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Abstract

Background: Mobile health (mHealth) interventions have gained popularity in augmenting psychiatric care for adults with
psychosis. Interest has grown in leveraging mHeal th to empower individual sliving with severe mental illness and extend continuity
of care beyond the hospital to the community. However, reported outcomes have been mixed, likely attributed in part to the
intervention and adopted outcomes, which affected between-study comparisons.

Objective: This study aimed to critically review outcome measures used to evaluate mHealth interventions for adults with
psychosisin relation to the characteristics of mHealth interventions.

Methods: A systematic mapping review was conducted. We searched PubMed, CINAHL, Embase, PsycINFO, and Cochrane
Libraries from 1973 to the present. Selection criteriaincluded randomized controlled studies of mHealth interventionsin adults
diagnosed with schizophrenia spectrum disorders. Reviewers worked in pairs to screen and extract data from included studies
independently using a standardized form; disagreements were resolved by consensus with an independent reviewer. We report
our findings in line with PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) guidelines.

Results: A total of 1703 citations were screened; 29 publications reporting on 23 studies were included in this review. mHealth
interventions for psychosis span a wide range, with psychological therapy being the most-deployed intervention (12/23, 52%),
followed by psychoeducation (8/23, 35%) and active self-monitoring (8/23, 35%). Several mHealth interventions for psychosis
targeted multiple pillars of biopsychosocial well-being (10/23, 43%); the bulk of interventions (16/23, 70%) incorporated features
promoting users self-management. The majority of mHealth interventions were delivered through applications (14/23, 61%) as
the main medium and smartphones (17/23, 74%) as the main channel of delivery. Interventions were primarily administered in
the outpatient and community settings (16/23, 70%); many were also blended with in-person sessions (11/23, 48%) or guided
remotely (6/23, 26%) by persons, including health care providers or trained peer supporters. The severity of psychosis-related
symptoms (21/23, 91%) was the most prevalent outcome, of which positive symptoms (13/23, 57%), mood and anxiety (10/23,
43%), and overall psychopathology severity (9/23, 39%) were most commonly measured. Patient-centric outcomes, including
well-being (17/23, 74%)—particularly quality of life (10/23, 43%)—and user experience (15/23, 65%), including feasibility
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(7123, 30%), acceptability (7/23, 30%), and engagement (7/23, 26%). Notably, outcome choices remained diverse despite
stratification by type of mHealth intervention.

Conclusions. mHealth interventions for psychosis encompass a wide range of modalities and use outcome measures that probe
various socia and behavioral determinants of health. These should be considered complex interventions, and aholistic evaluation

approach combining clinical and patient-centric outcomes is recommended.

(J Med Internet Res 2024; 26:€55924) doi: 10.2196/55924
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Introduction

Psychotic disorders are a group of serious mental illnesses
consisting of “abnormalities in one or more of the following
five domains: delusions, hallucinations, disorganized thinking
(speech), grossly disorganized or abnorma motor behavior
(including catatonia), and negative symptoms” [1]. The global
burden of psychotic disorderson individua's, communities, and
health care systems cannot be understated. Schizophrenia, the
most well-known psychotic disorder, has been ranked among
the top 20 causes of years lived with disability (YLDs) among
all illnesses and injuries and afflicts 23.6 million individuals
worldwide [2]. Schizophrenia also has an early age of onset in
adolescence [3] and has a propensity for relapsing. Such acute
relapses can |eave deleterious impacts on the individual yet are
difficult to predict. The chronic, relapsing-remitting illness
trgjectory of schizophrenia not only contributes to a high
disability weight during acute psychotic episodes [4] but also
incurs hefty societal costs—upwards of US $300 hillion in the
United States alone [5].

The debilitating nature of psychosis thus spells the need for
scalable, cost-effective, and accessible solutions to augment
traditional psychiatric management, which remains underpinned
by intensive human-delivered care. Mobile health (mHealth),
defined as the use of wireless mobile technologies for public
health [6], stands out as an emerging possibility. This is
especidly so with smartphone ownership becoming more
pervasive in the 21st century, including among persons living
with psychotic disorders [7]. In an era where different smart
devices permeate everyday life, mHealth can enable data-driven
assessment of individuas lifestyles and well-being. The
repertoire of personalized mHealth interventions has similarly
been expanding, ranging from medication adherence tools [8]
to internet-based cognitive behavioral therapy (iCBT) [9].
mHealth interventions, therefore, harbor much optimism in
empowering persons living with psychosis toward proactive
self-care with timely symptom management and targeted
interventions [10].

With the exponential increasein popularity of mHealthin recent
years[11], thereissubstantial interest in eval uating the efficacy
of mHealth interventions for adult patients with psychosis.
However, to the best of our knowledge, there are no systematic
reviews evaluating mHealth interventions for adult patientswith
psychosis. A systematic meta-review of mHealth interventions
for mental health in general [12] found that none of theincluded
meta-anayses studied their effects on psychotic disorders. There
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have been afew reviews|ooking into mHealth technologiesfor
psychosis, but these focused on the scope of technol ogiesrather
than the outcomes these technol ogies seek to achieve [13-15].
Reviews attempting to quantify the impact of mHeath
interventions on psychosis outcomes included few articles at
the time of publication [16], which may no longer represent the
current body of mHealth interventions. Furthermore, Firth and
Torous [17] assessed the impact of mHealth intervention only
for feasibility, while Clarke et a [18] focused on their
effectivenessin reducing psychotic symptomswithout ng
other patient-centric outcomes.

It isthereforeimportant to critically review prevailing outcome
measures used to evaluate mHealth interventionsfor adultswith
psychosis, whether in terms of traditional clinical outcomes (eg,
relapse prevention, reduction of hospitalization, or mortality)
or person-centric attributes (eg, quality of life, subjective
well-being, and various psychological constructs). This can be
achieved through a systematic mapping review to “collate,
describe and catal ogue available evidence” whilefollowing “the
same rigorous, objective and transparent processes as do
systematic reviews’ [19]. Although systematic reviews of
randomized controlled trials (RCTS) are the perceived “gold
standard,” there are significant hurdles in doing so, given the
heterogeneity of mHealth interventions and study designs and
lack of agreement over choices of outcomes and their
measurement instruments. Against thisbackdrop, this systematic
mapping review seeks to answer the following questions. (1)
What are the characteristics of mHealth interventionsfor adults
with psychosis? (2) What type of outcomes are assessed and
reported in RCTs of mHealth interventions for adults with
psychosis?

Methods

Overview

This mapping review was performed according to the
methodology proposed by James et al [19] and reported in line
with the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) reporting guidelines (Multimedia Appendix 1). The
protocol was registered in Open Science Framework Registries
[20] in May 2023.

Setting Inclusion Criteria for Studies

Studies included in this mapping review were randomized
controlled studies of any design, reporting the use of mHealth
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interventions for adults with psychosis. Our detailed inclusion  and exclusion criteria are reflected in Textbox 1.

Textbox 1. Inclusion and exclusion criteriafor randomized controlled trials (RCTs) reporting psychosis-focused mobile health (mHealth) interventions.

Inclusion criteria

Exclusion criteria

Article type:

« RCTs.

o  Cluster RCTs.
e« Quasi-RCTs.

«  Randomized controlled feasibility studies.

Language: English-language studies.

Population:

« Adults above 18 years old diagnosed with schizophrenia spectrum disorders.
« Any inpatient, outpatient, or community setting.

« Any gender, ethnicity, or cultural background.

Intervention:

« Anykind of mHealth intervention that isintended to alter, manage, or prevent changesin apatient’s behavior, emotions, cognition, functioning,
or well-being.

«  Examplesof possibleintervention typesinclude delivering psychological therapy, psychoeducation, emergency assistance, self-monitoring,
personalized recommendations on coping strategies, or medication adherence.

Comparison: Studies with any type of control, such as:

«  Another mHealth intervention.

« A non-mHedlth intervention.

o  Treatment-as-usua.

« A sham comparison or placebo.

« Nointervention.

Outcomes: All studies that evaluate the effectiveness of the mHealth intervention in terms of patient-related outcomes in psychosis, whether in
terms of objective measures or patient-reported data.

Article type:

«  All other study designs, such as qualitative studies, review articles (including meta-analyses and scoping, literature, and systematic reviews),
commentaries, editorials, opinion pieces, protocols, and observational studies (including cross-sectiona studies, cohort studies).

«  Conference abstracts, proceedings, and letters will be excluded unless a control group is present and there is sufficient data for extraction.

Language: non—English language studies.

Population:

«  Organic psychosis, substance-induced psychosis, psychosis secondary to other medical conditions, and postnatal psychosis.
« Individuals with ultra-high risk (UHR) of psychosis.

«  Caregiversor next-of-kin of patients and health care professionals.

I ntervention:
« Interventionsthat do not involve mHealth.
« Interventionsthat exclusively collect passive data.

« Interventionsthat only contain teleconferencing or virtua reality.

Comparison: Single-arm interventional studies without a relevant control.

Outcomes: Studies that exclusively assessed user experience-related or technical outcomes.
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Searching for Evidence

An electronic literature search was performed on September
20, 2022, across PubMed, CINAHL (EBSCO), PsycINFO
(EBSCO), Embase (Ovid), and Cochrane Library. We included
English language reports published from January 1973 onwards,
aligning with the advent of mobile technologies. The search
strategy was developed in PubMed and adapted to other
databasesin consultation with amedical librarian. Search terms
included acomprehensive list of wordsand phrases representing
the intersection between mHealth interventions and psychosis
(Multimedia Appendix 2). During the screening process, the
citations of reports identified from bibliographical databases
were also searched to include any other eligible publications
that met al the inclusion criteria

Screening Evidence

The search resultsfrom all databaseswereimportedintoasingle
EndNote (version 20; Clarivate) library, and duplicate records
wereremoved. Subsequently, reviewersworked in pairsto select
studiesindependently and in parallel using the online screening
tool Covidence. Thiswas performedin 2 stages: initial screening
of title and abstract, followed by a second round of full-text
screening. Discrepancies in any screening stage were resolved
through a stepwise approach of mutual discussion, followed by
engaging a third reviewer. The search and screening process
was documented in a study selection flowchart [21].

Coding

Data were coded using a standardized data extraction form on
Microsoft Excel developed by the review team. Variables that
were extracted included the following: study methodology,
participant baseline characteristics, study setting, characteristics
of mHealth intervention and delivery, choice of outcomes, and
corresponding measurement instruments. The data extraction
form was piloted in 2 studies and amended based on feedback
before it was used for data extraction. Furthermore, reviewers
met up regularly to ensure concordance in the data extraction
process. Like the screening stage, reviewersworked in pairsto
extract datafrom included studiesindependently and in parallel.
The extracted data was compared, and any discrepancies were
resolved through mutual discussion or involving athird reviewer
acting as the arbiter.

Describing and Visualizing the Findings
Data were visualized in a diagrammatic or tabular form

accompanied by a narrative summary. Descriptive statistics
were used to ascertain the choice of outcomes and measurement
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instruments reported in theincluded studies. Furthermore, data
were classified and mapped according to the delivery medium
(the digital platform used, eg, app, website, SMS), delivery
channel (the physical device used, eg, smartphone, tablet), and
delivery format. Based on recommendations by Lattie et al for
digital mental health interventions, we modified their approach
to subclassify delivery formats of mHealth interventionswithin
this study based on the level of human support incorporated.
Whereas self-guided interventions were defined to be fully
automated, we consider guided interventionsto “include human
support as part of their delivery” (whether dyssynchronous or
synchronous), while blended interventions involve the delivery
of the digital modules “as part of face-to-face mental health
interventions’ [22].

Outcomes were grouped into 8 categories, namely severity of
psychosis-related symptoms, functioning, well-being, medication
adherence, adverse events, user experience, technical, and all
other outcomes reported. These were derived directly or
indirectly based on the International Consortium for Health
Outcomes Measurement (ICHOM) patient-centered outcome
measures for psychosis (eg, symptoms and functioning) [23],
as well as the Core Outcome Measures in Effectiveness Trials
(COMET) Initiative’'s 38-item medical research outcome
taxonomy (eg, 28: Emotional functioning/well-being, 32:
Delivery of care, 38: Adverse eventg/effects) [24]. Instruments
measuring any of these outcomes were also classified as
objective or subjective, in line with the COSMIN
(Consensus-based Standards for the selection of health
M easurement | Nstruments) definition. [25] Objective measures
include data passively obtained from phone usage or embedded
sensors. Subjective measurement instruments include either
observer-rated or self-report questionnaires that can be written
or administered digitally, whether regarding their health status
or experience using the mHealth intervention.

Results

Overview of Search Strategy

Theinitial search of databases yielded 2537 papers, of which a
total of 1699 titles and abstracts were screened after removing
duplicate records. Thereafter, 98 reports were assessed in full
for eligibility, including 4 additional records, which were
retrieved by searching thereferencelist of papers screened. This
culminated in 29 publications reporting 23 studies being
included in thisreview (PRISMA flow diagram in Figure 1).
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Figurel. PRISMA flow diagram of study selection.
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Characteristics of Included Studies

All included studies were published from 2017 onwards. Of
these, nearly three-quarters of theincluded studies (17/23, 74%)
were published from 2020 onwards[26-44]. Based on the 2021
World Bank Country and Landing Groups classification system,
all except 2 studies [36,43] were conducted in high-income
countries; 8/23 (35%) of the studies were conducted in the
United States [32,38,44-52] and another 10/23 (43%) of the
studies (including multicenter studies) were conducted in Europe
[26,28,29,33-35,37,39-41,53,54]. The majority of the studies
(16/23, 70%) were conducted in the outpatient and community
setting [26,27,30-33,35-37,39-42,45-49,53,54]. Study designs
included mostly RCTs with a variety of comparisons used.
Particularly, two of the studies were 3-arm RCTs that featured
both positive and negative controls [41,45].

https://www.jmir.org/2024/1/e55924
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Therewas also amix of psychiatric diagnoses among recruited
participants of the included studies. While over half (13/23,
57%) of included studies recruited only participants with
psychotic disorders[26,28-32,34,36,39,40,42-44,47-49,52,53],
6 studies also recruited individuals with mood disorders (such
as bipolar disorder or major depressive disorder)
[27,33,38,45,46,50,51] and 1 study [35] included individuals
with “UltraHigh Risk” of psychosis. By the American
Psychiatric Association’s definition of adulthood, the mean
participant age of most studies (16/23, 70%) 26-34,38,41-50,52]
corresponded to middle adulthood (35 years and older) while
that of remaining studies corresponded to young adulthood (35
years and younger). Table 1 presents a summary of the
characteristics of the included studies, and further details can
be found in Multimedia Appendix 3.
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Table 1. Characteristics of included randomized controlled studies (N=23) reporting the use of mobile health (mHealth) interventionsin psychosis.

Study characteristics

Studies, n (%)

Year of latest publication
Before 2020
2020 or after
Country
United States
United Kingdom
Australia
China
Denmark
France
Poland
South Korea
Netherlands
More than 1 country
Setting
Outpatient and community
I npatient
Not specified
Study design
Randomized controlled trial (RCT)
Quasi-RCT
Cluster RCT
Type of control
Treatment as usual (TAU)
Another mHealth intervention
Different version of mHealth intervention
Waitlist control
Non-mHeslth intervention
Placebo
TAU + another mHealth intervention
TAU + non-mHealth intervention
Type of participant diagnosis
Psychotic disorders only
Psychotic disorders + mood disorders
Ultra-High Risk + psychotic disorders
Not specified
Participant mean age
<35
35 and older

6 (26)
17 (74)

8(35)
4(17)
14
14
14
1(4)
14
14
14
4(17)

16 (70)
1(4)
6 (26)

20 (87)
2(9)
1(4)

9(39)
3(13)
3(13)
3(13)
2(9)
1(4)
1(4)
1(4)

13 (57)
6 (26)
1(4)
3(13)

7 (30)
16 (70)
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Characteristics of mHealth Interventions

A wide range of features were incorporated into the mHealth
interventions investigated in included studies, spanning from
psychological therapy (12/23, 52%)
[26,28,29,32,38,40,43,45-49,52-54], psychoeducation (8/23,
35%) [32,36,38,40,42,45,50-53], active self-monitoring (8/23,
35%) [27,30,31,33-35,37,43,50,51], medication adherence (7/23,
30%) [33,34,36,40,41,44,45,53], personalized recommendations
on coping strategies (5/23, 22%) [27,30,31,33-35] to peer
support (3/23, 13%) [32,43,52]. Different types of psychological
therapy were used, such as cognitive behavioral therapy (CBT)
[26,28,29,32,45,46,52,54], cognitivetraining [ 38,40,53], social
cognition training [43], or a mix of techniques [47-49]. Less
frequently incorporated features included emergency assistance
[33], behavioral activation and mindfulness [52], shared
decision-making [39], and tel econsultations [40,53].

To further characterize the type of mHealth interventions, these
features were, in turn, grouped into distinct themes based on
the pillars of Enge’s biopsychosocial model [55]:
medication-related features (eg, medication reminders,
teleconsultations) representing the biological aspect,
psychological therapy, and social support (eg, peer support,
emergency assistance). A fourth intervention

https://www.jmir.org/2024/1/e55924
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type—self-management—was also identified, encompassing
psychoeducation, active self-monitoring and personalized
recommendations on coping strategies. This was found to be a
highly prevalent modality targeted by mHealth interventions
(16/23, 70%) [27,30-38,40,42,43,45,50-53]. Many mHealth
interventionswere found to be multimodal, combining features
targeting multiple pillars of Engel’s biopsychosocial model
(10/23, 43%) [32-34,36,38,40,43,45,52,53]. Even among
unimodal interventions, acombination of multiple featureswas
commonly used, such as active symptom monitoring with
correspondingly tailored coping strategies [27,34,35], or
medication reminders along with teleconsultations [40,53]. Of
these, there was an even spread between self-management,
psychological therapy, and medication or treatment-related
interventions without any interventions that exclusively
delivered social support.

The majority of mHealth interventions were delivered through
applications  (14/23, 61%) as the man medium
[27,30,31,34,35,37-42,46,50-54], and smartphones (17/23, 74%)
as the main channel of delivery [27,30,31,34-45,50-54]. Most
of the interventions were also blended with in-person sessions
(12/23, 48%) [26,27,32,33,35,39,40,42-45,53] or guided
remotely (6/23, 26%) [28-31,36,37,50-52] by persons such as
health care providers or trained peer supporters (Table 2).
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Table 2. Characteristics of mobile health (mHealth) interventions for psychosis from included studies (n=23).

mHealth intervention characteristics

Studies, n (%)

I ntervention type

Self-management only
Psychological therapy only
Medication-related only
Social support only

More than 1 type

Features involved®

Psychological therapy
Cognitive behavioral therapy
Cognitive training
Saocial cognition training
Social cognition + cognitive training
Psychoeducation
Active self-monitoring
Medication adherence
Personalized recommendations on coping strategies
Peer support
Emergency assistance
Behavioral activation and mindfulness
Shared decision making

Teleconsultations

Delivery medium

Application

SMS or messaging applications
Website

More than 1 delivery medium
Not specified

Delivery channel

Smartphone

Mobile phone

Tablet

Smartphone + computer

Tablet + computer

Format of delivery

Blended
Guided
Self-guided
Not specified

6 (26)
5(22)
2(9)
0(9)
10 (43)

12 (52)
7(30)
2(9)
1(4)
1(4)
8(35)
8(35)
7(30)
5(22)

3(13)
1(4)
1(4)
1(4)

14 (61)
2(9)
2(9)
4(17)
1(4)

17 (74)
1(4)
14
3(13)
14

11 (48)
6 (26)
4(17)
2(9)

8For this category, we note that the total sum of percentages will exceed 100% as some interventions come with multiple features.
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Outcome M easures

The most common primary outcome was the severity of
psychosis-related symptoms, which was chosen in 11/23 (48%)
of included studies[26-29,32,34,35,37,40,50-53]. Thiswasalso
the most prevalently measured outcome overall, being reflected
inalmost al (21/23, 91%) included studies[26-32,34-43,45-54].
Notably, psychosis-related symptomswere consistently reported
in conjunction with other outcomes, such aswell-being (17/23,
74%) [26-33,36-39,42,43,46-52,54], user experience (15/23,
65%) [27-31,33,34,37-40,43,46-54] and functioning (12/23,
52%) [34,35,37-39,41-43,45,47-49,52,54].

Figure 2 illustrates the choice of outcome measures and their
relative frequencies in included studies. The most frequent
measures of psychosisrelated symptoms were positive
symptoms (13/23, 57%) [26,27,34,35,37-40,42,50-54], mood
and anxiety (10/23, 43%) [26,27,34,35,37,38,40,50-54], and
overall psychopathology severity (9723, 39%)

Loh et al

[30,31,35,40-43,45,47-51,53]. Less commonly were negative
symptoms (7/23, 30%) [34,35,39,40,45,47-49,52,53], other
psychosis-related symptoms such as rehospitalization, relapse,
and insight (7/23, 30%) [28-32,36,39-41,53], and cognitive
symptoms (3/23, 13%) [26,46-49]. Measurement instruments
for positive symptoms were highly varied with a mix of
observer-rated questionnaires [27-29,35,37,39,40,42,50-54],
self-report questionnaires [26,28,29,34,38], and ecological
momentary assessments (EMAS) [35] to gauge aspects such as
overall positive symptom severity, hallucinations, paranoia, and
intensity and distress of psychotic experiences. Similar diversity
was observed in measurement instruments for negative
symptoms, including overal negative symptom severity
[34,35,39,40,53], motivation [47-49,52], and defeatist beliefs
[45,52]. On top of self-report questionnaires used to rate mood
and anxiety symptoms, EMASs were also leveraged to measure
momentary mood [34,35]. Finally, overall psychopathology
severity was uniformly observer-rated.

Figure 2. Treemap of reported outcomes in randomized controlled studies of mHealth interventions for psychosis. The size of individual squaresis

proportional to the frequency of outcome measures.

Psychosis-related symptoms User experience Well-being Functioning
Global functioning (7)

Quality of life (10) Self-efficacy (5)

Positive (13) Mood and anxiety (10) Feasibiity (7) Acceptabiity (7)

Other well-being (3)
Social Sacial functioning (8)
engage-
Recovery ment and
3) support (3) | Empowerment (2) Role functioning (2)
Adverse events or All other Medication
effects outcomes adherence
Satisfaction
Engagement (6) 4)
Other psychosis-
Negative (7) related (7) (6)
Overall
psychopathology Other user Usability | Adher- .
severity (9) Cognitive (3) experience (3) 2) ence (2) | (9) () Technical 2)
[0 Psychosis-related symptoms [ Functioning @ Well-being [J Medication adherence
[ Adverse events or effects [ User experience [ Technical [J All other outcomes

User experience was another commonly measured outcome,
with the main domains of interest being feasibility (7/23, 30%)
[27,30,31,34,37,40,46,52,53], acceptability (7/23, 30%)
[27,30,31,37-39,52,54], and engagement (6/23, 26%)
[30,31,38,43,47-51,54]. Feasibility was mostly understood as
an objective construct among studies that reported it
[27,31,34,37,52,54], with the main measurement instrument
being passive data collected from devices. Interpretation of
acceptability was dlightly more pleomorphic, with most studies
using self-report questionnaires to ascertain participants' views
on the intervention [27,30,31,38,39,52,54] and some using
objective phone data[37,39] and study retention rates [52]. Of
the studies measuring engagement, most studied objective app

https://www.jmir.org/2024/1/e55924

engagement [30,31,38,40,43,45,50-54], although there were
instances of measuring attendance of physical sessions
accompanying the mHealth intervention [43,50,51] or subjective
service engagement [ 30,31]. Other measures of user experience
include satisfaction, usahility, adherence, perceived useful ness,
user-friendliness, and negative experiences.

Well-being was uniformly measured through self-report
guestionnaires. Although quality of life was the most measured
construct of well-being (10/23, 43%) [26,28-33,37,43,47-51,54],
there was marked diversity in the choice of outcomes within
this category, including self-efficacy, recovery, socid
engagement and support, empowerment, hope, self-esteem,
emotional distress, stigma, use of coping strategies and
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metacognitive beliefs. On the other hand, functioning was
mostly measured with observer-rated questionnaires, though
other types of measurement instruments were also used
[34,35,38,43]. Most instruments measured global (7/23, 30%)
[31,35,38,39,41,45,54] and socia functioning (6/23, 26%)
[34,35,39,42,43,54]. Almost all studies measuring medication
adherence used the self-reported M edication Adherence Rating
Scale [30,31,33,44,54] except for one study using the
M edication Adherence Questionnaire[36] and another collecting
data from sensors embedded in medication bottle caps [41].
Contrary to most outcomes, which were compared before and
after the intervention, adverse events and technical outcomes
were predominantly monitored throughout the study as and
when they arose [26-31,37,40,43,45,46,53,54].

Loh et al

Choices of outcomes remained multidimensional even after
stratifying by the type of intervention studied, as displayed in
Figure 3. The severity of psychosisrelated symptoms,
functioning, and medication adherence were categories of
reported outcomes that were common to all intervention types.
In contrast, well-being, adverse events, and user experience
outcomes were outcome choices common  to
psychotherapy-only, self-management-only, and mixed modality
interventions but not reported in exclusively medication-rel ated
mHealth interventions for psychosis. Other outcomes refer to
intervention-specific outcomes that cannot be encompassed in
the other categories, such as participants' recall of specific
coping heuristics, auditory processing, and motivational
incongruence.

Figure 3. Types of reported outcomes according to the type of mHealth intervention for psychosis.
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Discussion

Principal Findings

In this study, we rigorously reviewed the choice of outcomes
and measurement instrumentsin randomized controlled studies
evaluating the use of mHealth interventions for adults with
psychosisin relation to intervention and control characteristics.
The recency of the 23 included studies, particularly the surge
in studies published from 2020 onwards, is concordant with the
dramatic growth of research in digital mental health in general
[12,56], with the COVID-19 pandemic probably being a key
catalyst of further development [57,58]. It is encouraging that
most mHealth interventions studied are tailored toward
outpatient and community care, where sustaining accessibility
to mental health services remains a challenge: World Health
Organization statistics reveal that almost one-third of countries
worldwide till have fewer than 1 psychiatrist in the workforce
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per 100,000 individual s[59]. The emergence of transdiagnostic
mHealth interventions also aligns with a previous systematic
review [60], which found amarked increasein studies on mental
health applications capable of benefitting multiple groups of
patients with different diagnoses. The focus on participantsin
mid-adulthood may impress upon the possibility of mHealth to
manage psychosis in the long term. That being said, younger
populations may arguably be a bigger benefactor of mHealth
interventions with more pervasive smartphone use and lower
engagement with traditional health services [61,62].

The findings of this mapping review strongly suggest that
mHealth interventions for adults with psychosis are complex
and typically multidimensional in nature. When reviewing the
intervention features in isolation, psychotherapy was the most
frequently deployed intervention, followed by psychoeducation
and active symptom monitoring. Unsurprisingly, CBT was the
most common type of psychotherapy delivered, in keeping with
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its established evidence base and showing itstrandlation toward
the mobile realm [63]. Upon further classifying intervention
features by domain, most mHealth interventions for psychosis
either traversed multiple pillars of Engel’s biopsychosocial
model or minimally combined multiple featureswithin the same
pillar. Notably, supporting users' self-management was found
to be the most common single-mode intervention. With previous
evidence demonstrating how self-management can improve
outcomes of people living with severe mental illness [64], this
corroborates the role of mHealth interventionsin helping users
navigate the chronic trgjectory of psychosis. Furthermore, we
found that the most common medium and channel of delivery
were applications and smartphones. Thisiswithin expectations
given the growing penetration of smartphone usage day-to-day
and smartphone uptake among individual swith psychosis[65].

Outcomes reported were similarly numerous, comparable with
findings from previous literature [14]. The severity of
psychosis-related symptoms—the most reported outcome—was
always measured together with other patient-centric measures
such aswell-being, user experience, or functioning. This bears
testament to the transition toward patient-centered care [66] in
both the physical and digital spheresand the ensuing importance
of evaluating user-related factors [60,67,68] in adopting digital
mental health tools. Overal, there needs to be better
concordance between measurement instruments of the same
outcome categories. We observed multiple studies using
mHealth-enabled nascent tools to pick up objective data, such
as EMAs[27,30,31,34,35,37,43,50,51] and embedded sensors
[41]. This is exciting for refining our understanding of how
users’ clinical pictures evolve temporally, but it would require
proper validation against traditional measurement instruments
[17,69]. Furthermore, included studies vastly differed in the
choice and modality of questionnaires, whether observer-rated
or self-reported, for variablesincluding hallucinationsand social
functioning. This might further hinder the reproducibility of
results, on top of the myriad of control designs in included
studies. Such heterogeneity may directly impact subsequent
evaluations of efficacy—for instance, Goldberg et al [12] noted
that effect sizes of mHealth-based mental health interventions
were smaller when compared with controls with therapeutic
intent.

Interestingly, our review dispel sthe notion that the heterogeneity
of outcomesdirectly reflectsintervention diversity—in fact, the
spectrum of reported outcomes remained broad despite
stratifying by intervention type. This may put into question
whether deciding outcomesto be studied based on interventions
putative  mechanisms (like what the ecological
interventionist-causal model approach proposes [70]) might
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still apply when evaluating mHealth interventions. Taken from
another perspective, thisfinding might just be another portrayal
of how multifaceted mHealth interventions can be with its
integration of multiple components. Their effects may transcend
illness severity to simultaneously impact patients' experiences
of their illnesses. In turn, thiswould strengthen the impetus for
holistically assessing clinical and functional outcomes when
evaluating mHealth interventions for psychosis. Overal, the
plethoraof interventions, comparisons, outcomes, and outcome
measurement instruments reinforces the need for more
high-quality studies with standardized controls and evaluation
frameworks to enable validity in further data synthesis.
Considering the complexity of between-feature interaction and
synergistically affected patient outcomes, the uncertainty still
lingersif RCTs are the best evaluation framework for mHealth
interventi ons despite being conventionally perceived asthe gold
standard of interventional trials.

Strengthsand Limitations

This systematic mapping review has notabl e strengths. We used
a comprehensive search strategy across 5 major bibliographic
databases to identify publications reporting on the use of
mHealth interventions in adults with psychosis. We have aso
attempted to minimize missing eligible records by searching
the references of included studies. A robust methodology to
screen identified articles and perform data extraction in pairs
was used to ensure reliable review findings.

There are adso some limitations. While including only
randomized controlled study designs allowed greater strength
in interpreting effects on outcomes, we may not have included
nascent interventionsin the early stages of development in the
process. Furthermore, some potentially relevant studies may
have been omitted due to the gamut of terms used in this area.

Conclusions

mHealth interventions for psychosis should be considered
complex interventions probing multiple social and behavioral
determinants of health. Randomized controlled studies in the
field often report aremarkable breadth of outcomes regardless
of the domains they seek to target. Marked variation in the
choice of measurement instruments for said outcomes and
comparison groups persist amongst studies included in this
review. Hence, we recommend a holistic evaluation approach
combining clinical and patient-centric outcomes to adequately
account for the assortment of mHealth interventions and
outcome measures. This would advance our understanding of
individuals' interactions with mHealth interventions that can
enhance the person-centered delivery of mental health care for
people with psychosis.
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