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Abstract

Purpose of Review Schizophrenia presents a significant mental health challenge requir-
ing innovative solutions for relapse prevention, self-management, and health promotion.
Patients face an excess mortality gap, driven by increased rates of chronic health condi-
tions, exacerbated in low-resource settings. Digital interventions are a promising avenue
to address the multifaceted needs of individuals with schizophrenia. This narrative review
synthesizes evidence from digital intervention trials for schizophrenia published from
January 2020 to June 2023.

Recent Findings 23 studies were identified, encompassing smartphone applications and
web-based platforms to mitigate symptom severity, prevent relapse, and promote physical
health. Key developments thus far have shown reduced symptom burden, and enhanced
medication adherence and physical activity engagement. Despite more than a decade of
research on digital interventions, many trials in this review continued to focus on accept-
ability and feasibility, with emphasis on patient uptake. This suggests the field has shown
limited advancement in effectiveness studies of digital interventions.

Summary As the field evolves, further fully powered effectiveness studies, greater empha-
sis on implementation studies for digital tools for schizophrenia, and attention on digi-
tal health equity and evidence generation among those in lower-income countries are
warranted. These findings hold implications for clinicians, researchers, and policymakers

towards optimizing digital care for individuals with schizophrenia.

Introduction

Schizophrenia is a chronic disease with an immensely
high disease burden, affecting 24 million people
worldwide [1]. Often a debilitating condition, those
who are affected by schizophrenia can have severe
compromises in their functioning and ability to partic-
ipate in broader communal and societal activities [2,
3]. In the United States alone, it is estimated the aver-
age life-lost for people with schizophrenia is 28.5 years
[4]. Excess mortality in schizophrenia is driven by
high rates of co-occurring chronic medical conditions,
increased risk of suicide and self-harm, poor access to
mental and physical health care, and lifestyle factors
that increase risk of death [5]. The excess mortality
due to substance-use is equally steep; in the United
States, studies show that 62-80% of people with schiz-
ophrenia are active tobacco users and 24-36% have an
alcohol use disorder [6]. Co-occurring substance-use

disorders are known contributors to the excess car-
diovascular and cirrhotic risk, among other chronic
diseases that affect people with schizophrenia [5, 7, 8].
This burden of disease, however, is not equally dis-
tributed - it is estimated that greater than 80% of
all people with mental health conditions, including
schizophrenia-related disorders, reside in low- and
middle-income countries (LMICs) [9, 10] and dispro-
portionately experience structural inequality such as
low socioeconomic status, migration [11], racism [12],
poverty, housing insecurity [13], and reside in settings
with greater income inequality [14]. These risk factors
worsen positive psychotic and depressive symptoms.
Structural inequalities are exacerbated by global gaps
in access to quality psychiatric care and community
mental health services. Globally, there are roughly 4
psychiatrists per 100,000 people, however, most LMICs
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are well below that threshold with estimates ranging
from 0.04 to 1.55 psychiatrists per 100,000 [9]. Mental
health services are often not available in many coun-
tries, making early identification, linkage to care, and
follow-up lacking.

In recent decades, promising digital interventions have
emerged to address the large treatment access gaps
and excess morbidity and mortality among individu-
als living with schizophrenia [15]. Previous reviews
of digital interventions for schizophrenia and other
serious mental disorders have shown innovations in
relapse management (i.e., recurrence of symptoms
after remission), symptom tracking, and psychosocial
rehabilitation [16-22]. Young people, in particular, are
digital natives and recent studies have demonstrated
that there are many applications of digital health rang-
ing from daily medication reminders and momen-
tary ecological assessments to caregiver support and
coping-skill practice that can improve individual self-
management of schizophrenia [16]. Digital technol-
ogy has been proposed and studied at the individual
and systems-level to address chronic health conditions
and poor health behaviors among those with schizo-
phrenia. At the individual level, one area of focus has
been on wearable technologies and digital coaching to
encourage lifestyle modification around tobacco use,
exercise, among other health behaviors [23]. At the
systems level, there has been a push to leverage elec-
tronic medical records and other systems-integrations
to monitor physical health symptoms [15]. Digital
technology has also shown promise to scale psychi-
atric community-based care in LMICs [17]. The focus
of these interventions has similarly been on symptom

Methods

management and relapse prevention and have been
adapted to fit low-income settings, leveraging com-
munity health workers, adapting language needs, and
involving caregivers. Digital technology has afforded
opportunities for promoting self-management of
schizophrenia-related disorders and thus empowering
patients to take greater control of their disease.
Despite the early promise of digital interventions
for relapse prevention, symptom management, and
improving access to quality care for patients with
schizophrenia, adoption of these innovations has been
disappointingly low. Following numerous feasibility
and acceptability studies, there appear to have been
few adequately powered and rigorously conducted
large-scale effectiveness trials. Digital mental health
continues to evolve rapidly, and in many instances,
without adequate regulation [24]. This raises concerns
about the clinical quality [25] and safety of emerging
mobile applications and digital platforms. The pur-
pose of this narrative review is to assess whether the
initial promise of digital tools has met expectations of
the nascent field and to understand whether the gap
to clinical practice is closing with the development of
new digital techniques. Specifically, we expanded on
recent literature reviews by synthesizing evidence from
trials of digital interventions for schizophrenia pub-
lished from January 2020 to June 2023. Our goal was
to consider recent developments in the use of digital
interventions for mental health, physical health and
functional outcomes in individuals living with schizo-
phrenia, limitations with the latest studies, remain-
ing challenges to the field, and new opportunities to
advance digital innovation use for schizophrenia.

We relied on the PRISMA guidelines for scoping reviews, which informed our
methodological approach in this rapid narrative review. To find English stud-
ies that used digital technology for schizophrenia, we used a broad search on
PubMed and Google Scholar. The main search terms that were used included
(“schizophrenia” OR “psychosis”) AND (“digital technology” OR “mHealth”)
AND (“physical health” OR “rehabilitation” OR “substance-use”), as well as
keywords such as “ecological momentary assessment”, “digital intervention”,
“smartphone-based” and “web-based” (as examples).

We narrowed our focus to include studies of clinical trials published from
January 2020 to June 2023. We chose this date range to expand on numerous
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previous reviews on digital technology for schizophrenia that covered studies
through 2019 [16-19, 21, 22]. We restricted our review to empirical studies
that evaluated a specific digital intervention targeting individual clinical care,
excluding health workers or caregivers, and illness self-management, thus
excluding reviews, cross-sectional studies, meta-analyses, and commentaries.

Our team extracted the data from the included studies and summarized
these findings in a table. We grouped the included studies according to broad
clinical focus: 1) relapse prevention; 2) symptom tracking and illness self-
management; and 3) health promotion. The identified studies primarily used
interventions such as digitally integrated platforms, smartphone-based self-
management tools, digital phenotyping, ecological momentary assessments
and interventions, digital medicine and wearables, and observational studies.

Given our objective to offer a rapid synthesis of digital intervention devel-
opments for schizophrenia, we conducted a narrative review; this review does
not offer a comprehensive summary of the literature or a meta-analysis of
quantitative findings. This review should be seen as a broad overview of
recent developments in the field, and a commentary on the challenges and
opportunities ahead.

Findings
- 1]

We found a total of 23 studies, from 9 countries. Characteristics of these
studies are summarized in Table 1, and broad findings are summarized in
the sections that follow.

Relapse Prevention

Relapse prevention has long represented a key target for digital interven-
tions in schizophrenia. This trend continued, as 7 studies described recent
developments focused on relapse prevention. The Scotland and Australia-
based EMPOWER trial piloted a smartphone application that combined self-
monitoring of symptoms and real-time peer and clinician-based support.
This feasibility RCT showed high acceptability rates, treatment adherence;
decreased participant fear of relapse; and increased self-empowerment [26°°].
Similarly, the ARIES trial from England [27°¢] combined psychiatric services
and a digital platform called “My Journey 3.” This platform encouraged self-
management techniques to prevent relapse via planning, symptom tracking,
and medication tracking. While high acceptability and feasibility with the
platform were also observed, there was significant long-term discontinu-
ation. In contrast to the EMPOWER trial, this study highlighted concerns
around ensuring regular clinician support alongside the digital intervention.
In a U.S.-based outpatient program, the Improving Care and Reducing Cost
(ICRC) study [28*°] combined a digital platform, smartphone application,
and provider-facing pharmacy decision-agent to reduce the number of hospi-
tal days. This study found that this multi-pronged intervention was successful
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in significantly reducing the number of hospitalizations and the number of
days hospitalized when compared to usual care. These findings were similar to
those found in the Horyzons study, which examined a novel digital platform
that combined peer support, clinician support, and therapeutic interventions
to target relapse and social functioning. The findings were significant for pro-
moting vocational recovery and had a non-significant reduction in hospital
emergency service usage. However, there was not a significant improvement
in social functioning, a key marker of relapse prevention [29¢¢].

Ecological momentary assessments (EMAs) and interventions (EMIs)
offer a unique avenue to assess real-time risk of relapse. One U.S-based study
looked at specific EMA markers that preceded and followed relapses among
20 patients to better understand how these digital tools can be tailored to
detect when a patient is headed toward a relapse [30]. This study found that
patients experienced increases in negative mood, anxiety, persecutory ide-
ation, and hallucinations in the days before a relapse. This principle was
applied in the SHARP trial [31], which used mindLAMP, a multimodal appli-
cation, to test the feasibility, acceptability and potential clinical utility of digi-
tal phenotyping across sites in India and the US [32-34]. Digital phenotyping
was achieved through passive data collection in the app, active EMA/EMIs,
cognitive games, and was supplemented with psychoeducation resources.
The application showed high levels of engagement and potential for dem-
onstrating scalability across multiple, demographically distinct, study sites.
The mResist [35] trial, which builds on previous wearable technology trials
[30], found that people with schizophrenia had a mixed-view of combination
therapies. The intervention used an integrated smartwatch, for monitoring
deviations in physical health indicators; a mobile-based application; and a
web-application approach to prevent relapse. While there was a favorable
view of the smartphone-based application, participants felt that the smart-
watch was not usable to manage their condition. This trial is unique in that
it attempted to connect multiple different modalities of treatment, finding
that there was an overall mixed view of the total intervention.

These studies illustrate how a range of technologies can support various
aspects of relapse prevention, and continue to show potential for real-time
symptom monitoring, community-based detection, and targeted clinical care.
These studies used self-report and autonomous data collection as the primary
monitoring method, leading to richer detailing about patients’ illness trajectory.

Symptom Tracking and Illness Self-Management

We found 10 recent trials of digital interventions for symptom tracking and
illness self-management for individuals living with schizophrenia. As shown
for relapse prevention, EMAs can also be used for symptom management.
One study in the US [36] used EMA samples to show convergence with clini-
cally validated symptom tracking scales. Similarly, in another study in the US,
a digital peer-supported EMA intervention [37] showed lower rates of loneli-
ness. Peer-supported participants reported higher rates of hope and social
functioning after completing regular EMAs, demonstrating that peer-driven
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EMAs offer a potentially effective blended therapy. A “mobile intervention-
ists” acceptability and feasibility study [38] in the US corroborated the role
of peer-supported digital symptom-tracking. Initial findings showed a clini-
cally moderate reduction in the severity of paranoid thoughts, depression
and improved illness management and recovery among the intervention arm.
The SAVVy study [39] from Australia, builds on this work, using personalized
EMIs, based on participant’s coping mechanism preference, chosen during
face-to-face therapy and smartphone EMAs focused on coping with auditory
hallucinations. The blended approach showed a reduction in the severity of
and improved coping with auditory hallucinations; greater awareness of fac-
tors causing auditory hallucinations; and increased self-management skills.
Peer-supported EMAs/EMIs offer a relatively simple digital intervention to
monitor minute symptomology changes, building on literature that empha-
sizes that mobile “hovering” [40] can augment other treatment options.

In contrast, in a UK study, researchers investigated whether SlowMo [41°¢],
a blended-digital therapy augmentation program that combines in-person
therapy, a digital game, and storytelling platform, could help reduce para-
noia, rapid jumping-to-conclusions thinking, and negative metacognition
among participants. The SlowMo intervention was not effective in reducing
paranoia at 24 weeks post-treatment; however, there were moderate effects
on reducing fixed belief thinking, increasing reasoning and “Slow Thinking”,
which mediate paranoia. Comparing SAVVy and SlowMo offers contrasting
views on blended therapy options for symptom management. SAVVy builds
on previous studies [30] that have solidified the importance of EMA/EMI
mHealth interventions for symptom management. Additionally, the SlowMo
intervention required more active participation from users, which may lead
to greater difficulties in engagement and retention. Another US-based study
evaluated CORE [42¢¢], a smartphone application that intervenes on dysfunc-
tional thought patterns via game-like exercises. Researchers found that the
application was acceptable, usable, and effective in reducing depressive and
anxiety symptoms and improving self-esteem, improvement toward recovery,
and decreased incapacity due to disease. CORE was unique in that they also
found that by incorporating design thinking for those with schizophrenia,
there was a reduction in technical issues. The digital phenotyping aspect to be
used in symptom-tracking of mindLAMP [43], the application studied in the
SHARP trial mentioned above, was validated through an observational study
in the US looking at active (self-report) and passive (automated) data col-
lection. “Home-time,” a measure of time spent at home has been previously
clinically validated as a marker of worsened mood and psychotic symptoms.
Using GPS and accelerometer data, the study team found that these specific
markers could be collected using a novel digital platform.

In contrast, the PEAR-004 trial [44] studied an adjunctive digital therapy
for schizophrenia in a 6-site trial comparing a smartphone application for
cognitive restructuring against a sham-control. The PEAR-004 application
focused on illness self-management via modules on behaviors such as sleep,
exercise, meditation, social activity. The application did not show a significant
reduction in symptoms when compared with a sham application and at best,
demonstrated a transient improvement in depression symptoms. The limited
impact of some digital interventions was further reflected in the CLIMB trial
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[45], which combined established mHealth aspects—social cognition train-
ing, EMAs, smartphone-based messaging, and group teletherapy—against an
unmoderated digital therapy and messaging system. In the CLIMB trial, the
intervention arm showed no improvement in psychotic or mood symptoms
compared to the control. These randomized trials are among the few trials
comparing a digital intervention against a control digital application, prompt-
ing questions of whether other smartphone-based digital studies have buoyed
benefits against standard treatment due to the presence of an application
rather than the actual content of the digital application [46, 47]. These stud-
ies indicate a need to understand the mechanisms of action that contribute
to even modest benefits from digital therapeutic interventions.

Digital tools have also been tested for improving medication adherence,
an important aspect of schizophrenia self-management. In the “Humming-
bird” study conducted in the US [48¢¢], researchers outfitted aripiprazole, a
second-generation antipsychotic agent, with a digital sensor to assess medica-
tion adherence via a body-sensor. Despite the relatively small sample of 44
patients, digital medicine tracking showed high adherence from participants,
and resulted in significant reduction in inpatient psychiatric hospitalizations
and an increase in 6-month medication adherence. Further investigation is
required to understand whether those with paranoid symptoms can use digi-
tal medicines without significant distress, but this innovation offers promise
for improving medication adherence [49], which remains a challenge in clini-
cal care for schizophrenia.

Physical Health Promotion

Digital technology offers opportunities to address risk factors for early mortal-
ity in persons with schizophrenia via health and lifestyle promotion, address-
ing substance use, and tracking and managing metabolic and chronic medical
conditions. To date, however, there have been relatively few studies [50, 51]
leveraging technology for these targets. In this review, we found 6 studies
on digital technology targeting diet, exercise, tobacco-use, and cannabis-use.

To target cardiovascular risk [52¢¢] among patients with serious mental
illness (SMI), including schizophrenia, a randomized control trial studied
the difference between a digital group lifestyle intervention versus digital
individualized coaching. This study found no in-group difference in weight
loss, cardiorespiratory fitness, or cardiovascular risk reduction, however both
trial arms had statistically significant changes in these metrics indicating that
digital health interventions can target obesity among people with SMIs. This
trial found greater engagement [53] with one-on-one remote coaching versus
an intensive in-person and digitally augmented group lifestyle intervention.

Tobacco-use is an important risk factor for early mortality among patients
with schizophrenia, and thus, expanding access to treatment via digital inter-
ventions is crucial [54]. There are numerous digital technology-based applica-
tions designed for smoking cessation, however, not many of them have been
adapted for use by people with schizophrenia. A US-based study [55] looked
at the efficacy of the National Cancer Institute’s official smoking cessation
applications, quitGUIDE and quitSTART, among young people with serious
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mental illnesses. This study found that while both applications had high
levels of usability and mixed levels of acceptability, quitSTART was favored
due to its user-friendly design. A similar study [56] compared the efficacy of
“Learn to Quit,” an application designed for people with SMIs, against quit-
GUIDE. There were clinically significant findings of non-abstinent reductions
in cigarette use and in thirty-day abstinence, however, long-term abstinence
was not found. The application did have high acceptability and usability
among patients with SMIs. These two studies emphasized, and showed clini-
cal relevance of, schizophrenia driven UX design, similar to the CORE study,
for symptom management. In contrast, another study [57] found that an
interactive digital curriculum was not necessarily more effective than a static,
text-based digital intervention. Both digital interventions studied in this trial
were non-inferior in engagement and abstinence attempts to in-person inter-
ventions. Smoking cessation among patients with schizophrenia is a promis-
ing digital frontier with high levels of acceptability, usability, and has been
shown to be non-inferior to standard in-person therapeutic interventions.
Clinically, it has been established that cannabis use, especially in adoles-
cence [58], has a relationship with the development of schizophrenia-spec-
trum related disorders and worsening of positive psychotic [59] symptoms.
Thus far, mHealth and digital technology research has primarily focused on
augmenting CBT and other psychotherapeutic interventions to address can-
nabis use. However, these studies [60] have not borne clinically or statistically
significant results, drawing focus back to application design for patients with
schizophrenia. Two studies [61, 62] examined the specific characteristics that
patients and addiction psychiatrist providers want. Participants expressed
broad interest in digital technology, but concern that these applications
would replace direct clinical care. In terms of design, participants expressed
interest in digital video elements and blended gamification elements. Clini-
cians expressed that digital health may help track other substances, increase
functional health and quality of life, and emphasize relationships with others.
Both patients and providers hoped that digital health interventions would
focus on blended approaches to addressing cannabis-use and schizophre-
nia. There are currently two on-going trials from Canada [63] and Australia
[64] studying digital interventions (digital CBT and a web-based reduction
program) for cannabis use among those with psychotic-spectrum disorders.

Our review synthesizes recent digital intervention studies for schizophre-
nia, highlighting key advancements in the field, but also limitations and
challenges going forward. Previous reviews expressed significant potential
about digital interventions. 6 key reviews published in 2019 and 2020
primarily summarized and highlighted several acceptability, usability, and
feasibility trials [16-19, 21, 22]. For instance, a review focused on the
role of peer-driven digital [18] health interventions identified preliminary
studies that showed great promise for blended digital approaches. Digital
phenotyping and machine learning [19], to predict symptom worsening
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and potential disease relapse, have also been highlighted as key develop-
ments for passive symptom management and relapse prevention. Digital
technology was seen as a significant way to target patients, caregivers, and
to support-tasking sharing [17] in LMICs, especially during the COVID-19
pandemic. Though there have been a significant growth of digital applica-
tions and in acceptability and feasibility trials, in this current narrative
review, we note that the field has seen few recent large-scale studies; simi-
larly, few studies have reported on the adoption of digital interventions for
schizophrenia in clinical practice. In our review, we found that the greatest
advancements were in the quality of studies conducted on digital tools,
focus on low-technology interventions, and in the diversity of different
digital approaches to address schizophrenia.

There were important recent trials that demonstrated significant find-
ings for both relapse prevention and symptom management such as
EMPOWER, Health Technology, Horyzons SlowMo, CORE, Hummingbird,
and Fit Forward [26¢®¢, 28%¢, 29ee, 4] e 4Dee 43ee 5)ee] Previous reviews
identified the need for greater numbers of participants and difficulties in
conducting large, randomized trials. Thus, the inclusion of these recent tri-
als is significant advancement to the field. It was previously seen, as well,
that blended interventions are highly acceptable and feasible [18]; recent
studies continue this trend with advances showing that blended therapies
also have significant symptom and relapse management effects [26°¢, 39].
Studies showed that incorporating UX design based on participant prefer-
ence was crucial to higher usage; this was predominantly highlighted in
the tobacco-use studies which focused on design choices acceptable to
people with schizophrenia [55, 56].

Low-technology interventions and non-individualized treatments often
fared as well as more intensive digital interventions that had a multimodal,
complex, features. As an example, there were multiple EMA/EMI studies that
showed significant symptom reduction and relapse prevention findings [30,
31, 36, 37, 39]. Similarly, a study focused on the role of mobile interven-
tionists [38] who sent regular text messages to participants showed clinically
significant reductions in paranoia and depression. This was also observed in
the Fit Forward [52¢¢, 53] study and a smoking cessation study [57] which
showed that remote coaching and a simple, web-based intervention had
clinically-significant findings and were superior to multimodal interven-
tions. This principle of leveraging simple and basic forms of technology is
important to consider for developing cost effective, scalable, and equitable
interventions that can reach lower-income population groups, as shown
in Fig. 1. While the field has moved toward complex integration of smart-
phone, web-based, and other technologies there remains a need to refine
low-tech interventions, such as text messaging, and consider approaches
for supporting widespread adoption of low-tech interventions given the
promising results demonstrated thus far.

A key challenge in the field is progressing from acceptability and fea-
sibility studies; our narrative review identified several preliminary tri-
als. Study design additionally remains a challenge in the field. A few
large-scale RCTs notwithstanding, most trials had less than a hundred
participants and stringent inclusion criteria. Study endpoints were often
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Fig. 1 The range of complexity of interventions against the observed impact in this review

less than a year, a significant limitation in understanding whether digital
interventions can be used for a chronic relapsing-remitting disease. Many
studies did not use active digital control conditions and the two primary
studies [44, 45] that used digital controls showed minimal change in pri-
mary outcome between study arms, raising a question of whether a sham
digital application is sufficient to address symptom reduction and disease
self-management.

Digital health equity is also an important consideration in the digi-
tal mental health care field [20]. Patients with schizophrenia often face
greater social and economic determinants of their health which make
consistent digital access a challenge; this is especially true among those
who are experiencing homelessness, incarcerated, and in assisted living
facilities. Exacerbating the digital gap, these patients are often excluded
from large trials given the inconsistency in access and thus, are under-
represented in trials. For example, in the CORE study, roughly one-tenth
of its study population was either homeless or in assisted living, which is
not representative of the population [65]. To close this digital gap, in one
example, a team [66] in Boston, has designed an open-access curriculum
to teach those with schizophrenia how to effectively use mHealth applica-
tions, focused on digital literacy, digital safety, and evaluation of effective
applications.

Digital technology is often seen as a solution to the global mental
health gap [67] as a mechanism to scale psychiatric services to rural, and
often neglected, parts of LMICs. This requires a greater focus on ensuring
high-quality and consistent global digital access and incorporation of
global patients to effectively scale these interventions. To ensure quality
access to care, especially in LMICs, attention should be paid to internet
access, quality of smartphone use, and designing lightweight, easy to use
applications. Additionally, given the rapid proliferation in data from these
applications, there needs to be an increased focus on safe use, data privacy,
regulation, and ethical data collection.
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New Opportunities

Future directions for digital mental health should include greater engage-
ment of patients with schizophrenia, providers, and their caregivers in
design, evaluation, and delivery of digital interventions. Clinicians and
caregivers have expressed an interest [68, 69] in using digital applications
to enhance self-management of behavioral and physical comorbidities and
in integration with community behavioral health teams.

Alcohol and other drug-use remains an area for future growth. There
have been a few digital studies, using methods such as virtual-reality based
CBT [70], EMA/EMI delivery focused on alcohol-use [71, 72], and digital
training for community health workers [73] to address problematic alcohol-
use; however, none have focused specifically on people with schizophre-
nia. Studies in high-income countries further demonstrate that addressing
opiate-use and stimulant use among people who have schizophrenia is
important to close the mortality gap [74].

Leveraging task-sharing as a method to scale community-based psychi-
atric care is a key area of further study and has shown great promise in “last
mile” psychiatric care. Studies from India [75, 76] have shown that digital
training holds promise as an approach to build capacity of community
health workers to identify and triage rural patients with schizophrenia. This
is an area of future growth which has the potential to help close the mental
health gap among LMICs.

Conclusion

Digital mental health interventions have expanded over the last decade; however,
uptake and implementation remain slow. Large-scale randomized control trials
are necessary to identify key interventions that show clinically relevant results.
Future innovations should also look toward scaling low technology interventions,
digital medicine, digital phenotyping, and digital training for task-sharing.
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