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Advances in implementation
strategies for treatment
adherence in schizophrenia:
a narrative review
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Department of Psychiatry, Lanxi Fifth Hospital, Lanxi, Zhejiang, China

Schizophrenia is a chronic, relapsing mental illness where poor treatment
adherence is a core challenge, significantly contributing to relapse and poor
prognosis. Despite the efficacy of current pharmacotherapy, non-adherence
rates are high. This review synthesizes the latest research on intervention
strategies for improving treatment adherence in schizophrenia, exploring the
effectiveness, limitations, and future directions of various approaches. We delve
into behavioral and psychological interventions (including patient education,
CBT, and motivational interviewing), pharmacological strategies (such as long-
acting injectables), digital health technologies (like mobile apps, telemedicine,
and wearable devices), and comprehensive, multidisciplinary care models. While
each strategy demonstrates potential, they face challenges including a lack of
standardized assessment tools, resource limitations, and the need for long-term
efficacy data. Current research indicates a shift towards integrated and
personalized interventions. We conclude that future efforts should focus on
combining these diverse strategies into a holistic, patient-centered model,
leveraging emerging technologies like Al and big data to provide more
effective and sustainable support.
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1 Introduction

Schizophrenia is a complex mental disorder affecting approximately 20 million people
worldwide (1). Its core clinical features include positive symptoms (e.g., hallucinations,
delusions), negative symptoms (e.g., blunted affect, avolition), and cognitive dysfunction
(2, 3). The disease typically has its onset in adolescence or early adulthood and follows a
protracted course, often accompanied by severe impairment in social and occupational
functioning (4). Although the advent of antipsychotic medications has significantly improved
the prognosis of schizophrenia, the relapse rate remains high; research indicates that the
relapse rate within one year after treatment discontinuation can be as high as 80% (5). This
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not only causes significant distress to patients but also imposes a
heavy economic burden on families and society (6). Treatment
adherence in schizophrenia is a core issue affecting disease
prognosis. Its high rates of non-adherence and complex influencing
factors not only lead directly to high relapse rates and functional
impairment but also increase healthcare costs significantly. Therefore,
in-depth research and resolution of the adherence problem are of
great clinical significance.

Treatment adherence generally refers to the consistency between
a patient’s medication-taking behavior and the prescribed medical
advice. Among patients with schizophrenia, poor adherence is a
prevalent and long-standing unresolved problem. Epidemiological
studies reveal an alarming situation: multiple large-scale surveys
indicate that the treatment adherence rate among schizophrenia
patients is only around 50% (7, 8), meaning that more than half of
patients fail to take their medication as prescribed. This low
adherence directly leads to a cascade of negative outcomes,
significantly increasing the patient’s risk of relapse. Each relapse
can exacerbate symptoms, further impair cognitive and social
functioning, and lead to a progressive decline in academic,
occupational, and interpersonal relationships (9). Long-term
adherence problems also frequently lead to frequent
hospitalizations and emergency department visits, imposing a
significant burden on families and society. Furthermore, due to
irregular medication intake, some patients exhibit “pseudo-
treatment resistance” and are incorrectly diagnosed with treatment-
resistant schizophrenia, thereby delaying appropriate treatment (10).

A deeper exploration of the causes of poor adherence reveals
that its determinants are extremely complex, involving multiple
levels such as the patient, the illness, medication, family, and the
healthcare system. These factors are intertwined, posing a
significant challenge for adherence interventions (11). At the
patient level, barriers to medication-taking can include a lack of
insight into the illness, impaired self-awareness, fear of medication
side effects, and comorbidities (such as substance abuse) (12).
Characteristics of the illness itself, such as severe negative
symptoms and cognitive impairment, can also undermine a
patient’s motivation and ability to adhere to medication (13).
Meanwhile, the characteristics of the medication itself cannot be
overlooked; the emergence of side effects (e.g., weight gain,
extrapyramidal symptoms) is a significant reason for patients to
independently reduce or discontinue their medication (14). The
level of family support, family members’ understanding of the
illness, as well as factors within the healthcare system, such as a
strained patient-provider relationship and poor accessibility of
medical services, also profoundly affect patient adherence (15).
Therefore, no single intervention can comprehensively address
the problem of adherence, prompting researchers to continuously
explore multidimensional and comprehensive intervention
strategies. In response to these complex influencing factors, this
review will categorize and discuss the latest advances in different
intervention strategies. These include behavioral and psychological
interventions focused on changing patient cognition and behavior;
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pharmacological interventions aimed at simplifying medication
regimens; digital health and telemedicine approaches utilizing
emerging technologies; and comprehensive, multidisciplinary care
models that integrate resources from multiple parties. The review
will attempt to derive a comprehensive management plan to help
improve treatment adherence in patients with schizophrenia.

2 Methodology
2.1 Search strategy

We conducted a comprehensive narrative review of the literature.
A search of PubMed, PsycINFO, and Web of Science databases was
performed for publications up to May 2025. Search terms were used
in combination, including: (‘schizophrenia’ OR ‘psychosis’) AND
(‘treatment adherence’” OR ‘medication adherence’ OR ‘compliance’
OR ‘persistence’) AND (‘intervention’ OR ‘strategy’ OR
‘management’ OR ‘long-acting injectable’” OR ‘digital health’ OR
‘telemedicine’ OR ‘CBT” OR ‘psychoeducation’). Reference lists of
key articles and systematic reviews were also manually screened for
additional relevant publications.

2.2 Inclusion criteria

We included articles published in English that focused on
intervention strategies to improve treatment adherence in patients
with schizophrenia. Eligible articles included systematic reviews,
meta-analyses, randomized controlled trials, observational studies,
and narrative reviews that discussed behavioral, psychological,
pharmacological, digital, or multidisciplinary interventions. We
prioritized publications from the last 10 years but included older,
foundational studies where relevant.

2.3 Study selection

Titles and abstracts of retrieved articles were screened for
relevance by the authors. Full-text articles were then assessed for
eligibility based on the inclusion criteria. Given the narrative nature
of this review, strict systematic review criteria (such as PRISMA
guidelines) were not fully applied. Instead, study selection was
guided by relevance and methodological rigor. We prioritized ‘key
studies” defined as large-scale randomized controlled trials (RCTs),
systematic reviews, and meta-analyses published in high-impact
journals that have significantly influenced clinical guidelines or
practice. While a formal quality appraisal tool (e.g., Cochrane Risk
of Bias tool) was not utilized, we performed an implicit assessment
of study quality. We prioritized studies with clear methodology,
adequate sample sizes, and robust control conditions, while
excluding small-scale pilot studies with inconclusive results unless
they represented novel emerging technologies.
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2.4 Data abstraction and charting

A formal data extraction form was not used, consistent with a
narrative review methodology. Instead, information relevant to the
review’s objectives was synthesized. We charted key information
including the type of intervention (e.g., behavioral,
pharmacological, digital), its mechanism, reported effectiveness,
and identified limitations or challenges.

2.5 Data analysis and presentation

A narrative synthesis was employed to collate and summarize
the findings. The results were organized thematically based on the
different categories of intervention strategies (behavioral/
psychological, pharmacological, digital health, and comprehensive
models) to provide a comprehensive overview of the current
landscape, challenges, and future directions.

2.6 Methodological justification and
limitations

This review adopted a narrative approach rather than a
systematic review methodology. This choice was justified by the
broad scope of the topic, which encompasses highly heterogeneous
intervention strategies—ranging from pharmacological (LAIs) to
psychosocial (CBT, family therapy) and technological (digital
health) approaches. A strict systematic meta-analysis would be
difficult to conduct due to the variability in study designs,
outcome measures, and patient populations across these
diverse domains.

However, we acknowledge the inherent limitations of this
approach. First, without a systematic search and strict inclusion/
exclusion checklist for every available study, there is a potential for
selection bias, where studies with positive results may be
overrepresented. Second, the lack of a formal, standardized
quality appraisal (risk of bias assessment) means that the findings
presented here rely on the authors’ qualitative synthesis rather than
a statistical aggregation of effect sizes. Finally, the interpretation of
“high-impact” studies entails a degree of subjectivity. Readers
should interpret the findings as a comprehensive, qualitative
overview of the current landscape rather than a definitive
quantitative evidence base.

3 Literature search

The initial database search yielded 1,240 articles. After removing
duplicates, 890 titles and abstracts were screened. Of these, 210 full-
text articles were assessed for eligibility. Finally, 62 key publications,
including major clinical trials, systematic reviews, meta-analyses, and
foundational reviews, were selected and included in this narrative
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synthesis. These studies formed the basis for analyzing the different
categories of adherence interventions.

4 Advances in behavioral and
psychological intervention strategies

Behavioral and psychological interventions are crucial non-
pharmacological approaches to enhance adherence in patients with
schizophrenia. They aim to fundamentally strengthen patients’
treatment motivation and self-management capabilities by modifying
their cognition, behavioral patterns, and family support environments,
thereby improving medication adherence and clinical outcomes.

5 Patient education and skills training

Patient education is the foundation for improving treatment
adherence. Its core objective is to enhance the understanding of the
illness and treatment for both patients and their families. The latest
research emphasizes personalized and interactive educational
methods. For example, using simple language, diagrams, and
multimedia tools to explain illness knowledge, medication
mechanisms of action, medication-taking techniques, and side-
effect management strategies. Some studies have also introduced
“skills training,” such as medication self-management training,
which teaches patients how to set medication reminders, manage
missed doses, and communicate with their doctors when side effects
occur (16). Furthermore, work by Loots, McIntyre, and colleagues
suggests that education alone is insufficient to guarantee behavioral
change; successful interventions are typically a composite model
combining “behavior” and “education.” Those interventions that
integrate education with behavioral strategies (e.g., reminders, self-
management training) are most effective in improving adherence
(17, 18).

Although patient education and skills training are widely used
as foundational interventions, existing research still has limitations.
Most studies focus on short-term effectiveness, lacking follow-up on
the long-term efficacy of the interventions. Additionally, the
standardization of educational content and formats is low, leading
to poor comparability between different study results. In recent
findings by Al-Shashani et al., mobile applications (Apps) have
shown great potential in providing standardized psychoeducation,
medication reminders, and symptom monitoring (19). Moreover, a
multi-center randomized controlled trial (RCT) in September 2025
pioneeringly tested a narrative-based digital psychoeducation,
finding that this method, by enhancing emotional engagement
and self-reflection, was significantly superior to traditional
education in improving medication adherence and treatment
attitudes, opening new avenues for the standardization of patient
education (20). Future research needs to explore more personalized,
quantifiable educational programs and focus on their long-term
impact on patient adherence and quality of life.
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6 Cognitive behavioral therapy

Cognitive Behavioral Therapy (CBT) is a psychotherapy that
improves a patient’s psychological state by modifying their
irrational cognitive and behavioral patterns (21). In adherence
interventions, the primary application of CBT is to help patients
identify and challenge erroneous beliefs about their illness and
medication, such as “I don’t need to take medication” or “The
medication is harmful to my body” (i.e., CBT for adherence, CBTa).
Concurrently, by guiding patients to recognize the benefits of
treatment, CBT can enhance their treatment motivation and help
them set personal goals related to medication-taking, such as
“Taking my medication on time allows me to work better.” A
2022 systematic review indicated that interventions combining CBT
techniques with Motivational Interviewing (MI) show strong
efficacy in improving and maintaining adherence behaviors, with
effects remaining significant at 3 to 6-month follow-ups post-
intervention (22). Furthermore, CBT also teaches patients skills to
cope with medication-taking difficulties (e.g., forgetting medication,
anxiety about side effects). A quasi-experimental study published in
2025 demonstrated that an 8-week CBT psychoeducation program
not only significantly improved patient medication adherence
(p=0.001) but also concurrently reduced their aggressive
behaviors (23).

Despite these positive findings, the efficacy of CBT is not
uniform across all patient profiles. Some evidence suggests that
patients with severe cognitive impairment or profound negative
symptoms (e.g., avolition) may struggle to engage with the cognitive
restructuring tasks required in standard CBT (24). Furthermore,
implementation in real-world settings faces systemic barriers. A
systematic review of barriers to implementation highlighted that
high caseloads, lack of protected time for clinicians, and insufficient
funding often dilute the fidelity of CBT interventions compared to
controlled trial settings (25). Therefore, adaptations such as shorter
sessions or simplified content may be necessary for patients with
lower cognitive functioning.

The effectiveness of CBT in improving adherence among
schizophrenia patients has been confirmed by multiple studies,
but its application in clinical practice still faces challenges. The
main limitation is that implementing CBT requires professionally
trained therapists, involves long treatment cycles, and is costly,
which restricts its widespread adoption in large populations. Recent
research by Lisa et al.,, addressing the time constraints of clinical
settings (e.g., acute wards), explored the feasibility of brief, focused
CBTp interventions (e.g., 6-8 sessions). Unfortunately, their results
could only demonstrate that the brief CBTp intervention was
effective, but they did not compare it with non-brief CBTp to
obtain definitive conclusions (26). Furthermore, although work by
Fulford et al. on digital CBT (dCBT) could improve the scalability of
CBT (27), its effectiveness may be limited in patients with severe
cognitive impairment or a profound lack of insight. Future research
should explore how to integrate the core elements of CBT with
more cost-effective intervention formats (such as digital
therapeutics) to expand its beneficiary population.
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7 Family intervention

The family is a crucial support system for patient recovery, and
interventions aim to improve communication patterns among
family members, reduce family burden, and enhance their
support for the patient (6). Specific methods include imparting
knowledge about schizophrenia, treatment plans, and the
importance of adherence to family members (family
psychoeducation), as well as resolving internal family conflicts,
improving family functioning, and creating an environment
conducive to the patient’s recovery and medication adherence
(family therapy) (5). Multiple studies have shown that
incorporating family intervention into multidisciplinary treatment
programs can significantly improve patient adherence, reduce
relapse, and enhance the quality of life for family members
(5, 28, 29).

Although family intervention has made significant progress as
an effective adherence support strategy, its research still has
shortcomings. Existing studies are mostly small-sample studies,
lacking large-scale, multi-center research to verify their
generalizability. Moreover, family structures and functions vary
greatly across different cultural backgrounds, and the cross-
cultural adaptability of existing intervention models requires
further study. The latest research progress has focused on two key
areas: cultural adaptation and the simplification of intervention
models. A 2021 systematic review on family interventions in non-
Western cultural contexts emphasized the necessity of integrating
interventions with local family structures, communication norms,
and the degree of stigma associated with mental illness. For
example, in Asian cultures where “High Expressed Emotion”
(HEE) may manifest as overprotection rather than criticism, the
focus of intervention should shift towards improving boundaries
and promoting patient agency (30). Additionally, to overcome
barriers to large-scale implementation (e.g., high cost, long
duration), brief family intervention models are becoming a focal
point (Brief Family Psychoeducation). Work by Katsuki et al.
suggests that a brief family psychoeducation (BFPE) model,
consisting of only 6 sessions, is as effective as traditional long-
term (9-month) family therapy in improving patient adherence and
reducing 12-month relapse rates, but with significantly higher cost-
effectiveness. This provides a feasible solution for resource-limited
settings. In the future, research needs to develop more culturally
sensitive family intervention models and evaluate their effectiveness
in different social and cultural environments.

However, the concept of ‘expressed emotion’ (EE) itself varies
across cultures. In many collectivist societies (e.g., parts of Asia,
Latin America, and Africa), behaviors labeled as ‘emotional over-
involvement’ in the West are often perceived as normative ‘caring’
rather than pathological intrusive behaviors (31). Therefore,
interventions must be culturally adapted to harness this family
cohesion rather than pathologize it. For instance, the ‘Culturally-
adapted Family Intervention’ (CaFI) model specifically tailored for
African-Caribbean families emphasizes shared understanding and
spiritual coping mechanisms, demonstrating that culturally aligned
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protocols can significantly improve engagement and retention rates
compared to standard protocols (31). Future research should
prioritize developing ‘culturally congruent’ family therapies that
respect local hierarchies and communication styles.

8 Motivational interviewing

Motivational Interviewing (MI) is a patient-centered, directive
communication style aimed at eliciting and enhancing a patient’s
intrinsic motivation to change (32). In adherence interventions, its
core principles are: expressing empathy by listening to the patient’s
concerns and ambivalence; developing discrepancy by helping the
patient see the discrepancies between the negative consequences of
non-adherence and the positive outcomes of adherence; rolling with
resistance by not directly confronting the patient’s resistance but
rather guiding them toward self-discovery; and supporting self-
efficacy by reinforcing their confidence in their ability to
successfully take medication (32).

As a non-confrontational intervention technique, MI shows
good promise in improving treatment attitudes and adherence in
patients with schizophrenia (33). However, the effectiveness of this
technique is highly dependent on the practitioner’s communication
skills and clinical experience, thus posing challenges for its
implementation in clinical settings. Existing research mostly
focuses on evaluating short-term intervention effects; further
research is needed on the long-term impact of MI on adherence.
In this regard, research by Chien et al. has yielded mixed results: the
short-term (within 3 months) improvement in adherence with MI
is clear, but the maintenance of its medium- to long-term (6-12
months) effects remains uncertain, suggesting that regular “booster
sessions” may be necessary to maintain motivation (34). It is also
important to note that findings regarding MI’s effectiveness on
adherence are mixed. While some studies report significant
improvements, others fail to demonstrate a clear advantage over
standard care, potentially due to variations in therapist fidelity and
the complexity of the patient-therapist relationship in
schizophrenia (35). This inconsistency suggests that MI may be
most effective when used as a specific engagement strategy for ‘pre-
contemplative’ patients rather than a standalone maintenance

10.3389/fpsyt.2026.1752130

treatment. Furthermore, how to effectively integrate MI with
other interventions (such as medication education) to achieve
synergistic effects is also an important future research direction.
To address the limitation of MI’s dependency on practitioner skill,
an important trend is to combine it with structured therapies. A
2023 study exploring combined Motivational Interviewing-
Cognitive Behavioral Therapy (MI-CBT) found that using MI as
a “lead-in” intervention significantly increased patient engagement
in the subsequent CBT, thereby indirectly reinforcing adherence
(36) (Table 1).

9 Pharmacological interventions:
recent applications of long-acting
injectables

Pharmacological interventions, particularly the application of
novel Long-Acting Injectables (LAIs), effectively address the
challenge of poor adherence to oral medications by fundamentally
changing the route of administration, thereby providing patients
with schizophrenia a more reliable and stable treatment option.

10 Mechanism, advantages, and
limitations of LAls

Long-Acting Injectables (LAIs) are antipsychotic medications
formulated as sustained-release preparations, administered via
intramuscular injection, which allows for slow release within the
body, thereby maintaining stable plasma concentrations for several
weeks or even months (41). This delivery method fundamentally
bypasses the problem of patient adherence to daily oral medication,
ensuring the continuity of treatment. Its primary advantages are
that it eliminates the need for daily dosing, reducing adherence
problems caused by forgetfulness or medication refusal, while also
avoiding the plasma concentration fluctuations seen with variable
dosing intervals of oral medications (42). Furthermore, if a patient
fails to receive an injection on time, clinicians and family members
can immediately detect it, enabling early intervention. It also

TABLE 1 Specific methods and strategies of motivational interviewing in schizophrenia adherence research.

. n Involved
Research - . Effectiveness Evaluation
Interview Method Interview Target 2 Research
Type Indicators .
Literature
Randomized
andomize . Structured Motivational Interviewing, . . . Adherence score, relapse rate,
Controlled Trial R K L i Schizophrenia patients K (34)
(RCT) combined with medication education length of hospital stay
Motivational I - : Adh. ! ity
Cohort Study otivational Interviewing vs. standard Schizophrenia patients dl ?rence. symptom severity, (37, 38)
treatment control quality of life
Meta-analysis Systemaficf review énd meté»analysis, Schizophrenia patients Adherer'lce improvement effect (a1
summarizing multiple studies (effect size)
o In-depth interviews, open-ended Patients, family members, medical | Patients' views on the interview
Qualitative Research ! . R . . (39, 40)
questionnaires staft / healthcare providers experience, adherence barriers
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alleviates the patient’s psychological burden associated with daily
medication, thereby improving their quality of life (43).

In recent years, several novel LAIs have become available,
offering more clinical choices. For example, Paliperidone
Palmitate is available in 1-month and 3-month formulations, and
studies have shown it to be significantly effective in relapse
prevention with good tolerability (44, 45). Aripiprazole LAI is
available in 1-month and 2-month formulations, characterized by
a narrower side-effect profile, particularly a lower risk of
extrapyramidal symptoms and weight gain (41, 46, 47). A large-
scale real-world study comparing the effectiveness of different LAIs
found that their use was associated with significantly lower
hospitalization rates and improved quality of life compared to
oral medications (48).

Despite the significant advantages of LAIs in improving
adherence and clinical outcomes, their application still faces
several limitations. First, the injection itself may cause anxiety
and discomfort, and some patients may refuse treatment due to a
fear of injections. Second, the cost of LAIs is typically higher than
that of oral medications, posing a significant barrier in regions with
limited healthcare resources. Furthermore, if adverse drug reactions
occur, they are difficult to resolve quickly due to the long duration of
action of the medication, necessitating prolonged clinical
management. Finally, the dosing intervals for LAIs are typically
fixed, lacking the flexibility for adjustment afforded by oral
medications. This can be inconvenient during the initial
treatment phase when frequent dose titration may be necessary.
Beyond physical discomfort, ethical concerns regarding patient
autonomy constitute a significant barrier. The use of LAIs can
sometimes be perceived by patients as ‘chemical restraint’ or a
coercive measure, potentially damaging the therapeutic alliance if
not introduced collaboratively (49). Clinicians may inadvertently
contribute to this stigma by reserving LAIs as a ‘last resort” for non-
compliant patients rather than presenting them as a convenient
first-line option. Addressing these perceptions through shared
decision-making frameworks is crucial to improve the
acceptability of LAIs (Table 2).

10.3389/fpsyt.2026.1752130

11 Development status and
bottlenecks of novel LAls

The current research and development of novel LAls are
primarily focused on extending dosing intervals, reducing
injection volumes, and expanding the range of drug types.
Researchers are actively exploring novel sustained-release
technologies, such as microspheres, nanocrystal suspensions, and
implantable drug delivery systems, aiming to achieve longer drug
release durations. This endeavor seeks to develop LAIs that require
injection only semi-annually or even annually, thereby further
simplifying treatment regimens and enhancing patient adherence
(56). Concurrently, another critical direction in R&D is the
development of LAIs with fewer metabolic side effects to improve
patients’ quality of life. Copolymer-based delivery technologies (e.g.,
MedinCell’s BEPO technology) have been successfully applied. A
recent example is the 1-month and 2-month subcutaneous injection
formulation of Risperidone (TV-46000/Uzedy). This technology
allows the drug to form a biodegradable polymer matrix
subcutaneously, from which the drug is slowly released. Its
advantages include rapidly reaching therapeutic concentrations
post-administration (without the need for oral supplementation)
and a small injection volume (57).

However, the R&D of LAIs still faces numerous bottlenecks.
First, the technical challenges are significant, requiring assurance
that the drug can be released in the body at a precise and constant
rate while balancing safety and efficacy. Second, clinical trial cycles
are long and costly, necessitating extended follow-up to evaluate
long-term effects and adverse reactions, which increases the
financial burden of development. Furthermore, how to convert
effective medications that do not yet have LAI formulations (such as
clozapine) into an injectable form without compromising their
efficacy and safety remains an unresolved challenge. In the future,
these bottlenecks are expected to be gradually overcome with
continuous breakthroughs in drug delivery technology and a
deeper understanding of drug metabolism mechanisms.

TABLE 2 Overview of common long-acting injectable (LAI) antipsychotics for schizophrenia.

Route of Dosing

Primary Recommendation Level

Key Study /

Administration

Frequency

Reference

Fluphenazine Intramuscular (IM) 2-4 weeks First-generation, recommended (50)
Haloperidol Intramuscular (IM) 2-4 weeks First-generation, recommended (50)
Risperidone Intramuscular (IM) 2 weeks Recommended by multiple guidelines (51)
R ded b; Itiple guidelines, all first-li
Paliperidone Intramuscular (IM) 1 month or 3 months ecommenced by multiple giidelines, especialy as hrst-ine (52)
therapy
Aripiprazole Intramuscular (IM) 1 month or 2 months Recommended by multiple guidelines (53)
Ziprasidone Intramuscular (IM) 2 weeks Recommended by some guidelines (54)
Olanzapine Intramuscular (IM) 2-4 weeks Recommended by some guidelines (55)
Frontiers in Psychiatry 06 frontiersin.org
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12 Application of digital health and
telemedicine in adherence
management

The rise of digital health technologies and telemedicine has
provided entirely new and innovative solutions for adherence
management in schizophrenia. Through mobile applications,
remote consultations, and wearable devices, they enable real-time
monitoring and intervention in patients’ treatment behaviors,
enhancing the accessibility and convenience of care.

With the popularization of smartphones, mobile applications
have become an emerging tool for adherence management. Their
functions include reminding patients to take medication via alarms
and push notifications; helping patients and clinicians monitor
illness fluctuations in real-time through mood and symptom
tracking to adjust treatment plans promptly; providing health
education on illness knowledge, healthy diet, and exercise
guidance; and motivating patients to adhere to medication
schedules through gamification mechanisms such as points and
badges. Multiple randomized controlled trials have shown that
mobile applications integrating various functions can significantly
improve medication adherence in patients with schizophrenia,
especially in the short term. A systematic review and meta-
analysis focusing on severe mental illness (SMI) confirmed this,
finding that digital technology interventions (especially those based
on smartphone APPs) effectively improve medication
adherence (58).

Meanwhile, telemedicine developed rapidly during the
pandemic. Through remote video consultations, patients can
maintain communication with their doctors and ensure treatment
continuity, even if they are unable to visit the hospital due to
geographical distance or mobility issues. Remote consultation
allows patients to communicate with clinicians in a familiar
environment, alleviating their anxiety. Meta-analyses have shown
that telemedicine interventions are comparable to traditional face-
to-face consultations in adherence management and are associated
with high patient satisfaction (59).

Furthermore, emerging wearable devices and biosensors also
offer possibilities for objectively assessing adherence. For instance,
smart pillboxes can record the time a patient accesses medication,
while ingestible sensors (digital pills) transmit a signal after being
swallowed, monitoring medication intake in real-time (60). Such
technologies can provide precise adherence data, helping clinicians
more accurately judge a patient’s medication status and thus deliver
more targeted interventions, holding immense promise for
the future.

13 Current research directions

Current research in digital health for adherence management is
primarily focused on developing more personalized intervention
programs. For example, utilizing artificial intelligence (AI) and
machine learning (ML) algorithms to analyze big data on
patients’ medication-taking behaviors and lifestyles to predict
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adherence risks and provide precise, personalized intervention
strategies. Recent studies indicate that machine learning models
can integrate data from electronic health records (EHRs),
smartphone sensors, and patient-reported outcomes to predict
future (e.g., within 30 days) medication non-adherence events
show promise in preliminary studies (AUC > 0.80), thereby
enabling “Just-in-Time Adaptive Interventions” (JITAI) (61).
However, caution is warranted, as many of these models lack
external validation across diverse patient populations, raising
concerns about algorithmic bias and their generalizability to real-
world clinical settings (62). Additionally, researchers are actively
exploring the integration of virtual reality (VR) and augmented
reality (AR) technologies into psychoeducation and skills training,
aiming to create immersive, interactive therapeutic experiences to
enhance patient engagement and treatment motivation. Another
important direction is the development of platforms that can
seamlessly integrate multiple intervention modalities, such as
combining mobile apps, wearable devices, and telemedicine
services into a single digital ecosystem, to achieve comprehensive,
real-time monitoring and management of patient adherence (63).

14 Research limitations

Despite the vast promise of digital health technologies in
adherence management, their application still faces multiple
limitations. First, many studies lack long-term, large-scale
randomized controlled trials to validate their sustained
effectiveness in real-world settings. Second, the efficacy of digital
health tools is highly dependent on patient acceptance and
technological literacy; adherence and usage rates may be lower
among elderly patients or those with severe cognitive impairments.
This ‘digital divide’ is particularly pronounced in older adults with
schizophrenia and those from lower socioeconomic backgrounds
who may lack reliable internet access or the latest smartphones. A
recent study on digital exclusion emphasized that without targeted
digital literacy training, the deployment of sophisticated e-health
tools might inadvertently widen health disparities, leaving the most
vulnerable populations behind (64). And, user engagement remains
a critical challenge, often described as ‘digital attrition.” While initial
uptake of mental health apps may be high, real-world data suggest
that long-term retention is often low. A systematic analysis of
mental health apps revealed that the median retention rate at 30
days was only 3.3%, indicating a significant gap between installation
and sustained therapeutic use (65). Furthermore, data privacy and
security are critical challenges in digital health applications,
necessitating strict regulations and technical safeguards to protect
sensitive patient medical information. Ethical concerns regarding
the ‘black box’ nature of AI algorithms and the potential for
depersonalization of care must also be addressed before
widespread adoption (66). Moreover, a ‘cultural mismatch’ in
digital design remains a largely unaddressed barrier. Most
commercially available mental health apps are developed in
Western, high-income countries (WEIRD societies), often failing
to accommodate linguistic diversity, differing health literacy levels,
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or culturally specific explanatory models of mental illness (67). For
example, direct translation of CBT content without cultural
adaptation (e.g., modifying metaphors or examples to fit local
contexts) has been shown to reduce user engagement and
therapeutic alliance in non-Western populations (67). Addressing
these disparities requires a shift from ‘one-size-fits-all’ global apps
to locally co-designed digital solutions. Finally, the development
costs of digital health tools are high, and their generalizability across
different cultural and healthcare systems requires further research
and validation (68).

15 Implementation strategies for
comprehensive, multidisciplinary care
models

The comprehensive, multidisciplinary care model emphasizes a
patient-centered approach, aiming to provide patients with more
holistic and systematic adherence management for better long-term
outcomes. It achieves this by building a comprehensive, continuous
treatment support system through the integration of resources from
psychiatry, primary care, community rehabilitation, and social
support networks.

The core of this model is collaborative care, which breaks down
the barriers between psychiatric and physical medical care. A
multidisciplinary team (including psychiatrists, nurses, social
workers, etc.) collaboratively provides services to the patient.
Recent research has demonstrated that this model can
significantly improve adherence and clinical outcomes for
patients with schizophrenia, particularly for those with physical

10.3389/fpsyt.2026.1752130

comorbidities (69). A Cochrane review of “Assertive Community
Treatment” (ACT) showed that, compared to standard care, the
ACT model significantly reduced patient hospitalization duration
and was more effective at keeping patients engaged with services
(i.e., adherence in a broader sense). Furthermore, this model
extends treatment from the hospital into the community. It
enhances patients’ social functioning through community
rehabilitation activities (e.g., vocational rehabilitation, social skills
training) and integrates medication management, psychological
counseling, rehabilitation training, and social support through
comprehensive, one-stop clinics. The social support network also
plays a vital role in patient recovery and adherence maintenance.
For example, community workers can conduct regular home visits
and provide medication reminders, while peer supporters—patients
who have recovered well—can share their experiences, providing
role models and emotional support for new patients. This form of
support is particularly effective in enhancing patient treatment
motivation (70).

16 Research directions and
developmental bottlenecks

Currently, research on comprehensive, multidisciplinary care
models is moving towards multi-dimensional integration and
personalization. Future studies will focus on exploring how to
seamlessly integrate different intervention strategies (e.g.,
pharmacotherapy, psychological counseling, and community
support) into a unified care framework to achieve synergistic
effects. Additionally, research is focusing on how to utilize data
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and digital health tools.

An integrated, stage-based intervention framework for treatment adherence in schizophrenia. The model categorizes interventions into three clinical
phases, Acute, Stabilization, and Maintenance, highlighting the synergistic use of pharmacotherapy (especially LAls), psychosocial support (CBT, M),
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analytics and machine learning techniques to create personalized
care pathways for different patient populations, thereby maximizing
adherence improvement.

However, the promotion and application of this model still face
numerous challenges. The first is implementation complexity; it
requires coordinating resources from different medical and
community organizations, incurring high inter-departmental
communication and management costs. The second is resource
limitation; a lack of professionally trained multidisciplinary teams,
especially at the primary care and community levels, severely
restricts the model’s generalizability. Finally, there are research
bottlenecks. Existing studies are mostly small-scale pilot projects,
lacking large-scale, long-term, multi-center randomized controlled
trials to comprehensively evaluate long-term efficacy and cost-
effectiveness. It is also difficult to determine which specific
intervention combinations are most effective for particular patient
groups. Future efforts must overcome these bottlenecks by
developing standardized implementation guidelines, strengthening
inter-agency collaboration, and utilizing technological means to
optimize resource allocation.

17 Integrative framework: a stage-
based approach

To synthesize the diverse strategies discussed in this review and
address the complexity of adherence management, we propose an
integrative, stage-based conceptual framework (Figure 1). This model
illustrates how pharmacological, psychosocial, and digital interventions
can be synergistically combined across different phases of the illness.

In the Acute Phase, the primary goal is symptom control;
interventions focus on establishing a therapeutic alliance, early
introduction of LAIs to ensure medication delivery, and basic
family psychoeducation. As the patient moves to the Stabilization
Phase, the focus shifts to habit formation. Here, LAls serve as the
pharmacological cornerstone, augmented by CBT for adherence
(CBTa) to address cognitive barriers and mobile apps for daily
reminders. Finally, in the Maintenance Phase, the objective is
functional recovery. Interventions expand to include peer support,
community-based rehabilitation (e.g., ACT), and advanced digital
monitoring (e.g., wearables) to detect early warning signs of relapse.
Throughout all stages, a personalized, patient-centered approach
rooted in shared decision-making remains the foundation.

18 Conclusion and future perspectives

Despite significant progress in adherence intervention research,
multiple challenges and limitations remain. First, at the methodological
level, the lack of standardized, reliable adherence assessment tools leads
to poor comparability between study results. Simultaneously, the
heterogeneity of study samples (e.g., differences in disease type,
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illness duration, cultural background) also limits the generalizability
of findings. Furthermore, most studies focus on short-term
effectiveness, lacking in-depth data on the long-term efficacy
of interventions.

Looking ahead, adherence interventions will evolve towards
personalization, utilizing genomics and biomarkers to predict
patient adherence, thereby enabling the formulation of precise
intervention plans at the outset of treatment. Meanwhile, the
application of artificial intelligence and big data will allow us to
more accurately analyze patient behavior patterns and medication
data, thereby predicting adherence risks and providing timely
interventions. The future trend is to organically integrate the
various intervention strategies mentioned above into an efficient,
comprehensive solution. For example, using LAIs as the
cornerstone of adherence, supplemented by digital health tools
for daily reminders and tracking, and combined with family and
community support, will form a comprehensive, multi-dimensional
adherence management model. This multi-dimensional,
personalized, and integrated intervention approach will provide
more effective and sustainable treatment support for patients
with schizophrenia.

Treatment adherence in schizophrenia is a critical factor
influencing patient prognosis and quality of life. This review has
systematically summarized the latest research progress in various
intervention strategies, including behavioral and psychological
interventions, long-acting injectables, digital health, and
comprehensive care models. Despite significant achievements,
challenges remain in standardized assessment, long-term efficacy,
and personalized intervention. Future research should focus on
developing multidisciplinary, personalized, and integrated
intervention protocols, combined with emerging technologies, to
provide more effective and sustainable treatment support for
patients with schizophrenia.
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