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Abstract

Background: Relaxation-based mobile health (mHealth) interventions hold strong potential to address perioperative anxiety
and pain management in a scalable manner. However, there is limited research on how surgical patients engage with these
interventions and what aspects may be most helpful.

Objective: This study had 3 goals: (1) explore how users interact with a relaxation-based mHealth intervention during the
perioperative period; (2) understand how user performance and perceptions relate to perceived benefits; and (3) identify design
considerations to enhance user engagement and behavior change outcomes in mHealth interventions.

Methods: We conducted a prospective longitudinal cohort, mixed methods study to evaluate user engagement with MiCarePath,
a relaxation-based mHealth intervention. A total of 19 perioperative patients (mean age 41.3 years; 14/19, 74%, female) undergoing
elective surgery and reporting sometimes-to-always anxiety were enrolled using 3 recruitment methods. Participants used the
app from 10 days before surgery to 4 weeks after surgery. We collected quantitative data on video engagement metrics (eg,
duration of watching, response rate to video prompts) and ecological momentary assessments of anxiety and pain. Concurrently,
we conducted semistructured, data-prompted interviews at 3 time points to assess user perceptions. These data were integrated
using descriptive statistics, repeated-measures ANOVA, and qualitative thematic analysis to examine the relationship between
user performance and perceived benefits.

Results: Eleven participants reported developing or improving relaxation-based self-management strategies (high benefit),
whereas 8 reported little benefit from the intervention. The high-benefit group showed significantly greater total watching time
(difference 223.8 minutes, 95% CI 95.54-366.46 minutes, P<.001), higher adherence to video prompts (73.45% vs 34.60%,
P<.001), and greater perceived helpfulness of the content (79.80% vs 25.50%, P<.001) compared with the low-benefit group. A
significant group-by-time interaction effect was observed for engagement (F1,17=17.02, P<.001). No difference was observed in
delay in response to video prompts. However, within each group, participant perceptions were not fully reflected in performance.
Some participants in the high-benefit group showed decreased video watching after surgery but still reported feeling engaged
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with the intervention. Interview data revealed that “intentional use” behavior—where users actively seek content to manage
symptoms independent of prompts—distinguished these participants. Those who developed intentional use were able to practice
relaxation techniques without the app and resume app engagement following contextual disruptions.

Conclusions: This study explored user engagement with a relaxation-based mHealth intervention for perioperative care, advancing
the literature by integrating user perceptions and performance for digital anxiety and pain management. Results indicate that
perceived benefit may not always be reflected in user performance. Intentional use emerges as a promising indicator of effective
mHealth engagement in perioperative care. Future designs should aim to foster intentional use through features such as reflection
prompts and adaptive notifications. Future work should also develop computational models to detect intentional use and evaluate
adaptive interventions in larger cohorts.

(JMIR Mhealth Uhealth 2026;14:e64278) doi: 10.2196/64278
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Introduction

Background
Preoperative anxiety is common and closely intertwined with
pain experiences both before and after surgery. It affects a
significant proportion of individuals across different ages and
health conditions, with estimates suggesting that up to 50% of
patients experience heightened anxiety in anticipation of surgery
[1]. Some studies report even higher rates, with up to 80% of
patients across different surgical fields experiencing anxiety
due to elevated stress and fear of surgery [2]. The experience
of preoperative anxiety, if not addressed in a timely and
appropriate manner, often extends throughout the entire
perioperative period. Greater preoperative anxiety is associated
with adverse outcomes, including increased patient-reported
pain, prolonged opioid use, and postoperative misuse [3-6].
These interrelated challenges pose a substantial clinical burden,
increasing both clinical workload and patient morbidity [7].
Despite the severity of the problem, managing both anxiety and
pain throughout the perioperative period remains a critical
challenge. Unlike general chronic disease populations,
perioperative patients often face unique, acute stressors that
complicate self-management. These include physical mobility
restrictions, the cognitive load of managing new medication
regimens (eg, opioids), and the emotional burden of anticipated
surgical outcomes, all of which significantly complicate
recovery for patients undergoing surgery [3,8].

In recent years, mobile health (mHealth) interventions have
been shown to promote well-being through personalized care
and behavioral support [9-11] and have the potential to improve
perioperative outcomes by delivering interventions that support
healthy behaviors [10,12]. With integrated educational and
psychological strategies delivered via an mHealth platform,
patients can receive support without the need for additional
clinical appointments or programs [13,14], allowing more time
to build resilience and receive behavioral support before and
after surgery [15]. Some interventions focus on behavioral pain
management and self-regulation, helping patients actively
participate in their recovery and pain control [16,17]. A growing
number of intervention apps have adopted a relaxation-based
approach, leveraging evidence-based mind-body techniques to
alleviate perioperative anxiety and pain [18]. These include
guided mindfulness, breathing exercises, meditation [19],

progressive muscle relaxation [20], and music-based
interventions delivered via digital devices [21]. Emerging
evidence suggests that these technologies show promise in
supporting patients’ emotional and physical well-being in a
scalable manner during the perioperative period.

Research Gap
While mHealth interventions show promise for managing
preoperative anxiety and pain, sustained user engagement
remains a major challenge in this and most mHealth settings
[22-26]. User engagement refers to interaction with and use of
mHealth tools and can be measured by user perceptions and
performance [22,23]. The effectiveness and desired outcomes
of mHealth interventions are often hindered by poor uptake
[27], early attrition [28], significant declines in adherence over
4-8 weeks of an intervention [29], intentional nonadherence to
the intervention [30], and even abandonment [23] (eg,
[29,31,32]). While broader mHealth studies have examined
engagement, there is a scarcity of studies examining both user
performance and perceptions in relaxation-based interventions
for surgical patients [15,20,33]. Prior work often focused on
general populations or chronic conditions, lacking the specific
context of the acute perioperative phase and longitudinal data
tracking usage from presurgery to recovery. Consequently, the
intersection of objective usage metrics and subjective user
experience remains underexplored in the perioperative patient
population.

Given the acute stress of surgical anticipation, significant time
constraints, and the physical burden of postoperative pain, these
patients often navigate competing medical priorities that may
limit their capacity to engage with digital tools [34,35].
Consequently, prior research on digital interventions for pain
and anxiety management in surgical settings has reported low
uptake and high attrition due to substantial time demands and
emotional burden [16,34]. However, existing studies have relied
heavily on quantitative metrics (eg, system usage data) to assess
these challenges, often neglecting the affective and cognitive
dimensions of the user experience [35]. Taken together, only a
few studies have examined both user performance and
perceptions through a longitudinal lens specifically within the
acute perioperative phase, as most research focuses on general
wellness or chronic conditions. This gap is particularly
significant for perioperative patients, whose unique stressors
and needs may shape their interaction with mHealth
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interventions for anxiety and pain management. Thus, a
comprehensive understanding of the relationship between
objective usage and subjective experience remains
underexplored in this population.

To address this gap, we investigated perioperative patient
engagement with a relaxation-based mHealth intervention,
MiCarePath. MiCarePath was designed to provide perioperative
patients with low-cost, engaging education and relaxation-based
exercises to help reduce both anxiety and pain. It includes 3
short educational videos about surgery in general (eg, what to
expect, pain as a normal part of healing), the role of anxiety in
the experience of pain, the use of opioids and other strategies
to mitigate surgical pain, and the potential benefits of learning
behavioral skills to reduce anxiety and pain. MiCarePath also
includes self-directed, evidence-based relaxation exercises, such
as guided imagery meditation videos and deep breathing
training, which have been demonstrated to reduce perioperative
anxiety and pain [3,4]. In addition, MiCarePath incorporates
ecological momentary assessments of anxiety and pain, as well
as questionnaires to measure health and behavioral outcomes
(eg, pain, anxiety, self-management strategies) at different time
points during the study.

Regarding user performance, we primarily focused on the length
of interaction with different videos, the delay in responding to
video prompts, and the response rate to video prompts. To
examine user perceptions, we conducted semistructured
interviews informed by the data-prompted interview approach
[36] both before and following surgery. We used video
engagement data, momentary anxiety and pain levels, and
feedback related to the relaxation videos to probe participant
decision-making and actions in response to video prompts.
Findings from this study will inform the design of
relaxation-based interventions for perioperative anxiety and
pain management and enhance understanding of user perceptions
and performance with such interventions.

Objective
We aimed to better understand perioperative patients’
engagement with a relaxation-based mHealth intervention. We
examined both user perceptions and performance during the
pre- and postsurgical periods. This understanding is critical for
designing more effective, patient-centered interventions that
promote adherence and improve clinical outcomes. We
conducted a mixed methods analysis to address the following
research questions: (1) How do patients act on video prompts
and engage with relaxation exercise videos during the
perioperative period? (2) How can user perceptions and
performance be aligned with an intervention to better understand
user engagement? and (3) How might mHealth interventions
be better designed to enhance user engagement and ultimately
improve behavioral outcomes?

Methods

Intervention Design: The MiCarePath App
The MiCarePath app was designed to help surgical patients
manage perioperative anxiety and pain through education and
the teaching of relaxation skills. The app was built using

MyDataHelps [37], a research platform that enables survey data
collection and the delivery of mHealth interventions. The
MiCarePath intervention included 5 components: (1) 3
surgery-related educational videos assigned to participants at
the start of the intervention, covering expectations for surgery,
safe opioid use, and the benefits of learning anxiety and pain
self-management strategies; (2) relaxation exercise videos for
day-to-day pain and anxiety management, including guided
imagery meditation videos and a deep breathing pacer; (3) push
notifications that provide reminders to watch relaxation exercise
videos; (4) mindfulness-related behavioral suggestions; and (5)
ecological momentary assessments of anxiety and pain (1 item
each).

Prior literature shows that the timing of intervention delivery
affects user receptivity and engagement with intervention
content [12,25,26]. While we did not aim to evaluate the
effectiveness of the intervention in a fully randomized controlled
trial setting, we recognized the importance of randomizing the
timing of video prompts to examine user experience. This
approach allowed us to explore context-specific variations in
user decision-making and actions in response to different video
prompts. Accordingly, each day, the app delivered a video
prompt at a random time within 1 of the following 4 time
frames: (1) morning: 9:00 AM-noon; (2) early afternoon:
noon-3:00 PM; (3) late afternoon: 3:00-6:00 PM; and (4)
evening: 6:00-9:00 PM. Similar to the video prompts,
participants completed momentary assessments of pain and
anxiety 4 times per day, prompted within the same time frames.
Considering the capabilities of MyDataHelps, we randomly
generated 3 unique prompting schedules (ie, when to deliver a
relaxation exercise video and ecological momentary
assessments) and randomly assigned participants to one of these
schedules, forming 3 groups. Participants within the same group
received intervention prompts and self-report questions at the
same time.

The primary intervention content of the MiCarePath app was
the relaxation exercise videos, which were presented to
participants once per day and were also the focus of this study.
The videos, ranging from approximately 10 to 15 minutes in
length, immerse users in various relaxation and meditation
scenarios, such as a forest, seaside, or garden. These videos
were developed and produced specifically for the MiCarePath
app. Participants could switch to a different video or watch
multiple videos, and they also had the option to proactively
watch a video without being prompted. After completing
relaxation exercises, the app prompted them to answer 3 or 4
questions designed to collect user feedback, including whether
the video was watched, the perceived helpfulness of the video
(helpful, neutral, or not helpful), activities before responding
to the prompt, and reasons for nonadherence (if relevant). To
monitor users’ anxiety and pain levels, we implemented
ecological momentary assessments using two 10-point
single-item rating scales (ie, “From 1-10, what is your level of
anxiety/pain right now?”) [37].

To preliminarily assess the major outcomes of the MiCarePath
intervention, the app collected data on participants’ pain,
anxiety, and any self-management strategies used over the
course of the intervention. These measures were completed at
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study entry and for 2 weeks following surgery. The small sample
size precluded analysis of the intervention’s effectiveness;
instead, we examined participants’ user experience over time
to explore intervention engagement.

Study Procedures
The study team first invited individuals to participate. The study
used a fully remote design, with participant coordination
conducted via email. Individuals who indicated interest were
screened for eligibility criteria, consented, and then provided
with instructions to download and install the MiCarePath project
within the MyDataHelps app. The intervention period for each
participant lasted approximately 40 days; participants began
using the app at least 10 days before surgery and were
encouraged to continue for 1 month following surgery. This
timeline allowed participants to become familiar with the
intervention, as well as to learn and practice relaxation
techniques in preparation for surgery and during recovery. We
conducted 3 qualitative interviews (each approximately 15-20
minutes): (1) before surgery (1-2 days prior); (2) 2 weeks after
surgery; and (3) upon study completion (4 weeks following
surgery, approximately 30 minutes). These interviews,
conducted at multiple time points over the course of the
intervention, allowed us to examine changes in participant
perceptions and experiences. Figure 1 presents the study
timeline. Additionally, participants were asked to complete
questionnaires at these time points, including measures of
anxiety and pain levels, self-management strategies, and
medication use.

Interviews were informed by a data-prompted interview
approach, which helps researchers gain rich insights into
participants’ in-the-field experiences by using collected data to
guide conversations [38-40]. Two authors (XY and RB), both
graduate researchers trained in human-computer interaction,
developed the interview guide and conducted the interviews
remotely via Zoom (Zoom Communications). During each
interview, the research investigator first introduced the purpose
of the interview and their background, and began with general
questions about health and surgical status. We then presented
data visualizations to participants displaying information about
their actions in response to video prompts (ie, whether they
chose to watch the video or not, or switched to a different video),
video engagement (eg, completion of a video), momentary
anxiety and pain, and activities before watching a video.
Interview materials were presented using Google Slides (Google
LLC; see Figure 2 for an example). Specifically, we probed
user actions when (1) the participant chose not to watch a video;
(2) the participant appeared to watch a video at an atypical time
or in a unique context; and (3) the participant expressed an
attitude that differed from their usual perceptions of the videos.
When presenting the visualizations, the researcher described
the data and asked participants to recall their experiences around
the time they responded to a video prompt. Follow-up questions
were used to explore possible reasons underlying participant
decision-making and actions. We concluded the interviews by
asking participants about other techniques or behavioral support
they received during that period.

Figure 1. Study timeline. Participants attended 2 check-in interviews and 1 exit interview.
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Figure 2. Example of the visualization shown during interviews. Text indicated when participants received a video prompt and their subsequent actions
(eg, watching the video). A video screenshot was used to prompt recall of past experiences, and same-day pain and anxiety scores were displayed. Icons
indicated video completion and perceived helpfulness.

Participant Recruitment
Participants were recruited using 3 sampling methods: study
posts on a university-based research study site, snowball
sampling of clinical providers’ patient contacts, and review of
surgical schedules for patients undergoing elective surgery. We
used multiple recruitment methods to maximize enrollment of
a diverse cohort of end users. Eligible participants were (1) at
least 18 years of age; (2) fluent in English; (3) undergoing
elective surgery at least 10 days after the consent date (to
provide sufficient time to engage with the app); (4) willing to
participate in surveys through 4 weeks after surgery; (5) able
to access a device (smartphone or tablet, such as an iPad; Apple
Inc) to use the MyDataHelps platform for completing anxiety
and pain assessments and engaging with the MiCarePath
intervention content; and (6) endorsing surgery-related anxiety,
as indicated by a response of 3-5 to the following statement: “I
feel anxious when thinking of my upcoming surgery (1=never,
2=rarely, 3=sometimes, 4=often, and 5=always).” We focused
on patients who reported surgery-related anxiety, as these
patients may be more interested in learning relaxation techniques
and motivated to do so before surgery. The enrollment process
commenced in October 2022 and concluded in July 2023. We
aimed to enroll 15-25 participants to achieve thematic saturation
and allow for subgroup comparisons [41,42]. The final sample
size (N=19) is consistent with prior mixed methods and
feasibility studies examining mHealth engagement in clinical
contexts [29,43]. Given the exploratory aim of identifying
engagement patterns and intentional use behaviors, this sample
size was deemed sufficient to support thematic analysis and
descriptive quantitative comparisons rather than hypothesis
testing.

Ethical Considerations
Ethics approval was obtained in 2022 from the University of
Michigan, Ann Arbor Institutional Review Board (approval
number IRBMED HUM00217162). Individuals who contacted
the study team were screened for eligibility, and those who were
eligible provided e-consent before enrollment in study activities.
Participants were instructed to install the MyDataHelps app
during a brief onboarding session and were provided with a
1-page user manual for reference.

To ensure participant data confidentiality, all collected data
were deidentified and replaced with unique participant codes.
Interviews were audio-recorded, and no images of participants
were obtained or reported in the manuscript. The document
linking these codes to personally identifiable information was
stored separately from the study data on a secure, firewalled
university server, with access strictly restricted to the research
team. Regarding data security, the MyDataHelps platform uses
industry-standard encryption protocols. It is built on the HIPAA
(Health Insurance Portability and Accountability Act)–compliant
HIEBus platform, which securely handles protected health
information in accordance with clinical standards.

Participants were compensated up to US $60 for completing
surveys and interviews. They were not compensated for their
engagement with video prompts to mitigate potential
intervention effects related to incentives.

Data Analysis

Characterization of Perceived Benefit and Mixed
Methods Integration
As the key aim of the MiCarePath intervention is to introduce
relaxation techniques to perioperative patients and encourage
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them to adopt or maintain relaxation as a self-management
strategy, we used participant-reported use of strategies at week
2 after surgery—a multiple-choice question framed as follows:
“Do you currently use strategies to decrease anxiety? (check all
that apply).”—and frequency of use as criteria to assess
perceived benefit from the intervention (ie, whether patients
learned and developed a new self-management strategy as
intended). We categorized participants into 2 groups based on
their reported benefit from the intervention: a high-benefit group,
comprising those who reported developing a new
self-management strategy or maintaining relaxation techniques,
and a low-benefit group, comprising those who did not report
these outcomes. Our focus was on identifying commonalities
within each perceived benefit group (high vs low) and
differences between the 2 groups to identify phenomena
indicative of users’ perceived benefit. We first followed a
sequential explanatory strategy [43,44], using the collected data
to inform the check-in and exit interviews. During the data
analysis phase, researchers applied a concurrent triangulation
approach to conduct qualitative and quantitative analyses
simultaneously and then integrated both sets of results for
interpretation. When discrepancies were identified, we used
participants’ interview data to interpret changes in perceptions
and performance.

Quantitative Data Analysis
We analyzed 4 key video engagement metrics: (1) average
length of video engagement per week (in minutes), (2) response
rate to video prompts (defined as whether a participant opened
the notification), (3) response delay (measured in seconds from
notification to video engagement), and (4) reported helpfulness
of videos (categorized as helpful, neutral, or not helpful). These
measures served as proxy indicators of user interest and depth
of engagement with different relaxation videos [45]. User
interaction data were collected using Google Analytics 4 and
Google Tag Manager [46], which recorded time-stamped events
such as video start and stop times, video content type, and
engagement duration. Weekly engagement data (eg,
postoperative week 1, week 2) were treated as a categorical
within-participant variable to enable temporal comparisons.
Missing data resulting from participant dropout were handled
using listwise deletion, as analyses focused on within-participant
trends rather than population-level inference. Given the
exploratory nature of the study and small sample size, analyses
were interpreted descriptively rather than as confirmatory tests.
We began with descriptive statistical analyses to summarize
trends in video engagement and perceived helpfulness. We then
applied mixed-design analysis of variance (mixed ANOVA) to
examine weekly video viewing time and response delay between
the 2 groups. Before conducting ANOVA, we assessed the
assumptions of normality and sphericity. When the Mauchly
test indicated a violation of sphericity, we applied the
Greenhouse-Geisser correction. Given the exploratory nature
of the study, we did not apply corrections for multiple
comparisons. All statistical analyses were conducted in Python
(version 3.8.7; Python Foundation) using Jupyter Notebook.

Qualitative Data Analysis
We conducted a 2-stage thematic analysis of interview data,
drawing on data-prompted interview analysis practices [38-40].
Interviews were audio-recorded and transcribed using
auto-generated transcripts, which were subsequently proofread
by the first author (XY) for accuracy. Researchers first reviewed
participants’ transcripts and annotated critical incidents, a widely
used technique in qualitative research in which researchers focus
on participants’ recalled events (eg, how they responded to an
intervention prompt) to reconstruct past behaviors and identify
notable behavioral patterns [47]. Data visualizations presented
during the interviews (eg, engagement trends) were used to
contextualize participant responses and anchor incidents during
analysis. In the first stage, 2 researchers (XY and RB) engaged
in memo writing [48] to summarize each participant’s key
characteristics (including prior meditation experience and coping
strategies for anxiety and pain management) and general
experience with the intervention (including development of new
self-management strategies and overall attitudes toward the
intervention). Using a spreadsheet, researchers conducted a
deductive analysis guided by the study’s research questions,
focusing on key experiential domains such as perceptions,
reported behaviors, and changes before and after surgery. The
spreadsheet format allowed for flexible categorization, efficient
organization, and filtering of quotes by contextual variables (eg,
timing relative to surgery, user group). Drawing on participants’
objective engagement data, the researchers examined alignment
between perceptions and performance, particularly across the
2 user groups. Check-in interview data were used to help explain
changes in engagement over time. This triangulation process
allowed us to contextualize subjective experience with objective
intervention engagement patterns, specifically examining
alignment between user perceptions and performance across
the 2 user groups.

Researchers then applied in vivo coding [49,50] to uncover
emergent themes grounded in participants’ language through
an iterative codebook development process. They collaboratively
coded around 20% of the transcripts (4/19, 21%), establishing
intercoder reliability through discussion and alignment on code
definitions. Once a consistent agreement was reached, the
remaining transcripts were independently coded using the
finalized codebook. The broader research team, including senior
members (NEC and MWN), held regular debriefing meetings
to review and refine emerging themes. Data saturation was
assessed through ongoing review of new transcripts and was
considered achieved when no substantial new codes or themes
emerged.

To ensure the quality and transparency of our mixed methods
approach, this study followed the GRAMMS (Good Reporting
of a Mixed Methods Study; Multimedia Appendix 1) framework
[51] and the COREQ (Consolidated Criteria for Reporting
Qualitative Research; Multimedia Appendix 2) guidelines [52].

Results

Overview
A total of 22 participants were enrolled in this study. Of these,
19 participants successfully completed the study; 1 participant
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dropped out before surgery, and 2 dropped out after surgery.
Sixteen participants completed all 3 interviews, while 3 were
either unavailable due to physical therapy or remained
unresponsive to the research team’s phone calls or emails. Table
1 presents demographic characteristics, with a focus on prior
experience and whether participants developed or maintained
relaxation as a self-management strategy upon completing the
intervention, which was used as the criterion to differentiate
users’ perceived benefit.

Based on participant responses to the self-management strategy
survey items and the reported frequency of use in the baseline
and exit surveys, participants were categorized into 2 groups:
a high-benefit group (n=11) and a low-benefit group (n=8). In
the high-benefit group, 7 participants incorporated relaxation
as a new self-management strategy, and 4 reported increasing
the frequency of its use. By contrast, participants in the
low-benefit group reported that they did not develop a new
strategy.

Table 1. Demographic characteristics of the participants (N=19) who completed this study.

Perioperative patients, nCharacteristics

Age group (years)

620-34

435-49

550-64

465-80

Gender

4Male

14Female

1Chose not to disclose

Prior experience with relaxation exercises

5Yes

14No

Self-management strategy

7Developed a new self-management strategy

4Increasingly applied relaxation due to the intervention

8Did not develop a new strategy

Comparing User Perceptions and Performance
Between High- and Low-Benefit Groups

User Performance
All participants viewed the 3 educational videos upon entering
the intervention. Table 2 presents the average total watching
time, response rate to video prompts, delay in responding to a
video prompt, and perceived helpfulness of the videos. Overall,
results showed that, except for the average delay in responding
to a video prompt, participants in the 2 groups exhibited
significant differences in average total watching time (P <.001)
and average response rate to video prompts (P<.001; also see
Tables 2 and 3; Figures 3 and 4). The average weekly watching
time and CIs of both high- and low-perceived benefit groups
are presented in Table 3.

Before surgery, participants in the high-benefit group generally
adhered to video prompts, with a mean nonadherence rate of
only 11% (14/127). Four participants reported intentionally
choosing their preferred relaxation exercises at least once,
despite being recommended a different one. Three participants
from the high-benefit group reported that they sometimes
watched more than 1 video when prompted. In comparison,
participants who perceived little or low benefit initially tried

relaxation exercises before surgery, with an adherence rate of
55% (53/97) to video prompts, but most did not finish viewing
the entire video. After surgery, 4 of 8 participants in the
low-benefit group rarely attended to any video prompts.

A mixed ANOVA was conducted to examine changes in
watching time across 5 perioperative time points (T1: before
surgery; T2-T5: week 1 to week 4 after surgery) between the 2
groups. The data showed that, in the high-benefit group, the
average weekly watching time started at 99.6 (95% CI
70.9-128.2) minutes at baseline (T1) and was maintained at 55.4
(95% CI 31.7-79.1) minutes by the end of the study (week 4,
T5). Although there was a nominal reduction of 44.2 minutes,
high interparticipant variability across the 5 time points resulted
in a nonsignificant main effect of time (P=.10).

By contrast, participants in the low-benefit group exhibited a
significant decline in watching time after surgery (F4,28=19.76,
P<.001). While they began with moderate engagement at
baseline (mean 47.0 minutes; 95% CI 25.6-68.4
minutes)—approximately half the watching time of the
high-benefit group, the average weekly watching time in the
low-benefit group had dropped to only 4.3 (95% CI 0.0-12.6)
minutes. At baseline (T1), there was already a significant
difference in watching time between the high- and low-benefit
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groups (F1,17=21.62, P<.001), suggesting that participants in
the low-benefit group were not initially engaged with the
intervention. Moreover, preliminary analyses indicated an
interaction effect between perioperative time and participants’
perceived benefit level. The high-benefit group sustained 55.6%
(55.4/99.6) of their baseline engagement by week 4 (maintaining
a mean of 55.4 minutes), whereas the low-benefit group

exhibited a significantly greater decline in watching time over
time than the high-benefit group (F1,17=17.02, P<.001).
Conversely, no significant difference in video responsiveness
was observed between the 2 groups (P=.81). The average delay
in attending to video prompts was comparable between
high-benefit (5.54 hours) and low-benefit (5.15 hours)
participants.

Table 2. The average total watching time, average response rate to video prompts, average delay in attending to a video prompt, and the rate of perceiving
videos as helpful from the ecological momentary assessment. Except for the delay in attending to a video prompt, participants in the high-benefit group
acted significantly more engaged with the intervention as opposed to the low-benefit group.

P valueLow-perceived benefit (n=8), mean
(SD); 95% CI

High-perceived benefit (H) (n=11), mean
(SD); 95% CI

Group variable

<.001117 (115.5); 20.4-213.6340.8 (152.3); 238.5-443.1Total watching time on average (minutes)

<.00134.60 (18.26); 19.35-49.9073.45 (15.36); 63.13-83.78Average response rate to video prompts (%)

.815.15 (3.42); 2.29-8.015.54 (4.02); 2.84-8.24Average delay in attending a video prompt (hours)

<.00125.50 (14.76); 13.20-37.8079.80 (9.25); 73.18-86.42Rate of perceiving videos as helpful (%)

Figure 3. Weekly video engagement time for each participant relative to surgery (before surgery and weeks 1-4 after surgery). Participants in the
high-benefit group are shown in green and those in the low-benefit group in yellow.
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Figure 4. Participants’ average daily video engagement (minutes watched) over the intervention period, from enrollment to up to 4 weeks after surgery.
For each group, the figure shows individual trajectories, the group mean (bold lines), and within-group variability (shaded areas).

Table 3. The average weekly watching time and CIs of both high- and low-perceived benefit groups.

Low-perceived benefit (n=8), mean; 95% CIHigh-perceived benefit (n=11), mean; 95% CITime point

47.0; 25.6-68.499.6; 70.9-128.2T1 (before surgery)

25.8; 5.6-46.171.8; 47.8-95.9T2 (week 1)

14.3; 0.0-35.948.7; 15.9-81.5T3 (week 2)

23.2; 0.0-50.765.3; 39.5-91.2T4 (week 3)

4.3; 0.0-12.655.4; 31.7-79.1T5 (week 4)

User Perceptions

High-Benefit Group (n=11)

All participants in the high-benefit group reported incorporating
relaxation practices as a new self-management strategy or
reinforcing their previous experience with relaxation.
Participants with prior experience continued to engage with the
videos, viewing at least one video per week during the
intervention. For example, P4 had over 20 years of meditation
experience and told us, “The meditation videos in this app were
good because they were new to me. So it gave me a fresher
feeling.” Among participants without prior experience (7/11),
individuals gradually became familiar with relaxation techniques
and appreciated having a tool to cope with anxiety and pain.
Their positive experience with the intervention appeared to stem
from 1 or more helpful relaxation exercises. For example, P9
tried garden imagery meditation for the first time and
appreciated that the video offered less instruction and greater
flexibility for imagination: “There's a little bit less instruction.
The video does not talk as much, but it will give good ideas of
going through the (garden) path and everything, and then just
sitting down and relaxing. There's a little bit of freedom just to
do whatever. And sometimes I like to imagine lots of flowers,

or sometimes I just relax, and it's nice.” Similarly, P11 gradually
became more engaged with the relaxation videos, and increased
interaction reinforced continued use of the intervention: “I did
some meditation sometimes, but on and off. But with this
[intervention], it’s helping me to remind me to keep meditating
and relaxing.”

Low-Benefit Group (n=8)

As noted in user performance, participants who perceived low
benefit were not engaged with the intervention from the outset.
Most participants in this group reported that they felt it was less
necessary to incorporate the intervention into their self-care,
owing to satisfaction with existing self-management strategies.
For example, P6 reported being satisfied with his current
strategy: “As long as I am just sitting in this massage chair, it’s
not too painful, and I just watch television or read....This is the
first time I really ever even thought about it [meditation] or seen
anything about it.” For several participants, although they
completed the educational videos (including the rationale for
learning relaxation techniques) upon entering the intervention,
they remained unreceptive to relaxation exercises and
intentionally ignored video prompts, as reported by P5: “I’m
also very busy with work, and I don’t have time [to use the
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intervention app]. If I have time, I’ll be relaxing and thinking
about the surgery, and then I’ll get the notification. And I have
to think about it again. It’s not that stressful, but sometimes I
feel like I have one more thing to do now.”

Discrepancy Between Participants’ Performance and
Perceptions
As previously noted, for most participants, those who derived
the most benefit from the intervention exhibited significantly
higher quantity and quality of video engagement with the
MiCarePath app (ie, average total watching time, P<.001;
average response rate to video prompts, P<.001; and rate of
perceiving videos as helpful, P<.001). However, when aligning
each participant’s performance data with their perceptions of
the app obtained from interviews, we observed variability within
both groups. Briefly, a few participants in the high-benefit group
showed lower video engagement at certain points during the
intervention than some participants who reported little benefit.
Additionally, although these participants appeared to perceive
benefit from the MiCarePath app, their video engagement
fluctuated throughout the intervention and occasionally showed
signs of disengagement (eg, P14, P20, P21; see Figure 3).
Conversely, 2 participants in the low-benefit group exhibited
higher adherence rates before surgery, despite reporting that
they did not perceive any benefit from using the intervention.

High-Perceived Benefit With Low Intervention
Engagement After Surgery
Five participants in the high-benefit group reported reduced use
of the intervention after surgery, while others reported
maintaining a similar level of use as before; this was also
confirmed by their performance data. However, these 5
participants still reported that the videos were helpful and that
they derived benefit from the relaxation exercises. Notably, all
5 participants refrained from using the intervention for at least
one week during the postoperative period (1 participant did not
use the intervention in week 1 after surgery, and 4 in week 2
after surgery). From the interviews, one possible explanation
was that these participants were prescribed other treatments or
therapy after surgery and therefore, felt less able to attend to
the video prompts. Nevertheless, they expressed satisfaction
whenever they engaged with a relaxation video. In P17’s case,
he was proactively engaged with the videos before surgery to
cope with abrupt, severe back pain, resulting in an average of
18 minutes of watching time per day: “That [the back pain] was
a big thing. I was dealing with the pain and the anxiety that it
might affect my heart surgery.” He reported a positive
experience with the app: “For most of the videos, I ended up
closing my eyes. I pictured some places as depicted by the
video.” After surgery, P17 reported being busy and less attentive
to video prompts (adherence rate dropped from 100% before
surgery to 34% in weeks 1-2 after surgery). Although the
frequency of relaxation practice decreased, he reported becoming
more adapted to “imagining my own vision while watching
videos.” Consistent with P17’s experience, other participants
reported continued benefit from the app by gradually grasping
relaxation techniques (eg, “learned a lot from the app”), although
resumption of regular responsibilities after surgery (eg, work)

limited their availability to engage in relaxation practice as
before.

Low-Perceived Benefit Despite High Engagement With
The Intervention

Adherence Without Perceived Benefit in the Low-Benefit
Group
Regarding the low-benefit group’s experience, 2 participants
(P6 and P8) showed high adherence to video prompts and short
response delays, often demonstrating better adherence than
some participants in the high-benefit group. During the first
interview before surgery, both P6 and P8 expressed doubt about
the value of relaxation exercises. However, because both were
retired, they had greater availability and could respond quickly
to video prompts. For example, P6 told us: “If I saw there was
a notification, I would just open it and play the video, sometimes
doing other tasks.” As noted, they typically played the
recommended video in the background but were not fully
engaged with the content. After surgery, because P6 and P8 did
not perceive benefit, they became less compliant with video
prompts and mostly chose not to engage with the videos. For
the remaining participants who perceived low benefit, although
they sometimes complied with video prompts, they did not
report a positive experience or develop a routine of practicing
relaxation. Interview data indicated that these participants either
had difficulty finding time to watch the videos or watched them
without full engagement. For example, P18 watched a video
before sleep but did not perceive sufficient benefit: “On that
day, I just happened to do the breathing exercises when I went
to bed. It set the stage for sleep, but certainly not worth that
much focus of time.”

Overall, by aligning individual participants’ performance data
with their perceptions of the intervention, we found that user
engagement with the intervention videos (eg, length of video
engagement, delay in attending to a video prompt) may not fully
reflect their perceived engagement or ability to derive benefit.

Intentional Use as a Key Phenomenon to Differentiate
the 2 Groups
As presented above, participants’ performance was largely
aligned with perceived benefit from the intervention; however,
in some cases, we observed discrepancies between performance
and perceptions of the intervention. By triangulating user
performance data, self-reported video helpfulness, and interview
insights—particularly from participants who showed such
discrepancies—we identified intentional use of the intervention
content as a key factor in the interview data. We defined
“intentional use” as using the intervention content purposefully
for desired health-related effects, namely, managing anxiety
and pain in our research context. This phenomenon can be
considered a qualitative dimension of user engagement that
differed between participants who perceived high benefit and
those who perceived little benefit.

Participants Developed Intentional Use of the
Intervention (n=7)
Participants in the high-benefit group reported that they would
actively engage in relaxation exercises using the MiCarePath
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app when feeling anxious or in pain, even without prompts.
P16, for example, reported experiencing anxiety symptoms for
years and being aware of her anxiety patterns. With the
intervention, she became more conscious of using it to address
her specific patterns of anxiety: “I'm usually already relaxed in
the morning, but more at a higher anxiety state in the afternoon.
So as long as I had time to watch the videos, I would open the
app and practice mindfulness.”

Some participants with little prior experience with relaxation
exercises appeared to shift in their engagement with the
intervention, from more compliance-based to more
intention-driven. For example, P10 reported that she initially
responded to prompts to watch relaxation videos before surgery.
After surgery, she became more intentional about practicing
relaxation to cope with postoperative pain and avoid opioid use:
“I was doing it as soon as I got the alerts, but then I learned that
I could do them [do meditation exercises] later on. Sometimes
it alerted me when I was in the middle of working. This was
before my surgery. But now it's like I try to do it at times when
I know that I'm stressed, to really get the full effect of it.” P15
gradually developed a habit of intentionally choosing a short
relaxation video to address unexpected anxiety episodes, as
expressed in the exit interview: “I think, it was going to be the
difference between watching or not watching the video, [less
about which video to watch]. So sometimes when I felt anxious,
I would open the app and pick the shorter one because my goal
was just to address my anxiety at that moment.” P19 also
reported actively using the intervention; interestingly, she noted
that the videos tended to be more helpful when she was more
relaxed: “If I do it when I’m more relaxed, I actually pay more
attention and the videos will actually help me better more. So
I tried to watch them when I felt calm.”

Although some participants perceived little benefit from the
intervention, they occasionally reported actively engaging with
relaxation exercises without prompts, albeit without developing
a clear intention or habit. For example, P8 recalled waiting at
a doctor’s appointment and thinking of the intervention. He
tried a relaxation exercise during that stressful moment and, for
the first time, perceived the video as helpful. He told us, “The
(doctor) appointment reminded me of the app so I pulled it up
while waiting at the doctor’s place. Other than that, I haven’t
experienced [anxiety] a lot, so I could not tell the difference [in
my anxiety change before and after watching a video].”
Compared with P8, although P5 exhibited low engagement and
perceived little benefit from the intervention, she liked the
2-minute diaphragmatic breathing video and actively tried it on
1 occasion when she had time: “A week or 2 before surgery like
I said, I was busy preparing like with work and with my house.
But I thought about trying the 2-min video (6 breaths per
minute), it’s kind of telling you how to do it....But it’s hard to
start a habit [practicing relaxation].”

Participants Applied Relaxation Techniques Without
Using the App (n=5)
A subset of participants (n=5) in the high-benefit group learned
and remembered scripts of the relaxation exercises and were
able to practice meditation without using the app. This may
partly explain why these participants, despite subjectively

feeling engaged with the intervention, showed lower engagement
with relaxation videos (eg, shorter or less frequent use). For
example, P10 watched her preferred meditation video multiple
times and was able to remember parts of the instructions, which
were “replayed” in her mind when she felt anxious. She told
us, “I feel like I’ve been able to learn and remember different
parts of the video [meditation instructions] even if I did not
listen to it. I can still think myself through some of the stuff to
relax and to get myself out of a stressful moment. So that’s
pretty cool. It’s a skill that I’ve built up over time that I didn’t
have at the beginning of all of this [this intervention].” Similarly,
P17 preferred the short breathing pacer exercise and actively
applied the learned skill over time: “[While practicing deep
breathing], you just focus on your breathing, and you don’t
think about ‘oh, my heart is racing’. So I could apply this when
I felt overwhelmed.”

Moreover, there were situations in which participants intended
to watch a video but were unable to interact with the app due
to contextual constraints. As a result, some participants applied
relaxation techniques without using the app. For example, P11
became capable of proactively using deep breathing techniques
when feeling overwhelmed, even when her anxiety was
unrelated to surgery, as expressed in the second check-in
interview: “I am a contract-based teacher and every time I get
a different teaching task. I can be anxious. During the day with
my students in the classroom, I couldn’t play the video, so I just
reminded myself to take deep breaths when it was
overwhelming.”

Participants With Intentional Use of the Intervention
Could Resume Engagement After Experiencing
Disruptions
Surgery is considered a major life disruption that requires time,
can prompt significant anxiety, and may require additional
therapy for recovery. Along with surgery, other contextual
disruptions (eg, going on vacation) can lead to temporary or
sustained disengagement from mHealth interventions, as
reported in prior work [42]. Based on responses from the
check-in interviews, several participants in the high-benefit
group appeared able to resume engagement after experiencing
contextual disruptions to their daily routines. P13 learned to
practice deep breathing through the app and was able to
intentionally apply the technique when feeling stressed, noting,
“I think it benefits me even right now, as I am talking about it.
I am slowing down my breathing a little bit.” In week 3 after
surgery, she did not use the app at all due to a family trip. Upon
returning, she resumed use and achieved a level of video
engagement similar to before (127 minutes over the 2 weeks
after the trip, compared with 91 minutes before surgery; see
Figure 3). By contrast, P2 (low perceived benefit) initially
complied with video prompts before surgery but did not find it
easy to integrate the meditation exercises into her routines after
surgery (eg, “I was not quite engaged,” “Maybe it might help
to watch videos right before sleep.”). Following recovery, she
reported physical and mental fatigue that disrupted her routine
and led to continued disengagement (eg, total watching time
was 35 minutes over 4 weeks after surgery).
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Discussion

Principal Findings
We report data from an exploratory field study of 19
perioperative patients on their experience with and use of a
relaxation-based mHealth intervention, MiCarePath, designed
to target perioperative anxiety and pain management. Findings
indicate 2 distinct user groups: those who perceived high benefit
from the intervention (n=11) and those who perceived little to
no benefit (n=8). Participants in the high-benefit group remained
more engaged with relaxation exercises before and after surgery,
showing significant differences in interaction duration with
videos (P<.001), average response rates (P<.001), and rate of
perceiving videos as helpful (P<.001) compared with
participants who reported limited or no benefit. However, for
some participants, video engagement did not fully reflect
perceived benefit, suggesting a discrepancy between user
performance and perceptions of the intervention. Interview data
indicated that this discrepancy may be attributed to 2 factors:
(1) although participants’use of the intervention decreased after
surgery, they were still able to apply relaxation techniques
learned from the videos when needed, even without rewatching
them; and (2) participants may have adhered to video prompts
without feeling genuinely engaged in the activities, leading to
gradual disengagement over time. To characterize this
discrepancy, we propose intentional use of the intervention
content as an important phenomenon that may distinguish
participants who derive high benefit from those who do not.
Intentional use can be considered a qualitative dimension of
engagement, shifting the focus from the quantity of interaction
(eg, amount, frequency, duration) to its quality. This concept
complements quantitative measures by capturing whether user
interaction with intervention content stems from motivation and
intention, thereby distinguishing between passive adherence to
intervention delivery and the strategic application of intervention
strategies in daily life [53,54]. In this study, participants
demonstrating intentional use were able to resume engagement
with the intervention after experiencing contextual disruptions
to their daily lives.

Theoretical Implications: Intentional Use and
Behavioral Change Frameworks
Our interview data suggest that intentional use of an intervention
involves 2 key factors: (1) belief in its ability to alleviate anxiety
and pain, and (2) the capacity to schedule and integrate practice
into daily routines. These findings align with the Health Action
Process Approach (HAPA) [55,56] and the Theory of Planned
Behavior (TPB) [57], both of which emphasize intention as
central to behavior formation. More specifically, intentional
use maps onto key constructs within these frameworks.
Participants’ belief in the effectiveness of relaxation techniques
parallels outcome expectancies in HAPA and attitudes in TPB,
while their ability to apply these techniques within daily routines
reflects task self-efficacy in HAPA and perceived behavioral
control in TPB. HAPA divides behavior change into 2 stages:
the preintentional phase, in which intentions are formed, and
the postintentional phase, in which intentions are enacted
[55,56]. Within this framework, intention is shaped by task

self-efficacy, outcome expectancies, and risk perception [55].
Our study suggests that participants who developed intentional
use behaviors may be transitioning into the postintentional
phase, actively engaging with the intervention rather than
passively receiving content. The identified factor of outcome
expectancies reflects participants’ belief in achieving desired
outcomes (eg, reduced anxiety or pain), which may explain why
some repeatedly watched the same video, driven by anticipated
benefits. TPB similarly links intention to attitudes, subjective
norms, and perceived behavioral control [57]. Here, attitudes
are shaped by the perceived effectiveness of the behavior [57],
consistent with participants’ belief in the value of relaxation
techniques. Perceived behavioral control extends beyond
self-efficacy to include external factors such as time, resources,
and environment [58], aligning with participants’ ability to
apply relaxation techniques in real-life contexts. Thus, we
suggest that intentional use arises when users believe in the
effectiveness of the intervention and feel capable of
incorporating it into their routines, consistent with facilitators
identified in prior work as central to engagement with digital
health interventions [54,59].

Furthermore, our findings show that even participants who
perceived high benefit may temporarily “disengage” from the
intervention, as they may be prescribed additional treatments
after surgery. The perioperative context introduces acute
stressors—such as surgical anticipation, postoperative pain, and
competing clinical demands [60-62]—that can temporarily
disrupt observable engagement without necessarily undermining
user intention. Our findings suggest that intention may remain
stable even when actions on intervention content through the
app fluctuate, indicating a decoupling between system-recorded
engagement and the underlying behavior change process. This
aligns with Yardley’s model, which outlines 4 phases of user
engagement with digital behavior change interventions: initial
engagement with the intervention only (phase 1),
intervention-mediated behavior change (phase 2), sustained
behavior change independent of the platform (phase 3), and
potential reengagement if needed (phase 4). This model suggests
that users may disengage from an intervention platform (eg, an
app) while remaining engaged in the behavior change process
[63]. Similarly, Perski et al [64] defined engagement as both
the extent of usage and a subjective experience, specifically a
user’s attention, interest, and affect related to the intervention.

Taken together, user engagement with an
intervention—particularly effective engagement—reflects the
intervention-mediated behavior change process [63,65]. To
better connect the design of mHealth interventions with behavior
change theories, designers need to consider the desired type and
level of behavior change mediated by the intervention. This
perspective aligns with prior agenda-setting work in behavior
change and digital health intervention design [66,67]. Such
consideration is critical, as the user’s behavior change process
may not be entirely driven by the intervention or easily
detectable [68]. Furthermore, our research offers a perspective
that extends behavioral frameworks by emphasizing contextual
disruption as a moderating factor in intention enactment, rather
than as a failure of engagement. In this respect, our findings
contribute to a more nuanced understanding of user engagement

JMIR Mhealth Uhealth 2026 | vol. 14 | e64278 | p. 12https://mhealth.jmir.org/2026/1/e64278
(page number not for citation purposes)

Yan et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


that is sensitive to an individual’s short-term self-care trajectory.
Given the variability in users’ motivation, needs, prior skills,
and changing contexts, the target level of engagement can be
tailored to individual status (eg, existing skills and strategies)
and evolving contexts (eg, before and after surgery), rather than
defined by uniform expectations of intervention use.

Design Implications: Supporting Intentional Use in
Perioperative mHealth Interventions

Overview
In this section, we discuss design implications centered on the
concept of intentional use. These implications include (1)
accounting for both user performance and perceptions in
understanding perioperative patients’ engagement; (2)
considering intentional use in the evaluation of mHealth
interventions; and (3) designing mHealth interventions to
support and shape intentional use.

Accounting for Both User Performance and Perceptions
in Understanding Perioperative Patients’ Engagement
With an Intervention
Assessing user engagement with mHealth interventions requires
both objective performance measures and subjective user
perceptions, as relying solely on objective metrics may
misrepresent engagement by prioritizing frequency over quality
[69]. Our study with perioperative patients revealed a potential
discrepancy between performance with relaxation videos and
perceived benefits. While several low-benefit users consistently
followed video prompts with minimal delay, they did not report
meaningful benefits. By contrast, intentional use—where users
actively incorporate relaxation as a self-management
strategy—emerged as a potentially valuable indicator of
“effective engagement” and behavior change [63]. This suggests
that engagement is not solely driven by system reminders (eg,
push notifications), but also by users’ growing recognition of
when and how to use the intervention to achieve desired
outcomes. As prior research highlights varying definitions and
measures of engagement, the concept of “effective
engagement”—interactions that lead to meaningful behavioral
outcomes [70]—offers a more appropriate lens for evaluation.
Given the importance of intentional use in shaping user
engagement and behavior change, future mHealth interventions
should integrate this factor into system design to enable better
personalization and optimization in alignment with behavioral
theories.

Considering Intentional Use to Evaluate mHealth
Interventions
Findings from our study show that participants who benefited
most from the app were able to intentionally engage with the
intervention content at preferred and needed moments. However,
in practice, it remains unclear how to leverage this insight to
better understand user experience with mHealth interventions
and to optimize intervention algorithms for adaptive
interventions. In our study, check-in interviews—through which
we learned about participants’ gradual development of
intentional use behaviors over time—proved useful. This
suggests that periodic assessment of intentional use behavior,

as well as progress in developing such behavior, may be valuable
for inferring user engagement and determining whether desirable
behavioral outcomes (eg, learning a new self-management
strategy) are likely to occur.

Indeed, measuring user intention is challenging due to its
subjective nature, highlighting the need to develop appropriate
measures in future research. Intervention designers may consider
using self-report methods to periodically assess intention in
using preferred intervention content (eg, new skills, health
behaviors) and associated contextual conditions (eg, before
sleep, before a doctor’s appointment). One caveat is the potential
user burden associated with manual data collection, which may
negatively affect overall adherence to the intervention [71].
Furthermore, it remains unclear whether users can accurately
express their perceptions and reflect on their intent, particularly
when they are in an intermediate stage of intentional use (ie,
not fully aware of their intent but gradually developing the
inclination to use the intervention) [72]. Future work should
continue to explore factors that may influence or indicate
intentional use. For example, prior research suggests that
engaging with intervention content at a consistent time may
indicate higher engagement [73]. In this direction, it would be
valuable to explore how to computationally characterize the
trajectory of developing intentional use, enabling digital tools
to adapt intervention strategies accordingly.

Designing to Shape Intentional Use With mHealth
Interventions
Our study highlights the potential to shape intentional use of
an intervention to achieve behavioral goals. At present, it
remains unclear how different system features, such as user
onboarding or a feedback dashboard, may support the
development of intentional use. Our interview findings suggest
that intentional use may involve a belief in the intervention’s
ability to produce desired benefits. Accordingly, intervention
systems could encourage users to reflect on the benefits they
experience [74]. For example, after a relaxation exercise, the
app could prompt a simple reflection question: “How do you
feel after watching this?” This may help users recognize positive
effects over time and reinforce belief in the intervention’s
benefits. As intentional use develops—for instance, as users
gain a better understanding of when to proactively engage with
intervention content—systems could introduce features such as
implementation intentions, prompting users to specify actions
(eg, engaging with the intervention) and associated conditions
(eg, needed moments) [75]. Additionally, interventions could
prompt users to reflect on and actively plan future activities
based on their detected intentions (eg, [76,77]). For example,
a lightweight planning feature might ask, “Would you like to
schedule a time for your next relaxation session?” and
synchronize with users’ calendars to provide timely nudges
[76]. Overall, these design strategies align with behavioral
theory by reinforcing self-efficacy and autonomy, rather than
promoting compliance with fixed intervention schedules [78].
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Closing Remarks: Practical and Theoretical
Implications

Theoretical Implications
Intentional, self-initiated use of the intervention—without
reliance on system notifications—emerges as a key behavior
distinguishing high-benefit users. This finding underscores the
theoretical importance of autonomous engagement in mHealth
interventions.

Practical Implications for the Design and Assessment
of mHealth Interventions
Given the potential discrepancies between user performance
and perceptions, it is important to consider both aspects when
assessing user engagement. When examining user perceptions,
priority should be given to self-reported intention, such as
perceived behavioral control [79]. Future research should
explore the development of assessment methods that effectively
capture users’ intentions. When evaluating intervention
effectiveness, systems should account for user behaviors that
occur outside the system but are reinforced by in-system
engagement, to support a more holistic view of users’ progress
in the behavior change process. With this perspective,
intervention designers should consider incorporating reflective
features that promote intentional use or implementation
intentions—for example, by prompting users to specify actions
and contextual conditions. Looking ahead, future research could
investigate gamified meditation exercises to strengthen user
intention, alongside visual progress trackers (eg, integrating
in-system and off-system activities) to reinforce habit formation.

Limitations
Although this exploratory study revealed important insights
into perioperative patient engagement with a relaxation-based
intervention, several limitations should be noted.

First, the study was conducted with a small sample of
perioperative patients. As participants were expected to use the
intervention around the surgical period, recruitment was subject
to strict timing constraints. Despite employing 3 recruitment
approaches, we encountered difficulties enrolling participants,
primarily due to limited availability and high levels of
preoperative stress. These recruitment constraints may have
introduced selection bias, as individuals who chose to participate
may have been more motivated, more comfortable with
technology, or more open to relaxation-based approaches than
the broader perioperative population. Nevertheless, we were
able to obtain insights from participants with varying levels of
intervention engagement, which helped inform refinement of
the intervention design and evaluation of its effectiveness.

Second, the study sample was relatively homogeneous, with
participants predominantly female and all fluent in English. The
predominance of female participants may reflect prior findings
that meditation apps tend to be more favored and well-received
by females than males [80]. This homogeneity may limit the
generalizability of the findings to more diverse populations,
including individuals from different cultural backgrounds,
non–English-speaking patients, and those with varying levels
of health literacy and access to technology. Future work should

intentionally recruit more diverse samples to examine how
cultural, linguistic, and sociodemographic factors shape
engagement with relaxation-based mHealth interventions.

Third, the current intervention does not offer adaptive or
personalized tailoring. Findings from this study highlight the
importance of facilitating intentional use of interventions.
Building on this direction, there is an opportunity to implement
a just-in-time adaptive intervention system for perioperative
patients and to explore approaches that enhance user proactivity
and intentional use over time. Fourth, we conducted multiple
check-in interviews during the intervention, which may have
been perceived as intrusive and could have influenced user
perceptions and experiences. To mitigate this, unless participants
asked about a feature in the app, we did not prompt them to
engage with the intervention or evaluate their performance.
Nevertheless, some participants may have inferred the study’s
desired outcomes and, as a result, expressed more favorable
views of the intervention during interviews. Accordingly,
interview questions were designed to focus on eliciting detailed
accounts of participants’ experiences in context. Participants
may also have had difficulty recalling details of their
engagement with the intervention, leading to potential recall
bias. To minimize this, we used a data-prompted interview
approach, presenting participants with their anxiety and pain
scores, along with screenshots of relaxation videos, to support
recall. Finally, several participants dropped out during the
postoperative period due to unavailability or recovery, and they
may have lacked interest in the intervention; however, we were
unable to collect their feedback.

Conclusions
This exploratory study examined perioperative patients’
engagement with a relaxation-based mHealth intervention (ie,
the MiCarePath app) by jointly considering user performance,
subjective perceptions, and retrospective perceptions over 3
weeks. Our findings highlight the importance of understanding
how patients interpret and apply intervention content within the
constraints of the perioperative context. By integrating user
engagement data with interview data, this work demonstrates
that observable interaction with an intervention may not fully
capture perceived value or its role in supporting patients’
self-management during the perioperative period.

A central contribution of this study is the identification of
intentional use as a qualitative dimension of engagement that
helps explain discrepancies between performance and perceived
benefit. Participants who reported greater benefit were not
necessarily those with consistently high levels of interaction
with intervention content, but rather those who developed the
ability to intentionally use relaxation strategies to manage
anxiety and pain—including outside the app and after
disruptions such as surgery or competing care demands. This
finding extends the existing literature on user engagement by
emphasizing the quality and purpose of interaction, particularly
in short-term, high-burden clinical settings where sustained
adherence may be difficult to achieve.

These insights have important implications for the design and
evaluation of relaxation-based mHealth interventions in
perioperative care. Interventions that support the development
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of intentional use may better promote nonpharmacological
anxiety and pain management, complement clinical care, and
reduce reliance on intensive in-person support or
medication-based approaches. Future research should explore

how intentional use can be fostered and detected over time, as
well as how adaptive intervention strategies can be integrated
into perioperative care pathways to support scalable,
patient-centered outcomes.

Conflicts of Interest
None declared.

Multimedia Appendix 1
The GRAMMS (Good Reporting of a Mixed Methods Study) checklist.
[PDF File (Adobe PDF File), 49 KB-Multimedia Appendix 1]

Multimedia Appendix 2
The COREQ (Consolidated Criteria for Reporting Qualitative Research) checklist.
[PDF File (Adobe PDF File), 424 KB-Multimedia Appendix 2]

References

1. Friedrich S, Reis S, Meybohm P, Kranke P. Preoperative anxiety. Curr Opin Anaesthesiol. Dec 01, 2022;35(6):674-678.
[doi: 10.1097/ACO.0000000000001186] [Medline: 36131642]

2. Rajjoub R, Sammak SE, Rajjo T, Rajjoub NS, Hasan B, Saadi S, et al. Meditation for perioperative pain and anxiety: a
systematic review. Brain Behav. Jul 29, 2024;14(7):e3640. [FREE Full text] [doi: 10.1002/brb3.3640] [Medline: 39073307]

3. Gurram P, Narayanan V, Chandran S, Ramakrishnan K, Subramanian A, Kalakumari AP. Effect of heartfulness meditation
on anxiety and perceived pain in patients undergoing impacted third molar surgery. J Oral Maxillofac Surg. Oct
2021;79(10):2060.e1-2060.e7. [doi: 10.1016/j.joms.2021.04.027] [Medline: 34097862]

4. Gorsky K, Black ND, Niazi A, Saripella A, Englesakis M, Leroux T, et al. Psychological interventions to reduce postoperative
pain and opioid consumption: a narrative review of literature. Reg Anesth Pain Med. Oct 2021;46(10):893-903. [doi:
10.1136/rapm-2020-102434] [Medline: 34035150]

5. Hanley AW, Gililland J, Garland EL. To be mindful of the breath or pain: comparing two brief preoperative mindfulness
techniques for total joint arthroplasty patients. J Consult Clin Psychol. Jul 2021;89(7):590-600. [FREE Full text] [doi:
10.1037/ccp0000657] [Medline: 34165999]

6. Davin SA, Savage J, Thompson NR, Schuster A, Darnall BD. Transforming standard of care for spine surgery: integration
of an online single-session behavioral pain management class for perioperative optimization. Front Pain Res (Lausanne).
2022;3:856252. [FREE Full text] [doi: 10.3389/fpain.2022.856252] [Medline: 35599968]

7. Doan LV, Blitz J. Preoperative assessment and management of patients with pain and anxiety disorders. Curr Anesthesiol
Rep. Jan 2020;10(1):28-34. [FREE Full text] [doi: 10.1007/s40140-020-00367-9] [Medline: 32435161]

8. Grutz K, Poch N. Meditation for preoperative anxiety and postoperative pain in bariatric surgery. J Perianesth Nurs. Oct
2021;36(5):586-590. [doi: 10.1016/j.jopan.2021.04.003] [Medline: 34688457]

9. Nahum-Shani I, Smith S, Spring B, Collins LM, Witkiewitz K, Tewari A, et al. Just-in-time adaptive interventions (JITAIs)
in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med. May 18,
2018;52(6):446-462. [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

10. Lee J-A, Choi M, Lee SA, Jiang N. Effective behavioral intervention strategies using mobile health applications for chronic
disease management: a systematic review. BMC Med Inform Decis Mak. Mar 20, 2018;18(1):12. [FREE Full text] [doi:
10.1186/s12911-018-0591-0] [Medline: 29458358]

11. Pan S, Rong LQ. Mobile applications in clinical and perioperative care for anesthesia: narrative review. J Med Internet
Res. Sep 17, 2021;23(9):e25115. [FREE Full text] [doi: 10.2196/25115] [Medline: 34533468]

12. Hardeman W, Houghton J, Lane K, Jones A, Naughton F. A systematic review of just-in-time adaptive interventions
(JITAIs) to promote physical activity. Int J Behav Nutr Phys Act. Apr 03, 2019;16(1):31. [FREE Full text] [doi:
10.1186/s12966-019-0792-7] [Medline: 30943983]

13. Kondylakis H, Chicchi Giglioli IA, Katehakis DG, Aldemir H, Zikas P, Papagiannakis G, et al. A digital health intervention
for stress and anxiety relief in perioperative care: protocol for a feasibility randomized controlled trial. JMIR Res Protoc.
Nov 29, 2022;11(11):e38536. [FREE Full text] [doi: 10.2196/38536] [Medline: 36445734]

14. Matthews P, Topham P, Caleb-Solly P. Interaction and engagement with an anxiety management app: analysis using
large-scale behavioral data. JMIR Ment Health. Sep 14, 2018;5(4):e58. [FREE Full text] [doi: 10.2196/mental.9235]
[Medline: 30287415]

15. Kerimaa H, Hakala M, Haapea M, Vähänikkilä H, Serlo W, He H-G, et al. Effectiveness of a mobile app intervention for
preparing preschool children and parents for day surgery: randomized controlled trial. J Med Internet Res. Sep 29,
2023;25:e46989. [FREE Full text] [doi: 10.2196/46989] [Medline: 37773624]

JMIR Mhealth Uhealth 2026 | vol. 14 | e64278 | p. 15https://mhealth.jmir.org/2026/1/e64278
(page number not for citation purposes)

Yan et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v14i1e64278_app1.pdf&filename=3dce96296e29157706c96e9f07910b54.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e64278_app1.pdf&filename=3dce96296e29157706c96e9f07910b54.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e64278_app2.pdf&filename=ed186ebe6930655c2f7170c565388067.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e64278_app2.pdf&filename=ed186ebe6930655c2f7170c565388067.pdf
http://dx.doi.org/10.1097/ACO.0000000000001186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36131642&dopt=Abstract
https://air.unimi.it/handle/2434/235313
http://dx.doi.org/10.1002/brb3.3640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39073307&dopt=Abstract
http://dx.doi.org/10.1016/j.joms.2021.04.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34097862&dopt=Abstract
http://dx.doi.org/10.1136/rapm-2020-102434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34035150&dopt=Abstract
https://europepmc.org/abstract/MED/34165999
http://dx.doi.org/10.1037/ccp0000657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34165999&dopt=Abstract
https://europepmc.org/abstract/MED/35599968
http://dx.doi.org/10.3389/fpain.2022.856252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35599968&dopt=Abstract
https://europepmc.org/abstract/MED/32435161
http://dx.doi.org/10.1007/s40140-020-00367-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32435161&dopt=Abstract
http://dx.doi.org/10.1016/j.jopan.2021.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34688457&dopt=Abstract
https://europepmc.org/abstract/MED/27663578
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0591-0
http://dx.doi.org/10.1186/s12911-018-0591-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29458358&dopt=Abstract
https://www.jmir.org/2021/9/e25115/
http://dx.doi.org/10.2196/25115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34533468&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0792-7
http://dx.doi.org/10.1186/s12966-019-0792-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30943983&dopt=Abstract
https://www.researchprotocols.org/2022/11/e38536/
http://dx.doi.org/10.2196/38536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36445734&dopt=Abstract
https://mental.jmir.org/2018/4/e58/
http://dx.doi.org/10.2196/mental.9235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30287415&dopt=Abstract
https://www.jmir.org/2023//e46989/
http://dx.doi.org/10.2196/46989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37773624&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Darnall B, Ziadni M, Krishnamurthy P, Flood P, Heathcote LC, Mackey IG, et al. "My surgical success": effect of a digital
behavioral pain medicine intervention on time to opioid cessation after breast cancer surgery-a pilot randomized controlled
clinical trial. Pain Med. Nov 01, 2019;20(11):2228-2237. [FREE Full text] [doi: 10.1093/pm/pnz094] [Medline: 31087093]

17. Pronk Y, Peters MCWM, Sheombar A, Brinkman JM. Effectiveness of a mobile eHealth app in guiding patients in pain
control and opiate use after total knee replacement: randomized controlled trial. JMIR Mhealth Uhealth. Mar 13,
2020;8(3):e16415. [FREE Full text] [doi: 10.2196/16415] [Medline: 32167483]

18. Rand A. The role of mind-body interventions in reducing perioperative anxiety and pain. Journal of Anesthesiology and
Pain Research. Apr 05, 2023;6(2):1-2. [FREE Full text] [doi: 10.37421/2684-5997.2023.6.177]

19. Kondylakis H, Giglioli IAC, Katehakis D, Aldemir H, Zikas P, Papagiannakis G, et al. Stress reduction in perioperative
care: feasibility randomized controlled trial. J Med Internet Res. Jan 07, 2025;27(1):e54049. [FREE Full text] [doi:
10.2196/54049] [Medline: 39773866]

20. Loh E-W, Shih H-F, Lin C-K, Huang T-W. Effect of progressive muscle relaxation on postoperative pain, fatigue, and vital
signs in patients with head and neck cancers: a randomized controlled trial. Patient Educ Couns. Jul 2022;105(7):2151-2157.
[doi: 10.1016/j.pec.2021.10.034] [Medline: 34785078]

21. Park S, Lee S, Howard S, Yi J. Technology-based music interventions to reduce anxiety and pain among patients undergoing
surgery or procedures: systematic review of the literature. JMIR Mhealth Uhealth. Jul 08, 2024;12:e48802. [FREE Full
text] [doi: 10.2196/48802] [Medline: 38976863]

22. Cole-Lewis H, Ezeanochie N, Turgiss J. Understanding health behavior technology engagement: pathway to measuring
digital behavior change interventions. JMIR Form Res. Oct 10, 2019;3(4):e14052. [FREE Full text] [doi: 10.2196/14052]
[Medline: 31603427]

23. Fowers R, Berardi V, Huberty J, Stecher C. Using mobile meditation app data to predict future app engagement: an
observational study. J Am Med Inform Assoc. Nov 14, 2022;29(12):2057-2065. [FREE Full text] [doi:
10.1093/jamia/ocac169] [Medline: 36164826]

24. O'Brien H, Toms EG. What is user engagement? A conceptual framework for defining user engagement with technology.
J Am Soc Inf Sci. Feb 28, 2008;59(6):938-955. [doi: 10.1002/asi.20801]

25. Wei Y, Zheng P, Deng H, Wang X, Li X, Fu H. Design features for improving mobile health intervention user engagement:
systematic review and thematic analysis. J Med Internet Res. Dec 09, 2020;22(12):e21687. [FREE Full text] [doi:
10.2196/21687] [Medline: 33295292]

26. Vaghefi I, Tulu B. The continued use of mobile health apps: insights from a longitudinal study. JMIR Mhealth Uhealth.
Aug 29, 2019;7(8):e12983. [FREE Full text] [doi: 10.2196/12983] [Medline: 31469081]

27. Jardine J, Nadal C, Robinson S, Enrique A, Hanratty M, Doherty G. Between rhetoric and reality: real-world barriers to
uptake and early engagement in digital mental health interventions. ACM Trans Comput-Hum Interact. 2024;31(2):1-59.
[doi: 10.1145/3635472]

28. Eysenbach G. The law of attrition. J Med Internet Res. Mar 31, 2005;7(1):e11. [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

29. Mikolasek M, Witt CM, Barth J. Effects and implementation of a mindfulness and relaxation app for patients with cancer:
mixed methods feasibility study. JMIR Cancer. Jan 13, 2021;7(1):e16785. [FREE Full text] [doi: 10.2196/16785] [Medline:
33439132]

30. Badawy SM, Shah R, Beg U, Heneghan MB. Habit strength, medication adherence, and habit-based mobile health
interventions across chronic medical conditions: systematic review. J Med Internet Res. Apr 28, 2020;22(4):e17883. [FREE
Full text] [doi: 10.2196/17883] [Medline: 32343250]

31. Beatty L, Kemp E, Binnion C, Turner J, Milne D, Butow P, et al. Uptake and adherence to an online intervention for
cancer-related distress: older age is not a barrier to adherence but may be a barrier to uptake. Support Care Cancer. Jun
2017;25(6):1905-1914. [doi: 10.1007/s00520-017-3591-1] [Medline: 28155018]

32. Kubo A, Altschuler A, Kurtovich E, Hendlish S, Laurent CA, Kolevska T, et al. A pilot mobile-based mindfulness intervention
for cancer patients and their informal caregivers. Mindfulness (N Y). Dec 2018;9(6):1885-1894. [FREE Full text] [doi:
10.1007/s12671-018-0931-2] [Medline: 30740187]

33. Wantanakorn P, Harintajinda S, Chuthapisith J, Anurathapan U, Rattanatamrong P. A new mobile application to reduce
anxiety in pediatric patients before bone marrow aspiration procedures. Hosp Pediatr. Oct 2018;8(10):643-650. [doi:
10.1542/hpeds.2018-0073] [Medline: 30213798]

34. Nilsson O, Stenman M, Letterstål A, Hultgren R. A randomized clinical trial of an eHealth intervention on anxiety in
patients undergoing abdominal aortic aneurysm surgery. Br J Surg. Aug 19, 2021;108(8):917-924. [FREE Full text] [doi:
10.1093/bjs/znab151] [Medline: 34021309]

35. Madujibeya I, Lennie T, Aroh A, Chung ML, Moser D. Measures of engagement with mHealth interventions in patients
with heart failure: scoping review. JMIR Mhealth Uhealth. Aug 22, 2022;10(8):e35657. [FREE Full text] [doi: 10.2196/35657]
[Medline: 35994345]

36. Taki S, Lymer S, Russell CG, Campbell K, Laws R, Ong K-L, et al. Assessing user engagement of an mHealth intervention:
development and implementation of the growing healthy app engagement index. JMIR Mhealth Uhealth. Jun 29,
2017;5(6):e89. [FREE Full text] [doi: 10.2196/mhealth.7236] [Medline: 28663164]

JMIR Mhealth Uhealth 2026 | vol. 14 | e64278 | p. 16https://mhealth.jmir.org/2026/1/e64278
(page number not for citation purposes)

Yan et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/31087093
http://dx.doi.org/10.1093/pm/pnz094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31087093&dopt=Abstract
https://mhealth.jmir.org/2020/3/e16415/
http://dx.doi.org/10.2196/16415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32167483&dopt=Abstract
https://www.hilarispublisher.com/open-access/the-role-of-mindbody-interventions-in-reducing-perioperative-anxiety-and-pain.pdf
http://dx.doi.org/10.37421/2684-5997.2023.6.177
https://www.jmir.org/2025//e54049/
http://dx.doi.org/10.2196/54049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39773866&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2021.10.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34785078&dopt=Abstract
https://mhealth.jmir.org/2024//e48802/
https://mhealth.jmir.org/2024//e48802/
http://dx.doi.org/10.2196/48802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38976863&dopt=Abstract
https://formative.jmir.org/2019/4/e14052/
http://dx.doi.org/10.2196/14052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31603427&dopt=Abstract
https://europepmc.org/abstract/MED/36164826
http://dx.doi.org/10.1093/jamia/ocac169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36164826&dopt=Abstract
http://dx.doi.org/10.1002/asi.20801
https://www.jmir.org/2020/12/e21687/
http://dx.doi.org/10.2196/21687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33295292&dopt=Abstract
https://mhealth.jmir.org/2019/8/e12983/
http://dx.doi.org/10.2196/12983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31469081&dopt=Abstract
http://dx.doi.org/10.1145/3635472
https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
https://cancer.jmir.org/2021/1/e16785/
http://dx.doi.org/10.2196/16785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33439132&dopt=Abstract
https://www.jmir.org/2020/4/e17883/
https://www.jmir.org/2020/4/e17883/
http://dx.doi.org/10.2196/17883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32343250&dopt=Abstract
http://dx.doi.org/10.1007/s00520-017-3591-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28155018&dopt=Abstract
https://europepmc.org/abstract/MED/30740187
http://dx.doi.org/10.1007/s12671-018-0931-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30740187&dopt=Abstract
http://dx.doi.org/10.1542/hpeds.2018-0073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30213798&dopt=Abstract
https://europepmc.org/abstract/MED/34021309
http://dx.doi.org/10.1093/bjs/znab151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34021309&dopt=Abstract
https://mhealth.jmir.org/2022/8/e35657/
http://dx.doi.org/10.2196/35657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35994345&dopt=Abstract
https://mhealth.jmir.org/2017/6/e89/
http://dx.doi.org/10.2196/mhealth.7236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663164&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. CareEvolution LLC. URL: https://careevolution.com/mydatahelps/ [accessed 2026-04-26]
38. Kwasnicka D, Dombrowski SU, White M, Sniehotta FF. 'It's not a diet, it's a lifestyle': a longitudinal, data-prompted

interview study of weight loss maintenance. Psychol Health. Aug 2019;34(8):963-982. [doi: 10.1080/08870446.2019.1579913]
[Medline: 30905184]

39. Kwasnicka D, Potthoff S, Hagger MS, Vandelanotte C, Rebar A, Short CE, et al. Challenging assumptions underlying
physical activity promotion for health care professionals in Australia: a data-prompted interview study. Health Promot J
Austr. Apr 2024;35(2):542-550. [doi: 10.1002/hpja.784] [Medline: 37537885]

40. Cole A, O'Brien H. Using data-prompted interviews in interactive information retrieval research: a reflection on the study
of self-efficacy when learning using search. 2023. Presented at: CHIIR '23: ACM SIGIR Conference on Human Information
Interaction and Retrieval; March 19-23, 2023; Austin, TX. [doi: 10.1145/3576840.3578285]

41. Vasileiou K, Barnett J, Thorpe S, Young T. Characterising and justifying sample size sufficiency in interview-based studies:
systematic analysis of qualitative health research over a 15-year period. BMC Med Res Methodol. Nov 21, 2018;18(1):148.
[FREE Full text] [doi: 10.1186/s12874-018-0594-7] [Medline: 30463515]

42. Yan X, Newman MW, Park SY, Sander A, Choi SW, Miner J, et al. Identifying design opportunities for adaptive mHealth
interventions that target general well-being: interview study with informal care partners. JMIR Form Res. Oct 24,
2023;7:e47813. [FREE Full text] [doi: 10.2196/47813] [Medline: 37874621]

43. Naughton F, Hopewell S, Lathia N, Schalbroeck R, Brown C, Mascolo C, et al. A context-sensing mobile phone app (Q
Sense) for smoking cessation: a mixed-methods study. JMIR Mhealth Uhealth. Sep 16, 2016;4(3):e106. [FREE Full text]
[doi: 10.2196/mhealth.5787] [Medline: 27637405]

44. Fetters MD, Curry LA, Creswell JW. Achieving integration in mixed methods designs-principles and practices. Health
Serv Res. Dec 2013;48(6 Pt 2):2134-2156. [FREE Full text] [doi: 10.1111/1475-6773.12117] [Medline: 24279835]

45. Couper MP, Alexander GL, Zhang N, Little RJA, Maddy N, Nowak MA, et al. Engagement and retention: measuring
breadth and depth of participant use of an online intervention. J Med Internet Res. Nov 18, 2010;12(4):e52. [FREE Full
text] [doi: 10.2196/jmir.1430] [Medline: 21087922]

46. Tagging for Google Analytics. Google LLC/Alphabet Inc. URL: https://developers.google.com/analytics/devguides/
collection/ga4/tag-options [accessed 2026-04-26]

47. The critical incident technique. Psychol Bull. Jul 1954;51(4):327-358. [doi: 10.1037/h0061470] [Medline: 13177800]
48. Birks M, Chapman Y, Francis K. Memoing in qualitative research: probing data and processes. J Res Nurs. 2008;13(1):68-75.

[doi: 10.1177/1744987107081254]
49. Manning J. In vivo coding. In: The International Encyclopedia of Communication Research Methods. Hoboken, NJ. Wiley;

Nov 07, 2017:1-2.
50. Raj S, Toporski K, Garrity A, Lee J, Newman M. "My blood sugar is higher on the weekends": finding a role for context

and context-awareness in the design of health self-management technology. 2019. Presented at: CHI '19: Proceedings of
the 2019 CHI Conference on Human Factors in Computing Systems; May 4-9, 2019; Glasgow, Scotland, UK. [doi:
10.1145/3290605.3300349]

51. O'Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in health services research. J Health Serv Res
Policy. Apr 2008;13(2):92-98. [doi: 10.1258/jhsrp.2007.007074] [Medline: 18416914]

52. Tong A, Sainsbury P, Craig J. Consolidated Criteria for Reporting Qualitative Research (COREQ): a 32-item checklist for
interviews and focus groups. Int J Qual Health Care. Dec 2007;19(6):349-357. [doi: 10.1093/intqhc/mzm042] [Medline:
17872937]

53. Kelders SM, van Zyl LE, Ludden GDS. The concept and components of engagement in different domains applied to eHealth:
a systematic scoping review. Front Psychol. 2020;11:926. [FREE Full text] [doi: 10.3389/fpsyg.2020.00926] [Medline:
32536888]

54. Kelders SM, Kip H, Beerlage-de Jong N, Köhle N. What does it mean to be engaged with digital health interventions? A
qualitative study into the experiences of engaged users and the views of professionals. Digit Health. Oct
2024;10:20552076241283530. [FREE Full text] [doi: 10.1177/20552076241283530] [Medline: 39376944]

55. Schwarzer R. Health action process approach (HAPA) as a theoretical framework to understand behavior change. Actual
Psicol. 2016;30(121):119. [doi: 10.15517/ap.v30i121.23458]

56. Sutton S. How does the health action process approach (HAPA) bridge the intention–behavior gap? An examination of the
model's causal structure. Applied Psychology. Jan 30, 2008;57(1):66-74. [doi: 10.1111/j.1464-0597.2007.00326.x]

57. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process. 1991;50(2):179-211. [doi:
10.1016/0749-5978(91)90020-t]

58. Ajzen I. Perceived behavioral control, self-efficacy, locus of control, and the theory of planned Behavior. J Appl Soc
Psychol. 2002;32(4):665-683. [doi: 10.1111/j.1559-1816.2002.tb00236.x]

59. Borghouts J, Eikey E, Mark G, De Leon C, Schueller SM, Schneider M, et al. Barriers to and facilitators of user engagement
with digital mental health interventions: systematic review. J Med Internet Res. Mar 24, 2021;23(3):e24387. [FREE Full
text] [doi: 10.2196/24387] [Medline: 33759801]

JMIR Mhealth Uhealth 2026 | vol. 14 | e64278 | p. 17https://mhealth.jmir.org/2026/1/e64278
(page number not for citation purposes)

Yan et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://careevolution.com/mydatahelps/
http://dx.doi.org/10.1080/08870446.2019.1579913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30905184&dopt=Abstract
http://dx.doi.org/10.1002/hpja.784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37537885&dopt=Abstract
http://dx.doi.org/10.1145/3576840.3578285
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-018-0594-7
http://dx.doi.org/10.1186/s12874-018-0594-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30463515&dopt=Abstract
https://formative.jmir.org/2023//e47813/
http://dx.doi.org/10.2196/47813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37874621&dopt=Abstract
https://mhealth.jmir.org/2016/3/e106/
http://dx.doi.org/10.2196/mhealth.5787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27637405&dopt=Abstract
http://hdl.handle.net/2027.42/101791
http://dx.doi.org/10.1111/1475-6773.12117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24279835&dopt=Abstract
https://www.jmir.org/2010/4/e52/
https://www.jmir.org/2010/4/e52/
http://dx.doi.org/10.2196/jmir.1430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21087922&dopt=Abstract
https://developers.google.com/analytics/devguides/collection/ga4/tag-options
https://developers.google.com/analytics/devguides/collection/ga4/tag-options
http://dx.doi.org/10.1037/h0061470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13177800&dopt=Abstract
http://dx.doi.org/10.1177/1744987107081254
http://dx.doi.org/10.1145/3290605.3300349
http://dx.doi.org/10.1258/jhsrp.2007.007074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18416914&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
https://europepmc.org/abstract/MED/32536888
http://dx.doi.org/10.3389/fpsyg.2020.00926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32536888&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076241283530?url_ver=Z39.88-2003=ori:rid:crossref.org=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076241283530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39376944&dopt=Abstract
http://dx.doi.org/10.15517/ap.v30i121.23458
http://dx.doi.org/10.1111/j.1464-0597.2007.00326.x
http://dx.doi.org/10.1016/0749-5978(91)90020-t
http://dx.doi.org/10.1111/j.1559-1816.2002.tb00236.x
https://www.jmir.org/2021/3/e24387/
https://www.jmir.org/2021/3/e24387/
http://dx.doi.org/10.2196/24387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759801&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


60. Shebl MA, Toraih E, Shebl M, Tolba AM, Ahmed P, Banga HS, et al. Preoperative anxiety and its impact on surgical
outcomes: a systematic review and meta-analysis. J Clin Transl Sci. Jan 2025;9(1):e33. [doi: 10.1017/cts.2025.6] [Medline:
40052059]

61. Gan TJ. Poorly controlled postoperative pain: prevalence, consequences, and prevention. J Pain Res. Sep 2017;10:2287-2298.
[FREE Full text] [doi: 10.2147/JPR.S144066] [Medline: 29026331]

62. Sierra MC, To H, Song WJ. Use and application of mHealth technologies in perioperative surgical care: narrative review.
JMIR Mhealth Uhealth. Oct 10, 2025;13:e52206. [FREE Full text] [doi: 10.2196/52206] [Medline: 41072920]

63. Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, et al. Understanding and promoting effective engagement
with digital behavior change interventions. Am J Prev Med. Nov 2016;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]

64. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med. Jun 2017;7(2):254-267. [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

65. Short CE, DeSmet A, Woods C, Williams SL, Maher C, Middelweerd A, et al. Measuring engagement in eHealth and
mHealth behavior change interventions: viewpoint of methodologies. J Med Internet Res. Nov 16, 2018;20(11):e292. [FREE
Full text] [doi: 10.2196/jmir.9397] [Medline: 30446482]

66. Hekler E, Klasnja P, Froehlich J, Buman M. Mind the theoretical gap: interpreting, using, and developing behavioral theory
in HCI research. 2013. Presented at: CHI '13: The SIGCHI Conference on Human Factors in Computing Systems; April
27, 2013 to May 2, 2013; Paris, France. [doi: 10.1145/2470654.2466452]

67. Michie S, Yardley L, West R, Patrick K, Greaves F. Developing and evaluating digital interventions to promote behavior
change in health and health care: recommendations resulting from an international workshop. J Med Internet Res. Jun 29,
2017;19(6):e232. [FREE Full text] [doi: 10.2196/jmir.7126] [Medline: 28663162]

68. Klasnja P, Consolvo S, Pratt W. How to evaluate technologies for health behavior change in HCI research. In: CHI '11:
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. 2011. Presented at: CHI '11: CHI
Conference on Human Factors in Computing Systems; May 7-12, 2011:3063-3072; Vancouver, BC, Canada. [doi:
10.1145/1978942.1979396]

69. Eaton C, Vallejo N, McDonald X, Wu J, Rodríguez R, Muthusamy N, et al. User engagement with mHealth interventions
to promote treatment adherence and self-management in people with chronic health conditions: systematic review. J Med
Internet Res. Sep 24, 2024;26:e50508. [FREE Full text] [doi: 10.2196/50508] [Medline: 39316431]

70. Alshurafa N, Jain J, Alharbi R, Iakovlev G, Spring B, Pfammatter A. Is more always better?: discovering incentivized
mHealth intervention engagement related to health behavior trends. Proceedings of the ACM on Interactive, Mobile,
Wearable and Ubiquitous Technologies. Dec 17, 2018;2(4):1-26. [doi: 10.1145/3287031]

71. Yan X, Raj S, Huang B, Park SY, Newman MW. Toward lightweight in-situ self-reporting: an exploratory study of alternative
smartwatch interface designs in context. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous
Technologies. Dec 18, 2020;4(4):1-22. [FREE Full text] [doi: 10.1145/3432212]

72. Nisbett R, Wilson TD. Telling more than we can know: verbal reports on mental processes. Psychological Review. May
1977;84(3):231-259. [doi: 10.1037/0033-295X.84.3.231]

73. Stecher C, Sullivan M, Huberty J. Using personalized anchors to establish routine meditation practice with a mobile app:
randomized controlled trial. JMIR Mhealth Uhealth. Dec 22, 2021;9(12):e32794. [FREE Full text] [doi: 10.2196/32794]
[Medline: 34941558]

74. Li I, Dey AK, Forlizzi J. Using context to reveal factors that affect physical activity. ACM Trans Comput-Hum Interact.
2012;19(1):1-21. [doi: 10.1145/2147783.2147790]

75. Gollwitzer P. Implementation intentions: strong effects of simple plans. American Psychologist. Jul 1999;54(7):493-503.
[FREE Full text] [doi: 10.1037/0003-066X.54.7.493]

76. Xu K, Yan X, Newman M. Understanding people's experience for physical activity planning and exploring the impact of
historical records on plan creation and execution. 2022. Presented at: CHI '22: The 2022 CHI Conference on Human Factors
in Computing Systems; April 29-May 5, 2022; New Orleans, LA. [doi: 10.1145/3491102.3501997]

77. Sniehotta FF, Scholz U, Schwarzer R. Bridging the intention–behaviour gap: planning, self-efficacy, and action control in
the adoption and maintenance of physical exercise. Psychology & Health. Apr 2005;20(2):143-160. [doi:
10.1080/08870440512331317670]

78. Alberts L, Lyngs U, Lukoff K. Designing for sustained motivation: a review of self-determination theory in behaviour
change technologies. Interacting with Computers. Sep 18, 2024;38:447-468. [doi: 10.1093/iwc/iwae040]

79. Conner M, Armitage CJ. Extending the theory of planned behavior: a review and avenues for further research. J Applied
Social Pyschol. Jul 31, 2006;28(15):1429-1464. [doi: 10.1111/j.1559-1816.1998.tb01685.x]

80. Upchurch DM, Johnson PJ. Gender differences in prevalence, patterns, purposes, and perceived benefits of meditation
practices in the United States. J Womens Health (Larchmt). Mar 2019;28(2):135-142. [FREE Full text] [doi:
10.1089/jwh.2018.7178] [Medline: 30543475]

JMIR Mhealth Uhealth 2026 | vol. 14 | e64278 | p. 18https://mhealth.jmir.org/2026/1/e64278
(page number not for citation purposes)

Yan et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1017/cts.2025.6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40052059&dopt=Abstract
https://www.tandfonline.com/doi/10.2147/JPR.S144066?url_ver=Z39.88-2003=ori:rid:crossref.org=cr_pub  0pubmed
http://dx.doi.org/10.2147/JPR.S144066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29026331&dopt=Abstract
https://mhealth.jmir.org/2025//e52206/
http://dx.doi.org/10.2196/52206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41072920&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
https://europepmc.org/abstract/MED/27966189
https://europepmc.org/abstract/MED/27966189
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
https://www.jmir.org/2018/11/e292/
https://www.jmir.org/2018/11/e292/
http://dx.doi.org/10.2196/jmir.9397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30446482&dopt=Abstract
http://dx.doi.org/10.1145/2470654.2466452
https://www.jmir.org/2017/6/e232/
http://dx.doi.org/10.2196/jmir.7126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663162&dopt=Abstract
http://dx.doi.org/10.1145/1978942.1979396
https://www.jmir.org/2024//e50508/
http://dx.doi.org/10.2196/50508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39316431&dopt=Abstract
http://dx.doi.org/10.1145/3287031
https://dl.acm.org/doi/10.1145/3432212
http://dx.doi.org/10.1145/3432212
http://dx.doi.org/10.1037/0033-295X.84.3.231
https://mhealth.jmir.org/2021/12/e32794/
http://dx.doi.org/10.2196/32794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34941558&dopt=Abstract
http://dx.doi.org/10.1145/2147783.2147790
https://psycnet.apa.org/journals/amp/54/7/493/
http://dx.doi.org/10.1037/0003-066X.54.7.493
http://dx.doi.org/10.1145/3491102.3501997
http://dx.doi.org/10.1080/08870440512331317670
http://dx.doi.org/10.1093/iwc/iwae040
http://dx.doi.org/10.1111/j.1559-1816.1998.tb01685.x
https://europepmc.org/abstract/MED/30543475
http://dx.doi.org/10.1089/jwh.2018.7178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30543475&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
COREQ: Consolidated Criteria for Reporting Qualitative Research
GRAMMS: Good Reporting of a Mixed Methods Study
HAPA: Health Action Process Approach
HIPAA: Health Insurance Portability and Accountability Act
mHealth: mobile health
TPB: Theory of Planned Behavior

Edited by S Brini; submitted 13.Jul.2024; peer-reviewed by R Nooripour, U Tandon; comments to author 06.Feb.2025; revised version
received 04.Apr.2026; accepted 06.Apr.2026; published 18.Sep.2026

Please cite as:
Yan X, Hassett AL, Waljee JF, Newman MW, Park SY, Bei R, Carlozzi NE
Engagement With a Relaxation-Based Mobile Health Intervention for Perioperative Anxiety: Prospective Longitudinal Cohort Mixed
Methods Study
JMIR Mhealth Uhealth 2026;14:e64278
URL: https://mhealth.jmir.org/2026/1/e64278
doi: 10.2196/64278
PMID:

©Xinghui Yan, Afton L Hassett, Jennifer F Waljee, Mark W Newman, Sun Young Park, Rongqi Bei, Noelle E Carlozzi. Originally
published in JMIR mHealth and uHealth (https://mhealth.jmir.org), 18.Sep.2026. 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 mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as
this copyright and license information must be included.

JMIR Mhealth Uhealth 2026 | vol. 14 | e64278 | p. 19https://mhealth.jmir.org/2026/1/e64278
(page number not for citation purposes)

Yan et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://mhealth.jmir.org/2026/1/e64278
http://dx.doi.org/10.2196/64278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

