
STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

the bmj | BMJ 2026;394:e635470 | doi: 10.1136/bmj‑2026-635470� 1

Schizophrenia: advances in pathophysiology,  
management, and precision medicine
Akira Sawa,1,2,3 Joshua Chiappelli,4 Olivia P Hamrah,5 Nicola G Cascella1

1Department of Psychiatry, Johns 
Hopkins University School of 
Medicine, Baltimore, MD, USA
2Departments of Neuroscience, 
Biomedical Engineering, 
Pharmacology, and Genetic 
Medicine, Johns Hopkins 
University School of Medicine, 
Baltimore, MD, USA
3Department of Mental Health, 
Johns Hopkins University 
Bloomberg School of Public 
Health, Baltimore, MD, USA
4Department of Psychiatry, 
University of Maryland Baltimore 
School of Medicine, Baltimore, 
MD, USA
5Department of Psychiatry, 
Georgetown University Medical 
Center, Washington, DC, USA
Correspondence to: A Sawa  
asawa1@jhmi.edu
Cite this as: BMJ 2026;394:e635470 
http://dx.doi.org/10.1136/ 
bmj‑2026‑635470

Series explanation: State of the 
Art Reviews are commissioned 
on the basis of their relevance to 
academics and specialists in the 
US and internationally.

Introduction
Schizophrenia is a severe mental condition with its 
onset usually in late adolescence and young adulthood, 
and it tends to be chronic.1 The primary feature of 
schizophrenia is psychosis, in which individual 
experiences are distorted from reality with alterations 
of perceptions and thoughts. Auditory hallucinations, 
delusions, and disorganised speech and behaviour 
comprise the cluster of experiences termed “positive” 
symptoms. In many cases of schizophrenia, major 
impairments in motivation and emotion are also 
observed. These are referred to as “negative” symptoms, 
reflecting the absence of age appropriate behavioural 
drives. In addition to positive and negative symptoms, 
several types of cognitive dysfunction are also 
observed. Together, these symptoms lead to significant 
decline in social and occupational functioning, with 
high unemployment rates.

Beyond the psychiatric manifestations, schizophr­
enia is correlated with premature death. The 
average lifespan of patients with schizophrenia 
is about 20 years shorter than that of the general 
population.2 Multiple reasons for this premature 
death may exist, including lifestyle, secondary 
cardiovascular and metabolic changes elicited 
by long term drug treatment, and unidentified 

intrinsic biological vulnerability in patients with 
schizophrenia. Accelerated ageing and dysregulated 
ageing associated with biological processes are 
also suggested in schizophrenia.3  4 Altogether, 
schizophrenia is one of the most devasting mental 
and medical conditions, which results in a major 
medical and social ramifications.5

Given that this condition is clinically defined 
without any objective biomarker, patients with 
schizophrenia are biologically heterogeneous. 
The boundaries between schizophrenia and other 
psychiatric disorders (particularly bipolar disorder) 
are also ambiguous, which is the basic motivation 
of cross disease or transdiagnostic research, such 
as the effort for Research Domain Criteria and the 
Bipolar and Schizophrenia Network for Intermediate 
Phenotypes (BSNIP) study.6 The biological 
heterogeneity of schizophrenia has hampered 
understanding of the mechanisms of disease and 
effective drug discovery and development. Although 
medicines can ameliorate positive symptoms, a 
third of patients with schizophrenia respond poorly 
to almost all drugs, defined as treatment resistant 
cases.7 Introduction of “precision medicine” in 
patient care and medical research for schizophrenia 
is warranted to overcome this dilemma.

ABSTRACT

Schizophrenia is a common and severe mental condition with onset usually in late 
adolescence and young adulthood. Schizophrenia is caused by a combination of 
multiple genetic and environmental factors with significant neurodevelopmental 
implications. Advances in the clinical management of schizophrenia include 
biological and non-biological treatments. Drug interventions can ameliorate positive 
symptoms and prevent the progression of disease due to relapses. Non-biological 
approaches such as psychosocial and cognitive interventions can help functional 
improvement, relapse prevention, and early stage psychosis management, and 
new interventions such as neuromodulation and digital health interventions are 
still under investigation. Despite these advances, novel therapeutic strategies, 
particularly drugs, are hampered by a biologically heterogeneous population of 
patients with schizophrenia, a condition defined only by clinical operational criteria. 
Reconsidering the construct of schizophrenia from the viewpoint of mechanism 
driven precision medicine will be important, with stratification of patients on 
the basis of their biological characteristics. The first step towards this goal is to 
accumulate objective biomarkers for schizophrenia. On the basis of the framework 
of precision medicine, further advancement in the management of schizophrenia is 
expected.
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This review summarises the latest advances 
in defining schizophrenia at the biological level 
with the aim of developing mechanism driven 
biomarkers. It also underscores the importance of 
multimodal treatment of schizophrenia including 
drug therapy, neuromodulatory, and non-biological 
strategies. Opportunities for future research are also 
highlighted.

Sources and selection criteria
We did a structured literature search of studies 
indexed in PubMed and Medline by using the 
key terms “schizophrenia” and “psychosis” from 
inception to present, focusing on articles published 
within the past 10 years (1 January 2015 to 30 
November 2025). Additional search terms included 
“review” and “review article,” to include systematic 
reviews. As this is a narrative review, we placed 
emphasis on identifying and synthesising the highest 
quality evidence, giving priority to meta-analyses, 
randomised controlled trials (RCTs), and systematic 
reviews. We included only articles published in 
peer reviewed journals. We excluded case reports, 
with the exception of seminal or illustrative papers 
on treatments under investigation. From guidelines 
across multiple countries, we selected the most 
comprehensive guidelines that provide clear 
evidence on approaches to drug therapy, non-drug 
interventions, and systems of care.

Epidemiology
The lifetime prevalence of schizophrenia has been 
frequently referred to as being 0.4% (10-90% 
quantiles 0.18% to 1.16%).8 The prevalence varies 
across countries, such as Denmark at 0.27%, 
England 0.44%, Ireland 0.83%, Italy 0.27%, and 
the US 0.7%.9 Epidemiological surveys to identify 
the prevalence of schizophrenia necessitate a “two 
stage” epidemiological design, whereby first level 
screening interviews are followed by a second stage 
of in-person, clinician administered, semi-structured 
interviews to reliably diagnose schizophrenia.10 
Meanwhile, the projected lifetime morbid risk 
includes the proportion of the population with 
(observed) lifetime ever schizophrenia at the 
interview plus an additional (projected) proportion 
of individuals who are non-cases at the time of 
interview but who are predicted to eventually 
develop schizophrenia across their lifespan. The 
median proportion lifetime morbid risk was 0.72%.8 
However, as the distribution of these estimates 
was right skewed, the mean value was higher than 
the median (1.19% (standard deviation 1.08)).11 
Accordingly, we can state that the mean lifetime 
morbid risk of schizophrenia is about 1% (male-to-
female ratio approximately 1.4).

Risk factors
Genetic and epidemiological studies suggest that 
interactions between genetic and environmental 
factors, particularly those during neural 
development, play a key role in the aetiology of 

schizophrenia. Classic twin and adoption studies 
have suggested that susceptibility for schizophrenia 
is shared between genetic and environmental factors. 
The heritability of schizophrenia ranges from 0.61 to 
0.81,12 but the concordance rate of schizophrenia 
for monozygotic twins ranges from 0.20 to 0.49.13 
Although both genetic and environmental risk 
factors underlie the aetiology of schizophrenia, the 
contribution of any single factor is very small. Thus, 
this is a multifactorial condition.

Environmental factors
Epidemiological studies have associated 
schizophrenia with late winter or early spring birth, 
which is usually interpreted in association with in-
utero infections.14 Exposure to genital/reproductive 
infections and influenza in the first half of pregnancy 
is a major risk factor for schizophrenia.15 16 The fact 
that a variety of infections can increase the risk 
of schizophrenia suggests a role of the maternal 
immune system.17 Maternal immune activation 
elicits an induction of pro-inflammatory cytokines, 
such as interleukin-6, which in turn influences fetal 
brain development.17 Toxoplasmosis, an infection 
caused by the parasite Toxoplasma gondii, is also 
known to be a risk for schizophrenia.18

Another environmental risk factor during 
development is malnutrition,19 which also elicits 
maternal immune activation. Thus, prenatal or 
perinatal infection and malnutrition may share a 
downstream pathophysiological pathway associated 
with schizophrenia. A recent meta-analysis of 
cohort and case-control studies found that obstetric 
complications are associated with greater risk for 
later development of schizophrenia.20 Improvement 
of maternal care and nutrition in at risk mothers 
may be a meaningful strategy for prevention of 
schizophrenia.17 20

Strong epidemiological evidence shows that 
cannabis use during adolescence is a major risk 
factor for the onset of schizophrenia.21 A longitudinal 
cohort study found that air pollution was associated 
with psychotic experiences in adolescence.22 Like 
infectious conditions, air pollution can elicit olfactory 
inflammation, which has also been reported to be 
present in a subset of patients with schizophrenia.23 
The involvement of autoimmune mechanisms 
has also been recently highlighted.24  25 Paediatric 
traumatic brain injuries are also associated with a 
risk for later diagnosis of schizophrenia of up to 10 
years, as found in a nationwide retrospective cohort 
study.26

In addition to biological factors, several 
psychosocial environmental factors are also 
associated with schizophrenia. These may include 
urban birth, migration, affiliation with an ethnic 
minority, traumatic experiences, and experience 
of discrimination.16  27  28 People immigrating from 
Africa or the Caribbean and their second generation 
offspring in the UK have rates of schizophrenia higher 
than those in the general population.9 Although 
urban living as a risk factor for schizophrenia has 
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been classically interpreted from a psychosocial stress 
and infectious viewpoint, this may also be associated 
with air pollution and nasal inflammation. Likewise, 
investigating how psychosocial environmental risks 
may be converted into biological factors, which in 
turn affect brain chemistry and circuitry, is important.

Genetic factors
Recent genome-wide association studies have defined 
multiple risk loci for schizophrenia.29  30 Genome-
wide efforts of looking for rare genetic and genomic 
variants have also taken place for schizophrenia.31 
These include studies of copy number variations 
and exon sequencings. A possible drawback of these 
genetic studies is the high heterogeneity of samples 
in their pathophysiology and clinical features under 
the same diagnostic category named schizophrenia. 
Although earlier studies indicated the importance 
of genes involving synaptic function, immune-
inflammatory signalling, and epigenetic cascades,32 
more recent and comprehensive studies indicate the 
significance of the genes with expression mainly 
in neurons, in particular N-methyl-D-aspartate 
(NMDA)-type glutamate receptors and associated 
molecules.12 31

Key genetic factors found in schizophrenia have also 
been underscored in other diagnostic groups, such 
as bipolar disorder and other neurodevelopmental 
disorders.12 This is consistent with the findings 
from transdiagnostic research linking genetic risk 
to specific symptoms. To overcome the potential 
limitation of the small effect size of many risk genes, 
polygenic risk scores that estimate the overall genetic 
risk of an individual by combining weighted risks of 
all risk variants found in genome-wide association 
studies have been introduced.33 Furthermore, a way 
of calculating context specific (pathway guided) 
polygenic risk scores has been introduced.34

Pharmacogenomics holds promise for optimising 
pharmacodynamics and drug safety.35 The hope is 
that the combination of pharmacogenomics with 
therapeutic drug monitoring will be a valuable 
clinical management strategy.36 In genetic studies, 
a systematic comparison of genetic data from 
multiple ethnic groups is known to be informative to 
understand complex human conditions.37 Although 
genome-wide genetic studies have been done 
predominantly with samples from white populations, 
recent genetic studies have used Asian and African-
American samples.38 In addition to hereditary 

Future
drug therapy

Current
drug therapy

Fig 1 | A working model of schizophrenia pathophysiology and clinical outcomes. Biological investigation with patients with schizophrenia 
has elucidated relatively common but still diverse pathophysiological mechanisms associated with the disease. These include alterations of 
neurocircuitry, neurotransmitter, and homeostatic signalling cascades such as immune-inflammatory, redox, and metabolic signalling. Recent 
basic neurobiological studies have shown mechanistic proofs of how altered immune-inflammatory, redox, and metabolic cascades can affect 
neurocircuitry and neurotransmitter signalling. Current drugs target an amelioration of aberrant neurotransmission. However, by interfering with the 
process between the homeostatic signalling cascades and neurocircuitry, development of a novel class of drugs may be possible in the near future. 
This figure provides a working model focusing on interference with the interplay between the homeostatic signalling cascades and neurocircuitry 
towards drug discovery for schizophrenia. DA=dopaminergic; HPA=hypothalamic-pituitary-adrenal axis
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changes, evidence suggests an involvement of 
de novo mutations.12  39 An association between 
advanced paternal age and a risk of schizophrenia in 
the offspring may support this notion.40

Pathophysiology
Figure 1 summarises the working model based on the 
observations introduced in this section.

Alteration in neurocircuitry
A classic observation on the brain structure 
associated with patients with schizophrenia 
has been an enlargement of lateral ventricles.41 
Although many observations have been reported, 
the sample size of each study was relatively small. 
By contrast, the study of structural brain changes in 
schizophrenia has been aided over the past decade 
by pooling data from multiple sites. One such effort 
is the Enhancing Neuro Imaging Genetics through 
Meta Analysis (ENIGMA) initiative.42 For example, 
these studies have found a reduction of cortical 
thickness in schizophrenia in a cross sectional 
analysis of 9572 participants.43 A similar reduction, 
although with a smaller effect size, was found in 
people at clinical high risk who later converted 
to psychosis. However, cortical surface area did 
not predict outcome.44 Regarding the structural 
changes in the cortex, progressive changes even 
several years after the onset of illness have also 
been reported.45 Whether these changes reflect a 
disease progression or secondary effects of drugs is 
unclear, but the progressive changes may be related 
to both factors.46 In addition to the cortical changes, 
these studies have found a decreased volume 
of the hippocampus, thalamus, amygdalas, and 
nucleus accumbens and an increased volume of the 
pallidum and putamen.47 In a cross sectional study 
of 4322 people, schizophrenia was associated with 
widespread reductions in fractional anisotropy, a 
measure derived from diffusion tensor imaging that 
is sensitive to white matter pathology.48 Reduced 
fractional anisotropy of white matter is in turn 
highly correlated with cognitive deficits in patients, 
particularly processing speed.49  50 Functional 
connectivity has been measured by the resting 
state functional magnetic resonance imaging (MRI) 
method.51 Such functional changes may reflect 
alterations in the synaptic function and may be 
mediated in part by altered myelination.52 53

Alteration in neurotransmission
Although antipsychotic drugs were initially 
developed in a serendipitous manner, the 
emergence of contemporary neurobiological and 
pharmacological methods has revealed a central role 
of dopaminergic signalling in psychotic disorders. 
Notable aspects of brain development in adolescence 
include increased dopaminergic innervation of 
the prefrontal cortex; these changes may drive 
normative behavioural changes during adolescence 
such as increased novelty seeking and risk taking.54 
The primary findings with use of positron emission 

tomography (PET) to probe the dopamine system in 
schizophrenia are elevated presynaptic synthesis 
and release of dopamine. This “hyperdopaminergic” 
status is observed only in the associative striatum.55

Another brain imaging modality using 
neuromelanin has confirmed the PET imaging 
data.56 On a phenomenological level, this abnormal 
dopaminergic signalling has been proposed to elicit 
“aberrant salience,” in which otherwise neutral 
stimuli present around the patient’s environment 
are assigned a self-referential value (for example, a 
passerby becomes a persecutor or a car on the street 
is there to spy).57 Consistent with the involvement 
of dopaminergic signalling in psychotic disorders, 
people with psychosis who have elevated dopamine 
synthesis capacity, as determined by PET, show a 
good response to antipsychotic drugs.58 Additionally, 
a composite MRI measure of striatal activity is 
strongly predictive of response to antipsychotic 
drugs, providing a potential biomarker to guide 
treatment.59

Despite the evidence implicating dopaminergic 
dysfunction in core positive symptoms of psychosis, 
dopamine antagonists, called antipsychotics, 
do not help all people with psychosis and have 
little to no benefit for negative symptoms and 
cognitive deficits. In addition, a third of patients 
are not responsive to almost all current dopamine 
antagonist antipsychotics.7 This has led investigators 
to probe other neurotransmitter systems. 
Antagonists of NMDA-type glutamate receptors 
such as ketamine and phencyclidine reliably 
produce effects resembling negative and cognitive 
symptoms, suggesting glutamatergic dysfunction in 
schizophrenia.60 Clinical cases resembling psychotic 
manifestations have been frequently reported as 
an outcome of an autoantibody against NMDA 
receptors.61 Importantly, as described above, many 
genetic findings have supported the implication of 
NMDA receptors and associated proteins.12 Taken 
together, these findings highlight glutamate as a key 
neurotransmitter involving the pathophysiology of 
schizophrenia.

Magnetic resonance spectroscopy has been 
another prominent imaging tool used to probe 
the pathophysiology of schizophrenia. By using 
a stronger magnetic field in a 7 Tesla scanner 
in research, a significant alteration of multiple 
metabolites and neurotransmitters has been 
underscored. These changes include the tissue 
concentrations of glutamate, N-acetylaspartate, 
and glutathione. The alteration of glutamate may 
differ among brain regions,62  63 which may also 
be affected by age dependent decline and drugs.64 
N-acetylaspartate concentrations are sensitive 
to cardiometabolic risk factors, particularly poor 
glycaemic control,65  66 providing a potential link 
between systemic physiological changes and central 
nervous system (CNS) abnormalities. A reduction 
of glutathione has been reproducibly reported in 
schizophrenia,67 particularly in treatment resistant 
cases.68 Given that glutathione can be a reservoir of 
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synaptic glutamate, this change may also underlie 
the alteration in glutamate.

In addition to multimodal investigations of 
patients living with schizophrenia, postmortem 
brain studies have also taken place very actively in 
the past decades. A major finding in postmortem 
studies is a significant change in interneurons in the 
cerebral cortex, which indicates the involvement of 
γ-aminobutyric acid (GABA) in the pathophysiology 
of schizophrenia.69-71

Alteration in metabolic, immune/inflammatory, and 
homeostatic signalling cascades
Given the excess all cause mortality seen in 
schizophrenia, studies of physiological abnormalities 
not only inside the brain but also outside of 
the CNS are also important for understanding 
the overall pathophysiology of schizophrenia. 
Systemic abnormalities that have been shown 
in patients with schizophrenia include immune 
dysfunction, diminished antioxidant capacity or 
redox imbalance, poor glycaemic control, and 
autonomic dysfunction.72 73 The effect sizes for these 
abnormalities are comparable to those for changes 
in brain structure and function in patients with 
first episode psychosis with minimal antipsychotic 
exposure.73

Chronic inflammation, although mild in 
magnitude, may play a key role in the pathophysiology 
of schizophrenia and related psychotic disorders. 
Notable findings include elevated concentrations 
of circulating pro-inflammatory molecules such 
as C reactive protein and interleukins,74  75 an 
increased risk for psychotic disorders in people 
with autoimmune disorders,76 and the prevalence of 
genes involved in immune functioning.32 Alterations 
in the gut microbiome, possibly through disruption 
of intestinal epithelial cells, and diminished 
production of short chain fatty acids may also 
underlie chronic inflammation.77 In a birth cohort 
study of 4500 people, elevated interleukin-6 (but 
not C reactive protein) concentrations at age 9 was 
associated with increased risk of having a psychotic 
disorder at age 18, suggesting that inflammation 
may not be an artefact of illness or drugs.78 Elevated 
concentrations of circulating interleukins (for 
example, interleukin-6) are elicited by maternal 
immune activation, a major causative factor, 
indicating an aetiological and pathophysiological 
link.17 This link may be mechanistically explained by 
a long term blunted response of microglia.79 Likewise, 
the regulatory mechanism of immune-inflammatory 
responses is fine tuned and complex, not simply 
an up-regulation of astrocytes and microglia. As a 
result, trials of intervention with anti-inflammatory 
drugs have not necessarily been successful.80 In 
addition, in contrast to illnesses characterised by 
frank neuroinflammation such as multiple sclerosis, 
neurological complications of AIDS (neuroAIDS), 
or Alzheimer’s disease, no clear inflammatory CNS 
lesions have been found in schizophrenia, either 
through neuroimaging or by postmortem tissue 

analyses. Meanwhile, more recently, several efforts 
in more basic neuroscience have elucidated specific 
brain regions and mechanisms of how immune-
inflammatory changes are sensed and can elicit 
neurocircuitry alterations.81 82

Diminished antioxidant capacity or redox 
imbalance is replicably found in patients with 
schizophrenia. As described above, multiple reports 
show a significant reduction of glutathione in the 
fluid and cells from the blood in patients with 
schizophrenia.83 Magnetic resonance spectroscopy 
studies have shown the reduction of glutathione in 
the brain (particularly the anterior cingulate cortex) 
of patients with schizophrenia.84  85 Alterations of 
other redox related molecules have also been reported 
in schizophrenia.86 Inflammatory changes and redox 
imbalance are tightly interconnected, suggesting 
their overall alterations in the pathophysiology of 
schizophrenia.

Studies on risk for hyperglycaemia, insulin 
resistance, and type 2 diabetes in patients with 
schizophrenia have been confounded by the well 
known metabolic effects of antipsychotic drugs. 
However, more data are now available for individuals 
early in the course of illness with little to no exposure 
to drugs, allowing us to conclude that poor glycaemic 
control is prominent in schizophrenia independent 
of drug effects.87 A longitudinal cohort study in 
the UK found that high concentrations of fasting 
insulin in childhood were associated with a greater 
risk for psychosis in early adulthood.88 A Danish 
population level study found a threefold increased 
risk for diabetes even in patients with schizophrenia 
not taking antipsychotics.89 Furthermore, not only 
is the incidence of diabetes higher in patients with 
schizophrenia but the incidence of major mental 
illnesses is higher in people with diabetes in the 
same large cohort.90 This bidirectional relation 
between schizophrenia and diabetes suggests that 
common pathophysiological mediators associated 
with insulin resistance may underlie these mental 
and physical conditions. Furthermore, the impaired 
insulin signalling was observed in unaffected 
siblings and patients with first episode psychosis,91 
suggesting that this metabolic change is likely a 
primary event.

Autonomic dysfunction has long been suspected 
to be associated with schizophrenia. Evidence 
for this includes findings of elevated circulating 
concentrations of catecholamines, elevated resting 
heart rate, and reduced heart rate variability, all 
pointing to either sympathetic overactivity or 
impaired parasympathetic activity.92 Finally, several 
reports also suggested an involvement of stress 
hormones and the hypothalamic-pituitary-adrenal 
axis in the pathophysiology of schizophrenia, 
particularly in treatment resistant cases.93

Interpretation of pathophysiological data in 
patients
In the past few decades, major efforts have been 
made to identify schizophrenia related pathological 
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Table 1 | Sample list of antipsychotic drugs approved for use in US by class

Study Intervention
Study 
design

Sample 
size

Treatment 
duration

Primary outcomes: 
SMD (95% CI) Selective side effects

Huhn et al100 Phenothiazines: 
chlorpromazine (CPZ); 
fluphenazine (FLU)

Meta-
analysis

741; 53 3-13 weeks; 
3-13 weeks

Overall changes in 
symptoms: -0.44  
(-0.57 to -0.31); -0.24 
(-0.62 to 0.13)

Weight gain (mean differences in kg v placebo): CPZ (n=308) 
2.37 (95% CI 1.43 to 3.32). Sedation: CPZ (n=1078) RR 2.55 
(95% CI 2.16 to 2.90); FLU (n=30) RR 1.09 (0.31 to 2.09). Use of 
anticholinergic agents: CPZ (n=557) RR 2.17 (1.48 to 2.91); FLU 
(n=30) RR 3.13 (1.99 to 4.16)

Huhn et al100 Butyrophenones: 
haloperidol

Meta-
analysis

4400 3-13 weeks Overall change in 
symptoms: -0.47 
(-0.53 to -0.41)

Weight gain (mean differences in kg v placebo) (n=2586): 
0.54 (0.15 to 0.95). Sedation (n=3318): RR 1.92 (1.68 to 
2.15). Use of anticholinergic agents (n=3549): RR 3.12 (2.74 
to 3.50)

Huhn et al100 Dibenzoxazepines: 
loxapine

Meta-
analysis

289 3-13 weeks Overall change in 
symptoms: -0.45 
(-0.63 to -0.26)

Weight gain (mean differences in kg v placebo) (n=17): 1.09 
(-2.44 to 4.64). Sedation (n=337): RR 2.20 (1.65 to 2.73). 
Use of anticholinergic agents (n=203): RR 3.13 (1.99 to 4.16)

Huhn et al100 Dibenzodiazepines: 
clozapine

Meta-
analysis

270 3-13 weeks Overall change in 
symptoms: -0.89 
(-1.08 to -0.71)

Weight gain (mean differences in kg v placebo) (n=113): 1.89 
(0.36 to 3.43). Sedation (n=347): RR 3.02 (2.52 to 3.37). Use 
of anticholinergic agents (n=144): RR 0.46 (0.19 to 0.88)

Huhn et al100 Serotonin-dopamine 
antagonists: risperidone 
(RIS); olanzapine (OLA); 
quetiapine (QUE); 
paliperidone (PAL)

Meta-
analysis

3827; 
5602; 
3002; 
1584

All 3-13 weeks Overall change in 
symptoms: -0.55 
(-0.62 to -0.48); -0.56 
(-0.62 to -0.50); -0.42 
(-0.50 to -0.33); -0.49 
(-0.59 to -0.39)

Weight gain (mean differences in kg v placebo): RIS (n=2521) 
1.44 (1.05 to 1.83); OLA (n=4198) 2.78 (2.44 to 3.13); QUE 
(n=2143) 1.94 (1.42 to 2.45); PAL (n= 1536) 1.49 (0.98 to 
2.00). Sedation: RIS (n=2824) RR 2.03 (1.67 to 2.51); OLA 
(n= 3730) RR 2.78 (2.44 to 3.13); QUE (n= 2726) RR 2.17 
(1.93 to 2.40); PAL (n= 1248) RR 1.33 (1.00 to 1.68). Use of 
anticholinergic agents: RIS (n=2174) RR 1.80 (1.40 to 2.38); 
OLA (n=3012) RR 1.02 (0.79 to 1.30); QUE (n=2224) RR 
1.05 (0.78 to 1.48); PAL (n=1355) RR 1.61 (1.17 to 2.10)

Huhn et al100 D2 partial agonists: 
aripiprazole (ARI); 
brexpiprazole (BRE); 
cariprazine (CAR)

Meta-
analysis

1926; 
1180; 999

Al 3-13 weeks Overall change in 
symptoms: -0.41 
(-0.50 to -0.32); -0.26 
(-0.39 to -0.12); -0.34 
(-0.49 to -0.20)

Weight gain (mean differences in kg v placebo): ARI (n=1199) 
0.48 (-0.05 to 1.01); BRE (n=1113) 0.70 (-0.05 to 1.45); 
CAR (n=2143) 0.73 (-0.06 to 1.52). Sedation: ARI (n=935) 
RR 1.46 (1.11 to 1.43); BRE (n= 972) RR 1.64 (0.91 to 2.38); 
CAR (n= 566) RR 1.12 (0.70 to 1.59). Use of anticholinergic 
agents: ARI (n=678) RR 1.32 (0.90 to 1.82); BRE (n=598) RR 
1.60 (0.80 to 2.63); CAR (n=279) RR 2.21 (1.18 to 3.37)

Kishimoto  
et al108

Long acting injectables Meta-
analysis

7833 ≥6 months Relative risk of 
hospital admission 
v oral antipsychotic 
treatment: 0.88  
(0.79 to 0.99)

-

CI =confidence interval; RR=risk ratio; SMD=meta-analytic standardised mean difference of overall symptom (positive symptoms) reduction of drug compared with placebo in randomised controlled 
trials.

changes and alterations of biosignatures in 
association with its specific clinical manifestations, 
in the hope of establishing objective biomarkers. We 
should note that many patients have been exposed 
to the effects of long term psychotropic drugs, the 
psychosocial consequences of struggling with a 
stigmatised and often disabling condition, and high 
rates of substance use. To tackle this, much effort has 
been put into studies that recruit patients as early 
in the course of illness and with as little exposure to 
drugs as possible. The focus has also shifted towards 
longitudinal studies that may begin studying 
individuals even before the start of illness.

Current treatments: biological intervention
Table 1 lists the antipsychotic drugs approved for use 
in the US.

From the Huhn et al meta-analysis,100 the above 
reported antipsychotics were chosen to provide a 
historical perspective of their development starting 
with chlorpromazine. They represent the most 
significant drugs of their class.

Drug treatment: small molecule drugs
Drug treatment is central in biological intervention. 
The development of chlorpromazine in the early 
1950s was a breakthrough for drug treatment of 

schizophrenia and related psychotic disorders. The 
rapid development of related drugs with similar 
effects, now called first generation antipsychotics 
(FGAs), allowed more people with schizophrenia to 
be treated as outpatients.94  95 Studies of dopamine 
turnover and direct measurements of dopamine 
receptors established that FGAs block the D2 subtype 
of dopamine receptors.94 Later antipsychotics were 
slightly distinguished from FGAs by a relatively 
greater ratio of antagonism of 5HT-2A serotonin 
receptors to antagonism of D2 receptors, termed 
second generation antipsychotics (SGAs).95 96

In terms of clinical effects, the primary distinction 
between the classes has been in side effect profiles, 
with SGAs generally less likely to cause involuntary 
movement deficits called extrapyramidal symptoms 
than FGAs. However, SGAs frequently cause 
metabolic problems including hyperlipidaemia and 
hyperglycaemia.97 In the Clinical Antipsychotic Trials 
of Intervention Effectiveness (CATIE) study, an early 
18 month multisite randomised trial, discontinuation 
of olanzapine was significantly less frequent (15%) 
and occurred later than for perphenazine (25%), 
risperidone (27%), quetiapine (28%), or ziprasidone 
(24%); all drugs were associated with improvement 
in symptom scores but without significant differences 
between perphenazine and the SGAs.98 A subsequent 
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meta-analysis of randomised trials suggested that 
olanzapine may have slightly greater efficacy in total 
symptom reduction and less discontinuation due 
to ineffectiveness than other SGAs, although with 
greater associated weight gain and increases in blood 
glucose and cholesterol concentrations.99 However, 
in the most recent comprehensive meta-analysis 
of 115 randomised controlled trials, all examined 
antipsychotics were more effective than placebo for 
preventing relapse, with no clear difference between 
antipsychotics (table 1).100

In recent years, nationwide cohort studies, 
including those from northern European countries, 
have provided unique opportunities to examine 
real world and long term outcomes associated with 
antipsychotic treatment. Despite the significant 
medical risks associated with antipsychotics, 
maintenance treatment was associated with 
decreased all cause mortality compared with no 
antipsychotic treatment in a meta-analysis of cohort 
studies.101 Antipsychotic polypharmacy was not 
associated with a substantially greater risk for non-
psychiatric hospital admissions than monotherapy 
in a nationwide cohort study of 61 889 people.102 
Another analysis of this Finnish nationwide 
cohort found that antipsychotic polypharmacy 
was associated with a lower risk for psychiatric 
readmission to hospital than monotherapy (hazard 
ratio 0.87-0.93).103

Long acting injectables
Patients are often eager to discontinue antipsychotic 
drugs, and for a small proportion of patients with 
schizophrenia experiencing their first episode 
psychosis, sustained remission without medication 
may be possible. However, rates of relapse of 
psychosis in patients with schizophrenia without 
continuing medications are estimated to be more 
than 60% within one year and up to 95% within three 
years. Relapses are known to be a major reason for a 
poor prognosis.104 Thus, the current recommendation 
is to continue antipsychotic drugs indefinitely for 
people with a diagnosis of schizophrenia.105  106 
Nevertheless, poor adherence is still a frequent 
barrier in the management of schizophrenia.

To overcome this problem, multiple FGAs and 
SGAs are now available in formulations that can be 
administered intramuscularly and allow for steady 
blood concentrations of the drug for periods ranging 
from two weeks to six months (table 1).107  108 In a 
large study of a French national registry (>12 000 
people), long acting injectable (LAI) drugs were 
associated with fewer hospital admissions in patients 
who were not adherent to oral drugs.109 Use of LAIs 
was associated with lower all cause mortality than 
oral antipsychotics (odds ratio 0.79, 95% confidence 
interval (CI) 0.66 to 0.95) in a meta-analysis of RCTs 
and cohort studies including 12 042 patients.110 An 
analysis of individual patient data in 688 patients 
found that relapse rates after discontinuation of drugs 
were lower for people stabilised on LAIs compared 
with stabilisation on oral drugs, at least within one 

year of discontinuation.111 A review of qualitative 
studies of patients’ perceptions of drugs found that 
people with schizophrenia tend to recognise the 
convenience of an LAI compared with oral drugs 
but can be put off by the logistics of frequent clinic 
visits for administration, pain from the shots, and the 
intrusion into their privacy.112

Clozapine and treatment resistant cases
As described above, about 30% of patients are 
defined as treatment resistant cases.7 Clozapine 
is unique among antipsychotics, as this is the only 
drug with a US Food and Drug Administration 
(FDA) indication for treatment resistant cases.113 In 
addition, clozapine remains the only antipsychotic 
approved by the FDA specifically for reducing the 
risk of suicidal behaviour in psychotic disorders.114 
A study of two nationwide cohorts including >90 
000 patients found that clozapine was the only 
antipsychotic associated with a significantly lower 
risk of attempted or completed suicide compared 
with no medication (hazard ratio 0.64 and 0.66),115 
previously found in a multisite randomised trial. A 
recent study of population level data from Finland 
found that the use of clozapine was associated with 
reduced risk of a second relapse in people with 
schizophrenia of recent onset compared with any 
non-clozapine treatment.116

Despite the important clinical advantages of 
clozapine, prescription rates remain low owing to 
potential adverse effects and logistic challenges in 
safety monitoring. During the covid-19 pandemic, 
regulations on clozapine were partially relaxed in the 
UK, allowing a natural experiment in less frequent 
blood monitoring for some patients already stabilised 
on clozapine; no evidence was found of an increased 
danger of neutropenia being missed.117 Recently, 
in the US, the FDA has removed the obligation 
of prescribers and pharmacies to participate in a 
risk evaluation and mitigation strategies (REMS) 
programme for monitoring neutrophil counts.118 
Additionally, absolute neutrophil counts can be 
obtained reliably from a recently developed method 
using fingerstick testing that is well suited to in-clinic 
use, mitigating the challenges posed by frequent 
blood draws.119

Clozapine has been noted to be under-prescribed 
for people of African descent, in part owing to concern 
about individuals with benign ethnic neutropenia. 
However, results of an open label, six month trial 
of clozapine in people of African ancestry found no 
increased risk of severe neutropenia, even in those 
identified as having benign ethnic neutropenia.120 A 
common genetic variant (“Duffy-null”) is associated 
with benign ethnic neutropenia and greater risk for 
neutropenia; testing for this variant may be useful in 
anticipation of a clozapine trial in people with African 
or Middle Eastern ancestry.121 Despite relaxation of 
the monitoring requirements for agranulocytosis, 
prescribers must continue to be vigilant for 
other adverse effects of clozapine, including 
cardiomyopathy, gastrointestinal hypomotility, and 
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pneumonia, all of which may be underappreciated 
as risks and can be fatal.122

Electroconvulsive therapy
Electroconvulsive therapy is mainly used in 
treatment resistant cases of schizophrenia, mostly as 
a maintenance therapy, or cases with catatonia.123 124 
Although this is widely available in hospital 
settings with a collaborative team of psychiatrists 
and anaesthesiologists, safer applications with 
neurocircuitry based scientific evidence are 
warranted.

Newer drugs
Cariprazine is a relatively new medicine for 
schizophrenia, which may also be unique in its 
higher affinity for dopamine D3 receptors. Given 
a distinct distribution of D3 receptors from D2 
receptors, this drug is expected to elicit fewer 
extrapyramidal symptoms but maintain a similar 
level of efficacy against the “hyperdopaminergic” 
state in schizophrenia.125

KarXT (the compound of xanomeline-trospium) is 
the most recently approved drug for the treatment 
of schizophrenia. Xanomeline is an agonist for 
both M1 and M4 muscarinic receptors and does not 
directly block D2 dopamine receptors, unlike all 
currently approved treatments for schizophrenia.126 
Historically, xanomeline was tested in the context of 
Alzheimer’s disease, in which major improvements 
in psychotic symptoms accompanying Alzheimer’s 
disease were observed.126 Following this 
unexpected observation, similar antipsychotic 
activity was observed in a trial for patients with 
schizophrenia. Nevertheless, adverse effects 
associated with peripheral muscarinic receptors 
once precluded a further advancement of the 
drug development. However, by adding trospium, 
a peripherally restricted muscarinic receptor 
antagonist, KarXT was formulated to maintain the 
efficacy of xanomeline with a major reduction of 
peripheral tissue driven side effects.127 As a result, 
this medicine was finally approved in 2024. In 
recent clinical trials, KarXT has been effective in 
reducing positive and negative symptoms and was 

generally well tolerated.128 The clinical trials for 
KarXT are summarised in table 2.27-129

As described above, adverse effects elicited by 
antipsychotics are major problems in managing 
patient care. Tardive dyskinesia is a movement 
disorder that can be elicited by the chronic use of 
antipsychotic drugs, with the risk being higher for 
FGAs than for SGAs. Because tardive dyskinesia 
is potentially irreversible, preventive strategies in 
prescribing, such as favouring SGAs over FGAs and 
minimising dosages in long term treatment, are 
crucial. Meanwhile, several vesicular monoamine 
transporter-2 inhibitors have recently been approved 
for treatment of movement disorders.130 Valbenazine 
has been approved for the treatment of tardive 
dyskinesia in the US, although deutetrabenazine 
and tetrabenazine have been approved for use 
in Huntington’s disease.130 A recent systematic 
review and network meta-analysis identified 
deutetrabenazine as a first line treatment along 
with valbenazine for tardive dyskinesia in 
schizophrenia.130 Treatment strategies to mitigate 
antipsychotic associated weight gain and metabolic 
syndrome are also an active area of development. 
Olanzapine combined with samidorphan, a μ-opioid 
receptor antagonist, led to less weight gain than 
olanzapine monotherapy in a meta-analysis of 
RCTs.131 A meta-analysis of other drugs to limit 
weight gain found that metformin can be effective.132 
Starting metformin at the same time as initiating a 
trial of olanzapine or clozapine is now recommended 
and should be considered when starting other SGAs 
in individuals with cardiometabolic risk factors.133

Current treatments: non-biological interventions
Although drug treatments can provide significant 
benefit to people living with schizophrenia, drugs 
alone do not improve many outcomes considered 
to be crucial components of functional and clinical 
recovery, such as cognitive performance, social 
skills, quality of life, employment, and quality of 
relationships.134 To close these gaps, increasing 
research related to non-biological interventions for 
schizophrenia has shown that, over the spectrum 
of illness, these interventions are powerful tools 

Table 2 | Emerging drug treatment KarXT for schizophrenia

Study Intervention Study design
Sample 
size

Treatment 
duration Primary outcomes

Brannan et al127 Xanomeline-
trospium (KarXT)

Double blind, placebo controlled, 1:1 
ratio, up to xanomeline 125 mg and 
trospium 30 mg

182 5 weeks Change in PANSS total score from baseline to 5 weeks was 
-17.4 points with xanomeline-trospium and -5.9 points with 
placebo (least squares mean difference -11.6 points, 95% 
CI -16.1 to -7.1; P<0.001)

Kaul et al128 Xanomeline-trospium 
(KarXT)

Randomised, controlled, flexible dose, 
inpatient, phase 3 trial (EMERGENT -2)

252 5 weeks Trial met primary endpoint with mean change from baseline 
to week 5 in PANSS total score that favoured KarXT (-21.2 (SE 
1.7) points) versus placebo (-11.6 (1.6) points; least squares 
mean difference -9.6, -13.9 to -5.2; P<0.0001; Cohen’s d 
effect size 0.61)

Kaul et al129 Xanomeline-trospium 
(KarXT)

Phase 3, multicentre, randomised, double 
blind, placebo controlled trial in patients 
with schizophrenia experiencing acute 
psychosis, at 30 inpatient sites in US and 
Ukraine (EMERGENT-3)

256 5 weeks KarXT significantly reduced PANSS total score from baseline 
to 5 weeks compared with placebo (KarXT -20.6; placebo 
-12.2; least squares mean difference -8.4, -12.4 to -4.3; 
P<0.001; Cohen’s d effect size 0.60)

CI=confidence interval; PANSS=positive and negative syndrome scale; SE=standard error.
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and necessary components of schizophrenia care 
(table 3). Importantly, the trend towards inclusion 
of community members and people with lived 
experience in the design and implementation of 
this research, often termed public engagement, 
patient and public involvement and engagement, 
or community engagement and involvement, 
further enhances the applicability and overall 
generalisability of interventions to real world 
treatment.

Many psychotherapeutic modalities have been 
studied in schizophrenia. Cognitive behavioural 
therapy is one of the most studied modalities, with 
extensive evidence supporting its use in reducing 

symptom severity in schizophrenia, particularly 
positive symptoms and social functioning, with 
a smaller, but still significant effect on reducing 
negative symptoms.135 Metacognitive training targets 
positive symptoms and focuses on psychoeducation, 
cognitive bias modification, and strategy teaching. 
Evidence shows that metacognitive training provides 
significant long term improvement in positive 
symptoms, particularly delusions, and psychosocial 
functioning, but has smaller effects on negative 
symptoms, cognitive biases, self-esteem, and 
insight.136 Cognitive remediation is a behavioural 
training that aims to improve cognitive performance, 
specifically social cognition and neurocognitive 

Table 3 | Evidence based non-biological interventions for schizophrenia

Study Intervention Study design
Sample 
size Treatment duration Primary and key secondary outcomes

Bighelli et al135 CBTp, psychoe
ducation

Meta-analysis of RCTs 10 364 1 year Relapse: CBTp (OR 0.45, 95% CI 0.27 to 0.75), family psychoeducation 
(0.56, 0.39 to 0.82), patient psychoeducation (0.63, 0.42 to 0.94)

Penney et al136 MCT for psychosis Meta-analysis of RCTs, 
cohort studies, case 
reports, and cross 
sectional studies

1816 1 year Positive symptoms g=0.50, 95% CI 0.34 to 0.67; delusions g=0.69, 0.45 to 
0.93; hallucinations g=0.26, 0.11 to 0.40; cognitive biases g=0.16, 0.03 to 
0.29, self-esteem g=0.17, 0.03 to 0.31; negative symptoms g=0.23, 0.10 to 
0.37; functioning g=0.41, 0.12 to 0.69

Lejeune et al137 Cognitive  
remediation

Meta-analysis of RCTs 4594 34.86 (SD 23.25) 
hours, over course 
of 13.23 (7.63) 
weeks, with average 
of 2.84 (1.17) 
sessions/week

Global cognition g=0.29, 95% CI 0.12 to 0.45; verbal learning k=61, g=0.33; 
working memory k=62, g=0.32; attention k=35, g=0.28; reasoning and 
problem solving k=50, g=0.27; processing speed k=52, g=0.20; visual 
learning k=33, g=0.19. Negative symptoms improved modestly after cognitive 
remediation training (k=31, g=0.16). Effects on positive symptoms, total 
symptoms, and depression were non-significant

Kim et al138 Psychoeducation Meta-analysis of RCTs 18 105 1-36 sessions Family mental health effect size g=1.28, 0.82 to 1.74; knowledge and attitude 
about schizophrenia g=1.20, 0.82 to 1.59; family burden g=1.13, 0.84 to 
1.42; family coping g=0.63, 0.37 to 0.89; family health and wellbeing g=0.57, 
0.20 to 0.94; family functioning g=0.49, 0.09 to 0.89

Turner et al139 SST Meta-analysis of RCTs 1437 12 weeks SST showed superiority over TAU (g=0.3), active controls (g=0.2-0.3), and 
comparators pooled (g=0.2-0.3) for negative symptoms, and over TAU (g=0.4) 
and comparators pooled (g=0.3) for general psychopathology

Firth et al141 142 Physical exercise Meta-analysis of 
controlled trials

385 4-24 weeks Psychiatric symptoms were significantly reduced by interventions using around 
90 min of moderate-to-vigorous exercise per week (SMD 0.72, 95% CI -1.14 to 
-0.29); exercise significantly improved cognitive domains of working memory 
(g=0.39; P=0.024; N=7; n=282), social cognition (g=0.71; P=0.002; N=3; 
n=81), and attention/vigilance (g=0.66; P=0.005; N=3; n=104)

Jambawo et al143 Peer support Meta-analysis of RCTs 5974 - Peer support interventions significantly improved recovery outcome 
(SMD=0.29, 95% CI 0.13 to 0.45; P=0.0004) and significantly empowered 
service users (SMD=0.22, 0.11 to 0.33; P=0.0001) compared with standard 
care for service users with schizophrenia

de Winter et al144 IPS Meta-analysis of RCTs 3818 - Increased employment (OR 2.62, 2.37 to 2.89; P<0.01)
Cook et al145 Supported 

employment
RCT 1273 24 months 55% (n=359) of experimental participants achieved competitive employment 

compared with 34% (n=210) of participants in comparison condition 
(P<0.001). 51% (n=330) of participants in experimental condition worked for 
≥40 hours in ≥1 month compared with 39% (n=245) of those in comparison 
condition (P<0.001)

Coldwell et al146 ACT Meta-analysis of RCTs 
and observational 
studies

5775 - ACT participants showed 37% (95% CI 18% to 55%) greater reduction in 
homelessness

Kane et al149 CSC (NAVIGATE) RCT 223 2 years NAVIGATE participants experienced significantly greater improvement in quality 
of life than those in community care (group by time interaction P<0.02), with 
effect size of 0.31

Correll et al151 CSC 
(EIS v TAU)

Meta-analysis of RCTs 2176 9-24 months EIS was associated with better outcomes than TAU at end of treatment for all 
cause treatment discontinuation (RR 0.70, 95% CI 0.61 to 0.80; P<0.001), ≥1 
psychiatric hospital admission (RR 0.74, 0.61 to 0.90; P=0.003), involvement 
in school or work (RR 1.13, 1.03 to 1.24; P=0.01), total symptom severity 
(SMD -0.32, -0.47 to -0.17; P<0.001), positive symptom severity (SMD -0.22, 
-0.32 to -0.11; P<0.001), and negative symptom severity (SMD -0.28, -0.42 to 
-0.14; P<0.001)

Zheng, et al154 CBT for CHR Meta-analysis of RCTs 1128 6 months CBTp was significantly more efficacious in reducing rate of transition to 
psychosis by 6 months (after post hoc sensitivity analysis) (RR 0.44, 0.26 to 
0.73)

ACT=assertive community treatment; CBTp=cognitive behavioural therapy for psychosis; CHR=clinical high risk for psychosis; CI=confidence interval; CSC=coordinated specialty care; EIS=early 
intervention services; IPS=individualised placement and support; MCT=metacognitive training; OR=odds ratio; RCT=randomised controlled trial; RR=relative risk; SD=standard deviation; 
SMD=standardised mean difference; SST=social skills training; TAU=treatment as usual.
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performance, for better overall psychosocial 
functioning. Although cognitive remediation has 
been found to improve global cognitive performance 
and psychosocial functioning, it has not been shown 
to affect positive or negative symptoms.137

Psychoeducation to both patients and families 
can significantly improve outcomes for patients 
with schizophrenia. In general, family interventions 
have been found to be more effective than standard 
treatment in preventing relapse at 12 months, and 
family psychoeducation alone was superior to more 
complex family intervention models.135 Family 
interventions can improve family level outcomes 
such as family mental health, attitude towards 
schizophrenia diagnosis, family burden, family 
coping, family health and wellbeing, and family 
functioning, as well as patient level outcomes 
including treatment satisfaction and adherence, 
quality of life, psychiatric symptoms, illness insight, 
psychosocial functioning, and rates of readmission 
to hospital.138

Skill training is a group or individual modality that 
most commonly focuses on teaching interpersonal 
skills to patients with schizophrenia. It has been found 
to have positive outcomes in proximal measures of skill 
(for example, role playing) and more distal measures 
of community functioning,139 with weak evidence 
related to relapse prevention.140 Physical exercise 
has been found to improve psychopathological 
outcomes and cognitive performance, specifically 
aerobic exercise and exercise supervised by an 
expert, with a dose dependent relation starting at 
90 minutes a week for ≥12 weeks.141 142 Peer support 
models, which use people who have lived experience 
of recovery to support those struggling with mental 
illness, have been found to increase empowerment 
and recovery outcomes for individuals with 
schizophrenia.143 Supported employment services 
and individualised placement and support can help 
people with schizophrenia to achieve competitive 
employment, more work hours, and higher wages, 
although without showing long term job retention 
and economic self-sufficiency.140-145

Assertive community treatment, in parallel with 
supported employment services, can be useful for 
specific populations of patients with schizophrenia. 
Assertive community treatment, which involves 

a multidisciplinary team that engages with the 
patient frequently and within the community, 
is recommended by the Schizophrenia Patient 
Outcomes Research Team and significantly reduces 
hospital admissions and homelessness in people 
with schizophrenia.140 146 In a recent study exploring 
a less resource demanding format, the full assertive 
community treatment group emerged as superior on 
personal and social functioning outcomes.

Early intervention for patients with schizophrenia
Identifying and treating schizophrenia early has 
benefits: less severe symptoms, better overall 
functioning, and an increased likelihood of 
remission.147 Robust evidence supports the use of 
psychosocial interventions for people in the early 
phases of schizophrenia clinically, functionally, 
and in overall cost effectiveness.134 Coordinated 
specialty care (CSC) or early intervention services is 
a multidisciplinary approach to patients with first 
episode psychosis that emphasises individualised, 
collaborative, and recovery oriented care and has 
been widely implemented as the standard of care 
for these patients in growing numbers worldwide 
since the 1990s.148 Shared decision making is 
central to this approach, integrating evidence based 
treatment with patient defined goals, preferences, 
and values. CSC components can vary by programme 
but typically involve medication management, 
individual therapy, group therapy, family support, 
peer support, supported employment services/
individualised placement and support, and case 
management.

The National Institute of Mental Health funded 
Recovery After an Initial Schizophrenia Episode 
(RAISE) research initiative brought CSC clinics to 
communities across the US alongside the Early 
Psychosis Intervention Network, which links research 
hubs in the US through a national data coordinating 
centre.149 150 Resulting data show that participation 
in a CSC model improves quality of life, mood, and 
adherence to treatment; lowers symptom severity; 
and increases involvement in work and school.149-152 
However, given the variability in the makeup of CSC 
service packages, evidence on which combination of 
services and contextual factors most underlie these 
positive outcomes is lacking. Additionally, with the 

Table 4 | Neuromodulation under investigation for schizophrenia
Treatment Recent developments
Off-label use*
rTMS Moderate efficacy for negative symptoms167; fMRI navigated rTMS effective for auditory hallucinations168

Investigational device exemption†
ECT Effective for treatment resistant cases and catatonia123 124; generally no cognitive decline when augmenting antipsychotics123

tDCS Shows reduction in auditory verbal hallucination and improving cognition169

DBS Initially used for PD, OCD, and MDD170; limited trials; initial improvement with later deterioration171 172; subgenual ACC alleviates positive symptoms172; 
SNr DBS shows sustained hallucination reduction173

Others (MST, tACS) Emerging methods; more evidence needed
ACC=anterior cingulate cortex; DBS=deep brain stimulation; DLPFC=dorsolateral prefrontal cortex; ECT=electroconvulsive therapy; fMRI=functional magnetic resonance imaging; MDD=major 
depressive disorder; MST=magnetic seizure therapy; OCD=obsessive-compulsive disorder; PD=Parkinson’s disease; rTMS=repetitive transcranial magnetic resonance; SNr=substantia nigra pars 
reticulata; tACS=transcranial alternating current stimulation; tDCS=transcranial direct current stimulation.
*Refers to therapeutic approaches not yet officially approved for schizophrenia treatment.
†Indicates therapies permitted for clinical investigation but not yet approved for general clinical use.
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implementation of a complex, multidisciplinary 
model, organisation and resource availability 
must be considered in real world application and 
outcomes.148

Prevention for people at risk for psychosis
Clinical high risk for psychosis (CHR) or the at-risk 
mental state is defined as having one or more of three 
risk syndrome categories: attenuated psychosis, 
genetic risk with functional decline, and brief limited 
psychotic symptoms. They are diagnosed with 
validated semi-structured interviews, and several 
validated screening tools have also been developed. 
About 20% of people with CHR will go on to develop 
schizophrenia within two to three years, and the 
risk increases with time.153 A small but growing 
body of evidence exists for interventions that may 
alter the course of illness. Cognitive behavioural 
therapy for psychosis, as described above, has 
the most robust evidence in reducing attenuated 
psychotic symptoms in patients with CHR and 
reducing the rate of transition to schizophrenia.154 
Some evidence also suggests improved psychosocial 
functioning and psychopathological outcomes 
with a psychoeducation intervention.155 Notably, 
antipsychotic drugs have not been found to be 
effective in preventing the transition to schizophrenia 
or improving long term outcomes for people with 
CHR.156

Stigma
Finally, we must consider the impact of stigma and 
bias in the treatment of schizophrenia, which leads 
to patients with increased self-stigma, emotional 
distress, and poorer recovery outcomes.42  157-159 
Regarding bias, studies show that people from 
racial and ethnic minorities and those with lower 
socioeconomic status are less likely to receive optimal 
interventions for serious mental illness. These biases 

are best reduced by using strategies that tackle bias 
at the clinician, community, and system level.160 161

Emerging treatments
Drug treatments
Although dysfunction of glutamatergic signalling 
has been underscored as a main pathophysiology 
of schizophrenia, no drug targeting this signalling 
has been approved thus far. Continuous efforts are 
taking place by targeting the group II metabotropic 
glutamate receptors 2 and 3, D-amino acid 
oxidase, and glycine transporters. Representative 
investigational drugs include pomaglumetad 
for metabotropic glutamate receptors 2 and 3, 
luvadaxistat for D-amino acid oxidase, and iclepertin 
for glycine transporter 1.162 163

Trace amine associated receptor 1 (TAAR1) has 
recently been regarded as a promising target for 
drug discovery and development for schizophrenia, 
given that a phase 2 clinical trial with ulotaront, a 
TAAR1 agonist, was successful for schizophrenia.164 
The TAAR1 agonist ameliorates the abnormality 
of striatal dopamine deficits, such as excess 
dopamine synthesis capacity and release, at the 
neuropsychopharmacological level.162 However, 
further studies will be needed to assess the potential 
and application of this medicine.165 166

Neuromodulation
Multiple non-invasive approaches, such as 
repetitive transcranial magnetic stimulation (rTMS), 
transcranial direct current stimulation (tDCS), 
and transcranial alternating current stimulation 
(tACS), are under clinical investigation (table 4 and 
table 5).123 rTMS has been applied to patients with 
schizophrenia as an off-label treatment. A meta-
analysis has shown moderate efficacy in alleviating 
negative symptoms,167 whereas functional 
MRI navigated rTMS was effective for auditory 

Table 5 | Studies of neuromodulation for schizophrenia

Study Intervention Type of study
Sample 
size Primary outcomes

Lorentzen et al167 rTMS mainly at DLPFC Meta-analysis 2633 rTMS showed significant improvement in negative symptoms (SMD 0.41, 95% CI 0.26 to 
0.56; P<0.001), corresponding to number needed to treat of ~5

Hua et al168 rTMS at left temporoparietal 
junction

RCT 30 Active rTMS produced significantly greater reductions in Auditory Hallucination Rating Scale 
scores compared with sham (difference 5.96, 95% CI 3.42 to 8.50; F=4.61, P<0.001; Cohen’s 
d=1.17, 95% CI 0.62 to 1.71). Effects were maintained at 6 week follow-up

Chase et al169 tDCS with anode at left 
DLPFC, cathode at left TPJ or 
supraorbital region

Narrative review 192 tDCS shows improvements in adaptive and cognitive control (behavioural and neural 
oscillatory measures); effects on auditory hallucinations are mixed, with some studies 
showing reductions lasting up to 3 months and others no significant benefit, likely owing to 
protocol variability

Wang et al171 Bilateral DBS at habenula Single arm 
clinical trial

2 Case 1 showed improvement during first 7 months (≈8.7% reduction in PANSS negative 
symptoms and 31.6% reduction in general psychopathology) but deteriorated by 10 months. 
Case 2 maintained clinical improvement at 12 months (≈53.8% reduction in PANSS positive 
symptoms, 31.7% in PANSS negative symptoms, and 20.8% in general psychopathology)

Corripio et al172 DBS at NAcc/subgenual ACC Pilot crossover 
RCT

6 Mean PANSS total score decreased by ~21% during active stimulation. 4/6 (67%) patients 
met response criteria (≥25% PANSS reduction). Symptoms worsened when stimulation was 
discontinued. Greater improvement observed with NAcc stimulation than subgenual ACC 
stimulation

Cascella et al173 Bilateral DBS at SNr Single arm 
clinical trial

1 Marked improvement in psychotic symptoms, particularly auditory hallucinations, with 
sustained reductions on clinical rating scales during active stimulation

ACC=anterior cingulate cortex; CI=confidence interval; DBS=deep brain stimulation; DLPFC=dorsolateral prefrontal cortex; NAcc=nucleus accumbens; PANSS=Positive and Negative Syndrome 
Scale; RCT=randomised controlled trial; rTMS=repetitive transcranial magnetic resonance; SMD=standardised mean difference; SNr=substantia nigra pars reticulata; tDCS=transcranial direct current 
stimulation; TPJ=temporoparietal junction.
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hallucinations.168 tDCS reportedly reduced auditory 
verbal hallucinations and improved cognitive 
functions.169

Deep brain stimulation (DBS) is an invasive 
neuromodulation intervention through surgically 
implanted electrodes that uses a fixed frequency 
bi-lobed square wave stimulation of specific 
subcortical brain regions. The interest in using 
DBS in schizophrenia has grown out of the success 
of DBS in Parkinson’s disease, as well as its use in 
treatment resistant obsessive-compulsive disorder 
and major depressive disorder.170 Few trials of DBS 
have been conducted in treatment resistant cases 
with schizophrenia so far (table 4 and table 5). Two 
cases of habenular DBS have been reported, with 
initial improvements followed by deterioration 
within the year.171 Seven patients with treatment 
resistant schizophrenia were randomised to the 
DBS targeting the nucleus accumbens or subgenual 
anterior cingulate cortex.172 More recently, an 
acute and sustained resolution of auditory verbal 
hallucination up to six months was observed in 
a patient with treatment resistant schizophrenia 
after the stimulation of the substantia nigra pars 
reticulata.173

Psychotherapeutic interventions
Several new psychotherapeutic modalities are being 
studied for the treatment of schizophrenia. Two 
examples are Talking with Voices, which covers 
relationship dynamics between voice hearers and 
their voices,174 and compassion focused therapy 
for psychosis, which emphasises compassionate 
patterns of thinking to reduce distress related to 
symptoms of psychosis.175Additionally, modalites 
established for other disorders have been adapted 
for schizophrenia, such as dialectical behavioural 
therapy as well as acceptance and commitment 
therapy.176

Digital health interventions
Digital health interventions take advantage of 
advances in technology to provide low cost and 
scalable interventions for people with mental 
illness. Feasible digital health interventions have 
been developed for people with schizophrenia that 
may improve health outcomes, particularly when 
human support is part of the intervention. More 
research is needed to fully understand the potential 
benefits of these interventions and how they may be 
incorporated into standard care models.177

Digital technology is useful not only for 
interventions but also for monitoring of patients, 
even outside the medical setting. Applications such 
as wearable devices, which can collect data on 
patients’ behaviours and experiences in real time,178 
are increasingly used to identify signs of symptomatic 
exacerbations or relapses from early stages.179

Guidelines
Many guidelines exist for the management of 
schizophrenia, including international and country 

specific guidelines, with few updated within the 
past five years. Among these guidelines, the UK 
National Institute for Health and Care Excellence 
guideline on psychosis and schizophrenia in adults 
(2014),180 the American Psychiatric Association 
practice guideline for the treatment of patients with 
schizophrenia (2020),181 the Royal Australian and 
New Zealand College of Psychiatrists clinical practice 
guidelines for the management of schizophrenia 
and related disorders (2016),182 and the Veterans 
Affairs and Department of Defence (VA/DoD) 
clinical practice guideline for the management of 
first episode psychosis and schizophrenia (2023)183 
are the most comprehensive and provide guidance 
around approach to psychosis, drug therapy, 
non-drug interventions, and systems of care. Of 
these, the VA/DoD guideline is the most recently 
updated and includes visuals such as tables 
and algorithms for quick clinical reference. The 
British Association for Psychopharmacology (BAP) 
guidelines for the pharmacological treatment of 
schizophrenia (2020)184 and Canadian Psychiatric 
Association (CPA) guidelines for pharmacotherapy of 
schizophrenia in adults (2017)185 focus specifically 
on drug interventions, with BAP providing an 
extensive review of pharmacology across the 
course of illness and in special populations such as 
comorbid mood and substance use disorders and 
CPA commenting on the management of aggression 
and comorbid depression. The VA/DoD guideline 
provides more background and consideration 
of military populations, whereas the European 
Psychiatric Association guidance on treatment of 
cognitive impairment in schizophrenia (2022)186 
focuses on both drug and non-drug considerations 
related to the cognitive symptoms of schizophrenia.

International guidelines exist from the World 
Federation of Societies of Biological Psychiatry and the 
International College of Neuropsychopharmacology, 
but these guidelines were last updated in 2013.187 188 
The United Nations High Commissioner for Refugees 
published a guideline in 2017 on managing 
schizophrenia in humanitarian non-specialised 
settings.189

Knowledge gaps
A major barrier to the understanding of schizophrenia 
and its treatment is that this diagnostic construct 
stems purely from clinical observations. As a 
result, patients under the diagnostic construct of 
schizophrenia are biologically heterogeneous.6 190-192  
This hampers a proper understanding of the 
disease and dramatically enhances the failure rate 
in clinical trials.190-192 Thus, we should consider 
schizophrenia as a multidimensional syndrome that 
includes varying degrees of positive and negative 
symptoms, as well as cognitive dysfunction. To close 
these gaps, we may need to consider sub-stratified 
groups in schizophrenia based on their biological 
characteristics. In parallel, we also need to remember 
that the boundaries between schizophrenia and other 
psychiatric disorders (particularly bipolar disorder) 
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are ambiguous, which is the basic motivation of cross-
disease or transdiagnostic research. Accordingly, the 
practical first step towards this goal is to accumulate 
objective biomarkers for schizophrenia, with which 
we can stratify schizophrenia into biologically 
relevant subgroups. The “biotypes” paradigm in 
the BSNIP study is an innovative example.6 These 
efforts may be important to improve the success rate 
of drug discovery and development, which has been 
very successful in oncology under the concept of 
precision medicine.193

Conclusion
Both genetic and epidemiological studies of 
schizophrenia have dramatically advanced in the 
past two decades. Genetic studies have underscored 
the significance of neural and synaptic factors as 
drivers of the disease.12 Many biological studies 
that examine living patients with schizophrenia 
have indicated relatively common but still diverse 
pathophysiological mechanisms, which include 
alterations of neurocircuitry, neurotransmitter, and 
homeostatic signalling cascades such as immune-
inflammatory, redox, and metabolic signalling. How 
the major pathophysiological changes (for example, 
neurocircuitry and neurotransmitter changes and 
alterations of homeostatic signalling cascades) are 
related to each other remains elusive. Recent basic 
neurobiological studies have shown mechanistic 
proofs of how altered immune-inflammatory, redox, 
and metabolic cascades can affect neurocircuitry 
and neurotransmitter signalling during the 
developmental trajectory in model animals.79  194-

199 For example, redox imbalance affects the 
development and functions of neurons, particularly 
interneurons that are impaired in schizophrenia.200 
Dysfunction of microglia, either hyperactivity or 
hypoactivity, affects neurocircuitry formation during 
development.79  196 In analogy to drug discovery 
in oncology, we may expect more than one route 
for success in schizophrenia. As described above, 
figure 1 shows a working model focusing on 
the interference with the interplay between the 
homoostatic signalling cascades and neurocircuitry 
towards drug discovery for schizophrenia. We hope 
that mechanism driven, precision medicine based 
approaches will reshape scientific understanding 
and advanced management for schizophrenia in 
coming years.
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