not mention their data
during their appointment, or they did not have an appointment
during the 6 weeks of tracking. The most common
recommendation for system improvement was the ability to
access and track their own data in a visual format, an
improvement that is now available to users. Illustrative
quotations about positive aspects of Rhythms were as follows:

…I had one two-week period where it was like,
everything’s catastrophic…which solicited the call
from [my provider], through the patient portal. “So
I saw your responses. What’s, the scoop?”…I liked
the fact that somebody was looking out for me. It
just—I’m, I’m an introvert. I don't want to bother
people. You know, am I really so bad that I need to
interrupt somebody today? I don’t want to be a
bother. But I was able to experience the effectiveness
of the system, because [my provider] reached out to
me. So, from a patient point of view, I can tell you,
that particular item worked.

And then there was one survey when I was starting
to feel a little more anxious than I normally do. I got
asked to complete a survey. And I did. And I know
when I completed that survey, [my provider] reached
out to me and said, “Hey, I noticed that you're feeling
a little more anxious than you seem to be normally.”
So, I was. I’m not sure what prompted that. But I
thought it was interesting that at a time I kind of had
a need to communicate with [my provider], the system
seemed to have recognized that.

Overall, I think that it is a wonderful tool to have in
one’s toolbox to help support mental wellness.

Illustrative quotations regarding concern about Rhythms were
as follows:

Also, I remember first time and a few times after that,
too, I got - because I know sometimes when you

answer things in a way that is concerning, they say
someone will call after every survey, I got that
message. Sometimes it was someone may call and
sometimes someone will call…I remember because
one time I left my phone at home and I went out and
I was like, oh my god, someone’s gonna call and
they’re gonna message. Yeah, that message was a
little scary sometimes…

I didn’t like hearing that I may or may not receive a
call from a provider, I would have liked it if it was
more definitive.

Like, I don’t sleep with my mobile device…and I don’t
always exercise with my phone.

Reliability
The Rhythms system performed well during the pilot study with
no outages and no major bugs detected.

Discussion

Principal Findings
Here, we describe the use, including acceptability, of the
smartphone platform Rhythms by patients and providers in an
academic department of psychiatry. Overall, the system
integrated well with the health system’s EHR and clinical
workflow and was able to be deployed with very few technical
issues to a group of 104 participants. The algorithm for urgent
and emergent alerts allowed the team to identify concerning
changes in patient mental health status and may be considered
by other clinical groups wishing to use Rhythms. The lack of
adverse outcomes during this period suggests that the algorithm
was set conservatively enough to capture those who are in need
of outreach, but not so sensitive as to lead to inappropriate alerts
that could unnecessarily burden the patient or overwhelm the
monitoring team.

An impressive percentage (63/87, 72%) of study participants
remained on the platform and continued to use it without any
compensation beyond the end of the 6-week study, suggesting
they found the app helpful. This is in distinction to the findings
from Kopka and colleagues [11] showing that use of 4 out of
10 popular mental health apps dropped below 20% within the
2 weeks of initiation. None of the 10 apps chosen by participants
in Kopka and colleagues [11] collected passively acquired data
or were integrated into the individual’s health record. In our
study, poststudy interviews revealed that passively collected
data lead to a greater connection with one’s provider and was
a major strength of Rhythms. Participants also provided
important feedback regarding the functionality (ie, ability to
track ratings visually over time and receiving immediate
feedback) of Rhythms that has now been incorporated into the
platform. Importantly, privacy was not a major concern
expressed by participants in this study, unlike those in some
[26-29] but not all previous studies [12].

The concern about having to leave the app open is real, but this
did not deter the majority of individuals from remaining on the
app. While providers reported that Rhythms is a useful tool in
their clinical practice, some participants reported that their
provider did not discuss their Rhythms data during their
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appointment. This may reflect the timing of Rhythms use and
the availability of collected data in relation to participants’
appointments, or it may be indicative of differing levels of
provider adoption of the technology and how they incorporated
it into their own practices. The use of objective measurements
for patient care, which is quite common in most fields of
medicine, is only recently making its way into the practice of
psychiatry. We are encouraged that when the Rhythms data
were brought into the session, the patients reported a benefit.
While scalable technology holds great promise for improving
psychiatric treatment, the acceptance and use of technology in
psychiatry would require a culture change if measurement
assisted care is to become a reality. Since the COVID-19
pandemic, many psychiatrists and other mental health specialists
are now comfortable using videoconferencing for patient visits.
However, incorporating data collected from apps and wearables
is an unfamiliar step in the therapeutic interaction.

Likewise, many health systems have not yet embraced linkage
of apps used to collect PGHD for mental health care purposes
with their EHR. When there is collection of these data through
medical records standards initiative such as Fast Healthcare
Interoperability Resources and other platforms [30], information
is not easily collated across multiple patient-derived sources.
Recent advances have been made in this area through platforms,
such as mindLAMP from the Digital Psychiatry Program at
Beth Israel Deaconess Medical Center of Harvard Medical
School, which has the power to incorporate PGHD collected
by multiple apps and wearables and offers tools to help
configure data such that they are more readily usable for
research or clinical care [31]. Within this context, the benefit
of Rhythms is that it can be seamlessly integrated into the
patient’s EHR such that the provider can view passively acquired
data as well as ratings with 1 click in the patient’s chart. The
alert algorithm is strong and can help guide others in their use
of Rhythms to detect emerging patient crises.

Those psychiatrists who incorporated Rhythms data into their
clinical care reported that it improved their understanding of
their patients’ clinical status and that they used these data in
their treatment planning. Likewise, patients appreciated the

added connection to their provider, and there were no reports
of increased provider burden across the study.

Several limitations should be considered. In total, 45.2%
(178/394) of potential participants did not respond to either a
general inquiry sent through MHC or an email letter sent by
their provider. It is unclear why they did not respond to
messages through the EHR, although previous research suggests
that patient preferences for communication method are
influenced by the type of information to be received [32].
Willingness to participate in a study that requires downloading
an app onto one’s personal phone may require direct interaction
with one’s provider and a clear discussion of the potential
benefits for their treatment. The sample predominantly identified
as women and White, limiting generalizability of these findings
to other populations. The relatively short duration of this initial
trial (6 weeks for each participant) and the relatively small
number of patient and provider participants was also a limitation.
Though the clinical value of Rhythms was quickly apparent, a
longer period of monitoring is needed to determine the economic
impact of remote patient monitoring of mental health status on
health care use and costs. All study participants were currently
in active mental health treatment and, on the whole, relatively
stable. How Rhythms would perform in a more acutely ill
population or those with psychosis within the greater health
system is unknown but should be considered in future studies,
as psychiatric disorders can negatively impact one’s motivation
and ability to engage with an app and their overall health care
[33,34].

In summary, Rhythms is a user-friendly, digital platform that
can be embedded into a health system’s EHR and used to
identify patients who are experiencing a worsening of their
mental health between visits with their mental health care
provider. The AI algorithms are based upon passively acquired
data, limiting the need for patient surveys except when
deviations in data suggest a deterioration in the patient’s clinical
status. The culture surrounding the use of technology as part of
measurement assisted mental health care will become more
welcoming as studies such as ours show the ease and clinical
benefits of using remote patient monitoring tools.
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Abstract

Background: Many efforts to increase the uptake of e-mental health (eMH) have failed due to a lack of knowledge and skills,
particularly among professionals. To train health care professionals in technology, serious gaming concepts such as educational
escape rooms are increasingly used, which could also possibly be used in mental health care. However, such serious-game concepts
are scarcely available for eMH training for mental health care professionals.

Objective: This study aims to co-design an escape room for training mental health care professionals’ eMH skills and test the
escape room’s usability by exploring their experiences with this concept as a training method.

Methods: This project used a research through design approach with 3 design stages. In the first stage, the purpose, expectations,
and storylines for the escape room were formulated in 2 co-design sessions with mental health care professionals, game designers,
innovation staff, and researchers. In the second stage, the results were translated into the first escape room, which was tested in
3 sessions, including one web version of the escape room. In the third stage, the escape room was tested with mental health care
professionals outside the co-design team. First, 2 test sessions took place, followed by 3 field study sessions. In the field study
sessions, a questionnaire was used in combination with focus groups to assess the usability of the escape room for eMH training
in practice.

Results: An escape room prototype was iteratively developed and tested by the co-design team, which delivered multiple
suggestions for adaptations that were assimilated in each next version of the prototype. The field study showed that the escape
room creates a positive mindset toward eMH. The suitability of the escape room to explore the possibilities of eMH was rated
4.7 out of 5 by the professionals who participated in the field study. In addition, it was found to be fun and educational at the
same time, scoring 4.7 (SD 0.68) on a 5-point scale. Attention should be paid to the game’s complexity, credibility, and flexibility.
This is important for the usefulness of the escape room in clinical practice, which was rated an average of 3.8 (SD 0.77) on a
5-point scale. Finally, implementation challenges should be addressed, including organizational policy and stimulation of eMH
training.

Conclusions: We can conclude that the perceived usability of an escape room for training mental health care professionals in
eMH skills is promising. However, it requires additional effort to transfer the learnings into mental health care professionals’
clinical practice. A straightforward implementation plan and testing the effectiveness of an escape room on skill enhancement in
mental health care professionals are essential next steps to reach sustainable goals.

(JMIR Form Res 2025;9:e58650)   doi:10.2196/58650
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Introduction

Background
Despite a growing body of evidence for the effectiveness and
benefits of e-mental health (eMH), many studies report a
relatively low use of eMH in practice [1-3]. eMH means mental
health services delivered or supported by digital technologies,
such as video calling, self-management and self-tracking apps,
web-based treatment modules, and virtual reality (VR) [4,5].
An important factor hampering the use of eMH is its relatively
slow adoption by mental health care professionals [5-7]. To a
large extent, this slow adoption results from a lack of knowledge
and skills regarding eMH among mental health care
professionals [7-9].

This lack of skills entails general digital skills but, more
importantly, the ability to use an adequate communication
approach compensating for a potential lack of nonverbal cues
and contextual information. In addition, skills are needed to
guide a professional in handling boundaries (eg, expectations
regarding reaction time and attainability), choosing appropriate
communication channels for each situation, and up-to-date
knowledge of the availability of technological possibilities to
enrich treatment in mental health care [10-12]. The COVID-19
pandemic caused a significant increase in video calling and,
subsequently, the skills to apply such technologies for
therapeutic purposes. However, mental health care professionals
are still hesitant to pursue broader incorporation of eMH (ie,
using different eMH tools in a context where remote treatment
is a choice rather than an imposition) into their therapeutic
practices because of the skills required [13]. Thus, to increase
the adoption of a broad range of eMH tools, there is a persistent
need to enhance mental health care professionals’ skills in using
eMH.

Many training options have recently been developed to
capacitate mental health care professionals in using eMH
[14,15]. The introduction and development of web-based
treatment platforms have brought different programs to acquire
the technical skills to use such a platform. Examples are
applying web modules, written client interactions, and video
sessions instead of real-life therapeutic interactions. Besides
the classical training approach, there are several eLearning
options to support mental health care professionals in digital
skill development [16]. However, research on the effectiveness
of different learning and training strategies in health care has
shown that traditional forms, such as classical instructions and
eLearning, generate insufficient learning outcomes [17,18]. This
can be explained by a lack of experiential learning in
conventional learning methods; there is a need for a “learning
by doing” approach. The learning by doing approach is more
engaging, more realistic, and contributes to a larger self-efficacy
[17,18]. Thus, there is a need to pursue new, more innovative,
and experiential solutions to train mental health care
professionals in using eMH.

To gain a feeling of self-efficacy regarding the application of
eMH, a potential strategy is to offer mental health care
professionals training possibilities based on the concept of
serious gaming [19]. Serious games are physical or digital games
applied to learn or acquire skills and usually offer a combination
of educational content and engagement [19,20]. Escape rooms
have emerged as a popular instructional approach within serious
gaming, attracting growing interest from researchers and
educators [21]. An escape room is a game in which participants
are confronted with a storyline, usually locked into a room, and
need to solve puzzles, search for information, and follow leads
to free themselves from the room within a limited amount of
time. Escape room games are increasingly used for learning
[22-24].

The benefit of an escape room may be that it offers the option
to train skills by gaining hands-on experiences (experiential
learning). Escape rooms create realistic learning environments
that foster meaningful participation and provide a supportive
atmosphere for experimentation [25]. In contrast, other methods
(eg, classical instructions or eLearning) mainly focus on
providing instructions on using an artifact or service [18,26].
In addition, an escape room is focused on the learning process
while simultaneously being educational and fun, which makes
it much more engaging to participate in training [27,28].

The underlying learning mechanisms of an educational escape
room (EER) are often described in terms of the
self-determination theory (SDT) [29,30] and the flow theory
[30,31]. The SDT refers to fundamental psychological needs
such as autonomy, competence, and relatedness to others
[29,30]. EERs provide a safe environment that can be tuned to
the player’s competencies, and an appropriate storyline helps
players relate the competencies demanded in the EER puzzles
to competencies required in real-world situations. Together,
they increase a player’s sense of autonomy, and they can create
a positive experience in self-determination. The flow theory
explains the occurrence of someone’s complete immersion into
a specific task based on positive experiences [30,31]. This
“flow” can be achieved in serious gaming if the challenges meet
the player’s knowledge and abilities. By attempting to address
these fundamental needs in a playful environment, users can
have a positive learning experience [32].

Theoretically, these mechanisms provide a solid argument for
the use of EERs to train mental health care professionals’ skills
in successfully integrating eMH into their therapeutic practice
[22,23]. However, as Vorderobermeier et al [30] indicate, the
success of EERs is hardly ever tracked back to these
mechanisms. To contribute to the emerging field of research
into EERs, we include an evaluation of the participants’ learning
experience in relation to these learning mechanisms.

EERs in eMH
In eMH, the concept of EERs is recognized as a safe and
interactive environment to explore eMH in different possible
therapeutic situations [30,32] while providing a safe and social
environment for training in mental health care. EERs provide
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an opportunity to experiment with otherwise complex or
expensive therapeutic situations [33,34]. As EERs are an
emerging phenomenon, there are also some recent examples of
research into EERs in the context of eMH.

In the context of raising awareness of severe mental illnesses
(SMIs), Rodriguez-Ferrer et al [35] studied the effectiveness of
an EER in educating first-year nursing students (a
nonspecialized audience) in experiencing the stigmas associated
with SMI. The EER was developed with professionals in SMI
and the effect of raising awareness was tested using a
randomized controlled trial experiment. Apart from the primary
objective (raising awareness of SMI), the EER objectives were
to determine whether an entirely web-based version was
effective and whether participants were sufficiently immersed
in the experience. The EER in this study is different in the sense
that it is aimed at experiential learning, involving both digital
and physical interactions. Moreover, the EER developed in this
study is aimed at a professional audience, which means that the
challenges are tuned toward expert knowledge and an in-depth
skillset rooted in ample experience in treating mental illnesses
[35].

Aragon [36] designed and studied the use of an EER for mental
health nursing students attending an accelerated associate degree
program. The topic of learning was communication and
collaboration strategies in mental health. The design of the EER
took a pragmatic, digital form to simplify the strategy for the
development, distribution, and deployment of the EER in the
educational program. The authors studied the potential learning
effect of the digital EER but found no significant difference
compared to students who were not exposed to the EER. The
EER in this paper is different, similar to the EER studied by
Rodriguez-Ferrer et al [35] mentioned earlier, as it targets a
professional audience and aims to provide a more physical,
collaborative learning experience. Moreover, the EER by Aragon
[36] was solely designed by one researcher, whereas this paper
proposes a co-design process to include the views, needs, and
goals of the target audience in the design of the EER. Finally,
the work by Aragon [36] briefly discusses the underlying
mechanisms of the EER, namely (1) the potentially positive
effects of collaboratively solving nursing challenges and (2) the
strong relatedness of the puzzles with the curriculum thus
providing the students with alternative means to consolidate
what was learned during the program [36]. The EER in this
paper makes a clear choice to define the underlying mechanisms
in the SDT theory and the flow theory.

There are more EERs for eMH, such as the one proposed in the
study by Petkari and Calvo [37], and the number of EERs is
likely to increase over time as its potential is currently widely
researched. Similar to the studies discussed earlier, Petkari and
Calvo [37] focused on EERs as alternative or additional elements
for existing curricula, targeted at soon-to-be professionals. In
those contexts, the design of the EER is mostly in the hands of
educators or researchers, while the professionals are only
involved in evaluations [37].

In a previous paper, we described the careful considerations we
took to aim for a successful design and subsequent deployment
of an EER that is tailored toward experiential learning about

(innovative) digital elements suitable for blended therapies [38].
This paper describes the execution of a preliminary version of
the EER.

This study aims to (1) further pursue the ambitions of a
co-designed EER for training mental health care professionals
in eMH, (2) investigate whether an EER would be an acceptable
solution for this purpose, and (3) determine whether the SDT
theory and flow theory are recognized as effective mechanics
based on the experience of professionals, thus making a
contribution to the field of eMH and the emerging field of EERs
in the context of health care.

Co-Designing an EER for eMH Therapy
On the basis of these encouraging arguments and inspiring
examples of eMH EERs in pursuing the development of an
escape room, we gauged practitioners’ first reactions and
expectations regarding this idea. This delivered mostly positive
responses: mental health care professionals expect an escape
room to be innovative, engaging, inviting, and much more
reasonable than the traditional and familiar eMH training
methods. Moreover, based on our user requirements analysis
[39], we aimed to develop a physical escape room. One
argument is that a primary obstacle mental health care
professionals reported in the user requirement analysis is that
they are unacquainted with the possibilities of eMH. On the
basis of this, we assumed that a physical room, with a facilitator
present to moderate and explain, if necessary, would yield better
results. A physical escape room provides more opportunities
for collaboration [40]. Moreover, we learned from the user
requirements analysis that users preferred a learning context in
which they met others and could discuss with colleagues.
Finally, playing an escape room is not a stand-alone solution.
It should be part of a holistic experience, including a clear
introduction and a reflection afterward, where participants can
transfer the value of their eMH experience in the escape room
to their real-life work practice [39].

As we aimed to develop a serious game for training mental
health care professionals in using eMH, it is important to classify
an escape room according to the gameplay/purpose/scope model
for serious games [41]. This allows a better understanding of
an escape room as a serious game and whether it meets our aim
of developing a game with educational content. According to
the definition by Djaouti et al [41], which distinguishes
game-based from play-based activities by noting that the latter
lacks a clear goal, we can, we can classify the gameplay of our
intended escape room as game-based. The goal of the escape
room is to enhance knowledge of the use of eMH by mental
health professionals and train them to use eMH tools in different
situations. That immediately brings us to the purpose of the
escape room, which, in the classification by Djaouti et al [41],
would be training. The intention of the escape room is to
improve the performance of mental health professionals in using
eMH, including how to use certain techniques as well as how
to use these techniques in a particular context. We could also
argue that there is a data exchange component in our escape
room, as we also aim to encourage the users to help each other
solve the puzzles and learn from each other’s experiences. The
scope of the escape room is health care, with mental health
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professionals as the main target audience. However, there is
also the possibility that an escape room to train eMH skills is
incorporated into educational content at vocational or higher
professional education [41].

Objectives
This paper presents the co-design process of developing an
escape room for training mental health care professionals in
eMH. By assessing the expectations and experiences regarding
an EER in mental health care, we aim to evaluate the perceived
usability and to gauge the effect of underlying mechanisms
rooted in SDT and flow theory for training mental health care
professionals’ eMH skills.

Methods

Study Design
To shape the development and explore the perceived usability
of an escape room, we used a process of 3 design stages, in
which a testable prototype of an escape room for mental health
care professionals was developed. In this “research through
design” process, the design of the escape room is part of a
research project in which the design activities contribute to
generating knowledge [42]. Zimmerman et al [43] define
research through design as “a research approach that employs
methods and processes from design practice as a legitimate

method of inquiry.” This knowledge is applied at each stage to
iteratively develop prototypes within the design process [42,43],
leading to the final prototype. To explore the potential of an
escape room, users’ experiences and ideas are gathered on
whether the escape room works as intended and whether it lives
up to the promise of a concept for knowledge and skill
enhancement. With this research through design approach, we
seek to contribute to evidence-based decisions on the
implementation, including potential adaptations and strategies
to maximize the users’ acceptance of the concept. This means
that the design of an escape room is explored for suitability in
the practice of mental health care and for its potential to address
the aim of enhancing professionals’ skills in using eMH. We
organized 9 co-design sessions in 3 design stages (Figure 1).
The escape room’s purpose, expectations, and storyline ideas
were formulated in the first design stage. These ideas were
further translated into a gaming concept (ie, an escape room
prototype), assessed for suitability in the second stage. In the
third stage, a prototype was tested with end users (ie, mental
health care professionals). Data from all stages within this
process contributed to exploring the concept’s perceived
usability. In the Exploration of an Escape Room in 3 Design
Stages subsection in the Results section, we report on the
specific procedures and results of the co-design sessions. In
doing this, we integrate the procedures and results to describe
each design stage as a whole.

Figure 1. Three design stages in the development of an escape room for e-mental health (eMH) training.

Research Context
The study was conducted at a mental health care organization
in Eindhoven (Geestelijke Gezondheidszorg Eindhoven en De
Kempen, GGzE), in the southern part of the Netherlands. GGzE
delivers specialized mental health care for people with various
psychiatric and psychological issues (eg, depression, anxiety
disorders, psychosis, autism, and personality disorders). Mental
health care professionals working at GGzE include (specialized)
psychologists, psychiatrists, nurses, and social workers. GGzE
treats approximately 12,000 clients annually and has 2368
employees [44]. The research involved researchers from Tilburg

University, Eindhoven Technical University, and Fontys
University of Applied Sciences. Through this collaboration
between universities, we combined expertise from social science,
human and technology interaction, and game design. This
combination of expertise vouches for a project in which all
necessary aspects of a useful design process (eg, technique,
human attitudes and behavior, and serious gaming concepts)
and their interaction are considered.
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Participants

Stages 1 and 2
The co-design sessions, including 1 web version in stage 2,
were held with 5 mental health care professionals (psychologists:
n=2, 40%; nurses: n=2, 40%; and social worker: n=1, 20%), 1
innovation staff member, 3 researchers, 3 research laboratory
leaders, and 2 game designers. Together, they formed the
co-design team for this stage in the design process (Table 1).
In line with the existing literature on co-design, we involved
stakeholders from the three areas of expertise that were needed
for the design project [45-47]: (1) the mental health care
professionals that represent the end users of the escape room,
the innovation staff that will be involved in launching the escape

room in practice; (2) the game designers who have expertise in
the development of an escape room; and (3) researchers that
are involved in exploring the usability of and experiences with
an escape room. The mental health care professionals and the
innovation staff members worked at GGzE. They were recruited
through an announcement on the organization’s internal
communication platform and through network contacts of the
project team, that is, a convenience sampling method was used.
Mental health care professionals with varying levels of expertise
were included in this stage of the development process. After
their initial agreement, the participants were further informed
about the project, the purpose of their participation, and how
their data would be handled.

Table 1. Participants’ roles in the development of an escape room for e-mental health (eMH) training.

Design stage 3Web version (design stage 2)Design stage 2Design stage 1Participants

—aPsychologists ••• Participant field study
session (n=3)

Participants (n=2)Participants (n=2)

Participant (n=1)Nurses and therapists ••• Participant field study
session (n=2)

Participants (n=2)Participant (n=1)

——Social workers •• Participant field study
session (n=5)

Participant (n=1)

———Mental health professionals’
team for web-based treatment

• Participant test ses-
sion 2 (n=4)

Participant (n=1)Innovation staff members ••• Participant test ses-
sion 1 (n=2)

Participants (n=2)Participant (n=1)

• Facilitator field study
sessions 1 to 3 (n=1)

Participant (n=1)Researchers ••• Observant field study
sessions 1-3 (n=2)

Participant (n=1)Participants (n=3)
• Observers (n=2)

—Participant (n=1)Research laboratory leaders •• Observers (n=3)Facilitator (n=1)
• Participant (n=1)
• Observer (n=1)

—Facilitator (n=1)Game designers •• Facilitator (n=1)Facilitator (n=1)
• •Participant (n=1) Observant (n=1)

aNot applicable.

Stage 3
In the third stage of the design project, we first asked a
purposively sampled selection of mental health care
professionals, namely 4 highly experienced eMH therapists
from the team for web-based treatment and 2 members of the
innovation staff of GGzE, to participate in 2 test sessions. The
2 test sessions secured a sufficient perceived flow of the escape
room workshop (ie, including introduction and reflection). They
eliminated further technical and practical issues concerning the
logistics escape room (Table 1). Subsequently, we invited
therapists from all disciplines within ambulatory specialized
mental health care to participate in 3 field study sessions to test
whether the final prototype of the escape room would be suitable
as a concept to enhance mental health care professionals’ skills
in using eMH (Table 1). The first session included 2

psychologists, 1 nurse specialist, and 1 social worker. The
second session involved 5 therapists engaged in social work
and supporting clients’ daily activities. Finally, a clinical
psychologist and a verbal therapist tested the escape room in
the third session. All mental health care professionals in the 3
field study sessions had some essential experience with eMH
(ie, using a web-based module and video calling on a
nonfrequent basis).

Data Collection and Analysis
Detailed notes were taken for all co-design sessions in all stages
and were used to compose written reports. These reports were
checked with the participants, after which themes were identified
to describe, organize, and interpret the data [48]. In addition,
video recordings were made of the sessions in stage 3, which
were used to verify and complement the written reports. In the
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first stage, the 2 sessions were analyzed individually because
of the difference in nature of the sessions. In the second stage,
the written reports were summarized into recommendations for
the design team, which they used in the next iteration of the
design. In the third stage, the first 2 test sessions were analyzed
together, and the 3 field study sessions were also combined for
analysis.

We used the Standards for Quality Improvement Reporting
Excellence reporting guidelines to check the completeness and
improve the quality of our manuscript [49]. A completed
checklist can be found in Multimedia Appendix 1.

Ethical Considerations
This project was approved by the ethics review board of Tilburg
University (EC-2013.14) and by the scientific committee of
mental health care in Eindhoven (the Netherlands), where the
participants were recruited. All participants were informed about
the research and allowed to withdraw at any moment. All
participants signed the informed consent form. Data in this
project were anonymized and cannot be linked back to
participants. Participation was voluntary, without financial
compensation.

Results

Exploration of an Escape Room in 3 Design Stages
We describe the 3 stages of our research through the design
process subsequently (Figure 1). As explained in the Methods
section, we elaborate on the specific procedures we followed
in each design stage to gather the data, the results generated,
and how the findings within all 3 stages provide insights into
the usability of an escape room as a game-based solution for
eMH training for mental health care professionals (Figure 1).

Design Stage 1: Purpose, Expectations, and Storyline

Overview
In the first co-design session of design stage 1, which took place
in December 2019, a joint purpose and common ground for the
escape room were formulated. Participants were invited to work
in subgroups to discuss the following: (1) the current situation,
including the mental health care professionals’attitude regarding
eMH; (2) a vision of how future mental health care professionals
should be equipped and accommodated to integrate eMH into
their daily practice; and (3) the requirements regarding an escape
room to transition from the current to the future mental health
care professional, in which eMH plays a central role, including
the success and failure factors for this concept.

This was done by exchanging ideas, associating concepts, and
explaining the relationship between eMH and the work of mental
health care professionals.

Following this, a second co-design session was organized, aimed
to deliver the storyline for the envisioned escape room.
Information was gathered on the particulars of clients in mental
health care, the mental health care setting in general, the various
treatments and services available, including eMH, and the
different client journeys that occur. This provided information
on the requirements regarding the content of the game. The

designers delineated a fictitious client and a story to form the
basis of the escape room game. This initial storyline was verified
with the mental health care professionals of the co-design team
and was adjusted accordingly.

Purpose
In the first co-design session, the participants mentioned that
many mental health care professionals are still convinced that
the best way to treat a client is through face-to-face interaction.
There is still a feeling of eMH being imposed by financial
incentives, offering very limited job enrichment for mental
health care professionals and very limited options to enrich
treatment possibilities for clients. As a result, practitioners often
need more interest or time to explore the possibilities of eMH.
An important driver for mental health care practitioners to use
eMH in the future would be that they see a clear-cut advantage
in it for their clients, such as feeling less of a “patient” and
gaining self-control and autonomy. This could be established
by gaining positive experiences using eMH, for example, in
training. Another aspect of the current attitude of many mental
health care professionals mentioned in the co-design session
was the lack of knowledge and skills to use eMH. Enhancing
this knowledge requires time that needs to be facilitated by the
organization they work for.

Despite this attitude, mental health care practitioners see the
need to integrate eMH into therapy. The future mental health
care professional is seen as someone for whom eMH is a natural
part of the job. The session revealed that mental health care
professionals consider their profession a craft, and some may
see innovation as detrimental to this craft. According to the
participants in the session, an escape room should demonstrate
the opposite: instead of devaluating the craft, eMH has to
reinforce it.

Expectations
On the basis of the purpose of the escape room, it is essential
that sharing positive experiences and building confidence in
using eMH are emphasized when designing a prototype. In the
co-design session, it was stated that examples of positive
experiences with eMH in clinical practice should be visible in
the escape room, along with opportunities for professionals to
share their positive experiences. Furthermore, the educational
content of the escape room should seamlessly fit various real-life
scenarios, making a transfer to everyday practice easy. Specific
and well-defined learning goals should provide the opportunity
to gain confidence in using technology, and the escape room
should consist of customizable elements to fit the particular
learning needs. Finally, the escape room should be engaging
and contain continuous feedback loops, a recognizable storyline,
and multiplayer options for a shared learning experience.

In addition to game-specific criteria, conditional requirements,
such as perceived ease of use, a robust (technological) system,
and perceived usefulness were considered significant.
Furthermore, the social influence of colleagues, the perception
of available time, endorsement by management, and an excellent
incentive to engage in the escape room are issues that need to
be considered. Finally, the escape room should be a complete
learning experience with a clear introduction and reflection after
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playing the game. Mental health care professionals must transfer
from the learning experience to their therapeutic practice.

Storylines
On the basis of the input in the first session, the designers crafted
a storyline for the escape room, which was presented to the
co-design team. In their reflection on the storyline, the co-design
team remarked that the mental health problems of the fictitious

client should be more complex to be eligible for specialized
mental health care. It should also contain more details to be
sufficiently recognizable for therapists. In this stage of the
design process, the co-design team also concluded that it would
be valuable if there were sets of multiple storylines revolving
around different settings or problems in mental health care to
enhance the reach among the potential users of the escape room
(Figure 2).

Figure 2. Results of the first design iteration in the development of an escape room for e-mental health (eMH) training.

Design Stage 2: Developing a Prototype

Overview
The prototype was presented to the co-design team in February
2020. The prototype of the escape room consists of 2 storylines,
which are played separately. In each storyline, the participants
are introduced to a client who experiences mental health
problems. The challenge in the escape room is to answer
questions in the client’s electronic patient file, leading to a final
solution to help the client take the next step. These questions

can only be answered by finding clues in several locked safes,
thoroughly analyzing the information given about the client,
and using the eMH tools they see in the room. The eMH tools
the participants provided to “help their client” were an electronic
diary, a VR application for exposure therapy, biofeedback, a
chat function, and web-based treatment platform. All materials
used in the escape room are portable, which means playing the
escape room is not dependent on a fixed place (Figure 3). The
actual game is embedded in a workshop with an introduction
to familiarize with the topic, goals, and expectations regarding
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the escape room and a reflection afterward to discuss the
experiences and take-home messages.

In a try-out session, the co-design team tested this prototype by
playing the escape room in 3 small groups of 3 participants.
This delivered additional data for our research regarding the
expectations and experiences of an escape room. At the same
time, it provided the designers with feedback for a second
prototype. In each round, the participants were given 15 minutes

to play the game and solve the puzzles. Each subgroup reflected
individually on the prototype directly after playing the escape
room. At the end of the session, a plenary discussion took place
to summarize the results. The designers developed a second
prototype for the escape room based on the feedback. In this
phase, a second storyline was also developed. Different eMH
tools were added and various connections were made between
these eMH tools, the storyline, and the puzzles.

Figure 3. Picture of an escape room setting.

In March 2020, the world was confronted with an unprecedented
global pandemic that caused a significant disruption of life as
we knew it. Burdened by the consequences of the pandemic and
the measures that national governments took to control the virus
(eg, social distancing, lockdown, and quarantine), the activities
in our design process were also heavily disturbed. Switching to
this new situation, we sought to continue the design process by
developing a web-based alternative to test the second prototype
of the escape room in April 2020. This web version was a digital
copy of the physical room, containing the same elements,
puzzles, and eMH tools, except for the VR goggles. This second
prototype included 2 storylines, each with a fictitious client,
and was tested by the co-design team members. One storyline
was tested while being moderated by the designers, the other
storyline was tested by each member individually, without being
moderated.

Try-Out Sessions
The feedback gathered during the try-out sessions delivered
several expectations and experiences of mental health care
professionals regarding an escape room. First, storylines in an
escape room benefit from a good match with a client’s pathway
in mental health care and reflect truly relatable situations.
Moreover, it is essential to focus on mental health problems as
an integrated part of everyday life situations. This is important
because otherwise, the suggested eMH tools cannot be
appropriately linked, and a genuine eMH experience will be
missed. This suggestion was also given in response to the final
storyline in the previous phase of the design process. Second,

there should not be too much focus on solving the puzzles in
the escape room, as it diminishes the awareness of eMH in the
game. More importantly, the eMH tools should be linked
explicitly to the puzzles. The participants should experience a
(positive) consequence when choosing, for example, finding
the next clue when trying a specific eMH tool or experiencing
that someone (ie, the fictitious client) benefits from you as a
practitioner choosing to use eMH. Third, variation and
differentiation in an escape room vouches for a stronger and
fuller user experience. This could be established by multiple
storylines (as was stated in the previous phase of the design
process), different sets of eMH tools that can be used, and
variations in the level of difficulty in the escape room. In this
way, the escape room can be played multiple times and
addresses different levels of expertise, either regarding eMH or
playing an escape room. Fourth, there should be a clear
conclusion to the escape room and, consequently, a euphoric
feeling when finishing the game. To this end, the purpose at the
beginning of the game may need to be more apparent. Fifth, it
should be beyond any doubt that the experience of eMH in the
escape room can also be transferred to the daily practice of a
mental health care professional. Otherwise, the escape room
will not be considered credible.

Web Version
From the tryout, it became clear that the experience of a web
version of an escape room does not closely resemble the
experience of an escape room in real life. Due to several
technical hassles, the game’s flow was hindered multiple times.
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Most importantly, it impeded the possibility of team
interactivity, working together, and exchanging ideas about
eMH, which was mentioned multiple times in the design process
as one of the critical success factors for an escape room.

Final Prototype
After receiving the feedback on the web version of the escape
room, the designers continued developing a prototype that was
fit for testing by end users. The co-design team subsequently
assessed a final prototype in July 2020. After minor adaptations,
this prototype was finalized in September 2020. Following this,
a field study was planned (stage 3) to gather the user experiences
of the escape room among the end users, that is, mental health
care professionals from various disciplines (Multimedia
Appendix 2).

Design Stage 3: Testing the Final Prototype

Test Sessions
In 2 test sessions (September and October 2020), we first
checked the flow of the escape room workshop and the
functioning of the materials and technology. This delivered a
positive outcome regarding the potential of the concept for
exploring eMH and, in that way, enhancing mental health care
professionals’ knowledge about the possibilities of technology
in therapy. The participants of these sessions shared several
thoughts on how to improve the workshop before starting the
field study sessions with end users.

The first finding in the test sessions was the importance of good
functioning of the content and technical aspects of the escape
room to ensure a good flow in the game. Besides a good flow
in the game, a facilitator should lead a good introduction and
reflection to complement the learning experience.

According to the participants in the test sessions, a good
explanation of the purpose and relevance of the escape room
and presenting a game manual to maximize the effect of playing
the escape room is necessary. One participant particularly
mentioned the importance of stressing the educational purpose
and preventing the feeling that the workshop is merely
something for fun. After playing the escape room, reflecting on
the purpose is important. According to the participants, there
should be a clear take-home message, discussion on the

experiences gained in the escape room, and acquired knowledge
to share with colleagues afterward.

Another issue raised during the 2 test sessions was the need to
continuously adapt the storylines or create the flexibility to
insert additional storylines in the escape room game. Two
storylines may be too few to address all therapeutic contexts,
all levels of complexity in mental health care, and all eMH
possibilities that could add value. The participants also marked
a sense of reality in the storylines. Opportunism should be
avoided because it should not imply that technology will always
vouch for a positive treatment outcome. For example, in VR,
the escape room should not pretend that it is something that
instantly makes everything better. This was regarded as an
essential issue to warrant the credibility of the escape room.
However, the same session also mentioned that experiencing
eMH tools in this manner created awareness about escape
room’s potential. At the same time, the biofeedback application
also showed that it is possible to visually track panic attacks in
such an application. The final aspect regarding the mentioned
storylines is using the correct professional jargon in the escape
room. At one point, a participant stated that the way things were
written in the escape room did not reflect the language a
therapist would use. In contrast, language and jargon appeared
very personal, making it difficult to always be accurate in an
escape room. This emphasizes the fact that there is a large
diversity among mental health care professionals and the clients
they are treating.

Finally, the participants discussed the complexity of the game
itself. Some participants found figuring out the puzzles and
clues challenging, but others remarked it was too simple. Some
solutions were easily found without using the eMH tools in the
escape room, resulting in an ineffective learning experience.
Some participants in the test sessions suggested creating multiple
levels of complexity in the escape room to address several types
of game players (ie, level of experience with escape room
games) and other kinds of therapists.

On the basis of the results of these 2 test sessions, minor
adjustments were made regarding the complexity of the puzzles
to ensure that clues and solutions could not be found without
using eMH tools. Furthermore, the introduction and reflection
were refined to embed the escape room game in a workshop
format (Figure 4).
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Figure 4. Results of the test and field study sessions (third iteration) in the development of an escape room for e-mental health (eMH) training.

Field Study Sessions

Overview

Hereafter, the workshop was tested in 3 sessions with mental
health care professionals from different areas of expertise. A
total of 11 mental health care professionals participated in these
field study sessions (November and December 2020 and June
2021) and were asked to fill in a questionnaire (Multimedia
Appendix 3) at the end of the workshop. Their answers formed
the basis for a discussion about their user experiences. The

questionnaire consisted of an overall experience rating (question
1), three parts to reflect on (1) the quality of the introduction
(questions 2-4), (2) the game itself (questions 5-11), and (3) the
reflection (questions 12-15), overall questions regarding the
perceived usability (questions 16-19), and a question on
strengths and suggestions (question 20). The questions in the 3
parts of the questionnaire were constructed based on the results
of the co-design sessions in design stage 1. As we explained in
design stage 1, mental health care professionals use eMH mainly
because of its apparent benefits. To encourage this, the escape
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room should therefore highlight positive experiences with eMH
in clinical practice, in line with the flow theory that states that
a positive learning experience can be reached if the challenges
meet the abilities of the users and if they can share this with
colleagues [31]. To explore the extent to which the escape room
was experienced positively, we formulated questions 1, 3, 9,
10, and 13. Furthermore, from design stage 1 and SDT, we
learned that the educational content must align with real-life
scenarios, making it easy to apply in practice [29]. Questions
6, 8, and 15 were therefore constructed to assess whether the
storylines are recognizable and whether the training with eMH
tools in these storylines connects to their daily practice. In
addition, questions 2 and 5 were formulated to explore if the
learning goals become clear, and questions 7 and 12 assessed
whether the escape room helps to build confidence in using
technology, with customizable elements tailored to specific
needs. Finally, the game should enable multiplayer options for
shared learning [31]. To assess whether the escape room was
experienced that way, we added questions 4, 11, and 14.
Together this led to the questionnaire, which had 20 targeted
questions. The answers to the questions were subsequently used
as a guide in discussion with the participants to gain a more
in-depth understanding of the possibilities of an escape room
as an environment for mental health care professionals to
experiment and practice with eMH.

User Experiences

From the questionnaire and discussion, we learned that the
participants in the field study sessions were enthusiastic about
the workshop they participated in. They stated that the workshop
is inspiring and creates a positive mindset toward eMH. They
recognized the potential to remove barriers they had at first,
showing that eMH is accessible and not always that difficult to
use. The participants experienced significant fun in the escape
room, making it feel less obligatory. This is expected to help
people engage more easily. In addition, the alternation between
playing and reflecting was mentioned as meaningful. In total,
2 (18%) of the 11 participants mentioned they were pleased that
there was no explicit element of competition in the escape room.
According to these participants, too much competition, for
example, ranking who has solved the escape room the fastest,
would distract the users from the storyline and the eMH
possibilities they come across.

All but one participant expressed that they experienced the
storylines in the escape room as realistic. One mental health

care professional did not recognize the storylines in the escape
room. Another aspect related to this was the “credibility” of the
suggested effect of eMH in the escape room. Although most
(9/11, 82%) of the participants could describe the use of eMH
to certain benefits for mental health care, it should be carefully
suggested in the escape room. However, most (9/11, 82%)
participants experienced how they could practically apply eMH
in therapeutic situations. For example, VR was experienced in
the escape room, resulting in a discussion on how VR could be
used for clients in specific treatment situations. The participants
were able to connect their VR experience in the workshop to
real-life situations and could see the added value of using
eHealth. All kinds of eHealth suggestions were exchanged,
which illustrates the effect of being given the possibility to
explore and experiment with eHealth in this type of playful
setting.

Participants wondered whether an escape room would appeal
enough to therapists who were skeptical about eMH. The
participants also mentioned that the current storylines and eMH
tools may not be recognizable for all mental health care
professionals. It was considered important to explore eMH tools
that are also accessible in real life to be able to transfer
knowledge from training to reality. In contrast, it is also
mentioned that mental health care professionals with vast
experience in eMH will find it more attractive to explore more
experimental eMH tools.

Perceived Usability of an Escape Room for eMH Training

To explore the perceived usability of an escape room for skill
enhancement in eMH, we asked the participants to indicate
whether the workshop provided them with a more elaborate and
precise picture of the possibilities of eMH (Table 2). The
feedback on this issue varied among the participants. In total,
2 (18%) of the 11 mental health care professionals reported that
they had not gained a better picture of the options of eMH in
the escape room. This was because they already had a relatively
good basic knowledge about eMH beforehand. The participants
who were less experienced users of eMH reflected that they had
a much better idea about the possibilities of eMH after
participating in the escape room workshop. It was suggested
that the current escape room prototype would benefit from
further development to create more options to try additional
eMH tools because, in the current prototype, not all mental
health care professionals would find tools suitable for their
therapeutic practice.

Table 2. Perceived usability of an escape room (ER) for e-mental health (eMH) training (questionnaire results).

Score on a scale of 1-5, mean (SD)Items

4.7 (0.92)Suitability of an ER to explore possibilities of eMH

4.7 (0.47)Possibilities for collaboration in the ER

4.3 (0.92)Clarity of the storylines

4.6 (0.67)Clarity of learning goal in the ER

4.7 (0.68)Balance educational content and fun

3.8 (0.77)Usefulness for daily practice
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The participants largely agreed on the suitability of an escape
room concept for exploring eMH (average score of 4.7, SD
0.92). They perceived the learning goal in the workshop as
evident (average score of 4.6, SD 0.67). They also experienced
a good balance between the educational and the fun part in the
escape room (average score of 4.7, SD 0.68). It was mentioned
in the discussion that suitability is supported when the bridge
between the escape room and everyday practice is explicitly
discussed in the workshop as well as the steps that can be taken
after completing the workshop and returning to the workplace.
Follow-up training is essential because otherwise the acquired
knowledge will not be secured. According to the participants,
this escape room offers an excellent first experience with the
possibilities of eMH; more than that, it is just another
educational workshop, “It is more ‘getting to know eMH’ than
‘learning how to apply eMH.” It was also suggested that more
focus on the client groups that people are treating would be
helpful in the reflection part of the workshop. The participants
advocated that involving professionals with similar client groups
or treatment contexts would be more effective in stimulating
the exchange of experiences with eMH and the transferability
of the experiences in the escape room to daily practice.

In line with the findings about follow-up training, the
participants elaborately reflect on how to apply and secure
knowledge on eMH once the first experiences are gained in the
escape room. While this workshop helps to talk about eMH,
keeping the conversation going in everyday practice is equally
important. According to the participants in our study, mental
health care professionals are focused on the content of their
treatment and support, and the knowledge gained in the eMH
escape room might lose its impact. It was stated that the
organization should provide continuous information about what
is new in the field of eMH and should provide time to invest in
exploring new tools. The concept of an escape room or a game
offers a very persuasive opportunity to invest in keeping
knowledge up to date and motivating people. All workshops
suggested that this would be an excellent fit for a teambuilding
activity.

Implementation Possibilities and Requirements

In addition to gathering experiences with the escape room
workshop, we asked the mental health care professionals who
participated to indicate what they deemed essential for
successfully implementing it. The first thing mentioned was
that professionals in mental health care should be confronted
with eMH from various directions, that is, in an escape room,
but also by clients, colleagues, and organizational policies aimed
at being innovative, requiring innovative and digitally skilled
employees. Incorporating an escape room in an introductory
meeting might be possible when people are new to the
organization.

Another issue that emerged from the workshops concerns the
approachability of the escape room. It is experienced as
convenient that the escape room is currently a mobile version,
which does not necessarily require people to go somewhere and
spend much time traveling. It would be even more convenient
if the escape room could be played without an external facilitator
so that participants could be more flexible in their time planning.

However, this remains the main concern of the participants in
the workshops: will mental health care professionals be provided
with enough time to explore eMH in the future, and will their
production targets be adjusted accordingly? In addition, it should
be decided who will provide training services and materials in
the organization. Finally, the participants stated that a strong
vision by the policy makers on the use of eMH in the
organization and the expectations regarding the future mental
healthcare professional is indispensable to warrant a successful
implementation of an escape room or any serious gaming
concept for eMH training in mental health care.

Discussion

Principal Findings
In this research through design study, we investigated the
perceived usability of an escape room for training mental health
care professionals in using eMH. On the basis of the results in
each stage of our research and the overall findings, we can
conclude that an escape room concept might be suitable for this
type of training. We subsequently discuss our findings by
reflecting on the experiences with our escape room prototype
and what this means in light of the purpose of our design project:
developing new training methods for mental health care
professionals, with the ultimate goal of contributing to increasing
the adoption of eMH. We conclude with an overall view of the
possibilities of game-based training in mental health care based
on the results of this design study.

What we know from earlier research, which also emerged in
this study, is that many mental health care professionals are not
convinced of the benefits of eMH, resulting in dismissive
attitudes and behavior [50,51]. The escape room was
experienced as both fun and educational; however, most
importantly, it induced a more positive stance toward eMH
tools. While an open mindset is a prerequisite for change, the
escape room may offer a potential concept as the first step to
changing attitudes and behavior among mental health care
professionals regarding eMH [36,40].

For the escape room to be accepted as a valuable training method
by its end users, the storylines, game elements (puzzles and
clues), and eMH tools in the escape room needed to be credible
and recognizable for mental health care professionals. At the
same time, it became clear that it is tough to design storylines
that seamlessly match the practices of mental health care
therapists. In one of the first versions of the prototype, there
was too much focus on everyday life situations instead of mental
health problems. This is crucial because the participants need
a genuine eMH experience to link to their treatment context
properly. This feedback was given in different iterations in the
design process, which marks the difficulty of designing a good
and representative storyline and the importance of involving
multiple disciplines in a co-design team [46,47].

Moreover, it became clear that mental health care professionals
are diverse in terms of their client population, type of mental
health care services, and level of adoption in eMH. This requires
a flexible and adaptable training concept to expand the reach
of the escape room. Greater diversification regarding the
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storylines and available eMH tools in the escape room may be
needed, along with various difficulty levels. The participants
in the field study sessions indicated that the escape room in its
current form might not be suitable for people who are already
frequent users of eMH. This implies that the gains of the current
escape room are probably highest for people who are relatively
inexperienced eMH users, which applied to most mental health
care professionals when we started the design process. Adding
new, more innovative tools could, however, expand the reach
of the escape room.

The participants welcomed the escape room as an engaging
concept and noted that its design needs continuation and further
development. In its current form, the escape room offers an
environment for exploration and the first acquaintance with
eMH rather than actual skill development in applying these
tools. We believe that, whereas most mental health care
professionals are—partly because of the coronavirus
pandemic—familiar with standard eMH tools that are also used
in everyday life (eg, videoconferencing and SMS text
messaging), they remain unaware of the possibilities of more
novel technologies, such as VR and biofeedback, and may be
biased about its use in their daily clinical practice. Therefore,
creating a different mindset remains an important foundation
for further skill development in the future and increasing
adoption in general. An extensive research base reports on
various barriers that prevent accelerating the adoption of eMH
[5,51,52]. This escape room addresses one of the critical barriers,
a perceived lack of knowledge. However, issues such as
compensating for the loss of nonverbal information, the lack of
trust in technological systems, and the availability of time and
resources to gain positive experiences in using eMH also need
to be addressed.

When exploring ideas for further training for specific eMH
tools, the question is whether an escape room would also be
suitable for this particular type of training. Looking at escape
rooms in health care, we find that escape rooms are most
appropriate for exploration and awareness and less ideal for
training-specific skills [23,24]. This was also why we chose an
escape room concept in the first place; it suited the results of
our user requirements analysis that revealed a specific need for
exploring and enhancing knowledge rather than specific
hands-on skills. Training these hands-on skills should be
addressed for the next step, particularly because the participants
in our study also indicated this need. Moreover, for both the
possibility of exploration and specific skill training, the support
in terms of time and resources provided by the organization and
its management is crucial. The organization’s commitment to
a digital transition and the necessity for mental health care
professionals to be equipped with 21st-century skills must be
at the forefront. Finally, follow-up research is required to test
the escape room’s effectiveness regarding knowledge increase
and skill enhancement.

The Perceived Usability of Serious Gaming for eMH
Training in Mental Health Care Based on Users’
Experiences
The results of our study show positive experiences with an
escape room as a serious gaming concept for eMH training in

mental health care. These positive experiences might be
explained in terms of the SDT [29] and the flow theory [31].
By attempting to address the needs of competence and
autonomy, the users may have had a positive experience. The
flow of the escape room may have positively contributed to
their motivation to enhance their knowledge of eMH and their
general attitude toward using eMH in their clinical practice [30].

In the design of the escape room, we addressed several important
game mechanics that we found to have influenced our users’
experiences, for example, an adequate level of complexity in
the game [19,53,54]. The participants in our study emphasized
that when a puzzle in the escape room takes too much time or
is too difficult, it may lead to frustration and an adverse effect.
The opposite of this also works negatively; when clues are too
obvious, people may not feel they are taken seriously. In general,
our escape room was experienced as having an appropriate level
of difficulty, which led to a positive experience. We also paid
much attention to the importance of the story or narrative in the
escape room. When this narrative is too farfetched or not
relatable to clinical practice, it loses strength; when people can
identify with the story in the game, it may be much more
effective than any other learning method [29-31]. In addition,
the aspect of social interaction [30] was predominantly present
in our escape room and experienced as one of the critical factors
for its success.

Strengths and Limitations
In this study, we particularly choose a research through design
approach to develop and test an escape room as a serious gaming
solution for eMH training among mental health care
professionals. The strength of this approach is that it enabled
us to use formative evaluations [55] between the stages of design
to provide input for the next design stage. We strongly believe
that without these intermediate assessments, we could not design
a prototype suitable to the practice of mental health care
providers. More importantly, the involvement of mental health
care professionals in our co-design team ensured a prototype
that matched the therapeutic practice we pursued to reflect in
our escape room. However, there are some limitations. First of
all, we used an inductive analysis method, which allowed us to
gather any information deemed necessary for the development
of the escape room but may have lacked the required structure
to establish an evaluation of the effectiveness of the escape
room, in terms of skill enhancement, and for other researchers
to replicate the analyses. Analysis procedures that would allow
an assessment of the escape room’s success could be to use a
pre- and posttest quasi-experimental design for the evaluation
[56], a controlled experiment with naturalistic and summative
evaluations to assess whether the purpose of the game is indeed
reached [57] or a heuristic evaluation using predefined rules of
thumb to measure the usability of the escape room [58]. A
second limitation of this study is that we included a small sample
of mental health care professionals who all worked at the same
mental health care organization. In other words, we did not
include participants from a diverse mental health care setting
other than the differentiation in mental health care contexts
within an organization. In addition, we are aware that for
projects like this, where participants are recruited through open
invitation, people who are already enthusiastic about the topic,
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in this case, eMH, tend to be the ones who sign up for
participation. In future research, it would be worthwhile to test
the escape room or any other game-based training solution
among mental health care professionals who are skeptical about
eMH to see whether also, in this group, the effect of creating
an open mindset through exploration and experience-based
learning is achieved.

Conclusions
In general, we can conclude that experience-based training, such
as game-based training in an escape room, helps people
experience what they are being trained to do or use. This
experience may be much stronger than the experience of learning
through traditional learning (eg, classroom, textbook, or
e-learning). When training is more fun and engaging, this will
increase the learning experience. Moreover, it increases the
participants’ motivation and creates an open mindset. In our
study, we learned that an escape room as a serious gaming
concept stimulates the willingness to participate in training and
be open to change. This openness to change is essential in

increasing the use of eMH. However, it is important that there
is a clear next step to this first exploration, providing
professionals with the opportunity to thoroughly train their skills
in specific eMH tools. Subsequently, it would be valuable to
evaluate the effectiveness of game-based training in an escape
room for enhancing particular skills. Furthermore, designing is
a cooperation between different experts. The design process
should be viewed from different angles and areas of expertise.
The contribution of mental health care professionals was
necessary to create a credible game in which both the storyline
and set of integrated eMH tools can be transferred to their
therapeutic practice. Finally, the success of a game-based
training method, such as an escape room, depends on the
commitment of the organization in which it is implemented.
People need to feel that they have the time and support of their
management to engage in training. This commitment is more
than just telling them to “go and participate in training.” The
whole organization must enhance specific knowledge based on
common ground and a shared vision of what is needed regarding
competencies and skills by mental health care professionals.
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Abstract

Background: A Delphi study was conducted to reach a consensus among international clinical and health care experts on the
most important health and functioning self-reported concepts when evaluating a switch from smoking cigarettes to using smoke-free
tobacco and/or nicotine products (sf-TNPs).

Objective: The aim of this research was to identify concepts considered important to measure when assessing the health and
functioning status of users of tobacco and/or nicotine products.

Methods: Experts (n=105), including health care professionals, researchers, and policy makers, from 26 countries with professional
experience and knowledge of sf-TNPs completed a 3-round, adapted Delphi panel. Online surveys combining quantitative
(MaxDiff best-worst scaling and latent class analysis) and qualitative assessments were used to rank and achieve alignment on
the importance of 69 health and functioning concepts. All experts participating in round I completed round II, and 101 (95%)
completed round III.

Results: The round I analysis identified 36 (52%) out of 69 concepts that were refined for the round II assessment. The
highest-ranked concepts reflected health-related impacts, while the lowest-ranked ranked concepts were related to aesthetics and
social impacts. Round II ranking reinforced the importance of concepts relating to health impacts, and the analysis resulted in 20
concepts retained for round III assessment. In round III, the 4 highest-ranked concepts were cardiovascular symptoms, shortness
of breath, chest pain, and worry about smoking-related diseases and impact on general health, and they made up 50% of the total
score in the MaxDiff analysis. Experts reported likelihood of seeing measurable levels of change in the final 20 concepts with a
switch to an sf-TNP. The majority of experts felt it was “likely” or “extremely likely” to observe changes in concepts such as
gum problems (74/101, 73%), phlegm or mucus while coughing or not coughing (72/101, 71%), general perception of well-being
(72/101, 71%), and throat irritation or sore throat (72/101, 71%). Latent class analysis revealed subgroups of experts with different
perceptions of the relative importance of the concepts, which varied depending on professional specialty and geographic region.
For example, 74% (14/19) of oncologists aligned with the subgroup prioritizing physical health symptoms, while 71% (12/17)
of experts from Asia aligned with the subgroup considering both physical health and psychosocial aspects.

Conclusions: This study identified key concepts to be considered in the development of a new measurement instrument to
assess the self-reported health and functioning status of individuals using sf-TNPs. The findings contribute to the scientific
evidence base for understanding and evaluating both the individual and public health impacts of sf-TNPs.
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Introduction

Reducing exposure to harmful and potentially harmful
constituents in cigarette smoke by cessation of smoking or
switching to reduced risk tobacco and/or nicotine products
(TNPs) is a major public health focus worldwide [1]. Although
nicotine-replacement therapy (NRT) and targeted counseling
services can help individuals achieve their quitting goals, there
can be hurdles to becoming and/or staying smoking free [2].

Smoke-free tobacco and/or nicotine products (sf-TNPs) refer
to TNPs that do not undergo combustion and therefore do not
produce the harmful smoke generated by cigarettes, which has
been established as the main risk factor of tobacco-related
diseases [3]. These sf-TNPs can include heated tobacco
products, e-cigarettes (vapes), other e-vapor products (e-pipes,
e-cigars, and so on), nicotine pouches, and smokeless tobacco
products (snuff, snus, and chewing tobacco) [3]. Regulatory
bodies, like the US Food and Drug Administration (FDA),
require robust data to evaluate the health impacts of sf-TNPs
and guide regulatory decisions on product authorization. For
instance, the FDA’s modified risk tobacco product pathway
mandates comprehensive scientific evidence to support claims
that a tobacco product reduces harm or the risk of
tobacco-related disease in individual tobacco users and benefits
the health of the population as a whole [4]. Some sf-TNPs have
been recognized as modified-risk tobacco products under this
pathway [4,5] and may help reduce the negative health effects
associated with commercially marketed combustible tobacco
products such as cigarettes [6-8].

The adverse effects of smoking on health have been well
documented, whereas stopping smoking can improve health
and reduce the risk of disease [6,9,10]. Evidence also suggests
that switching away from cigarettes to using sf-TNPs can help
reduce cigarette consumption and may lead to cessation in some
cases [8]. While studies have shown that sf-TNPs reduce
exposure to many of the harmful and potentially harmful
constituents found in cigarette smoke, they may still pose health
risks. For instance, e-cigarettes, heated tobacco products, and
smokeless tobacco have been associated with some
cardiovascular, respiratory, and oral health risks, albeit to a
lesser extent than combustible cigarettes [11-14]. The long-term
health effects of sf-TNPs are not yet fully understood, and
further research is necessary to comprehensively assess their
safety profile. In addition, little is known about the self-reported
health impact of switching from cigarettes to sf-TNPs [6]. In
this context, measuring the self-reported experience of health
and functioning (including health status, functional status, and
other health-related quality of life constructs) is crucial to
understanding the impact of tobacco harm reduction strategies
[15].

Generic health status measures, such as the Short Form
Survey–12 [16] and Short Form Survey–36 instruments [17],

have shown that those who smoke tend to report lower health
status compared with those who never smoked, although the
impact of cessation on health status seems to be more complex.
Some smoking-specific measures have been developed but not
yet widely standardized; therefore, they may not be directly
applicable to sf-TNPs [9,18,19]. Crucially, current measures
often lack the necessary sensitivity to detect longitudinal health
changes in healthy populations due to high ceiling effects at
baseline [20], hindering the assessment of changes in health
and functioning following a switch from smoking cigarettes to
using sf-TNPs.

To help address these challenges, the development of a new
self-reported measure (ABOUT – Health and Functioning) was
undertaken to assess the health and functioning status of
individuals using sf-TNPs. This new measure is part of the
portfolio of the ABOUT Toolbox [21], consisting of self-report
measures to assess perceptions and behavioral outcomes related
to the use of sf-TNPs. The initial preparatory phase of the
instrument development was based on several research activities
(systematic literature review, reanalysis of qualitative data, and
expert insights [22]) and resulted in the identification of 69
health and functioning concepts relevant to TNP use. The
qualitative research phase that followed consisted of (1) concept
elicitation interviews of users to understand their perceptions
of health and functioning after switching to sf-TNPs [23,24]
and (2) the Delphi panel study reported in this paper. The aim
of the Delphi study was to identify the health and functioning
concepts considered most important by clinical and health care
experts (ie, health care professionals, researchers, policy makers,
and those involved in smoking cessation or tobacco harm
reduction) when assessing the health and functioning status of
individuals who stop smoking cigarettes or switch to using
sf-TNPs or NRTs. Delphi panel methodology is a
well-established process for determining consensus among
relevant groups of individuals to aid issue prioritization, ranking,
development, and obtaining agreement on guidelines,
concept-framework development, and development of outcome
measures [25-27], including issues relevant to smoking-related
behaviors and sf-TNP use [25,28,29]. Delphi panels have
previously been used to forecast trends and changes over time
in health-related matters [30-32].

Methods

Objectives and Summary of Approach
This Delphi panel was organized for experts to select and rank
health and functioning concepts considered important to assess
when individuals stop smoking combustible TNPs (eg,
cigarettes) or switch to using sf-TNPs (eg, e-cigarettes [vapes],
heated tobacco, or smokeless tobacco products) or NRTs. The
study was conducted and reported based on available guidance
for conducting and reporting Delphi studies in health care
research [33].
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A preliminary set of 69 concepts was identified from earlier
research activities including a scoping literature review, results
from the reanalysis of previous TNP consumer qualitative
research results, and expert opinion from a small group of key
opinion leaders [22]. This list was presented for evaluation in
this Delphi panel according to the process described in Figure
1. An adapted approach was used for the Delphi panel, whereby
the results of round I were reviewed and refined in light of the
ongoing qualitative concept elicitation interview findings from

consumers of TNPs and ongoing review by key opinion leaders
(Supplementary Information and Table S1 in Multimedia
Appendix 1). The concept list to be evaluated in round II was
adjusted accordingly and refined considering the round I
findings. Round III was a detailed review of the final set of
health and functioning concepts. This step also included an
evaluation of likelihood of change that experts considered
important for each concept for inclusion in a self-reported
measure of clinical relevance.

Figure 1. Overview of the design and structure of the adapted Delphi panel study.

Participants and Recruitment
For this adapted Delphi panel, we recruited experts who
routinely treat, communicate with, or advise individuals who
smoke or wish to stop smoking or switch to sf-TNPs. The
recruitment aim was to ensure that a minimum of 100 experts
globally completed all 3 rounds of the Delphi panel. To
anticipate attrition between rounds, the initial recruitment target
was set at 120 experts.

Recruitment was undertaken by QualWorld, who identified
experts through their survey panels, existing contacts,
publications, word of mouth, and canvassing through appropriate
organizations in individual countries. The process and route of
contact to identify potential respondents are outlined in Figure
2.

To anticipate and account for potential sensitivities among health
care practitioners about undertaking a project sponsored by a
tobacco company, the recruitment company sent out an initial
survey asking which industries experts would be interested in
working on health-related topics. Tobacco companies were

listed among other industries such as mining, pharmaceuticals,
and oil and gas. Only experts stating unprompted that they would
consider participating in studies by tobacco companies were
chosen to receive further correspondence linked to the Delphi
panel. Subsequent recruitment steps proceeded on an individual
basis according to predefined inclusion and exclusion criteria
(Textbox 1).

To ensure consistency in responses across different regions, the
Delphi panel was conducted in English where possible and in
local languages for experts in Japan, South Korea, Russia,
Ukraine, Czech Republic, and Bulgaria. A professional
translation service translated the survey materials and responses,
and back-translation techniques were used to verify accuracy.
The local bilingual recruitment team members also performed
proofreading and quality checks from a language and contextual
perspective to ensure the translated content accurately reflected
the original meaning. For each step of the Delphi panel, the
English and local language surveys were programmed and
uploaded for a user acceptability test by the project team before
launch.
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Figure 2. Identification and recruitment of experts through specific channels for the adapted, 3-round Delphi panel.

Textbox 1. Inclusion and exclusion criteria for the participants recruited for the Delphi panel.

Inclusion criteria

• Had current clinical, academic, or professional experience in the area of smoking-related diseases, smoking cessation, nicotine addiction, or other
smoking-related conditions, as well as health policy or advocacy work related to tobacco control or tobacco harm reduction

• Currently working in research, prescribing, or a recommendation capacity

• Knowledge of smoke-free tobacco and/or nicotine products or nicotine replacement therapies, works with patients to some degree, and/or
recommends smoke-free tobacco and/or nicotine products or nicotine replacement therapies

• Expertise in one of the following groups:

• Specialist physicians: smoking-related oncology; smoking-related respiratory disease, and smoking-related cardiovascular disease (specifically
treatment of patients)

• General practitioners and internal medicine physicians: those who see patients with a smoking-related condition or disease and recommend
smoking cessation advice

• Dentists or oral hygienists: those who see patients with smoking-related dental issues

• Smoking cessation, addiction, or dependence: those who help users quit smoking with less harmful products or nicotine replacement therapy
or worked with nicotine addiction; nurses undertaking smoking cessation activity; researchers in nicotine addictions; psychologists, social
workers, or counselors

• Health policy, advocacy, and non-profit organizations: smoking-related health policy, including tobacco harm reduction; organizations or
charities that encourage people to quit; health policy and advocacy related to tobacco control and tobacco harm reduction. This can include
physicians who work alongside the government and local policy as well as nonprofit organizations

• Ability and willingness to participate across the whole study

• Ability to complete the research in the English language (except for these countries: South Korea, Japan, Ukraine, Czech Republic, Russia, and
Bulgaria)

• At least 30% of experts to identify as female (although this was not a strict quota for recruitment)

Exclusion criteria

• More than 50% of experts should not have been a consultant with or worked for the tobacco industry

• Had less than 5 years of clinical, academic, or professional experience

• Did not fall into one of the categories for inclusion

• Not willing to complete all 3 rounds of research

JMIR Form Res 2025 | vol. 9 | e58614 | p.149https://formative.jmir.org/2025/1/e58614
(page number not for citation purposes)

Law et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Ethical Considerations
The New England Independent Review Board reviewed the
study protocol and all study materials and any amendments and
granted approval of the study (reference 1‐9184‐1).

Before participation, all participants were required to review
and sign an informed consent form, which provided a detailed
description of the study, outlined the procedures, and specified
participant expectations. Participants had the opportunity to ask
questions and receive answers before signing the consent form.

All study data were deidentified and participants were identified
only by unique ID numbers throughout the research rounds.

All experts were compensated and received a cash honorarium
according to local professional rates in their respective countries,
ranging from £115 to £450 (approximately US $147 to US $576
at the time of the research), for their time after each round.

Procedure and Analytical Methods

MaxDiff Analysis
This study incorporated the use of MaxDiff—a type of
best-worst (maximum difference) scaling analytical method
[34-36]. This methodology was primarily chosen due to the
large number of initial concepts to be evaluated. Ranking and
rating exercises with numerous concepts can lead to a cognitive
burden, so a best-worst scaling approach overcomes fatigue

while generating additional information by making respondents
choose the most and least important concepts. The result is a
list of concepts in order of relative importance [36-38].

For each round, the MaxDiff Sawtooth software algorithm [39]
generated a list of scaled scores from most to least important,
as well as the relative importance of one concept compared with
another. This was based on the number of times that concept
was rated as the most or least important. In addition, cumulative
scores were used to differentiate the number of concepts
accounting for 20%, 50%, and 70% of the most important
concepts; the 50th percentile was used as an initial guide for
which concepts to retain.

Rounds I and II also featured an “anchor” value, which was a
score marking the boundary between concepts considered
important (to be retained in the next round) or unimportant (to
be excluded from the next round). This anchor value was derived
from an anchor question representing a threshold of “important
or not important” included for each concept to be assessed as
above (ie, important) or below (ie, unimportant) the anchor.
The anchor question in this survey required one of the following
3 responses: “none of these [items] are important,” “some of
these [items] are important,” or “all of these [items] are
important.” The anchor value was statistically derived using
the Sawtooth software [38]. An illustration of a typical MaxDiff
question is shown in Figure 3.

Figure 3. Typical presentation of the Delphi panel MaxDiff ranking question, including the anchor evaluation. NRT: nicotine replacement therapy;
TNP: tobacco and/or nicotine products.
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Latent Class Analysis
Latent class analysis [40] was also performed to determine
whether some concepts were more important to some groups
of experts over others, according to experts’ demographic or
other characteristics. This ensured that the final set of items was
not biased toward one subset of health care professionals at the
expense of others’ preferences. Where there were concepts that
were only important to subsets of the study sample but
unimportant overall, these concepts could be retained.

Semiqualitative Assessment
Semiqualitative questions were incorporated into each Delphi
panel round to provide an increased understanding of
participants’ responses to the results of the ranking and scoring
exercise. These questions were asked to ensure no concepts
were missing or needed rewording, and to understand the
reasons behind experts’ selections of importance or
unimportance. They also sought to gauge agreement or
disagreement with the overall ranking results and to gain insights
into the reasons for these viewpoints. After each round, the
semiqualitative comments were reviewed alongside the MaxDiff
scores. This process involved coding and analyzing the
qualitative feedback to identify common themes and insights
that could provide context to the quantitative rankings. This

feedback was then integrated with the quantitative MaxDiff
results to refine and inform decisions about the list of concepts
to be included for the next rounds. It helped explain the rationale
behind the experts’ choices and highlighted any discrepancies
or areas of consensus, ensuring that both qualitative and
quantitative perspectives were considered in the decision-making
process.

Results

Descriptive Participant Demographics
Approximately 3100 experts were contacted, with a final sample
of 105 experts recruited across 26 countries. Table 1 shows the
demographics and participant characteristics, and Table 2 shows
the participant quotas per region and per specialty. Of the initial
105 experts, all participated in exploratory round I and round
II, and 101 (96%) completed round III (Table 2). Nearly all
participants (90/105, 87%) reported frequently addressing
smoking cessation with clients or patients. A total of 64%
(67/105) of experts in the study identified as male, and most
were located in the Americas, Europe, or Asia. Regarding place
of work, three-quarters (79/105, 75%) of experts were based in
hospitals or other clinical settings, mostly as medical specialists
or general care practitioners.
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Table 1. Demographics of Delphi panel participants (rounds I-III).

RespondentsDemographic variable

Round III (n=101), n (%)Rounds I and II (n=105), n (%)

Sex

64 (63)67 (64)Male

37 (37)38 (36)Female

Geographical region

17 (17)20 (19)North America (United States and Canada)

17 (17)17 (16)Asia (Japan and South Korea)

15 (15)15 (14)Central, Caribbean, South America (Brazil, Colombia, Dominican Republic,
and Guatemala)

13 (13)14 (13)Southern Europe (Spain, Portugal, Italy, Greece, and Bulgaria)

13 (13)13 (12)Western Europe (France, Germany, Sweden, United Kingdom, and the
Netherlands)

9 (9)9 (9)Eastern Europe (Russia, Ukraine, and Lithuania)

5 (5)6 (6)Africa (South Africa)

6 (6)6 (6)Middle East (Israel)

5 (5)5 (5)Central Europe (Poland and Czech Republic)

Work setting

41 (41)43 (41)Hospital

36 (36)36 (34)Clinical (other)

15 (15)17 (16)Professional

5 (5)5 (5)University hospital

4 (4)4 (4)University hospital; hospital setting

Main current role

27 (27)27 (26)General practitioner or internal medicine

19 (19)19 (18)Oncology

15 (15)16 (15)Dentist or oral hygienist

9 (9)11 (10)Research

12 (12)12 (11)Cardiology

8 (8)8 (8)Respiratory

6 (6)7 (7)Counselor or psychologist

5 (5)5 (5)Advocacy or health policy or NGOa

Frequency of discussing smoking cessation with clients

86 (85)90 (86)Frequent (at least weekly)

11 (11)11 (10)Not frequent (less than once a week)

4 (4)4 (4)Not applicable

Discussed the benefits of stopping smoking or provided information about sf-TNPsbor NRTscto those who smoke and do not want or have
difficulty quitting smoking

99 (98)103 (98)Yes

00No

2 (2)d,e2 (2)Not available or prefer not to say

Provided information on heat-not-burn or heated tobacco products (eg,IQOS, Glo) or tobacco vapor products (eg, Ploom Tech)

46 (46)50 (48)Yes
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RespondentsDemographic variable

Round III (n=101), n (%)Rounds I and II (n=105), n (%)

53 (53)53 (50)No

2 (2)2 (2)Not available or prefer not to say

Provided information on smokeless tobacco (eg, Copenhagen Snuff, Swedish Match General Snus, Camel Snus, or any other local brands)

35 (35)39 (37)Yes

64 (63)64 (61)No

2 (2)2 (2)Not available or prefer not to say

Provided information on e-cigarettes (eg, JUUL, Blu, Logic, or any other local brands)

62 (61)65 (62)Yes

37 (37)38 (36)No

2 (2)2 (2)Not available or prefer not to say

Provided information on Nicotine replacement therapies (eg, nicotine gums, inhalers, nasal sprays, lozenges, patches)

88 (87)91 (87)Yes

10 (10)11 (10)No

3 (3)3 (3)Not available or prefer not to say

Current or previous personal use of combustible TNPsf

62 (61)65 (62)Never

34 (34)35 (33)Yes

5 (5)5 (5)Not available or prefer not to say

Current or previous personal use of sf-TNP or NRT of those that were currently or had used combustible TNPs

12 (12)12 (11)Yes

aNGO: nongovernmental organization.
bsf-TNP: smoke-free tobacco or nicotine product.
cNRT: nicotine replacement therapy.
dNot available.
eData missing for one respondent in round III, stage 2.
fTNP: tobacco or nicotine product.

Table 2. Participant quotas per region and per specialty for the start of round I of the Delphi panel (N=105).

Central Eu-
rope

Western
Europe

Eastern Eu-
rope

Southern
Europe

Central
America

North
America

Middle
East

AfricaAsiaSpecialty

624376326Specialist physician

422334324GPa or IMb

213222013Dental specialist

303125012SCc or DEPd

001013002Health policy or NGOe

15513914206617Total

aGP: general practitioner.
bIM: internal medicine specialist.
cSC: smoking cessation specialist.
dDEP: dependence or addiction specialist.
eNGO: nongovernmental organization.
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MaxDiff Analysis and Semiqualitative Assessment for
Reduction or Refinement of Health and Functioning
Concepts

Round I
A cumulative score was calculated by adding all the scaled
scores (in this case, the total score was 14,900.17) and dividing
by the scaled score (concept 1: 425/14,900=3%) and adding to
the scaled score of the next highest concept (concept 2:
422/14,900=3%+3% concept 1 and so on; Figure 4). Regarding
the relative importance of concepts in round I, when switching

from combustible to sf-TNPs, experts placed importance on
withdrawal symptoms, general health impacts, and
emotion-related impacts. Conversely, concepts that ranked low
in priority were those that referred to aesthetic concerns that
would have less of a health impact or were not considered
exclusive to those who smoke. Experts considered withdrawal
symptoms such as anxiety and irritability as potential barriers
to switching to sf-TNPs and highlighted there were levels of
satisfaction (eg, enjoyment and craving relief) that those who
smoke cigarettes would not want to lose when switching to
sf-TNPs

Figure 4. Scaling and ranking results for items considered in round I of the Delphi panel. TNP: tobacco and/or nicotine products.

When determining which concepts to include in round II of the
Delphi panel evaluation, the relative score (ie, importance) for
each concept was considered, resulting in 36 out of 69 concepts
(52% of all concepts in ranked order) accounting for 69%
(10,285/14,900) of the total importance score. Based on the
results and alignment with other activities ongoing within
development of the health and functioning measurement
instrument, the health and functioning concepts were further
reviewed for relevance and clarity, and a different, refined,
reduced, and synthesized list of 36 concepts was taken forward
for evaluation in round II (refer to Supplementary Information
and Table S1 in Multimedia Appendix 1 for further details).

Round II
Of the 36 concepts in this round, 14 made up 50% of the total
scaled score (Figure 5). In general, physical health symptoms,
and worries about the impact on health concepts remained the
highest-ranked concepts and were considered by experts as more
important than aesthetic considerations. Experts commented
that concepts rated as unimportant and ranked lower in the logit
analysis tended to lack specificity to smoking (ie, could be due
to other causes), did not directly affect health, or were not
reported frequently by TNP users. Of the 36 concepts evaluated
in round II, a final selection of 20 highest-ranked concepts were
identified for validation and discussion in round III.
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Figure 5. Scaling and ranking results for items considered in round II of the Delphi panel. TNP: tobacco and/or nicotine products.

Round III
Of the final 20 concepts ranked in round III (Figure 6), the sum
of the top 4 concept scores accounted for more 50% of the total

score: cardiovascular symptoms, shortness of breath or dyspnea,
chest pain heaviness, and worry about smoking-related diseases
and impact on health in general. Physical health concepts
remained the most important experts across all 3 rounds

Figure 6. Ranking and ordering of the final 20 items identified in round III of the Delphi panel.

Latent Class Analysis
Latent class analysis of the results in round III revealed 2
identifiable subgroups, each with its own ranking and ordering
of the final 20 concepts (Textbox 2). In both cases, concepts
related to physical health, particularly cardiovascular and

respiratory symptoms, ranked highest. In subgroup 1, the
lowest-ranked concepts were related to psychosocial or general
well-being and social interactions, and all scored equally low.
For subgroup 2, there was minimal differentiation between
concepts beyond the highest-ranking group.
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Textbox 2. List of concepts in ranked order (highest to lowest) for the 2 subgroups identified by latent class analysis in round III of the Delphi panel.

Subgroup 1 in rank order

• Cardiovascular symptoms (eg, palpitations and blood pressure)

• Shortness of breath or dyspnea

• Chest pain or heaviness

• Neurological symptoms (eg, dizziness, nausea, and headaches)

• Cough

• Mouth ulcers

• Phlegm or mucus while coughing or not coughing

• Throat irritation or sore throat

• Gum problems (eg, bleeding, pain, redness, or swelling)

• Gastrointestinal symptoms (eg, heartburn, constipation, and diarrhea)

• Worry about smoking-related diseases and impact on health in general (eg, cancer and stroke)

• Withdrawal symptoms associated with quitting tobacco and/or nicotine products

• Frequency and duration of colds

• Physical endurance during everyday activities and exercise

• Ability to cope with stress

• Worry about impact on health of others (eg, children, partner, family, and friends)

• Relationship with spouse or partner

• General perception of health

• General perception of well-being

• Social interactions and relationships with children, family, friends, and colleagues

Subgroup 2 in rank order

• Cardiovascular symptoms (eg, palpitations and blood pressure)

• Shortness of breath or dyspnea

• Worry about smoking-related diseases and impact on health in general (eg, cancer and stroke)

• Chest pain or heaviness

• Physical endurance during everyday activities and exercise

• Neurological symptoms (eg, dizziness, nausea, and headaches)

• Cough

• Worry about impact on health of others (eg, children, partner, family, and friends)

• Social interactions and relationships with children, family, friends, and colleagues

• Withdrawal symptoms associated with quitting tobacco and/or nicotine products

• Relationship with spouse or partner

• Phlegm or mucus while coughing or not coughing

• General perception of health

• General perception of well-being

• Ability to cope with stress

• Gastrointestinal symptoms (eg, heartburn, constipation, and diarrhea)

• Throat irritation or sore throat

• Frequency and duration of colds

• Gum problems (eg, bleeding, pain, redness, and swelling)

• Mouth ulcers
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In stage 2 of round III, following the MaxDiff analysis, the
ranked concept lists for each of the 2 latent class subgroups
were shown to the experts, who were asked to identify which
group best reflected their own thinking and provide a rationale
for their choice. Just over half of the experts (58/100, 58%)
reported that subgroup 1 best reflected their thinking compared
with (42/100, 42%) for subgroup 2. When asked about their
rationale for aligning with subgroup 1, the main reason was a
focus on the most important physical health symptoms (33/58,
57%). The main rationale for choosing subgroup 2 was a greater
emphasis on the importance of the consumer and their
perspective (10/42, 24%), including psychological elements,
the well-being of consumers, and impact of smoking on the
health of others (14/42, 33%).

Regarding the influence of professional specialty in
self-alignment with subgroups (Table 3), preference for

subgroup 1 tended to be among oncologists (14/19, 74%),
dentists (11/15, 73%), counselors (4/6, 67%), and general
practitioners or internal medicine specialists (17/27, 63%).
Conversely, all policy advisors and charity workers (5/5) felt
that subgroup 2 best reflected their views. When geographical
location was considered (Table 3), there was a strong preference
for subgroup 2 in participants from Asia (12/17, 71%) and a
slight preference among those in North America (9/17, 53%).
Experts from all other regions tended mostly to identify with
subgroup 1 (Middle East: 5/6, 83%; Africa: 4/5, 80%; Central
Europe: 4/5, 80%; Eastern Europe: 7/9, 78%; Western Europe:
9/13, 69%; Southern Europe: 8/13, 62%; and Central or South
America: 8/15, 53%). Regarding the final selection of 20
concepts, both subgroups considered all concepts to be important
and relevant for inclusion in any self-reported outcome measure.

Table 3. Region and specialty after self-identifying with a latent class subgroup in round III of the Delphi panel.

Latent class subgroup 2, n (%)bLatent class subgroup 1, n (%)bTotal (n=100), n (%)aExperts’ region and specialty

42 (42)58 (58)100 (100)Region

9 (53)8 (47)17 (17)North America

4 (31)9 (69)13 (13)Western Europe

5 (38)8 (62)13 (13)Southern Europe

1 (20)4 (80)5 (5)Africa

7 (47)8 (53)15 (15)Central/South America

1 (20)4 (80)5 (5)Central Europe

12 (71)5 (29)17 (17)Asia

2 (22)7 (78)9 (9)Eastern Europe

1 (17)5 (83)6 (6)Middle East

42 (42)58 (58)100 (100)Specialty

10 (37)17 (63)27 (27)General practice or internal medicine

4 (27)11 (73)15 (15)Dentist or oral hygienist

5 (26)14 (74)19 (19)Oncologist

6 (55)5 (45)11 (11)Cardiovascular specialist

5 (63)3 (38)8 (8)Respiratory

5 (56)4 (44)9 (9)Researcher

2 (33)4 (67)6 (6)Counselor or psychologist

4 (100)0 (0)4 (4)Policy advisor

1 (100)0 (0)1 (1)Charity or advocacy

aData for 100 experts were included, with one respondent (from South Africa) reporting not understanding the questions asked.
bPercentage use the n value in the “Total” column as the denominator.

Additional Semiqualitative Assessment—Likelihood
to Perceive Change
In round III (in response to the question: “Now that you have
seen the list of concepts collated from Rounds I & II, how likely
do you think it is to see a change in this concept when a TNP
user switches from a combustible TNP to an sf-TNP?”), most
experts reported they would expect to find measurable levels
of change in 13 out of 20 individual concepts. Furthermore,

over half of the respondents stated it was “likely” or “extremely
likely” that a measurable change would occur in these concepts
when a TNP user switched from a combustible TNP to a sf-TNP
(Figure 7). For example, majority of experts felt that it was
“likely” or “extremely likely” to observe a change in gum
problems (74/101, 73%), phlegm or mucus while coughing or
not coughing (72/101, 71%), general perception of well-being
(72/101, 71%), and throat irritation/sore throat (72/101, 71%).
In addition, between 5% and 20% considered that switching
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was “unlikely” or “very unlikely” to result in a change in the
severity of any single concept, including cardiovascular
symptoms, withdrawal symptoms associated with quitting,
shortness of breath, and worry about smoking-related diseases.

Reasons given by experts for considering a change in a concept
to be unlikely are listed in Table 4 and were mostly related to
lack of perceived substantial differences between combustible
TNPs and sf-TNPs.

Figure 7. Experts’ opinions (percentage of experts) regarding likelihood of observing change in the severity of the final 20 items in round III of the
Delphi panel.

Table 4. Reasons given by experts for considering a change in a concept to be unlikely for the final 20 items in round III of the Delphi panel.

Rationale reported by expertsConcept (number of experts responding it was unlikely to
see a change)

Cardiovascular symptoms (n=6) • Unlikely to see substantial modifications between the combustible TNPsa and sf-

TNPsb as tobacco or nicotine can cause cardiovascular disease
• Active ingredients are the same and present in both combustible TNPs and sf-TNPs

products

Shortness of breath or dyspnea (n=2) • No change or no substantial modifications in switching to sf-TNPs

Worry about smoking-related diseases and impact on health
in general (eg, cancer and stroke) (n=2)

• Symptoms will occur with using both combustible TNPs and sf-TNPs

Worry about impact on health of others (eg, children,
partner, family, and friends) (n=1)

• Other dangerous chemicals in sf-TNPs

Frequency and duration of colds (n=1) • Colds are unlikely to change as they are a nuisance and not a major health threat

aTNPs: tobacco and/or nicotine products.
bsf-TNPs: smoke-free tobacco and/or nicotine products.

Discussion

Principal Findings
This adapted Delphi panel study was conducted to identify the
health and functioning concepts that experts consider to be most
relevant and useful for incorporation into a new TNP-specific
health and functioning measurement instrument to assess the
self-reported impact of switching from combustible TNPs to
sf-TNPs [21]. We recruited a geographically and professionally
representative panel of experts who routinely treated those who

smoke or communicated on smoking and TNP use. They were
asked to reduce and refine a preliminary list of health and
functioning concepts and to rank the final list in order of
importance. After 3 rounds of investigation, the initial list of
69 concepts was refined to the most important 20 they
considered could be included in a new self-reported measure
(Table 5). The range of final concepts reflected health and
psychosocial issues associated with smoking, including
respiratory and cardiovascular health, withdrawal symptoms,
and worries about the impact on health of self and others.
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Table 5. Concepts recommended and agreed after each round of the Delphi panel.

Round III (n=20), ranked in order of
importance (highest to lowest)

Round II (n=36), ranked in order of importance
(highest to lowest)

Round I (n=69), ranked in order of importance
(highest to lowest)

Rank

Cardiovascular symptoms (eg, palpita-
tions, blood pressure)

Cardiovascular symptoms (eg, palpitations,
blood pressure)

Worry about risk of cancer1

Shortness of breath or dyspneaShortness of breath or dyspneaShortness of breath or dyspnea2

Chest pain or heavinessWorry about smoking-related diseases and
impact on health in general (eg, cancer, stroke)

Worry about health3

Worry about smoking-related diseases
and impact on health in general (eg,
cancer, stroke)

Chest pain or heavinessAnxiety symptoms due to withdrawal4

Neurological symptoms (eg, dizziness,
nausea, headaches)

Neurological symptoms (eg, dizziness, nausea,
headaches)

Irritability due to withdrawal5

CoughWithdrawal symptoms associated with quitting
TNPs

Strong craving for TNPa due to withdrawal6

Phlegm or mucus while coughing or not
coughing

CoughDepression symptoms due to withdrawal7

Physical endurance during everyday ac-
tivities and exercise

General perception of healthStress or tension due to withdrawal8

Withdrawal symptoms associated with
quitting TNPs

Phlegm or mucus while coughing or not
coughing

Ability to control moods and emotions9

Gastrointestinal symptoms (eg, heart-
burn, constipation, diarrhea)

Gastrointestinal symptoms (eg, heartburn,
constipation, diarrhea)

Aggression due to withdrawal10

Throat irritation or sore throatPhysical endurance during everyday activities
and exercise

Worry about impact on pregnancy or fertility11

Worry about impact on health of others
(eg, children, partner, family, friends)

Worry about impact on health of others (eg,
children, partner, family, friends)

Concerns about the impact on the whole family12

Mouth ulcersAbility to cope with stressConcerns about impact on own children13

Gum problems (bleeding, pain, redness,
swelling)

Mouth ulcersPain or burning sensation in the teeth, gums,
mouth, lips, throat, or tongue

14

Social interactions and relationships with
children, family, friends, colleagues

Gum problems (bleeding, pain, redness,
swelling)

Bringing up phlegm or mucus while coughing or
not coughing

15

Relationship with spouse or partnerSocial interactions and relationships with chil-
dren, family, friends, colleagues

Cough16

Frequency and duration of coldsSleeping problemsExercise capacity17

Ability to cope with stressGeneral perception of well-beingAnger due to withdrawal18

General perception of healthAbility to have or perform sexual activitiesCraving relief with TNP use19

General perception of well-beingRelationship with spouse or partnerImpact on intimate relationships20

 —Throat irritation or sore throatLack of concentration due to withdrawal21

—Frequency and duration of coldsAbility to cope with stress22

—Ability to control moods and emotionsSwollen or bleeding cheeks, lips, gums, or tongue23

—Hoarseness or change in voiceAbility to enjoy life24

—Ability to concentrate or focusConcerns about the impact on own spouse or
partner

25

—Weight controlPoor oral health in general26

—FatigueImpact on relationships with children27

—Bad breath or halitosisHoarseness or change in voice28

—Feelings of self-esteem and self-respectAbility to concentrate or focus29

—Feeling energizedYellow, gray, or black teeth30

—Sense of smell and tasteLoss of tooth or teeth31
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Round III (n=20), ranked in order of
importance (highest to lowest)

Round II (n=36), ranked in order of importance
(highest to lowest)

Round I (n=69), ranked in order of importance
(highest to lowest)

Rank

—Yellow, gray, or black teethAbility to have and maintain an erection32

—Plaque or tartar build upAbility to pay attention, attention span33

—Wrinkling, yellow, and dry skinFeelings of self-esteem and self-respect34

—Odor on clothes, hair, or body, due to TNP useSymptoms of fatigue35

—Yellow brittle nails and dry hairImpact on social life36

——Sore throat37

——Heartburn (burning sensation in the stomach)38

——Sleeping problems39

——Bad breath or halitosis40

——Improved weight control with TNP use41

——Working memory42

——Perceives a stigma due to TNP use43

——Opportunity to relax or take a break while using
TNP

44

——Ability to have sexual activity—with self or others45

——Acid reflux46

——Enjoyment or pleasure while using TNP47

——Plaque or tartar build up48

——Productivity at work or home49

——Throat clearing50

——Increased concentration or focus with TNP use51

——Lost sense of taste52

——Wearing away of a tooth or teeth53

——Lost sense of smell54

——Bodily pain55

——Isolated by others56

——Impact on co-workers57

——Self-isolation58

——Skin tone quality (yellow or gray fingers or face)59

——Bad odor on clothes, hair, or body due to TNP use60

——Ability to reach orgasm61

——Parenting skills62

——Enjoyment of TNP taste63

——Participation in recreational activities64

——Fitting in with others who use TNP65

——Impact on friendships66

——Concerns about safety relating to risk of fire67

——Wrinkling skin68

——Likelihood of getting a cold69

aTNP: tobacco and/or nicotine products.

Overall, the final 20 concepts were considered both clinically
relevant and important to the experts in their evaluation of the
possible impact of switching to sf-TNPs or stopping smoking

cigarettes. We observed that the concepts consistently ranked
highly among experts focused on objectively measurable health
consequences such as respiratory and cardiovascular symptoms,
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as well as overall physical functioning. In contrast, concepts
such as the ability to cope with stress, risk of getting colds, oral
health, physical appearance, social functioning, and sensory
impacts (taste, sense of smell, and odor) were ranked as less
important. Those concepts ranking highest reflect current
evidence regarding smoking-related health outcomes and
potential improvements attainable by ceasing cigarette
consumption or switching to sf-TNPs [6,41-46]. The experts’
knowledge of evidence for the effect of cessation or switching
on pre-existing respiratory conditions [6,43,44,47,48] may also
be reflected in the ranking.

It is essential to note that the relative ranking of these concepts
is likely to be different for TNP consumers compared with health
care professionals. Individuals trying to stop smoking or switch
to sf-TNPs recognize the respiratory and other physical health
and functional benefits and understand the potential for
improved quality of life by reducing cigarette consumption or
stopping smoking [49,50], as well as reduced exposure of others
to smoking-related harm [6,51]. They also tend to report benefits
and preferences for general hygiene and smell, better oral health,
and sensory improvements [6,41,43]. However, no concepts
related to general physical appearance or hygiene were in the
final top-ranking concepts of the current study. These results
explicitly reflect the participants’own experiences and opinions,
which may differ from those of TNP users and be dependent
on TNP user characteristics.

Although objective health outcomes such as cardiovascular and
respiratory function were rated highly by experts throughout
the study, some individuals rated psychosocial outcomes and
effects on families and others (through secondhand smoke and
so on) as equally important as objective physical measures.
Latent class analysis in the final round of the study suggested
that geographical location, cultural milieu, and professional
specialism may each play a major role in these observations.
Specifically, we identified a subgroup that focused mostly on
physical, objectively measurable concepts (eg, cardiovascular
symptoms, shortness of breath, chest pain, neurological
symptoms, and cough), compared with the other subgroup,
which considered both objective and subjective or emotional
concepts (eg, worry about smoking-related diseases and impact
on health both of self and others) to be of equal importance.
These results may correspond with established patterns of
perceptions and considerations among Western cultures, which
may be broadly defined as individualistic (ie, driven by personal
goals), whereas those from Asia and South America can be
defined as collectivist (reflecting the primacy of mutual
obligations among members of society) [51-53]. Furthermore,
qualitative investigation of alignment with the subgroups
revealed that for certain job roles (eg, counselors and policy
advisors), the consumer-focused concepts were more important
than for other health care professionals (eg, specialist clinicians),
who were primarily concerned with objective, physical concepts.
These findings have important implications for the development
of a self-report measure that can be widely used and is adaptable
to individual or local requirements [54]. When disseminating
results based on the newly developed self-reported measure, it
may be essential to tailor communications on sf-TNPs for
specific audiences with different considerations of what is

clinically meaningful to the experts themselves, as well as to
the individual TNP user [26,33,54]. To validate the latent class
findings in round III, we asked respondents to self-identify with
the most relevant of the 2 subgroups. Overall, participants were
able to do so readily, indicating that the 2 classes were culturally
and professionally relevant, and that the new self-report measure
will maximize content validity by including the range of
concepts identified and ranked in round III to accommodate
cultural and professional requirements and differences.

There are 3 main strengths of this study. First, we used the
MaxDiff ranking to address the challenge of ranking an initial
high number of concepts. Second, the incorporation of an anchor
was essential in objectively identifying concepts for elimination.
Third, a large panel of experts representing a broad range of
professional expertise and geographies was recruited for this
study. This allowed us to confirm validity of the concepts
identified in the preparatory phase of the development of the
new measure. It also enabled us to parse out cultural and
professional subtleties that are important to consider when
disseminating outcomes from the new measure. Development
of an outcome measure involving both the target population
and clinicians is a key component of creating a high-quality
instrument [33,54]. Building this manner of collaboration and
bridging between TNP users and relevant experts in this Delphi
panel into the development of this new instrument would serve
to enhance the potential quality and validity of the final measure
by feeding into subsequent qualitative and psychometric
evaluations [26].

There are also some limitations to our study. First, we did not
use a strict Delphi panel process, and round I may be seen as a
preliminary evaluation rather than a pure ranking and scoring
exercise. Delphi panel methodology typically follows a highly
structured process. In this particular case, it would have been
ideal to perform additional preliminary qualitative insight work
to review all the elements of a study, formally review and refine
concept terminology, and test with external audiences. And, as
previously mentioned, this Delphi panel focused on the
experience and perceptions of experts and professionals who
interact with TNP users. Consequently, the findings reported
here do not have the vital context of TNP consumers opinions
and perceptions. Unfortunately, it would have been impractical
to address both angles in a single study with an initial list of 69
concepts. Instead, further research should consider evaluating
TNP users’ perceptions and rankings in a separate study using
similar methodology. In addition, there is a potential for
selection bias in the study due to the exclusion of experts who
specified they would not consider participating in studies by
tobacco companies. This exclusion could result in a sample that
is not fully representative of the broader expert community,
potentially impacting the generalizability of the findings. To
mitigate this, we used a diverse recruitment strategy to include
experts from various regions and specialties. However, the views
of nonparticipating experts might differ from those who
participated, and this limitation should be considered when
interpreting the results. Finally, the survey was conducted in
various languages, and despite the measures taken to ensure the
consistency and validity of the translated surveys, linguistic and
cultural differences may have led to variations in interpretation
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of the survey. These variations could potentially affect the
study’s findings and should be considered when interpreting
the results.

Conclusion
In conclusion, this 3-round, adapted Delphi panel identified a
ranked list of 20 concepts to be considered when assessing the
health and functioning status of individuals who stop smoking
cigarettes or switch to using sf-TNPs or NRTs. It is to be
expected that the scale of importance of each concept will vary

based on the health status and concerns of an individual, whereas
the ranking presented here represents a global, generalized view
provided by the participating experts. In addition, the sensitivity
of the concepts to accurately reflect changes in TNP use
behavior will need to be determined. This would support the
evaluation of the self-reported experience and impact of
switching from conventional cigarettes to sf-TNPs on health
risks and contribute to the regulatory and scientific evidence
base for understanding both the individual and public health
impacts of sf-TNPs.
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Abstract

With the increased use of digital health innovations in Canadian health care, educating health care users, professionals, and
researchers on the ethical challenges and privacy implications of these tools is essential. The Datum project, funded by the
Fondation Barreau du Quebec, was created to help these actors better understand legal and ethical issues regarding the collection,
use, and disclosure of digital health data for the purposes of scientific research, thereby enhancing literacy around data privacy.
The project consists of a multimedia website divided into legislation and policy documents and narrative-based video content.
Users can access the core legislation and policies governing the collection and use of health care data geared toward researchers
and health practitioners. Users can also view the narrative-based video content explaining key concepts related to digital health
data. The Datum project makes an original contribution to the field of law and ethics in health science research by using novel
approaches, such as learning health systems and data banks, to improve equity in health care delivery and by generating multimedia
content aimed at encouraging health care users to become better consumers and supporting the collective use of their data. The
Datum project also promotes digital literacy as a digital communication tool, which has the significant potential to improve health
outcomes, bridge the digital divide, and reduce health inequities.

(JMIR Form Res 2025;9:e60832)   doi:10.2196/60832
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The Digital Health Landscape in Canada

The landscape of digital health data in Canada is multifaceted,
encompassing issues of access, cultural relevance, policy
implementation, and ethical considerations in using digital health
tools in medicine [1]. There is a growing recognition of the
potential for digital health innovations to meet the health care
needs of Canadians, notwithstanding the challenges and
complexities of integrating digital health data in health systems
[2]. Public health research highlights the ethical challenges and
privacy implications of using digital public health tools,
emphasizing the need to find solutions while harnessing their
potential [3]. Gasser et al [3] investigated the impact of using
big data for health research and surveillance on the public
demand for transparency, trust, and fairness. Such ethical
challenges may be overcome by balancing risks and benefits to
individuals and populations while educating consumers on this
topic.

The Datum project aimed to support health care users,
professionals, and researchers to better understand the legal and
ethical implications of digital health data. There was a need for
accessible ways of understanding the collection, storage, and
uses of data and how data can be leveraged to meet the

objectives of scientific research. Multimedia content and a
library of resources were developed to achieve this end.

Background: Genesis of the Datum
Project

The word “datum,” the singular of data, originates from the
Latin verb dare, meaning “to give.” As an act of giving, data
may be viewed as not only the result or object of research but
also an object arising from a relational context. When patients
consent to participate in a research study, they agree to “give”
researchers information about their health and health outcomes.
The process of collecting, using, and aggregating this
information turns it into data that involves the interests of those
who originally shared it.

Digital health data are revolutionizing medicine, driving
personalized and measurement-based care approaches, informing
evidence-based practices, enabling population health
management, facilitating early intervention services, supporting
research and innovation, and transforming ways of delivering
and monitoring health care [4,5]. Analyses of health data reveal
the patient’s unique characteristics, risk and protective factors,
and treatment responses while providing information on service
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outcomes [6]. This allows providers to develop more tailored
and precise medical interventions, including targeted therapies
and personalized treatment plans while improving the quality
of services [7,8].

Influenced by the growing importance of digitalized data, recent
legislative and regulatory changes require researchers to
carefully consider the relational aspects of data and how data
about people is collected, processed, and used. The European
Union, through the General Data Protection Regulation,
spearheaded early efforts to address these issues, establishing
a global standard regarding the responsibilities of those who
act as the custodians of data [9]. Recent legislation in the
Canadian province of Quebec (eg, Law 25) recognizes the need
for enhanced privacy and confidentiality policies, a clearly
informed consent process for research participants, and
governance frameworks outlining these policies [10].

This rapidly evolving issue calls for enhanced literacy around
digital health data, empowering patients, caregivers, and
providers to engage with data policies, ask questions, and
increase their understanding of their privacy rights. Literacy
about data privacy enables individuals to make informed
decisions about the extent to which they share their personal
information and to advocate for their privacy rights within the
broader data governance framework [11].

It is important to empower health care users to support the
collective use of data, which extends beyond individual interests,
the economic value of data, and commercial use. The current
shift toward broader considerations of social and collective
value includes introducing democratic forms of governing data
production [12]. Moreover, the digital economy should be
relational such that individuals are interconnected within
population-based data relations [12]. For example, learning
health systems align data, technology, and care by continuously
aggregating and analyzing ongoing health care data to improve
future services, thereby creating a continuous feedback cycle
for learning and quality improvement [13,14].

Content of the Datum Website

The Datum project, a multimedia website hosted at McGill
University, offers users easy access to core legislation and policy
documents that offer an overview of the legislative and policy
frameworks governing the collection and use of health care data
in Canada and a multimedia section with narrative-based video
content capturing realistic exchanges between patients and
providers on the collection, use, and sharing of digital health
data [15].

Narrative-Based Video Content
Each video animation is set in a real-world context where health
care users may be asked to share their digital health data (Figure
1). For example, doctors generally gather intake information
from patients seen at medical appointments, including their
medical history and symptoms, then upload these data into the
patients’ electronic health records. Patients who agree to
participate in research studies also sign consent forms. Health
care users may also identify and share concerns about sharing
their personal data through dialogue with an authority figure
within the health care system. Their interactions and the
responses they receive demonstrate that health care providers
appreciate their concerns.

By focusing on the questions of health care users regarding the
collection, use, retention, and disclosure of their data in such
instances, each video highlights the importance of empowering
users to control their data, notably through consent and
authorization, data access and transparency, revocation of
consent, and data security and privacy. Through these videos,
the Datum project hopes to empower health care users to make
informed decisions by developing literacy in data privacy and
understanding the implications of sharing digital health data in
health care and research contexts. The scenarios presented also
emphasize the need for collaboration and dialogue between
different actors, as well as the advantages of sharing digital
health data, such as informing research, empowering future
research, and improving health outcomes and the delivery of
health care services.

The videos build on each other to provide a comprehensive
overview of the legal and ethical implications of using digital
health data. The first video, “Introduction to Digital Health
Data,” focuses on foundational concepts and addresses the
difference between data and information. The first and second
videos, which situate the characters in both clinical and research
contexts, explain some foundational concepts with which health
care users may be unfamiliar, such as digital health data and
the difference between information and data, as well as primary
and secondary uses of digital health data. The third and fourth
videos present more complex systems, specifically learning
health systems and data banks, where actors in the research and
clinical contexts interact with each other and work together to
improve health care systems and generate new knowledge.
These later videos illustrate the relational aspects of data,
specifically how a health care user’s data can be used for broader
societal purposes. In order to develop learning health systems
and data banks which rely on relational databases, health care
users have a crucial need to understand the scope and potential
of their consent to improve health care.
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Figure 1. Image of 4 videos from the Datum multimedia library.

Content Library
As a complement to accessible multimedia content for health
care users, the Datum website also features a content library,

organized according to legislation and policy documents (Figure
2). This section of the website targets researchers and health
care practitioners.

Figure 2. From image of how to select the legislation and policy documents Datum libraries.
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Legislation
The regulation of personal information in federalist states like
Canada is governed by a complex of provincial and federal
rules. The legislation page describes the division of these rules
between provincial and federal authorities. At the federal level,
the use, collection, and processing of personal information for
commercial purposes is subject to the federal Personal
Information Protection and Electronic Documents Act. In
general, privacy regulation is separated according to rules for
private and for public data. Health care data, which may be
subject to these privacy regulations, is typically subject to
additional rules. The applicable legislation for each province
and territory distinguishes three categories of personal
information: (1) health information (personal health care
information), (2) personal information held by public bodies,
and (3) personal information held by private entities.

Policy Documents
The policy documents page provides additional resources for
user consultation regarding the collection, use, and disclosure
of personal information in the health care context. These
materials were selected from the publications of reputable
government sources and serve as a starting point for future
research.

Feedback and Future Directions
When the Datum website was launched in September 2023, we
circulated a survey to gather feedback regarding the content and
accessibility of the website. User feedback suggested the utility
of incorporating interactive elements into the website to increase
user engagement, to allow professionals to contribute to the
content library, and as ways of sharing the website with a
broader audience.

Ethical Considerations
The Datum project involves the use of fictional characters in
the scenarios described in the narrative-based video content.
The video content is designed to highlight foundational concepts
in the literature and is based on research experience. It does not
recommend specific medical procedures or decisions but rather
presents interactions between these fictional characters. In
addition, usability testing was used to gather feedback to
improve the content of the Datum website. Survey responses
were not identifiable. No personal information was collected
from participants to ensure privacy and confidentiality.

Discussion

Contribution
The Datum project makes an original contribution to the field
of law and ethics in health science research. The primary
contribution of the project involved the development of literacy
related to digital health data through accessible multimedia
content and a focused information repository. The presentation
of multimedia content transforms traditional privacy practices
in the medical sphere into learning opportunities for multiple
stakeholders. Digital communication tools, such as mobile health
apps, telemedicine, and web-based health information resources
have demonstrated a significant potential to improve health and

digital literacy, ultimately leading to better health outcomes
[16].

Building on the idea that digital communication tools can
effectively educate and empower health care users [16], the
Datum project particularly seeks to address the data-related
concerns of health care users engaged in decision-making
processes within the health care context. Users may be unaware
of the legislative and institutional measures that protect their
digital health data or the various potential uses of their data,
whether at the individual or collective levels. Indeed, findings
from a survey conducted by Canada Health Infoway, entitled
“What Canadians Think: Exploring Public Trust in a Digital
Data Ecosystem,” revealed that only 3 in 10 respondents had
an awareness of Canadian privacy laws protecting their personal
health information. Moreover, nearly all participants indicated
that, before consenting to the use of their personal health
information, they wanted to be informed of how their personal
health information would be used and who would have access
to it. Surprisingly, a majority of participants expressed readiness
to share their personal health information for secondary purposes
[17].

Further evidence supporting the promotion of digital literacy
in health data, for patients to become better consumers of health
care, is rapidly emerging. Informed and activated patients may
effectively facilitate positive health outcomes at a lower cost
[18], while digital health literacy has also been found to have
a significant potential to improve health outcomes, bridge the
digital divide, and reduce health inequities [19]. Studies have
shown that increasing the numbers of individuals who use
professional health websites is an effective measure for
improving digital health literacy [20]. Additionally, research
has indicated that the better their digital health literacy skills,
the more individuals are able to function in the digital
environment, exchange data with care providers, and actively
participate in the co-design and co-delivery of health services
[21]. Our rapidly evolving digital environment underlines the
importance of early education in supporting the promotion of
digital health literacy as an integral part of school curricula [22].
Finally, research shows that the engagement of health care
service users as partners in identifying health research and
service improvement priorities has led to the optimization of
patient-centered health services [23].

Limitations
Certain limitations in the Datum project should be
acknowledged, especially considering the rapid rate of digital
transformation. For example, the project content has yet to touch
on the impact of using artificial intelligence for digital health
data and challenges that the use of artificial intelligence in data
modeling may create. As well, the content of the Datum project
does not address the concept of data ownership, suggesting
future directions for the project.

Conclusions
The evidence from various studies supports the importance of
promoting digital literacy concerning health data. The
empowerment of health data users is achieved through improved
health outcomes, knowledge on how to bridge the digital divide,
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active participation in health services, and the optimization of
patient-centered care. We hope that the Datum project will

empower patients to become better consumers of health care
services and research.

 

Conflicts of Interest
None declared.

References
1. Sekercioglu F, Hamid S. Ontario’s digital health vision in the post-COVID-19 pandemic era: a Canadian perspective. J Int

Health Sci Manag 2023;9(17):15-22. [doi: 10.48121/jihsam.1132918]
2. Paré G, Leaver C, Bourget C. Diffusion of the digital health self-tracking movement in Canada: results of a national survey.

J Med Internet Res 2018 May 2;20(5):e177. [doi: 10.2196/jmir.9388] [Medline: 29720359]
3. Gasser U, Ienca M, Scheibner J, Sleigh J, Vayena E. Digital tools against COVID-19: taxonomy, ethical challenges, and

navigation aid. Lancet Digit Health 2020 Aug;2(8):e425-e434. [doi: 10.1016/S2589-7500(20)30137-0] [Medline: 32835200]
4. Abernethy A, Adams L, Barrett M, et al. The promise of digital health: then, now, and the future. NAM Perspect 2022;2022.

[doi: 10.31478/202206e] [Medline: 36177208]
5. Walshe K, Rundall TG. Evidence-based management: from theory to practice in health care. Milbank Q 2001;79(3):429-457.

[doi: 10.1111/1468-0009.00214] [Medline: 11565163]
6. Ozomaro U, Wahlestedt C, Nemeroff CB. Personalized medicine in psychiatry: problems and promises. BMC Med 2013

May 16;11:132. [doi: 10.1186/1741-7015-11-132] [Medline: 23680237]
7. Hsin H, Fromer M, Peterson B, et al. Transforming psychiatry into data-driven medicine with digital measurement tools.

NPJ Digit Med 2018;1:37. [doi: 10.1038/s41746-018-0046-0] [Medline: 31304319]
8. Hulsen T, Jamuar SS, Moody AR, et al. From big data to precision medicine. Front Med (Lausanne) 2019;6:34. [doi:

10.3389/fmed.2019.00034] [Medline: 30881956]
9. Complete guide to GDPR compliance. General Data Protection Regulation (GDPR) EUE. URL: https://gdpr.eu [accessed

2024-12-05]
10. Principaux changements aux lois sur la protection des renseignements personnels. Comission d’accès à l’information (CAI).

2024. URL: https://www.cai.gouv.qc.ca/protection-renseignements-personnels/sujets-et-domaines-dinteret/
principaux-changements-loi-25 [accessed 2024-12-05]

11. Wissinger CL. Privacy literacy: from theory to practice. Comm Info Lit 2017;11(2):378-389 [FREE Full text] [doi:
10.15760/comminfolit.2017.11.2.9]

12. Viljoen S. A relational theory of data governance. Yale Law J 2021;131(2):573-654 [FREE Full text]
13. Austin EJ, LeRouge C, Lee JR, et al. A learning health systems approach to integrating electronic patient-reported outcomes

across the health care organization. Learn Health Syst 2021 Oct;5(4):e10263. [doi: 10.1002/lrh2.10263] [Medline: 34667879]
14. Ferrari M, Iyer S, LeBlanc A, Roy MA, Abdel-Baki A. A rapid-learning health system to support implementation of early

intervention services for psychosis in Quebec, Canada: protocol. JMIR Res Protoc 2022 Jul 19;11(7):e37346. [doi:
10.2196/37346] [Medline: 35852849]

15. Ludic Mind Studio. Datum: developing literacy about digital health data. McGill University. 2024. URL: https://www.
mcgill.ca/datum [accessed 2024-12-05]

16. Fitzpatrick PJ. Improving health literacy using the power of digital communications to achieve better health outcomes for
patients and practitioners. Front Digit Health 2023;5:1264780. [doi: 10.3389/fdgth.2023.1264780] [Medline: 38046643]

17. Understanding canadians’ attitudes, utilization, perceptions and expectations around digital health privacy. Canada Health
Infoway. 2024. URL: https://insights.infoway-inforoute.ca/digital-health-privacy-survey [accessed 2024-12-05]

18. Batalden M, Batalden P, Margolis P, et al. Coproduction of healthcare service. BMJ Qual Saf 2016 Jul;25(7):509-517. [doi:
10.1136/bmjqs-2015-004315] [Medline: 26376674]

19. Yang K, Hu Y, Qi H. Digital health literacy: bibliometric analysis. J Med Internet Res 2022 Jul 6;24(7):e35816. [doi:
10.2196/35816] [Medline: 35793141]

20. Liu S, Zhao H, Fu J, et al. Current status and influencing factors of digital health literacy among community-dwelling older
adults in Southwest China: a cross-sectional study. BMC Public Health 2022 May 17;22(1):996. [doi:
10.1186/s12889-022-13378-4] [Medline: 35581565]

21. Palumbo R, Nicola C, Adinolfi P. Addressing health literacy in the digital domain: insights from a literature review. K
2022 Dec 19;51(13):82-97. [doi: 10.1108/K-07-2021-0547]

22. Reddy P, Sharma B, Chaudhary K. Digital literacy: A review of literature. International Journal of Technoethics (IJT) 2020
Jul;11(2):65-94. [doi: 10.4018/IJT.20200701.oa1]

23. Murphy F, Noonan MM, Munro D. Conversations and action; combining world cafés with experience-based-co-design to
support women to breastfeed. ARCH Women Health Care 2019 Feb 13;2(1):1-4. [doi: 10.31038/AWHC.2019213]

JMIR Form Res 2025 | vol. 9 | e60832 | p.170https://formative.jmir.org/2025/1/e60832
(page number not for citation purposes)

Powell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.48121/jihsam.1132918
http://dx.doi.org/10.2196/jmir.9388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29720359&dopt=Abstract
http://dx.doi.org/10.1016/S2589-7500(20)30137-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32835200&dopt=Abstract
http://dx.doi.org/10.31478/202206e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36177208&dopt=Abstract
http://dx.doi.org/10.1111/1468-0009.00214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11565163&dopt=Abstract
http://dx.doi.org/10.1186/1741-7015-11-132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23680237&dopt=Abstract
http://dx.doi.org/10.1038/s41746-018-0046-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304319&dopt=Abstract
http://dx.doi.org/10.3389/fmed.2019.00034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30881956&dopt=Abstract
https://gdpr.eu
https://www.cai.gouv.qc.ca/protection-renseignements-personnels/sujets-et-domaines-dinteret/principaux-changements-loi-25
https://www.cai.gouv.qc.ca/protection-renseignements-personnels/sujets-et-domaines-dinteret/principaux-changements-loi-25
https://pdxscholar.library.pdx.edu/comminfolit/vol11/iss2/
http://dx.doi.org/10.15760/comminfolit.2017.11.2.9
https://www.yalelawjournal.org/feature/a-relational-theory-of-data-governance
http://dx.doi.org/10.1002/lrh2.10263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34667879&dopt=Abstract
http://dx.doi.org/10.2196/37346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35852849&dopt=Abstract
https://www.mcgill.ca/datum
https://www.mcgill.ca/datum
http://dx.doi.org/10.3389/fdgth.2023.1264780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38046643&dopt=Abstract
https://insights.infoway-inforoute.ca/digital-health-privacy-survey
http://dx.doi.org/10.1136/bmjqs-2015-004315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26376674&dopt=Abstract
http://dx.doi.org/10.2196/35816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35793141&dopt=Abstract
http://dx.doi.org/10.1186/s12889-022-13378-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35581565&dopt=Abstract
http://dx.doi.org/10.1108/K-07-2021-0547
http://dx.doi.org/10.4018/IJT.20200701.oa1
http://dx.doi.org/10.31038/AWHC.2019213
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 23.05.24; peer-reviewed by B Sterner; revised version received 21.10.24; accepted 28.10.24;
published 03.01.25.

Please cite as:
Powell D, Asad L, Zavaglia E, Ferrari M
Promoting Digital Health Data Literacy: The Datum Project
JMIR Form Res 2025;9:e60832
URL: https://formative.jmir.org/2025/1/e60832 
doi:10.2196/60832

© Daniel Powell, Laiba Asad, Elissa Zavaglia, Manuela Ferrari. Originally published in JMIR Formative Research
(https://formative.jmir.org), 3.1.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2025 | vol. 9 | e60832 | p.171https://formative.jmir.org/2025/1/e60832
(page number not for citation purposes)

Powell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2025/1/e60832
http://dx.doi.org/10.2196/60832
http://www.w3.org/Style/XSL
http://www.renderx.com/


Quantifying the Regional Disproportionality of COVID-19 Spread:
Modeling Study

Kenji Sasaki1, PhD; Yoichi Ikeda1, PhD; Takashi Nakano1,2, PhD
1Center for Infectious Disease Education and Research, Osaka University, Co-creation BLDG. D88-1, 2-1 Yamadaoka, Suita, Osaka, Japan
2Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka, Japan

Corresponding Author:
Kenji Sasaki, PhD
Center for Infectious Disease Education and Research, Osaka University, Co-creation BLDG. D88-1, 2-1 Yamadaoka, Suita,
Osaka, Japan

Abstract

Background: The COVID-19 pandemic has caused serious health, economic, and social consequences worldwide. Understanding
how infectious diseases spread can help mitigate these impacts. The Theil index, a measure of inequality rooted in information
theory, is useful for identifying geographic disproportionality in COVID-19 incidence across regions.

Objective: This study focused on capturing the degrees of regional disproportionality in incidence rates of infectious diseases
over time. Using the Theil index, we aim to assess regional disproportionality in the spread of COVID-19 and detect epicenters
where the number of infected individuals was disproportionately concentrated.

Methods: To quantify the degree of disproportionality in the incidence rates, we applied the Theil index to the publicly available
data of daily confirmed COVID-19 cases in the United States over a 1100-day period. This index measures relative disproportionality
by comparing daily regional case distributions with population proportions, thereby identifying regions where infections are
disproportionately concentrated.

Results: Our analysis revealed a dynamic pattern of regional disproportionality in the confirmed cases by monitoring variations
in regional contributions to the Theil index as the pandemic progressed. Over time, the index reflected a transition from localized
outbreaks to widespread transmission, with high values corresponding to concentrated cases in some regions. We also found that
the peaks in the Theil index often preceded surges in confirmed cases, suggesting its potential utility as an early warning signal.

Conclusions: This study demonstrated that the Theil index is one of the effective indices for quantifying regional disproportionality
in COVID-19 incidence rates. Although the Theil index alone cannot fully capture all aspects of pandemic dynamics, it serves
as a valuable tool when used alongside other indicators such as infection and hospitalization rates. This approach allows policy
makers to monitor regional disproportionality efficiently, offering insights for early intervention and targeted resource allocation.

(JMIR Form Res 2025;9:e59230)   doi:10.2196/59230

KEYWORDS

infectious disease; COVID-19; epidemiology; public health; SARS-CoV-2; pandemic; inequality measure; information theory;
Kullback-Leibler divergence

Introduction

The COVID-19 pandemic has caused serious health problems
and has had major economic and social consequences
worldwide. It has highlighted the need to understand regional
disparities in infection rates to strengthen public health responses
since infection dynamics are influenced by factors such as
population density, socioeconomic conditions, and health care
infrastructure [1,2]. Numerous indicators and models have been
proposed to address the problem, and mechanisms for the spread
of the infection and intervention measures to control the
pandemic have been studied [3-9].

Several recent studies have investigated regional differences in
COVID-19 prevalence [10-13]. Differences in the prevalence

rates between regions highlight the need to understand regional
inequalities in pandemic response strategies. Effectively
addressing these disparities requires accurate quantification and
understanding of regional disproportionalities in daily confirmed
COVID-19 cases.

In the field of economics, various indicators have been
developed to measure resource and income inequality, including
an index proposed by Theil, which incorporated information
theory [14]. Manz and Mansmann [15] have demonstrated the
importance of using inequality indices for monitoring changes
in geographic inequality; for instance, the Theil index was used
to track geographic disproportionality over time during the
COVID-19 pandemic, providing important insights for public
health policy.
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The aim of this paper is to quantify the interregional
disproportionality in the number of confirmed cases using the
Theil index, which mathematically corresponds to the
Kullback-Leibler (KL) divergence in information theory [16].
The Theil index is an effective method of measuring the degree
of disproportionality and objectively assessing biases in the
interregional distribution of infected individuals.

Methods

Overview
We analyzed the time trends of daily COVID-19–confirmed
cases in the United States over 1100 days since the first reported
case on January 21, 2020 [17]. Data are taken from the
COVID-19 data repository at the Center for Systems Science
and Engineering (CSSE) at Johns Hopkins University [18]. US
state population data were obtained from the US Census Bureau
website [19]. Population changes due to migration, births, and
deaths were not considered in the analysis.

The Disproportionality Measure: Theil Index
The Theil index is commonly applied in various fields including
economics, sociology, and information theory. It quantifies the
relative differences between various components of a dataset.
In the context of regional analysis of the confirmed cases, the
Theil index can be employed to evaluate the distribution of
infected individuals across different regions. In this study, we
use the Theil index to identify regions with disproportionate
numbers of confirmed cases relative to their population size.

The discrete form of the Theil index is expressed as:

T=∑i=1Nti=∑i=1Npilnpiqi

where N is the total number of regions being considered and ln
is the natural logarithm. The Theil index T is composed of a
sum of ti which is a partial contribution from region i. The
discrete probability distribution, pi, in region i is defined as the
ratio of daily confirmed cases region i to the total confirmed
cases across all regions for that day. Similarly, the population
ratio, qi, in region i is the ratio of the population in region i to
the total population across all regions.

The Theil index, which is mathematically related to the KL
divergence, is a nonsymmetric metric that measures the relative
entropy or informational difference between two distributions.
It is sensitive to the interregional variations in the distribution
of the confirmed cases, with its maximum value attained when
the confirmed cases are concentrated in areas with the smallest
population proportion. Consequently, the index tends to exhibit
higher values when a small number of regions account for a
large share of the confirmed cases, and conversely, lower values
when the confirmed cases are more evenly distributed across
regions. Notably, it remains nonnegative and reaches a minimum
value of 0 only when the two distributions are identical.
Therefore, applying the Theil index to the time-series data of
the confirmed cases, and monitoring changes in the index over
time, we quantified the degree of spread of COVID-19 cases
and assessed whether the confirmed cases were
disproportionately concentrated relative to the regional
population sizes over time.

Ethical Considerations
This study used publicly available, deidentified COVID-19 data
from CSSE at Johns Hopkins University [18], and therefore,
additional ethics approval and informed consent were not
required. The aggregated data ensured privacy and
confidentiality, and no direct human participants were involved;
thus, no compensation was provided. No identifiable information
appears in any images or materials.

Results

To address fluctuations in the Theil index caused by data
aggregation inconsistencies during holidays across different
regions, the 7-day average of confirmed COVID-19 cases was
used instead of raw data.

Figure 1 illustrates a 2-axis graph showing the time trends of
the Theil index (left axis) and the number of confirmed cases
in a logarithmic scale (right axis, logarithmic scale). The
horizontal axis represents the number of days elapsed (denoted
by d in the text) since the date of the first reported case in the
United States.

In Figure 1, there are eight notable surges of the confirmed
cases, occurring at approximately d=80 (first), 180 (second),
350 (third), 450 (fourth), 580 (fifth), 720 (sixth), 900 (seventh),
and 1080 (eighth), respectively. The presence of multiple peaks
in the Theil index indicates that infected individuals were
concentrated in specific regions during the period, and the
degree of this concentration can be assessed by examining the
numerical values. However, it is important to note that changes
in the Theil index simply indicate the degree of regional
disproportionality in the confirmed cases rather than absolute
increases or decreases in the number of infected individuals.
Therefore, this indicator is most effective when interpreted in
conjunction with actual trends in the number of confirmed cases.

Before the first peak, the number of confirmed cases was quite
low, and the Theil index fluctuated erratically. As d increased
near the first peak, the Theil index gradually decreased, reaching
a local minimum around d=120. This suggested that the initially
localized epidemic began to spread throughout the US during
the early stages of the global pandemic. Similar trends were
observed during subsequent surges, such as slight a increase in
the Theil index before the peak, followed by a decrease. This
could be seen as a precursor to a surge in the number of infected
individuals. This finding aligns with previous research by Ikeda,
Sasaki, and Nakano [7].

The following examples provide interesting insights; when the
Theil index value was high and the number of confirmed cases
was low (d=60, 550, etc), it indicated that the infectious disease
was localized and beginning to spread to various regions.
Conversely, when the index was low and the number of
confirmed cases was high (d=750, etc), it indicated that there
was no obvious epicenter of the infectious disease, with the
number of confirmed cases increasing relatively and evenly
across different regions.

The contributions to the Theil index from each region (ti),
calculated from the number of cases on each date, were arranged
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in chronological order and visualized using a heatmap, as shown
in Figure 2. Regions with a high proportion of confirmed cases
are represented in red, while regions with a low proportion are
colored blue. Notably, there are long intervals between the deep
red patches in some regions such as California, Florida, and
New York. Particularly, the periods of intense infection
represented by these deep red patches were not repeated at short
intervals. This phenomenon is of great importance in infectious
disease management. Once a major epidemic in an area has
subsided, the interval between subsequent outbreaks provides
an opportunity to rebuild the health care infrastructure and
implement preventive measures before the occurrence of the
next epidemic.

Based on the observations from Figure 2, the epicenter of
infectious diseases as indicated by the red patches alternates
between New York, California, and Florida. This insight is
crucial for understanding the underlying mechanisms of the
spread of infectious diseases in the future. Furthermore, after
d=750, both the red and blue colors fade over time, indicating
the absence of a single epicenter, and a widespread outbreak of
COVID-19. This pattern suggests the ineffectiveness of
countermeasures against the spread of infectious diseases under
these circumstances.

Figure 3A shows the contributions to the Theil index by region
at d=60. The horizontal axis in the figure shows the state code

(as listed in Multimedia Appendix 1). There is a significant
contribution to the Theil index from New York State compared
to the other regions. Figure 3B shows that at this point confirmed
cases were highly localized in these regions.

There were relatively large negative contributions to the Theil
index from California, Florida, and Texas, which were regions
with high population ratios. It is interesting to note that there
was little risk of infection in these regions at that point; however,
the number of infected individuals rapidly increased following
the concentration of confirmed cases in New York.

Figure 4 shows the contributions to the Theil index from each
region at d=550 and 750. At d=550 shown in Figure 4A, the
Theil index reaches a peak, and the trend of confirmed cases is
increasing. This suggests that a new epidemic is emerging,
mainly in Florida and Louisiana. However, their contributions
are significantly smaller compared to New York at d=60, as
seen in Figure 3. This indicates that regional disproportionality
is much less pronounced than in the early stage of the
COVID-19 pandemic. It is also interesting to look at data on
d=750 as shown in Figure 4B, when confirmed cases in the
United States are at their maximum. Although several regions
show large contributions to the Theil index, the epicenter of
COVID-19 is no longer obvious, suggesting that COVID-19
cases are uniformly distributed across the country.

Figure 1. Time trends of the Theil index on the left axis and the 7-day average number of the confirmed cases on the right axis on a logarithmic scale
are shown in the red and blue curves, respectively. The horizontal axis is the number of days elapsed since January 21, 2020.
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Figure 2. Partial contributions to the Theil index from each region, ti, are displayed in a heatmap over time. The horizontal axis represents the number

of days elapsed since January 21, 2020. The vertical axis shows the names of states in the United States. The positive (high concentration of incidences)
and negative (low concentration) contributions to the Theil index correspond to deep red and blue colors, respectively.

Figure 3. Partial contributions to the Theil index from each region, ti, at d=60. The horizontal axis shows the state code given in Multimedia Appendix

1. (A) Comparison of the distribution of the confirmed cases and population. The vertical axis shows the ratio of a part to the whole region for populations
and for the confirmed cases. (B) Contributions to the Theil index from each region. The vertical axis shows the strength of the contribution to the Theil
index. The significantly high value of partial contribution to the Theil index is highlighted in orange.
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Figure 4. Partial contributions of the Theil index from each region, ti at a specific date. The vertical axis shows the strength of contribution to the Theil
index. The horizontal axis shows the state code given in Multimedia Appendix 1. (A) Contributions of the Theil index at d=550. (B) Contributions of
the Theil index at d=750. The significantly high values of partial contribution to the Theil index are highlighted in orange.

Discussion

This study demonstrates the utility of the Theil index for
quantifying regional disproportionalities in the distribution of
COVID-19 cases. It offers an intuitive and efficient approach
to identifying hotspots and monitoring the spread of infection.
However, certain limitations may affect result interpretation.

The accuracy of the analysis depends on data quality; factors
such as underreporting, delays in case confirmation, and regional
differences in testing capacity may introduce biases into case
counts. These issues could potentially impact the calculated
Theil index and the assessment of regional disproportionalities.

Additionally, this study focuses primarily on confirmed cases
rather than new infections, limiting its capacity to predict future
spread. Therefore, the Theil index alone may not be sufficient
for determining the timing and location of public health
interventions, such as isolation measures. To support
comprehensive policy-making, it should be used alongside other
indicators, such as infection rates, hospitalization rates, and
health care capacity.

Conventional spatiotemporal analysis methods [20,21] are
widely used in epidemiology and public health to track
infectious disease spread and visualize infection clusters over
time in specific regions. These established tools effectively
detect geographical clusters, identify areas with unusually high
incidence, and reveal disease hotspots within defined spatial
ranges.

In contrast, our method offers two distinct advantages. First, an
increase in the Theil index acts as a precursor to a surge in the
number of infected individuals. Second, it quantifies regional
disproportionalities in incidence rates at any given time. Unlike
conventional methods that emphasize physical distance and
spatial proximity, our approach treats regions as discrete
categories to calculate incidence rate disproportionalities.
Although simple, this approach provides an intuitive way to
identify epicenters at a lower computational cost compared to
spatiotemporal scanning, enabling us to detect early surges in

confirmed cases and pinpoint regions with concentrated
infections.

For instance, the concentration of COVID-19 cases in New
York at d=60 as shown in Figure 3A and B, cannot be
overlooked when considering infection control. The lockdown
was implemented in New York City [22] and coincided with a
period when the contribution to the Theil index was concentrated
in New York State. Although it is challenging to assess the
direct impact of lockdown using the Theil index alone, the
timing appears appropriate based on the pattern of concentration
of confirmed cases.

Integrating our method with additional data sources, such as
mobility patterns and health care capacity, will enhance
pandemic response strategies, particularly for early intervention
and efficient resource allocation.

In conclusion, this study demonstrates the application of the
Theil index in quantifying regional disproportionalities in
confirmed cases and monitoring their evolution over time. By
analyzing confirmed case data in the United States, we have
identified patterns of disproportionalities, specified epicenters,
and characterized localized outbreaks.

Continued monitoring and analysis of regional differences in
COVID-19 transmission remain essential, especially considering
emerging variants and evolving public health responses. Our
findings highlight the importance of understanding the regional
dynamics of infected individuals for effective pandemic response
interventions.

Incorporating the findings of this study will help policy makers
refine strategies and address the diverse needs of different
regions, ultimately increasing the effectiveness of pandemic
response efforts and mitigating the impact of future health crises.

Lastly, the decomposability of the Theil index makes it possible
to quantify and compare disproportionality in groups with
specific characteristics, such as age, vaccination coverage, and
health care accessibility. Identifying these disproportionalities
will provide important insights for future pandemic responses.
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Abstract

Background: Misuse of glucagon-like peptide-1 receptor agonists (GLP-1RAs) has emerged globally as individuals increasingly
use these drugs for weight loss because of unrealistic and attractive body images advertised and shared on the internet.

Objective: This study assesses the quality of information and compliance with Japan’s medical advertising guidelines on the
websites of medical institutions that prescribe GLP-1RAs off-label for weight loss.

Methods: Websites were identified by searching Google and Yahoo! by using keywords related to GLP-1RAs and weight loss
in August 2024. The quality of information on these websites was assessed using the DISCERN instrument. To comply with
Japan’s medical advertising guidelines, we evaluated whether the 5 mandatory items for advertisements of self-paid medical
treatments involving the off-label use of drugs were stated and whether there were any exaggerated claims. The content of the
exaggerated advertisements was categorized into themes.

Results: Of the 87 websites included, only 1 website stated all 5 mandatory items. Websites listing “ineligible for the relief
system for sufferers from adverse drug reactions” had the lowest percentage at 9% (8/87), while 83% (72/87) of the websites
listed exaggerated advertisements. Approximately 69% (60/87) of the websites suggested that no exercise or dietary therapy was
required, 24% (21/87) suggested that using GLP-1RAs is a natural and healthy method, and 31% (27/87) of the websites provided
the author’s personal opinions on the risks of using GLP-1RAs. The mean total DISCERN score for all 87 websites was 32.6
(SD 5.5), indicating low quality. Only 1 website achieved a good rating, and 9 websites were rated as fair. The majority of the
websites were rated as poor (72 websites) or very poor (5 websites).

Conclusions: We found that the quality of information provided by the websites of medical institutions prescribing GLP-1RAs
off-label for weight loss was very low and that many websites violated Japan’s medical advertising guidelines. The prevalence
of exaggerated advertisements, which may lead consumers to believe that they can lose weight without dietary or exercise therapy,
suggests the risk of GLP-1RA misuse among consumers. Public institutions and health care providers should monitor and regulate
advertisements that violate guidelines and provide accurate information regarding GLP-1RAs, obesity, and weight loss.

(JMIR Form Res 2025;9:e68792)   doi:10.2196/68792
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Introduction

Prescription drug misuse is an emerging global public health
issue [1-3]. According to a previous study [4], misuse is defined
as the therapeutic use of legal drugs in a manner other than as
prescribed, and abuse is defined as the use of illegal drugs for
nontherapeutic purposes such as psychological pleasure and
weight loss. The misuse and abuse of drugs can lead to health
problems. In the United States and European countries, misuse
of opioid analgesics, benzodiazepines, over-the-counter cough
suppressants containing dextromethorphan and codeine, and
psychostimulants have been observed [1-3,5]. Further, in Japan,
misuse of over-the-counter cough suppressants, pain relievers,
antianxiety medications, and sedative drugs has been observed
[6,7]. However, misuse of glucagon-like peptide-1 receptor
agonists (GLP-1RAs) has become a problem in recent years
[8-10].

GLP-1RAs are the most effective drugs for obesity treatment
[11]. Semaglutide (Wegovy), a type of GLP-1RA, was approved
by the US Food and Drug Administration (FDA) as an obesity
treatment drug in 2021 [12]. Since then, its market share has
rapidly expanded [13]. Conversely, multiple news media outlets
have reported concerns about the misuse of GLP-1RAs [14,15].
Due to unrealistic and attractive body images that are advertised
by celebrities on social media, people without obesity allegedly
obtain and use GLP-1RAs illicitly for weight loss purposes [16].
Adverse events of GLP-1RA misuse have also been reported
[8,9]. A previous study showed that the use of semaglutide in
patients with overweight/obesity may be associated with the
incidence of nonarteritic anterior ischemic optic neuropathy, a
severe ophthalmologic condition that can lead to blindness [17].
Another previous study showed that GLP-1RA users for weight
management had an increased risk of serious gastrointestinal
disorders compared to bupropion-naltrexone users, with adjusted
hazard ratios for pancreatitis, bowel obstruction, and
gastroparesis reported as 9.09, 4.22, and 3.67, respectively [18].
However, the use of GLP-1RAs for weight management is a
relatively new therapeutic approach, and the long-term side
effects associated with their use remain unknown. Additionally,
the effectiveness and potential adverse effects of using
GLP-1RAs for further weight loss in individuals without obesity
also remain unknown. This increased demand has caused a
global shortage of GLP-1RAs [16]. The European Medicines
Agency has announced recommendations by manufacturers,
health care professionals, and citizens for the proper use of
GLP-1RAs [19].

In Japan, Wegovy was approved for the treatment of obesity on
March 27, 2023. According to the Optimal Use Promotion
Guideline by the Japan’s Ministry of Health, Labor, and
Welfare, patients eligible for obesity treatment are “those with
BMI ≥35 kg/m² or those with BMI ≥27 kg/m² who also have 2
or more health conditions related to obesity and who do not
achieve sufficient results from diet and exercise therapy” [20].
The guidelines also strictly prohibit the use of GLP-1RAs for

weight loss purposes without obesity as well as institutional
criteria for prescribing GLP-1RAs under insurance-covered
medical care [20,21]. Japan’s Ministry of Health, Labor, and
Welfare released a “Request for cooperation due to tight
inventory of GLP-1 receptor agonist” [22], and the Japan
Diabetes Society [23] and Japan Society for the Study of Obesity
[24] have made recommendations regarding the off-label use
of GLP-1RAs.

However, several private clinics in Japan prescribe GLP-1RAs
for off-label weight loss. Japan’s National Consumer Affairs
Center and Consumer Affairs Agency warns citizens against
the use of GLP-1RAs for weight loss purposes because of the
possibility of medical institutions prescribing GLP-1RAs
through advertisements that are prohibited by guidelines,
inadequate physician consultations and explanations, and
inadequate systems to manage adverse events [25,26]. Websites
of medical institutions in Japan are regulated by the Medical
Care Act [27] and the Ministry of Health, Labor and Welfare’s
“Regulations on Advertisements of Hospitals, etc under the
Medical Care Act” (Japan’s medical advertising guidelines)
[28], which prohibit false or exaggerated advertisements. The
reason for this is “because false advertisements may cause
patients to lose the opportunity to receive appropriate medical
consultation or receive inappropriate medical treatments by
giving them information that is significantly different from the
facts, etc”[28].

In previous studies on health information quality, these issues
were assessed as part of the reliability of health information.
The DISCERN instrument developed by Charnock et al [29]
has been used in many studies to assess the publication
reliability and the quality of the written health information
(Multimedia Appendix 1). The validity and reliability of the
DISCERN instrument were ensured, and in addition to the
original English language version, Chinese [30], Spanish [31],
Brazilian Portuguese [32], and Japanese [33] versions have been
developed [29]. Previous studies using the DISCERN instrument
have examined the quality of information on websites regarding
posttraumatic stress disorder [34], breast cancer [35],
nasopharyngeal carcinoma [36], and cosmetic injectability [37].
These studies showed that the quality of individual websites
varied considerably: the quality of information was higher for
academic and government institutions that operate websites and
lower for commercial institutions [34-37]. A systematic review
showed that in research using the DISCERN instrument, none
found the mean DISCERN score of all websites to be excellent,
and the information quality of the majority of websites ranged
from fair to very good [38].

In recent years, most people have searched the internet for health
information [39]. The internet usage rate for individuals in Japan
in 2022 was 84.9% and exceeded 90% when limited to the 10-50
years age range [40]. For cosmetic treatments, 95% of the
patients search for information on the internet before entering
a doctor’s office [41]. Hence, if medical institutions’ websites
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on GLP-1RAs contain misleading, exaggerated, or unreliable
information, these websites should be immediately assessed
and improved. However, to our knowledge, no study has
investigated the quality of information that people without
obesity obtain from websites when they consider obtaining
GLP-1RAs for weight loss. This study aims to assess compliance
with medical advertising guidelines and the quality of
information on the websites of medical institutions that prescribe
GLP-1RAs off-label for weight loss in Japan.

Methods

Data Collection

Search Terms
We used a Japanese-language search string input into Google
Japan [42] and Yahoo Japan [43], which has the largest search
engine market shares in Japan, in August 2024 [44]. The
GLP-1RAs approved by the FDA for obesity treatment are
liraglutide, semaglutide, and tirzepatide that are sold in Japan
under the product names Rybelsus, Ozempic, Victoza, Saxenda,
and Mounjaro. The search keywords comprised 6 in total
(Rybelsus diet, Ozempic diet, Victoza diet, Saxenda diet,
Mounjaro diet, and GLP-1 diet), which included each product
name combined with diet (used specifically to mean weight loss
in Japan), as well as the comprehensive term GLP-1 diet.
Wegovy was excluded from the search terms because it was the
newest drug and was not available in the general market in
Japan. Saxenda is approved in Japan for the treatment of diabetes
under the name Victoza, but private clinics that use the drug
off-label advertise it under the name Saxenda; so, it was included
in the search terms.

All words were entered in the search window, one keyword at
a time, and 20 websites were reviewed per search engine for
each term. This is because a previous study showed that 97.2%
of the users only view the first 1-10 websites of search results,
and  2% click on links on the second page of the search results
and beyond [45]. Google Chrome’s incognito browser that
would have all history deleted was used, and personal accounts
were not used.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: websites written in
Japanese; websites created by medical institutions (with medical
department labels); websites clearly stating that GLP-1RAs
were being sold; and the medical institutions operating the
websites were not accredited as facilities capable of treating
obesity using GLP-1RAs by the Japanese Circulation Society,
Japan Diabetes Society, or Japan Endocrine Society. The
exclusion criteria were as follows: duplicate websites,
government or academic statements, PDF documents, news
reports, affiliate advertisements, and websites that were unclear
whether they prescribe GLP-1RAs. The first author (RO)
reviewed all the websites in the search results and extracted
eligible websites.

Data Extraction
RO recorded the names and URLs of all the websites, names
of the medical institutions operating the websites, the medical

departments they represented, and the types of GLP-1RAs they
sold. If not listed, it was recorded as unknown. Medical
institutions can represent multiple medical departments in Japan.
Therefore, if several departments were listed, all were recorded.
All data were recorded in a Microsoft Excel 2021 spreadsheet
by RO.

Data Assessment
First, all identified websites were assessed by an internal
medicine physician (RO) for compliance with the medical
advertising guidelines in Japan and quality by using the
DISCERN instrument. Second, the third author (EF, an internal
physician) was trained through a 1-hour meeting and a 1-hour
pilot assessment, and then EF independently assessed
approximately 20% (20/87) of the total websites. These 20
websites were randomly selected using Microsoft Excel to
generate random numbers. Finally, they assessed the agreement
between the coders of the 20 websites. The results were recorded
using a Microsoft Excel 2021 spreadsheet. More precise
information is provided below.

Assessment of Compliance With Medical Advertising
Guidelines
In the case of noninsured medical treatments involving off-label
use of drugs, it is prohibited to advertise on websites without
explicitly stating that “the drugs are not approved, the
acquisition route, information on whether there are other
domestically approved drugs with the same ingredients and
performance, information on the safety of the products in other
countries, and they are ineligible for the relief system for
sufferers from adverse drug reactions,” in Japan’s medical
advertising guidelines [28]. All the websites were assessed based
on whether these 5 items were stated.

Japan’s medical advertising guidelines also prohibit exaggerated
advertisements [28]. The guidelines [28] define exaggerated
advertisements as advertisements that are not necessarily false
but that misleads citizens by misrepresenting facts such as about
the size of the facility, staffing, or the contents of the medical
care provided. Moreover, “misleading citizens” is defined as
“it is sufficient to say, as a matter of common sense, that there
is a difference between the ‘impression’ or ‘expectation’ that
citizens perceive from the advertisements and the actual
contents, and it is not necessary to prove that the advertisements
mislead or to show that the advertisements have actually misled
citizens” [27]. Therefore, since taking GLP-1RAs is considered
an auxiliary therapy for exercise and dietary therapy in the
treatment of obesity, statements such as “you can lose weight
with GLP-1RAs alone,” “you can lose weight even if you cannot
exercise,” or “you do not need dietary therapy” are considered
exaggerated advertisements. The coders carefully read the
guidelines and assessed each statement by using a binary (0/1)
scale to indicate the presence or absence of exaggerated
advertisements. RO then analyzed the contents of the
exaggerated advertisements and categorized them into themes
according to the specific examples in the guidelines [28].

Quality Assessment Using the DISCERN Instrument
The DISCERN instrument in the Japanese version [33] was
used for the quality assessment of information. The DISCERN
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instrument consists of 16 items, each of which is assessed on a
5-point Likert scale (1=not at all, 5=completely). Section 1
(questions 1-8) addresses website reliability, section 2 (questions
9-15) addresses the quality of information about treatment
options, and section 3 (question 16) presents the overall
assessment. The total score ranged from 16 to 80, with higher
scores indicating higher quality information. Several previous
studies ranked the quality of websites based on their total score
as follows: excellent=80-63, good=62-51, fair=50-39,
poor=38-27, very poor=26-16 [35,46].

Statistical Analysis
Data are presented as means for continuous variables and counts
with frequency percentages for categorical variables. Cohen κ
statistic was used to measure the intercoder reliability for
compliance with medical advertising guidelines and DISCERN
scores between the first and second coders. Linear regression
models were used to investigate the association between the
specialties of the clinic operating the website and the total
DISCERN score. P values were 2-sided, and P<.05 was
considered statistically significant. All analyses were conducted
using the R version 4.3.1 (June 16, 2023; R Foundation for
Statistical Computing).

Ethical Considerations
This study did not involve human or animal participants, and
all data were collected from publicly available web-based

sources. This study was granted an exemption from ethics
approval by the ethics review committee of the Graduate School
of Medicine, University of Tokyo.

Results

Characteristics of the Included Websites
In total, 240 websites were identified. After the removal of
intrasearch term duplicates and those that met the exclusion
criteria, 87 websites were used for the analysis (Figure 1). A
total of 67 clinics operated the 87 websites. This was because
8 clinics had multiple different GLP-1RA diet-related articles.
Table 1 shows that the most common departments, as far as
could be determined from the websites, were dermatology
(22/120, 18.3%), cosmetic dermatology (21/120, 17.5%), and
internal medicine (19/120, 15.8%); 17 clinics were unaware of
their departments. The percentages of advertisements with
Ozempic, Rybelsus, Mounjaro, Victoza, and Saxenda were
18.5% (30/162), 29.1% (47/162), 12.3% (20/162),14.2%
(23/162), and 25.9% (42/162), respectively. Approximately
18% (16/87) of the websites mentioned selling sodium-glucose
cotransporter 2 inhibitor along with GLP-1RAs, and 12%
(10/87) mentioned selling metformin.

Figure 1. Search process flowchart. GLP-1: glucagon-like peptide-1; GLP-1RA: glucagon-like peptide-1 receptor agonist.
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Table 1. Characteristics of the websites regarding prescription drug misuse of glucagon-like peptide-1 receptor agonists by off-label use for weight
loss.

Values, n (%)

Specialtya (n=120b)

22 (18.3)Dermatology

21 (17.5)Cosmetic dermatology

19 (15.8)Internal medicine

6 (5)Cosmetic surgery

6 (5)Urology

5 (4.2)Allergology

24 (20)Other

17 (14.2)Unknown

Types of advertised drugsc (n=162d)

30 (18.5)Ozempic

47 (29)Rybelsus

20 (12.3)Mounjaro

23 (14.2)Victoza

42 (25.9)Saxenda

aMedical departments represented by medical institutions.
bTotal number of mentions of specialty.
cTypes of glucagon-like peptide-1 receptor agonists that medical institutions advertised for sale.
dTotal number of mentions of drugs.

Compliance With Medical Advertising Guidelines
The intercoder reliability was acceptable (average Cohen
κ=0.667). Table 2 shows the compliance with medical
advertising guidelines. Only one of the 87 websites stated the

5 required items. The items with the highest percentage of listing
were “acquisition route” and “information on the safety of the
drugs in other countries,” both at 79% (69/87). The item with
the lowest percentage of listing was “ineligible for the relief
system for sufferers from adverse drug reactions” at 9% (8/87).

Table 2. Compliance with advertising guidelines of the websites regarding prescription drug misuse of glucagon-like peptide-1 receptor agonists by
off-label use for weight loss (N=87).

Values, n (%)

Content that should be includeda

43 (49)The drug is unapproved

69 (79)Acquisition route

24 (28)Information on whether there are other domestically approved drugs with
the same ingredients and performance

69 (79)Information on the safety of the drug in other countries

8 (9)Ineligible for relief system for sufferers from adverse drug reactions

72 (83)Exaggerated advertisementsb

aExplicit statements required under Japan’s medical advertising guidelines for noninsured medical treatments involving off-label drug use.
bAdvertisements containing expressions that could mislead citizens, as determined by coders under Japan’s medical advertising guidelines.

Table 2 shows that 83% (72/87) of the websites listed
exaggerated advertisements. Table 3 shows the content of the
exaggerated advertisements: of the 87 websites, 69% (60/87)
conveyed messages indicating no exercise and dietary therapy

were required, 24% (21/87) conveyed messages indicating that
using GLP-1RAs is a natural and healthy method, and 31%
(27/87) provided the website author’s subjective expression of
the risks of using GLP-1RAs.
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Table 3. Content of exaggerated advertising regarding prescription drug misuse of glucagon-like peptide-1 receptor agonists by off-label use for weight

loss (N=87)a.

Values, n (%)Illustrative quotesThemes

60 (69)…Exercise is also unnecessary. Exercise is less effective in losing weight.

…Medical dieting is a treatment that suppresses appetite and promotes
weight loss by taking a medicine called GLP-1 receptor agonist, which is
used in the treatment of diabetes, without diet restrictions or hard exercise
regimen.

Induction by nonscientific information (no diet or
exercise therapy required)

21 (24)…By managing portion sizes, you can reduce calorie intake and engage
in a natural and controlled dietary regimen.

…To achieve weight loss in a healthy manner.

…It also has fat-burning and pancreas-protecting effects, making it a
healthy way to lose weight.

Induction by nonscientific information (natural and
healthy methods)

27 (31)…Since the delayed gastric emptying effect is not long-lasting, there is
little need to consider it dangerous.

…I, as the director, have also used it and had no side effects other than
slight heartburn, which may have caused mild anorexia and slight weight
loss.

Subjective expressions of risks

20 (23)…Everything from making an appointment and consultation to prescribing
a drug is done online, so there is no need to go out.

…You can see us from anywhere in the country via our web-based clinic.
[...] There is no consultation fee; GLP-1 injections will be mailed to you.

Statements that you can always get the drug only
through web-based medical consultation

aAdvertisements containing expressions that could mislead citizens, as determined by coders under Japan’s medical advertising guidelines.

Quality Assessment Using DISCERN Instrument
Intercoder reliability was acceptable (average Cohen κ=0.663).
Figure 2 shows the DISCERN scores for all 87 websites across
each item. Table 4 presents the mean score for each of the 16
DISCERN instrument criteria and the total DISCERN score.
The mean total DISCERN score for all 87 websites was 32.6
(SD 5.5). Only 1 website scored more than 51 points, which is
good; 9 websites scored between 39 and 50 points, which is
fair; 72 websites were poor; and 5 websites were very poor. The
items that scored a mean of at least 3 points were criterion 9
(does it describe how each treatment works?) with a mean score
of 3.96 (SD 1.10), criterion 2 (does it achieve its aims?) with a
mean score of 3.18 (SD 0.70), criterion 1 (are the aims clear?)
with a mean score of 3.10 (SD 0.57), and criterion 10 (does it
describe the benefits of each treatment?) with a mean score of

3.01 (SD 0.42). The items that scored a mean of less than 2
points were criterion 15 (does it provide support for shared
decision-making?), criterion 12 (does it describe what would
happen if no treatment was used?), criterion 7 (does it provide
details of additional sources of support and information?),
criterion 8 (does it refer to the areas of uncertainty?), criterion
14 (is it clear that there may be more than one possible treatment
choice?), criterion 6 (is this balanced or unbiased?), criterion 4
(is it clear what sources of information were used to compile
the publication?), and criterion 5 (is it clear when the
information used or reported in the publication was produced?).
The mean score for criteria 16, which assessed the overall
quality, was 1.49 (SD 0.73). No statistically significant
association was found between the specialties and the total
DISCERN score (all P>.05).
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Figure 2. DISCERN scores for each item: #1 to #16 represent the criteria numbers of the DISCERN instrument. No: identification numbers for individual
websites for analysis.
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Table 4. Mean score for each of the 16 DISCERN instrument criteriaa.

Mean score (SD)CriteriaCriterion number

3.10 (0.57)Provides clear aims1

3.18 (0.71)Achieves its aims2

2.21 (1.15)Provides relevant information3

1.70 (1.07)Provides sources of information4

1.73 (1.16)Provides information production date5

1.28 (0.58)Balanced and unbiased6

1.18 (0.52)Provides additional sources of information7

1.24 (0.48)Refers to areas of uncertainty8

3.97 (1.10)Describes how each treatment works9

3.01 (0.42)Describes benefits of each treatment10

2.36 (0.79)Describes risks of each treatment11

1.10 (0.46)Describes what would happen if no treatment is used12

2.70 (0.67)Describes how treatment affects quality of life13

1.24 (0.76)Makes clear that there may be more than one possible treatment choice14

1.05 (0.30)Supports shared decision-making15

1.49 (0.73)Overall quality16

aEach DISCERN item is assessed on a 5-point Likert scale (1=not at all, 5=completely). Total score = 32.55 (SD 5.53).

Discussion

Principal Findings
This study assesses compliance with Japanese medical
advertising guidelines, exaggerated advertisement classification,
and DISCERN scores of Japanese websites of medical
institutions that prescribe GLP-1RAs off-label for weight loss,
which Japanese consumers may refer to when considering
weight loss with GLP-1RAs.

Many websites potentially violated Japan’s medical advertising
guidelines, and very few websites listed all the items required
for advertising GLP-1RAs off-label use. In particular, only 9%
(8/87) of the websites stated that using GLP-1RAs off-label
was not covered by the Adverse Reactions Relief System for
Drugs. In recent years, problems related to cosmetic therapy
for weight loss have increased in Japan [47], so it is problematic
that consumers have limited exposure to information indicating
that the off-label use of GLP-1RAs is not covered by the
Adverse Reactions Relief System for Drugs. Furthermore,
concerns have been raised that GLP-1RAs may be obtained
without a prescription and are at risk of misuse and abuse in
inappropriate quantities [8]. However, research on who is
actually misusing and what kinds of adverse effects occur
because of misuse remains scarce. Generally, it has been
reported that distinguishing between therapeutic errors,
unintentional misuse, and intentional abuse of drugs is
challenging, and the content of the reports tends to vary [5]. As
mentioned above, in Japan, because it is not covered by the
Adverse Reactions Relief System for Drugs, it may be difficult
for consumers who have experienced adverse events due to the
misuse of GLP-1RAs to claim compensation.

Approximately 83% (72/87) of the websites included
exaggerated advertisements, and much of their content may
mislead consumers into assuming that one can lose weight by
using GLP-1RAs without exercise or dietary therapy. However,
since participants in clinical trials evaluating the efficacy of
obesity treatment drugs received medication therapy as an
auxiliary to lifestyle interventions, the message that the use of
GLP-1RAs for weight loss does not require exercise or dietary
therapy is unscientific [48]. Additionally, according to another
previous study, such messages may evoke a “compensatory
health belief” in consumers that “if an alternative behavior is
adopted, it is not necessary to engage in healthy behaviors or
refrain from unhealthy ones.” [49,50]

In this study, the mean of the total DISCERN scores of the
analyzed websites was 32.56, which qualified as poor.
Individually, most of the websites qualified as poor, only 1
website qualified as good, 9 websites qualified as fair, 72
websites qualified as poor, and 5 websites qualified as very
poor. The mean score of criterion 16, the overall quality rating,
was also low (score=1.49). These results were extremely low
compared to those of previous studies that used the DISCERN
instrument to assess the quality of health information [34-36,38].
For each question, criterion 15 (shared decision-making),
criterion 12 (if no treatment is used), criterion 7 (additional
information sources), criterion 8 (uncertainty), criterion 14
(possible treatment choice), and criterion 6 (balanced and
unbiased) scored low, and criterion 9 (how each treatment
works), criterion 2 (achieves its aims), and criterion 1 (provides
clear aim) scored high. This trend was consistent with that of
previous studies [34-36]. Unlike previous studies that compared
DISCERN scores by the type of website operator (academic,
government, or commercial agencies), only private clinic
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websites that prescribe GLP-1RAs for off-label use were
assessed in this study. Therefore, the DISCERN score was
significantly lower in this study, possibly because the purpose
of the websites was to sell GLP-1RAs and not to provide
accurate information about obesity or obesity treatment to the
public. In other words, these websites were advertisements
designed to appeal to consumers about the effectiveness of
GLP-1RAs for weight loss and not to draw their attention to
other treatment options or shared decision-making with other
health care providers or family members. Nevertheless, a
previous study on consumer judgments of the reliability of
web-based health information showed that website owners’
authority had a positive impact on reliability and credibility
[51]. Accordingly, if medical institutions representing specialties
such as internal medicine were the owners of these websites,
many consumers might trust the content of the websites. In
summary, the problems with the information on medical
institution websites identified by this study are not only
unscientific and in violation of medical advertising guidelines
but are also problematic from the perspective of public health
and health promotion.

In this study, we observed that there were few public institution
websites providing information on obesity treatment for
consumers. To the best of our knowledge, no study has
comprehensively compared the overall quality of web-based
medical information between Japan and other countries.
However, a previous study comparing palliative care websites
in the United States and Japan reported that Japanese websites
were of lower quality than the American ones [52]. A study
focusing on the quality of web-based medical information within
Japan has generally reported low quality [53]. This issue may
be influenced by differences in the medical advertising
regulations between Japan and other countries. Future studies
should aim to provide a more comprehensive and international
assessment of the quality of medical information.

Practical Implications
The results of this study have several implications. Regarding
future studies, researchers should assess the reliability of media
content, including medical institutions’ websites that prescribe
drugs for off-label use to contribute to better control of
prescription drug misuse in the future. Many studies have
investigated the consumer risk factors and preventive
interventions for drug misuse. For example, a study investigating
the misuse of over-the-counter drugs showed that health literacy,
low education level, and misunderstanding of over-the-counter
medicine instructions were correlated with the incidence of
misuse [5]. Another study showed that the misuse of prescription
stimulants for weight loss was positively associated with being
female, lacking insurance, and having a history of lifetime
misuse but not past-year misuse of prescription sedatives or
tranquilizers [54]. Limited health literacy has been reported to
be correlated with overweight/obesity in the first place [55],
greater difficulty in the medication compliance, and higher
mortality [56]. Thus, efforts to enhance consumer health literacy
may be equally important as well as the content reliability of
medical institutions’ websites. In particular, studies on the risk
of GLP-1RA misuse or off-label use are scarce and should be
investigated.

Regarding future practices, this study suggests that governments
should continuously monitor and provide corrective actions on
websites, including unscientific content, to promote drug sales.
A previous study in Japan showed that the number and volume
of newspaper advertisements for dietary supplements that might
mislead consumers decreased following the collective action
of Japan’s Consumer Affairs Agency [57]. Therefore,
government monitoring and regulations are also important to
address misleading information provided by medical institutions
concerning prescription drug misuse. Furthermore, there are no
uniform international guidelines for medical advertising. The
permissibility of over-the-counter drug advertisements and
advertisements for medical services differs from country to
country. However, with the recent proliferation of social
networking service platforms, misinformation or information
with commercial intent about medicine can spread around the
world in a short period of time. Therefore, it is also important
to establish international medical advertising guidelines. Second,
medical institutions and health care providers should recognize
the current problem of GLP-1RA misuse and provide accurate
information on the internet and through in-person explanations
to individuals who are interested in weight loss. Additionally,
medical institutions, academic organizations, and ministries
should improve their websites with a focus on search engine
optimization to ensure that high-quality medical information
appears at the top of search engine results [58]. Internet-based
companies, including Google, should be encouraged to prioritize
the display of high-quality medical information. Third, medical
institutions, health care providers, academic institutions, and
ministries should inform citizens that current information on
GLP-1RAs on websites is unreliable and that there is no miracle
drug that is risk-free and absolutely effective. If individuals
without obesity wish to lose weight, they should consult a trusted
specialist such as a primary care physician to understand the
risks and proceed with the therapy best suited for them.

Limitations and Strengths
This study has several limitations. First, this study only analyzed
Japanese-language websites. The approval status of GLP-1RAs
and medical advertising regulations differ from country to
country. Thus, the generalizability of the results of this study
to other countries is limited. Second, this study assesses the
search results for web browsers and websites when viewed with
web browsers. The results and website display contents may
differ when using a smartphone. The results may have been
affected by websites and search algorithms that were optimized
for smartphones. Third, this study only used the DISCERN
instrument for quality assessment. Therefore, this study was
unable to discuss the reliability items other than those evaluated
by DISCERN. There are multiple other quality assessment
indicators such as the Health on the Net Foundation Code of
Conduct certification and the Journal of the American Medical
Association (JAMA) benchmark criteria. However, the Health
on the Net Foundation Code of Conduct is not well known in
Japan, and few websites have obtained it; therefore, it was not
used in this study. The JAMA benchmark has only 4 criteria.
Since most of the medical institutions of this study were private
clinics, it was assumed that the 2 criteria of JAMA benchmark,
authorship and attribution, would not differ. Additionally,

JMIR Form Res 2025 | vol. 9 | e68792 | p.187https://formative.jmir.org/2025/1/e68792
(page number not for citation purposes)

Oyama et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


previous studies that evaluated web-based health information
reported a positive correlation between JAMA benchmark scores
and DISCERN scores [59,60]. Therefore, only DISCERN was
used in this study. Additionally, the DISCERN instrument was
developed to enable patients to assess the quality of written
information related to treatment choices and to promote the
creation of high-quality health information for documents
intended for patients. Thus, assessing quality in terms of medical
accuracy is not the primary focus of the DISCERN instrument.
However, in this study, 2 internal medicine physician coders
assessed the medical accuracy when evaluating questions 6, 9,
and 12 of the DISCERN instrument, thereby reflecting medical
accuracy in the DISCERN score. Fourth, this study relies on a
single reviewer to screen eligible websites, which raises the
possibility that some potentially eligible websites may have
been excluded from the analyzed dataset. Fifth, the intercoder
reliability between the 2 coders was ensured to be acceptable;
however, coder bias may not have been completely eliminated.
Finally, the impact of the websites analyzed in this study on
viewers’ cognition and behavior was outside the scope of this
study; future studies should examine this aspect.

Despite these limitations, to the best of our knowledge, this is
the first study on the quality of information on the websites of

medical institutions that prescribe GLP-1RAs for weight loss
in Japan. This study provides important implications for future
studies and practice on better communication to decrease
prescription drug misuse of GLP-1RAs, as discussed above.
The quality of the websites of medical institutions that prescribe
GLP-1RAs for weight loss was very low, and many of them
did not comply with the medical advertising guidelines in Japan.
This study shows that many websites, including exaggerated
advertisements, may promote the misconception that exercise
and dietary therapy are unnecessary. This study also shows that
many websites provide biased information that may lead
consumers to use GLP-1RAs without presenting alternative
weight loss methods other than GLP-1RAs or the option of
shared decision-making with health care providers or family
members. Consumers and citizens who read such information
may misuse GLP-1RAs because of insufficient understanding
of their side effect risks and proper usage. Public institutions
must monitor and regulate advertising content that violates
guidelines and misleads individuals. Health care providers need
to inform consumers about the risks and proper usage of
GLP-1RAs and provide accurate information related to weight
loss. Beneficial medications developed for people’s health
should not pose health risks because of the inappropriate
information provided by health care providers.
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