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Abstract

Complex psychosis (CP) remains one of the most challenging conditions in mental health,
characterized by persistent symptoms, cognitive impairment, functional disability, and
reduced autonomy. Traditional rehabilitation approaches, although essential, are often
insufficient to address the multidimensional needs of these individuals. Over the past
decade, rapid advances in digital health have opened new opportunities to enhance psy-
chosocial rehabilitation, improve engagement, and personalize treatment pathways. This
narrative review synthesizes current evidence on the use of digital and immersive tech-
nologies in the rehabilitation of people with CP, including virtual reality (VR), augmented
reality (AR), telerehabilitation platforms, mobile health (m-Health) applications, digital
phenotyping, and Al-assisted cognitive remediation. We examine clinical trials, feasibility
studies, and real-world implementations published between 2015 and 2025, highlighting
the efficacy of VR-based social cognition training, remote cognitive remediation, ecological
momentary interventions, and hybrid digital-in-person rehabilitation models. Mechanisms
of action, transfer to real-world functioning, and predictors of engagement are described.
Barriers such as digital literacy, access disparities, privacy concerns, and clinical integration
are critically discussed. We also outline future directions, including adaptive algorithms,
biosensor integration, and the development of multimodal digital ecosystems tailored to
individual recovery trajectories. By integrating technological innovation with recovery-
oriented care, digital rehabilitation tools have the potential to transform the treatment
landscape for people with CP. This review offers a roadmap for clinicians, researchers,
and policymakers seeking to incorporate evidence-based digital solutions into modern
psychiatric rehabilitation.
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1. Introduction

Psychosis can include schizophrenia, mood disorders with psychotic features, delu-
sional disorder, active delirium, and neurodegenerative disorders accompanied by various
psychotic symptoms [1]. The term “complex psychosis” (CP) refers to the primary diagnosis
of a psychotic illness, which includes schizophrenia, bipolar affective disorder, psychotic de-
pression, delusional disorders, and schizoaffective disorder, with severe, treatment-resistant
psychotic symptoms and functional impairment. It is important to note that “complex
psychosis” is not a universally recognized diagnostic category but rather a service-oriented
construct used to describe individuals with severe, treatment-resistant psychotic disorders
and high care needs. This term is commonly adopted in clinical service frameworks to guide
rehabilitation planning rather than to define a specific nosological entity. In the present re-
view, the term complex psychosis is used pragmatically and from a rehabilitation-oriented
perspective, rather than as a diagnostically homogeneous or pathophysiologically unified
entity. The rationale for grouping schizophrenia-spectrum disorders, bipolar disorder with
psychotic features, psychotic depression, and related conditions lies in the shared pres-
ence of severe functional impairment, persistent symptoms, cognitive difficulties, reduced
autonomy, and the need for intensive, multimodal rehabilitation pathways.

People with CP have one or more of the following symptoms: cognitive deficits;
coexisting mental health conditions, including substance abuse; preexisting neurodevelop-
mental disorders, such as autism spectrum disorder (ASD) or attention deficit hyperactivity
disorder (ADHD); physical health problems, such as diabetes or cardiovascular disease [2].
In general, therefore, health treatments are based on pharmacological guidelines, psy-
chological and family interventions, and staff training. Physical healthcare is part of
rehabilitation and is based on a family doctor, a professional who ensures continuity of
physical healthcare between different contexts, on the promotion of a healthy lifestyle on
monitoring of physical conditions with routine examinations and on early identification of
health risks. All these problems affect the person’s daily functioning and require a period
of rehabilitation to enable recovery and ensure that the optimal level of independence
is achieved.

People with CP are those who are currently hospitalized outside the area for rehabil-
itation; have recurrent or prolonged hospitalizations, e.g., longer than 60 days, in acute
psychiatric wards; live in facilities with 24 h staffing; are currently under the care of forensic
mental health services; receive assistance from early intervention services for psychosis;
are physically frail and may need placement with specialist support; are young adults
transitioning from child and adolescent mental health services to adult mental health
services [3].

Concluding, people with CP can be considered a clinically heterogeneous group char-
acterized by severe functional impairment and high care needs, including those undergoing
out-of-area rehabilitation, prolonged hospitalizations, or supported living arrangements,
as summarized in Figure 1.

Rehabilitation interventions are based on promoting the development of daily liv-
ing skills, providing practical activities to improve personal hygiene, housekeeping, use
of money, use of transportation and communication, including digital communication.
These interventions have many purposes: creating a personalized plan, which is reviewed
frequently as needed; offering structured group activities to improve interpersonal skills,
with constant review and individual support from an assigned staff member; involvement
in community activities, such as study, work, and leisure, to structure and give purpose
to the person’s day, to obtain qualifications, and for those who want to work, offering
supported employment, transitional jobs, or volunteering; assessing the person’s use of
illicit substances and working with specialist substance abuse services where necessary [4].
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The limitations of rehabilitation are essentially linked to practical implementation, the
complexity of the disorder itself, and resource management.
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Figure 1. Clinical and care pathways defining complex psychosis. Note: Individuals with CP include
those undergoing out-of-area rehabilitation, experiencing prolonged or recurrent psychiatric hospital-
izations, living in 24 h staffed facilities, receiving care from forensic or early intervention psychosis
services, physically frail individuals requiring specialist support, and young adults transitioning
from child and adolescent to adult mental health services.

CP is linked to negative and cognitive symptoms, which reduce the person’s ability to
actively participate in programs. CP often involves a lack of response to medication, with
the subsequent need to increase doses or use multiple medications together, resulting in
increased side effects and the need for close clinical monitoring [5]. Learning skills in a
protected environment can be difficult to transfer to everyday life. This is complicated by
the presence of comorbidities, such as substance abuse or other psychiatric disorders. The
availability of resources affects the effectiveness of rehabilitation: the lack of local facilities
has a long-term impact; the multidisciplinary approach required needs highly competent
staff who are continuously trained; the coordination of the various figures and facilities
requires robust communication and recording systems [6].

Digital technologies may offer innovative tools to overcome the limitations of tra-
ditional rehabilitation, improving access, effectiveness, and adherence to treatments [7].
This narrative review summarizes the current evidence on the use of digital technologies
in rehabilitation. Given the rapid expansion of digital technologies in psychiatry, this
review adopts a broad, integrative perspective aimed at mapping current approaches
and identifying shared mechanisms, rather than providing an exhaustive analysis of
individual technologies.

2. Conceptual Framework: Digital Rehabilitation in Severe
Mental Illness

2.1. Recovery-Oriented and Patient-Centered Models

Rehabilitation is based on the concept of recovery, which consists of leading a produc-
tive and satisfying life even in the presence of the limitations imposed by mental illness.
According to the Substance Abuse and Mental Health Services Administration (SAMHSA),
recovery is supported by four dimensions: health, the ability to manage one’s illness; home,
the presence of a safe place to live; purpose, the existence of meaningful activities, such
as work, study, leisure; community, feeling part of a social network [8]. Rehabilitation
is a set of individualized projects aimed at enhancing functioning in the individual’s liv-
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ing environment, with as little professional support as possible, maximizing functional
independence and preventing the onset of secondary complications.

Rehabilitation interventions must have a multidimensional perspective, i.e., consider
the biological, psychological, and social components of the person [9]. Rehabilitation
services for people with CP should be integrated into a comprehensive local mental health
care service. These services should be offered in as non-restrictive a setting as possible
and should aim to progress people from more intensive support to greater independence
through rehabilitation, recognizing that not everyone will return to the same level of
independence they had before their illness and may need long-term supported housing [10].
Non-pharmacological treatments include cognitive remediation (CR) interventions, either
paper-based or computerized.

Psychiatric rehabilitation activities and techniques are divided into healthcare reha-
bilitation activities, which include diagnostic, therapeutic, and assessment interventions
aimed at minimizing limitations in abilities and symptoms, and social rehabilitation ac-
tivities, which include interventions and actions to ensure maximum participation in the
individual’s social life [11].

2.2. Digital Intervention Categories

The generation born after 1990 is defined as “digital natives,” able to find information
and digital stimuli quickly and easily from digital platforms [12]. Evidence suggests that
individuals with psychosis also use electronic devices, digital applications, and social
media resources in a manner comparable to those without this condition and are interested
in using them for their health [13].

Patients consider technology less stigmatizing, more flexible, and capable of promoting
empowerment. The study by Camacho and Torous also reveals that most staff and clinicians
expressed a desire and interest in receiving training in digital skills and believe that
technologies can be easily integrated into their work: education and family support are
considered the areas most amenable to improvement with technologies [14]. The key
technological areas to highlight are: information and psychoeducation, such as websites
and apps that offer resources to patients and their families; monitoring systems, which
enable patients to identify symptoms and doctors to obtain objective information; direct
interventions, such as the use of peer social platforms or clinical interventions, specialized
apps aimed at specific objectives such as emotional regulation, cognitive behavioral therapy
(CBT), or interviews; and advanced technologies, such as augmented reality (AR) or virtual
reality (VR) [15].

Rapid advances in digital health may create new opportunities to enhance rehabil-
itation for patients with CP, increase patient engagement, and personalize therapeutic
pathways (Table 1).

Table 1. Digital rehabilitation techniques used in patients with complex psychosis.

Technology Intervention Area Key Function/Objectives
Virtual Reality and Augmented Social cognition and functioning, skill training Symptom management and
Reality and environmental support Practical Training
Remote psychos'o.cml interventions and Social cognition and remote cognitive Continuity of care and
Tele-cognitive remediation Cp
programs neurocognition
programs

Mobile Health Psychoeducation and self-management APP? for symptoms .

monitoring and prevention

Digital Phenotyping Sensor-based monitoring Analyzing passive sensing to detect crises

Artificial Intelligence and Advanced cognitive remediation Personalized training

Gamification
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2.3. Mechanisms of Action and Neurocognitive Targets

Cognitive impairment is an important feature of the disease, which begins even in
the premorbid phase. The presence of cognitive impairment is a negative predictor of the
individual’s social and occupational functioning: it is therefore essential to treat it as early
as possible. This is why CR techniques exist, based on the recovery model, which aim
to improve and restore the most affected cognitive domains, such as attention, memory,
executive functions, working memory, reasoning, problem solving, and processing speed,
using strategies learned during the interventions carried out [16].

The largest meta-analysis on the subject conducted by Vita et al. highlighted that CR
produces significant and lasting improvements in overall cognition and in everyday life,
also acting on negative symptoms [17].

CR techniques are interventions based on behavioral training. These techniques are
divided into: reparative, i.e., based on neuroplasticity, i.e., brain adaptation to internal or
external stimuli and repeated and continuous exercise, promoting damage repair; com-
pensatory, i.e., circumventing the deficit, compensating for it with strategies that use the
subject’s residual cognitive abilities and the resources of the surrounding environment;
modulatory, i.e., modifying the processes that lead to problematic and stressful behav-
iors [18]. Having an experienced therapist who conducts CR may contribute to enhance
cognitive and functional gains [19]. CR incorporated into the patients’ rehabilitation pro-
grams allow them to use and consolidate the cognitive gains learned in everyday life [20].
For example, CBT identifies recurring dysfunctional thoughts and patterns, with the aim of
replacing or integrating them with more functional patterns [21].

The approaches used in CR techniques are bottom-up, i.e., from the recovery of basic
skills to more complex skills, and top-down, i.e., the acquisition of more complex skills
used to improve basic domains and functions [22]. The areas that benefit most from CR
techniques are: visuospatial memory, in patients with a higher number of hospitalizations
and more severe pathology; working memory, in patients with lower levels of apathy, social
withdrawal, and affective flattening; verbal memory and cognitive flexibility, in patients
with more severe cognitive deficits, probably due to the higher margin for improvement [23].
Therefore, age and how much time has passed since the onset of the disease are not
considered as limitations in the use of CR [10].

The mechanisms through which digital rehabilitation technologies act on neurocog-
nitive domains and functional outcomes are summarized in Figure 2. This figure pro-
vides a conceptual framework and is not intended to represent quantitative effect sizes or
comparative efficacy.

DIGITAL REHABILITATION NEUROCOGNITIVE & FUNCTIONAL
TECHNOLOGIES CLINICAL TARGETS OUTCOMES
VR/AR NEUROCOGNITION

(Immersive Environments
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Figure 2. Mechanisms of action and functional targets of digital rehabilitation technologies in complex
psychosis. Note: Digital interventions act on specific neurocognitive and clinical domains, including
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attention, working memory, executive functions, social cognition, motivation, and self-management,
through distinct technological modalities such as virtual and augmented reality, tele-cognitive reme-
diation, m-Health applications, digital phenotyping, and Al-assisted cognitive training. Improve-
ments in these domains support functional outcomes, including daily living skills, social function-
ing, autonomy, and relapse prevention, thereby facilitating the transfer of rehabilitation gains to
real-world contexts.

2.4. Literature Search Strategy

This narrative review was conducted through a structured, though non-systematic,
search of the literature. The main databases consulted included PubMed, Scopus, and Web
of Science. The search strategy combined terms related to psychosis (e.g., “psychosis”,
“schizophrenia”, “bipolar disorder”), rehabilitation (e.g., “cognitive remediation”, “psy-
chosocial rehabilitation”), and digital technologies (e.g., “virtual reality”, “augmented
reality”, “m-Health”, “digital phenotyping”, “artificial intelligence”, “telepsychiatry”).

Studies published between 2015 and 2025 were considered. Priority was given to
randomized controlled trials, systematic reviews, meta-analyses, and well-designed obser-
vational studies. Feasibility and pilot studies were included when relevant to emerging
technologies. Particular attention was paid to differentiating between levels of evidence, in
order to distinguish preliminary findings from more robust evidence. Non-English articles,
case reports, and studies not directly related to psychiatric rehabilitation were excluded.

The selection of studies was guided by relevance to the topic and conceptual contri-
bution rather than by formal systematic review procedures. Records identified through
database searching were screened first by title and abstract for relevance to the topic. Full
texts were then assessed for conceptual fit with the aims of the review, with priority given
to systematic reviews, meta-analyses, randomized controlled trials, and well-designed
observational studies. Pilot and feasibility studies were retained primarily in areas of
emerging technology where higher-level evidence remains limited. Because this review
was narrative rather than systematic, no formal risk-of-bias tool was applied, and study
selection retained an element of interpretative judgment. This approach may have intro-
duced selection bias and limits reproducibility. To improve transparency, the main stages
of literature identification, screening, and study selection are summarized in Figure 3.

Records Identified (n = 434)

s PubMed (n=184)
e Scopus (n=147)
« Web of Science (n=103)

|

Duplicates Removed (n = 96)

Records Excluded
(Title/Abstract)
(n=242)

v

Records Screened (n = 338)

Full-Text Articles
Excluded
(n=49)

\4

4

Full-Text Articles Assessed
for Eligibility (n = 96)

.| Full-Text Articles
"| Excluded
(n=49)

v

Studies Included in Review
(n=47)

Figure 3. Flow diagram of study identification and selection for this structured narrative review.
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3. Virtual Reality (VR) and Augmented Reality (AR) Interventions
3.1. VR for Social Cognition/Functioning and Symptom Management

The negative symptoms of schizophrenia, such as anhedonia, emotional flattening,
and social withdrawal, often lead to rumination and social isolation. Negative symptoms
are those that respond least to medication. VR is an immersive experience that excludes the
physical world [24]. In the field of mental health, Virtual Reality Therapy (VRT) has been
used as an integrated intervention within the user’s personalized therapeutic rehabilitation
project [25,26]. In particular, two objectives of VRT in healthcare have been identified: VR
as a simulation tool and VR as an interaction tool [27]. In the virtual world, users are active
participants and not external observers: this interactivity is fundamental to understanding
social environments [28]. VR interventions have simulated real environments to facilitate
training in social skills (for example in virtual conversations with avatars), cognitive func-
tioning (for example decision-making), functional rehabilitation (for example performing
daily tasks) and work recovery (for example job interview simulations) [29-31]. VRT is also
used as a tool for psychoeducational intervention aimed at recognizing events that precede
a crisis or that cause changes in positive symptoms, such as auditory hallucinations, and is
also more cost-effective [32,33].

It has been observed that VRT integrated with CBT reduced paranoid and anxious
symptoms in social relationships, compared to the two techniques used individually, with
benefits maintained at six months [34]. Rus-Calafell and Schneider evaluated improvements
in cognitive functioning, particularly in areas such as memory, attention, and planning;
social cognition, e.g., emotion recognition and cognitive biases; and work outcomes [35,36].

Although several studies report improvements in social cognition and symptom
reduction with VR-based interventions, most trials involve relatively small sample sizes
and heterogeneous designs. When compared to traditional interventions, such as cognitive
behavioral therapy or social skills training, VR appears to provide comparable benefits,
particularly in engagement and ecological validity, but evidence for superiority remains
limited and requires larger randomized controlled trials. Reported benefits are more
consistent for engagement, social cognition training, and symptom-focused experiential
work than for robust long-term functional outcomes. In particular, evidence for transfer to
everyday functioning, relapse prevention, or sustained occupational and social recovery
remains limited.

3.2. AR for Skill Training and Environmental Support

AR superimposes virtual elements onto the real environment in real time [37]. The
presence of AR reflects an expansion towards immersive technologies, blending real and
virtual elements. In this way, patients are able to explore their reality with the addition
of visual, auditory, and sensory stimuli [38]. Current studies on this topic are few and
the results are not standardized. Despite this, schizophrenia is one of the fastest-growing
fields in psychiatry for the application of AR, as it can act on negative and cognitive
symptoms, where medication often fails. AR may bridge this gap by working on social
skills, creating controlled environments for practicing social interactions, on symptom
management, using avatars or voices to simulate the patient’s perceptions and teach them
strategies under therapeutic guidance and on engagement, as technologies similar to
“gaming” are particularly attractive to young adults [39]. In this way, AR synchronizes
intention and virtual movement to help the individual take more control of their actions,
corrects space-time perception to reduce fragmentation and define the boundaries of the
self, offers a protected and realistic environment in which to train [40]. AR appears to offer
promising benefits, but the evidence base is even more preliminary than for VR, with fewer
studies and lower standardization across protocols and outcomes.
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4. Telerehabilitation Platforms and Hybrid Models (In-Person + Online)
4.1. Remote Group Psychosocial Interventions

Group psychosocial interventions are based on self-management of symptoms, work-
ing on specific deficits, promoting well-being and recovery, and support groups. Symptom
self-management is based on CBT for psychosis, programs targeting social anxiety or emo-
tional regulation for those who have experienced trauma, mindfulness-based programs
for managing and accepting auditory hallucinations, programs for positive emotions in
schizophrenia, which aim to reduce negative symptoms and increase positive feelings [15].
The specific deficits worked on in groups are usually those of metacognition, social cogni-
tion, to work on cognitive biases and social skills, social skills training (SST) to improve
socialization and reduce apathy [41].

The effectiveness of SST on negative symptoms is comparable to the effectiveness of
CBT on positive symptoms, so SST is specifically effective for what it was developed for,
i.e., negative symptoms and social skills [41]. Groups such as “I am super” or “coping
and skill” improve self-esteem and problem management, implementing relationships in
social and work settings [42]. Support groups, including online groups, may help through
sharing experiences, mutual inspiration, and sharing strategies [43]. The advantages of the
group are peer learning, socialization, universality through sharing, and altruism among
group members.

Improvements in technology and access to high-speed Internet have increased the
acceptability of telemedicine services for people with mental disorders, including those
on the schizophrenic spectrum [44]. Before the COVID-19 pandemic, telemedicine was
used in individual sessions with patients already being treated by the operator when it
was impossible for either party to meet in person. Lynch et al. demonstrated that recovery
services can be provided virtually to people with CP during the pandemic: in a New York
clinic, 90% of patients accepted telemedicine sessions, including group therapy, and were
able to follow treatment plans in virtual format [45]. The main advantages are greater
accessibility to care, real-time information, reduced stigma, and a greater sense of control
on the part of the patient [46]. This particularly improves accessibility for patients for
whom social interaction is a symptomatic problem [47].

This has led to the emergence of tele-psychiatry, a specialization of telemedicine that uses
telephone calls and video platforms to carry out follow-ups, psychiatric assessments, and
rehabilitation programs [48]. Training clinicians on the relationship between social media and
mental health facilitates bonding with patients and allows questions about online behavior to
be integrated into clinical assessments and rehabilitation treatment plans [49].

4.2. Tele-Cognitive Remediation (Tele-CR)

Telemedicine could be useful for permanently integrating CR into healthcare services, as
the following factors must be considered: planning, i.e., moving from passive dissemination
to a structured plan lasting at least two years; access, i.e., ensuring geographical proximity,
including through technology, to prevent dropouts; personnel, i.e., ensuring supervision by
expert centers of local centers, including via telematics [50]. Tele-CR has similar costs to
face-to-face CR and has a lower social cost, for example, less patient travel in terms of cost
and time [51]. The dropout rate is lower than for face-to-face therapy, thanks to the remote
nature of the treatment, which is even more appreciated by those who study or work [52].

Cella and Wykes point out that patients have achieved concrete goals in their daily
lives, such as reading, socializing, or cooking, thanks to metacognition exercises and
strategies to be implemented, consistent with the CR approach, despite there being no
striking improvements in classic neuropsychological tests [52]. The success of Tele-CR
depends heavily on the therapist, as they normalize the difficulties that patients commonly
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face due to their condition, resolve connection or software problems, and provide a sense
of security in tackling digital exercises [53]. The results of the literature agree that cognitive
rehabilitation using a digital platform and the involvement of human support have the
possibility to significantly improve outcomes, particularly functional ones.

It is possible to conclude that the current literature on telerehabilitation and Tele-CR
suggests good feasibility, acceptability, and continuity of care, particularly in contexts where
in-person access is difficult. However, the evidence base is still mixed in terms of study
design, sample size, and follow-up duration. Several studies primarily support usability,
adherence, and service accessibility, whereas evidence for superiority over face-to-face
rehabilitation or for durable functional gains remains less consistent. Moreover, therapist
support appears to be a key moderating factor, indicating that the effectiveness of remote
interventions may depend less on the digital platform alone than on the quality of human
guidance embedded within it.

5. Mobile Health (m-Health) Applications
5.1. Psychoeducation and Self-Management Apps

Mental Health applications for CP combine structured psychoeducation modules,
real-time subjective monitoring tools, medication reminders, and decision support features,
with the aim of improving insight, self-management skills, and active participation in
rehabilitation programs [54].

Apps designed to promote shared decision-making in the treatment of psychotic dis-
orders have been found to be generally usable and well accepted by patients and clinicians,
showing the potential to strengthen the therapeutic alliance and involvement in defining the
treatment plan, although data on medium-term clinical outcomes are still preliminary [55].

Blended interventions, which integrate the use of the app into sessions through joint
discussion of the data collected (e.g., mood patterns, sleep, activity, symptoms), seem par-
ticularly promising for supporting shared decision-making processes and making the link
between treatment goals and the person’s daily life more transparent. Platforms that offer
intuitive visual feedback and customizable pathways (e.g., choice of modules on sleep, activity,
recovery, substance use) facilitate the adaptation of the intervention to patient preferences and
can increase the sense of agency with respect to one’s own treatment pathway.

At the same time, the real effectiveness of these apps depends on adequate sup-
port structures (training of clinicians, guidance in use, management of possible negative
reactions), which are crucial for their stable integration into routine clinical practice [55].

5.2. Symptom Monitoring and Relapse Prevention

The combined use of Ecological Momentary Assessments (EMA) and passive sensors
(GPS for mobility, microphone for conversations) via smartphones allows for fine-grained
monitoring of social activity and loneliness in people with schizophrenia, reducing recall
bias and providing objective indicators of social functioning [56].

In support of this, the EMPOWER trial (randomized study n = 73 patients with
high-risk schizophrenia) demonstrated the feasibility of an integrated intervention using
and combining apps for early warning signs, peer support, and clinical assessment. The
results showed that approximately 71% maintained adequate adherence to monitoring for
12 months (mean 31.5 weeks), as well as a reduction in fear of relapse compared to standard
treatment (mean effect d = 0.53) and an acceptable safety profile (29 adverse events, only 13
related to the app) [57].

Consumer wearables (Fitbit, Samsung) confirm correlations between steps, heart rate
variability, and sleep with symptom severity, identifying potential markers for preventing
relapses but highlighting the need for standardization [58].
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5.3. Apps for Motivation and Daily Functioning

A second family of m-Health interventions uses video games on smartphones to
influence motivation, behavioral activation, and cognitive functions, with positive effects
on social functioning and daily activities.

Recent randomized studies on smartphone video games in patients with chronic
schizophrenia report significant improvements in memory and attention, a reduction in
negative symptoms, good tolerability, a low risk of “gaming addiction,” and the possibility
of integration into rehabilitation programs [59].

Furthermore, digital phenotyping via smartphone (mobility, environmental voice
interactions) is associated with indicators of loneliness and social functioning, suggesting
that these apps may support ecological goals such as time spent outside the home, frequency
of contact, and meaningful activities [56].

5.4. Evidence for Usability and Effectiveness

Recent literature shows that m-Health apps for psychosis achieve adherence
rates > 80% in the first few weeks, with 71% of users maintaining “clinically useful” use
(>33% daily monitoring) for months, thanks to reminders, peer support, and clinical triage.
However, effects on “hard” outcomes (relapses, hospitalizations, overall functioning) are
heterogeneous, limited by small samples and short follow-ups; the most robust evidence is
associated with process outcomes (self-management, insight, adherence, cognitive insight,
reduction in fear of relapse) [57].

The available data confirms that the use of m-Health should be considered a promising
complement, but not a substitute, for multidimensional rehabilitation in psychosis, with
good usability /acceptability [58].

Taken together, m-Health interventions in psychosis show encouraging signals in
relation to self-management, monitoring adherence, usability, and patient engagement.
Nevertheless, the literature is characterized by small samples, heterogeneous interven-
tion formats, variable endpoints, and frequently short follow-up periods. As a result, the
strongest evidence currently concerns process outcomes, such as symptom monitoring,
insight, treatment participation, and perceived support, whereas evidence for harder out-
comes, including relapse reduction, hospitalization prevention, or sustained improvement
in real-world functioning, remains more limited and inconsistent.

6. Digital Phenotyping and Sensor-Based Monitoring

It is important to clarify that digital phenotyping, although highly promising, should
not currently be considered a validated early-warning system for relapse in psychosis. Most
existing models rely on associative patterns derived from behavioral and physiological
data, and their predictive performance has been demonstrated primarily in exploratory or
pilot studies. While these approaches can identify deviations from individual baselines and
generate clinically relevant signals, the translation of such signals into reliable, actionable
predictions remains limited. Therefore, digital phenotyping should be interpreted as an
emerging monitoring framework rather than a fully established predictive tool, requiring
further validation through large-scale, prospective, and real-world studies before routine
clinical implementation.

6.1. Passive Sensing

Passive detection forms the methodological basis of digital phenotyping in psychotic
disorders, enabling data collection based on three behavioral dimensions: movement, sleep,
and social interaction, without any explicit burden on the patient [60].
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Accelerometric measurement by smartphones provides objective quantification of
motor activity. In fact, accelerometric markers have been shown to correlate significantly
with gold-standard measures of clinically assessed negative symptoms. Phone inactivity
and wearable actigraphy data allow for robust estimation of sleep duration and quality,
parameters that are strongly correlated with symptom severity. A multicenter study has
documented a substantial correlation between smartphone-derived sleep duration and
performance on standardized cognitive tests. Sociality is quantified through the extraction
of behavioral features from anonymized communication logs [61,62]. It has been shown that
abnormalities in habitual communication patterns were a particularly sensitive predictor
of imminent relapses, manifesting themselves with an increased incidence two weeks prior
to hospital admission.

The synergistic integration of these three behavioral domains considerably enhances
the overall predictive signal: when abnormalities appear simultaneously in movement pat-
terns, sleep architecture, and social characteristics, the diagnostic specificity for imminent
psychiatric decompensation may improve predictive accuracy, although current evidence
remains preliminary and largely associative. Furthermore, these passive markers have high
adherence rates for this vulnerable population [63].

6.2. Predicting Relapse Trajectories

Predicting relapse trajectories is the most relevant clinical application of digital pheno-
typing, as it transforms passive markers into sophisticated computational algorithms. Barnett
et al. developed anomaly detection models that establish a personalized baseline of individual
behavior during phases of clinical stability, subsequently identifying statistically significant
deviations from that baseline, reporting behavioral anomalies that precede overt relapse by
9-14 days. This critical time window offers a realistic opportunity for layered preventive
interventions: intensification of clinical monitoring, enhancement of psychosocial therapy, or
consideration of intensification of drug therapy prior to the acute crisis [63].

A recent study has shown that using encoder-decoder neural network architectures
applied to passive smartphone data, a median increase of 108% in the incidence of behav-
ioral abnormalities was documented during the 30-day period prior to clinical relapse. The
simultaneous integration of multiple passive markers provides methodological robustness
that no single marker could provide on its own.

Unresolved epistemological questions remain regarding causality versus association
between detected anomalies and relapse, requiring prospective randomized controlled
trials to establish the true clinical efficacy of anomaly detection-based intervention [64]. In
the future, a new healthcare management model using digital devices should be integrated
with the approach of digital phenotyping and personalized mobile interventions [65].

6.3. Ecological Momentary Assessments (EMA)

Ecological Momentary Assessments (EMA) allow for repeated sampling in real time
of the patient’s subjective experience in the context of daily life, including psychotic symp-
toms, affective states, and stress in the psychosocial context. EMA studies in psychotic
populations show good feasibility but also highlight a significant daily burden, with inten-
sive protocols requiring careful planning of frequency and duration. In this context, digital
EMAs are described as a useful real-time monitoring tool to be integrated into broader care
models that include other assessment methods and clinical contact. In conclusion, EMAs
should be designed as a complement to passive monitoring and clinical contact [66,67].

Although digital phenotyping represents one of the most innovative areas in con-
temporary psychiatric research, the current evidence remains largely exploratory. Most
available studies are observational, proof-of-concept, or based on associative modeling
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rather than confirmatory clinical validation. These approaches may help identify behavioral
deviations or clinically relevant signals, but their predictive utility for relapse and their
readiness for routine clinical implementation remain insufficiently established. At present,
digital phenotyping should therefore be regarded primarily as an emerging monitoring
framework rather than a validated standalone predictive tool.

7. Artificial Intelligence-Assisted (AI-Assisted) and Gamified CR
7.1. Adaptive Algorithms and Personalized Training

The computerized cognitive remediation (CCR) programs used employ dedicated
software with repeated exercises on memory, attention, and executive functions, show-
ing significant improvements in cognitive and negative domains in chronic patients with
schizophrenia [68,69]. Some programs use algorithms that adapt to patient performance;
specifically, when accuracy reaches 80%, the system automatically increases the difficulty
of the tasks, as demonstrated in CCR programs that improve cognitive function, nega-
tive symptoms, and serum glial derived neurotrophic factor (GDNF) levels in chronic
schizophrenia patients. This approach surpasses traditional static protocols, reducing the
need for constant clinical supervision and adapting to the heterogeneity of deficits, such as
memory and cognitive flexibility [68-70].

7.2. Gamification Strategies for Engagement

Gamification strategies integrate structural playful elements (points, levels, immediate
feedback, avatars) to increase engagement and reduce dropouts in CR programs, especially
for schizophrenia. To this end, a tool called ThinkTactic Virtual Reality has been developed
iteratively with psychotic and clinical patients, allowing them to experiment in immersive
environments (navigating a city, apartment, restaurant) simulating real tasks, overcoming
abstract exercises, and promoting transfer to everyday life [71].

Using adaptive algorithms, it balances challenge and feasibility, avoiding boredom
and frustration: the VR Coach delivers CR strategies with instant feedback. It should be
mentioned that the complexity of the interface could generate friction, so it is necessary to
prioritize simplicity and a gradual learning curve [71].

Game-based therapy has shown encouraging results for selected cognitive deficits in
adults with schizophrenia, often with good adherence, but the available evidence remains
preliminary [72,73]. Immersive VR has shown preliminary promise in targeting cognitive
functions, although methodological standardization and larger confirmatory studies are
still needed [72].

7.3. Transfer to Daily Living and Functional Outcomes

The critical issue in CR for psychotic disorders remains the transfer of the skills
practiced to everyday life contexts, an area in which approaches based on ecological virtual
environments and functional goals show good potential, albeit still partial [69-71].

In developing ThinkTactic VR, participants with experience of psychosis emphasized
that realistic scenarios involving navigating the city, using public transport, shopping at
the supermarket, and interacting in an apartment or restaurant are not simply a “side dish”
of CR, but a prerequisite for imagining the transfer of acquired skills into real life [71]. In
this program, cognitive tasks (problem solving, memory, emotional regulation, theory of
mind) are integrated directly into everyday activities, with the support of a virtual coach
and a therapist who concludes the sessions with brief “bridging” discussions aimed at
connecting the strategies to the patient’s personal routine and recovery goals [71].

A retrospective analysis of CCR Therapy in patients with chronic schizophrenia indi-
cates that short treatment cycles are associated with robust improvements in both executive
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control indices and inpatient social functioning scales, with a marked increase in daily
living skills, motivation, and social skills compared to drug treatment alone [69]. Despite
the growing sophistication of digital rehabilitation tools, the transfer of cognitive and
behavioral gains to real-world functioning remains a critical and only partially resolved
challenge. While digital modalities, particularly immersive environments and gamified cog-
nitive training, are effective in targeting specific neurocognitive domains under controlled
conditions, their impact on everyday functioning, such as social participation, occupational
performance, and independent living, is often modest. This gap may reflect the limited
ecological validity of some interventions, as well as the complexity of translating structured
task performance into dynamic real-life contexts.

Evidence suggests that transfer is more likely to occur when digital interventions are
embedded within broader rehabilitation frameworks, including therapist support, goal-
oriented training, and explicit “bridging” strategies that connect digital exercises to patients’
daily routines.

Hybrid models combining digital tools with in-person rehabilitation appear particu-
larly promising in enhancing generalization. However, current data remain heterogeneous,
and many studies rely on short-term outcomes or surrogate cognitive measures rather than
robust functional endpoints. Future research should prioritize longitudinal designs and
standardized measures of real-world functioning to better assess the true clinical impact of
digital rehabilitation approaches.

7.4. Comparative Efficacy vs. Traditional CR

A long-term follow-up (24 months) compared the effects of CCT and manual cognitive
remediation (MCT) on 85 patients with schizophrenia, demonstrating that both approaches
maintain significant cognitive improvements in attention, verbal memory, and executive
functions compared to standard treatment, with no substantial differences between modali-
ties. CCT stands out for its greater efficiency (less supervision time) and adherence, while
MCT better promotes functional transfer thanks to personalized therapeutic interaction.
Both reduce negative symptoms and improve overall functioning, confirming the lasting
effectiveness of CR in real clinical settings [74].

Overall, current evidence suggests that digital cognitive remediation may improve cogni-
tive outcomes, with potential advantages in scalability, accessibility, and patient engagement,
although functional transfer may still benefit from therapist-mediated interventions.

Al-assisted and gamified cognitive remediation strategies appear particularly promis-
ing in terms of personalization, engagement, and scalability. However, the evidence
remains uneven across intervention types, with many reports still based on feasibility
studies, pilot trials, or small controlled studies rather than large confirmatory randomized
trials. Improvements are most consistently reported in selected cognitive domains and
user engagement, while evidence for durable ecological transfer and broader functional
recovery remains less robust. These findings suggest that such technologies may best be
understood, at present, as promising adjuncts to rehabilitation rather than fully established
standalone interventions.

8. From Technology to Practice: Implementation, Equity, and Ethics
8.1. Digital Inclusion and Disparities

The large-scale implementation of digital interventions for schizophrenia risks widen-
ing the health and socioeconomic gaps that already exist among people with the disorder, a
population in which poverty is highly endemic and access to technology remains strati-
fied. Supporting this is a French national study of 916 patients with stable schizophrenia,
80.7% of whom lived below the poverty line, with significant inequalities in access to
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non-pharmacological services and levels of social integration, despite universal health
coverage guaranteed by the public system [75].

Epidemiological studies on the digital divide indicate that patients with schizophrenia
characterized by low educational attainment, occupational instability, and limited economic
resources are significantly less likely to use social media, smartphone applications, and
digital tools than individuals with bipolar disorder [76].

8.2. Data Protection and Privacy

A critical limitation for the large-scale implementation of mobile sensing technologies
(continuous audio, location tracking, biometric data) arises from concerns about privacy and
personal data security, which include sensitive conversations and individual movements.

Mobility data is particularly invasive, and analysis of 20,000 apps on Google Play
reveals that 45% of users use unencrypted communications, with 23% of personal data
transmitted over insecure channels. In this regard, promising solutions such as federated
learning, on-device computing, and blockchain could be considered as priority directions
for balancing clinical innovation and privacy protection in psychosis contexts [77].

Despite their promise, privacy-preserving approaches such as federated learning and
on-device processing still face several challenges before clinical implementation. From
a technical perspective, issues include model robustness, data heterogeneity, and com-
putational constraints on edge devices. Ethically, questions remain regarding informed
consent, data ownership, and transparency of algorithmic decision-making, particularly in
vulnerable populations such as individuals with complex psychosis.

From a regulatory standpoint, harmonization with data protection frameworks and
the establishment of standards for clinical validation are required. Clinical validation
studies are needed to demonstrate that privacy-preserving systems maintain diagnostic
accuracy and therapeutic effectiveness comparable to centralized models. Addressing these
challenges will be essential to ensure safe, scalable, and ethically sound implementation.

9. A Vision for the Future: Toward a Fully Integrated Digital
Rehabilitation Ecosystem

The future of mental health outlines a digital rehabilitation ecosystem that is fully inte-
grated with different working methods: rehabilitation is an integral part of a personalized,
multimodal, real-time process.

At the heart of this vision is the coordination between biosensors, wearables, and
Al-driven feedback loops, capable of transforming passive information into proactive
and adaptive actions. These technologies should not operate in isolation but should be
permanently incorporated into the services offered by local authorities and into stepped-
care models. The stepped-care model is a dynamic approach that organizes treatments
according to the severity and complexity of the clinical case, optimizing resources and
maximizing effectiveness [78].

In the coming years, research should focus on validating these digital tools and seeking
to provide ethical infrastructures that guarantee digital equity, so that digitization becomes
a tool for inclusion and not a further tool for disparity.

Immersive technologies such as virtual and augmented reality provide protected envi-
ronments for training social and functional skills, while Al-assisted cognitive remediation
delivers personalized, adaptive, and gamified neurocognitive interventions. Concurrently,
m-Health applications and wearable sensors enable real-time monitoring of physiological
and symptomatic data in everyday contexts, complemented by avatar-based therapies
supporting social reintegration and hallucination management.

https:/ /doi.org/10.3390 /medicina62040765


https://doi.org/10.3390/medicina62040765

Medicina 2026, 62, 765

15 of 21

This integrated vision of future psychiatric rehabilitation is illustrated in Figure 4. This

schematic illustration is intended to summarize potential system-level integration and does

not reflect validated clinical models or quantitative data.
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Figure 4. An integrated digital rehabilitation ecosystem for complex psychosis.

10. Limitations

Several limitations should be acknowledged. Although the literature search was

structured, this manuscript was conceived as a narrative rather than a systematic review.
Consequently, study identification and selection were guided by relevance and conceptual
contribution rather than by formal systematic review procedures, no standardized quality
appraisal or risk-of-bias tool was applied, and the possibility of selection bias cannot be
ruled out.

The use of the term “complex psychosis” reflects a rehabilitation- and service-oriented
perspective rather than a diagnostically or pathophysiologically homogeneous construct.
This choice allowed us to address real-world psychiatric rehabilitation settings, but it also
introduced substantial clinical heterogeneity, requiring caution in the interpretation of
findings across diagnostic categories. Table 2 provides a conceptual overview of the clinical
and functional features that justify its use in the present review.

Table 2. Clinical and rehabilitation features underlying the use of the term “complex psychosis” in
this review.

Relevance for Digital

Domain Rehabilitation

Description Examples

Schizophrenia-spectrum

Diagnostic scope

The term complex psychosis is
used as a pragmatic,
service-oriented construct rather
than a formal diagnostic category

disorders, bipolar disorder with
psychotic features, psychotic
depression, schizoaffective
presentations, persistent
delusional conditions

Supports a rehabilitation-focused
rather than diagnosis-restricted
discussion of digital interventions

Functional severity

Patients typically present marked
impairment in everyday
functioning and autonomy

Difficulties in self-care, social
functioning, work or study
participation, independent living

Justifies interventions targeting
daily functioning, skills training,
and recovery support

Symptom persistence

Clinical complexity often includes
persistent psychotic symptoms
and partial response to standard
treatment

Residual positive symptoms,
negative symptoms, treatment
resistance, recurrent instability

Supports the exploration of
adjunctive and personalized
rehabilitation tools
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Table 2. Cont.

Domain

Relevance for Digital

Description Rehabilitation

Examples

Cognitive impairment

Provides rationale for cognitive
remediation, Tele-CR, gamified
training, and VR-based
approaches

Attention, memory, executive
dysfunction, social cognition
deficits

Cognitive deficits are frequently
present and clinically relevant

Multimorbidity and complexity

Complexity often includes
psychiatric, developmental,
substance-related, or physical
comorbidities

Substance misuse, ASD/ADHD
traits, anxiety, metabolic and
cardiovascular burden

Highlights the need for flexible,
multimodal, and scalable
rehabilitation pathways

High support needs

Reflects real-world service
settings in which digital tools may
complement ongoing
rehabilitation

Recurrent hospitalizations,
supported housing, forensic
pathways, early intervention
transitions

Patients often require structured,
multidisciplinary, or long-term
care pathways

Conceptual limitation

The construct is clinically useful
but not diagnostically
homogeneous

Evidence may not transfer equally
across all psychotic disorders

Requires cautious interpretation
and limits overgeneralization

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; Tele-CR, tele-
cognitive remediation; VR, virtual reality.

The current evidence base is largely dominated by studies involving schizophrenia-
spectrum populations; therefore, the extension of these findings to bipolar disorder with
psychotic features, psychotic depression, or other psychotic conditions should be regarded
as provisional.

The available literature remains methodologically uneven, with marked heterogeneity
in study designs, sample sizes, intervention formats, outcome measures, and follow-up
periods, and with many findings still derived from pilot or feasibility studies rather than
robust confirmatory trials.

Finally, the broad scope of this review, while consistent with its integrative aim, neces-
sarily limited the depth of critical appraisal within individual technological domains. All
these limitations underscore the need for more rigorous, disorder-sensitive, and longitudi-
nal research before firm conclusions can be drawn regarding the role of digital rehabilitation
in complex psychosis.

11. Conclusions

The integration of advanced technologies such as VR, Al-guided CR, and m-Health
monitoring is shaping a new paradigm in psychiatric rehabilitation. This digital ecosystem
not only enables personalized, real-time interventions for symptoms that are often resistant
to medication but also promotes a more efficient and accessible stepped-care model. While
the broad scope of this review may limit the depth of analysis for individual technologies,
it reflects the need for an integrated framework capable of capturing the multidimensional
nature of digital rehabilitation in complex psychosis.

In the present review, findings should be interpreted with caution across diagnos-
tic categories, as the transferability of evidence may vary according to the underlying
disorder. The broader scope of this review was nonetheless maintained to reflect the com-
plexity of real-world psychiatric rehabilitation settings, where digital interventions are
often considered across diagnostically heterogeneous but functionally severe populations.

Overall, digital and immersive technologies represent promising adjuncts to psychi-
atric rehabilitation in complex psychosis, but it is pivotal to stress that across domains,
the maturity of the evidence base is uneven: VR and computerized cognitive remedia-
tion are supported by a relatively more developed literature, whereas AR, digital phe-
notyping, and some Al-assisted approaches remain more dependent on preliminary or
exploratory studies.

https:/ /doi.org/10.3390 /medicina62040765


https://doi.org/10.3390/medicina62040765

Medicina 2026, 62, 765

17 of 21

Importantly, many digital interventions show more consistent effects on process-
related outcomes, such as engagement, adherence, usability, or continuity of monitoring,
than on harder clinical or functional outcomes, such as relapse prevention, hospitalization,
sustained autonomy;, or real-world psychosocial functioning.

A major future challenge will be to determine which of these innovations can be
translated into standardized clinical practice through rigorous validation, equitable imple-
mentation, and careful attention to socioeconomic barriers and continuity of care between
clinical and everyday settings.
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Abbreviations

The following abbreviations are used in this manuscript:

CP Complex Psychosis

ASD Autism Spectrum Disorder

ADHD Attention Deficit Hyperactivity Disorder

SAMHSA  Substance Abuse and Mental Health Services Administration

CBT Cognitive Behavioral Therapy
VR Virtual Reality

AR Augmented Reality

CR Cognitive Remediation

VRT Virtual Reality Therapy

SST Social Skill Training

Tele-CR Tele-Cognitive Remediation
m-Health  Mobile-Health

AT Avatar Therapy

EMA Ecological Momentary Assessments
CCR Computerized Cognitive Remediation
GDNF Glial Derived Neurotrophic Factor
MCR Manual Cognitive Remediation

Al Artificial Intelligence
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