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Abstract

Fibromyalgia is a prevalent musculoskeletal pain condition that causes major personal, social, and societal burden. Pharmacological
therapies often provide only limited benefit, making multimodal approaches and self-management the cornerstones of care. Such
strategies, spanning lifestyle modification, physical activity, psychoeducation, and cognitive-behavioral approaches, target the
biopsychosocial complexity of fibromyalgia and promote sustainable coping. In parallel, digital health technologies are transforming
how these interventions can be delivered and coordinated in the form of digital therapeutics. This viewpoint draws on a multiphase
investigation to appraise the current and future landscape of fibromyalgia self-management in the digital era. Its objective is to
present an evidence-based framework and recommendations to guide the development of a mobile health self-management
program for patients with fibromyalgia. In phase 1, we conducted a review of international guidelines and randomized controlled
trial–based systematic reviews addressing nondigital self-management interventions for fibromyalgia and related nociplastic pain
conditions. In phase 2, we analyzed the content and certification status of currently available mobile and virtual health applications
for fibromyalgia. In phase 3, we convened a multidisciplinary focus group of rheumatologists, patients, and digital health developers
to identify priorities for translating evidence-based self-management content into mobile health formats. Collectively, we suggest
that effective digital self-management for fibromyalgia should evolve beyond single-domain interventions toward validated,
personalized, and interactive multimodal platforms. Virtual care may increasingly function at the point of care, linking monitoring,
education, and behavioral support in one continuum.

(Interact J Med Res 2026;15:e67523)   doi:10.2196/67523

KEYWORDS

chronic pain; cognitive behavior therapy; digital therapeutics; eHealth; fibromyalgia; mind-body therapies; mobile application;
physical activity; self-management

Introduction

Fibromyalgia is defined as a syndrome characterized by
moderate to severe symptoms, including widespread pain,
fatigue, sleep disturbance, cognitive complaints, and an increase
in somatic complaints [1]. Despite ongoing efforts to clarify the
definition of fibromyalgia, accurately assessing its diagnosis,
prevalence, management, and its personal and societal impacts
remains challenging [2]. Fibromyalgia can be accompanied by
psychiatric, rheumatological, gastrointestinal, or other

comorbidities, which further complicate the management and
contribute to its overall personal and societal burden [3].

Proposing a clear treatment strategy for fibromyalgia remains
challenging. The focus is on nonpharmacological therapies,
particularly physical interventions, psychological treatments,
and mind-body approaches that aim to promote
self-management. Patient education plays a crucial role in
enhancing their understanding of the disease and fostering their
active participation in its management. Pharmacological
treatments have shown limited benefits [4-8]. Multimodal
treatment programs are recommended for treatment-resistant
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fibromyalgia patients, as they combine different treatment
modalities and offer group effects. However, such programs
require significant resources that are not necessarily considered
cost-effective.

Self-management programs play a crucial role in supporting
individuals with chronic conditions [9] and are recommended
by management fibromyalgia guidelines [4-7]. The fundamental
concept of self-management emphasizes the active involvement
of patients [9,10]. Self-management considers the
multidimensional nature of the illness and combines multiple
interventions such as psychological interventions, exercise, and
nutritional aspects. It offers a relevant approach to address the
challenges in fibromyalgia management and shows its efficiency
to improve fibromyalgia patients’ well-being [11,12] and a
reduced tendency of patients to seek repeated consultations with
health care professionals. A plethora of these programs have
shown an improvement in pain intensity, functionality, cognitive
behavior, emotions, and quality of life (QoL). However, the
quality of these studies is heterogeneous [13-17]. When
programs are detailed, their references are often unclear, relying
on peer opinions or interviews [18-24], or they may offer only
one component, such as psychoeducation or exercises [25-28].

The digital transformation is continuously shaping the health
care landscape. It encompasses various digital innovations such
as online programs, apps, gaming, virtual reality, or, more
recently, generative artificial intelligence (AI) and chatbots [29].
In a clinical context, mobile health (mHealth) apps have
demonstrated several key functionalities, including diagnostics
and clinical decision support, behavior change interventions,
and the delivery of disease-related education and communication
support. The latter 3 functionalities are particularly relevant for
delivering self-management interventions, empowering patients
to monitor and manage their own health conditions, and
providing an additional avenue for health care professionals to
support their patients’ well-being [30]. In 2019, a law was
passed in Germany that digital health applications are
reimbursable by health insurance companies under certain
conditions. Currently, 8 digital health applications for
musculoskeletal indications are registered; 2 of those are for
chronic pain syndromes, including fibromyalgia [31]. There
was a second acceleration of eHealth during the COVID-19
pandemic, notably concerning telemonitoring and video
consultations. In the meantime, eHealth interventions have been
shown to enhance patients’ QoL and treatment experiences
[32,33].

Online programs and mobile apps have demonstrated promising
benefits for individuals with chronic pain or musculoskeletal
conditions [33,34]. The use of mHealth technologies offers an
accessible and available 24/7 solution without geographical
constraints, empowering patients to become more self-reliant
in managing their chronic conditions [35,36]. Notwithstanding,
there are several caveats and limitations in existing solutions.
A substantial proportion of currently available online
fibromyalgia programs are not evidence-based or lack proven,
evidence-based content. They are usually not personalized and
cannot be updated, as this would alter the certification status of
the device. On the other hand, recent digital tools such as large

language models (LLMs) and chatbots offer novel approaches
that could address some of these limitations.

Aim

The objective of this work is to present an evidence-based
framework and recommendations to guide the development of
an mHealth self-management program for patients with
fibromyalgia. A comprehensive literature review was conducted
to evaluate the effectiveness of self-management interventions
on symptoms in patients with fibromyalgia (phase 1). Where
applicable, relevant practical characteristics of the interventions
were also reported. In phase 2, existing therapeutic fibromyalgia
apps and online programs were reviewed, and in phase 3, general
aspects and user preferences were discussed in focus groups
with patients. Finally, we aimed to identify strategies to optimize
online self-management interventions and explore their potential
for further improvement.

Ethical Considerations

This study is based on previously conducted studies and does
not contain any new studies with human participants or animals
performed by any of the authors.

Phase 1: Review of Existing Evidence

Overview
MEDLINE and Cochrane databases, encompassing English and
French articles from the inception of the databases up until 2023,
were searched to identify guidelines and systematic reviews of
randomized controlled trials for fibromyalgia self-management.
Data from 30 systematic reviews that demonstrated a high or
moderate level of confidence based on the AMSTAR 2
evaluation and 8 guidelines with an AGREE II–GRS score
higher than 18 were considered to categorize and summarize
the evidence on self-management interventions (Figure S1 in
Multimedia Appendix 1).

Categorization of Self-Management Interventions
Self-management interventions were categorized into 3 groups:
physical exercise, psychoeducative interventions, and mind-body
interventions. Additionally, a separate category called
multimodal interventions was identified, which encompassed
interventions combining 2 or more of the previously mentioned
self-management approaches. The European, American,
Canadian, and Italian guidelines covered physical exercise,
psychoeducative interventions, and mind-body self-management
interventions as part of the overall management of patients with
fibromyalgia, alongside other treatment modalities [4,6,7,37].
The German guideline divided its recommendations into 4
separate studies: general recommendations [7],
recommendations on physical interventions [38], psychological
interventions [39], and other interventions such as mind-body
therapies [40]. In total, 8 studies focused on physical activities
[41-48]; 14 studies on psychoeducative interventions [25,49-60];
4 studies on mind-body therapies [61-64]; 1 study on
multicomponent interventions [11]; 1 study that investigated
both psychoeducative and mind-body interventions [65]; and 2
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studies that examined physical activities, psychoeducative
interventions, mind-body therapies, and multicomponent
interventions [66,67]. The studies used various types of control
groups, which encompassed the following options: treatment
as usual, waiting list or no treatment, alternative
pharmacological or nonpharmacological interventions, active
or attention control, and placebo or sham interventions.
Designing a control group for complex self-management
interventions was considered challenging due to the inherent
difficulty of blinding participants, which can introduce
measurement and interpretation bias [68].

Evidence for Specific Self-Management Interventions
A wide range of variables were assessed both before and after
the interventions: pain (both qualitative and quantitative
measures), QoL, psychological functions such as depression,
anxiety, self-efficacy, acceptance, catastrophizing, and
fear-avoidance, physical functions such as strength and
disability, sleep quality, fatigue, health care use indicators such
as visits, sick leaves, return to work, and care-seeking behavior,
as well as trial withdrawal rates and adverse effects. The
Fibromyalgia Impact Questionnaire (FIQ) was used as a
multidimensional measurement tool.

Physical Interventions
All of the guidelines strongly endorse the inclusion of aerobic
exercises and resistance (or strength) exercises in
self-management interventions for fibromyalgia [4,6,7,37,38].
On the other hand, flexibility and stretching exercises are either
not recommended [6,7] or recommended with weak or
insufficient evidence of benefit [37,38]. Exercise interventions
were found to be superior to control groups in improving pain,
FIQ scores, sleep quality, fatigue, and depression [67]. The
characteristics of the exercises were extracted based on the
prescription guidelines provided by the American College of
Sports Medicine, which include frequency, intensity, time, and
type of exercises [69]. Additionally, the duration of the
exercises, delivery modalities, whether they were tailored or
standardized, and safety considerations were also considered.
Aerobic exercises had positive effects on pain, QoL, and
depression [42,45,46]. Aerobic exercises demonstrated a high
effect on reducing the FIQ [41]. Aerobic exercises probably
improve stiffness and slightly improve physical function and
cardiovascular function [42]. According to Couto et al [46],
resistance exercises yielded positive effects on pain and QoL
but did not show a significant effect on depression. On the other
hand, Albuquerque et al [41] found that resistance exercise
demonstrated a moderate effect in reducing the FIQ scores.
Resistance exercise has the potential to improve fatigue and
sleep [49]. Although flexibility exercise did not show superiority
over control groups (other interventions or no intervention), the
quality of evidence is insufficient to draw definitive conclusions
regarding the effectiveness of flexibility exercise on
fibromyalgia symptoms [41,45,46,48]. However, there is
evidence suggesting that physical exercise may help decrease
muscle stiffness [48]. Interventions that combine aerobic
exercises, resistance exercises, and flexibility exercises have
shown greater effectiveness in improving FIQ scores compared
to single-type exercise interventions [41]. However, Bidonde

et al [43] state that no definitive conclusion can be drawn
regarding the optimal proportion, synergy, or specific
characteristics of each exercise type [43]. Exergames have
demonstrated promising benefits in improving pain, disability,
and physical function in both the short and long term [66]. There
is a lack of available information regarding other exercises, such
as Pilates and motor control exercises. Exercise (aerobic,
resistance, and flexibility) characteristics are shown in Table
S1 in Multimedia Appendix 1.

Psychoeducative Interventions
Consensus guidelines recommend the inclusion of psychological
and educational interventions, such as cognitive behavioral
therapy (CBT) and health education [4-7,37]. These
interventions can encourage self-management, enhance
self-efficacy, and reduce maladaptive thoughts and behaviors
[6]. It is particularly important to consider these interventions
when patients have comorbid mental disorders [39]. For
hypnosis and guided imagery, recommendations are conflicting
[4,7,39]. Although other psychological interventions, such as
relaxation, therapeutic writing, Roger therapy, family therapy,
psychodynamic therapy, and psychoanalytic therapy, are
available, they should not be proposed as stand-alone treatments
due to the lack of evidence or limited recommendations [39].
CBT incorporates education on the physiopathology of pain,
self-management skills, cognitive reappraisal, pacing activities,
and problem-solving techniques to help patients modify their
behaviors, thoughts, and emotions, ultimately reducing pain,
improving functioning, and enhancing mood. Additional
components, such as sleep hygiene, may be included. Homework
assignments are given to encourage the practice of skills in
everyday life [60]. Acceptance and commitment therapy (ACT)
and mindfulness-based therapy are extensions of CBT. ACT
comprises 2 main core components: mindfulness and acceptance,
as well as commitment and behavior change. It involves several
processes, including acceptance, cognitive defusion,
present-moment awareness, self-as-context, values clarification,
and committed action [70]. ACT interventions often incorporate
CBT processes, making it difficult to distinguish between CBT
and ACT [51]. Evidence suggests that CBT can reduce pain,
disability, and negative mood in patients with chronic pain or
fibromyalgia, both immediately after treatment and at long-term
follow-up (6 and 12 months), although the effect size is small
or very small [68,79. Enomoto et al [52] recommend offering
CBT for insomnia, or at least CBT for insomnia and pain, to
patients with chronic pain who also experience insomnia as a
comorbidity. CBT therapy for insomnia has been effective in
improving sleep, pain, disability, and depression. ACT has also
demonstrated benefits for patients with chronic pain, improving
pain acceptance, QoL, pain intensity, functioning, and mood
[57,59]. For fibromyalgia, ACT has shown significant
improvements in patient functioning in both the short and long
term, based on a meta-analysis with moderate-quality evidence
[51]. ACT can be considered to enhance patients’psychological
flexibility and, subsequently, their functioning in pursuing
valued activities [51,59]. Education serves as both an
intervention and a CBT tool [58]. Joypaul et al [55] defined
education as providing instructions to inform participants,
making it applicable to various interventions as an instructional
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tool [55]. Therapeutic pain neuroscience education, also referred
to as pain neuroscience education by some authors, aims to
enhance patients’ knowledge and understanding of pain
neurophysiology to improve their cognitive and behavioral skills
related to pain [56,71]. Therapeutic pain neuroscience education
has demonstrated benefits for patients with chronic pain in
reducing fear of movement, pain intensity, pain disability, and
pain catastrophizing [58]. Therapeutic pain neuroscience
education, in the context of chronic musculoskeletal pain,
improved pain intensity, pain knowledge, disability, maladaptive
thoughts and behaviors, physical function, and health care use,
even up to 1 year post treatment [56]. Other educational content
has been studied, including lifestyle components focusing on
areas such as nutrition, sexuality, social coping strategies, and
the regulation and adjustment of everyday life [11]. Education
should be an integral part of a multidisciplinary approach to
chronic pain, alongside graded physical activities, graded
exposure, and pacing, for example, and not offered as a
stand-alone treatment [54-56,58,67]. CBT education
characteristics were gathered in Table S1 in Multimedia
Appendix 1.

Mind-Body Interventions
The classification of mind-body interventions was based on the
Medical Subject Headings terms of the National Library of
Medicine. They encompass various modalities such as
meditative movement therapies (MMTs), respiration exercises,
hypnosis and autogenic training, meditation, and relaxation
[72]. They focus on exploring the interconnectedness between
the brain, body, mind, and behavior, and how emotional, mental,
social, spiritual, experiential, and behavioral factors can directly
impact health [73]. Guidelines recommend the use of MMTs
with confidence [4,7,40]. However, hypnosis, guided imagery,
relaxation, or meditation are not recommended, and it is advised
not to propose them as stand-alone interventions [7,40]. The
Canadian guideline suggests not discontinuing these
interventions but informing the patient about their lack of
evidence and potential side effects [6]. Therapies such as Qi
Gong, Tai Chi, and Yoga, as examples of MMTs, were included
[63]. MMTs have shown improvements in outcomes such as
physical functioning, pain, and mood for patients with
fibromyalgia [65]. Specifically, Tai Chi has been found to
significantly reduce FIQ scores, pain intensity, sleep disturbance,
fatigue, and depression, while increasing QoL for individuals
with fibromyalgia [61]. Tai Chi and Yoga are weakly
recommended, whereas the evidence did not allow for a
recommendation regarding Qi Gong for chronic pain
management [63]. Lee et al [64] did not provide a
recommendation for meditation as a treatment for chronic pain
due to the limited evidence available. While no specific

recommendation was provided in the systematic review, Lee et
al [64] suggested that mindfulness-based interventions could
potentially offer benefits for chronic pain management.

Multicomponent Interventions
Multicomponent interventions were defined as combinations
of at least 2 components, including psychological, physical
activity, medical education, and mind-body therapies, based on
the self-management program developed by Miles et al [74]
and further refined by Geraghty et al [11]. All guidelines
recommend not implementing interventions in isolation but
rather combining them with other approaches. Multicomponent
intervention should include physical and psychoeducational
interventions at a minimum [4-7,75]. Multicomponent
interventions have demonstrated effectiveness in improving
various aspects such as FIQ, pain, sleep, and depression, with
greater effects compared to exercise alone, education alone, or
psychological interventions alone [61,62]. The positive effects
of multicomponent interventions typically last for an average
of 14 weeks, and it is recommended to conduct follow-up
assessments every 3 months to review and reinforce the
treatment strategy [62]. Considering the variations across
studies, multicomponent interventions have shown
improvements in physical function, pain, FIQ, fatigue, mood,
and QoL in both the short and long term [11].

Phase 2: Review of Self-Management
Apps

In this part of the work, we investigated which type of
self-management is integrated in existing apps for fibromyalgia
and chronic pain syndromes (Table 1). Online fibromyalgia
applications were identified via PubMed, Google, and the
German Digitale Gesundheitsanwendung (DiGA) registry [76],
as well as with ChatGPT (OpenAI). Available mobile apps
targeting fibromyalgia self-management reveal a strong
emphasis on psychoeducational content, particularly CBT, ACT,
and pain neuroscience education. Out of the 12 reviewed apps,
10 integrate psychoeducational modules, often presented through
structured lessons, interactive exercises, journaling tools, or
virtual coaching. Physical activity interventions, such as aerobic
or resistance exercise guidance, were integrated in 6 apps,
typically via instructional videos, activity logging, or
synchronization with wearable devices. Mind-body techniques,
including guided meditation, breathing exercises, and
mindfulness-based practices, were found in about 5 apps. This
distribution highlights a predominant focus on psychological
and cognitive strategies in current digital interventions, with
fewer apps addressing physical or somatic components in depth.
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Table 1. Existing online self-management programs for fibromyalgia.

NotesRegulatory statusTherapeutic mechanismsApp name

12-week structured digital therapy, clinical
trial support

FDAc-cleared in the United StatesACTa, CBTb, mindfulness, journal-
ing, reminders

Stanza

Structured 12-week course, reimbursed by
German health insurance

DiGAd-approved in GermanyCBT, ACT, mindfulnessHelloBetter Chronic Pain

Evidence-based course, reimbursed via Di-
GA

DiGA approval in Germany with-
drawn

CBT, mindfulness, educationSelfapy Chronic Pain

Focuses on tracking pain trends for self-
awareness and provider communication

Available on app storesPain tracking, journaling, self-mon-
itoring

Manage My Pain

App supports wearable neuromodulation
therapy for fibromyalgia

FDA-authorized medical deviceNeuromodulation via wearable,
symptom tracking

Quell Fibromyalgia

Combines tracking and CBT tools; user-
driven format

Available on app storesCBT-based tools, symptom tracking,
medication management

FibroMapp

Structured CBT modules, lifestyle educa-
tion, mindfulness tools

Available on app storesCBT, mindfulness, educationMoreGoodDays

Simple utility app for scheduling and
symptom tracking

Available on app storesReminders, symptom tracking, task
management

FibroMinder

Community-focused platform with integrat-
ed education and logging

Available on app storesPain tracking, education, CBT ele-
ments, community support

PainScale

Focuses on tracking and lifestyle planning
features

Available on app storesSymptom tracking, lifestyle manage-
ment

FibroTrack

Comprehensive app targeting pain beliefs
and coping strategies

Available on app storesPain neuroscience education, CBT,
guided meditation, writing exercises

Curable

Multicomponent program with weekly
video sessions

Not a certified app; delivered via
YouTube and email

CBT, mindfulness, therapeutic exer-
cise, pain neuroscience education

Fibrowalk

aACT: acceptance and commitment therapy.
bCBT: cognitive behavioral therapy.
cFDA: US Food and Drug Administration.
dDiGA: Digitale Gesundheitsanwendung.

Two applications, HelloBetter Chronic Pain and Stanza, are
certified digital therapeutics. HelloBetter is DiGA-approved in
Germany, meaning they are reimbursable by statutory health
insurance and have met criteria for clinical evidence and data
security. Stanza, developed in the United States, is US Food
and Drug Administration–cleared as a prescription digital
therapeutic, offering a 12-week ACT-based program with
demonstrated clinical efficacy in reducing fibromyalgia
symptoms [77]. The remaining apps, including Curable,
MoreGoodDays, Manage My Pain, and FibroMapp, are publicly
available but lack medical certification and are typically framed
as wellness tools or digital companions rather than regulated
treatments. Overall, while several apps offer well-designed
psychoeducational modules and basic symptom tracking, fewer
integrate evidence-based physical activity interventions or
comprehensive mind-body components. Among the 12
fibromyalgia self-management apps analyzed, only 5 (42%) can
be considered multicomponent, meaning they integrate at least
2 of the 3 core evidence-based intervention domains:
psychoeducational therapies, physical activity, and mind-body
techniques. Notably, the certified apps HelloBetter Chronic
Pain, Selfapy Chronic Pain, and Stanza fall into this category,
offering combinations of CBT or ACT, mindfulness, and, in
some cases, activity planning. Noncertified apps such as
MoreGoodDays and Curable also include psychoeducation and

mind-body interventions, but vary in the depth and clinical rigor
of their content. While most of the reviewed apps integrate
evidence-based components aligned with current clinical
guidelines, such as CBT, ACT, and mindfulness-based
techniques, several also include strategies with limited or
inconclusive evidence in fibromyalgia. For example, some
noncertified apps incorporate generic meditation, unstructured
journaling, expressive writing, or broad lifestyle advice without
therapeutic framing or individual tailoring.

Phase 3: Patient Preferences and Focus
Groups

As previously reported, we investigated patient preferences for
mobile app design through 2 online surveys (53 and 33 patients,
respectively) and 3 focus groups comprising a rheumatologist,
1-6 fibromyalgia patients, with or without concomitant
post-COVID-19 syndrome, as well as an app designer [78]. All
patients in focus groups tested a self-developed app designed
to assess fibromyalgia symptoms and to deliver an online
therapeutic program containing CBT, mind-body techniques,
and physical exercise instructions. This program was initially
developed during the pandemic for fibromyalgia associated
with postviral syndrome and was subsequently adapted as an
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experimental chronic pain companion (Pain Organiser and
Companion System). The design and content of this app are
described in detail elsewhere [78,79]. In the final focus group
(n=1), the online program was connected to an LLM-based
chatbot and tested by the patient (see Future Directions section).

Participants emphasized that simplicity, clarity, and accessibility
are crucial for adherence, given common cognitive fatigue
(“fibrofog”) and limited digital literacy. Users preferred short,
well-structured modules, clear navigation, and scientifically
validated content in plain, nontechnical language. Autonomy
and empowerment emerged as central themes. Patients valued
tools that visualize progress, such as symptom tracking and
diaries, helping them recognize links between behavior and
symptoms. Personalization was highly desired; users wanted
adaptable exercises, favorite lists, and an interactive virtual
coach or chatbot that responds to individual needs and previous
activity. An empathic, motivating tone was considered essential.
Participants appreciated friendly communication and multimedia
content, particularly physiotherapy videos and mindfulness
modules. Emotional design elements, positive wording,
supportive colors, and encouraging feedback were viewed as
vital for engagement and adherence. Reliability and
trustworthiness were further priorities: users expected apps to
be evidence-based, transparent, and secure, with clear data
protection and professional validation. Barriers such as poor
navigation, cognitive overload, or lack of emotional connection
can significantly reduce adherence. The focus group highlighted
that fibromyalgia mHealth apps offer the potential to serve as
multicomponent platforms, covering the 3 key therapeutic
domains discussed above: psychoeducation, mind-body
techniques, and physical exercise guidance. Of note, instructions
for physical exercises were appreciated by participants in the
focus groups, ideally with more individualization (eg, for
individuals with obesity).

Key Findings and Lessons Learned

There is proven evidence for psychoeducational interventions,
mind-body therapies, and physical activities in fibromyalgia.
All 3 are included in most of the current fibromyalgia mHealth
applications on the market, several of those with proven efficacy
in randomized controlled trials, although the underlying
therapeutic content is not openly accessible [75]. CBT remained
strongly recommended to assist patients with fibromyalgia in
managing their pain, comorbidities, and lifestyle [49] and is the
main approach used in existing fibromyalgia apps. Apart from
CBT interventions, psychoeducation focuses on pain coping
skills, mindfulness, lifestyle modification, and pain neuroscience
education. The recommendations regarding mind-body therapies
such as MMT, meditation, relaxation, or hypnosis are conflicting
but safe and therefore might be integrated in apps as an adjunct.

Certain interventions, such as stress reduction, breathing, and
relaxation exercises, are notably suitable for integrating into
apps as animation can be positive, such as a balloon for
breathing exercises.

Half of the existing fibromyalgia apps integrate physical
exercises into their program, but mostly only to a lower degree
compared to CBT. The content of existing apps contrasts with
technically more sophisticated physiotherapy or online
rehabilitation apps; for example, integrating computer vision
to instruct and monitor a wide range of exercises. In general, it
can be postulated that true multicomponent apps integrating all
3 validated pillars of fibromyalgia self-management,
psychoeducation, physical activity, and mind-body techniques,
guided by clinical standards and codeveloped with patient input,
would improve the effect.

From a technical side, both web and native apps are viable
platforms for integrating self-management tools and tracking
disease activity in fibromyalgia. Native apps are particularly
effective at incorporating wearable data directly from mobile
devices, enabling continuous monitoring and data capture.
Symptom tracking is typically based on patient-reported
outcomes or symptom scores, including measures of pain, QoL,
depression, anxiety, self-efficacy, acceptance, catastrophizing,
fear-avoidance, physical function (eg, strength and disability),
sleep quality, fatigue, and health care use indicators such as
clinic visits, sick leave, and return-to-work patterns.

These apps often incorporate validated instruments such as the
FIQ, the Symptom Severity Score, or the Widespread Pain Index
to assess disease activity. Therapeutic content is typically
delivered through text, animated videos, or voice formats,
providing education, instructions, and exercises. In some cases,
apps are integrated with connected devices, such as wearables
that deliver millimeter wave stimulation [80]. Animation can
be used to enhance certain exercises, such as balloons being
used to synchronize breathing frequency and intensity.

Stand-alone apps, particularly those certified as digital
therapeutics, often include a structured program guide to track
patient progress. This is important for potential reimbursement
by health insurers. Increasingly, mHealth apps also integrate
chatbots that guide users through the program, enhance
flexibility, and potentially improve adherence, one of the main
challenges of these interventions. Successful therapeutic apps
for this population require a balance between scientific rigor,
user-friendly design, and emotionally intelligent interaction. A
clinical and evidence-based framework for fibromyalgia
interventions in apps can be found in Table 2. Textbox 1
presents practical recommendations for the corresponding app
design and implementation roadmap.
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Table 2. Evidence-based framework for fibromyalgia online interventions.

Evaluation metricsDigital enablement featuresImplementation in mobile
health app

Evidence level and
rationale

Intervention domain

Pain, FIQe, self-efficacy,
catastrophizing, engagement
rate, and module completion

Chatbots or avatars for guidance;
adaptive progression based on
symptom and mood data; empa-
thy-based conversational tone; and
voice message transcription

Modular courses; microlearn-
ing sessions; quizzes; journal-
ing; goal setting; and self-effi-
cacy tracking

Strong evidence

from RCTsd and
guidelines for reduc-
ing pain, distress,
and maladaptive
thoughts

Psychoeducational therapies

(CBTa, ACTb, and PNEc)

Physical function (FIQ
physical domain), fatigue,

AIh-driven motion feedback
(computer vision); adaptive load

Video demonstrations; person-
alized exercise plans; daily
movement reminders; wear-

Strong evidence for
aerobic and resis-
tance training im-

Physical activity and graded
exercise

adherence (logged sessions),
and HR and HRV trends

progression; safety alerts; and
gamificationable integration (steps, HRf,

and HRVg)

proving function and
mood

Sleep quality, stress index,
anxiety, HRV, and app us-
age continuity

Adaptive session lengths; stress
biofeedback using HRV; sleep
tracking linkage; and integration
with smartwatches

Audio-guided meditations,
breathing animations, mindful-
ness timers, and relaxation
music

Moderate evidence
for improving sleep,

mood, and QoLi

Mind-body techniques
(mindfulness, Tai Chi,
breathing, and relaxation)

Data completeness, trend
accuracy, and correlation
with clinical outcomes

Voice or video symptom entry; AI-
based summary visualization; and
adaptive dashboard

In-app FIQ, pain diaries, and
fatigue and sleep trackers

Essential for person-
alization and clinical

insight for HCPj

Symptom tracking and pa-
tient-reported outcomes

User satisfaction, engage-
ment over time, and adap-
tive accuracy

Machine learning–based tailoring;
predictive suggestions for pacing
and exercise. Adapted avatars, eg,
older people with obesity

Custom goal setting; pheno-
type-based pathways (eg,
obesity-, menopause-, and

PTSDk-related FMl)

Increasingly essen-
tial for engagement
and relevance

Personalization and adaptive
design

Retention rate, adherence
index, and self-efficacy gain

Gamification, motivational messag-
ing, positive reinforcement, and
social comparison (optional)

SMARTm goal planning,
feedback loops, and progress
visualization

Crucial for long-
term adherence

Behavior change and motiva-
tion

Message frequency, satisfac-
tion, and safety events

Hybrid care integration (eg, AI
triage + human follow-up); crisis
escalation paths

Chatbot or professional chat;
asynchronous therapist feed-
back

Improves adherence
and patient safety

Communication and support

Clinical uptake, data com-
pleteness, and clinician
feedback

Sidecar EMR integration; secure
teleconsultation channel

Clinician dashboard,

FHIRn-based interoperability,

and data export to EHRo

Enables clinical su-
pervision and re-
search

Data integration and clinical
workflow

SUSq score, accessibility
compliance, and dropout
rate

Emotionally supportive design
(colors, feedback tone), simplified
onboarding, and language localiza-
tion

Clean interface, large icons,
voice navigation, and light
and dark modes

Critical for usability
and adherence in
cognitive fatigue

Accessibility, UXp, and
emotional design

Certification status, GDPRu

or HIPAAv compliance, and
user trust rating

Privacy-by-design architecture;
on-device data processing

CEr, FDAs, or DiGAt confor-
mity, and transparent data
policies

Required for trust
and scalability

Privacy, certification, and
ethics

aCBT: cognitive behavioral therapy.
bACT: acceptance and commitment therapy.
cPNE: pain neuroscience education.
dRCT: randomized controlled trial.
eFIQ: Fibromyalgia Impact Questionnaire.
fHR: heart rate.
gHRV: heart rate variability.
hAI: artificial intelligence.
iQoL: quality of life.
jHCP: health care professional.
kPTSD: posttraumatic stress disorder.
lFM: fibromyalgia.
mSMART: specific, measurable, achievable, relevant, time-bound.
nFHIR: Fast Healthcare Interoperability Resources.
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oEHR: electronic health record.
pUX: user experience.
qSUS: System Usability Scale.
rCE: Conformité Européenne.
sFDA: US Food and Drug Administration.
tDiGA: Digitale Gesundheitsanwendung.
uGDPR: General Data Protection Regulation.
vHIPAA: Health Insurance Portability and Accountability Act.

Textbox 1. Recommendations for the fibromyalgia mobile health self-management program development.

Recommendation

• Involve key stakeholders (fibromyalgia patients, multidisciplinary professionals, and digital experts) through surveys, interviews, and co-design
workshops.

• Conduct a structured needs assessment, addressing core fibromyalgia symptoms and patient priorities (eg, fatigue, pain, and cognitive dysfunction).

• Provide a transparent overview of the content for users, health care providers, and regulators, eg, using knowledge graphs or content maps.

• Tailor content to user characteristics such as socioeconomic background, gender, age, culture, and health literacy.

• Base all interventions on clinical evidence, including physical activity, cognitive behavioral therapy, psychoeducation, and mind-body strategies.

• Include personalized modules for subtypes and comorbidity (eg, perimenopausal symptoms, obesity, anxiety, posttraumatic stress disorder–associated
hypermobility, migraine, etc).

• Adhere to established standards and guidelines, such as Xcertia, National Institute for Health and Care Excellence, Haute Autorité de Santé, and
World Health Organization, covering content, privacy, usability, and operability.

• Design the app as a complementary tool, not a substitute for face-to-face care.

• Use interoperable data formats, such as Fast Healthcare Interoperability Resources, to enable secure integration with health care systems and
devices.

• Connect to wearable data, allowing tracking of physical activity, sleep, or heart rate variability to enrich outcome measures.

• Include a clinician-facing dashboard to enable remote monitoring, triage, and decision support.

• Ensure robust data security and privacy compliance, including user consent, encryption, and data governance.

• Provide a structured and simple onboarding process, guiding users through initial setup and goals.

• Ensure user-friendliness with intuitive design, a responsive user interface, customizable settings, reminders, and accessible language.

• Include motivational features, such as gamification, progress tracking, and positive reinforcement.

• Incorporate core functional modules, including symptom tracking, educational content, communication, and self-assessment tools.

• Implement adaptive, guided interventions rather than static or generic content to boost engagement and outcomes.

• Define and track recognized fibromyalgia end points to support evidence generation and reimbursement (eg, Fibromyalgia Impact Questionnaire,
pain scales).

• Follow an iterative development cycle, including continuous evaluation of effectiveness, usability, and safety.

• Plan for scalability, dissemination, and regulatory approval, including Conformité Européenne marking, Digitale Gesundheitsanwendungen
eligibility (Germany), or US Food and Drug Administration listing.

Areas of Uncertainty

The literature search was limited to PubMed and Cochrane
databases, potentially introducing selection bias, and the cutoff
at 2023 excluded recent studies or emerging interventions.
Another limitation of this viewpoint concerns the transferability
of conventional evidence-based therapies to digital formats.
The effectiveness of individual therapeutic elements within apps
remains largely untested, and user experience likely plays a
decisive role. Adherence is particularly critical, as unguided
online interventions often show low engagement. Psychiatric
comorbidities, such as depression, trauma, and cognitive fatigue,
further affect adherence and suggest that some users may benefit

from guided or coach-assisted programs rather than fully
automated ones. The human and group-based components of
multimodal therapy are difficult to replicate digitally, raising
questions about the optimal degree of human involvement in
digital therapeutics. Device-based or biofeedback interventions
were not included, as they require additional hardware not
universally accessible; however, future versions may integrate
smartwatch-based or wearable data.

Finally, personalization remains a key challenge. As
fibromyalgia is heterogeneous, tailored approaches—whether
based on symptom profiles or machine learning–derived
phenotypes—are needed. Future studies should also account
for contextual factors such as age, culture, digital literacy, and
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socioeconomic status, as well as identify which behavior change
techniques drive engagement and outcomes. Guided and
adaptive interventions appear more effective than static content,
highlighting the importance of iterative, patient-centered design
in future mHealth development.

Future Directions

As seen in other digital interventions, such as for depression,
the inclusion of a channel for direct interaction with a health
care professional or, potentially, a bot can increase effectiveness.
Voice message transcription features can facilitate
semiautomated, asynchronous communication. In this context,
agentic AI trained on such interactions may provide
supplementary or alternative support. Dashboards play a critical
role in integrating fibromyalgia mHealth applications into the
clinical workflow, enabling health care professionals to monitor
their patients and app activity. Ideally, these dashboards should
interface with electronic medical records through sidecar
applications [81]. Personalization of content according to
fibromyalgia subtypes should be encouraged. However, this
increased individualization may make the creation of robust
evidence or standardized certification more challenging. As a
future perspective, new content formats could be developed and
evaluated, such as therapeutic stories or short interventions. For
example, therapeutic stories could resemble YouTube Shorts,
with AI algorithms applied to tailor and deliver these formats
accordingly. Other future digital directions for fibromyalgia
apps will move beyond psychoeducation toward multimodal,
personalized therapy ecosystems. Integration of exercise

modules, CBT, and mindfulness into cohesive platforms is
expected, with adaptive interfaces that adjust content to each
user’s symptom patterns, motivation, and cognitive load. LLMs
and AI-powered chatbots will evolve from static text-based
assistants to emotionally intelligent digital companions that
guide users through daily self-management, provide empathetic
feedback, and interface with sensor data from wearables for
sleep, mobility, or stress tracking. These systems could enhance
adherence, detect flares early, and personalize pacing and
exercise recommendations. Meanwhile, interoperability, data
privacy, and regulatory validation will remain crucial to ensure
clinical reliability and ethical use. Ultimately, the future of
fibromyalgia apps lies in hybrid digital care, combining
automated AI-driven support with human coaching and clinical
oversight. By blending evidence-based therapy, personalization,
and human empathy, next-generation digital therapeutics may
finally bridge the gap between self-management and sustained
symptom improvement.

Conclusion

Evidence-based foundations are needed to inform the
development of effective digital therapeutic applications for
fibromyalgia. To build impactful digital therapeutics, it is
essential to integrate validated self-management strategies,
engage key stakeholders, and consider social and cultural
determinants. An iterative development process, guided by
ongoing assessment of usability, effectiveness, equity, and
safety, will ensure that mHealth tools align with both clinical
goals and patient needs.
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Abstract

Background: Postnatal depression (PND) is a clinical sign of sadness in certain individuals after childbirth. PND affects the
mother, the baby, and the whole family. PND is now recognized as a public health concern worldwide. The global prevalence of
PND is approximately 17.22%. However, less than half of those affected seek help, which means over 50% of PND cases are
left untreated. Current reviews lack focus on digital interventions targeting parents in late pregnancy or postnatal stages. Existing
studies prioritize symptom relief over fostering help-seeking behaviors.

Objective: This study aims to identify what serious games have been applied to support the treatment or help-seeking of PND
and what gaps are still left.

Methods: Eligibility criteria for this review included full-text papers from 2015 to 2024 from conferences or peer-reviewed
journals that were relevant to serious games to support help-seeking behaviors for individuals with depression. Seven research
databases and publisher repositories were used. The final search was conducted in March 2025, and a thematic analysis was used
to identify and organize recurring themes. As this review adopts a narrative approach, predefined eligibility criteria, a structured
search strategy, and review by an interprofessional team were used to reduce selection bias.

Results: Only 2 studies related to PND were identified. After expanding the search string to depression, 13 studies were included
in this review, and the studied games were divided into 3 help-seeking categories: promoting knowledge, reducing stigma, and
raising awareness. This review identified that gamification, educational messages, and supportive character interactions could
enhance engagement, build coping skills, and promote help-seeking in a practical, parent-friendly format. Nonetheless, this paper
is limited by the reliance on depression literature due to scarce PND-specific studies, the quality of included studies, the exclusion
of non-English language publications, and the use of common but select academic databases. These factors may affect
generalizability but also serve to highlight critical gaps for future research and targeted intervention design.

Conclusions: There is a dearth of studies directly related to PND. Existing games commonly use narrative storytelling and
interactive scenarios to promote empathy, correct misconceptions, and encourage help-seeking in broad depression. However,
few are designed specifically for new parents, whose unique needs—such as time constraints—make mobile platforms the most
suitable format for effective engagement. The authors propose that the future interprofessional codevelopment of a mobile serious
game tailored to new parents would address the intervention and literature gaps identified in this review. It is argued that key
design elements should include an emotionally engaging narrative, meaningful player choices, real-life parenting scenarios,
calming visuals, and accessible, low-pressure gameplay. This review contributes to the progression of serious game research,
with a focus on addressing the needs of an often underserved and undertreated PND population.

(Interact J Med Res 2026;15:e70777)   doi:10.2196/70777
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Introduction

Postnatal Depression: Definition, Consequences, and
Treatment
Postnatal depression (PND) is a clinical diagnosis characterized
by sadness after the birth of a child [1]. Most cases of PND start
between 4 and 8 weeks after childbirth [2]. However, some
research suggests that health care providers should screen for
PND for up to 3 years after giving birth. This finding is in light
of evidence that PND can develop after the traditional 6-month
mark in some cases [3]. PND can result in various adverse
maternal outcomes, impacting physical health, psychological
well-being, interpersonal relationships, and risky behaviors [4].
Moreover, women who experience PND face an increased
likelihood of experiencing clinical depression in the future, not
just following repeated pregnancies but also throughout other
periods of their lives [5].

PND affects not only the mother but the baby and family as a
whole [6]. A mother experiencing PND may have difficulty
bonding with her infant, providing proper care such as
breastfeeding, and playing other maternal roles [1]. The potential
consequences of this situation may extend to the child’s
physical, cognitive, language, emotional, social, and behavioral
development and even impact the dynamic within the family
unit over an extended period of time [7].

Perinatal mental health issues are now recognized as a
significant public health concern all over the world. The global
prevalence of PND was found to be approximately 17.22% in
the largest meta-analysis of PND to date [8]. It is estimated that
perinatal mental health disorders cost the Australian economy
Aus $877 million per year (a currency exchange rate of Aus
$1=US $0.66 was applicable) [9], the United States economy
US $14.20 billion per year [10], and the United Kingdom £8.10
billion each year (a currency exchange rate of UK £1=US $1.34
was applicable) [11].

Health-Seeking Behaviors and PND
However, less than half of those affected seek help, which means
over 50% of PND is left untreated [12]. The barriers to
help-seeking for PND are various, including social and cultural
stigma, lack of knowledge and awareness, and lack of
accessibility to the health care system [13]. As highlighted,
PND can have a detrimental effect on the entire family. Thus,
further research is needed on the most effective ways to
empower expectant new parents to seek help earlier and maintain
positive mental health, ensuring this condition does not remain
a silent struggle.

Digital Interventions and Management of PND
Digital games are interactive, computer-based experiences in
which players interact with a virtual environment through input
devices such as keyboards, controllers, or touchscreens. They
range from simple, text-based applications to complex,
immersive worlds powered by advanced graphics and artificial
intelligence. Digital games can be played on multiple platforms,
including personal computers, gaming consoles, smartphones,
and virtual reality (VR) systems.

Game development is a complex process that often leverages
specialized tools to streamline workflows and enhance
functionality. Two critical components in this ecosystem are
middleware solutions and game engines. Middleware provides
developers with prebuilt modules to handle specific
functionalities, while game engines offer comprehensive
frameworks for building games.

Serious games play a crucial role in various domains by blending
entertainment with purposeful outcomes, making them valuable
tools for education, training, health care, and social awareness
[14]. Unlike traditional video games designed solely for
recreation, serious games leverage interactive and immersive
elements to enhance learning, skill development, and behavioral
change. Engaging users in simulated environments provides a
risk-free space for experimentation and decision-making, leading
to deeper comprehension and improved information retention.
This kind of approach makes them particularly effective in fields
such as education, where gamified learning experiences can
make complex subjects more accessible and engaging for
students. In professional training, serious games are widely
adopted for skill development and simulation-based learning
[15]. Industries such as health care, aviation, and military
training use serious games to replicate real-world scenarios,
allowing trainees to practice in a controlled setting. For example,
medical simulation games help doctors and nurses refine surgical
techniques and patient care by providing a safe space rather
than performing procedures on real patients [16]. Similarly,
corporate training programs integrate serious games to make
the traditional learning experience more engaging and dynamic,
thereby improving employee knowledge retention and job
performance [17].

Beyond education and training, serious games significantly
impact mental health and social awareness. Games designed to
address depression can provide therapeutic benefits and be
valuable and effective in reducing symptoms of depressive
disorders [18,19]. Additionally, serious games are used to
promote awareness about global challenges, such as climate
change and poverty, by immersing players in experiences that
foster empathy and drive real-world action [20]. By engaging
storytelling, decision-making challenges, and interactive
problem-solving, serious games go beyond traditional education
and advocacy methods, making complex issues more relatable
and actionable for diverse audiences.

In conclusion, serious games are an essential innovation in
digital technology, bridging the gap between entertainment and
meaningful engagement. Their ability to educate, train, and
raise awareness while keeping users involved makes them a
powerful tool across various industries. As technology continues
to evolve, the potential for serious games to drive positive
change in education, health care, and social development will
only continue to grow. This narrative review aims to provide a
comprehensive and interpretative narrative synthesis of the
existing literature on serious games and digital interventions
for PND. The goal is to critically evaluate current trends and
gaps to explain the need for targeted research in this essential
but often overlooked area.
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Knowledge Gap and Objective
There is literature from the past 10 years reviewing digital
interventions for symptoms of PND. In 2018, van den Heuvel
et al [21] published a systematic review of the current literature
on eHealth developments in pregnancy to assess this new
generation of perinatal care. Studies that reported using eHealth
during prenatal, perinatal, and postnatal timeframes include 71
studies covering 6 domains. These domains are information and
eHealth use (eg, patients’ use of the internet for pregnancy
information [22]), lifestyle factors such as gestational weight
gain, exercise, and smoking cessation (eg, technology-supported
diet and lifestyle interventions [23]), gestational diabetes (eg,
telemedicine for diabetes in pregnancy [24]), mental health (eg,
therapist-supported internet-based cognitive behavior therapy
among postnatal women [25]), low- and middle-income
countries (eg, mobile health [mHealth] interventions for prenatal,
birth, and postnatal period in low- and middle-income countries
[26]), and telemonitoring and teleconsulting (eg, wireless
antepartum maternal-fetal monitoring [27]). There were 16
studies related to screening and treatment for PND (van den
Heuvel et al [21], 2018).

Hussain-Shamsy et al [28], 2020, aimed to understand the extent,
range, and nature of mHealth tools for prevention, screening,
and treatment of perinatal depression and anxiety in order to
identify gaps and inform opportunities for future work.
Compared to the van den Heuvel et al [21] review, it targeted
interventions delivered through mobile phones, including apps
and text message–based interventions with prevention,
screening, and treatment purposes. Tools were for prevention
(10/22, 45%), screening (6/22, 27%), and treatment (6/22, 27%).
Interventions delivered included psycho-education (16/22, 73%),
peer support (4/22, 18%), and psychological therapy (4/22,
18%); however, interventions that started in pregnancy and
continued into the postnatal period were rare (2/22, 9%).

In the same year, Dosani et al [29] investigated existing uses
of mobile phone technologies for perinatal depression in low-
and middle-income countries, finding improved depressive
symptoms after the interventions. Similarly, Wan Mohd Yunus
et al [30], 2022, found positive outcomes for digitalized
cognitive behavioral therapy (CBT) interventions for depression
symptoms during pregnancy. However, it should be noted that
the studies within this systematic review demonstrated relatively
high risks of bias and some missing outcome data. Lau et al
[31] (2022) also conducted a review synthesizing 18 randomized
controlled trials and demonstrating support for the effectiveness
of digital CBT for perinatal psychology symptoms (ie,
depression, anxiety, and stress symptoms) in high-income
countries; however, again, the included studies were found to
be of limited quality. It is argued that the literature is promising
in its indicative efficacy for digital and mobile interventions for
perinatal mental health; however, further robust, high-quality,
larger sample size, and interprofessionally co-designed
randomized controlled trial research between health care
professionals and application developers is required in this field.

Beyond the more common digital and mobile interventions, VR
has been explored for its utility in this field. In 2024, Fallon et
al [32] conducted a scoping review on the use of VR to support

parents during birth and in the first year postbirth in different
settings, finding that across these studies, VR was found to be
effective in improving both physiological and psychological
outcomes. Furthermore, mothers reported positive experiences
of using VR, which could indicate VR’s acceptability in this
population.

Literature has looked not only at interventions targeting
symptoms but also at prevention. Some have assessed web- and
mobile-based psychological interventions’ role in preventing
depression during the perinatal period [33], as well as reviews
on the current state of diagnostic and screening apps for perinatal
mental health [34]. These review studies highlight important
considerations for future research, including the need for
comprehensive digital assessment tools, ensuring data protection
and safety of the intended app use, and improving data sharing
features between users and health care professionals for timely
support.

Other prevention-focused research has aimed at increasing
partner support (Pilkington et al [35], 2015). Several prevention
studies that include a partner component have demonstrated
some benefits [35]. However, not all of these interventions were
delivered to both mothers and fathers, and research evaluating
their effects on paternal mental health is lacking. Thus, it is
argued that future research needs to focus more on developing
active interventions for both partners.

In the past decade, numerous reviews have focused on digital
interventions for perinatal mental health, particularly PND.
Each of these reviews had distinct aims, ranging from examining
eHealth developments during pregnancy [21] to evaluating the
effectiveness of mHealth tools [28] and digital CBT
interventions [30]. Others, such as Fallon et al [32], explored
emerging technologies such as VR for supporting parents during
the postnatal period. These reviews covered a variety of tools
and populations, including both high- and low-income countries,
and targeted different stages of perinatal care. Efficacious tools
are important. However, those with perinatal mental health
symptoms have demonstrated delays in seeking those
interventions [36]. To the best of the authors’ knowledge, there
are limited review papers focused on how digital interventions
can improve help-seeking behaviors in perinatal depression,
highlighting a significant literature gap with important clinical
and economic implications for undertreatment.

There is a paucity of research that explores how the games are
designed for PND. However, there is a game-specific
exploration of depression symptoms more generally, which is
of relevance given that PND and major depression share
identical symptoms except for onset [37]. In 2014, there were
2 relevant review papers. One is the systematic review by
Fleming et al [38] of the evidence for serious games in the
treatment or prevention of depression. The current data suggest
that it is possible to develop serious games for depression, that
young people are willing to try them, and that available
adherence and impact data, whilst limited, are promising. The
other systematic review is Li et al [39] systematically examining
the effectiveness of game-based digital interventions for
depression, investigating psycho-education and training, VR
Exposure Therapy, exercise, and entertainment.
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Psycho-education and training and VR Exposure Therapy were
identified as the most popular types of game applications for
depression. Given the demonstrated potential gains for global
access, it becomes even more crucial to meet the needs of those
reluctant to seek help through current methods.

To the best knowledge of the authors, there is only one relevant
review from 2018 (Dias et al [40]). Dias et al [40] aimed to
identify through a systematic review how gamification and
serious games support depression treatment and identified two
significant literature gaps, including the limited study of (1) the
effectiveness of gamification and serious games for depression
and (2) hazard assessment of the side effects of using
gamification and serious games in depression treatment. The
technologies identified in this review included mobile, computer,
wearable, and web applications that were applied in
gamification, serious games, VR, and speech analysis. This area
has not been revisited since this 2018 review, as far as the
authors are aware, yet in recent years, there has been an
increasing interest in serious games for depression and health
problems more broadly [41].

A systematic review of casual video games (CVGs) by Pine et
al [42] provided a systematic review of the effects of CVGs on
treating anxiety, depression, stress, and low mood. This work
includes 9 CVGs, of which 6 studies aimed at reducing anxiety,
2 studies examined effects for depression, and 4 studies
investigated the impact of CVGs on treating stress or low mood.
CVGs are becoming increasingly popular, and people report
playing them for various reasons, such as relieving stress and
relaxing, which may provide some initial benefit for those who
need additional support or are waiting to access more
comprehensive treatment.

In 2021, a total of 4 relevant works on games for depression
and border mental health concerns were published in Australia,
Ireland, Austria, and Taiwan. King et al [43] narratively
reviewed indie—or independent—games that address mental
health, trauma, and grief, highlighting developers’ difficulties
due to insufficient game design and research studies when
creating, developing, and evaluating serious games. Indie games
were initially defined as games made on low budgets by small
teams that were published outside more mainstream channels
and used by larger companies. There are many challenges when
developing serious games, including limited funding, small
teams, a need for broad expertise, and limited examples for
developing both games and studies. Serious mental health games
that target those with mental illness directly face additional
challenges, such as mental health disorder symptoms that can
affect the present ability to engage with content. This challenge
means developing mental health serious games presents unique
challenges to developers, who must decide how to best address
their intended audience.

Differing from previous work that targeted independent games,
Kowal et al [41] focused on the mental health benefits associated
with playing commercial video games to address symptoms of
depression and anxiety. In light of the current research, we
conclude that commercial video games show great promise as
inexpensive, readily accessible, internationally available,
practical, and stigma-free resources for mitigating some mental

health issues in the absence of, or in addition to, traditional
therapeutic treatments. Aside from the game target general
public, Martinez et al [44] investigated serious games published
between 2015 and 2020 for depression and anxiety in children
and adolescents, with a new approach focusing on their
applications: awareness, prevention, detection, and therapy. The
results of this systematic review show that more awareness and
detection games and games with awareness, prevention,
detection, and therapy applications are needed. In addition,
games for depression and anxiety should equally target all age
ranges. For future research, developing and evaluating serious
games should be standardized, and the games should always
offer support while playing. Meanwhile, Yen and Chiu [45]
conducted a review to explore the effectiveness of VR
exergames in improving older adults’cognition and ameliorating
depressive outcomes. This study suggests that VR exergames
can potentially positively influence cognition, memory, and
depression in older adults. VR exergames could be an interesting
strategy for active aging and a good mental health status.

In 2022, there were 5 key sources. First, Abd-Alrazaq et al [46]
aimed to assess the effectiveness of serious games in alleviating
depression by summarizing and pooling the results of previous
studies. Their findings indicate that exergames are as effective
as active interventions, which are usually delivered and
supervised by health care providers. Meanwhile, Ruiz et al [18]
systematically reviewed the evidence and found video
game-based interventions were valuable and effective in
reducing symptoms of depressive disorders. Additionally, Kim
et al [47] conducted a systematic review, finding that serious
games were beneficial in reducing depression in older adults.
Regardless of the study setting, serious games appeared to
reduce depression. Particularly, serious games, including
physical activities, had a significant impact on reducing
depression.

Concerning combined depression and anxiety-related symptoms,
Townsend et al [19] conducted a review into the effectiveness
of gaming interventions for treating either depression or anxiety
in individuals aged 12‐25 years. Preliminary evidence suggests
that gaming interventions may be an effective treatment for
youth depression but not anxiety. Further research is warranted
to establish the utility, acceptability, and effectiveness of gaming
interventions in treating mental health problems in young people.

The fifth relevant work of this year was published by Chitale
et al [48], reviewing the viability of games and VR for the
assessment of anxiety and depression, finding that possible
digital correlates or biomarkers of depression and anxiety could
help researchers with their design. It is important to emphasize
that to ensure safety, efficacy, and privacy at a health care
standard. It is argued that game developers and researchers must
collaborate interprofessionally with qualified mental health
specialists. More clinical data is necessary to further evidence
the effective use of video games or VR in assessment methods
for anxiety and depression.

In 2023, Gliosci et al [49] systematically reviewed the current
array of scientific research on video games used as a therapeutic
intervention tool for depression. The latest research on the use
of video games as depression treatment methods shows that
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there are significant gaps in the sector, particularly across
generations. The age group that is most affected by the condition
and now consumes the most video games—adults aged 18‐40
years—has had limited focus in the game and mental health
literature. Given that depressed people tend to be more isolated,
there may be untapped possibilities, such as the unique way that
games can bring people together, that could be used in different
types of interventions.

Most recently, in 2025, Gómez-León [50] systematically
reviewed the current serious games designed to train emotional
regulation skills in children and adolescents, finding that serious
games can be effective, acceptable, and feasible for learning
emotional regulation strategies and reducing symptoms related
to depression, anxiety, and lack of impulse control.

As highlighted, the current reviews have several limitations and
clinically significant research gaps that need to be addressed.
Existing reviews rarely address digital interventions specifically
targeting parents in late pregnancy or postnatal stages. Most
studies focus on adolescents, older people, or the general
population with depression. Given the unique physiological and
psychological needs of a perinatal mental health group and the
common reluctance to seek help, it is crucial to develop targeted
digital games and help-seeking interventions for new parents,
especially during late pregnancy and the postnatal period.

Current reviews focus primarily on symptom relief rather than
fostering help-seeking behaviors. For new parents, it is essential
to explore how digital games can educate and provide
psychological support to help them recognize symptoms of
depression and empower them to seek professional help.
Crucially, the physiological and psychological changes that
occur during pregnancy and the postnatal period differ from
those experienced by the general population with depression,
often influenced by hormonal shifts and changes in life roles
[1]. Existing reviews lack a deep exploration of how these
specific mechanisms impact the effectiveness of gamified
interventions, and therefore, this will be a particular aim of this
review. Game design must consider these unique psychological
and physiological changes to support the mental health of new
parents effectively.

Although serious games have shown promise in supporting
mental health, few have been tailored to the unique needs of
new parents facing PND. Existing interventions often overlook
practical constraints such as time limitations and emotional
vulnerability. Given this need, the current review aims to explore
how game-based tools can be thoughtfully designed to provide
emotional support, foster help-seeking, and offer accessible
education during this critical period.

There is growing recognition that serious games could offer an
accessible, flexible, and emotionally supportive solution for
broad mental health problems. This narrative review provides
a comprehensive and interpretative narrative synthesis of the
existing literature on serious games and digital interventions
for PND and, where data is limited, extends its review to related
literature on depression, given its almost identical diagnostic
profile with PND. The aim is to critically assess prevailing
trends and gaps and to inform the need for targeted research in
key, often overlooked, areas. By addressing these aspects, we
aim to make future direction recommendations for research and
game developments that could cater to the unique needs of
parents in late pregnancy and postnatal stages, particularly in
raising awareness of help-seeking behaviors toward PND. This
review aims to highlight how digital games can be more
effective in supporting this specific underserved population.

Methods

Search Strategy and Study Selection
The literature search was conducted across 7 research databases
and publisher repositories: PubMed Central, the ACM Digital
Library, Google Scholar, the IEEE Xplore Digital Library,
Science Direct, the Springer Library, and Wiley. Keywords
included combinations of major terms such as “serious games,”
“digital games,” “postnatal depression,” and “help-seeking.”

The resulting search string is as follows and shown in Table 1:
((serious game OR serious games OR gamification OR gamified
OR game design OR game based OR game-based OR gaming)
AND (postnatal depression OR postnatal depression OR
perinatal depression OR maternal depression OR post-birth
depression)). For the detailed search strategy, please refer to
Multimedia Appendix 1.

Table . Search string.

SynonymsMajor terms

postnatal depression OR perinatal depression OR maternal depression OR
post-birth depression

Postnatal depression

serious games OR gamification OR gamified OR game design OR game
based OR game-based OR gaming

Serious game

The search covered literature published between 2015 and 2024
and was limited to studies published in English. We chose to
only include articles published after 2015, considering relevance
and time efficiency.

Given the only 2 game research specific to PND, we also chose
to include depression as an analogous disorder for inclusion
because, according to the DSM-5 (Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition) [51], major

depressive disorder and PND share core diagnostic symptoms.
Thus, the broadened search string is as follows: ((serious game
OR serious games OR gamification OR gamified OR game
design OR game based OR game-based OR gaming) AND
(depression OR sadness OR depressive))

Initial search results were screened based on titles and abstracts
by author WW. Then, full-text reviews were conducted by
author WW and decided across the team, EP and JG, to
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determine their relevance to the research objectives. Reference
lists of key articles were also reviewed to identify additional
sources. The screening process is shown in the Results section.

Studies were included if they discussed the design, application,
or evaluation of serious games related to promoting help-seeking
behaviors toward depression or perinatal mental health. Articles
focusing solely on maternal health without mention of
game-based interventions were excluded.

Sufficiency Statement
The authors acknowledge that their disciplinary backgrounds
and research interests in digital mental health and game design
may have influenced the interpretation and prioritization of
specific themes during the analysis. Author WW is a PhD
candidate who has experience in interaction design, data
analysis, and software development. Author EP is a senior
lecturer in the faculty of health. She has published reviews and
empirical research in the field of mental health. She is also a
clinical psychologist practitioner working with vulnerable and
mentally unwell clients and families, including clients with
PND. Author JG is a senior lecturer in games development, an
experienced software engineer, and a serious game designer
working with diverse clients. A particular emphasis was placed
on design elements that support emotional engagement and
help-seeking behaviors, which aligns with the authors’ focus
on developing interventions for new parents experiencing PND.
Additionally, the narrative nature of the review allows for
interpretive flexibility, which, while beneficial for exploring
emerging ideas, may introduce subjective bias in theme
identification and synthesis. The selection of literature in English
only and a focus on peer-reviewed sources may have also limited
the inclusion of culturally diverse perspectives and
nontraditional forms of evidence.

Analysis Approach
To guide the synthesis and interpretation of findings across the
selected literature, this review adopted a thematic analysis

approach. Commonly used in qualitative research, thematic
analysis is a systematic method for identifying, analyzing, and
interpreting patterns of meaning—referred to as themes—within
textual data [52]. It is particularly appropriate for narrative
reviews, as it allows for the integration of diverse sources and
offers a deeper understanding of complex issues across varied
contexts. The analysis followed the 6-step process [53]. Initially,
all included texts were read thoroughly by author WW to ensure
familiarity with the content. From there, initial codes were
generated inductively by author WW to capture recurring ideas,
concepts, and relevant patterns. These codes were then reviewed
by the team (EP and JG) and grouped into broader themes that
reflected meaningful trends across the dataset. Each theme was
refined and decided across the team (WW, EP, and JG) to ensure
clarity, distinctiveness, and relevance to the review’s aims. The
final step was author WW weaving the themes into a cohesive
narrative that highlighted their significance in relation to the
central research questions.

By using thematic analysis, this review was able to go beyond
a simple summary, offering a structured yet flexible framework
to interpret findings. A thematic narrative approach was
considered appropriate due to the heterogeneity of the sources,
which varied in methodology, population focus, and design
strategy. This flexibility allowed for a deeper exploration of
how serious games function as educational and emotional tools,
especially in the context of PND.

Results

Overview
There are 2 studies identified specifically from the search string
PND, and 11 studies included from the search with depression.
In total, 13 eligible studies were included in this review. There
were 9 games published in academic articles, and the other 4
are from market research. In the past 5 years, there were 5/9
(55.6%) studies published. The screening process is shown in
Figure 1. An overview of their characters is shown in Table 2.
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Figure 1. PRISMA diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Table . Summary of included studies.

Intervention lengthSample sizeStudy designCountryYearName

N/AN/AN/AaCanada2016Above Water

N/A552Comparison studySpain2017Stigma-Stop

3 months48Quasi-experimental
study

Germany2017Leadership Training in
Mental Health Promo-
tion (LMHP)

6 months185Cluster randomized
controlled trial

Netherlands2019Moving Stories

N/A40Participatory designAustralia2020MindMax

N/A60Cocreation processUnited Kingdom2020MANTRA

45 minutes198Two-condition, random-
ized design

United States2020Hellblade: Senua’s
Sacrifice

N/AN/AN/ABrazil2022COEX-IST

N/A108Requirement elicitation
study

Bangladesh2024PPDHero

aN/A: the data were not clear or not mentioned in the original paper.

This section divides the 13 studied games included into 3
categories based on their perspectives on improving help-seeking
behaviors: promoting knowledge, reducing stigma, and raising
awareness.

Promoting Knowledge

Overview
An overview of the games that focus on promoting knowledge
to help improve depression can be seen in Table 3.
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Table . Games focused on promoting knowledge.

Player modeGame engineAudienceAimCategoryYearName

Multiple playersPhysical cards and
a mobile applica-
tion

Game playersThis game informs
people about the
available strategies
to cope with 2
types of anxiety
disorders—general-
ized anxiety disor-
der and panic disor-
der. The game
teaches players
about existing
treatments.

Strategy games2016Above Water [54]

Single playerNot specifiedAdolescentsThis game aims to
make adolescents
have better mental
health literacy and
endorse fewer stig-
matizing attitudes
regarding depres-
sion.

RPGsa2019Moving Stories
[55]

Single playerMobile phoneMen aged 16 to 35
years who are inter-
ested in AFL or
video games

This game is to de-
liver psycho-educa-
tional modules and
create a web-based
community

centering on well-

being, AFLb.

Casual games2018MindMax [56]

Single playerMobile phoneVulnerable low-lit-
eracy female audi-
ences in rural
Nepal

This game is to in-
crease maternal and
child health re-
silience before,
during, and after
disasters.

Casual games2020MANTRA [57]

Single playerMobile gamifica-
tion app

New mothersThis game aims to

screen PNDc and
provide education
and support to new
mothers to identify
and manage symp-
toms and connect
with health profes-
sionals.

Serious games2023PPDHero [58]

aRPG: role playing game.
bAFL: Australian Football League.
cPND: postnatal depression.

Above Water

In 2016, Wehbe et al [54] released the educational game Above
Water for anxiety. It is a digital or physical hybrid game to
inform people about the available strategies to cope with 2 types
of anxiety disorders, which are Generalized Anxiety Disorder
and Panic Disorder. It is designed to inspire players to share
their experiences and develop their narratives by teaching them
existing treatments. Above Water is a game that players play
with physical cards and digital devices, such as tablets and
smartphones. The game is designed to be played with 4 players.
They are required to achieve all 6 categories of life goals,
including career, education, health, self-improvement, financial
stability, and relationships, while managing anxiety. They need

to select 4 life goals on their smartphone, which cannot be
changed during the play session. On each player’s turn, they
will draw 1 card to face up, play, or discard. Anxiety cards can
be discarded by using treatment cards. They can be taught deep
breathing skills, yoga, and stretching poses using mobile
applications. The digital implementation does not require
downloading an app. It uses a simple HTML5-enabled website.
This game has several strengths, particularly in raising
awareness and encouraging social support through collaborative
gameplay. Its focus on educating players about anxiety and
introducing treatment options makes it helpful in fostering an
open dialogue about mental health. However, the game falls
short in targeting specific populations and providing tailored
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interventions. Additionally, it lacks mechanisms for improving
long-term behavior change and cultural adaptation, which are
critical elements for effectively addressing the unique challenges
faced by parents dealing with PND. It could be improved by
incorporating specific content for new parents and addressing
unique social and cultural barriers.

Moving Stories

Moving Stories is a game-based school program for mental
health literacy and stigma regarding depression published by
Tuijnman et al [54] in 2019. It is developed by a professional
game design company in collaboration with researchers and
relevant stakeholders. Moving Stories includes three parts: (1)
an introduction lesson, (2) a single-player, mobile, 3D video
game, and (3) a contact session with someone with lived
experience with a depressive disorder. The program focuses on
three perspectives of mental health literacy: (1) recognizing the
disorder, (2) having knowledge of help-seeking options and
treatment available, and (3) first aid skills to support others who
are developing or in a mental health disorder. The video game
asks players to help a girl named Lisa, who has almost lost
interest in everything. The players can do multiple things for
Lisa to accumulate or decrease their relationship scores. As a
bridge, the players are guided to share messages and discuss
the reflection in a contact session with the school welfare
coordinator or school counselor. This game demonstrates several
strengths as a mental health intervention tool, particularly in
improving mental health literacy, reducing stigma, and
promoting help-seeking behaviors. By empowering players with
knowledge, its approach to directly confronting myths through
gameplay helps break down stigma. It encourages a more open
conversation about mental health issues, which sets the
foundation for increased understanding and empathy. It is crucial
to tackle the stigma that new parents might face regarding PND.
A key strength of the game lies in its focus on promoting
help-seeking behavior. Through interactive scenarios that
involve assisting the character Lisa and guiding her toward
appropriate support, Moving Stories emphasizes the importance
of recognizing mental health issues and seeking help. This game
aligns well with the need to address the avoidance of
help-seeking behaviors seen in PND, where new parents often
struggle to ask for support due to stigma or lack of awareness.
Incorporating role-playing elements demonstrates how and
when to seek help, which is critical for empowering individuals
to take action in real-life situations.

MindMax

MindMax is an app that incorporates gamification, mini-games,
and social connection to improve men’s mental health and
well-being, published by Cheng et al [56] in 2018. This game
is based on the original well-being training program that the
Australian Football League Players’Association offered players.
Thanks to the collaboration with the University of Sydney and
the University of Technology Queensland, it aims to deliver a
portable, digital version of Australian Football League Players’
Association’s existing program. The design process includes 3
phases. The first phase is 6 participatory design workshops
consisting of 3 stages: discovery, evaluation, and prototype to
identify how best to frame the well-being concept discussed in

MindMax and, more broadly, how to structure a mental health
and well-being app for the intended audience. The second phase
is knowledge translation. The third phase is user experience
testing interviews. This work explained well why and how they
implement the participatory design process. The core
components of MindMax include two parts: (1) multiple
educational modules, each around 10 minutes, and (2) a
web-based community centering on well-being, sports, and
video games. The good point in an educational context is that
the audience does not care about what context is presented, but
how it was presented. The tone of expression is very important.
Regarding the social element, it suggested the app should enable
rather than emulate, and sharing personal experiences with
potential groups they are conscious of may need careful
consideration.

One of the key strengths of MindMax is its incorporation of
psycho-educational modules that provide users with mental
health information in a clear and accessible manner. Each
module is designed to be short (approximately 10 min), making
it feasible for users with limited time, such as new parents with
demanding schedules. These modules cover foundational topics
such as mindfulness, emotional well-being, and basic coping
skills. For new parents experiencing PND, such content can be
particularly beneficial as it provides them with the tools they
need to understand their emotional state and learn practical
strategies for managing stress. Making these modules easily
digestible helps ensure that even those unfamiliar with mental
health concepts can engage with the material effectively.
Besides, the mini-games and reward-based mechanics used in
MindMax are particularly useful in maintaining user
engagement, which might be a crucial factor for individuals
who may be overwhelmed with responsibilities or have limited
energy to devote to self-care. Using games as rewards helps
create positive reinforcement for completing educational tasks,
encouraging continued learning and interaction. For new parents,
especially those struggling to make time for themselves,
gamification can transform mental health support into something
enjoyable and less intimidating, thus promoting consistent use
of the intervention. The light-hearted games and
achievement-based systems can provide much-needed moments
of relaxation and enjoyment, breaking up the often stressful and
exhausting routines of caring for a newborn.

MANTRA

MANTRA is a serious mobile game that aims to reach a
low-literacy audience in a low-resource setting with knowledge
of maternal health, neonatal health, and geohazards. This work
was published by Mueller et al [57] in 2020. The game mechanic
is relatively simple in this game: picture matching with audio
and visual feedback. The project’s core goal is to tailor the
knowledge to a local cultural context to fit specific settings with
low literacy and resources. Throughout the design process,
co-design and cocreation were guiding principles. The game
design methodology builds on these principles and typical
software development processes. The “drag-and-drop” is the
only mechanism needed in the game. There is a touchscreen
tutorial at first to help users who are not familiar with the screen
interface. There are 3 modules in total, each containing 3 levels
of complexity. The unsuccessfully answered question will be

Interact J Med Res 2026 | vol. 15 | e70777 | p.26https://www.i-jmr.org/2026/1/e70777
(page number not for citation purposes)

Wang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


pulled into an error pool and repeated up to 3 times throughout
the level. The player will fail this level if all 3 times are
answered incorrectly. MANTRA demonstrates several notable
strengths in health education, particularly its accessibility for
low-literacy users, cultural localization, and reinforcement of
knowledge through repetition. It is designed for low-literacy
users. It uses pictograms, audio prompts, and simple, intuitive
interactions to ensure that even those with limited literacy skills
can engage with and benefit from the game. This setting is
particularly valuable for new parents from underserved
communities who may lack access to formal health education,
effectively addressing knowledge gaps. Second, the game’s
cocreation and cultural localization enhance its relevance and
acceptance. Given that cultural context plays a significant role
in the understanding and treatment of PND, incorporating
cultural elements into the game helps to establish a deeper
connection with users, reduce stigma, and increase engagement.
Lastly, MANTRA uses repeated learning modules and immediate
feedback, which helps reinforce knowledge retention. For new
parents needing to master coping strategies and understand
when to seek help, this method of repetition is crucial for
effectively supporting their mental health outcomes. However,
MANTRA also has some limitations. First, while using simple
mechanics (such as drag-and-drop) makes the game accessible,
it may not provide the depth of engagement needed for users
facing significant mental health challenges. Second, the game
lacks features that actively promote help-seeking behavior. For
a digital game aimed at addressing PND, it is essential to include
explicit pathways to professional support, such as information
on local health care services or in-game guidance on seeking
help, to bridge the gap between awareness and action. Lastly,
the content of MANTRA primarily focuses on mothers without
sufficient consideration of the role of fathers or nonbirthing
parents in supporting maternal mental health.

PPDHero

PPDHero is a novel web-based system published by Sara et al
[58] in 2024 for new mothers to screen PND and provide them
education and support to identify and manage symptoms and
connect with health professionals if needed. The design process
starts with an elicitation study, which involved 6 senior doctors,
who were incorporated with surveys from the broader public.
The system was developed based on interview and survey data
analysis. It includes three modules: (1) relevant content
management; (2) screening, assessment, and gamification; and
(3) a treatment and support module to enable users to share
resources, enroll in screening procedures and treatment plans,
register for gamified activities, and involve trusted professionals
in their postnatal journey. The gamification tasks, such as
quizzes and exercises, are implemented in the screening and
assessment session to enhance the assessment process. Its
strengths lie in its comprehensive approach, integrating
education, screening, and treatment in a single platform. Using
gamification elements, such as quizzes and interactive activities,
enhances user engagement and makes learning about PND more
attractive. Additionally, the platform provides a personalized
experience through tailored treatment plans based on screening
results, ensuring that users receive targeted support to manage
their mental health. However, while the platform provides
education and support, it lacks features specifically aimed at
reducing stigma, which is an important factor in encouraging
new mothers to seek help.

Reducing Stigma

Overview
In Table 4, there is an overview of game-related components
that contribute to depression and broad mental health illness by
reducing stigma to the game players.

Table . Games focusing on reducing stigma.

Player modeGame engineAudienceAimCategoryYearName

Single playerUnity3DHigh school stu-
dents

This game aims to
reduce the stigma
toward mental ill-
nesses.

Simulation games2017Stigma-Stop [59]

Single playerDigital game-based
training program

ManagersThis game is to
promote employee
mental health and
reduce mental ill-
ness stigma at
work.

Serious games2017Leadership Train-
ing in Mental
Health Promotion
(LMHP) [60]

Single playerUnreal Engine 4Game playersThis game aiming
to let players play
video games featur-
ing characters en-
during mental ill-
ness may ultimately
reduce stigma
through transporta-
tion and identifica-
tion.

RPGsa2020Hellblade: Senua’s
Sacrifice [61]

aRPG: role playing game.
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Stigma-Stop

Stigma-Stop is a 3D serious game to reduce the stigma toward
mental illness among high school students, published by Cangas
et al [59] in 2017. It is specifically designed to reduce the stigma
associated with mental health disorders by educating players
about different mental health conditions, such as depression,
schizophrenia, bipolar disorder, and panic disorder with
agoraphobia. The game provides information about these
disorders through interactive dialogues and scenarios where
players must choose how to react to individuals with mental
health issues. This kind of approach is effective in challenging
and correcting misconceptions about mental illness, particularly
among young people. The game presents players with scenarios
of interacting with characters representing different mental
health conditions. Players are asked how they perceive the
characters’ psychological state, whether they have experienced
similar emotions, and how they can help the character. These
choices, along with the feedback provided for correct and
incorrect responses, allow players to learn more about mental
health hands-on, engagingly. However, the game also has
notable limitations. Its primary focus on adolescents and broader
mental health disorders may make it less directly relevant for
new parents dealing specifically with PND. Additionally, the
game lacks practical coping strategies or therapeutic guidance,
which limits its effectiveness as a support tool aimed at
improving the help-seeking behaviors of PND.

Leadership Training in Mental Health Promotion (LMHP)

Leadership Training in Mental Health Promotion (LMHP) is a
digital game-based training program for managers to promote
employee mental health and reduce mental illness stigma at
work, published by Hanisch et al [60] in 2017. It applied various
gamification components, such as providing a storyline and
clear goals, including the capacity to overcome challenges by
learning, giving feedback on performance, showing progress,
and reinforcing learning by allocating points rather than simply
providing badges for achievements and enabling competition
between players, to facilitate an innovative and engaging
learning experience. LMHP demonstrates several strengths that
make it an effective tool for supporting mental health in the
workplace and reducing stigma. The program’s focus on mental
health literacy, reducing stigma, and improving self-efficacy
among managers makes it well-suited to foster a supportive
work environment. The interactive simulation-based approach
helps participants practice these skills in a safe environment,
leading to higher engagement and better skill retention. While
LMHP has strengths in terms of mental health literacy and

stigma reduction, it focuses on the workplace environment and
specifically targets managers. The scenarios and skills taught
are tailored to workplace situations, which may not fully address
new parents’ specific emotional and psychological challenges
in their home environment.

Hellblade: Senua’s Sacrifice

Hellblade: Senua’s Sacrifice is an action-adventure game
accurately portraying psychosis to reduce public mental health
stigma, developed and published by Ninja Theory [61] in 2017.
It aims to reduce the mental health stigma in 2 ways: by
lowering stereotyping and limiting participants’desire for social
distance. Hellblade: Senua’s Sacrifice is set in an age of
Vikings. Its story is about Senua’s battles for the soul of her
departed lover, Hela. Senua endures psychosis and must contend
with her mental illness along with the challenges presented by
her quest. The game blends gameplay mechanics and concepts
such as puzzle solving, psychological horror, and melee combat.
Voice acting is an integral part of the game, while its cut scenes
combine motion capture by Melina Juergens and live-action
performances by other actors.

The game’s powerful and immersive portrayal of mental health
struggles provides players with a unique opportunity to
experience the emotional complexities associated with
conditions such as psychosis. Through this kind of realistic
depiction, new parents experiencing PND can see their struggles
mirrored in the protagonist’s experiences, helping them feel
validated and understood. Second, the game’s high-quality audio
design plays a crucial role in enhancing the emotional depth of
the experience. Using binaural audio to simulate auditory
hallucinations, Hellblade: Senua’s Sacrifice creates a profoundly
immersive atmosphere that draws players into Senua’s inner
world. This kind of powerful audio experience can help new
parents connect more profoundly with the emotional struggles
portrayed, fostering empathy and offering a unique perspective
on mental health challenges. Lastly, the game’s development
process involved collaboration with mental health experts and
individuals with lived experience of psychosis. This process
makes the portrayal of Senua’s mental health struggles both
vivid and respectful, adding credibility to the game’s narrative.

Raising Awareness

Overview
In Table 5, there is an overview of how game-related
components contribute to depression and broad mental health
illnesses by raising awareness among game players.
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Table . Games focused on raising awareness.

Player modeGame engineAudienceAimCategoryYearName

Single playerTwine engineGame playersThis game aims to
show other people
with depression
that they are not
alone in their feel-
ings and to illus-
trate to people who
may not understand
the illness the
depths of what it
can do to people.

RPGsa2013Depression Quest
[62]

Single playerUnityThose who struggle
with mental illness
or those who find
themselves lost in
the dark

This game is meant
to be a therapeutic
experience for
those who struggle
with mental illness
on a journey of re-
flection and emo-
tional healing.

Simulation games2018Keep in Mind: Re-
mastered [63]

Single playerUnityGame playersThis game aims to
raise awareness
about mental health
and communicate
to the audience the
struggles of people
experiencing de-
mentia.

Simulation games2020Before I Forget
[64]

Single playerUnityGame playersThis game aims to
reveal the themes
of depression, lone-
liness, and hopeless-
ness, how we unwit-
tingly push people
away, and how our
actions can nega-
tively affect others.

Simulation games2021Sea of Solitude
[65]

Single playerNot specifiedPeople with a wide
age range, from
teenagers to adults

This game is meant
to increase mental
health awareness
and focus on self-
care as a form of
prevention.

Strategy games2022COEX-IST [66]

aRPG: role playing game.

Depression Quest

Depression Quest is an interactive fiction game dealing with
depression. It was developed by Zoe Quinn [62] using Twine
(Interactive Fiction Technology Foundation) and published in
2013. This game aims to spread awareness by showing other
people with depression that they are not alone in their feelings.
Depression Quest is not an easy gaming experience because its
goal is precisely to let you experience the difficulties of
depressed people. It is a text-based game, and your choice will
impact your ending. Depression Quest has a straightforward
game structure. There are no animations or complex controls.
As the story progresses, the player chooses different options to
move the story in different directions. The part that Depression
Quest comes closest to reality is that it tries to make people who
do not have experience with depression understand that there

are choices that do not exist for people who have depression.
In the game, as the depressive condition deepens, the optimistic
options are crossed out by the system with a red line—the player
can only choose the closed, pessimistic options, and the
depressive condition further deepens. There are fewer and fewer
options to choose from in the game. It is a vicious circle and
one that many people with depressive tendencies face.

This game has several strengths in its design elements. First,
the game’s narrative-driven depiction of depression provides a
deeply empathetic look into the daily struggles of a person
experiencing mental health challenges. Second, the game uses
a unique mechanic where certain positive choices become
restricted based on the protagonist’s mental health status. This
mechanic reflects the real-life constraints imposed by
depression, such as the difficulty in making proactive decisions
when feeling overwhelmed. For new parents experiencing PND,
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this feature can help explain why even seemingly simple actions
might feel impossible. It encourages self-compassion by
showing that these limitations are part of the condition, not
personal failings. Furthermore, as players engage with the
narrative and take actions such as seeking help, they unlock
new options, which effectively illustrate the empowerment that
can come from actively addressing mental health challenges.
Third, Depression Quest is also effective in raising awareness
and fostering empathy among those who may not have firsthand
experience with depression. By taking players through scenarios
involving hopelessness, lack of motivation, and interpersonal
struggles, this game mechanic could help partners and family
members of new parents better understand the challenges their
loved ones face. This improved understanding can lead to more
supportive relationships and foster a compassionate
environment. Finally, the game places a strong emphasis on
encouraging help-seeking behavior. Players can pursue therapy
or medication throughout the match, impacting the protagonist’s
situation and improving the choices. By showcasing how seeking
help can positively affect mental health, Depression Quest
actively promotes the idea that professional support is valuable
and effective. New parents, who may feel hesitant to seek help
due to stigma or uncertainty, could see the benefits of reaching
out in this kind of game, which can help motivate them to pursue
the support they need.

However, despite these significant strengths, the game has a
key limitation. The intense focus on the struggles of depression,
combined with the dark and sometimes overwhelming themes,
may risk leaving players feeling disheartened without enough
positive reinforcement or hope to balance the experience.

Keep in Mind: Remastered

Keep in Mind: Remastered [63] is a heavy story-driven
psychological indie game that follows Jonas, a man who
struggles with grief, depression, and alcoholism, on a journey
of reflection and emotional healing. One night, he awakens to
a shadowy mirror world where beasts lurk, and stars do not
shine. Lost and scared, Jonas must face the twisted beasts if he
ever wishes to return home and learn the truth about his
darkness. It was released by Little Moth Games and Akupara
Games in March 2018. This game was created for those who
struggle with mental illness or those who find themselves lost
in the dark. This game is meant to be a therapeutic experience.
Keep in Mind: Remastered has notable strengths that make it a
compelling game for raising awareness about mental health
challenges. For new parents, especially those experiencing PND,
the portrayal of such internal struggles can help them feel seen
and understood. This level of emotional storytelling can help
reduce the stigma around PND by showing that struggling with
mental health issues is not uncommon and that others share the
negative thoughts and emotions they may be experiencing.
Besides, the game uses symbolism effectively to represent the
different facets of the protagonist’s mental health challenges,
such as dark creatures and eerie settings. This symbolism allows
players to externalize their internal emotional struggles, making
them more tangible and easier to understand. However, the
game’s focus on heavy and potentially triggering themes, lack
of practical coping strategies, and absence of integrated

help-seeking features might limit its effectiveness as a
supportive intervention.

Before I Forget

Before I Forget is a single-player exploration game developed
and published by 3-Fold Games [64] in 2020. It is a short game
that draws the player to a character experiencing dementia. She
is housebound and unable to leave the flat. Only the windows
could offer a view of the outside world, with its letterboxes and
birdbaths. Otherwise, the exploration all happened in the mind
as the character scrabbles to dredge artifacts from her past. In
this game, players guide Sunita Appleby, who is a scientist with
early-onset Alzheimer disease. As she interacts with
now-unfamiliar objects in her house, some of her memories
return. The game features puzzle-like elements, such as recalling
where mementos have been left and asking players to guide
Sunita to the bathroom when she perceives her house as a
shifting maze. The game’s use of empathetic storytelling and
emotional depth provides a powerful connection to the struggles
faced by those with mental health challenges. The game fosters
understanding and reduces stigma around vulnerability and
emotional struggle by allowing players to see the world through
the protagonist’s perspective. Additionally, the emphasis on
relationships and emotional connections highlights the
importance of support networks, encouraging players to lean
on their loved ones during difficult times. However, the game
also has notable limitations; the lack of practical coping
strategies limits its effectiveness as a tool for managing
day-to-day mental health issues, such as PND.

Sea of Solitude

Sea of Solitude is an adventure video game developed by Jo-Mei
Games and published by Electronic Arts [65]. The player
controls a young woman named Kay, who endures such strong
loneliness that her inner feelings of hopelessness, anger, and
worthlessness turn to the outside, and she becomes a monster.
As Kay, the player explores a seemingly empty flooded city
and interacts with its scaly red-eyed creatures to reveal why she
turned into a monster. Her emotions manifest into giant monsters
standing in her way, trying to help but also destroy her. She
needs to interact with and understand their underlying intentions
to overcome the negative effects of those emotions. The game
is an inner dialogue of a person trying to reconcile her
shortcomings. It provides an insightful look at how mental
illness devastates the lives of not just those it affects but also
loved ones on the outside. Kay learns a lot about herself by
understanding the value of listening, coming to terms with her
flaws, and not just empathizing with her family but also
accepting that a simple fix is not always possible. The game’s
powerful narrative effectively depicts the emotional struggles
of loneliness, depression, and anxiety, allowing players to relate
deeply to the protagonist’s journey. Referring to this
representation can help new parents normalize their emotions
and reduce the stigma around experiencing mental health
challenges during the postnatal period. The exploration
mechanics and emotional expression throughout the game
provide a meaningful way for players to reflect on their
experiences. Additionally, the game’s focus on empathy and
understanding different characters’ struggles helps to foster a
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deeper connection between players and the themes of mental
health. For new parents, this emphasis on empathy can reduce
feelings of isolation and highlight the importance of reaching
out for support, both for themselves and others. However, Sea
of Solitude also has notable limitations in addressing PND
effectively. The game lacks practical coping strategies that can
be directly applied to real-life challenges. For new parents,
having evidence-based tools and actionable advice would be
instrumental in managing the day-to-day reality around PND.
Without such strategies, the game may fail to deliver tangible
help beyond emotional understanding. Moreover, the heavy
themes of depression, anxiety, and loneliness may be
overwhelming for some new parents, particularly those who are
already vulnerable. Without sufficient pacing options or content
warnings, the game risks triggering or intensifying negative
emotions rather than alleviating them.

COEX-IST

COEX-IST is a 3D interactive story decision-making game that
aims to grow awareness about depression and social isolation
after a pandemic. In 2022, Rodrigues et al [66] developed and
published it. The game story is based on 25 undergraduate
students’ personal experiences. It is a third-person short game
based on narratives and point-and-click to interact with the
scene’s objects and make decisions. The end of the narrative
has 2 possible actions for game over: victory over depression
or victory of depression. The story’s resolution also involves
tying up the loose ends of the climax and falling action. Each
choice has impact consequences. Both possible ending scenes
allow the player to experience and think about depression,
growing awareness of this illness. The game’s interactive
decision-making process, emphasis on empathy, and reflective
storytelling structure offer a deep and meaningful engagement
that helps players connect with the content and understand the
complexities of mental health challenges. First, the interactive
decision-making feature allows players to experience the
consequences of their actions realistically. This level of
interactivity encourages new parents to see the potential impact
of small, positive actions in their own lives, thereby fostering
a sense of control over their mental well-being. This sense of
agency is particularly important for new parents, who may often
feel overwhelmed by the responsibilities and pressures of caring
for a newborn. Second, the game’s emphasis on mental health
awareness and emotional empathy is effectively conveyed
through storytelling. By representing depression as “Mr.
Shadow,” COEX-IST provides a powerful visualization of the
weight and burden of mental illness. This representation helps
players externalize and better understand their own struggles.
It also reduces the stigma associated with these emotions by
demonstrating that they are a shared experience that can be
overcome with the right actions. This empathetic storytelling
can provide comfort and connection for those who may feel
isolated in their struggles. Lastly, the structured storytelling
approach gives the narrative a clear and engaging emotional
experience that mirrors the journey of dealing with mental health
challenges. For new parents, seeing the protagonist’s ups and
downs depicted in a structured way can help normalize their
own experiences. The 2 possible endings—either overcoming
depression or being overtaken by it—underscore the importance

of the player’s choices and illustrate the ongoing nature of
mental health management. This setting highlights that while
setbacks may occur, progress is possible, which can provide
hope and motivation to players during difficult times.

Many of the reviewed games (eg, Depression Quest and Before
I Forget) aimed to raise awareness and build empathy through
immersive experiences that replicate the emotional realities of
those affected. These games often use narrative-driven
storytelling to allow players to live through the struggles of a
character facing depression. Through experiencing the emotional
highs and lows, players are encouraged to empathize with the
character’s struggles. This emotional journey is argued to be
crucial not only for players who are personally dealing with
mental health challenges but also for their support
networks—such as partners, family members, and
colleagues—who may benefit from a better understanding of
what their loved ones are going through. This approach can
externalize internal emotional struggles, providing validation
for players dealing with similar issues. The intention here is to
not only entertain but offer a profound and empathetic
experience that helps players feel less isolated.

Some reviewed games (eg, MindMax and Stigma-Stop)
encouraged players to seek professional help for mental health
concerns. By embedding choices in the game where players can
seek therapy, use support resources, or talk to someone, these
games guide players toward understanding the importance of
professional help in managing mental health conditions.

Six games targeted adolescents and youth from 15 to 25 years,
and one targeted younger children. Six games do not specifically
target an age group, but board game players. Examples of these
groups include 1 study for men who are interested in AFL games
and 1 study for company managers.

Among these games, only 2 games targeted new mothers with
a game intervention focused on promoting knowledge. Although
few studies directly target new parents, there is arguably some
overlap with the depressive symptoms faced by the other groups
discussed above. However, new parents are often in a unique
and vulnerable position, facing a combination of physical,
emotional, and psychological challenges. They usually
experience heightened vulnerability, exhaustion, and lack of
time [67], which requires an intervention that is not only
effective but also easily accessible and low-pressure. Many of
the games targeting adults with depression do an excellent job
of portraying the emotional complexities of mental health issues.
Still, their intensity and focus on complex gameplay may not
be suitable for new parents who are experiencing severe fatigue.
It is argued that the new parent target audience would benefit
more from short, accessible gameplay that can be easily
integrated into their busy routines, and casual yet meaningful
experiences that provide emotional validation and support.

Given the needs of the new parent target audience, mobile
platforms are likely the most suitable choice. Mobile games can
be played in short bursts, require minimal setup, and are highly
accessible because most people carry smartphones. Mobile
accessibility also allows parents to engage with the game
whenever they find spare moments, which is crucial given their
unpredictable and fatiguing schedules. However, a hybrid
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solution that combines mobile and web-based access to ensure
that new parents have multiple ways to engage with the game
based on their convenience may also be valuable. A web-based
version could provide a larger screen and more detail for those
moments when new parents can access a computer, while the
mobile version allows instant play. WebGL technology further
reduces minimum system requirements and will enable games
to be accessed from any electronic device. Hybrid accessibility
also increases reach, as it accommodates different user
preferences and ensures that players have multiple ways to
interact with the content.

Console and VR platforms, while highly immersive, are
arguably not ideal for most new parents. While VR today is
widely “plug and play” and often requires little more than a
connection ID to get started, the transition to becoming a parent,
particularly in the early months, is marked by extreme time
constraints, chronic sleep deprivation, and a constant state of
divided attention [68]. New parents often navigate caring for
an infant, are adjusting to unpredictable routines, and manage
both emotional and physical exhaustion. Therefore, it is
proposed that even simple steps such as clearing space,
troubleshooting hardware, or remaining engaged in a virtual
environment for more than a few minutes can become
overwhelming for parents who might be at risk of cognitive and
emotional overload.

Discussion

Overview
There is a dearth of evidence directly related to PND, which is
only 2 studies in the past 10 years. After expanding the search
to depression, we included 11 more. The included studies
predominantly aligned with 3 overarching themes: the promotion
of knowledge, the reduction of stigma, and the raising of
awareness. A core intention of several of the reviewed games
(eg, Above Water and Moving Stories) is to educate players
about mental health and reduce the associated stigma. This is
achieved by exposing players to the symptoms, challenges, and
lived experiences of individuals who are dealing with various
mental health conditions. The games use different approaches,
such as presenting players with scenarios that require them to
make supportive decisions, simulating real-life interactions with
people facing mental health challenges, and providing
informative feedback. The ultimate goal is to educate the players
on mental health literacy, that is, what different symptoms mean,
why they matter, and how to effectively respond. This type of
education, delivered in an interactive, engaging way, generally
helped to demystify mental health issues, correct
misconceptions, and encourage empathetic attitudes. This is
argued to play a crucial role in reducing stigma by promoting
understanding and highlighting the commonality of these
experiences, breaking down the barriers that often prevent open
conversations about mental health.

Game Mechanics
For depression management in general, several mechanisms are
argued to be particularly impactful. Narrative storytelling, as
seen in games such as Hellblade: Senua’s Sacrifice and
Depression Quest, may provide emotional engagement that

helps players feel understood and validated by illustrating shared
experiences of mental health struggles. Given the evidence that
the recognition and acceptance of an individual’s feelings and
experiences promote mental well-being, seeing their experiences
reflected in the storyline may create an emotional connection
that could combat isolation. Choice-based interaction, where
players make decisions that affect the storyline, may offer a
sense of agency and sense of control, which is often decreased
in those experiencing depression [69]. These decisions can
illustrate how positive actions, such as seeking help or practicing
self-care, might lead to better outcomes, potentially reinforcing
a sense of empowerment for new parents. Simulated real-life
scenarios could also play a role in helping players practice
practical coping skills, such as managing stress or
communicating with loved ones in a safe and controlled
environment. Combined with resilience mechanics that highlight
small wins, these mechanics may help maintain motivation
during challenging times. Additionally, low-pressure gameplay
is likely important to this target group, as it may reduce the
cognitive and emotional needs of interaction, making the game
more accessible to new parents who are experiencing fatigue
and time constraints.

For educational purposes and stigma reduction, specific game
mechanics may help build knowledge and empathy in accessible
ways and minimally overwhelm the player. For example,
educational micromessaging, as seen in “Match Emoji” and
“Stigma-Stop,” delivers brief and embedded content that
increases awareness about mental health conditions. This mode
of delivery may be especially valuable for new parents, who
often benefit from concise, low-effort learning formats.
Empathy-building mechanisms could also contribute to stigma
reduction, an important function within PND given its high
association with stigma [13]. Interactive elements that allow
players to make supportive choices during character interactions
may foster greater understanding and compassion. Role-playing
as characters facing mental health challenges may help players
consider these issues more personally, potentially encouraging
self-compassion and empathy for others. Additionally, real-life
scenario simulations may offer players opportunities to engage
in realistic support-seeking situations, which could enhance a
better understanding of seeking and receiving support.

Given the cultural, social, and personal barriers to seeking help
for people with PND [13], certain game mechanics could play
a valuable role in improving help-seeking behavior by reducing
hesitancy and encouraging engagement with professional help.
Choice-based interactions that include options for seeking
therapy or speaking to a health care professional can illustrate
the potential positive impact of these decisions and may help
normalize the idea of reaching out. In-game scenarios that model
conversations with health care professionals or trusted family
members could also reduce anxiety by providing players with
low-risk opportunities to observe or practice supportive
dialogue. Additionally, incorporating positive reinforcement,
such as visual or narrative cues that reflect improvements in
well-being or relationships following help-seeking, may
highlight the value of accessing help. For expectant parents who
may experience PND after their baby is born, these mechanics
may offer gentle encouragement and promote greater confidence
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in taking the first step. As shown in Table 6, here is a comparison of game mechanics and different aims.

Table . Comparison of game mechanics and different aims.

Reduce stigmaBuild awarenessBuild empathyBuild knowledge

✓✓✓Narrative storytelling

✓✓Choice-based interaction

✓✓Educational micromessage

✓✓Character interaction

✓✓Real-life scenarios

✓Resilience mechanics

Principal Findings
To effectively support new parents coping with PND and to
address the gaps identified in this review, the authors argue that
future research should focus on the interprofessional
co-development of a serious game with the following important
design elements. First, we argue that a relatable and engaging
story is important and should reflect both the struggles and
victories that new parents face, helping them see their own
experiences mirrored in the game. By doing this, the game can
foster a deep sense of understanding, connection, and emotional
validation, which may be crucial for reducing the isolation [13]
often felt during PND. Allowing players to make meaningful
choices that influence the direction of the game could give them
a sense of agency and control to combat the low sense of agency
[69] frequently found in the experience of depression. These
decisions should reflect real-life challenges, and the
consequences should demonstrate how positive actions, such
as seeking help or practicing self-care, can improve well-being.
This interactive element can empower new parents to feel more
in control of their own mental health journey. Incorporating
real-life scenarios is also a key element. These scenarios should
include common parenting challenges, such as communicating
effectively with a partner, managing stress, or seeking support.
Practicing these skills in a safe, controlled game environment
can help players build confidence, making it easier to apply
what they have learned to real life.

Gamification elements such as badges, progress tracking, and
daily challenges should be used to keep players motivated and
committed, in line with a positive reinforcement approach to
learning and improving intrinsic motivation [70]. These features
add an element of fun and reward, encouraging players to engage
consistently with the game. The game should also include
educational messages that provide important information about
PND. These messages could cover recognizing symptoms,
understanding when to seek help, and learning practical self-care
techniques. Delivering these messages in small, easily digestible
portions ensures that players can learn without feeling
overwhelmed, and it is in line with research findings that show
benefits for adult learners who engage in mobile-based
microlearning steps [71].

Character interactions are another essential design element.
Players should have opportunities to interact with supportive
characters, which can help build empathy and promote positive
communication skills. These interactions can model supportive

relationships and reinforce behaviors that new parents can use
in their own lives to improve their support networks. Celebrating
small wins is also important; highlighting moments such as
taking time for self-care or successfully reaching out for help
can reinforce resilience and make players feel that each positive
step, no matter how small, is a significant achievement. Lastly,
the game should be designed to be accessible and easy to engage
with in short sessions. Low-pressure gameplay is important, as
new parents often face exhaustion and have limited time [68].
The game should be flexible, allowing players to pick it up and
put it down whenever they have a few moments, ensuring it
serves as a helpful, nonstressful tool in their daily lives. This
balance of emotional engagement, practical learning, and ease
of access is proposed to create a supportive experience that can
make a meaningful difference for new parents coping with PND.

Recommendations

Overview
Serving the aim of our proposed project, we recommend
focusing on the following subset of game types and mechanics.

Narrative-Driven Storytelling
Incorporate an engaging storyline that reflects the real-life
experiences of new parents, including both struggles and
successes. This mechanic helps players feel understood and
connected, reducing feelings of isolation. The narrative should
also include resilience themes to promote hope and
perseverance.

Choice-Based Interactions
Implement choices that directly influence the game’s storyline,
allowing players to make decisions that affect their mental health
journey. This empowers players by giving them a sense of
control, emphasizing the positive outcomes of seeking help or
practicing self-care.

Real-Life Scenario Simulations
Include scenarios that simulate everyday parenting challenges,
such as communicating with a partner, managing stress, or
seeking professional support. Practicing these skills in a game
setting builds players’ confidence and provides them with
practical tools for real-life application.

Low-Pressure, Casual Gameplay
Design the game for short, manageable sessions that can be
played on a mobile device. This mechanic ensures accessibility
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for new parents, allowing them to engage with the game without
added pressure or stress. Casual mechanics make the game
easier to pick up and play whenever parents have a few free
moments.

Educational Micromessaging
Integrate educational content subtly throughout the game to
provide important information about PND, such as recognizing
symptoms and self-care tips. Delivering these messages in a
digestible format helps fill knowledge gaps without
overwhelming the player.

Character Interactions and Empathy-Building
Allow players to interact with characters representing supportive
individuals, such as partners, family members, or health care
professionals. These interactions help model healthy
communication and build empathy, both for oneself and others.

Gamification Elements
Add elements such as badges, progress tracking, and daily
challenges to encourage ongoing engagement. Gamification
makes the experience more rewarding and helps players stay
motivated, which is especially important for building positive
habits.

Celebrating Small Wins
Highlight small victories in the game, such as successfully
reaching out for support or completing a relaxation exercise.
Positive reinforcement builds resilience and emphasizes that
progress, no matter how small, is meaningful.

Strengths and Limitations
This review draws strength from its interdisciplinary synthesis
of literature spanning digital mental health interventions and
serious games, offering a comprehensive overview that bridges
technological and psychological perspectives. Examining a
novel and emerging approach to PND care contributes to a
growing area of interest that remains underexplored in current
research. In instances where PND-specific evidence is limited,
the review draws from broader depression literature to extract
relevant insights while maintaining awareness of contextual
differences. Importantly, it also provides a forward-looking
perspective by identifying clear gaps in the existing literature
and outlining specific directions for future research. These
include the development and tailoring of serious games for PND
populations, informed by existing evidence on effective game
mechanics in comparable mental health contexts.

However, this review also has several limitations. First, the
limited number of studies specifically focused on PND
constrained the depth of analysis and made it necessary to draw
from broader depression literature. While this allowed for the
extraction of relevant insights, it may affect the generalizability
of findings to the unique psychological and social experience
of individuals with PND. Second, there is a potential for
selection bias in the inclusion of literature; however, attempts
to reduce this included using a structured search process and
adhering to the preagreed scope. Future reviews might consider
incorporating elements of systematic review methodology, such
as dual screening or formal bias appraisal, to enhance rigor.

Third, the review was limited to English-language publications,
which may have excluded relevant studies from culturally and
linguistically diverse populations, potentially narrowing the
applicability of findings across global contexts. Expanding the
language scope in future reviews could provide a more inclusive
understanding of how serious games may support help-seeking
across varied cultural settings. Finally, while a narrative review
design can lack a systematic or quantitative appraisal of study
quality and findings, in this case, given the heterogeneity of the
studies reviewed, it did allow for a comprehensive synthesis of
the available literature to better pinpoint specific targeted areas
needing additional research with recommendations for targeted
and novel game design to address that identified gap.

Future Directions
Based on the findings of this review, the authors plan to develop
a game design prototype that selectively incorporates these
recommended game mechanics, which will allow for an
empirical investigation of utility and efficacy. The game design
will have a particular focus on the accessibility and usability
needs of new parents. We will begin by conducting user
research, including interviews with new parents, to further
understand their challenges and preferences. This process will
ensure that the game design aligns well with their experiences
and provides meaningful support. We will also collaborate
interprofessionally with mental health professionals to ensure
that the educational content is accurate and that the overall
gameplay promotes mental well-being.

Additionally, we aim to develop a hybrid solution that allows
for both mobile and web-based accessibility, ensuring that new
parents have multiple ways to engage with the game based on
their convenience. Once the prototype is ready, we will conduct
usability testing and content value testing to assess its possibility
and feasibility in engaging new parents and providing mental
health support. Feedback from this testing phase will guide
further refinements to make the game as supportive and
accessible as possible for new parents to improve help-seeking
behavior for PND.

Conclusions
The evidence base for PND-related interventions is currently
limited and emerging, highlighting a notable gap in future
research. Based on the analysis of existing games, many of them
aim to educate players on mental health topics, using engaging
scenarios that require players to make supportive decisions and
learn about the lived experiences of people with mental health
issues. This approach encourages players to understand mental
health, corrects misconceptions, and promotes empathy,
ultimately reducing stigma. Narrative storytelling also plays a
significant role, allowing players to experience the emotional
highs and lows of a character’s journey, fostering a deep
connection and validation for players facing similar struggles.
Empowering players was also found to be valuable in seeking
professional help by embedding scenarios that encourage
reaching out to health care professionals and practicing coping
skills in a low-risk, game-based environment. It is argued that
these mechanics help players feel more comfortable about
seeking support and build their confidence in managing their
own mental health.
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The included games target a range of audiences, including
adolescents, adults, and the general public, identifying a
literature gap that only a small number are specifically designed
for new parents. New parents face unique challenges, such as
exhaustion and time constraints, suggesting the ideal game
platform is likely to be mobile—rather than

immersive—platforms as they offer the flexibility and ease of
use necessary for new parents. Finally, this review underscores
the importance of expanding serious game research to more
effectively reach and support those experiencing PND, a
population that remains inadequately treated and frequently
stigmatized in modern culture.
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Abstract

Background: Postacute care (PAC) services are important to ensure functional recovery and provide adequate care for geriatric
inpatients in acute care. The choice between different PAC options can be challenging, and predictors for the most appropriate
among diverse discharge options are warranted.

Objective: We conducted a scoping review to identify predictors of appropriate discharge destinations for older adults (≥65 y)
in acute care transitioning to different PAC settings and extract the most relevant predictors for different PAC settings as well as
a generalizable set of predictor domains.

Methods: The databases of Medline, Embase, Cochrane Central Register of Controlled Trials, PsycINFO, CINAHL, and Emcare
were systematically searched for English or German literature published until February 25, 2022. A total of 3 researchers screened,
extracted, and categorized the data according to domains, discharge destinations, mean age, and health care systems origin,
focusing on predictors that increase the likelihood of a discharge destination (positive predictors). The Jaccard index was calculated
to compare the similarity between different possible domain combinations and existing literature.

Results: Of 22,382 records screened, 171 quantitative and 10 qualitative studies were included. After separating combined
discharge destinations, we found 1047 predictors for different discharge destinations including nursing home (n=297, 28%),
skilled nursing facility (n=223, 21%), inpatient rehabilitation (n=206, 20%), home with (n=97, 9%) or without (n=74, 7%) support,
assisted living (n=63, 6%), and early inpatient rehabilitation (n=21, 2%). Of all positive predictors (n=723), age was the most
frequently reported predictor (80/723, 11%). Geriatric syndromes were found more often in patients 80 years or older (121/192,
63%) and in non-US studies (174/285, 61%). The top reported predictors for discharge to nursing homes were diagnosed dementia
(9/297, 3%) and deficits in instrumental activities of daily living (ADL; 10/297, 3%); for discharge to rehabilitation, the top
predictors were longer length of stay (11/205, 5%) and existent cardiopulmonary disease (10/205, 5%); and for back home without
support, the top predictors were good ADL (10/74, 14%) and mobility assessments (9/74, 12%). Among 20 predictor domains,
8 were most concordant with the literature: cognitive impairment, ADL, demographics, social support, hospitalization data,
multimorbidity, mobility, and primary diagnosis.

Conclusions: This scoping review provides a comprehensive overview of predictors for appropriate discharge decisions in older
adults in acute care, stratified by destination, age, study origin, and the predictor domains most concordant with the literature.
The results will be valuable to inform the choice of features for clinical decision support systems, including the training of machine
learning algorithms.

(Interact J Med Res 2026;15:e76582)   doi:10.2196/76582

KEYWORDS

CDSS; clinical decision support system; continuity of care; discharge destination; discharge planning; feature selection; geriatrics;
postacute care; predictor
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Introduction

Geriatric inpatients are at a high risk of functional decline during
acute care treatment, and post-acute care (PAC) services are
needed to ensure recovery [1]. Effective discharge planning has
been shown to mitigate readmission rates, reduce hospital stays,
lower associated costs, and enhance patient satisfaction [2].
Thus, choosing the most appropriate discharge destination is
vital within geriatric comanagement, guaranteeing alignment
with individualized rehabilitation and care needs. Modern health
care systems present diverse PAC options, making selection
challenging and highlighting the need for predictors of
appropriate discharge destinations [3-6].

The World Health Organization defines continuity of care
(COC) as the degree to which health care events are perceived
as connected and coherent over time, aligning with patients’
health necessities and preferences [7]. COC can be further
categorized into relational continuity (patient-provider
relationship), informational continuity (communication), and
management continuity (coordination) [8]. In the context of
geriatric comanagement in acute inpatient care, the choice of
the most appropriate discharge destination refers to the
management continuity aspect. In addition to COC and discharge
planning, various terms encompass this dimension, including
integrated care, case management, or transitional care [9,10].

Existing research has focused on predictors differentiating binary
outcomes [11-13]. However, there remains a need for predictors
supporting decisions among multiple discharge options to not
miss relevant features.

To address this gap, we conducted a scoping review to identify
potential predictors for the most appropriate discharge
destination for older inpatients in acute care transitioning to
different PAC options such as outpatient, inpatient or early
rehabilitation, skilled nursing facility (SNF), nursing home,
assisted living, or home-based care with or without support. As
different health care systems offer different discharge
destinations and funding options, we also planned to stratify
according to the different health care system origins. Our
scoping review will inform the feature selection for the
development of a machine learning−driven clinical decision
support system (CDSS) within the “Supporting Surgery with
Geriatric Co-Management and AI” (SURGE-Ahead) project by
providing a broad overview of predictive measures for different
discharge options [14].

Methods

Conceptualization
We conducted a scoping review adhering to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Scoping Review extension guidelines; Checklist
1) and the Joanna Briggs Institute guidance [15,16]. A review
protocol was registered on Open Science Framework and was
adapted after a piloting phase to focus on “predictors” instead
of “predictors and outcome measures” due to a lack of specific
outcome measures for COC identified [17].

Eligibility Criteria
Using the Joanna Briggs Institute’s population-concept-context
framework, our focus was on older adult inpatients 65 years
and older treated in acute surgical or medical hospital
departments [18]. We included only participants 65 years and
older, verifying this by examining the inclusion criteria and the
reported age structure of each study population. Studies were
included if they reported an age range with a lower limit of 65
years or above or at least provided a mean or median of 65 years
or more. Publications with unclear age demographics were
conservatively excluded. We aimed to identify predictors
utilized by health care professionals to determine the most
appropriate PAC setting. Predictors were defined as discrete,
separable parameters associated with a specific discharge
destination. When faced with complex models combining
multiple parameters, we included the individual parameters
whenever feasible but not the complex model itself. In
quantitative analyses, we further required evidence of a
statistically significant effect (P≤.05). Studies had to involve
transitions from acute care to different PAC options. German-
or English-language publications were considered, excluding
letters, comments, case studies, editorials, and studies primarily
addressing health economic issues or involving psychiatry or
rehabilitation departments for older adults. We excluded studies
that chose to report composite discharge options like “discharge
to nursing home or death,” as these outcomes should not be
combined. Similarly, studies including palliative care services
like hospice as part of a composite discharge destination were
excluded, as we consider individualized decision-making
essential for palliative care.

Search Strategy
Comprehensive search strategies were developed that included
different concepts for the successful choice of discharge
destinations, including continuity of care, coordination of care,
transition of care, integrated health care, case management,
discharge planning, or rehabilitation eligibility determination.
On February 25, 2022, the databases Medline (OVID interface),
Embase (OVID), Cochrane Central Register of Controlled Trials
(Wiley), PsycINFO (EBSCOhost), CINAHL (EBSCOhost),
and Emcare (OVID) were systematically searched, guided by
an experienced information specialist (KG). Search strategies
for all databases searched are shown in Multimedia Appendix
1.

Study Selection and Data Extraction
Records obtained through the database search were imported
into the Covidence systematic review software (Veritas Health
Innovation). Additionally, the primary publications of all
reviews identified in the literature search were imported into
Covidence. Duplicates were removed using the deduplication
functionality of the software, followed by manual verification
in unclear cases marked by the software (MLF and CL). Two
out of the 4 reviewers (MLF, CL, LB, and JW) independently
screened all titles and abstracts for eligibility, followed by
full-text screening. Any discrepancies were resolved through
adjudication by a third author. Data extraction for each article
was conducted by 2 of the 3 authors independently (MLF, CL,
and JW) and consolidated by the team. The extracted data
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encompassed study and population characteristics, health care
systems origin, discharge destination, statistical analysis type,
predictor, and quantitative measures of predictive strength (odds
ratio, relative risk, confidence interval, P value) if available.
The identified predictors were categorized into different domains
after discussion in the review team. Data extraction for
qualitative studies was conducted separately using a thematic
evidence synthesis, assigning all qualitative and quantitative
predictors, including representative quotes, to the predefined
domains [19].

Data Analysis
Predictive directions indicating an increased (positive) or
reduced (negative) probability of discharge to a specific
environment were determined from odds ratios, relative risks,
or manual labeling and joint consensus when necessary (MLF
and CL). The negative predictors reported in the included studies
often used double negations or lacked a differentiation of
discharge alternatives. To avoid misdirected results, we focused
our analyses on the positive predictors.

Predictors were also stratified based on discharge destinations
(outpatient, inpatient or early rehabilitation, SNF, nursing home,
assisted living, or home-based care with or without support,
long-term acute care setting, or other acute care setting). In
studies that consolidated multiple discharge destinations into a
single outcome, these were extracted separately. The direction
of effect was added to the top 5 predictors per discharge
destination via manual extraction from the literature and joint
consensus labeling (MLF and CL). Additionally, we stratified
by mean population age (<80 y or ≥80 y) and health care
systems origin: predictors from Anglo-European studies with
mostly publicly funded health care systems (Europe, Canada,
Australia) were also analyzed separately from studies from the
United States of America with a relevant proportion of
pay-for-service health services [20-22].

Similar predictive factors identified across multiple studies were
consolidated, whereas validated assessment tools were treated

independently. In some studies, data on predictive measures
were reported without using a validated assessment instrument.
In these cases, we categorized the results as “no specific score.”
As an example, in the activities of daily living (ADL) domain,
many studies reported “decreased ADL” or similar but did not
use an established assessment like the Barthel index (BI). In
these cases, we categorized the reported predictors as “ADL no
specific score.”

The Jaccard Index can be used to measure similarity and
diversity of sample sets [23]. It was used to determine the
concordance between different potential domain combinations
and those reported in the reviewed studies. A higher index value
signifies better agreement. Based on the 20 defined domains,
we juxtaposed approximately 1 million potential combination
sets (all possible combinations) to be compared with those found
in the literature. The domain set with the highest average Jaccard
index value was identified as a potentially generalizable
combination of key predictor domains most commonly
associated with each other and existing literature.

Descriptive statistics and data manipulation were carried out
using Microsoft Excel 2019 (Microsoft). We used Python 3.12.2
for the analysis, using the itertools standard library for
generating combinations and set class methods for calculating
the Jaccard index. For loading the data from Excel, the pandas
2.2.1 library was used.

Results

Overview
Our search yielded 22,382 database entries after removing
duplicates. After title or abstract screening, we assessed the full
texts of 475 studies for eligibility and included 181 studies
(n=171 quantitative studies, n=10 qualitative studies). Figure 1
shows the PRISMA flow chart of the scoping review. All
included studies are listed in Multimedia Appendix 2.
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Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) flowchart. COC:
continuity of care; ICU: intensive care unit; IMC: intermediate care unit.
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The included studies were published between 1984 and 2022.
Most of the 181 studies originated from North America (USA:
n=84, 46%; Canada: n=14, 8%). Europe accounted for
approximately one-third (n=60, 33%), including studies from
the United Kingdom (n=11, 6%), the Netherlands (n=11, 6%),
Switzerland (n=8, 4%), Germany (n=7, 4%), Italy (n=5, 3%),
and Spain (n=3, 2%). The remaining 15% were conducted in
other parts of the world, including Australia (n=14, 8%) and
Japan (n=7, 4%).

A total of 275 (in part combined) settings were described, and
most studies (n=161, 58.5%) were conducted in surgical settings
such as trauma or orthogeriatrics (n=75, 27%) and general or
visceral surgery (n=28, 10%). Other prevalent settings were
geriatrics (n=29, 11%) and general or internal medicine (n=27,
10%). In 7% (n=19) of settings, no clinical department was
specified. The included studies encompass data from 6,357,026
participants with a mean age of 77.42 years.

Quantitative Studies
In the 171 quantitative studies, a total of 856 predictors for
various discharge destinations were identified. More than half
of these studies were prospective (88/171, 51.5%), while the
remaining utilized a retrospective (78/171, 46%) or mixed
approach (5/171, 3%). Most reported predictors were positive
predictors (723/856, 84.5%). About two-thirds of the studies
(116/171, 68%) reported the participants’ mean age, with 55 of
171 (32%) studies having a mean age of 80 years or older and
61 (36%) having a mean age younger than 80 years.

Predictors
Age emerged as the most prevalent predictor across all
categories. The 10 most frequent positive predictors are listed
in Table 1 for all studies, and stratified by mean age <80 years,
≥80 years, US and Anglo-European studies.
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Table . Top 10 positive predictors for continuity of care of all the included studies, stratified by mean age (<80 vs ≥80 y) and US and Anglo-European

origina.

Anglo-European
(n=285), n (%)

US (n=413), n (%)≥80 years

mean age (n=192), n
(%)

<80 years

mean age (n=274), n
(%)

All (n=723), n (%)Predictor

28 (10)50 (12)20 (10)34 (12)80 (11)Age

—25 (6)—b23 (8)25 (4)Wound problems

—23 (6)—16 (6)24 (3)Cardiopulmonary dis-
ease

—19 (5)—10 (4)23 (3)ADLc NSSd

14 (5)——6 (2)22 (3)Length of stay

—16 (4)—16 (6)17 (2)Infectious disease

—15 (4)—11 (4)16 (2)Number of comorbidi-
ties

—13 (3)—9 (3)16 (2)ASAe score [24] (multi-
morbidity)

7 (3)9 (2)5 (3)—14 (2)Falls

———8 (3)14 (2)Frailty indexf

—9 (2)6 (3)—14 (2)Female sex

—9 (2)5 (3)7 (3)—Mobility NSS

———6 (2)—Caregiver support

———6 (2)—Deep vein thrombosis
diagnosis

———6 (2)—Source of admission

9 (3)—9 (5)——IADLg NSS

7 (3)—9 (5)——Problems personal hy-
giene

11 (4)—8 (4)——Katz score [25] (ADL)

——7 (4)——Charlson comorbidity
index [26]

7 (3)—6 (3)——Dementia diagnosis

——5 (3)——Cognitive deficits NSS

7 (3)—5 (3)——Living with or without
companion

7 (3)————Barthel index [27]
(ADL)

7 (3)————Injury severity score
[28]

an: number of extracted positive predictors, % proportion of extracted positive predictors in each group.
bNot applicable.
cADL: activities of daily living.
dNSS: no specific score.
eASA: American Society of Anesthesiologists.
fFrailty index: different assessments possible.
gIADL: instrumental activities of daily living.

Discharge Destinations
We analyzed predictor-destination sets (n=1047) across 10
different discharge options. A discharge to nursing homes

emerged as the most common option (n=297, 28%), followed
by SNF (n=223, 21%), inpatient rehabilitation (n=206, 20%),
discharge home with support (n=97, 9%) and without support
(n=74, 7%), and assisted living (n=63, 6%). Less frequently
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found were predictors related to early inpatient geriatric
rehabilitation (n=21, 2%), long-term acute care hospitals (n=23,
2%), and other acute care hospitals (n=18, 2%).

Nursing homes were the predominant destination in the oldest
old category (≥80 y: 124/223, 55% vs <80 y: 82/408, 20%), and
inpatient rehabilitation (<80 y: 95/408, 23% vs. ≥80 y: 17/223,

8%) and SNF (<80 y: 116/408, 29% vs ≥80 y: 23/223, 10%)
were the main destination in the younger old category (see
Figure 2A). In Anglo-European studies, the most frequently
reported discharge destination was nursing home (174/342,
51%) compared to SNFs (221/677, 31%) in US studies (see
Figure 2B).

Figure 2. Predictors stratified by discharge destination. (A) Proportion of discharge destinations of studies stratified with mean age <80 years (inner
circle, n=408) and ≥80 years (outer circle, n=223). (B) Proportion of discharge destinations of studies originating from the United States (inner circle,
n=677) and Anglo-European countries (outer circle, n=342).

Predictors for Different Discharge Destinations
Age emerged as the predominant positive predictor for most
discharge options (Table 2). Nevertheless, for a discharge home,

the BI was found more often. Because of the scarcity of
predictors in the categories early inpatient rehabilitation, acute
care hospital, long-term acute care hospital, and other hospitals,
no further stratified analysis was done for these destinations.
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Table . Top 5 positive predictors for 6 discharge destinationsa.

Assisted living
(n=63), n (%)

Home (n=74), n
(%)

Home with support
(n=97), n (%)

Rehabilitation
(n=205), n (%)

Skilled nursing fa-
cility (n=211), n
(%)

Nursing home
(n=297), n (%)

Predictor

4 (6)—c10 (10)25 (12)24 (11)33 (11)Age (older)b

—————10 (3)IADLd NSSe (de-
pendent on the in-
strument used)

—————9 (3)Dementia diagnosis
(yes)

——4 (4)11 (5)—9 (3)Length of stay
(longer)

4 (6)————9 (3)Sex (female)

——4 (4)9 (4)8 (4)8 (3)ADLf NSS (depen-
dent on the instru-
ment used)

——9 (9)10 (5)11 (5)—Cardiopulmonary
disease (yes)

——6 (6)10 (5)11 (5)—Wound problem
(yes)

——4 (4)—8 (4)—Number of comor-
bidities (higher)

————8 (4)—Frailty index (frail-
er)

——6 (6)———Infectious disease
(yes)

—4 (5)————Age (younger)

—6 (8)————Barthel index [27]
(higher)

—4 (5)————Katz score [25]
(ADL) (higher)

—3 (4)————Cumulated ambula-
tion score [29]
(higher)

—3 (4)————De Morton Mobili-
ty Index [30] (high-
er)

—3 (4)————Short physical per-
formance battery
[31] (higher)

4 (6)—————ICUg treatment
(yes)

4 (6)—————Older people’s

QoLh questionnaire
[32] (low)

3 (5)—————Anesthesia or ICU
treatment proce-
dure (yes)

an: number of extracted positive predictors, % proportion of extracted positive predictors in each group.
bDirection of effect in parentheses.
cNot applicable.
dIADL: instrumental activities of daily living.
eNSS: no specific score.
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fADL: activities of daily living.
gICU: intensive care unit.
hQoL: quality of life.

Negative predictors were a minority (133/856, 15.5%) and very
heterogeneous, and often seemed not useful for the identification
of the most appropriate discharge destinations, such as ethnicity
or male sex for discharge to rehabilitation. More relevant
predictors were the unavailability of caregivers for discharge
to a nursing home, a hip fracture diagnosis, or a higher frailty
index, not allowing for discharge home.

A detailed overview of the extracted evidence stratified by mean
age, study type, study origin, and discharge destination is shown
in Multimedia Appendix 3 and, according to the domains,
positive as well as negative predictors, predictive strength
indicators, and corresponding literature references in Multimedia
Appendix 4.

Predictor Domains
After initial data inspection, 20 predictor domains representing
common health care data and geriatric syndromes were defined,
and all the extracted predictors were categorized accordingly.
Diagnoses (129/723, 17.8%) and demographic data (113/723,
15.6%) formed the largest proportion. The assessment domains
of geriatric syndromes, such as mobility (60/723, 8%), ADL
(60/723, 8%), cognitive impairment (54/723, 8%), and frailty
(42/723, 6%), were commonly represented as well (Figure 3A).
Geriatric syndromes were more often predictive in the oldest
old category (all: 352/723, 48.7%; <80 y: 129/274, 47.1%; ≥80
y: 121/192, 63%). In contrast, the frailty domain was a more
frequent predictor in the younger old category (<80 y: 27/274,
10% vs ≥80 y: 6/192, 3%), as shown in Figure 3B.
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Figure 3. Predictor domains. (A) Dark red columns: proportion of predictors across predictor domains (n=723). (B) Proportion of predictors across all
predictor domains stratified by age. Dark blue bars: mean age <80 years (n=274); light blue bars: mean age ≥80 years (n=192). (C) Proportion of
predictors across all predictor domains stratified by study origin. Dark green bars: US origin (n=413); light green bars: Anglo-European origin (n=286).
ADL: activities of daily living, IADL: instrumental activities of daily living. *Geriatric syndromes.

Geriatric syndromes were more often extracted from
Anglo-European compared to US studies (USA: 163/413,
39.5%; Anglo-European: 174/286, 60.8%). Among these,
mobility (38/286, 13%), demographic data (34/286, 12%), along
with cognitive impairment (32/286, 11%), and ADL (31/286,
11%) emerged as the predominant predictor domains (Figure
3C).

In total, 93 combinations of domain sets could be identified in
the literature in our review. Contrasting these sets with all

potential predictor combinations of the 20 domains, the greatest
concordance with the highest average Jaccard Index score of
0.28 was found for the 8 elements shown in the upper part of
Table 3 as a potentially generalizable domain set. As many
literature-derived sets comprise solely 1 element, based on an
8-element set, the best Jaccard Index of 2 one-element sets could
be 0.125. Thus, achieving a higher index value of 0.28 with an
8-element set across all literature represents a favorable
outcome.

Interact J Med Res 2026 | vol. 15 | e76582 | p.50https://www.i-jmr.org/2026/1/e76582
(page number not for citation purposes)

Leinert et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Table . Predictor domains most concordant with the literature and potentially generalizable. Upper part: Domain set with the highest mean Jaccard
index in comparison to all sets found in the literature, in alphabetical order, including the top 3 predictors of each domain. Lower part: Other domains
recognized in the review, in alphabetical order, including the top 3 predictors of each domain.

Predictor examplesDomain

Domain set most concordant with the literature

ADL NSSb, Barthel index [27], Katz score [25]    ADLa

Dementia diagnosis, confusion assessment method [33], short portable
mental status questionnaire [34]

    Cognitive impairment

Age, sex (female), ethnicity    Demographic data

Length of stay, ICUc treatment, source of admission    Hospitalization data

Wound problems, cardiopulmonary disease, infectious disease    Primary diagnosis

Falls, De Morton Mobility Index [30], pre-fracture mobility score [35]    Mobility

American Society of Anesthesiologists score [24], number of comorbidities,
Charlson comorbidity index [26]

    Multimorbidity

Living alone or with companion, preadmission professional support,
caregiver support

    Social support

Other domains

Level of care hospital, prior hospitalizations, prior ICU admission    Administrative data

Glasgow coma scale [36], injury severity score [28], injury severity NSS    Disease severity

IADL no specific score, Lawton index [37], InterRAI Acute Care (finances)
[38]

    IADLd

Frailty indexe, clinical frailty scale [39], Fried frailty scale [40]    Frailty

Anemia, fluid and electrolyte disorder, hypoalbuminemia    Laboratory results

Number of medication, vitamin K antagonist therapy, therapeutic antico-
agulation

    Medication

Geriatric depression scale [41], depression diagnosis, 8-item Patient Health
Questionnaire [42]

    Mental health

Hospital Admission Risk Profile [43], ISARf (≥2) [44] and CGAg normal,
multidimensional prognostic index (every 0.1 increase) [45]

    Multidimensional scores

BMI [46], Mini Nutrition Assessment short form [47], sarcopenia diagnosis    Nutrition and sarcopenia

Orthopedic or trauma surgery, anesthesia or ICU treatment procedure,
gastrointestinal surgery

    Procedures

Older people’s quality of life questionnaire [32], 3-item brief health liter-
acy screen, Short Form-12 physical component summary [48]

    Self-rated health

Vital capacity, respiratory rate, systolic blood pressure    Vital signs

aADL: activities of daily living.
bNSS: no specific score.
cICU: intensive care unit.
dIADL: instrumental activities of daily living.
eFrailty index: different assessments possible.
fISAR: identification of seniors at risk.
gCGA: comprehensive geriatric assessment.

Qualitative Studies
A total of 10 studies were found that mostly utilized
semistructured interviews complemented by observational
techniques and reviews of patients’clinical records. Participants
encompassed patients (n=8, 80%), health care professionals
(n=8, 80%), and informal caregivers or relatives (n=2, 20%).

All study characteristics can be found in Multimedia Appendix
2.

A total of 98 predictors supporting an appropriate discharge
decision were extracted. Predictors spanned various discharge
destinations, namely discharge in general (n=36, 37%), return
to home (n=25, 26%), transfer to rehabilitation (n=15, 15%),
SNF (n=14, 14%), nursing home (n=5, 5%), and home with
support (n=3, 3%).
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These 98 predictors were categorized into 10 domains aligning
partially with those identified in the quantitative studies: patient
or caregiver involvement (n=27, 28%), organizational structures
(n=16, 16%), health status or morbidity (n=16, 16%),
communication among health care professionals or providers
(n=9, 9%), social support (n=7, 7%), staff education (n=7, 7%),
regional aspects (n=6, 6%), administrative health care data (n=4,
4%), hospitalization data (n=4, 4%), and home assessment (n=2,
2%).

Within the domain of patient or caregiver involvement, effective
strategies emphasize communication and respect. Notable
recurring themes include discussing discharge plans with
patients and caregivers in a timely manner, addressing their
capability to self-manage post-discharge, providing detailed
medication schedules, and honoring patient preferences. As
highlighted in 1 study, “Patients reported receiving contradictory
information, especially with respect to medications and how to
manage their care following discharge” [49], whereas another
underscored that “...elders who thought they received enough
information about how to manage their care after they left the
hospital reported feeling satisfied” [50].

Regarding organizational structures, clear responsibilities,
including staff continuity, geriatric comanagement, and
standardized discharge procedures, emerged as significant
components facilitating discharge decisions. A recent study
emphasized the “...lack of recognized decision-making tools or
algorithms as a critical issue in practice” [51].

The domain health status or morbidity includes parameters akin
to those observed in quantitative studies, including ADL and
cognitive impairment due to dementia or delirium. In 1 study,
it was cited that “... clinicians noted the clinical challenges of
managing delirium and the need for development of patient
pathways for those with delirium” [52].

Discussion

Principal Findings
This scoping review identified and synthesized predictors of
appropriate PAC destinations for older adults (≥65 y),
transitioning from acute care to specific discharge destinations.
Based on the analysis of 181 studies (171 quantitative, 10
qualitative), key predictors varied by discharge destination.
Diagnosed dementia and deficits in instrumental activities of
daily living were frequently associated with discharge to nursing
homes, while longer length of stay and cardiopulmonary disease
predicted discharge to rehabilitation, and good performance in
activities of daily living and mobility assessments favored
discharge home without support. Furthermore, the review
highlighted the influence of age and geographical origin, with
geriatric syndromes being more prominent in those aged 80
years and older and in non-US studies. The 8 predictor
domains—cognitive impairment, activities of daily living,
demographics, social support, hospitalization data,
multimorbidity, mobility, and primary diagnosis—demonstrated
the highest concordance with existing literature. These findings
provide a comprehensive overview to inform clinical
decision-making and the development of clinical decision

support systems, including machine learning apps, aimed at
optimizing PAC planning for older adults.

Comparison to Prior Work
Age emerged as the most frequent predictor over nearly all
subgroups. Older adults ≥80 years tend to be more often
discharged to nursing homes rather than rehabilitation facilities
[53]. This could be due to the reduced availability and
accessibility of facilities as well as misconceptions regarding
their potential for improvement through these services.
Investigations involving populations with a mean age of ≥80
years demonstrate an increased use of geriatric syndromes as
predictors for discharge destinations, identifiable by a
comprehensive geriatric assessment (CGA) [54]. Notably, frailty
appears more frequently as a predictive factor in studies
encompassing individuals with a mean age of <80 years. This
could be because frailty was not assessed in these studies or
because frailty has been mediated by age or functional
parameters such as the BI [55,56]. Qualitative analysis revealed
that patient or caregiver involvement was another important
predictor for appropriate discharge destination, although hardly
used in quantitative studies.

To address the observed heterogeneity in predictors, our review
presents a higher-level categorization based on predictor
domains. This provides a more standardized and manageable
framework for analysis. A CGA is another established method
for capturing the heterogeneity of potential limitations across
geriatric domains, thereby improving the likelihood of living
at home after 3 months [57]. Comparing the predictor domains
most concordant with existing literature with a CGA, it stands
out that 5 of the 8 predictor domains (mobility, ADL,
multimorbidity, social support, and cognitive impairment) are
also core elements of a CGA [54]. Therefore, a CGA
supplemented by routine measurements such as current
hospitalization, primary diagnosis, and demographic data forms
a solid foundation for enhancing prediction accuracy of the most
appropriate discharge setting and is probably one reason why
it ultimately reduces discharge to higher levels of care [58].

Discharge destination choices are inherently contingent upon
local health care infrastructure and accessible resources.
Therefore, our analysis distinguishes between Anglo-European
studies, predominantly characterized by publicly funded health
care systems, and US studies with a higher proportion of
pay-per-service options. Anglo-European research tends to
prioritize geriatric syndromes and length of hospital stay as key
predictors, whereas US studies place greater emphasis on
diagnostic factors. Variations in health care systems result in
disparate PAC options whose definitions diverge across settings
[59,60]. For example, we found many predictors for discharge
to SNF, uniquely offered in the United States, combining skilled
nursing care with rehabilitative interventions, even though
similar initiatives are emerging in European countries such as
Germany [3,61]. Despite regional differences, parallel options
exist for clinically stable yet functionally declined older patients
requiring both nursing care and rehabilitation within other health
care frameworks, illustrated by examples like the Australian
respite residential aged care or early inpatient geriatric
rehabilitation in Germany [6,62]. Regrettably, we did not find
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any comparative analyses examining various PAC alternatives
across countries.

A lack of standardized decision support tools assisting health
care professionals when deciding on the best discharge option
is one of the issues that were raised in the qualitative studies
[51,63,64]. This was also supported by a recent scoping review
by Singh et al [65] focusing on digital health solutions
facilitating transitions in care. In a systematic review on 35
CDSSs for PAC referral that included mainly studies of
non-geriatric adults, Kennedy et al [13] revealed that merely
14% have been integrated into regular clinical practice,
potentially hindered by constraints in time resources.
Conversely, positive outcomes have emerged from specific
implementations, such as a pre- or post-implementation study
of a CDSS with a 2-step approach that showed a significant
reduction of readmission rates [66]. Also, other binomial
prediction models for discharge destinations, for example, for
routine versus nonroutine discharge as in Karhade et al [67],
showed promising results with an area under the curve of 0.823
in a machine learning model. However, when comparing these
findings to one of the few CDSS developed for multinomial
differentiation across 6 discharge destinations involving over
14,000 participants, it achieved a lower overall area under the
curve of 0.685 [68]. The findings presented in this review will
help to develop future multinomial COC or discharge prediction
models by identifying eligible features.

Strengths and Limitations
A key strength of our scoping review lies in the detailed
differentiation of discrete prediction parameters, which enabled
us to identify and statistically analyze a robust set of core
predictor domains. However, our review is not without
limitations, which can be categorized as pertaining to the
included studies themselves and our review methodology.

We acknowledge the following limitations. The first limitation
was the predominance of studies conducted in the US health
care system with its specific PAC options and at least partially
unmet health care needs due to some patients’ lack of insurance
coverage [69,70]. To address this limitation, we compared US
studies with studies from Europe, Canada, and Australia with
more similarly conceptualized health care systems, even though
we are aware that this simplifies the complex differences
between countries in the Anglo-European group that also exist.

The second limitation was the frequent use of nonstandardized
assessments that we addressed by summarizing these measures
into a “no specific score” predictor. For example, the predictors
“problems with personal hygiene” or “ADL no specific score”
are included in both the Katz Score and BI that again report
comparable information. This indicates a need for a wider use
of validated assessment instruments to capture the functional
status in older patients in a uniform way. When selecting
assessments for the future development of a CDSS tool or
compiling assessments for a CGA, these validated and
established assessments should be used.

Third, many of the included studies presented composite end
points of different discharge destinations with unknown

proportions among the different destinations as well as different
populations concerning investigated diseases and clinical
settings, which limits the validity of the extracted predictors for
generalizable discharge destination options. Wherever possible,
we tried to extract the singular discharge destination.

Fourth, focusing on the older geriatric population might have
led to an omission of other studies mainly including nongeriatric
adults that might also have included valuable information on
the topic. For example, a review by Kennedy et al [13] found
33 studies presenting CDSS for optimizing discharge
destinations, but only 6 studies were conducted in older age
populations.

Fifth, our focus on positive predictors to avoid often confusing
directions of effect among the negative predictors may have
resulted in an undercapture of relevant predictors. With the
negative predictors representing only 15.5% of the predictors,
we consider the bias of this approach to be low.

Sixth, there is a lack of further details on the extracted
predictors, for example, concerning the timepoint of the
assessment or the direction of effect of the predictor. These
parameters have been found relevant in other studies [66]. We
partially addressed this lack of detail by manually extracting
the direction of effect of the most frequent predictors stratified
according to different discharge destinations. The aim of a
scoping review is to cover a broader topic. This approach,
however, results in a large heterogeneity among the included
studies and a lack of details. Thus, the analysis provided here
remains on a descriptive level and offers the opportunity for
future research.

Seventh, only 10 studies were included in the qualitative
analysis, with most studies from the 1990s and early 2000s,
limiting the informative value of the qualitative evidence
synthesis.

Eighth, the broad scope of studies screened and the
comprehensive analysis undertaken resulted in a literature search
limited to publications up to 2022. Nevertheless, we are
confident that our review of this relevant, yet relatively stable,
topic remains current.

Conclusion and Implications
This scoping review synthesized evidence on predictors of
appropriate discharge destinations for older adults, highlighting
the heterogeneity of factors influencing care transitions. The
identified 8-domain set—including demographic data, activities
of daily living, social support, hospitalization data, primary
diagnosis, cognitive impairment, mobility, and
multimorbidity—underscores the value of comprehensive
geriatric assessment in guiding discharge planning. This work
will directly inform the feature selection process for a machine
learning algorithm within the SURGE-Ahead project, designed
to improve discharge recommendations. Recognizing the
limitations of existing data and the need for system-specific
adaptation, we advocate for continued research and the
implementation of evidence-based discharge planning strategies.
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Abstract

Background: First Nations people in Australia experience inequitable mental health outcomes and service access. Digital mental
health (DMH) services, which refer to offering mental health services through digital platforms, are considered potential solutions
to address such mental health service inequities and improve the mental health outcomes of First Nations Australians. However,
evidence on the effectiveness of DMH services for First Nations people in Australia is yet to be synthesized.

Objective: This systematic scoping review aims to fill this gap and to identify the facilitators and barriers that influence the
implementation of DMH services among First Nations people in Australia.

Methods: A systematic search was conducted across 6 academic databases to search for studies related to DMH services for
First Nations people in Australia. Search terms relating to First Nations people, geographic terminologies of Australia, mental
health, and DMH services were used. Studies were included if they assessed the effectiveness of DMH services or the determinants
of the facilitators and barriers of implementing DMH interventions among First Nations people in Australia. Data were extracted
based on study design, targeted services, and research findings, and were then synthesized using a thematic analysis framework.

Results: In total, 22 studies met the inclusion criteria. DMH services were used to support and treat First Nations Australians
and conduct psychological assessments in these individuals. Evidence of effectiveness was stronger for nonsevere mental health
conditions. The determinants of the facilitators and barriers of the implementation of DMH services included the following: (1)
organizational and administrative factors; (2) cultural appropriateness; (3) accessibility; (4) integration of DMH services in the
existing health system; (5) engagement between clients and service providers; (6) coverage of different conditions and clients;
(7) acceptability to DMH services; (8) digital literacy; and (9) efficiency.

Conclusions: Evidence on the use of DMH services for First Nations Australians remains heterogeneous in terms of study
design and outcome measurement. DMH services appear to be most effective for managing nonsevere mental health conditions.
Successful implementation requires multilevel structural support, including policy and organizational commitment, enhanced
digital infrastructure, workforce training and engagement, and the design of culturally responsive DMH models to improve uptake
and equitable access to mental health care among First Nations Australians.

Trial Registration: PROSPERO CRD42024612517; https://www.crd.york.ac.uk/PROSPERO/view/CRD42024612517

(Interact J Med Res 2026;15:e80386)   doi:10.2196/80386

KEYWORDS

digital mental health; Aboriginal and Torres Strait Islander people; eHealth; mHealth; mobile health; telehealth; mental health
services

Interact J Med Res 2026 | vol. 15 | e80386 | p.59https://www.i-jmr.org/2026/1/e80386
(page number not for citation purposes)

Zhai et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/80386
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Aboriginal and Torres Strait Islander people in Australia (“First
Nations” people used hereafter) view mental health as a part of
a holistic view of health across all life stages [1,2]. Maintaining
a personal connection to traditional culture, health views, and
community serves as an important protective factor for the
mental health of First Nations people [1,3-6]. Therefore,
reinforcing cultural strength and resilience would foster personal
resilience and self-esteem, thereby protecting their individual
mental health [7] and reducing the likelihood of developing
mental illness [5,8,9]. Moreover, mental health services that
acknowledge the right of self-determination and the need for
cultural understanding of First Nations people [10], provide
culturally appropriate care [11], or employ First Nations health
workers [12] are also more likely to reinforce protective factors
and achieve better treatment outcomes.

However, First Nations people are facing more complex mental
health challenges than the general population in Australia due
to external historical and social determinants [13]. Historically,
colonization led to intergenerational trauma that worsened their
mental health [14]. Currently, First Nations people continue to
face daily discrimination [15], along with social inequity in
areas such as education and employment [9]. These structural
inequities increase the likelihood of mental health issues within
these communities [16] and create mental health outcome gaps
between First Nations people and the general population. For
instance, although the national health survey showed that the
prevalence of any mental illness among First Nations people
dropped from 29.3% in 2014‐2015 [8] to 24% in 2018‐2019,
it was still considered high [17]. Additionally, a survey
conducted in regional Australia that applied structured clinical
interviews in 2014‐2016 showed that the prevalence of any
mental illness was 42.2% (4.2-fold higher than the prevalence
in the general population) [5]. The prevalence of anxiety and
mood disorders among First Nations people was estimated to
be 1.6‐3.3 times the national prevalence in Australia [18].
Furthermore, 16% of deaths of First Nations people were related
to suicide in 2001‐2005, which is 10% higher than the
proportion in the general population [4].

Despite significant mental health needs and gaps, First Nations
people experience barriers to accessing mental health services.
First, structural racism, stigma toward mental health conditions,
low health literacy, and less comfort in seeking help from health
professionals prevent First Nations people from using more
mental health services [11,12,19]. Second, a lack of local
services and service providers creates barriers to travel for First
Nations people [11,20], especially in areas with higher
geographical remoteness that have a higher proportion of First
Nations populations [21] but lower service access [22].
Moreover, community-controlled, culturally safe services may
be unavailable for some First Nations people [23], and non-First
Nations health workers who do not receive appropriate cultural
safety training also contribute to service access barriers
[20,24-26]. In 2018‐2019, only 31% of First Nations adults
with high or very high levels of psychological distress received
professional mental health services [27]. Moreover, mental
health service gaps were mostly reported by First Nations

primary health organizations (134 out of 198 organizations)
[28]. Furthermore, among suicide cases, First Nations
populations were approximately 2 times less likely than
non-First Nations populations to have received mental health
support (23.8% vs 43.3%) [29]. In the Northern Territory, mental
health service utilization of First Nations youth is nearly half
that of non-First Nations youth (1.9% vs 4.1%) [30].

Digital mental health (DMH) services refer to providing mental
health services through digital technologies [31-33]. DMH
services have been implemented for the prevention, screening,
intervention, and rehabilitation of mental health conditions [34]
with or without mental health professionals’guidance or support
[35], and they demonstrate promising results for managing
various mental health conditions, including anxiety disorders
[36], depressive disorders [37], posttraumatic stress disorder
[38], and alcohol and other drug-related mental disorders [39].
Moreover, DMH services have been evaluated among different
populations, including children and young people [40], adults
[41], and older populations [42].

DMH services have been evaluated among First Nations people
worldwide [43-46] and have shown the potential to address the
current health outcome gaps faced by them. Evidence from
Canada, New Zealand, and the United States indicates that DMH
services support improvements in psychological assessment
[47-50] comparable to existing face-to-face services. DMH
services were also found to improve clinical outcomes [49,51]
and continuity in mental health care [52], both as stand-alone
and blended care. International evidence also suggests that DMH
services can reduce mental health gaps by improving the
accessibility and availability of mental health services among
First Nations people [23,34-36].

In Australia, evidence on DMH services among First Nations
people is mixed. Although digital gaps remain a barrier to DMH
implementation [53], government funding has enabled the
provision of digital infrastructure in rural and remote First
Nations communities [54]. Another service gap is the need for
culturally appropriate services [23]. Evidence suggests that
DMH services may fail to deliver culturally safe services [55,56]
due to the preference of First Nations people for the familiarity
and safety of face-to-face services [50]. However, some studies
have indicated that digital health may support cultural safety
by increasing the involvement of First Nations health workers
[43,57] and community-led design services [58], and by
allowing patients to see familiar faces via video conferencing
[54]. DMH services also enable First Nations people with mental
health needs to include family and community members in
decision-making, without the need for travel [54].

Currently, most systematic reviews have focused on
international evidence regarding the application of DMH
services to First Nations people [43-46]. Existing Australian
evidence is more likely to review broad and general health
conditions rather than focus on mental health [47,54,57,59] or
to solely focus on the design and assessment of DMH services
for First Nations people rather than the implementation [58].
There is a paucity of evidence on the effectiveness of DMH
services and the facilitators and barriers of implementing these
services among First Nations people in Australia. Our study
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aims to address this research gap by exploring the following
research questions: (1) What is the effectiveness of DMH
services for First Nations people in Australia? (2) What are the
determinants of the facilitators and barriers of implementing
DMH services among First Nations people in Australia? Such
evidence is critical for policymakers, health providers, and First
Nations users to make evidence-informed decisions while
funding, implementing, prescribing, and choosing DMH
services.

Methods

Reporting and Registration
The reporting of this study followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines (Checklist 1) and was registered through
PROSPERO (CRD42024612517).

Acknowledgment to Indigenous Data Sovereignty
This study follows the Maiam Nayri Wingara principles [60].
The authors acknowledge that First Nations people have control
of the data ecosystem; all data are available to First Nations
people; and this study pays respect to First Nations communities,
will be accountable to these communities, and empowers the
sustainable self-determination of these communities.

Outcome Definition
Our study outcomes include the effectiveness of DMH services
and the determinants of facilitators and barriers. The
effectiveness of DMH services is defined as the extent to which
DMH services obtain the desired mental health outcomes. For
example, for DMH services that are related to psychological
diagnosis and assessment [49], the accuracy of diagnosis is
considered as effectiveness. For treatments provided through
DMH services [51,52,61], effectiveness is defined as the degree
to which a treatment service improves mental health symptoms.
The determinants of facilitators and barriers are defined as the
determinants that can promote and impede, respectively, the
implementation of DMH services for First Nations people in
Australia.

Eligibility Criteria
Based on the PICO (population, intervention, comparison,
outcome) protocol, this review considered studies that (1)
included participants who were First Nations Australians; (2)
included interventions that were DMH services with various
functions; (3) included comparisons that were typical mental
health services or did not include comparisons; and (4) targeted
outcomes that involved changes in mental health conditions. In
addition, studies written in English were included. Studies that
were irrelevant to our PICO criteria and those that did not have
full text available were excluded. Moreover, there was no
eligibility criterion relating to First Nations groups, date of
publication, or age of participants. See Multimedia Appendix
1 for detailed inclusion and exclusion criteria and the PICO
protocol.

Search Strategy
A systematic search was conducted from September 9, 2024,
to September 15, 2024, across 6 online databases: PsycINFO,
PubMed, MEDLINE, Embase, Web of Science, and Google
Scholar. Considering that more than 10,000 search results were
obtained from Google Scholar, searching on this database was
limited to the first 30 pages.

The search strategy was developed after consultation among 3
authors (SZ, XZ, and SD). Boolean operators, truncations, and
search terms were tailored to each database. The search terms
were organized around the following themes: First Nations
people, geographic terminologies of Australia, mental health
(including specific mental health conditions), and DMH services.
Considering that DMH is a relatively new research area, there
was no limitation on the publication date of the searched studies.
See Multimedia Appendix 2 for details of the search strategy.

Study Selection
Selected studies were imported into EndNote 20 and Covidence,
and duplicates were removed at this stage. Afterwards, the titles
and abstracts were screened. Studies found to be irrelevant to
the review topic based on an assessment of the title and/or
abstract were excluded. Studies that had insufficient information
in the title and abstract were moved to full-text screening.
During full-text screening, studies that met the exclusion criteria
were excluded.

One reviewer (SZ) conducted the title and abstract screening.
Uncertainty in this process was solved through discussion with
another reviewer (XZ), and any disagreements were resolved
by involving the third reviewer (SD). Two reviewers completed
the full-text screening, where one reviewer (SZ) made initial
decisions and the other reviewer (XZ) checked the findings.
Therefore, the selection process was not blinded. Disagreements
were resolved through discussion or by involving the third
reviewer (SD).

Data Extraction
Extracted data were tabulated based on author, year of
publication, study design (qualitative, quantitative, or mixed
methods), study aim, study population, research setting, type
of DMH intervention, outcome (effectiveness, facilitators, and
barriers), and key research findings. See Multimedia Appendix
3 for details of the extracted data.

For missing data, if the authors did not specify the reason, the
reviewers tried to contact the authors to obtain relevant
information. If such information was unavailable or no response
was received, the missing data were excluded from the analysis
process.

Strategy of Data Synthesis
The synthesis of data followed the thematic analysis method
introduced by Thomas and Harden [62] and was guided by the
SWiM (Synthesis Without Meta-Analysis) guideline [63].

Reviewer SZ read selected studies completely and focused on
the results section of those studies. Results relevant to the
targeted outcomes of this review, such as the effect size of
interventions or reported user experiences related to these
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determinants, were summarized and coded into descriptive
themes. Descriptive themes were categorized into subgroups
and synthesized based on the type of data (qualitative or
quantitative), research design (with or without a control group),
and relevant determinants (facilitators, barriers, or effectiveness).
Afterwards, reviewers standardized themes using the direction
of the effect. Vote counting was conducted based on the
direction of the effect. Then, the commonality among descriptive
themes was found based on the direction of the effect or the
different determinants they related to, which were used to
formulate the analytical themes that summarized multiple similar
descriptive themes. Analytical themes interpreted the primary
results to fit the objectives of this review. To ensure the
trustworthiness and validity of thematic analysis, during the
generation of themes, reviewer SZ consulted reviewers XZ and
SD to resolve any uncertainty. Once reviewer SZ completed
generating themes, reviewer XZ checked all themes. Any
disagreements were resolved by consulting the third analyst,
SD.

Quality Assessment
This study applied the Aboriginal and Torres Strait Islander
Quality Appraisal Tool [64] to assess the quality of health
research from a cultural sensitivity perspective. Reviewer SZ
carefully reviewed the included studies and answered the 14
questions in the Aboriginal and Torres Strait Islander Quality
Appraisal Tool based on the content of all selected studies.
Moreover, as the instructions for this quality assessment tool
suggested, the numbers of studies assessed as “yes,” “partially,”
“no,” and “unclear” have been reported. Reviewer SZ applied
the Mixed Methods Appraisal Tool (MMAT) [65] for assessing

the methodological quality of the included studies. Only the
relevant part of the included study was assessed. For instance,
if the qualitative part of a mixed-methods study was the only
part relevant to this review, the study was appraised as a
qualitative study. The MMAT does not recommend scoring
each study; hence, this review only reports the performance of
the included studies on each criterion and the overall trend of
the design of the included studies. All quality assessment results
were checked by reviewers XZ and SD. See Multimedia
Appendices 4 and 5 and the Results section for the quality
assessment results.

In this systematic scoping review, all studies were included
regardless of quality rating. However, the quality appraisal
results informed the interpretation of the searched studies.
Considering this study was a narrative synthesis and did not
include a meta-analysis, no statistical weighting or sensitivity
analysis was performed.

Results

General Characteristics of the Studies
A total of 22 articles were included in this review [66-87]. The
PRISMA flowchart is presented in Figure 1. See Multimedia
Appendix 3 for detailed characteristics. Except for 1 study that
solely reported barriers [73] and 4 studies that solely reported
effectiveness [72,82,85,87], the rest of the studies reported more
than one targeted outcome (ie, facilitators, barriers, and
e ff ec t ivenes s ) .  Moreove r,  16  s tud i e s
[67,68,71-74,76,77,79-84,86,87] were published within 5 years,
and all included studies were published between 2015 and 2023.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of article screening and inclusion.

Among the included studies, there were 8 qualitative studies
[66,67,69,74,75,78,79,83], 8 mixed-method studies
[68,70,71,76,77,80,81,84], and 6 quantitative studies
[72,73,82,85-87]. Among the quantitative studies, 3 adopted a
cross-sectional research design [72,73,87], 1 was a crossover

study [82], 1 was a randomized controlled trial [85], and 1 was
a prospective cohort study [86].

All studies involved First Nations people as the clients of DMH
services. There were 5 studies involving health care providers
who provided DMH services to First Nations people
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[66,69,78-80], 2 studies involving both clients and service
providers [67,74], 12 studies involving adult clients or clients
whose ages were unspecified [68,70-73,75,81,82,84-87], and 3
studies involving youth or student clients [76,77,83].

Regarding the types of DMH services, 5 studies were related
to general perspectives on DMH services [66,77-80]. Among
the studies, 2 involved DMH services delivered through web

pages [70,86], 12 involved DMH services delivered through
mobile apps [67-69,71,72,74-76,79,80,84,85], 5 involved DMH
services delivered through telehealth methods (text or voice-only
phone call) [70,73,86,87], 1 involved DMH services delivered
through video conferencing [82], and 2 involved DMH services
containing both online and offline activities [81,83]. See Table
1 and Multimedia Appendix 3 for the details of DMH service
types.
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Table . Overview of the findings in relation to the effectiveness of digital mental health services.

Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

Qualitative evidence

Aboriginal and Islander
Mental Health Initiative for
Youth (AIMhi-Y) app

Qualitative interviews at the
end of the 4-week interven-
tion

    Dingwall et al [68], 2023 • Participants had mental
health improvements
or gained help during
tough times by using

• Deductive approach for
qualitative analysis

this app, which suggest-
ed its effectiveness.

Stay Strong app (custodial
version)

Semistructured interviews    Perdacher et al [74], 2022 • Both clients and practi-
tioners reported that
the app improved the

• Thematic analysis un-
der the framework pro-
vided by the constant
comparison method abilities of self-insight

and self-reflection of
clients and guided the
positive thinking of
clients.

• Both clients and practi-
tioners reported that
the app could enhance
clients’ confidence,
view of self, and em-
powerment.

AIMhi Stay Strong iPad app
and the iBobbly suicide pre-
vention app

Three focus groups    Povey et al [75], 2016 • Both apps have the po-
tential to help people
with minor mental
health conditions over-

• Thematic analysis

come difficulties.
• For the suicide preven-

tion function, partici-
pants thought the app
is useful for nonsevere
conditions but may not
be helpful in prevent-
ing suicide due to it
being a severe condi-
tion.

General digital mental
health services (but many of

Semistructured interviews    Raphiphatthana et al [80],
2020

• Electronic mental
health was perceived as
potentially beneficial

• Thematic analysis that
oscillated between de-
ductive and inductive the responses were related

and useful for First Na-to the use of the Stay Strong
app)

approaches
tions communities.

Web-based lesson package,
Strong & Deadly Futures

Paper-and-pen test in classes
or an online questionnaire

    Routledge et al [81], 2022 • Some facilitators report-
ed that students learned
the knowledge that the

• Thematic analysis

lesson planned to deliv-
er, while students re-
ported that the sub-
stance-related knowl-
edge had been learned
and understood.
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Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

• Participants indicated
that an app may not be
able to provide enough
support for vulnerable
people who have se-
vere mental health
conditions.

• The improved mental
health literacy helped
participants feel dis-
tracted from their
thoughts and reduced
their distress.

• Some participants re-
ported that the program
has the effect of suicide
prevention.

iBobbly program• Thematic analysisSemistructured interview    Tighe et al [84], 2020

Quantitative evidence with comparison to typical mental health services or no intervention groups
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Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

• The app can accurately
test participants’drink-
ing status (n=157),
with 94.7% agreement
with the clinical inter-
view results.

• The alcohol consump-
tion level recorded by
the app was usually
higher than clinical in-
terviews (drinks per
drinking occasion: me-
dian 17.0, IQR [10.5,
27.9] vs median 15.4,
IQR [9.6, 23.2]).

• The app tended to cate-
gorize more partici-
pants at risk. The app
identified 76.7% of
drinking males and
69.7% of females as
being at risk, while the
interview identified
74.4% of males and
65.2% of females as
being at risk.

• The app appeared to be
highly sensitive
(92.7%‐97.5% sensi-
tivity) in detecting at-
risk drinkers, and when
using matched and un-
matched reference peri-
ods, the app could de-
tect 10 and 37 more
risky drinkers, respec-
tively, than clinical in-
terviews.

• The average daily con-
sumption recorded by
the app and by the inter-
view was moderately
correlated (r=.52).
Correlations were
greater when only data
from matched time pe-
riods were used
(r=.62). Correlations
were all statistically
significant.

• Participants were more
likely to report the
presence of tremors
when using the app
than when responding
to the interview (17.0%
and 7.2%, respectively;
rs=0.48).

• There was high test-
retest reliability for the
app (rs=0.81 for both
participants and
drinkers).

Grog Survey app• Triangulating the
Finnish method to
compare drinking sta-
tus and average con-
sumption between 2
groups using descrip-
tive statistics.

• Agreement between
consumption data/daily
alcohol consumption
and withdrawal tremors
was assessed through
the Spearman rank cor-
relation coefficient.

• Sensitivity and speci-
ficity analyses (unspec-
ified) were used to
compare how well the
app and clinical inter-
view agreed when
classifying drinkers’
risk.

Intervention group: data
from the Grog Survey app;
Control group: clinical inter-
view

    Lee et al [72], 2019

    Veinovic et al [87], 2023
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Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

• Despite a reduction in
effectiveness, the accu-
racy of the TMMSE
was generally accept-
able. The median
TMMSE results were
slightly lower than the
MMSE results (24 vs
28.5, IQR 2 for both).
There was a moderate
correlation and a rea-
sonable agreement be-
tween MMSE versions
(rs=0.33; P=.20), al-
though the limits of
agreement were unac-
ceptably wide (−4.1
and 4.8 point differ-
ences).

• The TKICA-screen
was significantly less
effective than the KI-
CA-screen. There was
a significant mean dif-
ference of 2.17 (95%
CI 1.39‐2.95), with
wide limits of agree-
ment (−1.09 and 5.43
point differences) and
evidence of proportion-
al bias (B=−1.03,
SE=0.32; P=.005),
with a tendency for
poorer agreement at the
lower end of the perfor-
mance.

Telehealth versions of the
MMSE (TMMSE) and KI-
CA-screen (TKICA-screen)

• The MMSE and KICA-
screen test version total
scores were compared
using Spearman corre-
lations.

• Agreement between
test versions was exam-
ined using Bland-Alt-
man analyses.

• Telephone test scores
were prorated to equiv-
alent in-person total
scores to examine
overall performance
discrepancies directly.

Test results of the face-to-
face and telehealth versions

of both the MMSEa and the

KICA-screenb tests

iBobbly program• Paired t testTest results from the follow-
ing psychological instru-
ments: Depressive Symptom
Index-Suicidality Subscale
(DSI-SS), Patient Health
Questionnaire-9 (PHQ-9),
Kessler Psychological Dis-
tress Scale-10 (K-10), and
Barratt Impulsivity Scale-11
(BIS-11)

    Tighe et al [85], 2017
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Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

• The effectiveness of
the iBobbly app on sui-
cide prevention was in-
significant. The pre-
and postintervention
changes in the DSI-SS
score were significant
in the iBobbly arm
(t=2.40, df=58.1;
P=.02), but these differ-
ences were not signifi-
cant compared with the
waitlist arm (t=1.05,
df=57.8; P=.30).

• The iBobbly app was
effective in reducing
depression. The iBob-
bly arm showed a statis-
tically significant de-
crease in PHQ-9 scores
compared with waitlist
controls. The interac-
tion of the iBobbly arm
by time was significant
(t=2.79, df=56.9;
P=.007; Cohen d=0.71,
95% CI 0.17-1.23), re-
flecting a substantial
effect.

• The iBobbly app was
effective in reducing
general psychological
distress measured by
the K-10. The interac-
tion of the intervention
arm by time was signif-
icant (t=2.44, df=57.5;
P=.02; Cohen d=0.65,
95% CI 0.12-1.17), re-
flecting a substantial
effect.

• However, the PHQ-9
and K-10 scores for the
control group (compar-
ing baseline and receiv-
ing the iBobbly inter-
vention afterwards)
were insignificant.

• The iBobbly app was
not effective in reduc-
ing impulsivity, as
measured by the BIS-
11. The preintervention
scores for the waitlist
group were significant-
ly lower than those for
the iBobbly group
(t=2.05, df=59.2;
P=.045). Postinterven-
tion means were identi-
cal. However, after ap-
plying the iBobbly app
to the waitlist group,
the score reduction was
insignificant (t=−1.82,
df=29.1; P=.08).
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Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

    Russell et al [82], 2021 • The KICA-screen test
delivered through digi-
tal platforms did not
cause a decrease in ef-
fectiveness compared
to the face-to-face ver-
sion, owing to good
correlation (Pearson
r=0.851; P<.01) and
good agreement (intra-
class correlation coeffi-
cient=0.85; P<.01).

KICA-screen delivered via
telehealth

• Liner correlationKICA-screen results ob-
tained from both face-to-
face and online tests

• For First Nations pa-
tients, the MindSpot
service was effective at
causing a significant
decrease in the K-10

score (χ2=5933.1;
P<.001), PHQ-9 score

(χ2=5938.8; P<.001),
and GAD-7 score

(χ2=5658.8; P<.001).
• There were no differ-

ences in treatment out-
comes between Indige-
nous and non-Indige-
nous patients (K-10:

χ2=0.1; P=.75; PHQ-9:

χ2=0.5; P=.49; GAD-

7: χ2=0.6; P=.44).
• There was no differ-

ence in the outcome
between Indigenous
patients who chose the
general wellbeing
course and those who
chose the Indigenous
wellbeing course (K-

10: χ2=1.2; P=.27;

PHQ-9: χ2=0.5; P=.48;

GAD-7: χ2=2.9;
P=.09).

MindSpot service• A generalized estima-
tion equation (GEE)
modeling technique
was used to examine
the significance of
changes in symptom
measures over time.
The main effects of
course and Indigenous
status were also exam-
ined.

Health records measured by
the K-10, PHQ-9, and Gen-
eralized Anxiety Disorder
Scale-7 (GAD-7)

    Titov et al [86], 2019

Quantitative evidence with no comparison
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Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

• The app was signifi-
cantly effective in re-
ducing psychological
distress (t29=4.63;
P<.001; Cohen d=0.85,
95% CI 2.79-7.21) and
depressive symptoms
(t29=4.09; P<.001; Co-
hen d=0.75, 95% CI
0.42-1.25).

• Participants presented
improvements in reduc-
ing anxiety symptoms
(t29=1.58; P=.13; Co-
hen d=0.28, 95% CI
−0.10 to 0.77).

• The app was ineffec-
tive in reducing alcohol
use disorder symptoms
(t26=1.55; P=.13; Co-
hen d=0.31, 95% CI
−0.06 to 0.43), drug
use disorder symptoms
(t26=1.55; P=.13; Co-
hen d=0.31, 95% CI
−0.06 to 0.43), and
lead dependence
(t29=0; P>.99; Cohen
d=0, 95% CI −0.29 to
0.29).

• Participants’ parents
reported that the app
was ineffective in im-
proving psychological
adjustment (t3=2.15;
P=.12; Cohen d=1.07,
95% CI −2.03 to
10.53).

AIMhi-Y app• Paired sample 2-tailed
t tests for psychologi-
cal test results with
within-group effect
sizes (Cohen d)

Comparing participants’
scores of psychosocial instru-
ments at baseline and after
the 4-week intervention: K-
10, Patient Health Question-
naire-2 (PHQ-2), General-
ized Anxiety Disorder-short
form (GAD-2), Alcohol Use
Disorders Identification Test
(AUDIT-C), Drug Use Dis-
orders Test (DUDIT), and
Parent-rated Strengths and
Difficulties Questionnaire
(SDQ-parent rated)

    Dingwall et al [68], 2023

• Participants (n=16) re-
ported acceptable per-
ceived impact (mean
3.55, SD 1.06).

Multibehavioral change app
“MAMA-EMPOWER”

• Calculate descriptive
statistics and mean and
SD for continuous
variables

The uMARSc survey com-
prises 26 questions and 5-
point Likert scales

    Kennedy et al [71], 2021

iBobbly program• Regression analysesRecord usage of the app and
results from psychological
instruments: DSI-SS, K-10,
and PHQ-9

    Tighe et al [84], 2020
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Major findingsDigital mental health service
type

Data analysis methodData collection methodEvidence type and study
(author, year)

• The iBobbly app was
ineffective for the pri-
mary outcome, suicidal
ideation, which was
measured with the
DSI-SS. For every
minute spent on the
app, DSI-SS scores re-
duced by 0.013 points

(R2=0.29).
• The iBobbly app was

ineffective in reducing
psychological distress
that was measured with
the K-10. For every
minute spent on the
app, K-10 scores re-
duced by 0.007 points

(R2=0.35).
• The iBobbly app was

ineffective in reducing
depression that was
measured using the
PHQ-9. For every
minute spent on the
app, PHQ-9 scores re-
duced by 0.001 points

(R2=0.268).
• According to the au-

thors, the low validity
could be caused by the
small sample size.

• Among First Nations
students (n=15), more
than half (53.3%) re-
ported that they were
likely to use the infor-
mation and skills
taught by the course in
their own lives. Nearly
half (46.7%) of First
Nations students were
unsure, and 0% of First
Nations students be-
lieved they were unlike-
ly to use the informa-
tion and skills taught
by the course.

• First Nations students
generally thought this
program was effective
in handling problems
related to substance use
(73.3% of students
supported this idea),
stress (66.7%), and
peer pressure (80%).

Web-based lesson package,
Strong & Deadly Futures

• Analysis of descriptive
data (method unspeci-
fied)

Paper-and-pen test on class-
es or an online questionnaire

    Routledge et al [81], 2022

aMMSE: Mini-Mental State Examination.
bKICA-screen: Kimberly Indigenous Cognitive Examination-short form.
cuMARS: user version of the Mobile Application Rating Scale.
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Targeted Mental Health Conditions
Five studies did not specify the mental health conditions targeted
by DMH services [66,67,70,77-80]. Three studies focused on
psychological assessment and diagnosis [82,86,87], and 5 studies
addressed the management of distress, depression, and anxiety

disorders [71,75-85,86]. Additionally, 5 studies examined the
management of substance use [71,72,75,76,83], and another 5
studies were related to the management of suicide or self-harm
behaviors [67,73,75,84,85]. See Table 2 for detailed information
about the settings of the included studies.
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Table . Settings of the included studies.

Targeted mental health
issue

Digital mental health
(DMH) service type

Research settingParticipantsStudy aimStudy (author, year)

UnspecifiedGeneral e-mental
health services (did not
specify service type)

Two locations (Lis-
more and Tweed
Heads) in northern
New South Wales

50 providers of differ-
ent mental health ser-
vices for First Nations
people

Report the barriers and
enablers of e-mental
health uptake among
health providers who
provide services to
First Nations people

Bennett-Levy et al
[66], 2017

Suicide and self-harm
behaviors

Suicide prevention ef-
forts supported by mo-
bile apps

A regional city in
South West Queens-
land called Toowoom-
ba

12 participants (Indige-
nous health workers or
community members)

Understand how mo-
bile apps support sui-
cide prevention gate-
keepers in First Na-
tions communities

Brown et al [67], 2020

UnspecifiedAIMhi-Y appDarwin, Northern Terri-
tory (NT)

30 First Nations young
people aged 12‐25
years

Assess the feasibility,
acceptability, and use
of the Aboriginal and
Islander Mental Health

Dingwall et al [68],
2023

Initiative for Youth
(AIMhi-Y) app and de-
termine the feasibility
of study procedures for
future assessments

General mental health
area (unspecified)

AIMhi Stay Strong appRural and remote pri-
mary health care ser-
vice settings in the NT

15 service providers,
including health profes-
sionals, managers, pro-
gram coordinators, and
an Aboriginal elder

Develop and determine
the acceptability, feasi-
bility, and appropriate-
ness of the Australian
Integrated Mental
Health Initiative

Dingwall et al [69],
2015

(AIMhi) Stay Strong
App for service
providers working with
First Nations people

General mental health
area (unspecified)

“SMS4dads” smart-
phone program and
“Stayin’ on Track”
website

One regional city and
two rural towns in New
South Wales

20 young Aboriginal
fathers in the assess-
ment of the
“SMS4dads” smart-
phone program; 20

Test the acceptability
and feasibility of devel-
oping the “Stayin’ on
Track” website, which
offers tailored support

Fletcher et al [70],
2017

young Aboriginal fa-and information to
thers and an uncertainyoung Aboriginal fa-
number of communitythers, and adapt and
members in the yarn-test the mobile
up session on thephone–based text-mes-
“Stayin’ on Track”
website

saging and mood-
tracker program
(SMS4dads program)
that provides mental
health support to young
Aboriginal fathers

Substance use and psy-
chological distress

Multibehavioral
change app “MAMA-
EMPOWER”

Newcastle and Tam-
worth, New South
Wales

Stage 1: 8 First Nations
women; stage 2: 6 First
Nations women; stage
3: 16 First Nations
women

Describe the develop-
ment (stages 1 and 2)
and pretest (stage 3) of
a prototype multibehav-
ioral change app (MA-
MA-EMPOWER)

Kennedy et al [71],
2021
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Targeted mental health
issue

Digital mental health
(DMH) service type

Research settingParticipantsStudy aimStudy (author, year)

Substance use (alcohol
consumption)

Grog Survey appAn Indigenous primary
health care service and
surrounding communi-
ty in urban Queens-
land, and a regional
Aboriginal communi-
ty–controlled health
service and a remote
Aboriginal communi-
ty–controlled drug and
alcohol day center (a
drop-in service) in
South Australia

20 nondrinkers, 40
nondependent drinkers,
and 40 dependent
drinkers who self-iden-
tified as First Nations
people and were aged
≥16 years

Validate a survey app
(Grog Survey app) that
explores the alcohol
consumption status
among First Nations
people

Lee et al [72], 2019

Suicide and self-harm
behaviors

Lifeline AustraliaNational setting in
Australia

1300 adults living in
Australia, including
2.4% First Nations par-
ticipants

Understand the expecta-
tions of different com-
munities for telehealth
crisis support services
in Australia

Ma et al [73], 2022

General mental health
area (unspecified)

Stay Strong App (custo-
dial version)

3 high-security prisons
in Queensland, Aus-
tralia

27 clients and 10 health
practitioners

Determine the feasibili-
ty of the Stay Strong
app as a digital well-
being and mental
health tool for use by
First Nations people in
prison

Perdacher et al [74],
2022

AIMhi Stay Strong
app: general mental
health issues and sub-
stance use; iBobbly
app: psychological dis-
tress, depressive symp-
toms, and suicide pre-
vention

AIMhi Stay Strong
iPad app and the iBob-
bly suicide prevention
app

Darwin, NT9 First Nations adultsExplore First Nations
community members’
experiences of using 2
e-mental health apps
and identify the factors
that influence accept-
ability

Povey et al [75], 2016

General mental health
area (unspecified)

AIMhi-Y app (under
design)

Across Australia75 First Nations youthPresent an in-depth ac-
count of the second
phase of participatory
design in the develop-
ment of the AIMhi-Y
app

Povey et al [76], 2022

General mental health
area (unspecified)

General e-mental
health services (did not
specify service type)

NT, Australia45 First Nations youthReport the result of the
formative stage of the
AIMhi-Y app develop-
ment process that en-
gaged First Nations
youth in the co-design
of the new culturally
informed AIMhi-Y app

Povey et al [77], 2020

General mental health
area (unspecified)

General e-mental
health services (did not
specify service type)

NT, Australia32 stakeholders who
provide mental health
services for First Na-
tions people

Understand stakeholder
perspectives on the re-
quirements for imple-
menting DMH services
in regional and remote
health services for First
Nations people

Puszka et al [78], 2016

General mental health
area (unspecified)

Not specified, but most
participants used the
Stay Strong app

Remote NT communi-
ties, Darwin, Alice
Springs, and Adelaide

66 participants from
First Nations primary
care organizations

Evaluate the process
and effectiveness of the
e-mental health pro-
gram

Raphiphatthana et al
[79], 2020
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Targeted mental health
issue

Digital mental health
(DMH) service type

Research settingParticipantsStudy aimStudy (author, year)

UnspecifiedGeneral DMH services
(but many of the re-
sponses were related to
the use of the Stay
Strong app)

Darwin, Alice Springs,
and remote NT commu-
nities

57 service providers
working with Aborigi-
nal and Torres Strait
Islander people who
had undergone electron-
ic mental health train-
ing workshops

Understand service
providers’perspectives
and experiences of
electronic mental
health adoption

Raphiphatthana et al
[80], 2020

Substance use (both al-
cohol and tobacco)

Strong & Deadly Fu-
tures, a 6-lesson, web-
based package combin-
ing online illustrated
storylines with interac-
tive classroom activi-
ties

Two independent urban
schools and two rural
state schools

19 First Nations stu-
dents out of 281 stu-
dents

Assess the acceptabili-
ty and feasibility of
Strong & Deadly Fu-
tures, a culturally inclu-
sive alcohol and drug
prevention program for
First Nations secondary
students

Routledge et al [81],
2022

Cognitive assessmentKICA-screen delivered
via telehealth

Two local rural health
care settings

33 medically stable
First Nations inpa-
tients/outpatients

Examine the utility of
using a culturally appro-
priate dementia screen-
ing tool (KICA-

screena) in a telehealth
setting

Russell et al [82], 2021

Substance use (both al-
cohol and tobacco)

Strong & Deadly Fu-
tures, a 6-lesson, web-
based package combin-
ing online illustrated
storylines with interac-
tive classroom activi-
ties

Four schools in New
South Wales

41 First Nations stu-
dents and 36 non-First
Nations students

Describe the develop-
ment of Strong &
Deadly Futures, a web-
based substance use
education class

Snijder et al [83], 2021

Suicidal ideation, de-
pression, psychological
distress, and impulsivi-
ty

iBobbly programRemote and very re-
mote communities in
the Kimberley region
of North Western Aus-
tralia

61 First Nations Aus-
tralians aged 18‐35
years

Evaluate the effective-
ness of a self-help mo-
bile app (iBobbly) tar-
geting suicidal
ideation, depression,
psychological distress,
and impulsivity among
Indigenous youth in re-
mote Australia

Tighe et al [85], 2017

Suicidal ideation, de-
pression, psychological
distress, and impulsivi-
ty

iBobbly programRemote and very re-
mote communities in
the Kimberley region
of North Western Aus-
tralia

13 First Nations Aus-
tralians aged 18‐35
years

Discover pilot usage
and acceptability data
from the iBobbly sui-
cide prevention app, an
app distributed through
a randomized con-
trolled trial

Tighe et al [84], 2020

General mental health
area, but this study fo-
cused on psychological
distress, depression,
and anxiety

MindSpot service, in-
cluding diagnosis and
treatment courses

National setting across
Australia

780 First Nations partic-
ipants

Report on Aboriginal
and Torres Strait Is-
lander (Indigenous)
users of MindSpot, a
national service for the
remote assessment and
treatment of anxiety
and depression

Titov et al [86], 2019

Interact J Med Res 2026 | vol. 15 | e80386 | p.75https://www.i-jmr.org/2026/1/e80386
(page number not for citation purposes)

Zhai et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Targeted mental health
issue

Digital mental health
(DMH) service type

Research settingParticipantsStudy aimStudy (author, year)

Cognitive assessmentTMMSE and TKICA-
screen

Urban and regional
New South Wales,
Australia

20 First Nations people
aged 55‐69 years

Evaluate mental state
examinations delivered

face-to-face (MMSEb

and KICA-screen) and
as telehealth versions

(TMMSEc and TKI-

CA-screend) among
older First Nations
people

Veinovic et al [87],
2023

aKICA-screen: Kimberly Indigenous Cognitive Examination-short form.
bMMSE: Mini-Mental State Examination.
cTMMSE: telehealth version of the MMSE.
dTKICA-screen: telehealth version of the KICA-screen.

Quality Assessment Results
According to the results from the Aboriginal and Torres Strait
Islander Quality Appraisal Tool, the included studies presented
an acceptable connection to First Nations values and principles,
with at least 16 studies having “Yes” or “Partially” (provided
sufficient information) answers to 11 out of 14 questions.
However, most studies (n=14-18) did not properly negotiate a
formal agreement with First Nations people to access and protect
their knowledge. Moreover, some studies were deemed less
culturally engaging for First Nations people, such as a study
that researched DMH services designed for the general
population [73], and some studies applied quantitative methods
that resulted in lower participation in First Nations communities
[82,86,87].

In terms of the results from the MMAT, all studies were
considered to have high-quality research designs. For example,
all qualitative studies, except for 1 study [71], completely
matched all MMAT criteria. Moreover, all included studies had
at least 82% of the criteria marked as “Yes.”

Effectiveness
Twelve studies [68,71,72,74,75,80-82,84-87] reported the
effectiveness of DMH services in managing mental health
conditions among First Nations people in Australia (Table 1).
Their results are summarized in the following paragraphs based
on their study designs.

Qualitative Evidence
Six studies used a qualitative study design to explore the
perceived effectiveness of DMH services in managing mental
health conditions among First Nations people
[68,74,75,80,81,85]. Three studies [68,74,75] assessed the youth
version, custodial version, or standard version of the Aboriginal
and Islander Mental Health Initiative (AIMhi) Stay Strong app
for First Nations people. The AIMhi Stay Strong app helped
participants achieve mental health improvements, guided
positive thinking, and supported participants in overcoming
difficulties [68,74,75]. Participants perceived the AIMhi Stay
Strong app and general DMH services to be effective for
improving their mental health outcomes [80]. Moreover, “Strong
and Deadly Futures” online courses were examined among First
Nations people to prevent alcohol and tobacco use and reduce

stress and peer pressure [81]. Both clients and practitioners
reported that the app enhanced clients’ self-insight,
self-reflection, positive thinking, confidence, and overall
self-perception. However, in the study by Povey et al [75], while
both the AIMhi Stay Strong and iBobbly apps were viewed as
helpful for managing minor mental health difficulties,
participants considered them less suitable for addressing severe
conditions or preventing suicide. Participants agreed that the
efficacy of the iBobbly app was limited for “vulnerable people
with strong emotions” [84].

Quantitative Evidence
Eight studies reported quantitatively measured effectiveness
[68,71,72,82,84-87], with mental health outcomes measured
through self-reported instruments and scales.

Quantitative Evidence Without Comparison
Four studies reported the effectiveness of DMH services in
managing mental health conditions among First Nations people
without comparing them to typical services or other control
groups [68,71,81,84]. Kennedy et al [71] found that the
multibehavioral change app “MAMA-EMPOWER” was
effective in managing substance use and psychological distress
and was acceptable (average score of 3.55 on a 5-point Likert
scale) for First Nations mothers. Meanwhile, Routledge et al
[81] found that Strong & Deadly Futures (a web-based lesson
package aiming to improve mental well-being and substance
use prevention) was effective in 53.3% of First Nations students,
who were likely to use the knowledge they obtained from the
course, and no participants reported that they were unlikely to
apply that knowledge. Moreover, 73.3%, 66.7%, and 80.0% of
First Nations students thought that this program was helpful in
managing substance use, stress, and peer pressure, respectively.
However, Dingwall et al [68] found mixed therapeutic outcomes
for the AIMhi-Y general mental health support app among First
Nations youth. More specifically, the app was found to be
effective in reducing psychological distress and depressive
symptoms (Cohen d=0.85 and 0.75, respectively) and reducing
anxiety symptoms (without statistical significance), but was not
effective in managing substance use disorders or improving
psychological adjustment. Furthermore, Tighe et al [84] found
that the iBobbly app was not effective in managing suicidal
ideation and reducing psychological distress or depression.
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However, all indicators presented a trend of improvement. See
Table 1 and Multimedia Appendix 3 for detailed information.

Quantitative Evidence With Comparison
Five studies examined the effectiveness of DMH services in
managing [85,86] and assessing [72,82,87] mental health
conditions by comparing the effectiveness of DMH services
with that of typical mental health services [72,82,87] or waitlist
control groups [85], or comparing the effectiveness of DMH
services between First Nations people and non-First Nations
people [86].

The Grog Survey app [72], which was developed for assessing
substance abuse among First Nations people, was found to be
effective in detecting the alcohol consumption level (94.7%
overall agreement between the app and clinical interviews). The
app was also found to be more sensitive than a clinical interview
for the number of drinks, the greatest number of drinks, the
median of reported drinking, and the daily consumption of
standard drinks per drinking occasion (mean difference=1.6,
0.8, 3, and 0.4, respectively). Higher sensitivity was found
among those classified as risky drinkers (2.3% and 4.5% more
detection among males and females, respectively), as well as
in the reporting (17.0% vs 7.2%) and prediction (P=.02 vs
P=.44) of tremors. See Table 1 and Multimedia Appendix 3 for
detailed information.

A previous study compared the telehealth versions of the
Mini-Mental State Examination (TMMSE) and Kimberly
Indigenous Cognitive Examination-short form (TKICA-screen),
which were used for cognitive screening, with their typical
versions [87]. The study found that the median TMMSE scores
were slightly lower than the Mini-Mental State Examination
(MMSE) scores (median difference=4.5), and the agreement
measured by correlation was moderate (rs=0.33; P=.20) but
with unacceptable limits of agreement (the effectiveness may
not significantly reduce in the TMMSE). On the other hand, the
TKICA-screen showed a significant effectiveness loss compared
with the Kimberly Indigenous Cognitive Examination-short
form (KICA-screen). For instance, there was a significant mean
difference of 2.17, with a tendency for poorer agreement at the
lower end of the performance. See Table 1 and Multimedia
Appendix 3 for evidence of proportional bias. Russel et al [82]
found that the KICA-screen delivered through digital platforms
was as effective as the face-to-face version, with a statistically

significant correlation (Pearson r=0.851; P<.01) and agreement
(intraclass correlation coefficient=0.85; P<.01) between the
versions.

Titov et al [86] found that the MindSpot service, aiming to
provide general mental health support, was effective in
managing psychological distress, depression, and anxiety, with
statistically significant decreases in the Kessler Psychological
Distress Scale-10, Patient Health Questionnaire-9, and

Generalized Anxiety Disorder Scale-7 scores (χ2=5933.1,
5938.8, and 5658.8, respectively). As a DMH service designed
for all Australians, there were no statistically significant
differences in treatment outcomes between First Nations patients
and non-First Nations patients or between First Nations patients
who chose the general well-being course and those who chose
the First Nations well-being course.

Tighe et al [85] evaluated the iBobbly app that was designed
for suicide prevention. The results suggested that there were no
statistically significant differences between the iBobbly app
group and the waitlist control group in suicide prevention
(t58.1=2.40; P>.05). However, it was effective in managing
depression when compared with a waitlist control group and
preintervention baseline scores (P<.05). Similarly, the DMH
service was found to be effective in managing psychological
distress (t57.5=2.44). See Table 1 and Multimedia Appendix 3
for P values and effect sizes. The iBobbly app was found to not
be effective in managing impulsivity.

Determinants of DMH Service Implementation

Overview
Overall, this review identified the determinants of facilitators
and barriers that influence the implementation of DMH services.
See Table 3 for the extracted themes.

Table 3 presents 9 themes and 26 subthemes that describe the
facilitators and barriers influencing the implementation of DMH
services for First Nations people. There were 4 subthemes under
organizational factors, 4 subthemes under cultural
appropriateness, 6 subthemes under accessibility, 1 subtheme
under engagement, 2 subthemes under coverage, 6 subthemes
under acceptability, 1 subtheme under integration of DMH
services with existing context, 4 subthemes under digital literacy,
and 1 subtheme under efficiency of DMH services.
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Table . Themes and subthemes of the identified studies.

Supporting evidenceTheme and subtheme

Theme 1: Organizational factors within DMHa service providers

    Supportive structure and managers within DMH service provider organizations facilitate DMH
service uptake

• Supportive structures or working culture
within organizations facilitated resource al-
location or staff training for DMH service
uptake [78-80].

• Enthusiastic managers provided direct sup-
port, which increased the willingness of
staff and the organization itself for DMH
service uptake [66,80].

    Policy and structural obstacles and a lack of resources in DMH service provider organizations
create barriers for DMH service uptake

• Procedural and administrative obstacles and
obstructive IT policies limited the access of
staff to technologies and DMH services and
created failures in digital resource allocation
[66,67,79,80].

• High workloads within the workplace and
a lack of digital resources resulted in a lack
of DMH training for DMH service providers
[66,79,80].

Theme 2: Cultural appropriateness of DMH services

     DMH services could be culturally appropriate owing to cultural safety designs and culturally
relevant content in DMH services and empowerment, which can increase the willingness of First
Nations people to use DMH services

• Overall cultural safety reported by partici-
pants [74].

• DMH services empowered clients to record
their own information and interact with
service providers [78,80].

• Cultural safety designs were applied in
DMH services, which created a safe envi-
ronment or directly increased the acceptabil-
ity and interest of clients
[69,70,75,76,83,84].

    Lack of cultural appropriateness creates barriers for First Nations users to overcome existing
negative perceptions and accept DMH services

• Negative perception toward the health sys-
tem created barriers for First Nations people
to use DMH services [67].

• Problematic use of English within DMH
services and lack of First Nations languages
may cause difficulties in using DMH ser-
vices [75,83].

Theme 3: Accessibility of First Nations people to DMH services

    First Nations people have mixed perceptions of their accessibility to DMH services • First Nations clients generally appraised the
high accessibility of DMH services, such
as reporting that the DMH services they re-
ceived were accessible [83,86].

• However, general accessibility-related con-
cerns, such as a lack of services and re-
sources, and long response times, were also
expressed [67].

    Portability and flexibility of DMH services, as well as existing digital infrastructure coverage
among First Nations communities, could facilitate the implementation of DMH services

• DMH services were available on multiple
digital platforms [75].

• A high coverage of digital infrastructure
among communities was presented, which
facilitated the uptake of DMH services
[67,77].

• DMH services can be operated on portable
devices, which can create unique advantages
in accessibility [78,84].
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Supporting evidenceTheme and subtheme

• In some First Nations communities, a lack
of digital infrastructure and devices resulted
in difficulties in the implementation of
DMH services [69,77-80].

• Even in special environments, such as pris-
ons, access to digital devices and some
specific functions of DMH services, such
as access to images, was limited [74].

• In remote areas, a lack of digital infrastruc-
ture created barriers for First Nations resi-
dents to implement DMH services [75,78].

    Many First Nations people report limited access to appropriate digital infrastructure, resulting
in low accessibility to DMH services

• Apps with high accessibility were preferred,
such as free-to-download apps that can op-
erate on different platforms [76].

• The cost of e-mental health apps negatively
influenced their accessibility [75].

    Free DMH apps are highly accessible, while those with download fees limit client access

• A lack of DMH services in First Nations
languages created accessibility barriers
[69,75,78].

    DMH services that do not have First Nations language versions create accessibility barriers for
First Nations people whose first language is not English

Theme 4: Ability of DMH services to promote engagement

• DMH services could help establish positive
relationships between health care providers
and clients, eventually creating positive ex-
periences for clients or increasing First Na-
tions clients’ willingness to use these ser-
vices [69,74,78].

    DMH services can promote engagement between clients and service providers by breaking the
power imbalance and then creating facilitating effects

Theme 5: Ability of DMH services to cover a wide range of settings and First Nations population groups

• High applicability across different age
groups and mental health conditions [69].

• DMH services could cover sensitive topics
due to their nature of indirect engagement
[69,78].

• Compared to typical face-to-face mental
health services, DMH services could cover
longer reference periods on substance use
topics [72].

    DMH services could cover different types of clients, topics, and reference periods

• DMH services may not be able to cover se-
vere mental health conditions, such as sui-
cide [75,78].

    DMH services fail to cover some severe mental health conditions, which is considered a barrier

Theme 6: Acceptability of First Nations people to DMH services
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Supporting evidenceTheme and subtheme

• Satisfaction and optimism regarding DMH
services and willingness to use DMH ser-
vices to seek help were presented by First
Nations clients, indicating high acceptability
[68,69,71,74,75,77,81,84,86].

• First Nations people also expressed their
idea of not expecting to receive help from
DMH services [73].

    Acceptability of First Nations people to DMH services is perceived as high

• Clients reported that the DMH services they
received had an attractive or engaging visual
design, which increased their acceptability
of DMH services [68,69,71,74,78].

• Some visual design problems also raised
the attention of clients, such as high text
density [70].

    Good visual design can facilitate participants’ acceptance of DMH services, while visual design
problems are considered barriers

• First Nations clients preferred the web-
based, client-led, and clinician-supported
nature of DMH services [74,75,83].

    The unique nature of DMH services has high acceptability among First Nations people

• First Nations clients perceived that mental
health resources in DMH services were
generally interactive and useful [71,80].

• Embedded media forms, such as games,
videos, and animations, were especially
preferred by First Nations clients [68,75].

• Tailored content for First Nations students
was welcomed [83].

    Attractive and useful content included in DMH services facilitates First Nations people to accept
DMH services

• Inadequate and repetitive content in DMH
services reduced the acceptability of DMH
services [68,71,84].

    Inadequate, repetitive, and less engaging content included in DMH services is considered a bar-
rier

• The unique functions of DMH services,
such as text messages sent as reminders or
data capture functions, were acceptable for
First Nations clients and prompted clients
to use those services [68,69,74,78].

    The unique functions of DMH services increase their acceptability among First Nations clients

• However, some functions of DMH services
were ignored, could hardly be used, or could
not fit in special contexts, such as in prison
[68,71,74,75].

    Some functions are not attractive enough or are difficult to use, resulting in lower acceptability
of DMH services

• DMH service apps with high privacy and
data safety were preferred [76].

• Some service providers and clients also
considered data unsafety as a potential risk
and barrier [67,78].

     DMH services with data safety have high acceptability, but the concern about data safety is
perceived as a barrier

Theme 7: Ability of DMH services to integrate with existing contexts

• Some service providers felt that it was
challenging to integrate DMH services into
their routine care because DMH services
may not easily fit group clients, pre-existing
practices, and local community status
[79,80].

    Some DMH services are hard to integrate with existing contexts

Theme 8: Digital literacy of clients and service providers
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Supporting evidenceTheme and subtheme

• Young clients presented especially high
digital literacy and willingness to receive
DMH services [67,80].

• Based on their own enthusiasm for using
DMH services or specific DMH training,
some service providers obtained high DMH
literacy [66,67].

    Clients and service providers who have high digital literacy facilitate the uptake of DMH services

• Some clients reported that the DMH app is
difficult to operate [70,75,78].

• Relatively lower digital literacy resulted in
lower awareness of DMH services
[68,75,80].

    Clients who do not have high digital literacy may face challenges when operating DMH services

• Low digital literacy of service providers led
to negative perceptions, including overesti-
mating the complexity of technology or
thinking DMH services will distract them
from their current job [66,67,78].

• Inadequate digital literacy among service
providers created challenges in maintaining
and using DMH services [67,79,80].

• Overall, the digital literacy level among
service providers was highly heterogeneous
[78,79].

    Service providers who do not have high digital literacy may face challenges when operating or
providing DMH services

Theme 9: Efficiency of DMH services

• Service providers believed that DMH ser-
vices could reduce the time cost of record-
ing client notes and waiting for data trans-
mission, and these had advantages for data
recording and management compared to
typical paper format services [78,80].

    DMH services have high efficiency and are considered time-saving

aDMH: digital mental health.

Organizational Factors
Organizational factors related to the administration and
management of the organization (usually service providers)
could either facilitate or create barriers to implementing DMH
services.

Four studies asked stakeholders and service providers to
generally comment on DMH services [66,78-80]. The supportive
structure within the organizations was a significant facilitator,
which included the regular supervision and review of DMH
service utilization [78]; being supportive of allocating resources,
time, and training [79]; and building the work culture that
welcomes DMH services within the workforce [80]. Direct
support from managers was also considered to facilitate the
uptake of DMH services [80] by increasing the opportunity and
interest of staff in adopting DMH services [66].

Four studies asked mental health service providers about their
general perspectives on DMH services [66,79,80] and on using
DMH services in suicide prevention [67]. Service providers
reported that organizational factors created barriers for the
uptake of DMH services. These included a lack of organizational
support [80], administrative obstacles, obstructive IT policies
within the workplace [66,79], work restrictions [67], a lack of
training resources within organizations [79], and time allocated

to cope with the extra workload brought on by the
implementation of DMH services [66,79,80].

Cultural Appropriateness
Cultural appropriateness was perceived as a critical determinant
of the uptake of DMH services within First Nations people in
Australia, with high cultural appropriateness facilitating uptake
and low cultural appropriateness impeding uptake.

Ten studies reported high culturally appropriate DMH services
[69-71,74-76,78,81,83,84]. The users of the AIMhi Stay Strong
app [69] and its custodial version [74] reported satisfaction with
cultural safety. Similarly, participants in programs, such as the
“SMS4dads” mobile app program, “Stayin’ on Track” website
program [70], AIMhi-Y app program [76], and iBobbly suicide
prevention program [84], valued the culturally appropriate visual
and content design [76] as well as the private space these tools
provide to reduce shame and stigma [75,84]. Stakeholders also
highlighted the empowering nature of DMH services that
allowed users to record personal information and engage with
culturally meaningful content [71,78].

The “Strong & Deadly Futures” web-based substance use
prevention program, though designed for the general population,
was also praised for its cultural appropriateness owing to its
inclusion of First Nations characters and an equitable learning
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environment for both First Nations and non-First Nations
students [81,83].

Three studies reported a lack of cultural safety within DMH
services [67,75,83]. Some First Nations health workers
perceived digital suicide prevention tools as culturally
inappropriate, reflecting broader concerns about cultural
unsafety in the mental health system [67]. Users of the AIMhi
Stay Strong app and the iBobbly suicide prevention app
expressed uncertainty about whether these tools could address
trauma linked to colonization [75], and “Strong & Deadly
Futures” participants provided mixed responses for the use of
“Aboriginal English” [83].

Accessibility
Accessibility was another key determinant of DMH service
implementation among First Nations people. Two studies
generally evaluated accessibility [83,86], noting that MindSpot
could deliver care when local face-to-face mental health services
were unavailable [86], and Strong & Deadly Futures was
accessible to users with varying abilities [83]. However,
concerns remained about poor communication systems, limited
resources, slow response times, and service gaps in digital
suicide prevention tools [67].

Five studies reported that improved digital infrastructure
supported access to DMH services [67,75,77,78,84]. Apps, such
as AIMhi and iBobbly, were considered accessible due to their
compatibility with multiple devices and their portability
[67,75,77,78,84], which enabled use across locations and levels
of remoteness. Nevertheless, limited availability of devices and
internet connectivity reduced access [78-80], particularly in
remote communities and custodial settings [74,75].

Cost was another barrier, with participants preferring
free-to-download apps, and the fees for the AIMhi Stay Strong
and iBobbly apps were seen as deterrents [75,76].

Finally, language barriers restricted access, as most apps lacked
First Nations language options, making it difficult for some
users to understand key terms such as “resilience” [69,75,78].

Integration
The difficulty in integrating DMH services with existing
practices was generally perceived as a barrier in the included
studies. More specifically, some service providers in 2 studies
commented on applying DMH services in general mental health
areas [79,80] and reported difficulties in integrating DMH
services into usual practices when facing non-one-to-one
settings, such as facing a group of clients [79], or the need to
fit existing practices and the local community status [80].

Engagement (Between Service Providers and Clients)
Three studies highlighted that DMH services promoting
engagement between clients and service providers were well
received in general mental health care [69,74,78]. The AIMhi
app was reported by health providers to reduce barriers, such
as power imbalance, and foster positive relationships between
health care providers and clients [69]. Moreover, stakeholders
expanded this result to other DMH tools that could provide
indirect engagements when solving sensitive issues and

supported the building of positive relationships [78]. Improved
rapport was also observed in custodial settings through the
custodial version of the Stay Strong app [74].

Coverage
Coverage refers to the ability of DMH services to cover different
types of clients and various mental health conditions. Three
studies found that broader coverage facilitated implementation
[69,72,78]. The AIMhi app was reported to reach clients across
age groups and symptom profiles, including those who were
otherwise difficult to engage [69]. Moreover, clients of the
AIMhi app [69] and service providers providing general
opinions on DMH services [78] noted that DMH services could
address sensitive mental health topics. Furthermore, the Grog
Survey app, which aimed to investigate the alcohol dependence
status, enabled coverage of longer reporting periods than typical
clinical interviews [72].

However, 2 studies reported that clients and service providers
felt DMH services, including the AIMhi and iBobbly apps, may
be unsuitable for addressing severe mental health conditions
such as suicide [75,78].

Acceptability
Acceptability refers to the extent to which DMH services are
acceptable to First Nations Australians. Ten studies mentioned
overall positive acceptability [68,69,71,73-75,77,81,84,86].
Except for Lifeline Australia, which was rated low due to
participants’ limited expectations of receiving suicide prevention
support [73], all other services, including the AIMhi Stay Strong
app and its custodial and youth versions [68,69,74],
“MAMA-EMPOWER” [71], AIMhi, iBobbly [75,84], “Strong
& Deadly Futures” [81], and MindSpot [86], were generally
well received, showing high satisfaction, usability, and
acceptability [77].

The nature of DMH services was reported as acceptable by 3
studies [74,75,83]. The custodial version of the AIMhi app was
appraised for its client-led nature [74], and the AIMhi app and
iBobbly suicide prevention app were praised for their
clinician-supported nature that could overcome mental health
literacy barriers [75]. The web-based nature of “Strong &
Deadly Futures” was preferred by students of web lessons [83].

Two studies emphasized relevance and noted that
MAMA-EMPOWER was meaningful to users facing relevant
issues, although substance use content was viewed as less
relevant by nonusers or younger students [71,81].

Four studies discussed digital functions, identifying useful
features, such as text messaging in AIMhi [68], service
consistency functions in AIMhi [69], goal-setting in the custodial
Stay Strong app [74], and data capture features [78]. However,
some functions were ineffective or difficult to use, such as the
“stories” page in AIMhi-Y [68], and had limited avatar
customization [74] and hard-to-use designs [71,75].

Five studies described content as a major contributor to
acceptability [68,71,75,80,83]. Participants valued engaging
and informative material, including media components (games,
videos, and graphics) and culturally tailored content for First
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Nations users [83]. Conversely, inadequate or repetitive content
reduced engagement [68,71,84].

Six studies addressed visual design [68-71,74,78]. Most
participants praised the cultural appropriateness, color, and
user-friendly layout of AIMhi and MAMA-EMPOWER, while
some found SMS4dads and Stayin’ on Track overly text-heavy
[70]

Finally, 3 studies discussed data safety and privacy as concerns
[67,76,78]. Youth participants preferred DMH tools with secure
data handling [76], but general apprehension about data security,
particularly in suicide prevention contexts, was reported as a
barrier [67,78].

Digital Literacy
Digital literacy was identified as a key determinant of the
implementation of DMH services. Three studies reported that
high digital literacy facilitated the use and acceptability of DMH
services [66,67,80]. Young First Nations clients with higher
digital literacy demonstrated greater acceptance of DMH tools
[67,80], and some suicide prevention gatekeepers preferred
digital platforms, such as Facebook, for service delivery [67].
Training also improved providers’ digital literacy, enhancing
DMH adoption [66].

However, low digital literacy hindered engagement for both
clients [68,70,75,78,80] and service providers [66,67,78-80].
Clients reported difficulty operating apps, such as SMS4dads,
Stayin’ on Track, AIMhi, and iBobbly [70,75,78], with some
forgetting or being unaware of DMH tools [75]. Among
providers, digital competency varied widely, with some
describing themselves as “less technologically competent” and
struggling with basic functions like downloading apps
[67,79,80].

Efficiency
Efficiency was another determinant of the implementation of
DMH services. Two studies [78,80] reported that service
providers perceived DMH services as improving efficiency.
More specifically, DMH services could reduce the time cost of
recording client notes and waiting for data transmission [78],
offering advantages in data recording and management
compared with traditional paper-based systems [80].

Discussion

Principal Findings
This is the first review to synthesize evidence on the
effectiveness of DMH services and the determinants of the
facilitators and barriers of DMH services for First Nations
people in Australia. Our review found that DMH services were
effective in assessing mental health conditions, monitoring
mental health status, and delivering mental health education,
and had the potential to improve mental health conditions among
First Nations Australians. However, the effectiveness of these
services for severe mental health conditions remains limited.
Additionally, this review identified determinants that could
facilitate or inhibit the uptake of DMH services among First
Nations people in Australia.

Effectiveness of DMH Services
The effectiveness of DMH services for First Nations Australians
varied across different mental health outcomes and intervention
types. Consistent with a previous government report [88] and
similar studies [89-91], qualitative studies included in this
review suggested that DMH interventions can support mental
health improvement, increase self-reflection, and enhance
self-confidence and empowerment [68,74,75,80,81,84].

Considering that most included DMH services applied culturally
adapted designs, these findings align with broader evidence that
culturally adapted DMH tools can provide valuable support for
the mental health of First Nations people [3,10,92]. However,
concerns remain about the adequacy of digital interventions for
severe mental health conditions, particularly suicide prevention,
where some participants expressed doubts about their
effectiveness beyond mild to moderate distress [75,84,85]. This
highlights the ongoing challenge of delivering digital suicide
prevention interventions effectively in First Nations
communities, as also noted in previous research [55].

Moreover, evidence supports the effectiveness of DMH
interventions for substance use. The Grog Survey app accurately
identified at-risk drinkers with high sensitivity and reliability
[72], and it was as effective as the web-based lesson package
Strong & Deadly Futures in preventing substance use [81].
However, the AIMhi-Y app was ineffective in reducing alcohol
and drug use symptoms [68], indicating that while DMH tools
could be valuable for monitoring and performing early
intervention, they might not have sufficient therapeutic impact
for substance use disorders without additional face-to-face
support. This aligns with previous research on First Nations
people in the United States, who had insignificant therapeutic
outcomes [93]. The use of DMH interventions for cognitive
assessment has also yielded mixed results [82,87]. These
findings highlight the need for careful adaptation of cognitive
assessments for telehealth delivery, as the telehealth version of
the test reduced the visual cues of the test [87] and resulted in
insignificant results, but the same test that was delivered through
video conferencing obtained acceptable effectiveness compared
with typical in-person services [82]. Finally, our engagement
and user perception findings indicated that DMH education and
behavioral change interventions can be beneficial but require
further refinement. For instance, the Strong & Deadly Futures
program was generally acceptable to First Nations students
owing to the perceived effectiveness in preventing substance
use [81]. However, a substantial proportion of students remained
unsure about applying the information in their own lives. This
suggests that while digital education programs can improve
mental health literacy, their impact on long-term behavioral
change may be limited without additional reinforcement, as
noted in previous research [94].

This review found that the effectiveness of DMH services for
First Nations people in Australia is in line with that for First
Nations people from other countries. For example, the
effectiveness of DMH services in Australia was found in
international evidence, such as a general mental health program
that successfully caused positive behavioral change for First
Nations people in Canada [95] and a mental health screening
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program in New Zealand [96]. This indicates that the experience
and knowledge generated from First Nations people can be
generalized. Heterogeneity was present in some areas. For
example, a program in the United States achieved statistical
significance in treating substance use issues for First Nations
people [93], while a program with a similar target only obtained
insignificant results in Australia [68]. Considering that the
situation and historical factors faced by First Nations people in
Australia are unique, care should be taken when generalizing
the results from this review.

Determinants of the Uptake of DMH Services Among
First Nations People in Australia
This review highlights that the implementation of DMH services
for First Nations people is shaped by interconnected structural,
cultural, and individual factors. Organizational readiness,
including leadership support, workforce capacity, and digital
infrastructure, remains foundational. Leadership drives the
strategic vision, fosters innovation, and ensures resource
allocation, which are essential for successful implementation
[97,98]. Strong leadership also facilitates stakeholder
engagement and addresses resistance to change, which are key
factors in digital health uptake [99]. Organizational support
further enhances workforce readiness and policy development,
sustaining long-term adoption [100]. Without these elements,
DMH initiatives risk poor adoption and limited impact
[66,67,79,80]. Additionally, cultural appropriateness emerged
as a defining determinant of uptake. Culturally safe, co-designed
tools enhanced engagement and empowerment, whereas
culturally unsafe or linguistically limited designs hindered trust
and acceptability. Culturally relevant app designs incorporating
First Nations art and metaphors were found to enhance
engagement [69,70,75,76,83,84]. This echoes prior research
emphasizing the importance of embedding cultural elements to
ensure relevance and acceptance within First Nations
communities [101].

Accessibility, digital literacy, and efficiency collectively reflect
the broader digital divide that continues to shape health equity
in Australia. First, inconsistent digital literacy among both
clients and practitioners has been previously identified as a key
obstacle to effective use of DMH services [66-68,70,75,78-80].
Delivering technology training and ongoing support could
improve digital literacy and confidence in using DMH services
[102,103], ultimately enhancing their uptake and efficacy among
First Nations communities. Second, while improved
infrastructure and targeted training enhanced access and usability
in some First Nations communities, persistent disparities in
internet connectivity, device availability, and digital skills
constrained the scalability of DMH interventions, particularly
in remote and custodial settings [104]. Despite evidence showing
common ownership of digital infrastructure in some First
Nations communities [67,77], limited infrastructure and
technology access remain significant challenges, particularly
in remote communities where access to tablets, Wi-Fi, and
reliable technology is often restricted [67,69,75,77-80]. It has
been reported that First Nations Australians, especially those
living in remote areas, are some of the most digitally excluded
populations [105]. This finding highlights the urgent need for
targeted investments in digital infrastructure to bridge the

technology gap and ensure equitable access to DMH services.
To address these challenges, it could be helpful to expand
community Wi-Fi programs, provide subsidized digital devices,
and implement mobile-based DMH solutions that require
minimal bandwidth [88]. The Mob Link initiative by the Institute
for Urban Indigenous Health is a strong example [106], as it
provides culturally responsive digital health support, including
assistance with telehealth and digital access, helping to reduce
barriers and improve engagement with health care services.
Without sustained investment in digital inclusion and
community-based training, DMH services risk reproducing
existing inequities rather than closing service gaps [107].

At the service level, DMH tools enhance engagement and
communication between clients and providers, supporting
self-reflection and rapport. However, limited integration with
existing care models, concerns about data privacy, and
uncertainty about applicability to severe mental health conditions
reduce trust and engagement with DMH services and signal the
need for clearer clinical pathways and blended-care frameworks.
For instance, privacy concerns and the fear of data misuse have
been constantly identified as significant deterrents to the uptake
of DMH services [67,78]. It is imperative to address the
concerns of First Nations people regarding data sovereignty and
the potential misuse of personal health information [108], so
that DMH services can be designed with robust privacy
protection and transparent data governance frameworks.
Furthermore, streamlined data management and integration may
be helpful for integrating DMH services and reducing
administrative burden, enabling system-level adoption of DMH
services for First Nations Australians.

Heterogeneity of DMH Service Types
This review included various DMH service types, which caused
differentiation in determinants. For example, the telehealth
version of an included cognitive screening tool showed lower
effectiveness due to the absence of visual cues in the test [87],
while the same test with visual cues obtained acceptable
effectiveness [82]. A possible explanation for this difference is
that the latter test was delivered through video conferencing
and involved a complete version of the assessment containing
images and visual cues. Similarly, the visual design and
multimedia content of DMH apps [68,69,71,74,75,78,80,83]
and the various digital functions in DMH apps [68,69,74,78]
were praised for increasing the acceptability of DMH services
among First Nations people. However, no similar facilitators
were reported by the users of telehealth DMH services, hinting
at the potential benefits of designing app- or web-based DMH
services compared with telehealth DMH services. Despite such
diversities, this review aimed to synthesize all evidence
representing technology-assisted mental health services.
Therefore, it has provided an integrated understanding of how
digital approaches have been applied to support mental health
among First Nations people.

Limitations
We acknowledge that this review has several limitations. First,
the included studies were highly heterogeneous in terms of
intervention types, study designs, and outcome measures. This
limited our ability to draw precise or generalizable conclusions
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about overall effectiveness. Second, as our search was restricted
to academic databases, relevant gray literature may have been
missed, potentially contributing to publication bias. Third, many
included studies had a moderate to high risk of bias, with small
sample sizes and self-reported outcomes, which may reduce the
certainty of the evidence.

Conclusion
This review highlights the effectiveness of DMH services in
assessing, monitoring, and managing mental health conditions
for First Nations Australians. However, information on their
impact on severe conditions, including suicide, remains limited.
Digital health apps showed promising results in improving
general mental health support. Digital health apps and online
courses were also perceived to be effective in preventing and
assessing substance use, but did not have a significant treatment
effect on managing it. For screening mental health conditions,
the digital health versions of instruments were comparable to
face-to-face versions, while the telehealth versions showed less
effectiveness than both the digital health and face-to-face
versions, indicating that effectiveness may vary across different
types of DMH services.

Long-term funding in DMH services through culturally
responsive community services (eg, Institute for Urban
Indigenous Health) from the government or organizations should
be beneficial, especially for First Nations people facing barriers
to accessing in-person mental health services (eg, those who
reside in remote areas) and for DMH services that are supported
by evidence.

This study also identified key facilitators (eg, strong leadership,
culturally relevant designs, clinician-supported tools, and
community) and major barriers (eg, digital exclusion, low digital
literacy, and privacy concerns). These findings highlight the
need for targeted infrastructure investment that can reduce the
digital divide for First Nations people, especially in regional
and remote communities; digital training for both mental health
care providers and First Nations clients; and transparent data
governance. However, the evidence should be interpreted with
caution, given the heterogeneity of study designs and outcomes,
potential publication bias, and moderate to high risk of bias
across the included studies. Future research should focus on
co-designing DMH services with First Nations communities,
rigorously evaluating their effectiveness, and integrating them
into existing health care models to ensure accessibility, cultural
relevance, and long-term impact.
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Abstract

Background: Delayed recognition of patient deterioration in a non–intensive care unit (ICU) setting contributes to serious
adverse events. Continuous monitoring devices with alerting systems offer real-time data to support early detection, but their
effectiveness depends on usability. While prior reviews focus on clinical outcomes, usability—defined by effectiveness, efficiency,
and satisfaction—remains underexplored.

Objective: This study aims to scope the evidence related to the usability of continuous monitoring devices with deterioration
alerting in noncritical adult care units.

Methods: A scoping review was conducted following the Joanna Briggs Institute methodology and reported in accordance with
the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews)
guidelines. A comprehensive search of MEDLINE, Embase, Emcare, Web of Science, and IEEE Xplore was performed for studies
published up to November 2024. Title and abstract screening, full-text review, and data extraction were independently conducted
by 2 reviewers. Studies were included if they (1) evaluated the usability—defined as effectiveness, efficiency, or satisfaction—of
continuous monitoring devices; (2) focused on adult patients in non-ICU hospital settings; (3) used primary data; (4) were published
in English; and (5) described how clinicians received alerts.

Results: The search identified 1284 papers, with 35 included. Most studies focused on postoperative patients in surgical wards,
mainly from the United States and the Netherlands. Only 2 studies used mixed methods, and 10 reported clinician characteristics.
While effectiveness (71%) and efficiency (74%) were widely studied, satisfaction (46%) and usability barriers (29%) received
less attention.

Conclusions: Continuous monitoring devices with deterioration alerts may reduce rapid response team calls and ICU transfers,
save time, and maintain acceptable alarm frequencies with high user satisfaction. However, usability challenges persist, including
technical issues, alarm fatigue, patient discomfort, and limited training or workflow integration. This review mapped current use,
usability, and barriers, categorized key usability factors for improvement, and identified the need for further research on clinician
perspectives and broader health care settings to enhance generalizability.

(Interact J Med Res 2026;15:e75713)   doi:10.2196/75713

KEYWORDS

continuous monitoring; monitoring; wearable devices; early warning score; vital sign; alerts; alarms; deterioration

Introduction

In 2022‐2023, the United Kingdom recorded 16.4 million
hospital admissions, compared to 33.7 million in the United
States and 12.1 million in Australia [1-3]. Many of these patients
may experience severe adverse events (SAEs), such as cardiac
arrests or intensive care unit (ICU) admissions, during their
hospital stay, with estimates ranging from 5% to 10% [4,5].
According to UK data, 23% of in-hospital SAEs resulting in
sudden death are due to failures to recognize or respond to
patient deterioration [6]. This issue is particularly concerning
in non-ICU environments, where higher nurse-to-patient ratios

require nurses to divide their attention among multiple patients,
making timely identification of patient deterioration more
challenging [7]. As van Galen et al [8] reported, 46% of 49
unplanned ICU transfers were linked to insufficient monitoring
by nurses, highlighting the urgent need for enhanced monitoring
strategies to support timely identification of at-risk patients in
general wards.

The early warning score (EWS) is a widely used tool for early
detection of patient deterioration in non-ICU settings [9]. It
assigns weighted scores to vital signs (eg, respiratory rate,
oxygen saturation, blood pressure, heart rate, temperature, and
consciousness) to assess severity and guide interventions [9].
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Studies have shown that the EWS can effectively identify patient
deterioration, potentially reducing mortality rates in general
wards [10,11]. The systematic review by Smith et al [11] of 21
retrospective studies in academic hospitals, primarily involving
patients from medical and surgical wards, found that applying
EWS was associated with a reduction in hospital mortality rates
from nearly 50% to 40% and reduced cardiac arrest rates from
50% to 35%. However, studies also highlight that the
effectiveness of the EWS can be compromised by inaccuracies
in recorded data and its inability to capture immediate, real-time
changes in vital signs [12,13]. In many general wards, nurses
measure vital signs infrequently due to high patient-to-nurse
ratios (especially compared with ICU settings) and intense
workloads, which leave significant gaps during which critical
signs of patient deterioration may be missed [12,13]. Incomplete
and delayed data are associated with 19% of EWS inaccuracies
in the United Kingdom and untimely responses in 75% of
high-risk cases [14].

To help nurses improve the accuracy and timeliness of patient
monitoring, real-time continuous monitoring systems with
deterioration alerts have been proposed. Using wearable sensors
or bedside monitors, these systems provide continuous data on
key physiological parameters and generate alerts when
out-of-range values are detected [15,16]. Multiple reviews have
examined the effectiveness of these systems in non-ICU settings.
Two reviews highlight positive outcomes: Downey et al [15]
reviewed 24 studies involving over 40,000 patients and reported
benefits such as reduced ICU transfers, shorter hospital stays,
and significant cost savings. Similarly, Sun et al [16], in their
meta-analysis of 14 studies, found that patients under continuous
monitoring had a 39% lower risk of mortality compared to those
with intermittent monitoring. However, other reviews have not
found that continuous monitoring improves patient outcomes.
Cardona-Morell et al [17] conducted a systematic review and
meta-analysis of 22 clinical studies, involving sample sizes
ranging from 16 to 64,661, and found no significant differences
in the proportion of high-risk patients requiring urgent attention,
preventing serious adverse events, cardiac arrests, or reducing
ICU transfers. Similarly, the meta-analysis by Areia et al [18]
reported potential reductions in ICU admissions and
complications but found no differences compared to standard
monitoring.

The differences in results across these reviews may be attributed
to several factors. First, the design and functionality of
continuous monitoring devices and their deterioration alerting
systems vary, leading to differences in how alerts are generated
and how clinicians interact with the devices. For example, Areia
et al [18] focused solely on wearable devices, while
Cardona-Morrell et al [17] included both wearable devices and
bedside monitors. Second, the sample size and composition
differed across studies. Downey et al [15] included 24 studies
covering 40,274 patients and 59 ward staff across 9 countries,
whereas Sun et al [16] analyzed 14 studies involving only 14,880
patients without including staff perspectives, resulting in a
smaller and more limited participant base. Finally, these reviews
primarily focused on device effectiveness, with limited attention
to factors such as patient satisfaction and clinicians’ adoption
preferences, while all emphasized the need for future research

on usability factors to enhance the devices’adoption and overall
effectiveness [15-18]. Collectively, these findings highlight the
limited focus on usability in current reviews, underscoring the
need for further investigation into usability barriers and their
impact on device usage.

Usability is a key factor in the adoption and successful use of
health care technology, as it directly influences whether systems
can achieve their intended goals, such as improving patient
outcomes. Notably, these devices do not function in isolation.
While they cannot make decisions, they provide essential
information that shapes clinical judgment. Therefore, careful
consideration of how these devices are integrated into clinical
practice is critical. In this sense, the device’s usability reflects
both its inherent attributes (eg, battery life, sensor design, and
interface clarity) and its application within the broader health
care context, where clinicians interpret data, make treatment
decisions, and adapt workflows accordingly. Poor usability,
such as unclear interfaces, false alarms, or complex workflows,
can lead to clinician disengagement, reducing trust and limiting
the system’s impact on clinical decisions and care processes
[19].

According to the International Organization for Standardization
(ISO), usability is defined as “the extent to which a product can
be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context
of use” [20]. ISO Standard 9241-11:2018 further breaks usability
into 3 dimensions: effectiveness, which refers to the accuracy
and completeness with which users achieve their goals;
efficiency, the resources required to achieve these goals; and
satisfaction, the comfort and acceptability of the system to its
users [20]. As highlighted in the previous paragraph, studies on
continuous monitoring and alerting systems in non-ICU settings
often emphasize effectiveness while neglecting other critical
factors, such as satisfaction and efficiency [15-18]. Therefore,
this review aimed to map existing evidence on the usability of
continuous monitoring devices with deterioration alerting
systems.

Methods

The review followed the Joanna Briggs Institute methodology
for scoping reviews. A scoping review was chosen because it
enables mapping of heterogeneous evidence across varied
definitions of “usability,” ensuring that all aspects of the concept
are covered. The review also adhered to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) guidelines for
transparent reporting.

The objectives of the review were framed using a Population,
Concept, and Context framework as follows:

• Participants: the review includes studies involving clinicians
working in non-ICU adult care settings, focusing on those
who interact directly with continuous monitoring devices
with deterioration alerting capabilities.

• Concept: the concept evaluated is the usability
(effectiveness, efficiency, and satisfaction) of continuous
monitoring devices that monitor vital signs and trigger
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alerts. These devices must demonstrate how they improve
clinical outcomes, enhance workflow efficiency, and
increase user satisfaction.

• Context: the context includes hospital settings where these
devices are applied in real-world non-ICU scenarios. Studies
must describe how clinicians receive alerts and interact
with these systems to ensure a comprehensive usability
assessment.

No published protocol or registration was in place before this
study.

Search
The search was conducted in published electronic databases up
to November 13, 2024, including MEDLINE, Embase,
Evidence-Based Medicine Reviews, Web of Science, and IEEE
Xplore databases. Gray literature was searched through Web
of Science.

The search strategy, incorporating the Population, Concept, and
Context framework and MeSH (Medical Subject Headings)
terms, was refined using search keywords from previous reviews
on continuous monitoring devices with deterioration alerting
systems’ capabilities [15-18,21].

A sample search strategy for MEDLINE was as follows:

(“adult care unit*” OR “general ward*” OR hospitalization OR
inpatient) AND (continuous* OR “real-time” OR remote* OR
wearable* OR sensor* OR monitor*) AND (“early warning
score*” OR “track and trigger” OR “deterioration alert*” OR
“deterioration alarm*” OR “deterioration warn*”)

The final search terms and database results are provided in
Multimedia Appendix 1.

Eligibility Criteria
The review included studies that evaluated the usability (of
continuous monitoring devices with deterioration alerting,

operated by clinicians in non-ICU hospital settings. Usability,
as defined by ISO 9241-11:2018, consists of 3 key dimensions:

• Effectiveness: the accuracy and completeness with which
users achieve their goals (eg, impact on ICU transfers,
hospital stays, and patient outcomes).

• Efficiency: the resources required to achieve these goals
(eg, alarm burden, false alert rates, and nursing workload).

• Satisfaction: the comfort and acceptability of the system to
its users (eg, clinician and patient perceptions of comfort
and acceptability).

The review focused on wearable sensors and bedside monitors
that automatically track vital signs—including heart rate, blood
pressure, respiratory rate, oxygen saturation, and
temperature—at intervals of no more than 15 minutes. Studies
were included if they described how clinicians received alerts,
as this helps assess the impact of alerts and devices on clinical
practice. Exclusion criteria omitted studies conducted in ICU
settings; those in which clinicians—especially nurses, who are
primarily responsible for patient monitoring—were blinded to
alerts or not included in the research; studies involving
participants under the age of 18 years; non-English publications;
and review or protocol papers. The full criteria are provided in
Textbox 1.

To ensure consistency in applying the inclusion and exclusion
criteria during the study selection process, a dual-reviewer
approach was used. The second reviewer independently
evaluated 33% of studies at each review stage, including
title/abstract screening and full-text review. If discrepancies
exceeded 25%, the criteria were revised, and the screening
process was repeated until the discrepancy rate fell below this
threshold. Conflicts of less than 25% were resolved through
consensus or consultation with a third reviewer. Additionally,
reference lists of included studies were examined to identify
further relevant studies meeting the inclusion criteria.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria:

• Studies evaluating the usability (effectiveness, efficiency, and satisfaction) of continuous monitoring devices with deterioration alerting in hospital
settings.

• Studies demonstrating the use of continuous monitoring devices with deterioration alerting in patient monitoring: alerts must be triggered by
monitoring one or more vital signs such as heart rate, blood pressure, respiratory rate, oxygen saturation, or temperature.

• Studies that describe how clinicians receive alerts.

Exclusion criteria:

• Studies not published in English.

• Studies that did not apply continuous monitoring devices with deterioration alerting in non–intensive care unit (ICU) hospital settings or failed
to clearly segregate data from non-ICU and ICU settings.

• Studies in which clinicians do not receive or acknowledge alerts: exclude studies where clinicians are kept unaware of alerts from monitoring
devices (ie, clinicians were “blinded” to alerts, or the device did not generate alerts, unless clinicians had another way to receive the alerts, such
as from ringing notifications or a central station).

• Studies stating that they involved participants younger than 18 years.

• Review or protocol papers: systematic reviews, meta-analyses, narrative reviews, and research protocols are excluded to focus solely on original
research and first-hand data regarding device usability.
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Data Extraction
A structured data extraction form (Multimedia Appendix 2) was
used to collect details on citations (author and year), study
characteristics (participants, setting, design, methods, and
country), device features (type, function, alerts, and application),
and usability aspects (effectiveness, efficiency, satisfaction, and
barriers).

First, a pilot data extraction phase involved both reviewers
independently reviewing 2 included studies. Second, after
independent extraction, both reviewers convened to discuss
their findings. Discrepancies were resolved through discussion,
and any unresolved issues were referred to a third reviewer.
Third, following alignment on the pilot studies, the first reviewer
extracted data from the remaining studies. The second reviewer
then reviewed these extractions to verify consistency with the
initial agreement and the standard definitions discussed.
Remaining conflicts were resolved through consensus or
consultation with a third reviewer.

Synthesis
Studies were summarized and categorized based on key
attributes, including publication year, country, study design,
and research aim. First, these categorizations mapped the current
research landscape and identified the distribution of studies

across various contexts. For example, the percentage of studies
conducted in different wards was reported to highlight where
these devices are most frequently used. Second, the extracted
data were categorized by common characteristics, such as device
type and alert type. Finally, a narrative synthesis was conducted,
thematically categorizing findings to align with the research
question and objectives. Studies were grouped by their focus
on usability (effectiveness, efficiency, and satisfaction) and
barriers to usability, summarizing their findings, such as the
accuracy of devices in detecting patient deterioration,
categorized under effectiveness.

Results

Search Outcome
The search identified 1284 paper citations. After excluding
duplicate records, 1007 records were deemed eligible for
screening. A total of 63 studies were selected based on abstracts
and underwent full-text review. After applying the inclusion
and exclusion criteria, 35 studies were selected for this review.
Figure 1 provides the study selection process in accordance
with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines (the PRISMA checklist
is provided in Checklist 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Overview of Included Studies
An overview of the included studies, including study design,
study devices, interventions, comparison groups, and outcomes

measured, is summarized in Table 1. Overall, the 35 studies
reported outcomes for a total of 65,029 patients and 323
clinicians in 8 countries. Multimedia Appendix 3 provides a
summary of the included studies.
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Table . Summary of the included studies.

Device typeAlert mechanism typeSample sizeStudy designStudy aim typeAuthor

Wearable devicesThreshold alert58 nursesCross-sectional surveyImplementation and
feasibility of continu-
ous monitoring systems

Becking-Verhaar et al
[22]

Bedside monitorsEWSa base alerts18,305 patients (9617
before intervention and
8688 after intervention)

Observational studyImpact on clinical out-
comes and patient
safety

Bellomo et al [23]

Bedside monitorsEWS base alerts133 patientsObservational studyTechnological evalua-
tion and alarm strate-
gies

Blankush et al [24]

Bedside monitorsThreshold alertsBaseline cohort: 1535
(control) and 1433 (in-

Randomized controlled
trial

Impact on clinical out-
comes and patient
safety

Brown et al [25]

tervention); postimple-
mentation cohort: 2361
(control) and 2314 (in-
tervention)

Wearable devicesThreshold alerts226 patients random-
ized (140 to continuous

Randomized controlled
trial

Nurses’ and patients’
perspectives and expe-
riences

Downey et al [26]

monitoring and 86 to
intermittent monitor-
ing)

Wearable devicesThreshold alerts12 patientsObservational studyComparison with
episodic monitoring

Downey et al [27]

Wearable devicesThreshold alerts136 patientsRandomized controlled
trial

Implementation and
feasibility of continu-
ous monitoring systems

Downey et al [28]

Wearable devicesThreshold alertsBaseline cohort: 2466
admissions and inter-

Observational studyComparison with
episodic monitoring

Eddahchouri et al [29]

vention cohort: 2303
admissions

Wearable devicesThreshold alerts57 patients observed,
37 on continuous

Prospective, descrip-
tive, observational
study

Nurses’ and patients’
perspectives and expe-
riences

Gazarian [30]

ECGb monitoring; 9
nurses

Bedside monitorsAI-basedc alerts629 patients (323 in
phase I and 306 in
phase III)

Observational studyTechnological evalua-
tion and alarm strate-
gies

Hravnak et al [31]

Bedside monitorsAI-based alerts326 patientsObservational studyTechnological evalua-
tion and alarm strate-
gies

Hravnak et al [32]

Wearable devicesThreshold alerts50 patientsObservational studyTechnological evalua-
tion and alarm strate-
gies

Joshi et al [33]

Bedside monitor +
wearable devices

EWS base alerts64 monitored roomsObservational studyTechnological evalua-
tion and alarm strate-
gies

Klumpner et al [34]

Bedside monitorsThreshold alerts35 (preimplementation:
13 and postimplementa-
tion: 22) clinicians

Observational studyImplementation and
feasibility of continu-
ous monitoring systems

Kuznetsova et al [35]

Wearable devicesThreshold alerts12 nursesObservational studyImplementation and
feasibility of continu-
ous monitoring systems

Leenen et al [36]

Wearable devicesThreshold alerts30 patients and 23
nurses

Observational studyImplementation and
feasibility of continu-
ous monitoring systems

Leenen et al [37]
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Device typeAlert mechanism typeSample sizeStudy designStudy aim typeAuthor

Wearable devicesThreshold alerts2 surgical units and 71
total beds

Observational studyImpact on clinical out-
comes and patient
safety

McGrath et al [38]

Wearable devicesThreshold alertsPreimplementation:
4324 patient days and
postimplementation:
4382 patient days

Observational studyImpact on clinical out-
comes and patient
safety

McGrath et al [39]

Wearable devicesThreshold alertsGeneral care units, in-
cluding a 36-bed ortho-
pedics unit and other
surgical and medicine
units; the exact number
of participants was not
specified, but the sys-
tem covered more than
200 inpatient beds.

Observational studyTechnological evalua-
tion and alarm strate-
gies

McGrath et al [40]

Bedside monitorEWS base alertsControl group: 320 pa-
tients and intervention
group: 274 patients

Observational studyImpact on clinical out-
comes and patient
safety

Mestrom et al [41]

Wearable devicesThreshold alertsControl group: 126 pa-
tients and intervention
group: 124 patients

Randomized controlled
trial

Impact on clinical out-
comes and patient
safety

Paul et al [42]

Wearable devicesAI-based alerts1529 patientsObservational studyNurses’ and patients’
perspectives and expe-
riences

Peelen et al [43]

Wearable devicesThreshold alerts298 patientsObservational studyImplementation and
feasibility of continu-
ous monitoring systems

Pollack et al [44]

Wearable devicesThreshold alerts742 patients (515 inter-
mittent monitoring and
227 continuous moni-
toring)

Observational studyImplementation and
feasibility of continu-
ous monitoring systems

Posthuma et al [45]

Wearable devicesThreshold alerts20 patientsObservational studyNurses’ and patients’
perspectives and expe-
riences

Sigvardt et al [46]

Wearable devicesThreshold alerts547 patients during the
intervention period and
27 nurses

Observational before-
and-after study

Impact on clinical out-
comes and patient
safety

Stellpflug et al [47]

Bedside monitors +
wearable devices

Threshold alertControl: 2139 patients
and intervention: 2263
patients

Observational before-
and-after study

Impact on clinical out-
comes and patient
safety

Subbe et al [48]

Wearable devicesThreshold alertPreimplementation:
3118 discharges (inter-
vention unit), 1260
(comparison unit 1),
2628 (comparison unit
2); postimplementa-
tion: 2841 discharges
(intervention unit),
1162 (comparison unit
1), 2389 (comparison
unit 2); 60 nurses

Observational before-
and-after study

Impact on clinical out-
comes and patient
safety

Taenzer et al [49]

Wearable devicesAI-based alerts34 patientsObservational studyImplementation and
feasibility of continu-
ous monitoring systems

Un et al [50]

Wearable devicesThreshold alert209 patients (93 inter-
mittent monitoring and
121 continuous moni-
toring)

Observational before-
and-after study

Implementation and
feasibility of continu-
ous monitoring systems

van Goor et al [51]
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Device typeAlert mechanism typeSample sizeStudy designStudy aim typeAuthor

Wearable devicesThreshold alerts39 patientsObservational retro-
spective study

Comparison with
episodic monitoring

van Rossum et al [52]

Wearable devicesThreshold alertsPreintervention: 427
patients and interven-
tion: 422 patients

Observational studyComparison with
episodic monitoring

Verrillo et al [53]

Wearable devicesAI-based alerts236 patients and 24
nurses

Prospective observa-
tional study

Impact on clinical out-
comes and patient
safety

Watkins et al [54]

Wearable devicesEWS-based alerts60 patientsRandomized controlled
trial

Comparison with
episodic monitoring

Weenk et al [55]

Wearable devicesThreshold alert736 patients, 23 nurses,
and 20 nursing assis-
tants

Prospective, observa-
tional study

Impact on clinical out-
comes and patient
safety

Weller et al [56]

aEWS: early warning score.
bECG: electrocardiogram.
cAI: artificial intelligence.

Characteristics of Included Studies
The overview of the studies’ characteristics is summarized in
Table 2. The aim of the included studies was categorized into
5 main subjects: implementation and feasibility of continuous
monitoring systems (n=9, 24%) [22,28,35-37,44,45,50,51],
comparison with episodic monitoring (n=5, 14%)
[27,29,52,53,55], impact on clinical outcomes and patient safety
(n=11, 31%) [23,25,38,39,41,42,47-49,54,56], nurses’ and
patients’perspectives and experiences (n=4, 11%) [26,30,43,46],
and technological evaluation and alarm strategies (n=6, 17%)
[24,31-34,40]. The included studies were predominantly from
3 countries: the United States (n=16, 46%)
[24,25,30-32,34,35,38-40,44,47,49,53,54,56], the Netherlands
(n=10, 29%) [22,29,36,37,41,43,45,51,52,55], and the United
Kingdom (n=5, 14%) [26-28,33,48]. The most common study
design was observational  (n=28,  80%)

[23,24,27,29-41,43,44,46-54,56]. Additionally, 20 of the
included studies (57%) were categorized as nonrandomized
trials [23-25,29,31-33,38,39,41,43,44,47-52,54,56].
Mixed-method studies were the least frequently used, with 2
studies (6%) [22,40]. Seventy-four percent of the included
studies had comparison groups (n=26), with before-and-after
implementation comparisons (n=11, 31%)
[23-25,31,32,35,39,40,49,51,56] and comparisons with
in te rmi t t en t  moni to r ing  (n=12 ,  34%)
[26,28,29,34,38,41-43,45,46,48,53] being most commonly used.
Sixty-three percent of studies used methods combining
electronic health records (EHRs), observations, clinical trials,
and experiments (n=22) [23-25,29-34,39,41-43,45,46,48-53,56].
The studies most commonly involved surgical-related wards
(n=18, 51%) [22,24-27,29,30,35,36,38-40,42,43,45,49,52,54]
and postoperative patients (n=17, 49%)
[26-30,33,37-39,41-43,45,49,52-54].
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Table . Overview of characteristics of included studies.

ReferencesStudies, n (%)Categories

Study aim (n=35)

[22,28,35-37,44,45,50,51]9 (26)    Implementation and feasibility of continuous

[27,29,52,53,55]5 (14)    Comparison with episodic monitoring

[23,25,38,39,41,42,47-49,54,56]11 (31)    Impact on clinical outcomes and patient safety

[26,30,43,46]4 (11)    Nurses’ and patients’ perspectives and experi-
ences

[24,31-34,40]6 (17)    Technological evaluation and alarm strategies

Country (n=35)

[24,25,30-32,34,35,38-40,44,47,49,53,54,56]16 (46)    United States

[22,29,36,37,41,43,45,51,52,55]9 (29)    Netherlands

[26-28,33,48]5 (14)    United Kingdom

[23]1 (3)    United States, Europe, and Australia

[42,46,50]3 (9)    Others

Study design (n=35)

[23,24,27,29-41,43,44,46-54,56]28 (71)    Observational study (prospective and retrospec-
tive before-and-after)

[25,26,28,42,45,55]6 (12)    Randomized control trial

[22]1 (3)    Cross-sectional survey

Comparison group (n=35)

[23-25,31,32,35,39,40,49,51,56]11 (31)    Before-and-after implementation comparison

[26,28,29,34,38,41-43,45,46,48,53]12 (34)    Comparisons with intermittent monitoring

[47]1 (3)    Comparisons with baseline data

[52,55]2 (6)    Comparison between the monitor and alert
method

[22,27,30,33,36,37,44,50,54]9 (26)    No comparison

Clinical settings (n=35)

[22,24-27,29,30,35,36,38-40,42,43,45,49,52,54]18 (51)    Surgical-related wards

[23,37,46-48,51,53]7 (20)    General wards

[55]1 (3)    Surgical and internal unit

[28,31-34,41,44,50,56]9 (26)    Others

Patient type (n=35)

[26-30,33,37-39,41-43,45,49,52-54]17 (49)    Postoperative

[25]1 (3)    General medical, trauma, and surgical patients

[24,48,50,51]4 (11)    Respiratory includes (COVID-19)

[31,32,34,46,47,56]6 (17)    Other

[22,23,35,36,40,44,55]7 (20)    Not specified

Device type (n=35)

[22,26-30,33,36-40,42-47,49-56]26 (74)    Wearable devices

[23-25,35,41]5 (14)    Bedside monitors

[31,32,34,48]4 (11)    Bedside monitors + wearable devices

Alert path (n=35)

[22,23,29-32,35,38,41,43,44,47,50,54]14 (40)    Alerts at central stations or system
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ReferencesStudies, n (%)Categories

[24-28,33,34,36,37,39,40,42,45,46,48,49,51-53,55,56]21 (60)    Alert to the central station or system and clin-
icians’ phones or mobile devices

Alert mechanism type (n=35)

[22,25-30,33,35-40,42,44-49,51-53,56]25 (71)    Threshold alerts

[23,24,34,41,55]5 (14)    Early warning score–based alerts

[31,32,43,50,54]5 (14)    Artificial intelligence–based alerts

Characteristics of Clinicians
Ten (29%) of the included studies reported clinicians’
characteristics involved in using continuous monitoring devices
with deterioration alerting [22,30,35-37,47,49,53,54,56]
(Multimedia Appendix 4). Seven studies reported incomplete
characteristics [22,36,47,49,53,54,56], and 4 studies provided
sample size and profession [47,49,54,56]. The available data
indicated more female than male clinicians, with mean ages
between 27 and 30 years. Most clinicians had 5-10 years of
work experience, with nurses being the majority of users
(Multimedia Appendix 5).

Overview of Study Devices
The devices used can be classified into wearable devices and
bedside monitors. Wearable devices, worn directly by the
patient, monitor vital signs continuously while allowing patient
mobility. The most commonly used wearable devices were the
SensiumVital patch (Sensium Healthcare; n=8, 23%)
[26-28,33,36,37,45,52] and ViSi Mobile (Sotera Wireless Inc;
n=7, 20%) [22,43,51,53-56]. The SensiumVital patch, applied
to the chest, monitors heart rate, respiratory rate, and body
temperature, transmitting data every 2 minutes to a central
station or mobile device, with visual alerts for deviations from
preset vital signs [26]. ViSi Mobile monitors heart rate, blood
pressure, respiratory rate, body temperature, and oxygen
saturation from the upper arm, chest, and wrist, sending visual
alerts to a central monitor and the nurse’s Wi-Fi phone [56].
Bedside monitors are stationary devices placed near the patient’s
bed, offering continuous monitoring within the monitor’s
vicinity. The IntelliVue Guardian Solution (Philips), used in 4
studies, tracks heart rate, respiratory rate, blood pressure, body
temperature, and oxygen saturation, providing visual alerts on
central and bedside monitors [23,24,41,48]. It can also be used
with wireless monitors on the chest, wrist, and upper arm,
ensuring continuous monitoring and timely clinical actions
[23,24,41,48].

The alerting mechanisms in the included studies were
categorized into 3 groups: threshold alerts, EWS-based alerts,
and artificial intelligence (AI)–based alerts. Threshold alerts
(n=25, 71%) notify health care providers when a monitored
vital sign exceeds predefined limits, typically applied to
respiratory rate, oxygen saturation, heart rate, and blood pressure
(with temperature less consistently included), although only a
minority of studies reported explicit numerical cut-off values
or which parameters most commonly triggered alarms
[22,25-30,33,35-40,42,44-49,51-53,56]. EWS-based alerts (n=5,
14%) are generated using an aggregated score based on multiple
vital signs to identify patients at risk of deterioration

[23,24,34,41,55]. AI-based alerts (n=5, 14%) use algorithms to
analyze vital signs and predict potential clinical deterioration
[31,32,43,50,54]. In terms of delivery methods, 20 studies
reported systems that sent alerts directly to clinicians’ mobile
d ev i c e s ,  i n c l u d i n g  p h o n e s  o r  p a g e r s
[24-28,33,34,36,37,39,40,42,46,48,49,51-53,55,56], while also
notifying the central nurse station. The remaining studies
indicated that alerts were sent exclusively to the central station,
highlighting variability in alert dissemination approaches.

Effectiveness, Efficiency, Satisfaction, and Barriers to
Usability
The included studies were analyzed for their reported
effectiveness, efficiency, satisfaction, and barriers to usability.

Effectiveness
Twenty-five studies (71% of all included studies) provided
r e l e v a n t  d a t a  o n  e f f e c t i v e n e s s
[23,25,26,28,29,31-33,36,37,40-45,47-50,52-56]. Eight of these
studies (32%) reported on rapid response team (RRT) calls: 2
studies indicated an increase [23,48], 1 study reported no
significant change [53], and 5 studies observed a decrease in
RRT calls [29,40,47,49,56]. ICU transfer rates were evaluated
in 13 (52%) studies, with 3 studies finding no significant change
[25,42,45] and 10 studies reporting a decrease
[28,29,31,32,40,47-49,53,56]. Mortality rates were assessed in
12 studies, with 5 studies noting an increase in survival rates
[23,31,32,48,49] and 7 studies finding no significant change
[26,28,29,41,53,56]. The length of hospital stay was examined
in 12 studies; 2 studies did not specify results [37,50], 5 studies
found no significant change [29,41,45,49,56], and 5 studies
reported a decrease [23,25,26,28,47]. Readmission rates were
evaluated in 3 studies, with 1 study [41] finding no significant
change and 2 studies [26,28] observing a decrease. Serious
adverse events were investigated in 6 studies, with 2 studies
identifying adverse events [50,52] and 4 studies reporting a
decrease [31,32,48,53]. Notably, 5 studies using AI-based
alerting systems demonstrated potential benefits
[31,32,43,50,54], including reduced mortality and ICU transfer
rates [31,32] and improved identification and reduction of SAEs
[31,32,50]. However, no significant tendency was observed
across other measured outcomes. Of the 4 studies that combined
bedside monitors with wearable devices [31,32,34,48], 3
reported strong effectiveness in reducing mortality, ICU
transfers, and SAEs [31,32,48]. However, the effectiveness of
bedside monitors alone remains unclear due to the limited
number of studies.

Overall, more studies suggested that RRT calls and ICU transfer
rates decrease after implementing continuous monitoring devices
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with deterioration alerting systems. However, the effects on
mortality, length of hospital stay, readmissions, and serious
adverse events remain inconclusive.

Efficiency
Twenty-six studies (74%) provided insights into efficiency
issues, such as alarm frequency, false alert rate, workload
impact, and time saving [22-24,30-40,42-44,46,47,49-52,54-56].
Alarm frequency was reported in 15 studies, with 4 studies
indicating excessive alarms (over 4 alarms per patient per day)
[24,30,36,56] and 11 studies reporting fewer than 5 alarms per
patient per day [34,35,37-40,42,43,49,52,54]. The false alert
rate was reported in 12 studies; 7 studies reported a high false
alert rate (>40%) [24,30,36,37,43,50,52], while 5 studies
reported a low false alert rate [31,34,44,49,56]. The impact on
workload was investigated in 15 studies; 5 studies were unsure
of the impact [22,39,47,51,56], 3 studies reported an increase
in workload [24,36,54], and 7 studies observed a reduction in
workload [32,34,35,38,40,46,50]. Time savings were evaluated
in 8 studies, with 1 study reporting unclear results [55] and 7
studies reporting time savings [22,35,38,44,46,47,56]. Most
current studies suggest that continuous monitoring devices save
time, although the impact on workload is less clear. Alarm

frequency generally remained below 5 alarms per patient per
day, but false alarms were reported as a common and significant
issue.

Satisfaction
Satisfaction with the devices was reported in 16 (46%) studies.
Comfort was reported in 8 studies, focusing only on patient
perspectives. Among these, 88% (n=7) [26-28,37,42,44,47]
reported that patients found the devices comfortable, while 1
study reported discomfort [22]. Acceptability was reported in
94% of the studies, with 8 studies reporting patient acceptability
[22,26-28,37,39,42,49] and 9 studies reporting clinician
acceptability [35,36,38,40,44,47,49,56]. High acceptability was
found among both patients and clinicians, with 1 study not
clearly stating clinician acceptability [53].

Barriers to Usability
Usability barriers were formally reported in 10 studies (29% of
all included studies) [22,26,27,30,35,36,39,44,47,49], while 5
studies mentioned them only in their discussion
[24,28,40,42,43]. These barriers included technical issues, alarm
management, patient comfort and experience, training and
knowledge needs, and workflow integration challenges (Table
3).

Table . Summary of barriers to usability (n=10, 29% of all studies).

Studies, n (%)DefinitionStudies

3 (20)Issues with device connectivity, battery life,
sensor attachment, internet connectivity, and
overall device design, along with technical diffi-
culties and artifactual issues, such as poor lead
adherence and interference, as well as the cum-
bersome nature of device use, including removal
and reapplication for showers.

Technical issues

[22,39,44]

3 (20)Frequent and high rates of initial false alarms
leading to alarm fatigue and inconvenience, in-
consistent practices in managing alarms, and
excessive alarms from the system, often due to
malfunctioning hardware or baseline tachycardia.

Alarm management

[26,30,49]

4 (27)Discomfort and skin reactions from the patch,
concerns about practicalities such as showering,
trust issues with technology reliability, patient
refusals due to discomfort, confusion, or personal
reasons, and discontinued monitoring due to
various factors, such as contact allergies or initi-
ation of palliative care.

Patient comfort and experience

[26,27,36,39]

5 (33)The need for patient education, ongoing training
and coaching for health care providers, and
challenges including alarm fatigue, accuracy and
trust issues, and insufficient training for sec-
ondary users are impacting the patient experi-
ence.

Training and knowledge needs

[22,26,35,36,39]

4 (27)Challenges with integrating the monitoring sys-
tem into clinical workflows, managing alarm
burdens, interpreting vital sign trends, ensuring
seamless integration with hospital systems, and
the potential reduction in face-to-face nursing
contact.

Workflow and integration issues

[27,36,47,49]

Technical issues were identified in 3 studies and included
problems with device connectivity, battery life, sensor

attachment, internet connectivity, and overall device design,
along with artefactual issues such as poor lead adherence (ie,
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leads detaching frequently and affecting continuous monitoring),
interference, and the cumbersome nature of device use, including
removal and reapplication for showers [22,39,44]. Alarm
management was a concern in 3 studies [26,30,49], with frequent
and high rates of initial false alarms leading to alarm fatigue
and inconvenience, inconsistent practices in managing alarms,
and excessive alarms often resulting from malfunctioning
hardware or baseline tachycardia. Unlike efficiency measures,
which assess the total number of alarms and false alarm rates
quantitatively, these studies highlighted usability-related
challenges, such as how clinicians respond to alarms, their
perceived reliability of alerts, and whether excessive alarms led
to desensitization or delayed responses to actual critical alerts.
Additionally, alarm issues were often linked to hardware
malfunctions or patient baseline conditions (eg, persistent
tachycardia triggering unnecessary alerts), which further
complicated clinical workflows and increased clinician
frustration. Patient comfort and experience were highlighted in
4 studies [26,27,36,39], discussing discomfort and skin reactions
from the patch, practical concerns such as showering, trust issues
with technology reliability, patient refusals due to discomfort,
confusion, or personal reasons, and discontinued monitoring
due to contact allergies or the initiation of palliative care.
Training and knowledge needs were emphasized in 5 studies
[22,26,35,36,39], underscoring the need for patient education,
ongoing training, and coaching for health care providers, with
challenges including alarm fatigue, accuracy and trust issues,
and insufficient training for secondary users impacting the
patient experience. Workflow and integration issues were
reported in 4 studies [27,36,47,49], noting challenges with
integrating the monitoring system into clinical workflows,
managing alarm burdens, interpreting vital sign trends, ensuring
seamless integration with hospital systems, and the potential
reduction in face-to-face nursing contact. Finally, only 6 studies
systematically surveyed usability barriers from clinicians’
perspectives, collecting data through interviews, surveys, or by
directly including clinicians as participants [22,30,35,36,47,49].

Discussion

Principal Findings
This scoping review aimed to map the evidence on the usability
of continuous monitoring devices with deterioration alerting in
non-ICU settings, according to the ISO standard. It focused on
effectiveness, efficiency, satisfaction, and the barriers affecting
usability. Current review findings suggest that while most
research supports the effectiveness and efficiency of these
devices, evidence regarding satisfaction and barriers to usability
remains limited, with usability barriers receiving the least
attention. Through the limited evidence, 5 key barriers to
usability were identified in this review: (1) technical issues (eg,
connectivity and battery limitations), (2) alarm management
challenges (eg, false alarms and alarm fatigue), (3) patient
comfort concerns (eg, skin irritation), (4) training gaps for
clinicians, and (5) workflow integration difficulties. Considering
the impact of barriers to usability on effectiveness, efficiency,
and satisfaction, a critical gap in the literature is highlighted
[19]. Future research should prioritize investigating usability
barriers by examining patient and clinician experiences and

developing interventions to overcome implementation
challenges.

The findings of this review suggest that continuous monitoring
devices with deterioration alerting are associated with reductions
in RRT calls and ICU transfer rates in some studies, supporting
previous reviews. Cardona-Morrell et al [17] and Sun et al [16]
also reported significant reductions in cardiac arrest calls and
rescue events associated with continuous monitoring. However,
mortality outcomes remain inconclusive, likely due to variability
in study designs, small sample sizes, and differences in patient
populations or clinical settings. Similarly, Cardona-Morrell et
al [17] and Areia et al [18] found no significant impact on
mortality, while Sun et al [16] reported a 39% reduction in
mortality risk, making it the only review with a significant
finding. Interestingly, previous reviews all reported
nonsignificant reductions in ICU transfers, which contrasts with
the findings of this review [15-18]. These findings collectively
suggest that continuous monitoring devices may improve patient
outcomes; however, further research is needed to provide more
evidence supporting their comprehensive benefits.

The efficiency of continuous monitoring devices with
deterioration alerting is supported by evidence indicating time
savings and manageable alarm frequencies. Most studies report
fewer than 5 alarms per patient per day, which is generally
acceptable to clinicians [56]. However, false alarms remain a
significant concern, with some studies reporting rates exceeding
40% following device implementation. This issue has been
highlighted in previous systematic reviews, which emphasize
the need for improved alert accuracy, as false alarms are
consistently identified as a usability barrier requiring further
research and refinement [15,16,18]. Additionally, the impact
of these devices on workload remains inconclusive, as findings
vary across studies—some report a reduction in workload, others
an increase, while some remain uncertain. Downey et al [15]
noted that nurses who received proper training and felt confident
using the technology experienced less workload strain, whereas
a lack of familiarity led to disengagement and a perceived
increase in workload. Given these inconsistencies, further
research is needed to establish clearer trends regarding the
workload impact of continuous monitoring devices.

Satisfaction with continuous monitoring devices is notably high,
with both patients and clinicians reporting positive experiences.
Most studies indicate that patients perceive these devices as
comfortable and acceptable. While previous reviews have
focused less on satisfaction metrics, Downey et al [15] provide
valuable insights, noting that patients and clinicians recognize
the clinical benefits of these devices and express willingness to
adopt them due to enhanced patient safety. These findings align
with the current review’s conclusions regarding high satisfaction
levels.

The barriers to usability associated with continuous monitoring
devices with deterioration alerting systems in non-ICU settings
are multifaceted, which prior reviews rarely address. Technical
issues found in this review, such as unreliable Wi-Fi
connectivity and sensors detaching from patients (triggering
nonactionable alarms), align with findings from Leenen et al
[21], whose review of 13 wearable devices highlighted design
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limitations—including partial wiring in supposedly “wearable”
systems that restrict patient mobility and generate clinically
irrelevant alerts. In addition, patient discomfort and experience,
manifested as skin irritation, mobility restrictions, and distrust
in device reliability, have been widely recognized as a barrier
in existing literature [15-18]. Furthermore, alarm management
challenges, particularly false alarms, exacerbate clinician
workload and desensitization, a concern echoed across previous
review studies [15-18].

Notably, this review identifies training gaps and workflow
integration challenges as critical yet underreported usability
barriers that were not emphasized in earlier literature [15-18].
Inadequate education for both patients and
clinicians—particularly regarding alarm interpretation, device
operation, and troubleshooting—amplifies usability challenges
and undermines system effectiveness. These findings align with
Chaniaud et al [57], who suggest that even basic, widely adopted
home devices (eg, blood pressure monitors and pulse oximeters)
require robust user education to achieve their full potential. This
highlights the universal importance of training programs tailored
to device complexity and user expertise. Similarly, poorly
integrated systems disrupt clinical workflows. For example,
devices that lack seamless connectivity with existing EHR
systems force clinicians to manually reconcile data, increasing
staff burden and reducing time for direct patient care [49].
Collectively, these barriers highlight the necessity of holistic
solutions that address not only technical performance but also
human-centered design (eg, prioritizing patient comfort and
clinician workflow efficiency) and system interoperability to
maximize the potential of continuous monitoring.

One key aspect of the adoption and use of continuous monitoring
systems is the critical role of clinicians who are responsible for
implementing and managing these technologies. According to
these findings, nurses make up the majority of front-line users,
managing continuous monitoring, interpreting alerts, and
overseeing these technologies in non-ICU environments. This
highlights the need to prioritize nurses’ needs in the design and
integration of continuous monitoring with deterioration alert
systems. However, a significant limitation in the literature is
the disproportionate focus on patient experiences compared to
clinician-related factors. This imbalance is problematic because
clinicians’acceptance and effective use of technology are pivotal
to integrating these systems successfully into clinical workflows.
Few studies have examined usability barriers from the clinicians’
perspective or provided detailed data on factors such as
familiarity with devices, willingness to adopt new technologies,
and demographic characteristics (eg, age, gender, and
experience). In fact, clinicians’ attributes can significantly
influence usability, user behavior, and overall adoption of these
systems [58]. Or et al [58] demonstrate that clinicians who trust
and are willing to use technology are more likely to adopt EHR
systems in their practice. These findings align with Carayon
and Hoonakker [59], who argue that clinicians—as both
implementers and end users—are as critical as system designers
in determining health IT effectiveness. Their review underscores
that neglecting clinician-specific barriers risks poor adoption
and suboptimal outcomes. Addressing these gaps is essential
for ensuring the long-term viability of continuous monitoring

technologies and highlights the urgent need for studies that
prioritize clinician-centered usability metrics.

Finally, this review adds several key points compared to
previous reviews. First, AI-based alerting systems remain
underused and are not yet well tested in these studies, indicating
a need for further research to establish their effectiveness for
future applications. A systematic review by Muralitharan et al
[60] suggests that AI-based alerting methods perform better
than threshold alerts and EWS-based alerts; however, this
scoping review found limited practical application of AI-based
alerting, underlining the necessity for additional clinical trials.
Second, most studies on continuous monitoring devices with
deterioration alerting are concentrated in the United States and
are primarily conducted in surgical units with postoperative
patients. This suggests that the application of these devices is
currently limited to specific clinical settings, patient populations,
and geographic regions. However, continuous monitoring
systems have been highlighted as promising remote patient
monitoring solutions that can save clinicians time by alleviating
staffing burdens and improving patient safety—particularly in
light of staffing shortages in both limited-, low-, and
middle-income countries [61]. Third, implications for smaller
community hospitals and lower-resource wards also warrant
consideration. Most of the implementations identified in this
review were in larger, well-resourced centers, whereas prior
work has highlighted that higher nurse-to-patient ratios in
general wards and human-related monitoring failures are
important contributors to delayed recognition of deterioration
[7,8]. In settings where 1 nurse cares for more patients and
technical support is limited, the additional alarms and
infrastructure required for continuous monitoring may therefore
have different consequences for workload, alarm fatigue, and
value for money; although earlier reviews have described
potential cost savings in selected high-resource wards, economic
outcomes were rarely reported in this review’s included studies,
underscoring the need for formal economic
evaluations—particularly in community and
resource-constrained hospitals—before large-scale
implementation [15,61]. These gaps highlight the importance
of expanding research to assess the generalizability of
continuous monitoring technologies by exploring diverse clinical
environments and rigorously evaluating emerging AI-based
alerting systems.

Limitations
This review is limited to studies published in English, potentially
excluding relevant non-English publications and unpublished
studies. The focus on usability (effectiveness, efficiency, and
satisfaction) excludes studies that did not mention or examine
these aspects. Only studies providing primary data were
included, potentially omitting those reporting secondary data,
such as systematic reviews and meta-analyses, or unpublished
studies. Due to significant variations in methodology, objectives,
and reported data among the included studies, a meta-analysis
was not feasible. The search strategy excluded studies conducted
in the ICU or nonhospital services, focusing deliberately on
noncritical adult care units to investigate usability in these
settings. This may have omitted relevant studies that include
both ICU and non-ICU settings. Furthermore, as a scoping
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review, this study aimed to include a broad range of studies
without excluding any based on quality. Finally, usability was
measured with heterogeneous, study-specific items, and no
study used a validated instrument (eg, System Usability Scale),
precluding cross-system benchmarking or pooled usability
scores. Alert parameters and thresholds were inconsistently
reported, limiting the comparability of alarm burden across
devices and protocols.

Conclusion
Continuous monitoring devices with deterioration alerting
systems are increasingly recognized as valuable tools for
preventing patient deterioration in non-ICU settings. However,
their successful implementation hinges on a comprehensive
understanding of usability (encompassing effectiveness,
efficiency, and satisfaction) and the barriers influencing
real-world adoption. This review indicates that these devices

can reduce RRT calls and ICU transfers, save time, and maintain
manageable alarm frequencies while achieving high user
satisfaction. However, significant usability barriers remain,
including technical issues, alarm management challenges, patient
discomfort, and insufficient training and workflow integration.
Moreover, most existing studies focus on effectiveness and
efficiency, leaving satisfaction and broader usability factors
understudied. Additionally, research has predominantly focused
on patient perspectives, often neglecting clinician insights and
has been limited to specific clinical contexts, patient populations,
and geographic regions, which raises concerns about the
generalizability of these findings. Future studies should prioritize
usability factors and expand to the clinicians’usage perspective
and diverse health care settings to ensure these technologies
deliver equitable, scalable improvements in patient safety and
optimize care delivery in non-ICU environments.
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Abstract

Background: Accurate monitoring of moderate-to-vigorous physical activity (MVPA) is critical for advancing public health
research and personalized interventions. Traditional accelerometry methods, reliant on regression-derived intensity cut points,
exhibit significant misclassification errors and poor generalizability to the free-living environment. Recent advancements in
machine learning (ML) and deep learning (DL) offer promising alternatives for automated MVPA detection.

Objective: This scoping review synthesizes evidence on ML and DL techniques for MVPA estimation and prediction using
accelerometer data, focusing on performance, algorithm bias, sensor configurations, and translational potential.

Methods: Following PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews) guidelines, we conducted a systematic search across PubMed, IEEE Xplore, and Web of Science (February
1995-April 2025), supplemented by snowball citation tracking. Two independent reviewers screened titles, abstracts, and full
texts against predefined inclusion criteria. Data from included studies were charted by one reviewer and verified by the other,
extracting details on study characteristics, sensor configuration, ML and DL techniques, validation methods, and performance
metrics. A narrative synthesis approach was used, guided by 6 research questions, to collate and summarize the findings. The
synthesis process was rigorously reviewed by multiple authors to ensure consistency.

Results: Of 1938 screened studies, 40 met the inclusion criteria, with 4 studies added by follow-up manual searches. While
traditional ML models (eg, random forest, support vector machine) achieved strong laboratory performance with F1-score of
87.4%-100% and accuracy of 87.9%-100%, their real-world performance declined by 8.0%-13.3% in F1-score and 6.6%-12.2%
in accuracy, due to environment noise and device heterogeneity. DL architectures (eg, convolutional neural networks, transformers)
achieved robust performance by leveraging raw signal dynamics with an F1-score of 71.9%-79.8% and an accuracy of 87.9%-100%
in free-living settings. Hybrid models (eg, convolutional neural networks and long short-term memory) demonstrated state-of-the-art
performance (F1-score 91.4%-98.4%, accuracy 97.7%-99.0%). Wrist-worn sensors dominated studies (30/40, 75%) and matched
hip/thigh placements in lab settings (mean F1-scores: 86.5%-88.6%), but multisensor configurations (wrist + hip) yielded the
highest accuracy (89.7%). Key challenges included algorithmic bias reducing applicability in older adult populations, and impaired
reproducibility, with only 42.5% (17/40) of studies sharing code and data. Emerging opportunities are noted for edge computing
and hybrid models integrating contextual data.

Conclusions: ML and DL significantly enhance MVPA monitoring by automating feature extraction and improving adaptability
to free-living variability. However, persistent gaps in generalizability, inconsistent validation protocols, and transparency deficits
hinder translation. The findings support the need for future research to prioritize inclusive model training, standardized reporting
frameworks, and open science practices to realize the equitable potential of artificial intelligence–driven physical activity
assessment.
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Introduction

Moderate-to-vigorous physical activity (MVPA) is defined as
activities requiring specific metabolic equivalent of tasks
(METs), such as 3 METs or 4 METs [1,2]. It is critical to
preventive health, linked to reduced risks of cardiovascular
disease [3,4], diabetes [5], and premature mortality [6]. Current
guidelines, such as those from the World Health Organization,
emphasize MVPA as a priority; for example, children and
adolescents are advised to engage in MVPA with an average of
60 minutes per day across the week to improve health [7,8].
Additionally, accurate measurement of physical activity is
critical for identifying the individual, environmental, and
sociocultural determinants and evaluating the efficacy of
intervention strategies. Accelerometer-based motion sensors,
owing to their compact design, durability, and low cost, have
emerged as the predominant tool for objective physical activity
assessment in diverse populations [9-12].

Traditional accelerometry methods, though widely adopted,
have historically been underused in research due to reliance on
intensity-based cut points derived from linear regression models
or receiver operating curves [13,14]. These approaches establish
thresholds by predicting energy expenditure from accelerometer
counts. However, proprietary count-based thresholds, such as
Freedson’s cut points [15], exhibit significant misclassification
of activity intensity (eg, sedentary, light, moderate, vigorous
intensity) of approximately 50% in adults [16] and 28%-45%
in children and adolescents [17-20]. Such methods fail to
account for biomechanical nuances (eg, energy expenditure
differences between walking on flat terrain vs uphill terrain) or
uncontrolled variables in free-living environments, such as
nonexercise movements [21,22]. The proliferation of conflicting
regression-derived cut points has further complicated cross-study
comparisons [23]. While these thresholds remain standard for
quantifying activity intensity, their inability to accurately predict
intensity across diverse activities is increasingly acknowledged
[22].

The advent of machine learning (ML) and deep learning (DL)
has revolutionized intensity recognition by enabling feature
extraction and classification from raw accelerometer signals
[24,25]. Compared with traditional cut point methods, ML
models (eg, random forests [RFs] and support vector machines
[SVMs]) leverage time- and frequency-domain features from
high-resolution triaxial data (eg, 30-100 Hz) to reduce energy
expenditure errors by 25%-50% in school-age children [19,26].
More recently, DL architectures, such as a convolutional neural
network (CNN) for local temporal pattern detection, a long
short-term memory network (LSTM) for modeling activity
sequences, Transformers for long-range dependency learning,
and hybrid models (eg, convolutional neural network and long
short-term memory [CNN-LSTM]), have further advanced the

field. These models identify MVPA bouts by modeling temporal
dependencies in continuous data streams [27].

Three distinct methodological approaches have emerged for
MVPA detection: The first one is based on activity
classification, which directly identifies MVPA from
activity-specific movement patterns [28,29]. The second one is
based on energy expenditure prediction from predefined MET
thresholds (eg, ≥3 METs) [19,30]. The third one is based on an
end-to-end DL architecture that automates hierarchical feature
extraction from raw accelerometer signals to classify activity
intensity directly or through energy expenditure estimation
[31-33]. Hybrid models, such as CNN-LSTM, further enhance
performance by integrating spatial feature extraction (via
convolutions) with temporal modeling (via recurrent layers) to
identify subtle biomechanical patterns (eg, stride variability
during running) and contextual transitions between movements
[34]. However, over 60% of models remain inaccessible due to
unshared code or validation protocols, perpetuating a “new
cut-point conundrum” that undermines cross-study comparability
and clinical utility [35].

Other shortcomings further undermine progress in
MVPA-specific research. First, lab-based findings fail to be
generalized to real-world conditions. For example, RF achieves
>90% accuracy in lab settings [36,37], but its free-living
performance degrades dramatically to around 66% [38].
However, only 10% of studies validate models in the real world
[39], limiting translational relevance. Second, disparities in
validation protocols, such as settings (laboratory-controlled vs
free-living environments), or device placement (hip vs wrist),
complicate cross-study comparisons. For instance, models
trained on hip-based ActiGraph data often underperform when
applied to wrist-worn devices [40]. Third, ethical and
reproducibility challenges, such as algorithmic bias against
older adults or clinical cohorts, and limited code or data sharing,
hinder the translation.

Several systematic reviews have explored the broader field of
activity recognition using accelerometers and artificial
intelligence (AI). However, a focused synthesis on AI-driven
MVPA detection is lacking. Previous reviews have either
focused on physical activity type detection in real-life conditions
rather than intensity-specific thresholds [41], provided the
general methodologies of human activity recognition using
wearable sensors and ML without a systematic analysis of
performance and bias in MVPA classification [42-44], examined
the validation of accelerometer-based monitors using ML but
not within the specific context of MVPA’s lab-to-real-world
gap [27], or highlighted the critical issue of accessibility and
reproducibility of novel analytical models but not connected
them to the development of equitable MVPA models [35]. Other
reviews have focused on specific aspects, such as calibration
techniques [45], sport-specific movements [46], or compared
DL architectures like CNN and LSTM [47]. While 2 recent
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reviews touch on predicting physical activity intensity from
smartphones or smartwatches [48,49], they do not encompass
the full spectrum of research-grade and wearable sensors, model
architectures, and the critical synthesis of translational
challenges presented here.

Therefore, this scoping review is the first to systematically scope
and synthesize the literature exclusively on ML and DL
techniques for MVPA intensity. We uniquely quantify the
performance of MVPA detection methods as a function of the
sensors used, sensor placement, target populations, feature
extraction strategies, model architectures, lab-to-real-world
settings, and look at possible algorithmic bias introduced by the
restricted age and health status of the tested participants.

Methods

Overview
This scoping review follows the Arksey and O’Malley
framework, which includes 5 key stages: identifying the research
question (RQ), identifying relevant studies, selecting studies,
charting the data, and collating, summarizing, and reporting the
results. The PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) was also consulted to ensure methodological rigor.
EndNote X9 (Clarivate Analytics) was used for reference
management, deduplication, and the screening process.

Identify the Research Questions
This paper presents a scoping review that synthesizes
advancements in ML- and DL-driven MVPA estimation and
prediction from accelerometer data. The review aims to answer
the following RQs:

• RQ1: What ML and DL techniques have been and are
currently used for MVPA detection from accelerometer
data?

• RQ2: How do accelerometer specifications (eg, sensor type,
sampling rate), body placement (eg, wrist, hip, and thigh),
and multisensor configurations influence model
performance and generalizability?

• RQ3: What’s the magnitude of the performance gap
between laboratory-controlled and free-living environments,
and what potential factors contribute to this disparity?

• RQ4: How do validation protocols vary across studies, and
how do inconsistencies in these protocols limit cross-study
comparability and clinical utility?

• RQ5: To what extent do current models exhibit biased
results, preventing generalization to older adult or clinical
populations?

• RQ6: What proportion of studies adhere to open science
practices, and how do transparency gaps hinder
reproducibility, scalability, and equitable deployment?

Identify Relevant Studies
To ensure a comprehensive and focused literature search, we
used a multi-step process. The search strategy was developed
and refined in discussion with all the authors, who have
specialized expertise in systematic review methodologies and
database search strategies. Initially, we conducted a preliminary

manual search to identify eligible studies and determine relevant
databases and query terms. The search strategy included the
following keywords and their combinations: “artificial
intelligence” (eg, “machine learning” and “deep learning”),
“accelerometer” (eg, “wearable device,” “smartphone,”
“smartwatch,” and “inertial measurement unit (IMU)”), and
“moderate-to-vigorous physical activity” (eg, MVPA, “physical
activity intensity,” and “energy expenditure”).

The comprehensive search was conducted across multiple
databases, including PubMed, IEEE Xplore, and Web of
Science. The search was conducted on April 4, 2025. To further
enhance the comprehensiveness of our search, a manual citation
search was conducted using reference lists of relevant studies
to identify other potentially eligible studies. The detailed search
strategies used to find relevant studies for this scoping review
are described in Multimedia Appendix 1.

Selection of Eligible Studies
We followed the steps outlined in the PRISMA (the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension guidelines) flow diagram to select eligible studies.
The study selection process involved 2 independent reviewers
(YZ and SRBVDV) who screened titles and abstracts, followed
by full-text assessment. Any discrepancies were resolved
through discussion. This process is illustrated in the PRISMA
flow diagram. The inclusion criteria were as follows: (1) studies
that applied ML or DL technique; (2) studies that used
accelerometry, no matter any location, number of sensors, or
any type of devices, such as accelerometers or smartphones or
smartwatches; (3) studies that estimated of MVPA as the
outcome; (4) studies that focused on human, any age group or
any health status; and (5) peer-reviewed studies published in
English.

The exclusion criteria were as follows: (1) studies that did not
involve ML or DL techniques (2) studies that relied on
multimodal sensor systems (eg, integrated heart rate monitors
with accelerometers) or nonaccelerometric data (eg, video-based
estimation); (3) studies that focused on nonhuman or
nonphysical activity contexts, such as only differentiating
sedentary behavior from nonsedentary activity; (4) studies that
focused on general activity recognition or physical activity
intensity classification without MVPA-specific analysis; (5)
studies that focused on theoretical models without empirical
validation; (6) studies that were not peer reviewed or reported
in a non-English language; and (7) studies without full text
available.

Data Charting
Duplicates were identified and removed using the automated
deduplication feature in EndNote X9, which was configured to
define duplicates based on matching author, publication year,
and title field. This automated process was followed by a manual
check to ensure the thoroughness and accuracy of deduplication.
Then, guided by the RQs, the following details were extracted
from included studies: study characteristics (eg, author,
publication year, population characteristics), sensor
configuration (brand and model, placement, sampling rate), ML
or DL techniques used to detect MVPA (features choosing
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strategy, features selected, MVPA classification technique),
ground truth validation of MVPA (via indirect calorimetry [IC]
or direct observation [DO]), validating setting (lab or free-living
conditions), classification performance metrics (F1-score and
accuracy), and code availability. In this review, only the F1-score
and accuracy for MVPA classification were extracted. In cases
where these metrics were not explicitly reported in the primary
studies, they were inferred from the provided confusion matrices
using the standard functions. Accuracy, representing the
proportion of total correct predictions, was calculated as:

The F1-score, the harmonic mean of precision and recall, was
calculated as

Where:

In which, TP is the number of true positives, TN is the number
of true negatives, FP is the number of false positives, and FN
is the number of false negatives.

Collating, Summarizing, and Reporting the Results
To answer the RQs, the results are organized into 6 sections:
evolution of feature engineering and model architectures,
task-specific insights, sensor performance, validation practices,
algorithmic bias, and reproducibility crisis.

A narrative synthesis approach was used, guided by the
predefined RQs. The extracted data were summarized
quantitatively (using frequencies and percentages) and
qualitatively (identifying key themes and trends). To ensure
rigor and trustworthiness, the data charting and initial synthesis

were performed by one author (YZ) and critically reviewed by
the others (SRBVDV, EJCDG, and PC) for accuracy and
consistency.

Ethical Considerations
This scoping review synthesized findings from previously
published research involving human participants. No new
participants were recruited, and no new primary data were
collected for this review. Consequently, separate ethical approval
for this specific synthesis was not required. All original studies
included in this review were expected to have obtained
appropriate ethical approval from their relevant institutional
review boards or ethics committees and informed consent from
participants, consistent with ethical standards for human
participation research involving sensor data. We noted that the
majority of included studies explicitly reported ethical approval
within their publications. For studies where an explicit ethics
statement was not found in the publication, we acknowledge
this limitation in reporting transparency. As this review analyzed
results reported in published literature and did not involve direct
access to or reanalysis of the raw accelerometer data from the
original studies, specific data licenses or permissions beyond
the published findings were not required.

Results

Overview
A total of 1938 articles were identified from PubMed (n=209),
IEEE Xplore (n=187), and Web of Science (n=1542). After
removing 11.8% (229/1938) of duplicates, 88.2% (1709/1938)
of the articles were included in the title and abstract screening
phase. After this phase, 156 (8.1%) were screened for eligibility
in the full-text screening phase. As a result, 36 articles met the
inclusion criteria. In addition, 4 studies were included from
manual searches. In total, 40 articles were included in this
scoping review, shown in Figure 1.
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Figure 1. PRISMA flow diagram of study selection. AI: artificial intelligence; MVPA: moderate-to-vigorous physical activity; PA: physical activity.

Overview of Included Studies
Table 1 provides a summary of included studies, including the
author’s name and publication year, mean age of participants
(SD), number of participants, sensor brand and specific model,
number of sensors tested, the placement of sensors, MVPA
classification techniques used, validation setting (lab or

free-living), assessment of MVPA ground truth, and code
availability. The information on the country where the test was
conducted, sampling rate, feature choosing strategy, window
length, feature selected, and F1-score and accuracy of model
detecting MVPA was listed in Multimedia Appendix 2
[19,28,29,31,33,34,36-38,50-81].
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Table 1. The summary of included studies (N=40 studies, ranked by health condition and alphabetically by author names).

Code availabil-
ity

Ground
truth

Validation
setting

MVPAa clas-
sification
technique

Number of
sensors (place-
ment)

Sensor brand/
modelN

Age (years),
range

Age (years),
mean (SD)Reference

Healthy condition

NoDOeFree-livingRFc and

SVMd

2 (hip, wrist)ActiGraph
GT3X +

31—b4 (0.9)Ahmadi et al
[50]

YesDOFree-livingRF2 (hip, wrist)ActiGraph
GT3X +

31—4 (0.9)Ahmadi et al
[51]

YesPREfLabRF1 (hip)ActiGraph
GT3X +

50—13.9 (3)Ahmadi et al
[52]

YesDOFree-livingRF2 (hip, wrist)ActiGraph
GT3X +

31—4 (0.9)Ahmadi et al
[38]

NoDOLab and
free-living

RF2 (both wrists)MEMS and
ActiGraph
GT9X

102—55.8 (12.4)Ahmadi et al
[53]

NoDO, ICgLab and
free-living

RF2 (both wrists)MEMS and
ActiGraph
GT9X

52—55.8 (12.4)Ahmadi et al
[53]

NoDOFree-livingRF1 (wrist)Axivity AX315118-91—Ahmadi et al
[53]

NoPRELabk-NNi and
RF

1 (chest)LSM9DS1NR—NRhAndò et al
[36]

NoICLabXGBoostj1 (wrist)ActiGraph
GT3X-BT

247—72.4 (7.1)Bai et al [54]

NoPRELab1D-CNN-

LSTMk
3 (pocket,
backpack,
hand)

Samsung
Galaxy S7

4218-5629 (0)Barua et al
[34]

NoICFree-livingSVM1 (wrist)smartwatch
“mumu”

18—12.3 (1.0)Chen et al
[55]

NoICFree-livingSVM1 (wrist)smartwatch
“mumu”

24—24.9 (2.6)Chen et al
[55]

NoICLabRF2 (wrist)ActiGraph
GT3X+ and

40—55.2 (17.8)Davoudi et al
[56]

Samsung
smartwatch

NoDOFree-livingRF1 (wrist)Axivity AX315318-91—Doherty et al
[57]

YesIC and
PRE

LabANNl and

DTm

2 (hip, thigh)ActiGraph
GT3X+ and
actiPAL

49—23.9 (5.3)Ellingson et al
[58]

On requestICLabRF1 (hip)ActiGraph
GT3X+

51—23.5 (4.6)Ellingson et al
[59]

NoDOLabANN1 (hip); 2 (hip,
wrist); 1

Hookie
AM20; Acti-

22;
52; 9;
8

20-3027.5 (11.2);
13.7 (3.1);
27.2 (3.3)

Farrahi et al
[60]

(wrist); 2
(wrists)

graph GT3X+;
Colibri inertial
measurement
unit; Xsens
MTx inertial
measurement
unit

NoDOFree-livingBiLSTMn,
RF, ANN,

1 (wrist)Axivity AX315118-91—Farrahi et al
[31]

SVM, DT,

and NBo
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Code availabil-
ity

Ground
truth

Validation
setting

MVPAa clas-
sification
technique

Number of
sensors (place-
ment)

Sensor brand/
modelN

Age (years),
range

Age (years),
mean (SD)Reference

NoICLabANN1 (hip)ActiGraph
GT1M

277—38 (12.4)Freedson et al
[61]

NoPRELabANN1 (hip)ActiGraph
GT3X +

11—4.8 (0.9)Hagenbuchner
et al [29]

On requestDOFree-livingANN and
DT

3 (hip, both
wrists)

ActiGraph
GT3X-BT

27—9.4 (2.1)Hibbing et al
[62]

On requestICLabANN and
DT

2 (hip, wrist)ActiGraph
GT3X+

54—10.0 (2.2)Hibbing et al
[62]

NoHip cut
points

Free-livingk-meansp1 (wrist)ActiGraph
GT3X-BT

34—4.0 (0.5)Li et al [63]

NoICLabDT, RF, XG-
Boost, and

LASSOq

1 (wrist)ActiGraph
GT3X-BT

253—61.7 (17.7)Mardini et al
[64]

NoPRELabANN4 (thigh, hip,
both wrists)

ActiGraph
GT3X+ and
GENEActiv

40—22.0 (4.2)Montoye et al
[65]

NoICLabANN1 (thigh)activPAL341—22.0 (4.2)Montoye et al
[66]

YesDOLab and
free-living

RF2 (hip, wrist)ActiGraph
GT9X Link

48—40.8 (19.2)Montoye et al
[67]

YesHip cut
points

Free-livingCNNr1 (wrist)ActiGraph
GT3X +

119—45.0 (11.0)Nawaratne et
al [68]

NoICLabAdditive re-
gression tree

2 (wrist, hip)GENEActiv
and ActiGraph

33—69.3 (8.0)Nnamoko et al
[69]

NoICLabRF, ANN, k-
NN, SVM,
and gradient
boosting

2 (wrist, upper
arm)

ActiGraph
GT3-X;
SenseWear
Armband

89—44.4 (14.1);
31.9 (10.2)

O'Driscoll et
al [70]

NoPRELabQDAs and

HMMt

1 (hip)Actigraph
MTI 7164

6—24.8 (4.2)Pober et al
[71]

YesICLabRF6 (both hips,
both wrists,
thigh, lower
back)

ActiGraph
GT3X +, GE-
NEActiv, and
Axivity AX3

67—80.2 (3.7)Skjødt et al
[72]

NoICLabANN1 (wrist)Actigraph
model 7164

4821-6935 (0)Staudenmayer
et al [73]

NoICLabRF and DT1 (wrist)ActiGraph
GT3X+

2020-3924.1 (0)Staudenmayer
et al [74]

NoICLabANN1 (hip)ActiGraph
GT1M

100—11 (2.7)Trost et al
[19]

NoICLabANN1 (hip)ActiGraph
GT1M

100—11 (2.7)Trost et al
[19]

On requestDO, ICLabRF and
SVM

2 (hip, wrist)ActiGraph
GT3X +

11—4.8 (0.9)Trost et al
[28]

NoDOFree-livingRF and
HMM

1 (wrist)Axivity AX314818-91—Tsanas [75]

NoDOFree-livingRF and
HMM

1 (wrist)Axivity AX315218-91—Walmsley et
al [76]
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Code availabil-
ity

Ground
truth

Validation
setting

MVPAa clas-
sification
technique

Number of
sensors (place-
ment)

Sensor brand/
modelN

Age (years),
range

Age (years),
mean (SD)Reference

NoDOFree-livingViT-BiL-

STMu,
CNN-BiL-

STMv,

ViTw, CNN,
and BiLSTM

1 (wrist)Axivity AX315118-91—Wang et al
[33]

NoICLabRF2 (both thighs)GENEActiv40—73.5 (6.3)Wullems et al
[77]

NoDO, ICLabRF1 (thigh)GENEActiv20—70.0 (12.0)Wullems et al
[78]

NoICLab and
free-living

BiLSTM1 (arm)Custom iner-
tial measure-
ment unit sen-
sor

24—5.0 (0.9)Zhou et al
[79]

Clinical conditions

NoICLabk-NN, RF,
and XG-
Boost

5 (both wrists,
waist, both
wrists)

GENEActiv
and ActiGraph

35CF;

28hy

—12.0 (2.8)Bianchim et al
[37]

NoNRFree-livingRF1 (wrist)Empatica E4
wristband

20T1Dz—44.9 (5.0)Cescon et al
[80]

aMVPA: moderate-to-vigorous physical activity.
bNot applicable.
cRF: random forest.
dSVM: support vector machine.
eDO: direct observation.
fPRE: predefined activity schedule.
gIC: indirect calorimetry.
hNR: not reported.
ik-NN: k-nearest neighbor.
jXGBoost: extreme gradient boosting.
k1D-CNN-LSTM: one directional CNN-LSTM.
lANN: artificial neural network.
mDT: decision tree.
nBiLSTM: bidirectional long short-term memory.
oNB: naive Bayes.
pk-means: k-means cluster analysis.
qLASSO: least absolute shrinkage and selection operator.
rCNN: convolutional neural network.
sQDA: quadratic discriminant analysis.
tHMM: hidden Markov model.
uViT-BiLSTM: vision transformer bidirectional long short-term memory.
vCNN-BiLSTM: convolutional neural network and bidirectional long short-term memory.
wViT: vision transformer.
x35CF: 35 participants with cystic fibrosis.
y28h: 28 healthy participants in the study.
z20T1D: 20 participants with type 1 diabetes.

A total of 40 studies (2006-2025) met the inclusion criteria,
with 62.5% (n=25) published between 2020 and 2025, reflecting
the growing interest in AI-driven MVPA estimation.

Most studies (37/40 studies, 92.5%) targeted healthy
populations, while only 5% (2/40 studies) addressed clinical

cohorts, that is, cystic fibrosis [37] and type 1 diabetes [80],
with one study (2.5%) did not specify the characteristics of
participants [36].

Eleven studies (27.5%, 11/40) focused on children and
adolescents [19,28,29,38,50-52,55,62,63,79], 40% (16/40) were
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on adults (18-60 years old) [34,53,55,56,58,59,61,65-68,70,
71,73,74], and 17.5% (7/40) were on old adults (60 years or
older) [54,64,69,72,77,78], and 2 studies reported on the clinical
conditions (ie, cystic fibrosis [37] and type 1 diabetes [80]).
The remaining 7 studies (17.5%) tested their models using public
datasets in adults, such as Capture-24 and Energy-24 (age range
18-91 years) [31,33,53,57,75,76] and a study with multiple
datasets, including UOULU (University of Oulu), OSU (Oregon
State University), the PAMAP2 Physical Activity Monitoring
dataset (the UCI Machine Learning Repository), and the Daily
and Sports Activities (the UCI Machine Learning Repository)
[60]. Among these, Chen et al [55] covered the analyses both
on children and adults; Andò et al [36], though not reporting
participant ages, was contextually aligned with older adult
research due to its emphasis on age-associated risks of physical
inactivity among older adults and its heavy reliance on
references related to older adults; Capture-24 and Energy-24
datasets [31,33,53,57,75,76] were grouped into adult, due to
the age distributions: 72% of participants were younger than
53 years, with only 22.5% aged 53 years or older [82]; Farrahi
et al [60], which included 4 datasets with an average participant
age of about 19 years, was classified under adults.

ActiGraph (30/40, 75%) and GENEActiv (6/40, 15%) were the
most common sensors using acceleration sensors to identify
MVPA, with limited use of consumer wearables, for example,
other brands of accelerometers (eg, Axivity AX3, activPAL;
9/40, 22.5%), inertial measurement units (5/40, 12.5%),
smartwatches (2/40, 5%), smartphones (1/40, 2.5%), wristbands
(1/40, 2.5%), and armbands (1/40, 2.5%).

Lab-controlled validations predominated (30/45 analyses,
66.7%; some studies had multiple analyses); 33.3% of analyses
(15/45) were conducted in free-living conditions, while 4
analyses combined lab and free-living validations.

Evolution of Feature Engineering and Model
Architectures
A total of 45 analyses from 40 studies used a range of ML and
DL techniques for MVPA detection.

Methodological Evolution
The shift from feature-driven ML to end-to-end DL reflects a
broader trend toward scalability and generalizability. While
traditional ML models excel in interpretability and low
computational cost, their dependence on handcrafted features
renders them brittle in free-living contexts. In contrast, DL
architectures, though data-hungry and opaque, inherently adapt
to signal variability through hierarchical abstraction, a critical
advantage for real-world deployment [31].

The progression from manual feature engineering to automated
DL underscores a paradigm shift toward scalable, context-aware
MVPA monitoring. Table 2 synthesizes this evolution,
contrasting supervised, unsupervised, and hybrid paradigms.
Supervised DL models, particularly those using transfer learning,
now dominate, with all studies adopting pretrained CNN or
bidirectional long short-term memory (BiLSTM) to mitigate
data scarcity [31,33,34,68,79]. Unsupervised approaches, such
as the self-organizing map and k-means cluster analysis, remain
nascent but offer potential for leveraging unlabeled free-living
data [83,84].
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Table 2. Task-specific performance comparison.

ReferencesPerformance metrics (number of studies)Key featuresTask type and methods/
model

Classification (n=28)

[28,36-38,50-53,64,67,72,74,80]Handcrafted features: time/frequency
features (eg, mean, SD, percentiles, lag-

RFa (n=13) • Lab (n=7): F1-score 91.9%, accura-
cy 94.0%

1 autocorrelation), ensemble of decision
trees

• Free-living (n=4): F1-score 81.0%,
accuracy 87.4%

• Lab and free-living (n=2): F1-score
88.1%, accuracy 93.8%

[19,29,58,60,62,65,73]Handcrafted features: time/frequency
features (eg, spectral entropy, signal
power), multilayer perceptron

ANNb (n=7) • Lab (n=7): F1-score 88.0%, accura-
cy 93.1%

• Free-living (n=1): F1-score 75.4%,
accuracy 82.1%

[28,50,55]Kernal-based classification on RBFd,
advanced cross-correlation metrics (xy,
xz, yz)

SVMc (n=4) • Lab (n=1): F1-score 75.4%, accura-
cy 88.4%

• Free-living (n=3): accuracy 86.5%

[58,62,64,74]Tree-based splits, integrate with ANN
outcomes

DTe (n=4) • Lab (n=3): F1-score 86.6%, accura-
cy 87.8%

• Free-living (n=1): F1-score 75.4%,
accuracy 82.1%

[37,54,64]Gradient boosting framework, handling
missing data

Gradient boosting
(n=3)

• Lab (n=2): F1-score 91.6%

[71,75,76]Temporal sequence modeling, Viterbi
smoothing

HMMf (n=3) • Lab (n=1): F1-score 99.8%
• Free-living (n=2): F1-score 73.5%,

accuracy 94.0%

[71]Quadratic decision boundaries, proba-
bilistic classification

QDAg (n=1) • Lab (n=1): F1-score 100%, accura-
cy 99.9%

[64]L1 regularization, sparse solutionsLASSOh (n=1) • Lab (n=1): F1-score 83.6%

[68]Automated feature extraction via convo-
lutional filters on raw signals

CNNi (n=1) • Free-living (n=1): F1-score 73.4%,
accuracy 96.8%

Estimation (n=10)

[56,57,59,70,77]Regression trees, bootstrapped subsets
of ActiGraph data

RF (n=6) • Lab (n=5): F1-score 83.5%, accura-
cy 86.1%

• Free-living (n=1): F1-score 80.0%,
accuracy 91.4%

[61,66]Nonlinear activation functions, raw sig-
nal processing

ANN (n=2) • Lab (n=2): F1-score 91.1%, accura-
cy 85.7%

[70]Kernal-based regression.SVM (n=1) • Lab (n=1): F1-score 90.7%, accura-
cy 88.7%

[37,70]Instance-based learning, Euclidean dis-
tance metrics

k-NNj (n=2) • Lab (n=2): F1-score 96.4%, accura-
cy 95.8%

[37]Gradient boosting framework, handling
missing data

XGBoostk (n=1) • Lab (n=1): F1-score 100%, accura-
cy 100%

[70]Iterative error correction, additive regres-
sion trees

Gradient boosting
(n=1)

• Lab (n=1): F1-score 93.2%, accura-
cy 92.1%

Deep learning (n=5)
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ReferencesPerformance metrics (number of studies)Key featuresTask type and methods/
model

[31,33,79]• Free-living (n=2): F1-score 73.6%,
accuracy 93.6%

• Lab and free-living: F1-score
53.3%, accuracy 53.7%

Bidirectional temporal modeling, raw
signal processing

Bi-LSTMl (n=3)

[33,68]• Free-living (n=2): F1-score 71.9%,
accuracy 94.4%

Automated feature extraction via convo-
lutional filters on raw signals

CNN (n=2)

[33]• Free-living (n=1): F1-score 79.8%,
accuracy 95.0%

Self-attention mechanisms for long-range
dependencies

ViTm (n=1)

[33,34]• Lab (n=1): F1-score 82.1%
• Free-living (n=1): F1-score 91.4%,

accuracy 97.7%

Hybrid architecture, integrate spatial and
temporal learning

CNN-LSTMn or

CNN-BiLSTMo

(n=2)

[33]• Free-living (n=1): F1-score 98.4%,
accuracy 99.0%

Vision Transformer + BiLSTM, gravity-
based acceleration analysis.

ViT-BiLSTMp (n=1)

aRF: random forest.
bANN: artificial neural network.
cSVM: support vector machine.
dRBF: radial basis function.
eDT: decision tree.
fHMM: hidden Markov model.
gQDA: quadratic discriminant analysis.
hLASSO: least absolute shrinkage and selection operator.
iCNN: convolutional neural network.
jk-NN: k-nearest neighbor.
kXGBoost: extreme gradient boosting.
lBiLSTM: bidirectional long short-term memory.
mViT: vision transformer.
nCNN-LSTM: convolutional neural network and bidirectional long short-term memory.
oCNN-BiLSTM: convolutional neural network and bidirectional long short-term memory.
pViT-BiLSTM: vision transformer bidirectional long short-term memory.

Traditional Machine Learning
Traditional ML techniques have dominated accelerometer-based
MVPA detection since 2006 [71], relying on handcrafted
features derived from time- and frequency-domain analyses.

Among these, RF emerged as the most prevalent algorithm
(22/40 studies, 55%) [28,36-38,50-53,56,57,59,64,67,70,72,
74-78,80], achieving mean F1-scores of 86.6% and mean
accuracy of 88.6%. RF’s ensemble structure, which aggregates
predictions from multiple decision trees (DTs) (usually
100-1000), mitigates overfitting and enhances robustness to
noise, a critical advantage in heterogeneous accelerometer
datasets [67,76]. Artificial neural network (ANN) followed
(11/40 studies, 27.5%), with mean F1-scores of 87.4% and mean
accuracy of 89.5% [19,29,31,58,60-62,65,66,70,73]. ANN used
a multi-layer perceptron with input, hidden (3-25 nodes), and

output layers, nonlinear activation functions model complex
feature interactions. Another often-used method was the SVM
(5/40 studies, 12.5%), with an F1-score of 90.2% and accuracy
of 86.5% [28,31,50,55,70]. SVM maps features to a
high-dimensional space and constructs optimal hyperplanes
using kernel functions (eg, radial basis function). The F1-scores
of models using DT (5/40 studies, 12.5%; F1-score 87.4%)
[31,58,62,64,74] underperformed k-nearest neighbor (3/40
studies, 7.5%; F1-score 96.4%) [36,37,70], extreme gradient
boosting (3/40 studies, 7.5%; F1-score 91.6%) [54,64,80], hidden
Markov model (3/40 studies, 7.5%; F1-score 100%) [71,75,76],
Gradient Boosting (1/40 studies, 2.5%; F1-score 93.2%) [70],
and quadratic discriminant analysis (1/40 studies, 2.5%; F1-score
100%) [71]. Least absolute shrinkage and selection operator
achieved the lowest F1-score (83.6%) in detecting MVPA among
all the ML models [64]. The details are illustrated in Figure 2.
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Figure 2. The extracted F1-score for moderate-to-vigorous physical activity from machine learning and deep learning models. Error bars, where
applicable, represent SD. “n” means the number of studies using the model. ANN: artificial neural network; BiLSTM: bidirectional long short-term
memory; CNN: convolutional neural network; CNN-BiLSTM: convolutional neural network and bidirectional long short-term memory; DT: decision
tree; HMM: hidden Markov model; k-NN: k-nearest neighbor; LASSO: least absolute shrinkage and selection operator; QDA: quadratic discriminant
analysis; RF: random forest; SVM: support vector machine; ViT: vision transformer; ViT-BiLSTM: vision transformer bidirectional long short-term
memory; XGBoost: extreme gradient boosting.

However, performance disparities between lab-controlled and
free-living environments underscored inherent limitations. RF
models, for instance, exhibited a decline of 8.0% in F1-score
(88.8% lab vs 80.8 free-living) and 6.6% in accuracy (90.1%
lab vs 83.5% free-living), attributed to over-reliance on static
features (eg, variance, spectral entropy) that fail to generalize
to unstructured movement patterns [27]. Similarly, ANN
experienced reduced accuracy in free-living contexts (F1-score
88.7% lab vs 75.4% free-living; accuracy 91.6% lab vs 79.4%

free-living), highlighting sensitivity to signal variability
introduced by nonexercise movements (eg, gesturing, device
placement) [27]. The rest of the algorithms had no free-living
validation.

Figures 2 and 3 stratify F1-score and accuracy by model type,
revealing that simpler algorithms like k-nearest neighbor and
quadratic discriminant analysis achieved near-perfect lab
performance (96.4%-100%) but performed less well in
free-living validations.

Figure 3. The extracted accuracy for moderate-to-vigorous physical activity from machine learning and deep learning models. Error bars, where
applicable, represent SDs. “n” means the number of studies using the model. ANN: artificial neural network; BiLSTM: bidirectional long short-term
memory; CNN: convolutional neural network; CNN-BiLSTM: convolutional neural network and bidirectional long short-term memory; DT: decision
tree; HMM: hidden Markov model; k-NN: k-nearest neighbor; NB: naive Bayes; QDA: quadratic discriminant analysis; RF: random forest; SVM:
support vector machine; ViT: vision transformer; ViT-BiLSTM: vision transformer bidirectional long short-term memory; XGBoost: extreme gradient
boosting.

Deep Learning
DL architectures revolutionized MVPA detection by automating
hierarchical feature extraction from raw accelerometer signals,
circumventing the manual feature selection bottleneck. CNN
was used in 3 studies (3/40 studies, 7.5%), achieving a mean

F1-score of 71.9% (shown in Figure 2) and a mean accuracy of
94.4% (shown in Figure 3) in free-living conditions [33,34,68].
Their layered structure, comprising convolutional filters (64,
128, 256, and 512 filters), pooling layers, and activation
functions (such as rectified linear unit), enables granular analysis
of signal dynamics.
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Recurrent architectures, notably LSTM and BiLSTM, addressed
temporal complexity in sustained MVPA bouts (eg, 10 min).
BiLSTM, which processes sequences bidirectionally, achieves
an average of F1-score 71.9% and accuracy 80.3% (shown in
Figures 2 and 3) in 3 studies (of 40 studies, 7.5%) (2 in
free-living settings, and 1 combining both lab and free-living
settings) by modeling contextual transitions (eg,
walking-to-jogging) [31,33,79]. Transformers, though less
prevalent, demonstrated promise in capturing long-range
dependencies through self-attention mechanisms. When
hybridized with vision, vision transformer (ViT), the accuracy
of detecting MVPA is 95.0% (F1-score 79.8%) in a free-living
validating setting in 1 out of 40 studies (2.5%) [33].

Hybrid models (eg, convolutional neural network and
bidirectional long short-term memory [CNN-BiLSTM], vision
transformer bidirectional long short-term memory), in 2 out of
40 studies (5%), synergized spatial and temporal learning,
achieving peak F1-score (95.5%) [34] and peak accuracy
(98.4%) in free-living settings [33].

Task-Specific Insights

Classification
Classification tasks in accelerometer-based MVPA research
involve assigning discrete intensity classes, such as sedentary,
light, moderate, or vigorous activity. Early methodologies
predominantly used traditional ML algorithms, such as RF and
SVM, which relied on handcrafted features like signal variance,
spectral entropy, and movement counts. For instance, RF
achieved robust performance in laboratory settings (F1-score
mean 91.9%, Table 3) by aggregating predictions from DTs
trained on bootstrapped subsets of ActiGraph data. However,
these models struggled with ambiguity in free-living
environments, particularly in distinguishing light-intensity
activities (eg, slow walking at 2.5 METs) from MVPA (≥3
METs). SVMs with radial basis function kernels, while effective
in lab-annotated running protocols (F1-score 75.4%) [28],
misclassified 9.0% of slow walking (or stroll) bouts as MVPA
in unstructured settings due to overlapping signal patterns [50].

Table 3. Taxonomy of machine learning and deep learning technologies for moderate-to-vigorous physical activity (MVPA) detection, categorized by
learning paradigm.

ReferencesLimitationsStrengthsAlgorithmsKey featuresLearning
paradigm

[28,29,33,36-38,50-
60,

62,64-67,69-72,74-
78,80]

RFa, ANNb,

SVMc, DTd, XG-

Booste, HMMf,

QDAg, LASSOh,

k-NNi, and gradi-
ent boosting

Require labeled data
(activity intensity la-
bels)

Supervised •• Dependency on large, la-
beled datasets

High accuracy with suffi-
cient labeled data

•• Overfitting riskInterpretable feature impor-
tance, Robust to noise and
nonlinear patterns

• Poor generalization to free-
living environments

[19,29,63]k-means, SOMj,
and autoencoders

Work with unlabeled
data, focus on clus-
tering or feature
learning

Unsupervised •• Limited direct applicability
to MVPA classification

No need for labeled data
• Identifies hidden patterns

in raw signals • Lower accuracy for intensi-
ty-specific tasks• Reduces dimensionality

• Interpretability challenges

[29,31,33,34,68,79]CNN-BiLSTMk,

ViT-BiLSTMl,

DLENm, and multi-
task learning
frameworks

Combine supervised
and unsupervised
components, inte-
grates multiple archi-
tectures

Hybrid •• High computational com-
plexity

Capture spatial and tempo-
ral dependencies

•• Require large datasetsImprove generalizability
• •State-of-the-art perfor-

mance in free-living set-
tings

Synchronization challenges
for multisensor data

aRF: random forest.
bANN: artificial neural network.
cSVM: support vector machine.
dDT: decision tree.
eXGBoost: extreme gradient boosting.
fHMM: hidden Markov model.
gQDA: quadratic discriminant analysis.
hLASSO: least absolute shrinkage and selection operator.
ik-NN: k-nearest neighbor.
jSOM: self-organizing maps.
kCNN-BiLSTM: convolutional neural network and bidirectional long short-term memory.
lViT-BiLSTM: vision transformer bidirectional long short-term memory.
mDLEN: deep learning ensemble network.
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DL architectures, particularly CNN, addressed these limitations
by automating hierarchical feature extraction directly from raw
accelerometer signals. By applying convolutional filters to
sliding windows of raw data, CNN detected local biomechanical
patterns (eg, stride frequency during running), achieving parity
with traditional hip-based cut point methods in MVPA detection
by the wrist-model [68]. Subsequent advancements, such as
Transformer architectures, further improved classification
accuracy by using self-attention mechanisms to model
long-range dependencies, outperforming CNN by 9.5% in
free-living scenarios [33].

Estimation
Estimation tasks focus on predicting energy expenditure metrics
(eg, METs) through regression-based models to map
accelerometer signals to continuous outcomes. Conventional
approaches, such as linear regression-derived cut points (eg,
Freedson equations), exhibited significant limitations due to
oversimplified assumptions about the relationship between
acceleration signals and MET values, especially for free-living
activity [65,81]. ML models, such as an additive regression tree,
lowered the standard error of estimation by 0.33-22.11 in lab
settings using ActiGraph data [69].

DL architectures, like BiLSTM, elevated estimation accuracy
by capturing temporal dependencies in accelerometer signals
(eg, MET fluctuations during exercise recovery). BiLSTM

achieved a mean absolute error of 0.757, with LSTM as the
baseline method [79].

Deep Learning
DL frameworks bridge the gap between classification and
estimation by unifying feature extraction and task-specific
learning with end-to-end frameworks. Multitask architectures,
such as AccNet24, integrate BiLSTM layers for activity intensity
with fully connected layers for MET prediction, achieving
97.7% accuracy in MVPA detection in free-living settings [31].

ViTs further optimized task performance via attention
mechanisms that dynamically prioritized critical signal regions.
For example, ViT allocated closer attention to peak acceleration
intervals during jumping, outperforming Bi-LSTM by 6.2%
(F1-score) in free-living MVPA detection [33]. However, these
advancements come with trade-offs; hybrid CNN-BiLSTM
models require much more training time than traditional RF,
limiting real-time deployment on wearables [31].

Sensor Performance

Sensor Placement
The efficacy of accelerometer-based MVPA estimation is
significantly influenced by sensor placement. Figure 4 illustrates
the averaged performance metrics (F1-scores and accuracy)
across sensor placements.

Figure 4. Mean value of F1-score and accuracy in relation to sensor placement across all validation settings. Error bars, where applicable, represent
SDs. Other placements included chest, lower back, backpack, pocket, hand, and upper arm. “wrist + hip” means the multi-sensor configuration using
both wrist and hip placements.

Regarding sensors placement, wrist-worn devices dominated
in 75% of studies (30/40 studies), followed by hip (19/40,
47.5%), thigh (6/40, 15%), chest (1/40, 2.5%), lower back (1/40,
2.5%), backpack (1/40, 2.5%), pocket (1/40, 2.5%), hand (1/40,
2.5%), upper arm (1/40, 2.5%). Multisensor configurations (eg,

wrist + hip) were applied in only 5% (2/40) of studies [28,51];
only the combination of wrist and hip was applied.

Comparative analyses on MVPA revealed that wrist-, hip-, and
thigh-worn sensors exhibited comparable mean performance
metrics across all validation settings (mean F1-scores 85.1% vs
84.3% vs 84%, accuracy mean 89.1% vs 86% vs 91.8%) as well
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as in laboratory-controlled settings (F1-score mean 88.6% vs
86.6% vs 86.5%, accuracy mean 91.7% vs 89.6% vs 97.3%).
However, disparities emerged in free-living environments. While
wrist- and hip-worn sensors demonstrated similar F1-scores
(80.3% vs 79.0%), wrist-worn devices achieved superior
accuracy (86.3% vs 70.8%). This discrepancy may stem from
the wrist’s ability to capture a broader range of upper-body
movements associated with MVPA in unstructured
environments, such as arm swings during brisk walking or lifting
activities, which are less pronounced in hip-worn sensors.

Notably, multisensor configurations (eg, wrist + hip) achieved
the highest performance (F1-score 88.3%, with 89.7% in lab
and 86.8% in free-living; accuracy 88.4%, with 88.4% in lab
but nonreports in free-living), bridging the gap between
controlled and free-living settings. However, practical
challenges, including increased participant burden due to
multiple devices and synchronization complexities between
heterogeneous sensors, limit their widespread adoption.

Sensor Type and Performance Heterogeneity
Device specifications and sensor type further influenced model
generalizability. Figure 5 shows the F1-scores in relation to
sensor type (ActiGraph and other types) and sensor placement.
While models trained on ActiGraph data achieved a higher mean
F1-score (84.9% vs 83.1%), models using consumer-grade
wearables surprisingly achieved a higher mean accuracy (91.8%
vs 87.8%). This disparity may arise from the inherent class
imbalance in free-living data, where MVPA represents a
minority of activities. Accuracy can be inflated by correctly
classifying the predominant sedentary and light activities,
whereas the F1-score provides a more balanced measure of
performance specifically for the MVPA class. The higher
F1-score associated with ActiGraph models suggests they may
be more adept at correctly identifying true MVPA bouts, which
is critical for public health monitoring.

Figure 5. Mean value of F1-score in relation to sensor type and placement across all validation settings. Error bars, where applicable, represent SDs.

Validation Practices

Ground Truth Methodologies and Their Implications
Validation of ML and DL models for MVPA detection relies
heavily on the specification of ground truth, with IC and DO
predominating. IC (21/40 studies, 52.5%), considered the gold
standard for energy expenditure measurement, provides MET
values through oxygen consumption analysis, enabling precise
alignment of accelerometer signals with intensity thresholds
(eg, ≥3 METs) [19,28,37,53-56,58,59,61,62,64,66,69,70,
72-74,77-79]. However, its laboratory-bound nature limits
ecological validity, as structured protocols often fail to replicate
free-living movement variability.

In contrast, DO (16/45 analyses, 35.6%) offers real-world
applicability by annotating activities in a naturalistic setting but

introduces subjectivity, particularly in distinguishing borderline
intensities with 2 stages. At the first stage, participant
movements were categorized into activity type (eg, sedentary,
standing utilitarian tasks, walking, and running) using recordings
[28,38,50,51,60,62,65,67,78] and time-stamped images from
wearable cameras (eg, combining the usage of a diary in
Capture-24) [31,33,53,57,75,76]. At the second stage, physical
intensity was coded using references, mainly the Compendium
of Physical Activities (sedentary, light, moderate, and vigorous)
and Children’s Activity Rating Scale (5 categories from
stationary/motionless to fast translocation).

Additionally, reliance on hip-reference cut points as proxies for
ground truth (2/45 analyses, 4.4%) perpetuates circular
validation, wherein models trained on threshold-based labels
inherit the biases of traditional regression methods [63,68]. A
total of 15.6% (7/45) of analyses used a predefined activity
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schedule in the validation process to define the ground truth
[29,36,52,58,71]. Only 11.1% (5/45) of analyses used combined
ground truth approaches (eg, IC + DO) [28,53,78], despite
evidence that combined methods improve F1-score by
8.3%-27.7% in free-living compared with IC or DO [53].

Figure 6 illustrates the distribution of ground truth methods
across studies, stratified by validation setting. Lab-based studies
disproportionately favored IC (19/26 analyses, 73%), while
free-living validations leaned on DO (10/15 analyses, 66.7%),
with lab validations outperforming free-living (F1-score mean
difference: 8.5%, accuracy mean difference: 1.4%).

Figure 6. F1-score and accuracy metrics for moderate-to-vigorous physical activity (MVPA) classification across studies, stratified by ground truth
methods and validation settings. [19]a represents the MVPA classification conducted based on the 10s and 60s window lengths, while [19]b only on
the 60s window length. [55]a represents the MVPA classification conducted among the children and adolescents with a mean age of 12.3 (SD 1.0) years,
while [55]b represents the MVPA classification conducted among adults aged 24.9 (SD 2.6) years. The mean value of F1-score and accuracy in each
group (lab, free-living, and lab and free-living) was shown underneath their names [19,28,29,31,33,34,36-38,50-80]. DO: direct observation; hip: hip
reference cut-points; IC: indirect calorimetry; NR: not reported; PRE: predefine activity schedule.

Cross-Validation Protocols and Performance Metrics
The trained models typically undergo rigorous evaluation during
the model evaluation and validation phase to verify their
generalizability and practical applicability. This process is
essential to systematically assess classification accuracy across
activity intensities and validate reliability under diverse user
scenarios. To mitigate overfitting and ensure model robustness,
k-fold cross-validation (11/45 analyses, 24.4%) was most
commonly implemented. It partitions the dataset into k equally
sized subsets, iteratively designating one subset as the validation
set and the remaining k-1 subsets for training. The process is
repeated k times to ensure all data points contribute to both
training and validation. Common configurations include 10-fold
and 5-fold cross-validation, which enhance model
generalizability by reducing sensitivity to specific training
instances. By systematically evaluating performance across
varied data partitions, this method strengthens the activity
intensity classification system’s reliability and mitigates
overfitting, a phenomenon where models memorize training
data artifacts rather than learning generalizable patterns.

Leave-one-out cross-validation, which iteratively holds out each
individual data point as a test set to evaluate model performance,
was also used in 13.3% of analyses (6/45 analyses).
Leave-one-subject-out cross-validation, an extension of
leave-one-out cross-validation designed for datasets with
multiple subjects, iteratively holds out all data from one subject
as the test set while training on the remaining participants. This
method, used in 24.4% of analyses (11/45), was critical for
assessing interindividual generalizability. Its variant,
leave-10-subject-out cross-validation, appeared less frequently
(1/45 analysis). In contrast, nested cross-validation, which
separates hyperparameter tuning from final performance
evaluation to prevent data leakage, was sparingly adopted (3/45
analyses, 6.7%) in studies.

Model efficacy was quantified using precision, recall, accuracy,
and F1-score, with metrics calculated iteratively to ensure
objective assessment. F1-score (33/45 analyses, 73.3%) and
accuracy (35/45 analyses, 77.8%) were emphasized in this
review, though their interpretation varied widely. Notably,
studies reporting accuracy exceeding 90.0% often excluded
transitional activities (eg, sit-to-stand) [19,37,65,70] or used
imbalanced datasets [28,71,80], potentially inflating scores.
Conversely, F1-scores below 75.0% typically correlated with
free-living validations, where non-MVPA movements
confounded detection [62,68,75].

In the studies not reporting the metrics of MVPA detection, but
including a confusion matrix, we calculated F1-scores and
accuracy values from the confusion matrix
[28,29,33,36,52,53,57,58,61,62,67,68,70,71,73-78]. Two studies
reported the F1-scores of moderate physical activity (MPA) and
vigorous physical activity (VPA) separately without a confusion
matrix, so they averaged MPA and VPA to get MVPA [72,79].

Four studies omitted both F1-score and accuracy [53,63,66,69].
For instance, Li et al [63] reported only the overall accuracy of
physical activity intensity classification, while Montoye et al
[66] quantified MVPA error (+1.8 min) relative to IC. Ahmadi
et al [53] only provided sensitivity (MPA: 80.0%, VPA: 90.0%)
and precision (MPA≈75.0%, VPA≈99.0%), and Nnamoko et
al [69] reported only the standard error for estimation of
personalized cut points.

Algorithmic Bias
The performance of machine and DL models for MVPA
detection is inherently tied to the physiological characteristics
of the training populations. These have been mostly young,
healthy adults. Persistent algorithmic bias induced by using this
group can undermine the generalizability of models across the
older adult and clinical cohorts.
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Figures 7 and 8 stratified MVPA detection performance
(F1-scores and accuracy) by age group (children and adolescents,
adults younger than 60 years, adults aged 60 years or older, and
clinical populations) and sensor placement (wrist, hip, thigh,
other). Among children and adolescents (11/40 studies, 27.5%),
both F1-scores (53.5%-98.9%) and accuracy (52.1%-98.7%)
varied widely [19,28,29,38,50-52,55,62,63,79]. Adults under
60 years (20/40 studies, 50%) exhibited consistently high
performance (F1-score mean 85.8%, accuracy mean 91.7%)

[31,33,34,53,55-59,61,65-68,70,71,73-76], while older adults
(60 years or older) in 15% of studies (6 out of 40 studies)
showed relatively reduced score (F1-score mean 72.3%, accuracy
mean 89.9%) [54,64,69,72,77,78]. Clinical populations (2/40
studies, 5%), on the other hand, achieved near-perfect scores
(F1-score 97.6%-100%, accuracy 87.9%-100%), though limited
studies (n=2, one in mild cystic fibrosis, and one in type 1
diabetes) necessitate cautious interpretation [37,80].

Figure 7. F1-scores for moderate-to-vigorous physical activity detection across age groups and sensor placements. Brackets (“[]”) represent the reference
numbers; asterisks (“*”) indicate lab-validated results [19,28,29,33,34,36,37,51-54,56-59,61,62,64,65,67,68,70-80]. CF: cystic fibrosis; T1D: type 1
diabetes.

Figure 8. Accuracy metrics for moderate-to-vigorous physical activity detection across age groups and sensor placements. Brackets (“[]”) represent
the reference numbers; asterisks (“*”) indicate lab-validated results [19,28,29,31,33,36-38,50,52,53,55-62,65,67,68,70,71,73-78,80]. CF: cystic fibrosis;
T1D: type 1 diabetes.

Reproducibility and Transparency Gaps
Notwithstanding the performance advancement reported, 57.5%
of the studies (23/40 studies) failed to disclose code or datasets,
and 60% (3/5 studies) of DL studies lacked hyperparameter
specifications (eg, learning rates, batch sizes) [34,68,79]. This
“black box” methodological opacity mirrors the reproducibility
crisis in traditional cut point research, where proprietary
algorithms replace opaque thresholds, compromising
interpretability. Only 20.0% of studies (8/40) adhered to open
science practices by publicly sharing the code of models
[38,51,52,58,67,68,72,76], with one study providing only sample
code availability [67].

The absence of standardized reporting frameworks exacerbates
methodological inconsistencies. For example, window lengths
for signal segmentation ranged from 1s to 60s, complicating
cross-study comparisons (details shown in Table 1). While 5
studies evaluated multiple window lengths [19,29,33,51,56],
optimal performance diverged across populations: 15s or 16s
were preferred for adults [33,56] and preschoolers [51], whereas
60s windows were superior to 10s and 30s among preschoolers
[29]. Notably, Trost et al [19] found no difference between 10s
and 60s among children (mean 11, SD 2.7 years). Similarly,
MET thresholds for MVPA classification varied, such as 2.8
METs [38], 3 METs [34,37,59,60,65-67,70,71,74,76,77,79],
and 3.9 METs [19,29]. This variability introduces heterogeneity
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in intensity categorization, undermining cross-study
generalizability.

On the positive side, the proliferation of public datasets
(accounting to 25%, 10/40 studies), including Capture-24
[31,33,53,57,75,76], Energy-24 [57], UOULU (University of
Oulu) [60], OSU (Oregon State University) [60], the PAMAP2
Physical Activity Monitoring dataset (University of California,
Irvine, UCI) [60], and the Daily and Sports Activities (the UCI
Machine Learning Repository) [60] has partially mitigated by
enabling benchmarking and reducing data dependency.

Discussion

Principal Findings
This systematic scoping review synthesizes advancements in
ML and DL techniques for estimating and predicting MVPA
from accelerometer data. Traditional ML models (eg, RF, ANN)
demonstrated robust lab-based accuracy (F1-score mean
83.6%-100%) while real-world performance declined by
8.0%-13.3% due to environmental noise and device
heterogeneity. DL architectures (eg, CNN, Transformer)
achieved superior performance by leveraging raw signal
dynamics (F1-score mean 73.6%-98.4%) in free-living settings,
especially with hybrid models (CNN-BILSTM, ViT-LSTM).
Wrist-worn devices were most often tested (30/40, 75.0% of
studies) and performed comparably to hip/thigh placements in
a lab setting (F1-score mean 84.0%-84.3%, accuracy mean
86.0%-91.8%). Multiaccelerometer configurations (eg, hip +
wrist) achieved the best performance (accuracy mean 88.4%)
but face practical limitations. Algorithmic bias was seen to
disfavor older adult participants, but not clinical populations.
However, only a few studies have tested patients, limited to
cystic fibrosis and type 1 diabetes.

Methodological Advancements and Challenges

From Feature Engineering to End-to-End Learning
The evolution of MVPA detection methodologies reveals a clear
paradigm shift from manual feature engineering to automated
DL. Historically, ML models relied on handcrafted features (eg,
spectral entropy, variance) derived from time-and
frequency-domain analyses. In contrast, DL architectures, such
as CNN and Transformers, automate hierarchical feature
extraction from raw accelerometer signals, capturing
biomechanical nuances (eg, stride variability during running)
through convolutional filters and attention mechanisms [33,68].
For instance, hybrid models like CNN-BiLSTM synergized
spatial and temporal learning, achieving state-of-the-art accuracy
(F1-score 98.4%-99.6%, accuracy 97.7%-99.0%) in free-living
settings [33]. The effectiveness of this architecture is further
corroborated by its successful application in related
biomechanical modeling tasks, such as predicting ligament
fatigue failure risk from complex signal data, highlighting its
robust capability to capture critical spatiotemporal patterns [85].
Nevertheless, DL’s computational intensity and reliance on
high-resolution data (≥100Hz) limited deployment on
resource-constrained wearables [33]. Furthermore, while DL
reduced manual feature engineering burden, nearly 60.0% of

models remained inaccessible due to unshared code,
perpetuating reproducibility challenges (section “Reproducibility
and Transparency Gaps”).

Three key advancements define this evolution: (1) Static to
dynamic features, unlike the fixed features of traditional ML,
DL architectures dynamically extract nuanced biomechanical
patterns from raw signals (section “Traditional Machine
Learning” and “Deep Learning”) [31,33,34,68,79]. (2) Early
studies treated classification and estimation as separate tasks,
but modern frameworks like AccNet24 unify these through
shared neural pathways, improving efficiency (section
“Task-Specific Insights”) [33]. (3) Self-supervised learning,
pretraining on unlabeled data, reduced annotation costs while
maintaining high performance, addressing scarcity of free-living
settings (section “Methodological Evolution and Comparative
Insights”) [33,68].

Lab-to-Real-World Performance Comparison
Although lab-validated models achieved high performance (eg,
87.9%-100% accuracy across ML techniques, section “Evolution
of Feature Engineering and Model Architectures”), free-living
performance experienced unstructured movement patterns and
environment noise. For example, RF accuracy dropped from
90.1% (lab) to 83.5% (free-living), while wrist-based models
exhibited superior adaptability to upper-body movements (eg,
arm swings) in unstructured settings (section “Sensor
Placement”). Notably, only 42.2% of studies validated models
in real-world environments (most after 2020), highlighting a
critical translational gap.

Two key insights emerge from a lab-to-real-world comparison.
(1) There is a 3.1%-16.2% accuracy decline when using ML
techniques (section “Evolution of Feature Engineering and
Model Architectures”). Context-aware architecture, DL
architectures, such as transformers, partially mitigated
performance declines by leveraging context-aware attention to
movement sequences (eg, detecting walking interruptions),
achieving accuracy of 95.0% in free-living scenarios [33]. (2)
There is an algorithmic bias across age groups that hinders
real-world deployment (section “Algorithmic Bias”).

Validation and Reproducibility
A key challenge lies in inconsistent validation protocols. While
IC provided precise MET-based thresholds, its lab-bound nature
limited ecological validity [58]. Conversely, DO offered
real-world applicability but introduced subjectivity in intensity
classification [86,87]. Moreover, disparities in metrics reporting
(eg, exclusion of transitional activities) [19,37,65,70] and
variable parameters (eg, MET threshold: 2.8-3.9, window
lengths 1-60s) hindered cross-study comparability (section
“Reproducibility and Transparency Gaps”). Compounding these
issues, 42.5% of studies adhered to open science practices,
perpetuating a “new cut-point conundrum” akin to proprietary
regression thresholds.

Our synthesis reveals a vicious cycle underpinning the
translational challenges in AI-driven MVPA monitoring. The
foundational issue is the lack of standardized validation
protocols. Inconsistent MET thresholds and variable data
window lengths mean that models are trained and evaluated on

Interact J Med Res 2026 | vol. 15 | e76601 | p.127https://www.i-jmr.org/2026/1/e76601
(page number not for citation purposes)

Zi et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


fundamentally different definitions of MVPA. This directly
contributes to the lab-to-real-world performance gap, as a model
calibrated with one protocol fails to generalize to data collected
under another. Furthermore, this inconsistency, when combined
with the prevalent lack of code sharing, makes it impossible to
audit, replicate, or fairly compare models. Consequently, this
opacity hinders the identification and correction of algorithmic
bias against underrepresented populations, as the root cause of
poor performance, a flawed model versus an incompatible
validation method, cannot be discerned. Thus, these challenges
are not isolated but are synergistic barriers that collectively
impede the development of truly generalizable and equitable
models.

Sensor Performance and Device Bias
Device placement and type emerged as critical determinants of
model performance, as evidenced in the section “Sensor
Performance.” For instance, while ActiGraph-trained models
achieved high lab accuracy (F1-score 79.9%, accuracy 90.5%),
they underperformed on consumer wearables (eg, Samsung
smartwatch, F1-score mean difference 3.2%) due to differences
in sensor calibration and sampling rates (Table 1 and Figure 5)
[56]. Additionally, interdevice variability across brands (eg,
Axivity vs GENEActiv) exacerbated performance
inconsistencies, particularly in free-living settings. Notably,
optimal sensor placement (eg, wrist vs hip) influenced
adaptability to movement patterns, with wrist-worn devices
showing superior capture of upper-body dynamics (eg, arm
swings) but struggling with lower-body activities [40,88]. These
findings highlight the need for device-agnostic training pipelines
to mitigate performance variability across brands and
placements.

Translational Opportunities and Challenges

Public Health and Clinical Integration
Wrist-worn devices demonstrated comparable accuracy to
hip/thigh placements in lab settings (F1-score 84.0%-84.3%,
accuracy 86.0%-91.8%) and superior adaptability to free-living
upper-body movements (Figure 4), supporting their feasibility
for scalable monitoring. However, ActiGraph’s dominance
(n=30, 75.0% of studies) and limited validation on consumer
wearables (eg, smartwatches) hinder real-world applicability.
Clinically, models achieved high accuracy in controlled settings
for cystic fibrosis and type 1 diabetes, but small sample sizes
and structured protocols limit ecological validity [37,80].
Expanding validation studies to more diverse clinical
populations (eg, mobility impairments) is critical.

Age and Population Disparities
Results revealed systemic biases across the age range (section
“Algorithmic Bias”). For instance, models trained on adults
misclassified MVPA in children (F1-score mean difference:
–5.7%) due to developmental differences in stride length and
metabolic variability [19]. Studies involving preschoolers
reported accuracy fluctuations between 53.7% and 88.4%,
reflecting challenges in modeling erratic movement patterns
typical of young children [28,29,38,50,52,63,79]. Conversely,
older adults (60 years or older) exhibited reduced accuracy

(F1-score mean 77.9%) due to slower gait speeds, postural
instability, and comorbidities that alter movement signatures
[54,64,69,72,77,78]. Wrist-based model, for example,
underestimated MVPA in this cohort by 6.0%-16.6% compared
with thigh-worn sensors, highlighting the need for age-specific
calibration [78].

Emerging Innovations
Hybrid DL models have emerged as a powerful approach. For
instance, integrating LSTM with CNN (CNN-LSTM) or ViTs
(vision transformer bidirectional long short-term memory)
enables the capture of spatial-temporal patterns in accelerometry
data [33,34]. Building on this, BiLSTM layers further enhance
temporal dependency modeling by analyzing sequences in both
forward and backward directions [31].

In parallel, image-based feature extraction methods, such as
converting raw accelerometer signals into Gramian angular field
images, have improved feature learning by transforming
time-series data into visual representations [33]. Additionally,
multisensor fusion strategies—combining data from hip, wrist,
and thigh placements—address variability in sensor positioning,
boosting model robustness [28,34]. Furthermore, transfer
learning leverages pretrained architectures like ResNet101,
adapting them for accelerometer classification tasks [31].

Another key innovation lies in advanced feature engineering.
Autonomous feature extraction via CNN reduces reliance on
handcrafted features [68], while time-frequency domain fusion
(eg, spectral power) enhances activity discrimination [52].
Notably, real-time and edge computing advancements explore
lightweight models through pruning and quantization, enabling
deployment on wearable devices [33].

However, significant challenges remain. First, models trained
in controlled lab settings often generalize poorly to free-living
environments due to uncontrolled variability [52]. Moreover,
short and heterogeneous activity bouts, common in populations
like preschoolers, result in mixed-activity windows that
complicate classification [29]. Another critical challenge is
sensor placement variability, as signal patterns differ across
body positions [37]. Compounding this, class imbalance from
overrepresented sedentary/light activities skews model
performance [75]. Additionally, computational complexity limits
real-time use, as seen in resource-heavy models like AccNet24
[31]. Finally, distinguishing biomechanically similar activities
(eg, climbing vs walking) remains problematic [29].

Future Directions
To address existing gaps, 4 interconnected priorities emerge.
First, resolving inconsistencies in ground truth methods, such
as variable MET thresholds (2.8-3.9 METs) and window lengths
(1-60s), is critical. This requires standardized validation
frameworks, including consensus guidelines and open datasets
(eg, Capture-24), to harmonize protocols and reduce
discrepancies in intensity classification [64].

Second, prioritizing free-living validation is essential to bridge
the lab-to-real-world performance gap. For instance, RF models
exhibit accuracy declines from 90.1% in lab settings to 83.5%
in free-living environments. Concurrently, diversifying training
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data to include underrepresented groups, such as the older adult,
pediatric, and clinical populations, will improve generalizability
and mitigate age-related biases [62,72].

Third, advancing algorithmic fairness through regulatory
frameworks and bias audits is imperative. This includes
expanding datasets to encompass more and diverse clinical
cohorts while addressing disparities in model performance across
the age range. Additionally, mandating open science practices,
such as code/data sharing and hyperparameter transparency,
will enhance reproducibility and resolve the “new cut-point
conundrum” plaguing activity intensity thresholds.

Finally, optimizing DL architectures, such as quantized models
or hybrid CNN-BiLSTM frameworks, for low-power wearables
will enable real-world deployment while maintaining
computational efficiency [31,33].

Looking ahead, these priorities align with broader calls for
standardization and interpretability. For example, improving
the “black-box” nature of DL models [68] and harmonizing
evaluation metrics will foster clinical trust. Moreover,
lightweight, edge-compatible architectures and multimodal data
integration represent promising pathways to overcome current
limitations in real-world MVPA monitoring.

Limitations and Methodological Considerations
The strengths of this review include the rigorous adherence to
PRISMA-ScR guidelines, a comprehensive search strategy
across 3 electronic databases (PubMed, IEEE Xplore, Web of
Science, and others via manual citation tracking), and systematic
screening of 1938 records. The methodology prioritized
transparency through dual-reviewer full-text screening to resolve
discrepancies and consultation to ensure methodological rigor.
By focusing on peer-reviewed studies, we aimed to synthesize
evidence grounded in empirical validation, thereby minimizing
inclusion of speculative or opinion-based articles.

However, several limitations warrant consideration. First, the
exclusion of gray literature (eg, unpublished trials, industry
reports, or conference proceedings) may have omitted insights
from ongoing or unsuccessful implementation efforts,
particularly those led by technology developers or health care
providers. This introduces potential publication bias, as negative
results or pragmatic challenges in real-world deployment are
often underrepresented in peer-reviewed journals. Second, our
decision to exclude non–peer-reviewed studies and prioritize

articles reporting empirical implementation in clinical or
free-living settings risks overlooking formative research, such
as feasibility studies or pilot trials, which could offer valuable
lessons for scalable AI integration.

A further limitation arises from our emphasis on the highest
reported performance metrics (eg, F1-scores, accuracy) across
studies. While this approach highlights peak algorithmic
capabilities, it may overestimate real-world applicability, as
optimal configurations (eg, 15-second windows for adults,
multisensor placements) often lack generalizability to diverse
populations or unstructured environments. For instance, models
achieving 99.0% accuracy in lab settings may exhibit significant
performance degradation in free-living contexts due to
uncontrolled variables like device heterogeneity or nonexercise
movements.

Methodologically, while the Arksey and O’Malley framework
does not mandate quality appraisal, the inclusion of studies with
heterogeneous validation protocols (eg, variable MET
thresholds, ground-truth methodologies) complicates cross-study
comparisons. Future reviews could strengthen synthesis by
incorporating quality assessment tools to evaluate bias risk and
methodological consistency. Last, the predominance of studies
using young, healthy cohorts limits insights into algorithmic
fairness and generalizability for older adult or clinical
populations, underscoring the need for more inclusive training
datasets.

These considerations do not diminish the review’s contributions
but highlight critical gaps, such as reproducibility challenges
and translational biases, that must be addressed to advance
equitable, real-world deployment of AI-driven MVPA
monitoring tools.

Conclusions
This systematic scoping review highlights that ML and DL have
significantly advanced in the detection of MVPA by using
accelerometer data, yet persistent gaps in generalizability and
transparency hinder real-world impact. To bridge the
lab-to-real-world divide, collaborative efforts across public
health and computer science must prioritize reproducibility,
inclusive design, and robust validation. By addressing these
challenges, AI-driven tools can fulfill their potential as scalable,
equitable solutions for advancing global physical activity
research and intervention.
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Abstract

Background: Social isolation and loneliness have considerable health implications. Research indicates that older men are
generally more susceptible to social isolation compared with women, highlighting the need to integrate gender-responsive
approaches in the development and implementation of interventions for mitigating social isolation and loneliness in later life.

Objective: This study aimed to conduct a review of intervention programs targeting social isolation and loneliness, focusing
on gender-specific considerations. Specifically, it aims to examine the gender composition (male-to-female ratio) of participants
in intervention programs and identify and analyze intervention strategies that demonstrate gender-sensitive effectiveness.

Methods: A scoping review was conducted as per the Joanna Briggs Institute manual for evidence synthesis. A comprehensive
literature search, including hand searching, was conducted across 6 English-language databases, PubMed, MEDLINE, Cochrane,
CINAHL, ScienceDirect, and Web of Science, for papers and reports published in 2013-2023. The authors, country, subjects,
research design, intervention method, results, and mentions of gender for each included document were presented.

Results: The study identified 1282 papers and reports, of which 10 were selected for analysis. Only 1 study reported a higher
number of male participants compared with female ones; in contrast, all other studies included predominantly female samples.
The studies assessed outcomes based on 2 indicators of social isolation, 4 indicators of loneliness, and 29 other indicators. Exercise
and workshops proved effective for social isolation and loneliness, while meditation and laughter therapy were effective for
loneliness. The intervention with the highest percentage of male participants (264/323, 82%) was a customized meditation program.
Conversely, physical activities, social support, and community-based group health classes drew more female participants. In
total, 8 studies did not mention gender in the discussion section, and none considered gender-specific issues in formulating
research objectives and outcomes.

Conclusions: Research on social isolation and loneliness has generally ignored the influence of gender. The review also indicated
a gender bias in participant selection, with women markedly overrepresented in study samples. The study found that women tend
to prefer interventions emphasizing conversations, shared experiences, and emotional exchange. In contrast, men showed the
highest participation in a meditation program focused on self-dialogue, which required minimal interaction. Importantly,
interventions aimed at promoting social interaction or participation are unlikely to succeed without consideration of gender-specific
issues. Therefore, systematically identifying conditions necessary for effective interventions that target older men is crucial for
guiding future research and program development.
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Introduction

Background
Social isolation is defined as “the objective lack or paucity of
social contacts and interactions with family members, friends,
or the wider community” [1]. Factors associated with social
isolation include advanced age, male gender, presence of
depressive symptoms, and low socioeconomic status [2]. The
concept of social isolation is closely related to loneliness.
According to Valtorta and Hanratty [1], loneliness is “a
subjective negative feeling associated with a perceived lack of
a wider social network (social loneliness) or the absence of a
specific desired companion (emotional loneliness).” Scholars
have defined social isolation as a lack of interaction with others
and distinguished loneliness from subjective loneliness [3].
Although social isolation and loneliness are considered closely
related, their definitions differ. Some studies have found only
a weak correlation [4,5]; socially isolated individuals are not
necessarily lonely, and vice versa. Despite these distinct
definitions and realities, social isolation and loneliness are often
studied together as overlapping concepts. Newall [6] also
proposed that they should be examined in conjunction.

A growing body of evidence indicates that gender is a crucial
factor influencing older adults’ experiences of social isolation
and loneliness. For example, older men (ie, those aged 65 years
and older) in Japan are more likely to experience social isolation
compared with their female counterparts [7,8]. In a
cross-sectional study, Nomura and Kobayashi [9] discovered
that gender can influence the isolation-prevention strategies
used by community-dwelling older people in Japan. The authors
found that satisfaction with social activities (ie, the degree of
satisfaction with activities involving participation in groups and
organizations and interpersonal activities with others) and
strategies for interactions helped older Japanese women maintain
relationships with others. However, for older Japanese men,
only satisfaction with social activities contributed to maintaining
social relationships. Some studies also identify the need to focus
intervention efforts on men [10]. Men are more likely to feel
lonely compared with women for one reason: when confronted
with challenges or distressing situations, women tend to respond
emotionally and engage in conversation with others, whereas
men tend to avoid stressors and neglect talking to others about
them [11]. These findings underscore the importance of
considering gender in the development of interventions targeting
social isolation. Nevertheless, few intervention programs have
appropriately accounted for gender. Furthermore, a
comprehensive overview of findings on the salience of gender
in social isolation research is lacking. Moreover, the treatment
of gender in research on social isolation is inconsistent, given
that researchers adopt different approaches to this issue.

Barreto et al [12] argued that research on loneliness has failed
to address gender beyond the binary categories of male and
female, thereby obscuring important influences. Other
meta-analyses have also indicated a correlation between
loneliness and gender. For example, Pollak et al [13] identified
gender as a predictor and risk factor for loneliness and functional
decline, while Haihambo et al [14] suggested that gender
differences exist in both loneliness and social adaptability.
However, these studies represent only one dimension of the
analysis and fail to specifically focus on gender. Although
gender is a critical determinant in understanding social isolation
and loneliness, the prevalence of gender-focused interventions
remains underexplored.

Several studies have examined intervention programs designed
to address social isolation and loneliness. For example, Milligan
[15] conducted a scoping review of Men’s Sheds and gender
interventions to assess their impact on the health and well-being
of older men. Men’s Sheds are community-based, mutual
self-help groups established primarily in Australia and the
United Kingdom, among other countries. These initiatives were
intended to alleviate social isolation and loneliness among
retired men by fostering purpose, companionship, and shared
activities [16]. The review identified limited evidence supporting
the impact of Men’s Sheds and other gender-focused social
activities on the mental health and well-being of older men.
However, this paper was published in March 2015; therefore,
it does not cover research published after 2014. Fakoya et al
[17] conducted a scoping review of studies on loneliness and
social isolation interventions targeting older adults to identify
effective interventions. The sample comprised 33 papers
published until 2018. Findings indicated that the individual
nature of experiences of social isolation and loneliness may
impede the development and implementation of standardized
interventions. The study concluded that no universal approach
exists for addressing social isolation and loneliness, and
interventions must be tailored to specific individuals and groups,
as well as the severity of loneliness. Although existing studies
encompass diverse interventions, a key limitation is that none
explicitly considered gender as an influencing variable.
Although a few studies address the potential impact of gender
on interventions targeting the alleviation of social isolation and
loneliness, the actual prevalence of such gender-focused
interventions remains unclear.

Objective
This study aims to comprehensively map intervention programs
targeting social isolation and loneliness among older adults,
with a particular emphasis on the integration of gender
considerations in these programs. Specifically, it intends to (1)
identify the male-to-female ratio of participants across studies
and (2) determine effective intervention strategies that are
responsive to gender differences. The results are expected to
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facilitate the development and implementation of new
gender-focused intervention programs.

Methods

Research Design
A scoping review was conducted in accordance with the Joanna
Briggs Institute (JBI) manual for evidence synthesis (hereafter,
JBI framework) [18]. The JBI framework defines the purpose
of a scoping review as identifying and analyzing knowledge
gaps and examining how research is conducted within a given
field [18]. The decision to conduct a scoping review was aimed
at mapping the existing evidence and identifying areas that
require further exploration rather than synthesizing findings, as
customary in a systematic review. The review protocol was
registered with the Center for Open Science Framework. No
deviations were observed between the registered protocol and
the content presented in this study. The inclusion criteria were
based on the following definitions of participants, concept,
context, and types of sources of evidence.

Participants
The participants were older men and women residing in a
community, regardless of whether they reported being socially
isolated. The review also focused on older adults but did not
strictly define the participants’ ages. Thus, age was excluded
as an eligibility criterion given the diverse definitions of
“elderly” across countries and studies.

Concept
This study focused on the implementation of strategies for
addressing social isolation and loneliness. However, studies
examining the correlation of social isolation and loneliness with
curfew restrictions during the COVID-19 pandemic were
excluded. This study focused on cases of social isolation and
loneliness in which underlying causes remained unclear and
included gender as a variable. The present-day concept of gender
is multifaceted; nevertheless, it is often reduced to a binary
model that assigns specific biological and behavioral traits to
men and women.

Context
Social isolation and loneliness are influenced by various social
factors, including geographic location, religious affiliation, and
racial identity. This study does not impose any specific
limitations regarding such factors; instead, it encompasses
diverse community-based interventions.

Types of Sources
This review covered various intervention studies, such as
randomized controlled trials, nonrandomized controlled trials,
and before-and-after studies. Quantifying the effectiveness of
interventions targeting social isolation and loneliness is
challenging. Therefore, the review also included websites,
reports, and research papers while excluding observational
studies, qualitative studies, reviews, and conference abstracts.
The rationale for incorporating websites was twofold. First, a
significant number of interventions that target social isolation
and loneliness have not been disseminated through academic
journals. Second, existing research on social isolation and
loneliness has predominantly focused on academic publications,
with nonacademic sources receiving minimal representation.

Literature Search Strategy
The literature search strategy in this study was developed in
consultation with a librarian at Mejiro University. A search was
conducted on 6 databases (PubMed, MEDLINE, Cochrane,
CINAHL, ScienceDirect, and Web of Science) on May 30,
2023, to identify relevant papers published within an 11-year
period (2013-2023). The following terms were searched in
combination: intervention, social isolation, loneliness, elderly,
older adults, older people, older peoples, sex characteristics,
sex, gender, and difference (Textbox 1). In addition to database
searches, hand searches were conducted on the websites of 3
journals that frequently publish research on social isolation and
loneliness: Health and Social Care in the Community, Journal
of Aging and Health, and Ageing & Society. Furthermore, a
hand search for gray literature was conducted on 2 websites,
the Social Care Institute for Excellence and Connect2Affect,
for the terms “social isolation” or “loneliness,” with the
publication period limited to 2013-2023 (Multimedia Appendix
1).

Textbox 1. Search strategy.

“(intervention)

and (((((social isolation)or(loneliness))

and (((aged)or(elderly))or((”“older people”“)or(”“older peoples”“))))

and((sex characteristics)or(((sex)or(gender))and(difference)))))”

Literature Selection
Data extraction was performed by KN. All identified academic
studies and relevant texts were uploaded to Rayyan [19].
Duplicate papers were omitted, followed by a screening. KN
and EI conducted the initial and full-text screening of the
literature, while NK was consulted in cases of disagreement.
The sample included English-language papers featuring
intervention programs for social isolation and loneliness. The
following texts were excluded: conference abstracts; studies

without mention of social isolation or loneliness in their
objectives, methods, results, or discussion; and studies that
focused on COVID-19 countermeasures.

Data Analysis
The selected studies were presented in the form of a table that
included the following information for each study: author,
country of origin, participants, intervention method, outcome,
and gender. An additional table was constructed to illustrate the
male-to-female participant ratio per study and to classify the
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type of intervention (remote or in-person, group-based or
individual, or a combination of these formats). Furthermore,
the measures and outcome indicators used to evaluate the
interventions were presented in tabular form. To enhance clarity
and comparability, the primary outcome concepts were
systematically categorized and organized according to their
thematic relevance.

Results

Characteristics of the Selected Studies
The literature selection process was visualized as a flowchart
in accordance with the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension for

Scoping Reviews) checklist (Figure 1; Multimedia Appendix
2) [20]. The database search yielded 1141 studies, of which 222
were duplicates and were therefore excluded. The screening
process yielded 19 studies, 8 [21-28] of which were included
in the analysis. Of the 900 studies that were excluded during
the screening process, 447 were unrelated to social isolation
and loneliness, while 344 were not intervention studies. The
hand search yielded 141 studies, of which 2 were included
(Table 1). A total of 10 studies [21-30] were included in the
final analysis. These studies described detailed interventions
conducted in the United States (n=3 [23,27,28]), the United
Kingdom (n=2 [29,30]), Singapore (n=1 [26]), Turkey (n=1
[25]), Spain (n=1 [21]), Ireland (n=1 [23]), and India (n=1 [22];
Table 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of study selection.
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Table 1. Summary of included studies.

Gender referencesResultIntervention descriptionParticipants (final analyzed
individuals)

First author,
date, and coun-
try

No mentionThere were significant improvements
in digital literacy scores in the interven-

Project Wire Up was a volunteer-
led, one-on-one, goal-directed, and

Older adults who resided
in the southeast region of

Ngiam et al,
2022 [26], Sin-
gapore tion group as compared to controls

(mean difference 2.28, 95% CI 1.37-
home-based digital literacy pro-
gram: (1) equipped with smart-

Singapore, aged >55 years,
belonging to a lower so-

3.20; P<.001). There was no statistical-phones and internet connection; (2)cioeconomic status. 138
ly significant difference in the Univer-trained by volunteers for 6 sessionswere included for analysis

(59 male and 79 female). sity of California, Los Angeles 3-item
loneliness scale, Lubben Social Net-

(1 to 2 hours per session) over 3
months that were held in the older

work Scale-6, Personal Wellbeingadults’ homes; and (3) digitally
Score, or EQ-5D Utility and visual
analog scale score.

connected to existing social net-
works.

The gender variable
does not seem to have

Concerning the total score of the Health
and Psychosocial Functioning (Total

The Psychological Support Service
for Socially Isolated Elderly People

The sample (N=68: 18
male, 50 female) was 65

Santos-Olmo et
al, 2022 [21],
Spain an influence on any of

the outcome measures
HoNOS65+, t=10.12, P<.001, Cohen
d=1.49) and the Spanish adaptation of

(PSIE) facilitates contact between
the elderly person and social and

years of age or older; lived
alone or lived with other

studied, except for alco-the Camberwell Needs Assessmenthealth services (both primary andpeople older than 65 years;
hol use. PSIE hasQuestionnaire for the Elderly (CANE;specialized care) in their area, sohad uncovered social
achieved positive re-average number of unmet needs,that they can receive the care they

need on each occasion.
and/or health needs; have
little or no social support
network; refused the assis-

sults in both men and
women, without gender

t=19.99, P<.001, Cohen d=2.31), signif-
icant differences were also observed

tance offered to cover their appearing to be a rele-between pre- and posttreatment. Statis-
needs from the normalized vant variable in these

results.
tically significant changes were ob-
tained in Global Assessment of Func-
tioning (GAF; t=4.06, P<.001, Cohen

social and/or health ser-
vices.

d= 0.6) and the Spanish adaptation of
the WHO Disability Assessment Short
Scale (WHO-DAS-S; A. personal care
and survival, t=8.82, P<.001, Cohen
d=1.3).

No mentionAfter the induction period, the experi-
mental group had higher global cogni-

The intervention group had video
chats with trained study staff for 30

Participants with normal
cognition or mild cognitive

Dodge et al,
2022 [27], Unit-
ed States tive test scores (Montreal Cognitive

Assessment [primary outcome]; 1.75
minutes per day, 4 times per week
for 6 months (high dose), and then

impairment were recruited
from Portland, OR, and

points [P=.03]). After induction, partic-twice per week for an additional 6Detroit, MI. Key inclusion
ipants in the experimental group withmonths (maintenance dose). Bothcriteria included (1) age 75
normal cognition had higher language-intervention and control groups re-years or older, (2) socially
based executive function (semanticceived a phone call once per weekisolated. One hundred
fluency test [secondary outcome]; 2.56(approximately 10 minutes duration)eighty-six participants (86
points [P=.03]). At the end of theto assess changes in health and so-

cial activities.
with normal cognition and
100 (52.8%) with mild
cognitive impairment)

maintenance period, participants in the
experimental group with mild cognitive

were randomized into the impairment had higher encoding func-
experimental (n=94) or the
control group (n=92).

tion (Craft Story immediate recall test
[secondary outcome]; 2.19 points
[P=.04]).

Men, middle class,
married, and cohabitat-

There were significant mean differ-
ences in the posttest scores on loneli-

The key features of the meditation
program were (1) postures inter-

Intervention group older
adults (IN2=166, 136

Pandya et al,
2021 [22], India

ing participants, whoness, well-being, life satisfaction, andspersed with relaxation, (2) slow-males, 30 females), the
also comprised a major-contentment outcomes of the interven-ness in movements, and (3) inner

watchful awareness.
control group (CN2=157,
128 males, 29 females), ity of the sample, were

less lonely at the pretest
tion group, with high observed effect
sizes (Cohen d range=2.43-8.78;who underwent no interven-

tion phase as compared to
women, upper class,

P≤.01). The intervention group older
adults reported that they were less

single, and living alone.lonely and experienced greater well-
Gender was an impor-being, life satisfaction, and contentment

posttest (ηp2 =0.71-0.78; P≤.01). tant factor, and results
showed that retired
South Asian men were
less lonely and more
satisfied pretest as well
as posttest.
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Gender referencesResultIntervention descriptionParticipants (final analyzed
individuals)

First author,
date, and coun-
try

No mentionOlder adults who met with a health
coach and participated in a single ses-
sion of community health programs

reported decreased loneliness (ERa

0.931, 95% CI 0.895-0.968; P<.001)
and social isolation (ER 1.033, 95% CI
1.016-1.050; P<.001) at 6 months post
participation, compared to their base-
line scores.

Participants met with the program
coordinator and selected from 1 of
the 4 evidence-based programs: Tai
Chi for Arthritis, Enhance Fitness,
the Arthritis Foundation Exercise
Program, and the Healthier Living
Workshop. Group health class lasted
6 to 8 weeks.

Participants (n=382, 63
male, 315 female) were
offered enrollment based
on the following inclusion
criteria: aged 50 years or
older, community-
dwelling, able to complete
questionnaires, able to
consent to participate in
the study, and able to
communicate in English.

Mays et al,
2021 [23], Unit-
ed States

No mentionAnalysis of the field notes revealed 5
themes of: residents with dementia re-
member faces, not technology, inter-
and intraconnectedness, regaining sense
of self and purpose, situational loneli-
ness overcome, and organizational is-
sues create barriers to long-term imple-
mentation.

Twenty-two residents engaged with
each other using “Skype quiz” ses-
sions with the support of staff once
a month over an 8-month trial. Res-
idents met other residents from the
3 care homes to build new friend-
ships and participate in a 30-minute
quiz session facilitated by 8 staff
members.

Twenty-two residents aged
≥65 years (5 male, 17 fe-
male) across 3 British care
homes

Zamir et al,
2020 [29], Unit-
ed Kingdom

No mention87% (40/46) of women consented to
participate, and 78% (31/40) attended
all education sessions. Few participants
provided valid accelerometer data, but

63% (25/40) completed the HADSb

questionnaire at all time points. 85%
of participants (34/40) were somewhat
or very satisfied with their involvement
in the study.

Intervention consisted of 3 face-to-
face group education sessions, en-
couragement to enlist the support of
a buddy (eg, spouse, partner, friend,
or a group member), an information
pack, and the option of weekly tele-
phone contact. Each education ses-
sion lasted approximately 20 min-
utes.

Participants (n=40) from
older (aged≥50 years)
women’s groups from 4
different community cen-
ters

Lawlor et al,
2019 [24], Ire-
land

No mentionA statistically significant difference
(P<.001) between mean De Jong
Gierveld Scale scores of the interven-
tion (mean 7.15, SD 1.755) and control
groups (mean 15.63, SD 5.027) was
observed after the intervention. Median
De Jong Gierveld Scale scores were
significantly lower in the intervention
group than in the control group. After
therapy, the social loneliness score was
significantly lower in the intervention
group (mean 3.10, SD 1.553; P<.001)
than in the control group (mean 6.90,
SD 3.100). Post therapy, the emotional
loneliness score was significantly lower
(P<.001) in the intervention group
(mean 4.05, SD 1.538) than in the
control group (mean 8.73, SD 2.599).

Laughter therapy was conducted by
the principal investigator 2 days a
week, with one application during
each session. The program involved
performing yoga, breathing, and
physical exercises, as well as
laughter therapy. The program con-
tinued for 5 weeks for a total of 10
applications. The control group re-
ceived no intervention.

The study participants
were older adults living in
2 nursing homes set up by
foundations located in the
capital of Turkey. Their
ages were more than 65
years. A total of 50 older
adults formed the interven-
tion group (n=20; 9 males,
11 females) and control
group (n=30; 14 males, 16
females).

Alıcı et al, 2018
[25], Turkey

No mentionAmong the cognitively intact partici-
pants, the intervention group improved
more than the control group on a seman-
tic fluency test (P=.003) at the posttrial
assessment and a phonemic fluency test
(P=.004) at the 18-week assessments.
Among those with mild cognitive im-
pairment, a trend (P=.04) toward im-
proved psychomotor speed was ob-
served in the intervention group. No
difference was found between interven-
tion and control groups in the pre- to
posttrial changes in the loneliness
score, the secondary outcome.

Daily 30-minute face-to-face com-
munications were conducted during
a 6-week trial period in the interven-
tion group. The control group re-
ceived only a weekly telephone in-
terview.

Eighty-three individuals
participated (41 in the inter-
vention group and 42 in
the control group). Partici-
pants aged 70 years or
older were included.

Dodge et al,
2015 [28], Unit-
ed States
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Gender referencesResultIntervention descriptionParticipants (final analyzed
individuals)

First author,
date, and coun-
try

No mentionThe 2 groups were reasonably well
matched with respect to baseline demo-
graphic characteristics. At 6 months
post randomization, the SF-36 mental
health mean (SD) scores were 77.5
(18.4) in the intervention group and
70.7 (21.2) in the control group, with
a mean difference of 6.5 (95% CI –3.0
to 16.0); after adjusting for age, sex,
and baseline scores, the mean differ-
ence was 9.5 (95% CI 4.5-14.5). In
summary, over the 6-month follow-up
period, there was no change in the SF-
36 mental health scores in the interven-
tion group, but there was a decline or
deterioration in scores in the control
group.

Manualized the telephone friendship
(TF) with standardized training: (1)
one-to-one befriending: 10- to 20-
minute calls once per week for up
to 6 weeks made by a volunteer be-
friender, followed by (2) TF groups
of 6 participants: 1-hour teleconfer-
ences once per week for 12 weeks
facilitated by the same volunteer.
Control: usual health and social care
provision.

The eligibility criteria in-
cluded being aged ≥ 75
years, living independent-
ly, and having reasonable
cognition. Fifty-six partici-
pants (control n=30, inter-
vention n=26) were includ-
ed in the intention-to-treat
analysis group.

Hind et al, 2014
[30], United
Kingdom

aER: estimated ratio.
bHADS: Hospital Anxiety and Depression Scale.

The literature search was conducted using 2 complementary
approaches: database and hand searches. Database searches
were performed across the 6 abovementioned databases, yielding
1141 records, of which 8 studies [21-28] met the inclusion
criteria. Hand searches were conducted across 3 journals and 2
websites, identifying 141 records, of which 2 [29,30] studies
were eligible for inclusion.

In total, 10 studies [21-30] were included in the final analysis.

Table 1 presents a summary of the 10 papers included in the
final analysis. All studies were published between 2013 and
2023. The United States and the United Kingdom were the
countries with the highest representation in terms of intervention
programs. Participants were generally older adults aged ≥50
years, with the majority being ≥65 years and predominantly
female.

Characteristics of Participants
The 10 included studies [21-30] involved 1343 older adult
participants, with sample sizes ranging from 22 to 382 (mean
134.3, SD 119.2; median 73, IQR 51.5-174). The proportion of

female participants varied per study: approximately 10%-20%,
50%-60%, 60%-70%, 70%-80%, 80%-90%, and 100% women
participated in 1 [26], 2 [21,27], 1 [22], 4 [23-25,29], 1 [28],
and 1 [30] study, respectively (Figure 2 [21-30]). Overall, 8
documents incorporated the term “social isolation” or
“loneliness” in their objectives, methods, or results. However,
these documents did not explicitly address gender in the
discussion section. In contrast, a few documents incorporated
gender-related content in the discussion section. Studies
referencing gender examined its impact on intervention
effectiveness [21] and loneliness levels [22]. Among the
included studies, the most common intervention method for
those with the highest proportion of male participants (82%)
was a personalized meditation program [22]. Conversely, studies
involving women used different methods, including
community-based group health classes [23] and physical activity
and social support [24].

Only 1 [22] study reported a higher number of male participants
compared with female ones; the remaining studies had a majority
of female participants. One study [24] exclusively targeted older
women, whereas no study focused solely on older men.
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Figure 2. Gender ratio of participants [21-24, 26-30].

Intervention Methods and Means
The studies used 4 types of study designs: randomized controlled
trials (n=5), nonrandomized control trials (n=1), pre-post
outcome studies (n=3), and action research (n=1). They assessed
5 types of in-group programs: a program intended to enhance
access to social and health services [21], a meditation program
[22], an exercise and workshop [23], a physical activity program
[24], and a laughter therapy program [25]. Overall, 3 studies
discussed individualized remote programs, including a digital
literacy program [25], a video chatting program [27], and a
face-to-face communication program [28]. Another study
assessed a remote group program that used a Skype (Microsoft)
quiz format [29]. Furthermore, 1 study evaluated a remote

individual program and a remote group program based on
telephone friendship [30] (Table 2). The exercise workshop [23]
effectively alleviated social isolation and loneliness indicators;
meanwhile, the meditation [22] and laughter therapy programs
[25] effectively mitigated loneliness (Table 1).

The interventions were nearly evenly divided between “remote”
(n=5) and “in-person” (n=5) formats. Notably, no individual
in-person programs were reported; instead, group-based
in-person interventions were the most common. In-person
programs typically involved strategies such as facilitating access
to social resources, meditation, exercise, and workshops. Remote
programs included activities such as digital literacy training,
video-based communication, and online conversational sessions.
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Table 2. Intervention methods.

Face-to-faceRemote

Individual

—a• Digital literacy program (Ngiam et al [26], 2022)
• Video chats (Dodge et al [27], 2022)
• Face-to-face communications (Dodge et al [28], 2015)

Group

•• Improving access to social and health services (Santos-
Olmo et al [21], 2022)

Skype quiz (Zamir et al [29], 2020)

• Meditation program (Pandya [22], 2021)
• Physical activity (Lawlor et al [24], 2019)
• Laughter therapy (Alıcı et al [25], 2018)

Individual and group

•• Exercise and workshops (Mays et al [23], 2021)Telephone friendship (Hind et al [30], 2014)

aNot available.

Measurement of Effectiveness
The 10 studies [21-30] assessed outcomes based on 2 indicators
of social isolation, 4 indicators of loneliness, and 29 other
indicators (Table 3). Among these, outcomes with positive
effects were observed for the Duke Social Support Index [23]
for social isolation, the 3-item loneliness scale of the University
of California, Los Angeles [23], the De Jong Gierveld

Loneliness Scale [25], and the 6-item De Jong Gierveld
Loneliness Scale [22].

The selected studies presented relatively few measures for
assessing social isolation and loneliness; however, they used a
broad range of indicators to evaluate cognitive function,
well-being, satisfaction, and other psychosocial domains. For
outcomes related to social isolation or loneliness and cognitive
function, the number of studies that reported significant effects
was approximately equal to those reporting no effects.
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Table 3. Outcomes and effectiveness.

IneffectiveEffectiveCategories and outcomes

Social isolation

Ngiam et al [26], 2022LSNS-6a • —b

—DSSIc • Mays et al [23], 2021

Loneliness

Ngiam et al [26], 2022UCLA-3d • Mays et al [23], 2021

—The De Jong Gierveld Loneliness Scale score • Alıcı et al [25], 2018

Dodge et al [27], 2015—3-item loneliness scale

—DJGLS-6e • Pandya et al [22], 2021

Other

Cognition

Dodge et al [28], 2015—Trail making test

Dodge et al [28], 2015—Mini mental state examination

Dodge et al [28], 2015—Cogstate computerized tests

Dodge et al [28], 2015—The Stroop test

—MoCAf • Dodge et al [27], 2022

—Craft Story immediate recall test • Dodge et al [27], 2022

Dodge et al [28], 2015—The Consortium to Establish a Registry for Alzheimer
Disease word list learning

Dodge et al [28], 2015—The Consortium to Establish a Registry for Alzheimer
Disease word list delayed recall

Dodge et al [28], 2015—CAMCIg

Fluency

—Semantic fluency test • Dodge et al [27], 2022)
• Lawlor et al [24], 2019)

—The composite of verbal fluency for letters (F, A, and S) • Dodge et al [28], 2015)

—Verbal fluency for the category animals • Dodge et al [28], 2015)

Qualitative method

—WHO-DAS-Sh • Santos-Olmo et al [21], 2022

—Thematic analysis • Zamir et al [29], 2020

—framework analysis • Lawlor et al [24], 2019)

Well-being

Ngiam et al [26], 2022—PWSi

—WEMWBSj • Pandya et al [22], 2021

QoLk

Ngiam et al [26], 2022—EQ-5D

—SF-36l • Hind et al [30], 2014

Psychosocial functioning
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IneffectiveEffectiveCategories and outcomes

—• Santos-Olmo et al [21], 2022)HoNOS65+m

—• Santos-Olmo et al [21], 2022)GAFn

Satisfaction

—• Pandya et al [22], 2021SWLSo

—• Pandya et al [22], 2021CLASp

Emotion

—• Alıcı et al [25], 2018TDASq

—• Dodge et al [27], 2022NIHTB-EBr

Digital literacy

—• Ngiam et al [26], 2022Digital literacy score

Needs

—• Santos-Olmo et al [21], 2022CANEs

Depression

Lawlor et al [24], 2019—Hospital Anxiety and Depression Scale

fMRIt

—• Dodge et al [27], 2022fMRI analyses

aLSNS-6: Lubben Social Network Scale-6.
bNot available.
cDSSI: The Duke Social Support Index.
dUCLA-3: University of California, Los Angeles 3-item loneliness scale.
eDJGLS-6: The De Jong Gierveld Loneliness Scale (six-items).
fMoCA: Montreal Cognitive Assessment.
gCAMCI: Computer assessment of mild cognitive impairment.
hWHO-DAS-S: World Health Organization Brief Disability Assessment Scale.
iPWS: Personal Well-being Score.
jWEMWBS: Warwick Edinburgh Mental Well-being Scale.
kQoL: quality of life.
lSF-36: 36-Item Short Form Health Survey.
mHoNOS65+: Home Health Outcome Scales for People Over 65.
nGAF: Global Assessment of Functioning.
oSWLS: The Satisfaction with Life Scale.
pCLAS: The Contentment with Life Assessment Scale.
qTDAS: The Turkish Death Anxiety Scale.
rNIHTB-EB: National Institutes of Health-toolbox emotional battery.
sCANE: Camberwell Needs Assessment Questionnaire for the Elderly.
tfMRI: functional magnetic resonance imaging.

Discussion

Principal Findings
In this review, a total of 1282 papers were identified, of which
only 10 [21-30] were eligible for analysis. Studies were excluded
primarily because they did not specifically examine social
isolation or loneliness or were merely cross-sectional
investigations that emphasized the need for interventions. Of

the included studies, East Asia was represented only by
Singapore; notably, no research was included from Japan despite
its status as a super-aged society.

Regarding the interventions, the methods were evenly distributed
between remote and in-person methods. In total, 5 [26-30] of
the 10 (50%) studies [21-30] used remote interventions (eg,
digital literacy and video chats), while the other 5 studies [21-25]
used in-person interventions (eg, exercise, meditation, and
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laughter therapy). However, none of them combined remote
and in-person approaches.

A significant gender bias was observed; in 9 studies
[21-24,26-30], most participants were women. Among studies
in which women accounted for ≥80% or more of the participants,
interventions frequently emphasized communication, shared
emotional expression, and group-based activities. Conversely,
the study with the highest proportion of male participants (82%)
featured a meditation program characterized by self-dialogue
and individual reflection.

Importantly, only 2 [21,22] of the 10 studies [21-30] discussed
the impact of gender on intervention outcomes, whereas no
study focused on gender-specific issues as a primary research
objective. Furthermore, the use of specific indicators for social
isolation and loneliness was limited; indicators were typically
substituted by measures of cognitive function or quality of life,
depending on the study’s specific objectives.

Comparison With Prior Work
The finding that 50% of the studies used remote interventions
represents a significant increase compared with the result of a
previous scoping review conducted by Fakoya et al [17]. The
authors found that only 15% (5 of 33) of interventions cited in
papers published between 1984 and 2018 were remote. This
trend aligns with the growing efficacy and development of
remote tools [31,32], likely accelerated by the global COVID-19
pandemic. However, while Sen et al [32] recommended the use
of online and offline resources to enhance efficacy, this review
found no studies adopting such a hybrid approach.

The predominance of female participants is consistent with
previous literature emphasizing that research on social isolation
and loneliness is biased toward women [33,34]. This finding
contradicts evidence suggesting that older men are more prone
to social isolation compared with women [7,8].

Regarding intervention preferences, the findings support existing
theories on gender differences. Female participants’ preference
for exchanging experiences in supportive settings mirrors the
findings of Venter et al [35]. In contrast, the male preference
for the meditation program aligns with research proposing that
men gravitate toward task-oriented activities, autonomy, and
less intimate social networks, as seeking help or emotional
disclosure can be perceived as vulnerability [36].

The lack of gender-specific analysis in the included studies is
in contrast with the recommendations of Santos-Olmo et al [21]
and Wen et al [10], who argued that future research needs to
prioritize gender as a variable for predicting the effectiveness
of interventions. The absence of studies conducted in Japan is
also a concern, given the cultural specificity of isolation [13,37],
thus highlighting a gap between Japan’s urgent policy needs
[38] and the available evidence base.

Strengths and Limitations

Strengths
The primary strength of this study is its explicit focus on gender.
To the best of our knowledge, this is the first literature review
on social isolation and loneliness that considers gender as a

central variable. Additionally, relevant studies were identified
using a rigorous methodology based on multidisciplinary
databases.

Limitations
First, the review may not have captured all relevant studies,
partially because the study period overlapped with the
COVID-19 pandemic, potentially causing delays in publication.
Second, the literature search concluded in May 2023, excluding
subsequent studies. Third, despite manual searches, some
high-quality sources or community-based practices that
indirectly address isolation (eg, neighborhood association
activities) may have been missed. Finally, as a scoping review,
no quality assessment of the included papers was conducted;
thus, the quality of evidence may vary.

Future Directions
Gender-specific interventions: a clear need exists to develop
and implement new gender-focused intervention programs.

For older women: interventions should prioritize group-based
activities that foster dialogue, mutual understanding, and
emotional connection.

For older men, future efforts must rigorously identify criteria
for interventions targeting men. Programs should incorporate
activities that enable self-expression without overt emotional
disclosure, such as those emphasizing skill use, personal
autonomy, and a sense of contribution.

Research design: future studies must move beyond merely
reporting gender demographics. Studies should include gender
as the primary variable in order to analyze its impact on
intervention outcomes. A reexamination of previous studies
that failed to show significant effects could reveal whether the
lack of gender consideration was a contributing factor.

Hybrid approaches: given the increased popularity of remote
interventions and the established value of in-person interaction,
future interventions should aim to combine remote and in-person
methods. Leveraging the experience of online-based
interventions to create hybrid models could enhance the
precision and efficacy of countermeasures against social
isolation and loneliness.

Conclusions
This scoping review, which aimed to examine the composition
of participants by gender and gender-sensitive strategies,
confirms that research on social isolation generally
underestimates gender. This finding reveals a bias in which
women are markedly overrepresented in study samples,
contradicting evidence that older men are more susceptible to
isolation. Critically, no study considered gender-specific issues
in its objectives, undermining the efficacy of general
interventions. We found gender-based differences in preferences:
women favored conversation and emotional exchange, while
men exhibited the highest proportion of participation in
self-dialogue meditation programs. Therefore, a clear need exists
to develop new gender-focused intervention programs and
systematically identify conditions for effective interventions
that specifically target older men.
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Abstract

Background: Global population aging places an increasing burden on health care systems. This is driven by multimorbidity,
frailty, and polypharmacy. Older adults, particularly those aged 65 years or older, use emergency departments (EDs) more
frequently and experience poorer outcomes. In this population, decisions regarding admission to monitored acute care
units—intensive care units, intermediate care units, and operating rooms—are frequent and complex. While ED and intensive
care unit use are well documented, data on monitored acute care units as a whole remain limited. Evidence on admission trends,
patient characteristics, and outcomes in older adults is scarce.

Objective: This study aimed to describe temporal trends in monitored acute care unit admissions, identify predictors of such
admissions, and assess outcomes following these admissions.

Methods: We conducted a retrospective cohort study using routinely collected electronic health record data. We included
patients aged 65 years or older who visited the EDs of the Geneva University Hospitals, Switzerland, between 2009 and 2019.
The primary outcome was admission to a monitored acute care unit. The secondary outcomes were hospital length of stay, 7-day
mortality, and 1-year mortality. Logistic regression models were used to identify factors associated with monitored acute care
unit admission and to assess the association between age and mortality.

Results: During the 10-year period, 701,838 ED visits were recorded. Annual visits increased from 56,944 to 76,368 (+34.1%).
The increase was greater among patients aged 65 years or older (+56.1%) than among younger patients (+26.5%). A total of
180,189 older patients presented to the ED. Of these, 887 (0.5%) died in the ED, 97,238 (54.0%) were discharged home, 63,025
(35.0%) were admitted to a ward, and 19,039 (10.6%) were admitted to a monitored acute care unit. Monitored acute care unit
admissions increased from 1379 (10.3%) in 2009 to 2240 (11.1%) in 2019. This represented an absolute increase of 62.4% and
a relative increase of 0.8%. Predictors of monitored acute care unit admission included younger age, male sex, ambulance arrival,
higher triage level, being married or in a relationship, not residing in a nursing home, and French as the primary language. Among
patients admitted to a monitored acute care unit, mortality was 5.8% (1105/19,039) at 7 days and 22.3% (4251/18,039) at 1 year.
Older age was associated with higher 7-day mortality (adjusted odds ratio 1.55, 95% CI 1.14‐2.10) and 1-year mortality (adjusted
odds ratio 1.28, 95% CI 1.08‐1.51).

Conclusions: Admissions to monitored acute care units among older patients increased over time. These findings indicate a
growing demand for high-level care in this population. Hospitals should adapt infrastructure and resource allocation to address
the needs of an aging population.

(Interact J Med Res 2026;15:e80629)   doi:10.2196/80629
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Introduction

The global population is aging rapidly, exerting substantial
pressure on health care systems [1,2]. With increasing life
expectancy, older adults present with a higher burden of chronic
illnesses, polypharmacy, and biological frailty. However, only
limited data exist on the use of monitored acute care units within
this population.

Individuals aged between 65 and 79 years exhibit the highest
prevalence of comorbidity, while those aged 80 years and older
have a 30% likelihood of presenting with at least one chronic
condition [3]. This demographic shift places considerable strain
on health care services. In the United States, studies have shown
that patients aged older than 65 years account for 15% of all
emergency department (ED) admissions, with these
consultations increasing by 25% over the past decade [4,5].
These patients typically present with more severe emergencies,
requiring extensive hospital resources [6]. Moreover, they
experience poorer outcomes following admission compared to
younger patients, particularly in the intensive care unit.
In-hospital mortality rates are markedly higher for older patients
during the postintensive phase [7,8], with the majority of deaths
occurring within 3 months after intensive care unit discharge
[9]. Furthermore, survivors frequently experience a substantial
decline in quality of life, with age and frailty being crucial
factors that affect the recovery of functional capacity [10].

These age-associated challenges necessitate careful
consideration when evaluating older patients for admission to
high-level care. Understanding these aspects is essential for
health care providers in developing strategies that effectively
address the specific needs of older patients, ensuring that the
allocation of high-level care resources is both efficient and
beneficial. While extensive research exists on ED use and
intensive care unit admissions in older patients, there is a notable
gap in data regarding the trends in monitored acute care unit
admissions over time. Furthermore, research on monitored acute
care unit admissions, encompassing intensive care units,
intermediate care units, and operating rooms, as a whole entity,
remains limited. Finally, intermediate care units have only
recently been introduced in health care systems, and their impact
on patient disposition and role as acute care providers remains
to be determined.

This study aimed to address this gap by analyzing ED and
monitored acute care unit admissions among patients aged 65
years or older over the past decade in a Swiss tertiary care
institution. Our primary objective was to describe the trends in
monitored acute care unit admissions during this period. Our
secondary objectives were to identify predictors of monitored
acute care unit admission, describe patient outcomes following
monitored acute care unit admission, and explore the association
between patient age and mortality at day 7 and 1 year
postadmission.

Methods

Study Design
This single-center retrospective cohort study used routinely
collected data from patients who visited the ED between 2009
and 2019. The study was approved by the institutional ethics
committee of Geneva, Switzerland, and patient consent was
waived based on Article 34 of the Swiss law on human research.

Study Setting and Population
The study was conducted at Geneva University Hospitals
(HUG), the largest medical complex in Switzerland. The HUG
is a tertiary care institution with 2 adult EDs located at different
sites. The main ED, which operates 24/7, handles approximately
80,000 visits annually and includes a stretcher bay and a walk-in
sector, providing comprehensive emergency care. The second
ED, opened in 2016, is situated at a geriatric hospital and
handles approximately 5000 visits annually. It operates only
during daytime hours and is dedicated to patients aged older
than 75 years with low-severity conditions. Although this
geriatric ED is equipped with a full radiological division, it has
limited access to specialty consultants, sometimes requiring the
transfer of patients who need urgent specialized consultation or
surgical procedures. Hospitals within the HUG network share
the same computer system, and patients’ medical data are
accessible in each hospital.

HUG provides specialized care across all medical fields, serving
as a reference center for regional hospitals and often receiving
patients from smaller centers. The main location offers 24-hour
cardiac catheterization services and is the only trauma and stroke
center in the region, providing immediate care for patients
requiring intravenous thrombolysis, interventional radiology,
or the management of life-threatening injuries.

The HUG’s critical care infrastructure includes a
medical-surgical intensive care unit and several specialized
intermediate care units. These intermediate care units serve as
an intermediary level of care between the intensive care unit
and regular wards and include a cardiac intermediate care unit,
a neurological and neurosurgical intermediate care unit (with a
stroke unit), a surgical intermediate care unit, and 2 medical
intermediate care units (one located at the main hospital and
one at the geriatric hospital).

The HUG is funded through a mixed financing model, with
approximately half of the budget provided by the State of
Geneva and the remainder generated from hospital revenues
(including patient care and insurance reimbursements) as well
as dedicated research funding from national grants and private
foundations. Health care financing in Switzerland is based on
mandatory basic health insurance (LAMal), which ensures equal
access to care for all residents and is funded through individual
premiums, complemented by regulated cost-sharing mechanisms
(eg, deductibles and co-payments) and optional supplementary
insurance.

Participants
We included all adult patients (aged ≥18 y) who visited either
of HUG’s EDs between January 1, 2009, and December 31,
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2019. Patients were excluded if they (1) were aged younger
than 65 years, (2) were transferred from another hospital or ED
outside of HUG, or (3) refused the use of their data for research
purposes. The age cutoff of 65 years was selected, as it is a
widely recognized threshold for defining “older patients” and
aligns with the retirement age in Switzerland.

Variables and Data Sources
The primary outcome was monitored acute care unit admission,
defined as an admission to an operating room (including surgical
rooms, interventional radiology, or a cardiac catheterization
laboratory), an intermediate care unit, or the intensive care unit.
This outcome was based on patient trajectories within the
institution. The secondary outcomes included hospital length
of stay, mortality at day 7 after monitored acute care unit
admission, and mortality at 1 year. Owing to the lack of linkage
between the electronic health record and the national death
registry, data were missing for patients who did not die in the
hospital and were not readmitted beyond 1 year after the initial
admission.

Patient variables extracted included age, sex, marital status
(married or in a relationship vs single, divorced, or widowed),
primary language, emergency triage level (based on the Swiss
Emergency Triage Scale [11], ranging from 1 [highest priority]
to 4 [lowest priority]), triage motive category, nursing home
residence, and means of transportation to the ED (ambulance
or nonambulance).

Data were electronically extracted from the hospital’s data
warehouse by a dedicated team, which contains all information
routinely gathered for clinical use in the patient’s electronic
health record. These structured data can be retrieved for quality
assessment or research purposes after approval from the research
ethics board. Each care episode is assigned a unique number,
facilitating linkage between different database subsets. There
was no linkage with other databases.

Study Size
The sample size was determined based on the study’s objective
to describe trends over a decade rather than on power
calculations for statistical significance. With an expected
inclusion of more than 150,000 patients, the sample size was
considered sufficient to perform a multivariable logistic
regression analysis without the risk of overfitting, based on
established methodological recommendations regarding events
per variable. Previous studies have shown that logistic regression
models are unlikely to be overfitted when at least 10 events per
predictor variable are available and that model performance
remains robust even with fewer events per variable in large
datasets with stable estimates. Given the large number of
observations and outcome events in this study, the risk of
overfitting was therefore considered minimal [12-14].

Statistical Analysis
Data cleaning and statistical analysis were conducted using the
integrated statistical software Stata/SE (version 18; StataCorp
LLC).

First, the data were cleaned and standardized. Variables were
reformatted to facilitate analysis. Outcomes were constructed

based on patients’ trajectories through the institution. To
evaluate trends in monitored acute care unit admissions over
time, we graphically computed the number of ED visits for
patients aged 65 years or older and the number and type of
monitored acute care unit admissions by year. The absolute and
relative changes over time were reported. A linear regression
model was used to evaluate trends over time and determine the
statistical significance of the observed changes.

To explore predictors of monitored acute care unit admission,
baseline variables were summarized using descriptive statistics
for the overall population. Mean and SD (or median and IQR)
were used for continuous variables, whereas frequency and
proportion were used for categorical variables. Patients admitted
to a monitored acute care unit were compared to those not
admitted to a monitored acute care unit using standardized mean
differences (SMDs). We used SMDs rather than P values, as
these comparisons are descriptive and not inferential. An
absolute SMD greater than 0.2 was considered to reflect a
potentially meaningful imbalance. The association between age
and monitored acute care unit admission was graphically
represented using restricted cubic splines, a flexible regression
method, with the number of knots determined by the Akaike
information criterion and their placement based on
recommended quantiles [14]. Independent predictors of
monitored acute care unit admission were identified using a
multivariable logistic regression model, with monitored acute
care unit admission as the dependent variable. Potential
predictors were selected based on previous literature or clinical
relevance and included sex, age, marital status, nursing home
residence, primary language, arrival by ambulance, emergency
triage level, and triage motives. Relationships modeled with
restricted cubic splines were presented as odds ratios (ORs),
comparing older patients (75th percentile of age) to younger
patients (25th percentile of age) [14]. A sensitivity analysis
using age as a categorical variable was also performed.

To explore patient outcomes following monitored acute care
unit admission, outcomes were summarized using descriptive
statistics.

Finally, to explore the association between patient age and
mortality at day 7 and 1 year following monitored acute care
unit admission, restricted cubic splines were used. Subsequently,
multivariable models similar to those used previously were
applied.

Missing data frequency was reported for each variable. For the
initial logistic regression model, a complete case analysis was
performed. A subsequent analysis included variables with higher
levels of missingness without imputation to assess changes in
the coefficient estimates.

Ethical Considerations
The study was conducted at HUG in accordance with the
principles of Good Clinical Practice (the Declaration of Helsinki,
2002). This study was approved on July 11, 2022, by the
institutional ethics committee of Geneva, Switzerland (project
ID 2022‐00987). Patient consent was waived by this
committee. No compensation was offered to participants Data
extraction generated deidentified data used for the analysis.
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These data were subsequently anonymized for online
publication.

Results

Inclusion of Patients and Characteristics
Between 2009 and 2019, a total of 701,838 ED visits were
recorded at our institution (Multimedia Appendix 1). Of these,

180,189 (25.7%) patients met our inclusion criteria (Figure 1).
The median age was 79 (IQR 72-86) years. Patient
characteristics and the proportion of missing data are presented
in Table 1.

Figure 1. Flowchart of our retrospective cohort study conducted at the Geneva University Hospitals (HUG) over a 10-y period (2009‐2019). All adult
patients (aged ≥18 y) who visited the HUG’s emergency departments (EDs) were candidates for inclusion. Patients were excluded if they (1) were aged
<65 y, (2) were transferred from another hospital or ED outside of HUG, or (3) refused the use of their data for research purposes. Of the 701,838
patients in our dataset, 180,189 met our inclusion criteria, representing 90.3% of all patients aged ≥65 y admitted to the ED during the study period. Of
these patients, 19,039 (10.6%) were admitted to a monitored acute care unit (MACU).
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Table . Baseline characteristics.

SMDbWithout MACU admission

(n=161,150)
With MACUa admission

(n=19,039)

Total

(N=180,189)

0.12079 (72-86)78 (72-84)79 (72-86)Age (y), median (IQR)

0.15354,621 (33.9)6890 (36.1)61,511 (34.1)    65‐74, n (%)

—c58,935 (36.6)7668 (40.3)66,603 (37.0)    75‐84, n (%)

—42,700 (26.5)4190 (22.0)46,890 (26.0)    85‐94, n (%)

—4894 (3.0)291 (1.5)5185 (2.9)    ≥95, n (%)

0.150Sex, n (%)

72,850 (45.2)10,027 (52.7)82,877 (46.0)    Male

88,300 (54.8)9012 (47.3)97,312 (54.0)    Female

0.152Marital status, n (%)

69,838 (43.3)9661 (50.7)79,499 (44.1)    Married or in a relation-
ship

91,138 (56.6)9297 (48.8)100,435 (55.7)    Single, divorced, or wid-
owed

174 (0.1)81 (0.4)255 (0.1)    Missing

0.058Nursing home resident, n
(%)

146,902 (91.2)17,552 (92.2)164,454 (91.3)    No

10,940 (6.8)1027 (5.4)11,967 (6.6)    Yes

3308 (2.1)460 (2.4)3768 (2.1)    Missing

0.123Primary language, n (%)

50,308 (31.2)6408 (34.0)56,788 (31.5)    French

5403 (3.4)555 (2.9)5958 (3.3)    Italian

3036 (1.9)254 (1.3)3290 (1.8)    Spanish

1836 (1.1)233 (1.2)2069 (1.1)    German

1401 (0.9)151 (0.8)1552 (0.9)    English

1244 (0.8)111 (0.6)1355 (0.8)    Portuguese

3495 (2.2)326 (1.7)3821 (2.1)    Others

64,427 (58.6)10,929 (57.4)105,536 (58.5)    Missing

0.478Arrival by ambulance, n (%)

62,914 (39.0)3967 (20.8)66,881 (37.1)    No

78,257 (48.6)13,572 (71.3)91,829 (51.0)    Yes

19,979 (12.4)1500 (7.9)21,479 (12.0)    Missing

1.152Triage scale, n (%)

12,631 (7.8)8290 (43.5)20,921 (11.6)    1: vital emergency

57,419 (35.6)7886 (41.4)65,305 (36.2)    2: urgent

87,054 (54.0)2786 (14.6)89,840 (49.9)    3: Mildly urgent

3757 (2.3)31 (0.2)3788 (2.1)    4: nonurgent

0.759Triage motive category, n
(%)

40,798 (25.3)7550 (39.7)48,348 (26.8)    Cardiology-pneumology

23,654 (14.7)6318 (33.2)29,972 (16.6)    Neurology-psychiatry

28,604 (17.8)1598 (8.4)30,202 (16.8)    Traumatology
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SMDbWithout MACU admission

(n=161,150)
With MACUa admission

(n=19,039)

Total

(N=180,189)

16,339 (10.1)1392 (7.3)17,731 (9.8)    Digestive-OB/GYNd

8022 (5.0)263 (1.4)8285 (4.6)    Urology-nephrology

6688 (4.2)105 (0.6)6793 (3.8)    Rheumatology

5378 (3.3)435 (2.3)5813 (3.2)    Infectious disease

4446 (2.8)134 (0.7)4580 (2.5)    Dermatology

3783 (2.3)100 (0.5)3883 (2.2)    ENTe

23,156 (14.4)1107 (5.8)24,263 (13.5)    Others

282 (0.2)37 (0.2)319 (0.2)    Missing

aMACU: monitored acute care unit.
bSMD: standardized mean difference.
cNot applicable.
dOB/GYN: obstetrics and gynecology.
eENT: ear, nose, and throat.

Monitored Acute Care Unit Admissions and Evolution
Over Time
Over the study period, 887 (0.5%) patients died in the ED,
97,238 (54.0%) patients were discharged home, 63,025 (35.0%)
patients were admitted to a ward, and 19,039 (10.6%) patients

were admitted to a monitored acute care unit. Of these, 4499
(23.6%) patients were admitted to the intensive care unit, 10,835
(56.9%) patients were admitted to an intermediate care unit,
and 3705 (19.5%) patients were admitted directly to an operating
room (Table 2).

Table . Patients’ disposition from the emergency department by age categories.

≥95 y

(n=5185), n (%)

85‐94 y

(n=46,890), n (%)

75‐84 y

(n=66,603), n (%)

65‐74 y

(n=61,511), n (%)

Total

(N=180,189), n (%)

291 (5.6)4190 (8.9)7668 (11.5)6890 (11.2)19,039 (10.6)MACUa

13 (4.5)611 (14.6)1917 (25.0)1958 (28.4)4499 (23.6)Intensive care unit

200 (68.7)2788 (66.5)4339 (56.6)3508 (50.9)10,835 (56.9)Intermediate care unit

78 (26.8)791 (18.9)1412 (18.4)1424 (20.7)3705 (19.5)Operating room

2156 (41.6)18,953 (40.4)23,999 (36.0)17,917 (29.1)63,025 (35.0)Ward

2685 (51.8)23,411 (49.9)34,608 (52.0)36,534 (59.4)97,238 (54.0)Discharged

53 (1.0)336 (0.7)328 (0.5)170 (0.3)887 (0.5)Died in the emergency
department

aMACU: monitored acute care unit.

Over the 10-year study period, monitored acute care unit
admissions increased by 62.4% in absolute terms (from 1379
in 2009 to 2240 in 2019) and by 0.8% in relative terms (from
10.3% in 2009 to 11.1% in 2019, P=.02; Figure 2A). This
increase was mainly driven by a rise in intermediate care unit
admissions, from 450 of 1379 (32.6%) in 2009 to 1436 of 2240
(64.1%) in 2019. In contrast, operating room admissions

remained stable, from 328 of 1379 (23.8%) to 450 of 2240
(20.1%). Intensive care unit admissions decreased, from 601 of
1379 (43.6%) to 354 of 2240 (15.8%; Figure 2B). Notably,
while the proportion of patients who died in the ED remained
stable, the proportion of patients admitted to hospital wards
increased over the 10-year period, from 4026 of 13,377 (30%)
in 2009 to 7996 of 19,990 (40%) in 2019.
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Figure 2. (A) Trends in emergency department (ED) visits and monitored acute care unit (MACU) admissions for patients aged ≥65 years and (B)
distribution of MACU admissions to different types of MACUs over time. Over the 10-year study period (2009‐2019), ED visits at the Geneva
University Hospitals from patients aged ≥65 years increased by 56.1%, from 14,705 to 22,955. MACU admissions increased by 62.4%, from 1379 to
2240. The increase in MACU admissions primarily involved intermediate care units (IMCUs), from 450 of 1379 (32.6%) in 2009 to 1436 of 2240
(64.1%) in 2019. ICU: intensive care unit.
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Predictors for Monitored Acute Care Unit Admission
Patients admitted to monitored acute care units were more
frequently male, younger, and more often in a relationship
(Table 1). Figure 3 shows the unadjusted association between
age and monitored acute care unit admission among older
patients. Patients admitted to a monitored acute care unit more
frequently arrived by ambulance. They also had a higher triage

level, with only 2817 (14.8%) of monitored acute care unit
admissions having a lower triage level (3 or 4). In our
multivariable analysis, younger age, male sex, marital status,
absence of nursing home residence, arrival by ambulance, and
higher triage level were all identified as independent predictors
of monitored acute care unit admission (Table 3). A sensitivity
analysis using age as a categorical variable did not significantly
change these findings (Multimedia Appendix 2)

Figure 3. Association between age and monitored acute care unit (MACU) admissions among older patients. Older patients are less likely to be admitted
to a MACU, with an inflection around 80 to 85 years old. In our multivariable analysis, younger age was identified as an independent predictor of
MACU admission (75th vs 25th percentile, adjusted odds ratio 0.73, 95% CI 0.69-0.76).
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Table . Predictors for monitored acute care unit admission.

Multivariable model, adjusted ORa (95% CI)

Age (y)

0.73 (0.69-0.76)75th versus 25th percentile

Sex

Ref.bFemale

1.21 (1.14-1.28)Male

Marital status

Ref.Married or in a relationship

0.88 (0.83-0.93)Single, divorced, or widowed

Nursing home resident

Ref.No

0.71 (0.63-0.80)Yes

Primary language

Ref.French

0.83 (0.74-0.92)Italian

0.76 (0.66-0.89)Spanish

0.97 (0.83-1.14)German

0.94 (0.78-1.15)English

0.81 (0.65-1.02)Portuguese

0.78 (0.68-0.89)Others

Arrival by ambulance

Ref.No

1.87 (1.75-1.99)Yes

Triage scale

39.95 (25.10-63.58)1: vital emergency

9.14 (5.76-14.51)2: urgent

2.54 (1.60-4.03)3: mild urgent

Ref.4: nonurgent

Triage motive category

Ref.Cardiology-pneumology

1.36 (1.28-1.45)Neurology-psychiatry

0.61 (0.55-0.67)Traumatology

1.28 (1.15-1.43)Digestive-OB/GYNc

0.69 (0.56-0.84)Urology-nephrology

0.39 (0.28-0.55)Rheumatology

0.69 (0.58-0.83)Infectious disease

0.57 (0.43-0.75)Dermatology

0.35 (0.25-0.49)ENTd

1.26 (1.12-1.42)Others

aOR: odds ratio.
bRef.: reference.
cOB/GYN: obstetrics and gynecology.
dENT: ear, nose, and throat.
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Outcomes
Seven days following monitored acute care unit admission,
1105 (5.8%) patients had died, 6184 (32.5%) patients had been
discharged or transferred to long-term care, 10,139 (53.3%)
patients were hospitalized in a ward, and 1611 (8.5%) were still
in a monitored acute care unit (Table 4). Patients initially
admitted to the intensive care unit had the highest mortality
(584 patients, 13.0%) and the lowest discharge rate. Only 135
(1.2%) patients admitted to an intermediate care unit required
transfer to a higher level of care. The average hospital length

of stay ranged from 11.2 to 13.8 days, depending on the
admitting unit. One-year mortality following monitored acute
care unit admission was 22.3% (4251 patients), with 23.9%
(4553 patients) of data missing for the cohort. Compared to
patients admitted to an intermediate care unit or the operating
room, patients initially admitted to the intensive care unit had
worse outcomes (Table 4). After adjustment for other variables,
there was a significant association between age and mortality
at day 7 (adjusted OR 1.55, 95% CI 1.14-2.10) and at 1 year
(adjusted OR 1.28, 95% CI 1.08-1.51), as illustrated in Figure
4.
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Figure 4. Association between age and (A) mortality at day 7 and (B) mortality at 1 year. For patients aged ≥65 years or older with monitored acute
care unit admission, there was a significant association between age and mortality at day 7 (adjusted odds ratio 1.55, 95% CI 1.14-2.10) and at 1 year
(adjusted odds ratio 1.28, 95% CI 1.08-1.51). Seven-day mortality was 5.8% (1105 patients), whereas 1-year mortality was 22.3% (4251 patients), with
23.9% (4553 patients) of data missing for the cohort (19,039 patients).
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Table . Outcomes of patients with monitored acute care unit admission.

Operating room

(n=3705)

Intermediate care unit

(n=10,835)

Intensive care unit

(n=4499)

All

(N=19,039)

Status at day 7, n (%)

187 (5.0)334 (3.1)584 (13.0)1105 (5.8)Deceased

236 (6.4)135 (1.2)560 (12.4)931 (4.9)Intensive care unit

71 (1.9)383 (3.5)226 (5.0)680 (3.6)Intermediate care unit

1763 (47.6)6173 (57)2203 (49)10,139 (53.3)Ward

1448 (39.1)3810 (35.2)926 (20.6)6184 (32.5)Discharged or transferred

8.0 (3.9-15.7)8.9 (5.0-14.2)10.5 (5.2-18.0)9.0 (4.9-15.4)Hospital length of stay (d),
median (IQR)

Status at 1 year, n (%)

1970 (53.2)6096 (56.3)2164 (48.1)10,230 (53.7)Alive

763 (20.6)2133 (19.7)1355 (30.1)4251 (22.3)Deceased

972 (26.2)2606 (24.1)980 (21.8)4553 (23.9)Unknown

Discussion

Principal Findings
This retrospective cohort study, spanning from 2009 to 2019,
revealed a significant increase in monitored acute care unit
admissions among older patients. Key predictors of monitored
acute care unit admission, such as age, sex, and arrival by
ambulance, were identified. While short-term outcomes were
relatively good with a 7-day mortality rate of approximately
5%, long-term outcomes were poorer, with more than 20%
mortality at 1 year.

Over the study period, monitored acute care unit admissions
increased by 62%. This increase was not uniform and can be
primarily attributed to the growing number of older patients
presenting to the ED with a more modest rise in the proportion
of these patients being admitted to a monitored acute care unit,
from 10.3% (1379 patients) in 2009 to 11.1% (2240 patients)
in 2019. Notably, this overall increase in admissions was
primarily driven by a substantial rise in intermediate care unit
admissions. Although changes in unit capacity over time could
not be assessed, the increase in intermediate care unit admissions
and the decrease in intensive care unit admissions are likely to
be related. This trend may reflect a redistribution of patients
and the development of new competencies within the
intermediate care units. Such units can also be seen as a more
tailored approach to managing older patients, providing an
intermediate level of care that is perhaps more suitable for the
needs of this population. Additionally, these units benefit from
economic advantages, supporting their use as a cost-effective
strategy to prioritize health care resource allocation.

Intensive care unit admission rates among older patients have
been extensively studied, with the available literature reporting
considerable variability. Some studies have found annual
increases of up to 5.6% in patients over 80 years old [15],
whereas others have found no significant change [16]. In
contrast, data on intermediate care unit admissions are more
limited, likely due to the wide variety of formats of such units

(including intermediate care units, step-down units, and high
dependency units), making it challenging to standardize the
data [17-19]. The observed rise in intermediate care unit
admissions in our study is closely linked to the overall increase
in ED visits by older patients, which has directly led to higher
demand for monitored care. Beyond this, several other factors
may have contributed, including the growing prevalence of
chronic diseases among older patients that require a level of
care beyond general ward care but less than intensive care unit,
along with advances in medical technologies, interventions,
protocols, and admission criteria that allow for safer and more
effective management of these patients in intermediate care
units [20-24].

As anticipated, older patients were less likely to be admitted to
a monitored acute care unit, with a notable decrease in
admissions and an increase in mortality observed around the
age of 85 years. This age threshold may be due to higher
comorbidity rates and the presence of advanced care directives
in this patient population [25,26]. Age is known to be associated
with both a decrease in intensive care unit referral by emergency
physicians and an increase in admission denial by intensive care
physicians [27]. It might make sense, as intensive care unit
admission for patients aged older than 80 years has not been
shown to affect 2-year survival rates [28]. However, critical
care societies recommend that decisions regarding monitored
acute care unit admissions should be based on illness severity,
comorbidities, and baseline functional status rather than age
alone [29]. It is crucial for physicians to engage in discussions
with patients and their next of kin about the potential
implications of a monitored acute care unit admission, although
the final decision rests with the receiving physician [30].

Our study also identified other predictors of a monitored acute
care unit admission. Arrival by ambulance, which is up to 4.6
times more frequent for older patients [31] and serves as an
indicator of higher clinical severity, was a strong predictor of
monitored acute care unit admission. Nursing home residents
were less likely to be admitted to a monitored acute care unit,
likely due to higher levels of comorbidities and frailty levels,
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often associated with a diminished quality of life and cognitive
impairment [32-34]. Neurology-psychiatry–related triage
motives were the strongest predictors of monitored acute care
unit admission, likely due to conditions such as strokes, which
typically require a monitored acute care unit–level care.
Interestingly, the French language, male sex, and marital status
were also associated with monitored acute care unit admission.
Language barriers are well documented as contributing to worse
health outcomes, including longer hospital length of stay, higher
readmission rates, and limited access to health care systems,
regardless of socioeconomic status [35,36]. While female
patients were predominant in the ED, they were 21% less likely
to be admitted to a monitored acute care unit compared to male
patients, a finding consistent with existing literature [37-39].
This disparity may be influenced by more comorbidities in men,
and the tendency for female patients to set medical limitations
and have advanced directives, especially when divorced or
widowed [40]. However, sociocultural factors and implicit or
explicit biases may also contribute to this disparity. Unmarried
patients often presented with more severe illness at admission
[41], possibly due to delayed medical intervention, whereas
patients with a partner are more likely to receive high-level care
to meet family expectations. Physicians must be aware of such
disparities and strive to mitigate them in their practice.

Short-term outcomes for patients admitted to a monitored acute
care unit are quite encouraging, with one-third of patients
discharged and more than half transferred to the ward by day
7. However, long-term outcomes were less favorable,
particularly for patients admitted to the intensive care unit, who
had a 1-year mortality rate exceeding 30%. While intensive care
unit mortality in older patients is well documented [42],
outcomes for intermediate care unit patients have been less
studied, especially among ED patients. Torres et al [43] reported
no significant difference between demographics regarding
in-hospital mortality after intermediate care unit admission and
a 34% mortality after 2 years for patients aged older than 65
years, significantly higher than the 10% for younger patients.
In a secondary analysis of the ICE-CUB2 trial focusing on ED
patients, Thietart et al [44] reported 6-month mortality rates of
44% and 31% for intensive care unit and intermediate care unit
patients, respectively, which were higher than those reported
in other studies, including this one, which the severity of the
patients can explain, as they did not include uncomplicated
acute coronary syndromes and strokes. Finally, D’Andrea et al
[45] found a 43% 1-year mortality rate in patients aged older
than 75 years admitted to a geriatric intermediate care unit, with
a significant association between age and 1-year mortality.

Clinical and Scientific Implications
This study highlights the need to adapt health care structures to
meet the growing demands of an aging population. Developing
specialized geriatric acute care units or intensive care units,
along with training physicians specifically to address the needs
of older patients, could help raise awareness of these needs
while addressing potential biases related to gender, language,
and marital status. Further research should explore patient and
family satisfaction and the alignment between care provided
and patient wishes. Previous studies have shown that quality of
life in older intensive care unit survivors is initially worse [46]

but tends to improve within a year, with many older patients
willing to undergo intensive care unit admission again if
necessary [47,48]. Further studies could focus on developing
clinical guidelines or tools specifically tailored to older patients
to aid in the shared decision-making process regarding
monitored acute care unit admission. These guidelines should
incorporate measures such as the Functional Independence
Measure or the Clinical Frailty Scale, which have been shown
to correlate with resource use and outcomes [45,49,50].

Strengths and Limitations
Some strengths and limitations need to be acknowledged. The
study analyzes a large cohort over a decade, providing a robust
dataset for analysis. The innovative and comprehensive approach
of considering all monitored acute care unit admissions offers
a broad view of high-cost care, which has not been extensively
studied. Additionally, we used a rigorous statistical plan,
including restricted cubic spline models to account for the
nonlinear relationship between age and outcomes, to enhance
the robustness of our results. The primary limitations of this
study are related to the design. As a retrospective cohort, the
study is prone to bias and missing data, notably the variation in
monitored acute care unit beds per unit over the years, which
may influence patient disposition based on unit saturation. The
second major limitation is the lack of information on
comorbidities, place of residence (rural vs urban), and
polypharmacy. These variables are either not available as
structured data in our electronic health record or are at high risk
of bias. To preserve high data quality, we chose not to report
them. The authors acknowledge this as a limitation of the study,
with a risk of residual confounding. Results involving mortality
should be considered cautiously, as mortality data were missing
for 1 in 4 patients. Our study is monocentric; however, its
findings are likely generalizable to other university hospitals in
Switzerland and Europe, given the similar monitored acute care
unit admission criteria. The exclusion of private hospitals with
minimal monitored acute care unit capacity is a minor limitation,
as their patients tend to be younger than 65 years. The change
in the slope of the association between age and monitored acute
care unit admission, as well as age and 1-year mortality, may
be driven by only a small number of patients in the oldest age
group, potentially distorting the true association. Finally, this
study did not cover the periods of the COVID-19 pandemic,
which could limit the generalizability of the results, as monitored
acute care units were particularly strained during this period.

Conclusions
This study highlights the sharp increase in monitored acute care
unit admissions among older patients, reflecting the growing
demand for high levels of care in this population. The rise was
primarily driven by a substantial increase in intermediate care
unit admissions, whereas intensive care unit admissions
remained stable. These findings emphasize the need for hospitals
to adapt health care infrastructure, clinical procedures, and
resource allocation to meet the evolving needs of an aging
population. Future work should focus on the importance of
developing specialized geriatric acute care units, refining clinical
guidelines, and engaging in shared decision-making to ensure
equitable and effective care for all older patients.
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Abstract

Background: In December 2022, in light of the weakened pathogenicity of the new variants and other scientific considerations,
China optimized its zero-COVID policy. As the situation evolved, the virus spread more widely across the country.

Objective: This study aims to explore the public’s sleep status and its association with purchasing behavior of COVID-19
medicine after the adjustment of zero-COVID policy in China.

Methods: A cross-sectional, internet-based survey among residents aged 18‐69 years was conducted in Zhejiang province,
China, from December 16 to 30, 2022, to collect data on sociodemographic characteristics, COVID-19 drug purchasing behavior,
sleep disturbance levels, etc. Chi-square tests, univariate analyses, and multivariate analyses were used to explore the associations
among these factors.

Results: Out of 38,480 participants, 20,803 (54.1%) reported sleep disruption after China’s COVID-19 response policy adjustment.
The degree of impact varied, with 10,964 (52.70%) reporting “slight,” 3105 (14.93%) “moderate,” 3493 (16.79%) “significant,”
and 3241 (15.58%) “very significant” impacts. Only 20.90% (782/3742) of those who deemed purchasing unnecessary had sleep
disruptions, compared to 45.19% (6214/13,752) of those who acquired medications and 65.79% (13,807/20,986) of those who
tried but failed to obtain them. Sleep disturbance levels were significantly associated with sociodemographic factors like age,
education levels, occupation, marital status, and presence of family members diagnosed with COVID-19 (P<.05). By age, sleep
disturbance proportions differed notably: 36.32% (409/1126) for those under 20 years, 54.81% (19,714/35,970) for the 20 to 60
age group, and 49.13% (680/1384) for individuals over 60 years. For education level, the proportions were 57.44% (517/900,
primary school), 54.34% (3928 /7229, junior high school), 54.27% (3808/7017, senior high school), 53.99% (11,974/22,180,
junior college/undergraduate), and 49.91% (576/1154, master’s degree), showing a clear downward trend as education level
increased. By occupation, farmers had the highest rate (855/1447, 59.09%), followed by business/service industry workers and
stay-at-home/unemployed individuals (13,925/24,750, 56.26%) and government staff (4161/7712, 53.95%), while 1242 out of
3049 (40.73%) health workers and 620 out of 1522 (40.74%) students had lower rates. Married participants had a 55.21%
(17,143/31,053) sleep disturbance rate, and those with COVID-positive family members had the highest rate (2023/2873, 70.41%).
Multivariate logistic regression, adjusting for these sociodemographic factors, showed that compared to those who thought
purchasing COVID-19 medications was unnecessary, those who acquired medications were 3.11 times (adjusted odds ratio 3.11,
95% CI 2.85‐3.39) more likely, and those who tried but couldn’t get medications were 7.11 times (adjusted odds ratio 7.11,
95% CI 6.53‐7.74) more likely to experience sleep disturbance.

Conclusions: The adjustment of China’s zero-COVID policy affected the sleep health of the public, which was closely linked
to drug-purchasing status, especially among the older people, those with lower education levels, and those with family members
diagnosed with COVID-19. It highlights the need to develop and deploy interventions aimed at promoting better sleep health in
times of crisis.

(Interact J Med Res 2026;15:e79903)   doi:10.2196/79903
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Introduction

In December 2019, an unprecedented pneumonia outbreak of
unknown origin emerged in Wuhan, Hubei province, China
[1,2]. Subsequently identified as caused by the novel coronavirus
(COVID-19), this highly contagious pathogen rapidly spread
beyond China’s borders within just 30 days [3-6]. Characterized
by potentially severe symptoms such as acute respiratory failure
and sepsis [7], COVID-19 posed a significant threat to global
public health, prompting the World Health Organization (WHO)
to declare it a public health emergency of international concern
on January 30, 2020 [8].

To contain the virus, China implemented the dynamic
zero-COVID policy, which included strict measures like national
lockdowns, school closures, travel restrictions, and the
suspension of numerous economic activities [9-13]. However,
as the virulence of new virus variants decreased and COVID-19
vaccines became more prevalent, China adjusted its policy on
December 7, 2022. The mandatory large-scale nucleic acid
testing requirements, the centralized isolation for asymptomatic
cases and mild symptomatic patients, and the mobility
restrictions were removed [14,15]. This suddenly loosened
policy led to a change in the epidemic situation, with a wider
spread of the virus across the country.

The COVID-19 pandemic has had a profound impact on
people’s lives, particularly on their mental health and sleep
quality [16-20]. A large-scale global study (combining 250
studies with nearly 500,000 participants from 49 countries)
found that about 40% of people had sleep disturbances during
the COVID-19 pandemic (95% CI 37.56%-43.48%). Among
specific populations, the prevalence of sleep problems varied,
with 52.39% (95% CI 41.69%-62.88%) among COVID-19
patients, 45.96% (95% CI 36.90%-55.30%) among children
and adolescents, 42.47% (95% CI 37.95%-47.12%) among
health care workers, 41.50% (95% CI 32.98%-50.56%) among
special populations with health care needs, 41.16%
(28.76%-54.79%) among university students, and 36.73%
(32.32%-41.38%) among the general population [21]. Research
in China shows that the prevalence of insomnia during the early
and late stages of the pandemic was 37.0% (95% CI
34.1%‐39.9%) and 41.8% (95% CI 33.6%‐50.0%)
respectively. Notably, health care workers, COVID-19 patients,
those with chronic diseases, and people with mental disorders
are more likely to experience insomnia than the general
population [22].

Sleep is a fundamental physiological process that is essential
for maintaining physical and mental health [19,23]. It plays a
crucial role in various bodily functions, including homeostasis,
immune system regulation, cognitive function, neural plasticity,
memory consolidation, energy maintenance, macromolecular
biosynthesis, and metabolism regulation [24,25]. Conversely,
sleep deprivation can lead to a range of adverse health outcomes,
such as impaired physical and mental performance, increased
risk of depression, stroke, chronic inflammation, cancers, and
weakened immune defense, which may be particularly relevant
during the COVID-19 pandemic [26,27].

During the pandemic, multiple factors influenced people’s sleep
quality. The spread of news and rumors through social media,
television, and daily interactions about COVID-19’s severity
and fatality numbers fueled anxiety and fear. Additionally, lack
of in-person social connections, changes in eating patterns, less
outdoor activities which lead to limited exposure to sunlight,
and consequently extended exposure to blue and bright light
from screens may lead to disturbed circadian rhythms
[21,28-32]. Above all, the suddenly loosened policy and the
increased risk of infection may lead some individuals to
panic-purchase medical resources—especially COVID-19
medicines (including cough medicine, nasal congestion/snot
relievers, fever reducers, pain relievers, and other
symptom-alleviating pharmaceuticals for COVID-19)—to
ensure timely administration when needed [33,34]. The
purchasing behavior towards COVID-19 medicines reflected
people’s perception of the disease and their self-protection
strategies. However, it may also leave those in need unable to
obtain them. This behavior was not only driven by the actual
need for medications but also by psychological factors, such as
the desire for a sense of security in the face of an uncertain
health situation. Understanding the relationship between sleep
status and these factors after the policy adjustment is of great
significance for public health.

However, there is a lack of in-depth research on how the
adjustment of China’s zero-COVID policy affects the public’s
sleep status and its connection with the purchasing behavior of
COVID-19 medicine. This study aims to fill this gap by
conducting a cross-sectional, internet-based survey to assess
the public’s sleep status and explore its association with the
purchasing behavior of COVID-19 medicine after the policy
adjustment. The findings of this research can provide valuable
insights for public health interventions and future
pandemic-related policies.

Methods

Questionnaire
The questionnaire was formulated by the Zhejiang Provincial
Center for Disease Control and Prevention based on
pandemic-specific context, literature review, and expert
consultation. To ensure its reliability, a pilot study was first
conducted. Following the feedback from the pilot study and
through two rounds of collaboration based on the Delphi
method, the questionnaire was revised. During this process,
subject matter experts evaluated its face validity, and a literature
review was carried out to assess its content validity.

The questionnaire collected sociodemographic data: purchasing
behavior of COVID-19 medications; specific types of
COVID-19 drugs that respondents had purchased; channels
through which they bought these medications; and degrees of
their sleep disturbances. Sociodemographic data includes age,
gender, education level, occupation, marital status, and diagnosis
of COVID-19 among family members. The specific questions
regarding the purchasing behavior of COVID-19 medications
and the degrees of their sleep disturbances were as follows: (1)
“Have you purchased COVID-19 drugs?” (2) “Which of the
following COVID-19 drugs have you purchased?” (3) “Through
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what channel did you successfully purchase these medicines?”
(4) “In the past week, has the adjustment of COVID-19 policies
affected your sleep?” No item randomization or adaptive
questioning was used, and the 18-item questionnaire was
distributed across 3 screens. Participants could review and revise
answers via a “Back” button on each screen before submission.
IP address tracking was used to prevent multiple entries from
the same individual, and no two entries from the same IP address
were allowed within 72 hours.

To maintain the quality of the survey data, a quality control
question was incorporated into the questionnaire to identify
survey respondents who did not answer the questions seriously.
The question was, “This is a quality control question, please
choose B.” All the survey subjects who chose other options
were not included in the final data analysis. In addition,
server-side completeness checks were implemented upon
submission, incomplete responses were rejected, and participants
were prompted to fill in missing fields.

The questionnaire was developed and administered entirely in
simplified Chinese, consistent with the native language of the
target population—see Supplemental File for Chinese (in
Multimedia Appendix 1) and translated English version (in
Multimedia Appendix 2) of the questionnaire.

Recruitment
The survey was carried out between December 16 and 30, 2022,
among residents aged 18-69 years in Zhejiang province, China.
Initially, an online open survey questionnaire was dispatched
to the 11 municipal Centers for Disease Control and Prevention.
These centers then actively promoted and conducted the online
investigation by sharing survey links via local official WeChat
public accounts, neighborhood WeChat groups, and other
regional lifestyle apps. Visitors to the survey link could choose
to exit at any time, and no access to other content was restricted
to survey completion. The questionnaire was hosted on
Wenjuan, a professional web-based platform specialized in
questionnaires, tests, assessments, and voting. This platform is
dedicated to offering users powerful and user-friendly services
such as online questionnaire design, data collection, customized
reports, and analysis of survey results.

Measurements Control

Levels of Sleep Disturbance
The Likert scale was used to assess the levels of sleep
disturbance related to the COVID-19 epidemic reported by
participants. In our research, we used a 5-point Likert scale
which consists of 5 answer options: (1) not at all, (2) slight, (3)
moderate, (4) significant, and (5) very significant.

Purchasing Behavior of COVID-19 Medicine
Purchasing behavior of COVID-19 medicine was classified as
follows: (1) participants who felt it unnecessary to purchase
COVID-19 medicine, (2) participants who had tried, but were
unable to access any COVID-19 medicine, and (3) participants
who had successfully purchased COVID-19 medicine.

Participants were classified as having COVID-19 medication
purchasing behavior during the early phase following China’s

zero-COVID policy adjustment if they had acquired the
following drugs at that time: (1) cough medicine, (2) nasal
congestion/snot relievers, (3) fever reducers, (4) pain relievers
such as ibuprofen (Advil, Motrin IB, and others) or
acetaminophen (Tylenol and others), and (5) other
pharmaceuticals capable of alleviating COVID-19 infection
symptoms.

Family Members Infected With COVID-19
“Family members infected with COVID-19” was defined as
"individuals who reside in the same household as the participant
and had been diagnosed with COVID-19 (via nucleic acid or
antigen testing) at any time prior to the survey.”

Statistical Analysis
Data were exported from the Wenjuan website to Excel
(Microsoft), and were analyzed using the Statistical Analysis
System (SAS), version SAS Viya Long-Term Support 2024.03
(SAS Institute Inc., Cary, NC, USA). Standard descriptive
statistics were used for continuous and categorical variables to
describe the characteristics of participants in this study. The χ²
test was used to explore the association between the purchasing
behavior of COVID-19 medicines and the levels of sleep
disturbance. Univariate logistic regression analysis was
conducted to identify the sociodemographic factors associated
with sleep disturbance. We used multivariate logistic regression
to identify the association between sleep disturbance and
purchasing behavior of COVID-19 medicines (categorical
variable; reference group was “deemed unnecessary to
purchase;” comparison groups was “successfully purchased”
and “tried but failed to purchase”). The initial candidate
variables included in the model were: age, gender, education
level, occupation, marital status, and diagnosis of COVID-19
among family members. A backward stepwise selection
approach was used, with a significance level of P<.10 for
variable retention. Odds ratios (OR) with 95% CI were used to
express measures of the associations. P values less than .05
were considered to represent significance (two-sided).

Ethical Considerations
The Zhejiang Provincial Center for Disease Control and
Prevention Ethics Board approved the study protocol
(2022-027-01). Conducted under strict anonymity, the survey
safeguarded the privacy of all participants. No personally
identifiable information was collected at any stage of the survey,
the dataset was stored by specified staff, and all researchers
involved signed a data confidentiality agreement. Informed
consent was obtained from all participants prior to their inclusion
in the study. By voluntarily clicking an electronic consent box,
participants provided their informed consent, thereby indicating
their willingness to participate in this research project. As
compensation, participants could collect free health education
materials at their local Center for Disease Control and
Prevention.
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Results

Respondents’ Characteristics
A total of 40,130 residents took part in the survey, and after
implementing quality control procedures, 1650 samples were
excluded, with 38,480 samples ultimately included in the study.
The sample consisted of 10,431 (27.11%) male participants and
28,049 (72.89%) female participants, with 1129 (2.93%)
participants aged 20 years or below, 35,970 (93.48%)
participants aged between 20 and 60, and 1384 (3.60%)

participants over 60. Regarding occupations, 3049 (7.92%) were
health workers, 7712 (20.04%) were government staff, 1522
(3.96%) were students , 1447 (3.76%) were farmers, and 24,750
(64.32%) were business/service industry workers and
stay-at-home/unemployed individuals. In terms of education
level, 22,180 (57.64%) participants had an education of junior
college or undergraduate. Marital status showed that 31,053
(80.70%) people were married and 7427 (19.30%) people were
unmarried, while 2873 (7.47%) people resided in households
with confirmed COVID-19 cases. The detailed demographic
characteristics of the participants are presented in Table 1.

Table . Sociodemographic characteristics of participants completing the online survey in the early stage after the lifting of zero-COVID policy in China
(n=38,480).

Count, n (%)Characteristic

Age (y)a

1126 (2.93)    <20

35,970 (93.48)    20‐60

1384 (3.60)    >60

Gender

10,431 (27.11)    Male

28,049 (72.89)    Female

Occupation

3049 (7.92)    Health workers

7712 (20.04)    Government staff

1522 (3.96)    Students

1447 (3.76)    Farmers

24,750 (64.32)    Business/service industry workers and stay-at-home/unemployed indi-
viduals

Education level

900 (2.34)    Primary school

7229 (18.79)    Junior high school

7017 (18.24)    Senior high school

22,180 (57.64)    Junior college/undergraduate

1154 (3)    Postgraduate

Family members infected with COVID-19

2873 (7.47)    Yes

35,607 (92.53)    No

Marital status

31,053 (80.70)    Married

7427 (19.30)    Others (single/divorced/widowed/separated, etc)

aIn the preliminary analysis, participants were divided into 10-year age groups (<20, 20‐29, 30‐39, 40‐49, 50‐59, 60‐69 y). Given similar
purchasing behavior in 20‐29 to 50‐59 years groups, these 4 groups were merged into 20‐60 years for concise result presentation, with this data-driven
rationale added herein.

The Impact of China’s Zero-COVID Policy Adjustment
on the Sleep Status of the Public of Zhejiang, China
When the Likert scale was used to assess the degree of impact
on participants’ sleep, the findings revealed that out of 38,480
participants, 17,677 (45.94%) indicated that the adjustment of

China’s COVID-19 response policies had no effect on their
sleep. In contrast, 20,803 (54.06%) reported experiencing
varying levels of sleep disruption. Specifically, 10,964 (52.70%)
described the impact as “slight,” 3105 (14.93%) as “moderate,”
3493 (16.79%) as “significant,” and 3241 (15.58%) as “very
significant.”
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Association Between Sleep Status and Purchasing
Behavior of COVID-19 Medicine Among the Public
in the Early Stage After the Adjustment of China’s
Zero-COVID Policy
As shown in Table 2, among individuals who had tried, but
were unable to access any COVID-19 medicine, 34.21%

(7179/20,986) reported no impact on their sleep by the lifting
of China’s zero-COVID policy in the past week. In contrast,
54.81% (7538/13,752) of those who successfully acquired
COVID-19 medications indicated no sleep disturbances.
Notably, the proportion of individuals who deemed it
unnecessary to buy COVID-19 medications and experienced
no sleep disruption was as high as 79.10% (2960/3742).

Table . Impact of purchasing behavior of the COVID-19 medicine on the sleeping status among the participants of an online survey in the early stage
after the lifting of zero-COVID policy in China.

TotalHow has your sleep been affected by the lifting of China’s zero-COVID policy in the past weeka? n (%)Purchasing of the
COVID-19
medicine

Not at allSlightModerateSignificantVery significant

37422960 (79.10)561 (14.99)99 (2.65)62 (1.66)60 (1.60)Participants who
felt it unnecessary
to purchase
COVID-19
medicine

13,7527538 (54.81)3737 (27.17)917 (6.67)931 (6.77)629 (4.57)Participants who
purchased COVID-
19 medicine

20,9867179 (34.21)6666 (31.76)2089 (9.95)2500 (11.91)2552 (12.16)Participants who
had tried, but were
unable to access
any COVID-19
medicine

aχ2=3639.2; P<.001.

Among the 3742 respondents who considered purchasing
COVID-19 medications unnecessary, the numbers of those
experiencing slight, moderate, significant, and very significant
impacts on sleep were 561 (14.99%), 99 (2.65%), 62 (1.66%),
and 60 (1.60%), respectively. Among the 13,752 participants
who had successfully obtained COVID-19 medications, the
corresponding figures were 3737 (27.17%), 917 (6.67%), 931
(6.77%), and 629 (4.57%). For the 20,986 individuals who
attempted to purchase but failed to obtain COVID-19
medications, the numbers were 6666 (31.76%), 2089 (9.95%),
2500 (11.91%), and 2552 (12.16%). A χ² test for comparing

multiple sample rates revealed that, overall, there were
significant differences among the population rates (P<.001).

Factors Associated With Sleep Disturbance Among
the Public in the Early Stage After the Adjustment of
China’s Zero-COVID Policy
As shown in Table 3, there were statistically significant
differences in sleep disturbance after the adjustment of China’s
zero-COVID policy among participants by age, education level,
occupation, marital status, and diagnosis of COVID-19 among
family members .

Interact J Med Res 2026 | vol. 15 | e79903 | p.172https://www.i-jmr.org/2026/1/e79903
(page number not for citation purposes)

Huang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Table . Sociodemographic factors associated with sleep disturbance among the public in the early stage after the lifting of China’s zero-COVID policy.

ORa (95%CI)Sleep status affected by the lifting of China’s zero-COVID policy, n (%)Variables

NoYes

Sex

1.04 (0.99-1.09)4715 (45.20)5716 (54.80)    Male

Reference12,962 (46.21)15,087 (53.79)    Female

Age (years)

Reference717 (63.68)409 (36.32)    <20

2.13 (1.88-2.41)b16,256 (45.19)19,714 (54.81)    20‐60

1.69 (1.44-1.99)b704 (50.87)680 (49.13)    >60

Education level

1.36 (1.14-1.61)b383 (42.56)517 (57.44)    Primary school

1.19 (1.05-1.35)c3301 (45.66)3928 (54.34)    Junior high school

1.18 (1.04-1.35)c3209 (45.73)3808 (54.27)    Senior high school

1.17 (1.03-1.31)c10,206 (46.01)11,974 (53.99)    Junior college/undergraduate

Reference578 (50.09)576 (49.91)    Postgraduate

Occupation

Reference1807 (59.27)1242 (40.73)    Health workers

1.71 (1.57-1.86)b3551 (46.05)4161 (53.095)    Government staff

1.00 (0.88-1.13)902 (59.26)620 (40.74)    Students

1.87 (1.73-2.02)b10,825 (43.74)13,925 (56.26)    Business or service industry/stay-
at-home/unemployed, etc

2.10 (1.85-2.39)b592 (40.91)855 (59.09)    Farmers

Marital status

1.27 (1.21-1.33)b13,910 (44.79)17,143 (55.21)    Married

Reference3767 (50.72)3660 (49.28)    Others (divorced/widowed/sepa-
rated, etc)

Has anyone in your family been diagnosed with COVID-19?

2.13 (1.96-2.32)b850 (29.59)2023 (70.41)    Yes

Reference16,827 (47.26)18,780 (52.74)    No

aOR: odds ratio.
bP<.001.
cP<.01.

Age emerged as a notable predictor: participants aged 20‐60
years had the highest sleep disturbance rate (19,714/35,970,
54.80%), followed by those over 60 years (680/1384, 49.13%),
while 409 out of 1126 participants under 20 years reported sleep
disturbance (409/1126, 36.32%). Education level showed a clear
inverse relationship with sleep disturbance: the rate was highest
among primary school graduates (517/900, 57.44%) and
gradually decreased with higher education, reaching 49.91%
(576/1154) for master’s degree holders. Occupation also played
a role. Farmers had the highest rate (855/1447, 59.09%),
followed by business/service industry workers and
stay-at-home/unemployed individuals (13,925/24,750, 56.26%),
government staff (4161/7712, 53.95%), while 1242 out of 3049

health workers (1242/3049, 40.74%) and 620 out of 1522
students (620/1522, 40.74%) had lower rates. Marital status and
family COVID-19 diagnosis further contributed to sleep
disturbance: married participants had a higher (17,143/31,053,
55.21%) sleep disturbance rate than unmarried/separated
individuals (OR 1.27, 95% CI 1.21‐1.33). Most notably,
participants with family members diagnosed with COVID-19
had the highest sleep disturbance rate (2023/2873, 70.41%)
across all groups, with odds of disturbance 2.13 times higher
than those without infected family members (OR 2.13, 95% CI
1.96‐2.32) (detailed values in Table 3).
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As shown in Figure 1, among individuals who had tried, but
were unable to access any COVID-19 medicine, 65.79%
(13,807/20,986) reported experiencing sleep disturbance. In
contrast, 45.19% (6214/13,752) of those who successfully

acquired COVID-19 medications indicated sleep disturbances.
Notably, the proportion of individuals who deemed it
unnecessary to buy COVID-19 medications and experienced
sleep disruption was a mere 20.9% (782/3742).

Figure 1. Stacked bar chart showing individuals affected by sleep disturbance stratified by COVID-19 medication access status among the public in
the early stage after the lifting of China’s zero-COVID policy. The yellow color represents those who reported experiencing sleep disturbance, and the
red color represents those unaffected.

By using multivariate logistic regression analysis and after
adjusting for variables including gender, age, education level,
occupation, marital status, and presence of family members
diagnosed with COVID-19, it was discovered that there was a
statistically significant correlation between purchasing behavior
of COVID-19 medicine and the sleep status of the participants.
Table 4 shows that, compared to those who deemed it

unnecessary to buy COVID-19 medications, those who
successfully acquired COVID-19 medications were 3.11 times
more likely to encounter sleep disturbance (adjusted odds ratio
[aOR] 3.11, 95% CI 2.85‐3.39). Moreover, those who had
tried, but were unable to access any COVID-19 medicine were
7.11 times (aOR 7.11, 95% CI 6.53‐7.74) more likely to
experience sleep disturbance.
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Table . Multivariate logistic analysis on the association between the sleep status and the purchasing of COVID-19 medicines among the public in the
early stage after the lifting of zero-COVID policy in China.

P valueaORa (95% CI)Sleep status affected by
COVID-19 epidemic, n (%)

Participants, nPurchasing of COVID-19
medicine

—bReference782 (20.90)3742Participants who felt it un-
necessary to purchase
COVID-19 medicine

<.0013.11 (2.85-3.39)6214 (45.19)13,752Participants who purchased
COVID-19 medicine

<.0017.11 (6.53-7.74)13,807 (65.79)20,986Participants who had tried,
but were unable to access
any COVID-19 medicine

aaOR: adjusted odds ratio.
bNot applicable.

Discussion

Principal Findings
This study explores the sleep status of the public in Zhejiang
province, China, following the adjustment of the zero-COVID
policy and explores its relationship with the purchasing behavior
towards COVID-19 medicine. The results offer valuable insights
into the post-policy-adjustment situation. Given the dearth of
similar studies, this research will serve as a foundation for future
studies that highlight such crucial issues in the context of future
public health emergencies.

After the zero-COVID policy adjustment, news and rumors
about infection severity and fatalities—spread via social media,
television, and daily interactions—fueled public anxiety and
fear. Consequently, people act on their primal instincts and are
prone to engage in panic buying to ease this psychological
reaction [35]. The results of our study revealed that 35.74%
(13,752/38,480) of the participants had successfully purchased
COVID-19 medicines, 54.54% (20,986/38,480) had attempted
to make a purchase but were unable to obtain any of the drugs,
and 9.72% (3742/38,480) felt it was unnecessary to stockpile
COVID-19 drugs. Psychologically, those who tried to purchase
COVID-19 medicines may be driven by a fear of drug shortages,
price increases, the surge in infections, and the availability of
medicines and home delivery services during the pandemic
[34,36]. Therefore, whether they successfully purchase
medications directly affects their psychological state. Those
who manage to buy medications will experience a certain degree
of anxiety relief, while those who fail to do so may become
more anxious [37-40].

Our study revealed that 54.06% (20,803/38,480) of the
participants experienced sleep disturbances following the
adjustment of the zero-COVID policy. It can be explained as a
psychological burden during stressful circumstances.
Pandemic-related sleep disturbance was also confirmed by many
other studies worldwide. A study carried out in Beijing, China,
found that, during the second wave of COVID-19, the overall
prevalence of sleep disturbance was 50.8% [41]. Madeleine
reported a 33.5% sleep disturbances during the COVID-19
shutdown phase in Germany [42]. It is also documented that
there is a negative impact on the quality of sleep among the
Spanish population during the lockdown period due to

COVID-19 [43]. Studies found that COVID-19 had both
negative and positive impacts on adolescent sleep. A study in
Canada found that the shutdown of schools due to the
COVID-19 pandemic might lead to a 2-hour shift in the sleep
of typically developing adolescents, longer sleep duration,
improved sleep quality, and less daytime sleepiness compared
to those experienced under the regular school-time schedule
[44]. Parents of 8th grade students from local schools across
Ohio, Kentucky, and Virginia (USA) reported adolescents had
more difficulties initiating and maintaining sleep during
COVID-19 than before COVID-19, with clinically elevated
rates increasing from 24% to 36%. Both bedtimes and wake
times shifted later during COVID-19, and adolescents reported
more delayed sleep/wake behaviors. Adolescents also reported
less daytime sleepiness and longer school night sleep duration
during COVID-19 [45].

Our study found that the degree of sleep disturbance varied,
with 52.70% (10,964/20,803) reporting “slight,” 14.93%
(3105/20,803) “moderate,” 16.79% (3493/20,803) “significant,”
and 15.58% (3241/20,803) “very significant.” It suggests a
complex and diverse range of effects on individuals, which may
be related to various factors. Our study found that
sociodemographic factors played a crucial role in sleep
disturbances. Older people were more likely to experience sleep
disturbances compared to the younger. A systematic review
found that studies involving older participants had a higher
pooled prevalence of insomnia symptoms during the COVID-19
pandemic [22]. Older individuals may be more sensitive to
policy change impacts, due to preexisting health conditions,
limited medical access, and greater reliance on stable daily
routines—all of which increase their fear of infection [46]. Even
though women were found to be more prone to sleep disturbance
than men [47-49], the perceived impact of COVID-19 on sleep
was not different between sexes in our study, which was also
confirmed by research from the United States by Jeremy A
Bigalke [50]. Literature reviews also revealed that sex had no
bearing on the estimated prevalence of sleep disturbance [21].
Education level was inversely related to sleep disturbances; as
the education level increased, the likelihood of experiencing
sleep disturbances decreased. This could be because individuals
with higher education levels are generally better at accessing
and understanding information and medical resources, and thus
better able to cope with the stress caused by the pandemic.
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Studies found that people with higher socioeconomic status are
more likely to attain medical resources during the COVID-19
pandemic [40,51]. While health care workers were documented
as the most sleep-vulnerable group early in the COVID-19
pandemic [52,53], our study found the opposite in
post-policy-adjustment in China. Different occupations face
varying degrees of stress during the pandemic. For example,
government staff may be burdened with epidemic-prevention
work responsibilities, while business/service industry workers
may worry about economic losses, and farmers may be
concerned about the impact of the pandemic on agricultural
production. However, at the very beginning after the adjustment
of zero-COVID policy in China, the anxiety of getting infected
without drugs in hand might relate to poor sleep quality. Our
previous research found that 56.54% of health workers had
successfully purchased COVID-19 medicines, which was the
highest among all the occupation groups and might explain the
less experience of sleep disturbance in this study [40]. Marital
status and family members’ COVID-19 diagnosis also had an
impact. Married individuals had a higher probability of sleep
disturbances, perhaps due to increased family responsibilities
during the pandemic. Participants with family members
diagnosed with COVID-19 were more prone to sleep
disturbances, with a proportion as high as 70.41% (2023/2873),
indicating that the direct impact of the disease on the family
can cause significant psychological pressure, which was also
confirmed by a study carried out in Bangladesh. Participants
having relatives or acquaintances infected with COVID-19 were
more likely to experience poor sleep quality (68.8% vs 49.0%)
[47].

In addition to sociodemographic factors, our study found a
strong association between the purchasing behavior of
COVID-19 medicine and sleep status. Those who deemed
purchasing unnecessary had the lowest proportion of sleep
disruptions, while those who tried but failed to obtain
medications had the highest. After adjusting for
sociodemographic factors, it demonstrated that compared to
those who thought purchasing was unnecessary, those who
acquired medications were 3.11 times more likely, and those
who tried but couldn’t get medications were 7.11 times more
likely to experience sleep disturbance. This difference highlights
the role of medication availability and the psychological stress
related to it [35]. For those who manage to buy the medicine,
it may bring a sense of security and relieve some anxiety, as
they feel prepared for potential infections. However, their higher
sleep disturbance rate—compared to those who saw no need to
purchase COVID-19 medicines—suggests lingering concerns
about the disease and future drug shortages still impact their
mental state. For those who fail to purchase it, the situation can
exacerbate their anxiety. The fear of not being able to access
necessary medications during illness and the uncertainty about
their health can heighten stress levels, making them more likely
to experience sleep disturbance. Our previous research revealed
an inverse correlation between anxiety levels and the behavior
of purchasing COVID-19 medications which can further explain
the association between purchasing behavior of COVID-19

medicine and sleep status. Compared to those with severe
anxiety, those with moderate anxiety were 1.76 times more
likely to have purchased COVID-19 medicine (aOR 1.76, 95%
CI 1.64‐1.89); those with mild anxiety were 2.11 times (aOR
2.11, 95% CI 1.98‐2.24) more likely to have purchased
COVID-19 medicine; those with no anxiety were 2.48 times
(aOR 2.48, 95% CI 2.31‐2.67) more likely to have purchased
COVID-19 medicine [40]. Individuals who were unable to
obtain COVID-19 medications may have experienced
heightened anxiety, which in turn could have contributed to
increased instances of sleep disturbance. The very strong aOR
of 7.11 for those unable to access medications and their
likelihood of reporting sleep disturbances is notable. However,
this causal inference requires further validation to account for
unmeasured confounders (eg, baseline anxiety levels, preexisting
sleep disorders).

Limitations
This study has certain limitations. Firstly, to quickly explore
the association between sleep disturbance and COVID-19
medicine purchasing behavior, the questionnaire was kept
concise, omitting potential confounders (eg, COVID-19
vaccination status, comorbidities). “Participants who had tried,
but were unable to access any COVID-19 medicine” was not
clearly defined, which may lead to misclassification of
participants’ purchasing behavior. Sleep disturbance was
measured via a single Likert-scale item—practical for large
surveys but lacking details on sleep frequency/duration/severity,
limiting study depth. These should be explored in future studies.
Secondly, the data collection relied on self-reported information,
which is subject to recall bias and may distort the study results.
Thirdly, among the participants in the online survey, the
participation of women and those with a higher education level
is significantly higher than that of men and those with a low
education level. Thus, applying the survey results directly to
the general population could lead to inaccuracies.

Conclusions
The findings reflect 54.1% of participants experiencing varying
levels of sleep disturbance after the zero-COVID policy
adjustment in Zhejiang, China. The older people, those with
lower education levels, those with family members diagnosed
with COVID-19, and those who had tried, but were unable to
access any COVID-19 medicine were mostly affected. Public
health agencies should design tailored communication
campaigns for different demographic groups, especially for
those high-risk groups, to minimize COVID-19-related fear and
anxiety. Additionally, optimizing the supply and distribution
of COVID-19 medications might help alleviate the stress of
individuals who are unable to access them. A robust, transparent
pharmaceutical supply chain monitoring system and dedicated
channels (hotlines/online platforms) for reporting shortages
would enable timely supply adjustments, ensuring high-risk
groups access necessary drugs. Beyond China, our findings hold
global relevance to observations in other countries where
postpandemic policy shifts linked to anxiety and sleep
disruptions [42,43].
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Abstract

Choroidal metastases (CM) represent a rare but clinically significant manifestation of systemic malignancy, most frequently from
lung cancer. The choroid’s vascular anatomy allows hematogenous tumor seeding. Although CM may be the first clinical sign
of an underlying malignancy, evidence guiding its management in the modern immunotherapy era remains limited, as most
published cases predate the widespread use of immune checkpoint-inhibitors. We describe a 33-year-old male patient presenting
with ocular pain and visual disturbance, who was found to have an amelanotic choroidal lesion. Systemic workup revealed small
pulmonary nodules and an iliac crest lesion. Sequential biopsies suggested that this was metastatic adenocarcinoma of unknown
primary origin, but most likely of lung origin, without actionable mutations or PD-L1 (programmed death-ligand 1) expression.
Management required multidisciplinary coordination and included carboplatin, paclitaxel, and pembrolizumab, followed by
radiation to the orbit, iliac crest, and mediastinal sites of disease. Unfortunately, he experienced progression while on maintenance
immunotherapy with new rib and brain lesions, for which he underwent treatment with platinum, pemetrexed, and bevacizumab
with additional radiotherapy. Despite loss of vision in the affected eye, he achieved durable disease control and remains free of
radiographic recurrent disease>4 years after diagnosis. This case illustrates that multimodality salvage strategies—integrating
systemic therapy with aggressive local radiation—can provide unexpectedly prolonged survival even after immunotherapy failure.
Importantly, current guidelines offer minimal direction on managing CM in this context, and prior case reports do not reflect
present-day treatment realities. The key message for clinicians is that CM should not automatically be approached with palliative
intent; carefully selected patients may benefit from an oligometastatic strategy that actively targets limited metastatic sites to
prolong survival. Our findings underscore the need for ophthalmology, radiation oncology, and medical oncology collaboration
when vision-threatening or occult metastatic lesions arise. For readers, the takeaway is that choroidal metastasis—particularly
in the era of immunotherapy—warrants individualized, multidisciplinary evaluation rather than default palliation. Our case
demonstrates that coordinated multimodality management can achieve long-term disease control, highlighting a treatment paradigm
worth considering for selected patients and calling for updated guidelines that reflect modern therapeutic capabilities.

(Interact J Med Res 2026;15:e77895)   doi:10.2196/77895
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choroidal; metastasis; non-small cell lung cancer; cancer of unknown primary origin; multi-modal therapy

Introduction

Rare presentations of cancer can include metastases to the orbit
through hematogenous dissemination. The uveal tract is a highly
vascular complex made from the choroid, ciliary body, and iris.
Importantly, the eye contains the blood-retinal barrier, analogous
to the blood-brain barrier. However, the choroid layer lies

outside retinal pigment epithelial tight junctions and is therefore
exposed to unimpeded drug delivery from the vasculature [1].
One of the most common sources of choroidal metastases is
primary lung cancer, with 88% of lung metastases to the eye
involving the choroid, with an associated overall survival at
one-year of 54% [2]. Consequently, choroidal metastases (CM)
of unknown origin are often treated similarly to lung cancer as
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the clinical, imaging, and histopathologic features of choroidal
lesions frequently resemble those seen in lung cancer patients
[3,4]. The prognosis for carcinoma of unknown primary (CUP)
with CM is generally poor, with median overall survival ranging
from 3 to 12 months, as patients tend to present with advanced
and disseminated disease [5,6].

Case Presentation

Patient Information
The patient was a 33-year-old male at the time of initial
presentation with no significant past medical history. He
presented with right ophthalmalgia, blurry vision, and sinus
congestion. Clinical course was as follows (Table 1).

Table . Timeline of key events in the described patient presentation

Description of key events.Day

Initial presentation: chief complaint of right ophthalmalgia and blurry vi-

sion. Ophthalmology observed an amelanotic right choroidal lesion. MRIa

Orbit showed enhancing plaque of the posterior-lateral wall of right globe.

CTb chest showed RML and RUL nodules

Day 0-2

Pathological workup: right intraophthalmic choroidal biopsy with scant
atypical cells. PET (Positron Emission Tomography) revealed non-avid

RMLc and RULd nodules and mildly avid L iliac crest. R choroidal FNAe

read as metastatic carcinoma, compatible with pulmonary adenocarcinoma.
L iliac biopsy with further suggestion of lung origin (CK7, TTF1+)

Day 44-113

Initial chemoimmunotherapy: started on carboplatin, paclitaxel and pem-
brolizumab for 4 cycles followed by pembrolizumab maintenance. Com-
pleted stereotactic radiation to R orbit

Day 125-313

Disease progression: clinical and radiographic progression at ribs and
lungs as well as intracranial site

Day 293-324

Oligometastatic salvage therapy: given radiation to chest wall and left
frontal operculum. Started on carboplatin, pemetrexed, and bevacizumab
for 4 cycles followed by pemetrexed and bevacizumab maintenance. Be-
vacizumab was continued as maintenance for 14 cycles

Day 313-743

Surveillance: no clinical or radiographic evidence of disease progression
as of day 1563.

Day 743-Present

aMRI: magnetic resonance imaging.
bCT: computed tomography.
cRML: right middle lobe.
dRUL: right upper lobe.
eFNA: fine-needle aspiration.

Ethical Considerations

The patient involved in this case report has given his informed
consent authorizing the use and disclosure of his health
information.

Clinical Findings

Evaluation by ophthalmology revealed an amelanotic right
choroidal lesion (1.04 × 1.15×.31 cm, Figure 1). The patient
had 20/20‐1 vision bilaterally with full visual fields.
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Figure 1. Ophthalmologic evaluation showed an amelanotic right choroidal lesion.

Diagnostic Assessment

MRI Orbit on Day 0 (Figure 2A) confirmed an enhancing plaque
along the posterior-lateral wall of his right globe. A CT Chest
(Day 2) demonstrated a right middle lobe (RML) (0.5cm) and
right upper lobe (RUL) nodule (0.2cm). The patient underwent
intraophthalmic choroidal biopsy (Day 44). Pathology read as
scant atypical cells, with few cells showing ‘neuroendocrine-like
nuclear features.’ A DOTATATE PET (Positron Emission
Tomography) on Day 64 was performed, which showed mild
avidity in the right globe mass (SUV 2.6, Krenning 1) (Figure
3A), a nonavid RML nodule (0.5cm, below PET resolution)
and RUL nodule (0.2cm), and a mildly avid left iliac crest lesion
(1cm) (Figure 3B, C). The patient subsequently underwent a
right choroidal fine-needle aspiration (FNA) on Day 69, with
pathology read as metastatic carcinoma, compatible with
pulmonary adenocarcinoma. Notably, the histology did not

resemble a retinal pigment epithelium tumor and was positive
for CK7 and TTF1 but negative for PD-L1, thyroglobulin,
PAX8, CD20, GATA3, CD3, and Melan-A. CK20 was only
weakly focally positive. Synaptophysin highlighted pieces of
retina but not the tumor. Molecular testing showed no actionable
mutation in EGFR, KRAS, BRAF, or HER2. Unfortunately,
testing for ALK, RET, ROS1, NTRK1/3 and MET was
inconclusive due to insufficient sample. A left iliac biopsy (Day
113, Figure 4) and mediastinal lymph node (4R) FNA biopsy
(Day 114) were also read as carcinoma showing CK7 and TTF1
positivity. An insufficient sample of tumor was procured for
sequencing; however, immunohistochemical (IHC) analysis
was negative for EGFR, ALK, ROS, and BRAF driver
mutations. No PD-L1 expression (0%) was observed. The patient
was discussed in a multidisciplinary tumor board with the
ultimate determination that this was metastatic adenocarcinoma
of unknown primary, but most likely of pulmonary origin and
to treat as non-small cell lung cancer (NSCLC).
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Figure 2. (A) MRI orbit (Day 0) showed enhancing plaque along the posterior-lateral wall of his right globe. (B) MRI orbit (Day 1,123) showed new
right optic nerve enhancement.

Figure 3. DOTATATE PET Imaging on d 64 demonstrating sites of metastatic involvement(A) Axial DOTATATE PET of the orbits showing mild
radiotracer avidity within the right choroidal lesion (SUV 2.6; Krenning score 1), corresponding to the enhancing plaque previously identified on MRI;
(B) Axial PET of the pelvis showing a mildly avid lytic lesion in the left iliac crest (approximately 1 cm), consistent with metastatic involvement; (C)
Coronal PET confirming the left iliac crest lesion with focal uptake.
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Figure 4. Iliac crest biopsy (Day 113) and pulmonary lymph node biopsy (Day 114). (A, B) Iliac crest bone lesion, H&E, 10 x and 40 x: tumor cells
with bone; (C) Iliac crest bone lesion, Cytokeratin AE1/3 immunostaining, 10 x: cytokeratin stain confirming the tumor cells are carcinoma; (D) Iliac
crest bone lesion, TTF-1 immunostaining, 10 x: TTF-1 stain supports lung origin; (E) Pulmonary lymph node: H&E, 40 x; tumor cells are morphologically
comptabile with those in bone; (F) pulmonary lymph node: TTF-1 immunostaining, 20 x: TTF-1 stain supports lung origin. TTF: thyroid transcription
factor.

Therapeutic Intervention

Following tumor board discussion, treatment was initiated with

carboplatin (AUC 6), paclitaxel (200mg/m2), and
pembrolizumab (200mg) every 21 days (C1D1 on Day 125) for
4 cycles, with pembrolizumab continued as maintenance after
cycle 4. Alternative therapies considered included a palliative

approach with chemotherapy alone, but age, functional status,
limited extent of disease, and the patient’s wishes to pursue an
aggressive therapeutic approach led to the chosen treatment
protocol. Paclitaxel was chosen over pemetrexed as the taxane
used because it was deemed to cover more histologies in the
event that the cancer was not actually of bronchopulmonary
origin. Patient completed stereotactic radiosurgery (SRS) (Day
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173) with 36 Gray (Gy) in 4 fractions (fx) to the right orbit
lesion. Following cycle 4, he was placed on pembrolizumab
maintenance. PET (Day 211) showed an interval increase in L
iliac crest lesion and increased conspicuity of R lung base
grouped nodularity, but otherwise stable R paratracheal (0.7cm)
and mediastinal (0.4cm) lymph nodes and a decreased RML
(0.3cm) pulmonary nodule. He also completed radiation to the
left iliac (Day 252, 50Gy in 5 fx), RML (Day 252, 50Gy in 5
fx), and mediastinal nodes (Day 273, 40Gy in 10 fx). However,
he began having rib pain and PET/CT (Day 293) showed a new
lesion in the left 4th rib and RLL, as well as an increase in
additional right pulmonary nodules, concerning for progression.
Concurrently, MRI Brain (Day 324) had also shown a new left
frontal gyrus lesion. Given his age and continued limited disease
involvement, an oligometastatic approach was used, and the
patient completed radiation to the left chest wall (Day 313,
50Gy in 5 fx) and left frontal operculum (Day 337, 1 fx).
Pembrolizumab was stopped (last dose on Day 315) due to
radiographic progression, and he was started (C1D1 on Day

344) on carboplatin (AUC 5), pemetrexed (500mg/m2), and
bevacizumab (15mg/kg) every 21 days for 4 cycles, with
pemetrexed and bevacizumab continued as maintenance after
cycle 4. Pemetrexed and bevacizumab were held after 14 cycles
(last dose on Day 743) in preparation for cataract removal of
the right eye, and he was subsequently placed on surveillance
with MRI Brain and PET imaging every 3 months.

Follow-Up and Outcomes

He developed eye pain, and MRI orbit (Day 1123, Figure 2B)
showed right optic nerve enhancement, which was new from
previous imaging and felt secondary to prior radiotherapy. He
received one dose of intraocular bevacizumab injection, which
completely resolved the pain. The patient had developed
blindness in his right eye after initial treatment, but remained
with 20/20 vision on the left. He maintained his employment
and continues with regular follow-up and surveillance imaging
every 3 months. His scans as of Day 1563 show no evidence of
recurrence.

Discussion

Given CUP with CM tends to present with late, advanced, and
disseminated disease, the general treatment protocol is palliative,
focusing on symptom control and vision preservation. For most
patients, external beam radiotherapy is the standard local
treatment for symptomatic choroidal metastases, with systemic
therapy including platinum- or taxane-based chemotherapy used
for widespread disease [7]. Systemic therapy for CM of CUP
often mirrors lung cancer regimens because empirical
chemotherapy and targeted therapies have demonstrated efficacy
in controlling both systemic and ocular disease in lung cancer
patients [8-10]. For metastatic non-small cell lung cancer,
platinum-based chemotherapy with PD-1 blockade is the
standard first-line treatment; however, data regarding CM in
the age of immunotherapy are limited. Recently, Li et al
presented a case of a 65-year-old male patient with NSCLC and
CM who demonstrated ultrasonic regression, improved visual
acuity, and symptomatic relief after treatment with pemetrexed

and capecitabine plus pembrolizumab [11]. A second case report
by Matsuyama et al describes treatment with nivolumab plus
ipilimumab plus chemotherapy, which resulted in symptomatic
improvement and no relapse at 18 months follow-up [12]. These
isolated cases underscore both the rarity of CM and the need
for evidence-guided management strategies.

Bevacizumab, an extracellular VEGF-A inhibitor, has strong
anti-angiogenic properties and has been used to treat CM from
pulmonary, breast, and colorectal metastases. For instance, Riess
JW et al described a case series of 3 patients with NSCLC and
CM who were treated with a backbone of platinum-based
chemotherapy plus bevacizumab [13]. The first patient received
SRS to the symptomatic CM with improved vision and 12
months of progression-free survival. The second patient was
found to have CM after right eye vision loss. This vision
normalized following whole-brain radiotherapy that included
the choroidal regions. Thereafter, the patient received 14 cycles
of chemotherapy followed by erlotinib for a discovered EGFR
mutation and progression. The third patient tolerated 16 months
of chemotherapy followed by a recurrence of CM, which was
treated with an ALK inhibitor for a found translocation.
Furthermore, George et al reported on a 42-year-old female
patient diagnosed with NSCLC with CM who achieved complete
response of her 1.2cm CM following 3 cycles of carboplatin,
gemcitabine, and bevacizumab, and was still alive with reported
normal vision following her 7th maintenance dose of
bevacizumab [14].

In the case of our patient, timely referral to ophthalmology led
to recognition of a uveal lesion within three weeks of symptom
onset. PET imaging can be helpful in defining dominant lesions
and disease burden but histologic evaluation is necessary to
guide diagnosis. In situations such as ours, where the primary
site cannot be readily identified from imaging, judicious use of
immunohistochemistry and molecular profiling is called for. In
the era of immunotherapeutics, the median survival of newly
diagnosed NSCLC without targetable mutation ranges from 14
to 22 months [15,16]. At the time of writing, our patient has
survived 4 years with no radiographic or clinical signs of
recurrence. While we must be careful not to read too much into
an isolated case, it is the authors’ belief that an aggressive
oligometastatic approach with multimodality salvage options
may be best for all NSCLC patients or patients with suspected
primary lung malignancy who initially present with choroid
disease and limited disease elsewhere.

As presented, this case illustrates an innovative management
strategy for choroidal metastasis in the era of immunotherapy.
While prior reports describe short-term responses to
chemotherapy, anti-VEGF therapy, or immune checkpoint
inhibitors, none have documented long-term survival following
an oligometastatic approach that was applied both at diagnosis
and after systemic progression. Our patient’s survival of more
than 4 years exceeds historical expectations for metastatic
NSCLC without targetable alterations or PD-1 expression and
highlights the potential benefits of aggressive local therapy even
at the cost of vision.

The substantial collaboration required to execute this treatment
approach is equally important. Coordination between imaging,
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multiple ophthalmologic biopsies, and subspecialty pathologic
review was essential for diagnosis. Treatment required
communication between medical and radiation oncology to
prioritize systemic control while delivering targeted radiation
to multiple metastatic sites. This approach reflects the real-world
practice and serves as a model for clinicians managing similarly
rare and complex presentations.

Conclusion

CM remains an uncommon presentation of systemic malignancy,
and contemporary management is challenged by the absence of
evidence-based guidelines that reflect the current era of
immunotherapy. Our case demonstrates that even after
progression on checkpoint inhibitors, carefully selected patients

may achieve prolonged survival through a coordinated
multimodality approach that integrates systemic therapy with
site-directed radiation. This experience suggests that CM should
not automatically be considered a purely palliative entity,
particularly when disease burden is low and lesions are
anatomically accessible for local therapy.

More broadly, this report emphasizes the importance of early
ophthalmologic evaluation for unexplained visual symptoms,
the value of thorough systemic staging when CM is suspected,
and the critical role of multidisciplinary collaboration involving
medical oncology, radiation oncology, and ophthalmology. As
prior published cases predate modern immunotherapy, this case
highlights an unmet need for updated clinical guidance on
managing CM in patients who have progressed on or failed to
respond to immune checkpoint inhibitors.
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