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Abstract 

Background:  

Genetic testing may provide important diagnostic information for individuals with 

schizophrenia, but the frequency with which clinically significant variants are identified 

across different testing approaches has not been systematically evaluated. 

 

Methods:  

We conducted a systematic review and meta-analysis searching MEDLINE, EMBASE, 

and APA PsycINFO (January 2007–June 2023) for studies reporting results of clinical 

genetic testing in schizophrenia. Two independent reviewers performed abstract/title 

screening, full-text review, and data extraction following PRISMA guidelines. A random-

effects model was used to estimate the pooled and platform-specific proportions of 

individuals with pathogenic or likely pathogenic variants, with heterogeneity assessed 

using the I² statistic. 

 

Results:  

Analysis of 31 studies (20,476 participants) showed that 6% (95% CI: 4% to 7%) of 

individuals with schizophrenia had a clinically significant genetic variant identified. 

Detection rates were 6% (95% CI: 4% to 8%) for chromosomal microarray, 5% (95% CI: 

–0.02% to 12%) for exome sequencing, and 7% (95% CI: 2% to 12%) for genome 

sequencing. Substantial heterogeneity was observed across studies (I² = 95.9%). 
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Geographic representation was limited, with no studies from Latin America, South Asia, 

or Africa. 

 

Conclusions:  

Genetic testing identifies clinically informative variants in approximately 6% of 

individuals with schizophrenia. However, substantial heterogeneity across studies and 

limited geographic representation underscore the need for more standardized testing 

approaches and broader population sampling in future genetic research on 

schizophrenia. 
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Introduction 

Schizophrenia is a severe psychiatric disorder with a global lifetime prevalence of 

approximately 1% (1). It is clinically characterized by hallucinations, delusions, 

motivational and cognitive dysfunction and is associated with significant functional 

impairment (2). Due to the enormous individual and societal burden of schizophrenia, 

there has been a concerted effort to understand its genetic basis in hopes of improving 

both diagnosis and treatment (3). Advances in genetic sequencing technologies have 

allowed for the investigation of the genetic architecture of schizophrenia (4). Both small 

effect-size common variants (e.g. single nucleotide polymorphisms {SNPs}) and large 

effect-size rare variants (e.g. copy number variants {CNVs} and single nucleotide 

variants {SNVs}) contribute to the genetic risk of schizophrenia (5–10).  

 

Clinical genetic tests, such as chromosomal microarray (CMA), exome sequencing 

(ES), and genome sequencing (GS), are routinely used to detect large-effect size, rare 

SNVs and CNVs in several neurodevelopmental disorders (NDDs), including intellectual 

disability (ID) (11), developmental delay (DD) (12), autism spectrum disorders (ASD) 

(12), cerebral palsy (CP) (13), and epilepsy (14), but their use in schizophrenia is not 

yet widespread (15). A lag in identifying high-confidence rare genetic variants (5)a lack 

of genetics education in psychiatry (16), and less certain clinical benefit (15) all likely 

contribute to differences in genetic testing practices between individuals with other 

NDDs and schizophrenia.  
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Table 1. Variants Detected at Elevated Rates in Schizophrenia Cohorts With 
Clinical Implications 
 

Genetic 
Varianta 

Type Clinical Implications Reference(s) for 
Clinical 
Implications 

Odds 
Ratiob 

UKBB 
Prevalence 
Per 100,000c 

22q11.2 
deletion 

CNV Routine neurocognitive surveillance to detect 
cognitive decline and support academic needs 
 
Screen for early-onset Parkinsonism due to 
increased risk in adults  
 
Monitor calcium, thyroid, and cardiac status as 
abnormalities may present with neuropsychiatric 
symptoms 

(17,18) 67.7 2.2 

3q29 deletion CNV Increased anxiety and social disability; early 
behavioral support recommended 
 
Feeding and growth issues may occur; monitor 
nutritional status 
 
Consider cardiac and GI evaluation given associated 
anomalies 

(19) 57.7 2.0 

NRXN1 
deletion 

CNV Consider baseline EEG even without overt seizures, 
given elevated risk 
 
Cardiology evaluation if any history or findings 
suggest possible congenital heart disease 

(20) 14.4 38.3 

15q13.3 
deletion 

CNV Elevated rates of aggressive and impulsive behavior 
in addition to schizophrenia 
 
If co-managing psychiatric symptoms with epilepsy, 
consider avoiding oxcarbazepine because of reports 
of clinical worsening and consider prioritizing 
valproate because of reported effectiveness  
 
Case reports of improved aggression and cognition 
with galantamine use, that may reflect correction of 
deficits in α7 nicotinic cholinergic receptor mediated 
neurotransmission, arising from haploinsufficiency of 
CHRNA7 

(21–23) 7.5 10.2 

15q11.2-
q13.1 
duplication 

CNV Maintain vigilance for new-onset or recurrent 
epilepsy even in adulthood; As indicated, coordinate 
neurology follow-up, consider baseline/updated EEG, 
and avoid medications that substantially lower 
seizure threshold. 

(24) 13.2 4.1 

15q11.2 
BP1–BP2 
Deletion 

CNV Low penetrance, but highly pleiotropic. Frequently 
inherited from unaffected parent, which could require 
additional counseling 

(25) 2.2 380.3 

7q11.23 
duplication 

CNV Close monitoring for anxiety disorders, which occur 
at very high rates 
 
Consider non-stimulants for managing ADHD given 
high rates of stimulant-induced insomnia and anxiety 
 
Consider referral to cardiology for assessment of 
aortic root dilation, which approximately half of 
patients have 
 
Frequent feeding and gastrointestinal issues which 
may be mistaken for eating disorders 

(26) 16.1 3.5 

16p11.2 
duplication 

CNV Though ASD rates are similar to deletion carriers, 
duplication carriers with ASD are significantly more 
cognitively impaired and have higher rates of focal 

(27) 11.5 30.9 

Jo
urn

al 
Pre-

pro
of



 

 

 7 

epilepsy (~19%), requiring nuanced treatment 
approaches 

16p13.11 
duplication 

CNV Consider cardiology referral prior to starting 
psychotropics with cardiac effects given elevated risk 
of congenital heart defects and aortic aneurysms 
(>20% of cases) 
 
Low penetrance, but highly pleiotropic. Frequently 
inherited from unaffected parent, which could require 
additional counseling 

(28) 2.3 193.3 

1q21.1 
duplication 

CNV Be aware that overgrowth (i.e., macrocephaly, tall 
stature, and obesity) is very common in this disorder, 
so additional etiological work-ups (e.g. endocrine 
dysfunction) are more likely to be negative. 
  
Consider cardiology referral, given high rates of 
congenital heart disease  

(29) 3.5 42.0 

1q21.1 
deletion 

CNV Frequently have early-onset and persistent fine 
motor impairments and subtle neurologic signs (e.g., 
tremor, hyperreflexia) that could be mistaken for 
psychotropic side effects.  
 
Monitor closely for internalizing disorders during 
adolescence  

(30) 8.4 25.9 

GRIN2A SNV In some GRIN2A loss-of-function or null variants, L-
serine may improve behavior, development, EEG 
findings, and/or seizures. 
 
In GRIN2A gain-of-function variants, avoid NMDAR 
agonists (e.g., L-serine); in loss-of-function or null 
variants, use NMDAR blockers (e.g., memantine, 
dextromethorphan, ketamine) with caution 

(31–33) 24.1 4.0 

SETD1A SNV Reported cases of treatment-resistance and clinical 
deterioration. Preclinical animal studies show rescue 
with LSD1 antagonism, a potential future therapy.  

(43–46) 10.3 5.5 

 
CNV Copy number variant, SNV Single Nucleotide Variant, UKBB United Kingdom 

Biobank. aVariants obtained from (5,7–9). bOdds ratios obtained from (4,5,8–10). cUKBB 

SNV Frequencies obtained from (52) and CNV frequencies obtained from (53) 

 

The delay in genetic translation for schizophrenia has limited the potential opportunities 

for patients and families to reap the established benefits of genetic testing in NDDs and 

may further exacerbate healthcare disparities for those with mental illness. For example, 

genetic testing can inform reproductive decision-making, empower families to make 

more informed healthcare decisions, inform prognosis and medical surveillance, allow 

for gene-based clinical trial referral, and, in some instances, lead to changes in medical 
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and psychiatric management (Table 1) (16,54). Additional schizophrenia-associated 

rare variants without clinical implications are listed in the supplement (Table S1).   

 

The significant uncertainty in the diagnostic yield of genetic testing for schizophrenia is 

an additional major barrier to appropriate implementation (12). Diagnostic yield refers to 

the rate at which pathogenic or likely pathogenic (P/LP) genetic variants are identified 

through clinical genetic testing. For virtually all psychiatric disorders, an identified 

genetic variant does not account for the full underlying disease risk, as many additional 

environmental, genetic, and epigenetic factors contribute beyond the P/LP variant (15). 

Moreover, in schizophrenia, these variants are neither necessary nor sufficient for 

diagnosis, and are often pleiotropic, associated with a broad range of 

neurodevelopmental and psychiatric outcomes. This means that the presence of a 

variant does not imply specificity to schizophrenia, nor does its absence rule out genetic 

contributions. Many individuals in the reviewed studies likely had co-occurring 

neurodevelopmental conditions such as intellectual disability, autism, or epilepsy, which 

may not have been consistently reported or fully characterized, especially in older 

studies. As a result, the reported detection rates may not generalize to the broader 

population of individuals with “typical” adult-onset schizophrenia without such 

comorbidities. Additionally, the landscape of variant detection is evolving, with earlier 

identification in childhood and improvements in variant classification over time—

rendering “yield” a moving target. Current estimates of diagnostic yield range from as 

low as 1% (16) to as high as 51% (17). Without more reliable and contextually nuanced 
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estimates across genetic testing platforms—similar to those available in other 

neurodevelopmental disorders (Table 2)—full integration of genetic testing into the 

clinical management of schizophrenia will remain limited (12). Therefore, we conducted 

a systematic review and meta-analysis of studies that performed genetic testing with 

CMA, ES, or GS in individuals with schizophrenia to better characterize current variant 

detection rates and their potential relevance to clinical care.  

 

 

Table 2. Diagnostic yield of genetic testing across neurodevelopmental disorders 

Neurodevelopmental disorder Chromosomal microarray (%) Exome sequencing (%) Genome sequencing (%) 

DD and/or ID 15 – 20 (58) 31(12) – 34 (11)  35 - 43 (11,59,60) 

ASD 4.3 (61) - 9.3 (61)  2.7 (61) - 8.4 (61) 7.8 (61) – 10 (62)  

Epilepsy 8 (63) 45 (63) 47.5 (64) 

Cerebral Palsy 5 (13) 31.1 (65) 11.3 (66)  

ASD = Autism Spectrum Disorder, DD = Developmental Delay, ID = Intellectual 
Disability. Numbers in brackets are references for diagnostic yield values.  
 

 

 

Methods 

We conducted a systematic review adhering to a registered PROSPERO protocol 

(CRD42023409096). Data extraction was performed in accordance with the protocol, 

with details available on PROSPERO. (67) We collected data on demographics, clinical 

characteristics, methodological specifics, and study outcomes. Articles were assessed 

for quality using the ROBINS-I (Risk of Bias in Nonrandomized Studies of Interventions) 
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tool (68). The review followed guidelines from the Cochrane Handbook for Systematic 

Reviews of Interventions (69).   

 

In brief, we conducted a systematic review of studies across the MEDLINE/PubMed 

(pubmed.gov), EMBASE (embase.com), and APA PsycINFO (proquest.com) databases 

that were published between January 1, 2007, and June 2, 2023. The search strategy 

employed disease-specific words such as “schizophrenia”, “schizoaffective disorder”, 

and “psychosis”; sequencing terms including “copy number variation”, “genome 

sequencing”, and “chromosomal microarray”; and related content terms including 

“diagnostic yield”.  

 

For a study to be included, all patients had to have undergone genetic testing with CMA, 

ES, or GS. The included studies must have reported the number of patients who 

underwent diagnostic genetic testing, the number of patients with P/LP) results, and 

whether or not they used the American College of Medical Genetics 

(ACMG)/Association for Molecular Pathology (AMP) pathogenicity criteria (70). Studies 

were included even if they only reported a single variant type when the genetic platform 

could detect multiple variant types (e.g. GS study only reports SNV yield) (Table S2). 

Studies included all individuals with schizophrenia spectrum disorders who underwent 

genetic testing, with no exclusions based on the presence of known large-effect variants 

such as 22q11.2 deletion syndrome (22q11DS) or other pathogenic CNVs. There were 

no exclusions based on patient psychiatric or medical co-occurrences. Additional 
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exclusion criteria included studies that examined animals only, performed in a non-

English language, were literature reviews or guidelines, or did not have the patient 

population or outcome of interest (Table S3).  

 

After database searches were completed, all records were imported into Covidence 

(Veritas Health Innovation, Melbourne, Australia), which automatically removed 2,442 

duplicate records. An additional 11 duplicates were removed manually by the review 

team, for a total of 2,453 duplicates excluded prior to screening. The remaining 6,918 

records were screened by two independent reviewers using titles and abstracts. Full-

text articles were retrieved and reviewed for all 109 studies meeting inclusion criteria or 

requiring further clarification (Tables S3 and S4). Discrepancies at both screening 

stages were resolved by consensus or third-party adjudication. Thirty-one studies were 

ultimately included in the final review and analysis (Figure 1). 

 

One investigator assessed the risk of bias using the Risk of Bias in Nonrandomized 

Studies of Interventions (ROBINS-I) across seven distinct domains (68).  These 

domains include: bias due to confounding; bias in selecting participants for the study; 

bias in classification of interventions; bias due to deviations from intended interventions; 

bias due to missing data; bias in measurement of outcomes; and bias in the selection of 

reported results. Each of the seven domains was characterized as having low, 

moderate, serious, or critical risk of bias. The composite of these domains was then 

characterized into an overall risk of bias.  
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Using a random-effects model from the ‘metafor’ package (71) in R version 4.3.0 (2023-

04-21), we computed the pooled diagnostic yield—defined as the proportion of 

individuals with a P/LP variant on genetic testing. Individual diagnostic yields for each 

sequencing modality and the presence or absence of NDDs were also calculated. 

Publication bias was assessed via the rank correlation test for funnel plot asymmetry. 

Heterogeneity was assessed by calculating the amount of heterogeneity (𝛕2) and how it 

affected between-study variability (I2) with the Wald and likelihood ratio tests. 

 

To investigate the source of the heterogeneity, we then applied a mixed effects meta-

regression, including the following study characteristics as the fixed effects: 1) 

genotyping platform, 2) ancestry compositions of the participants, 3) the version of 

ACMG criteria, 4) reported neurodevelopmental co-occurrences, 5) use of pre-selected 

variants, 6) proportions of biological sex,  7) year of publication, and 8) CNV reporting 

practices  (Table S3). The co-occurrences included epilepsy, ID, ASD, attention deficit 

hyperactivity disorder, learning disabilities, obsessive-compulsive disorder, and DD 

(Table S3). Developmental delay was defined broadly as including any individual with 

delays in one or more milestones. Most studies were not specific enough in the use of 

this terminology to determine if they patients met formal diagnostic criteria for global 

developmental delay, having delays in ≥2 domains. We also conducted a separate 

meta-regression to compare the diagnostic yield of studies using ES or GS that reported 

both CNVs and SNVs, versus studies using CMA that reported only CNVs. This 
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analysis was performed to control for differences in reporting scope across sequencing 

platforms. 

 

Results 

6,918 studies were initially identified, 109 studies underwent full-text review, and 31 

studies were ultimately included for data extraction (Figure 1). Of note, Farrell et al. 

(2023) performed both CMA and ES on their cohort and reported the CNV diagnostic 

yield of each platform separately, so results from that study are included in both CMA 

and ES analyses.  Therefore, their diagnostic yield results were included in both our 

CMA and ES analyses. The extracted studies were published between 2008 and 2023 

and analyzed 20,476 participants. Among these, twenty-seven studies focused on 

patients with adult-onset schizophrenia, while four studies considered patients with 

childhood-onset schizophrenia or early-onset psychosis and one with both age groups. 

Included studies reported diagnostic findings for well-established large-effect 

schizophrenia-associated variants (Table S3).  

 

Risk of Bias in Nonrandomized Studies of Interventions (ROBINS-I) was used to 

determine a composite risk of bias. Eleven of the included studies had a serious risk of 

bias, sixteen had a moderate risk of bias, and four had a low risk of bias (Figure S1). 

We stratified the included studies into cohorts based on the sequencing technology 

used with Farrell et al (2023) being counted in both CMA and ES groups: CMA (n = 26), 

ES (n = 3), and GS (n = 3). A random effects meta-analysis revealed the pooled 
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diagnostic yield to be 6% (95% CI 4% to 7%) (Figure 2). The diagnostic yield by 

sequencing subgroup was 6% for CMA (95% CI 4% to 7%), 5% for ES (95% CI -0.02% 

to 12%), and 7% for GS (95% CI 2% to 13%). Note that confidence intervals for 

subgroup estimates may extend slightly below 0 due to model-based transformation and 

small sample size, not reflecting true negative proportions. I2 for the included studies 

was 95.9%, indicating substantial heterogeneity in the included cohorts. To check for 

publication bias, funnel plot asymmetry tests were performed (Figures S2-S5). Rank 

correlation tests for funnel plot asymmetry indicate publication bias in the studies that 

employed CMA (Kendall’s tau = 0.35, p = 0.01) and in the pooled analysis (Kendall’s tau 

= 0.43, p = 0.0004) (Figures S2 and S3). The tests for the ES and GS studies did not 

show significant publication bias (Kendall’s tau = 1, p = 0.33 for both), but these subsets 

consisted only of three studies each, suggesting that they may be underpowered 

(Figures S4 and S5).  

 

To better understand the high heterogeneity, we evaluated several key characteristics 

that varied across the studies using meta-regression: the technology used to analyze 

genes, the ethnic/ancestral background of the participants, which version of genetic 

testing guidelines was used, NDD co-occurrences, year of publication, CNV reporting 

practices (including size thresholds and gene annotation), whether the studies looked at 

specific pre-selected genetic variants, and proportion of each sex. When we accounted 

for all these factors, we were able to explain a significant portion of the differences 

between studies, reducing the unexplained variation from 97.5% to 76.9%.  The 
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strongest driver of diagnostic yield was the presence of NDD co-occurrences, which 

alone explained 13.6% of between-study variance (LRT = 67.5, p < 1e-12). Specifically, 

intellectual disability was significantly associated with increased diagnostic yield 

(estimate = 0.0457, p = 0.0011), as was early age of onset (estimate = 0.0348, p = 

0.0893). Studies that reported overlap of CNVs with known NDD or schizophrenia-

associated genes also had significantly higher yield (Q = 9.62, p = 0.0019). Finally, 

more permissive CNV size thresholds (e.g., >10 kb or >20 kb) were associated with 

significantly higher yield (Q > 7.4, p < 0.01), suggesting that inclusive reporting practices 

may improve the likelihood of identifying pathogenic variants in schizophrenia. We also 

tested for potential time-lag bias by including publication year as a moderator in the 

meta-regression; however, year of publication was not significantly associated with 

diagnostic yield (Q = 1.98, p = 0.159), suggesting that shifts in interpretation standards 

over time did not substantially influence the pooled results. In a separate analysis 

comparing only studies that used ES or GS and reported both CNVs and SNVs (n = 3) 

to CMA studies reporting only CNVs (n = 24), the diagnostic yield for ES+GS studies 

was 7.5%, slightly higher than that of CMA studies; however, this difference was not 

statistically significant (estimate = –0.0160, 95% CI: –0.0688 to 0.0368, p = 0.55). 

 

Discussion 

This systematic review and meta-analysis provides a comprehensive assessment of the 

diagnostic yield of genetic testing in individuals with schizophrenia, revealing a pooled 

diagnostic yield of 6% across all genetic testing modalities and yields of 6%, 5%, and 

Jo
urn

al 
Pre-

pro
of



 

 

 16 

7% for CMA, ES, and GS, respectively. The Royal College of Psychiatrists recently 

recommended considering CMA testing for individuals with schizophrenia, based on a 

reported 2.5% yield of CNVs (72). Therefore, our observed yield estimate of 6% (an 

almost 2.5-fold increase) further strengthens the argument in favor of genetic testing for 

individuals with schizophrenia. These results suggest that genetic testing has the 

potential to inform (although not necessarily change) clinical management for 

approximately one in 17 patients with schizophrenia —a useful average estimate based 

on our pooled diagnostic yield of 6%. However, this figure should be interpreted in the 

context of substantial between-study heterogeneity, and importantly, the term 

"diagnostic yield" should be interpreted with caution in this context, as the identified 

variants are neither necessary nor sufficient for a diagnosis of schizophrenia and often 

show pleiotropy across multiple neurodevelopmental and psychiatric conditions. Meta-

regression revealed that diagnostic yield was significantly higher in individuals with co-

occurring neurodevelopmental disorders—particularly those with intellectual disability—

and in those with earlier age of onset, indicating that these populations may especially 

benefit from clinical genetic testing, in line with Royal College of Psychiatrists guidelines 

(72). Previously reported enrichment of CNVs in childhood-onset schizophrenia vs 

adult-onset schizophrenia cohorts (73) and elevated yields (19%) in ES studies of 

childhood-onset schizophrenia (74) suggest that the diagnostic yield of P/LP variants in 

these groups may be higher than in adult-onset schizophrenia, but larger sequencing 

studies in young patients with NDDs and schizophrenia are required to confirm this. Our 

meta-regression confirms that the presence of neurodevelopmental co-occurrences is 

Jo
urn

al 
Pre-

pro
of



 

 

 17 

the strongest predictor of diagnostic yield, with intellectual disability and earlier age of 

onset each independently associated with significantly higher yield. These findings 

provide further evidence to prioritize genetic testing in individuals with schizophrenia 

and NDD features. 

 

We found no significant difference in diagnostic yield between CMA, ES, and GS, 

contrasting with some NDDs where next-generation sequencing techniques show 

higher yields than CMA (Table 2). This may suggest that CNVs are a relatively more 

frequent rare variant than SNVs in schizophrenia (5), which is different from other NDDs 

(75).  However, if that were the case, we would expect GS, which can detect both CNVs 

and SNVs most reliably, to have a significantly higher diagnostic yield than either CMA 

or ES alone, which is not observed. One factor that could help account for this observed 

discrepancy is the inconsistent reporting of both SNVs and CNVs across studies. Some 

of the GS and ES studies only reported one variant type (Table S2) (42,76,77), which 

may have led to artificially depressed diagnostic yields. In a subset analysis limited to 

ES and GS studies that reported both CNVs and SNVs, we observed a higher 

diagnostic yield (7.5%) compared to CMA-only studies (6.0%), though the difference did 

not reach statistical significance, likely due to limited sample size. These results suggest 

that when both variant types are systematically reported, ES and GS may ultimately 

outperform CMA in diagnostic sensitivity (74,78,79). In addition, we found that more 

permissive CNV size thresholds and reporting of CNV overlap with neurodevelopmental 

or schizophrenia-associated genes were both significantly associated with higher 
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diagnostic yield, suggesting that inclusive and gene-informed reporting practices can 

improve clinical return. Taken together, this suggests that more complete reporting of 

variants of all types and sizes may significantly increase the diagnostic yield seen with 

ES and GS.  

 

An additional factor that may have depressed diagnostic yields across all platforms is 

challenges in applying ACMG/AMP P/LP classification criteria to variants found in 

schizophrenia, which are underrepresented in clinical testing databases. Multiple 

individuals with the same variant and phenotype must have been previously reported 

and recorded in public databases such as ClinVar (80) to meet the threshold for 

ACMG/AMP P/LP status (70). While this is practical for disorders with high rates of 

clinical genetic testing and reporting, such as ID or epilepsy, it may result in many 

variants associated with schizophrenia being classified as variants of uncertain 

significance, as we have encountered in our experience with GS in early-onset 

psychosis (unpublished). This is further supported by the increase in diagnostic yield of 

GS from 1.8% to 8.9% for extremely treatment-resistant schizophrenia when 

pathogenicity criteria were relaxed from ACMG/AMP criteria to include any missense or 

loss-of-function variant in an intolerant, schizophrenia-associated genes (77). We also 

expect the yield of GS will likely increase over time as the role of additional variant 

classes detectable on GS, such as short-tandem repeats, are further characterized for 

schizophrenia (81). Long-term follow-up and psychiatric phenotyping of patients who 

receive genetic testing as part of newborn screening (82) or very early in childhood for 
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developmental delays (83), will help further establish associations between genetic 

variants and schizophrenia onset. However, clinicians will need to be increasingly 

conscious about appropriately counseling parents on their child’s future risk of 

developing schizophrenia (15,84). 

 

There are some limitations to our study. First, the lack of geographic diversity in the 

included studies, with notable absences from Latin America, South Asia, and Africa, 

limits the generalizability of our results to populations of non-European ancestry and 

highlights significant disparities in global genetic research. Next, we observed high 

heterogeneity between studies. Through meta-regression analysis, we were able to 

explain approximately 21% of this heterogeneity through measured variables, with NDD 

co-occurrences being the strongest predictor (13.6% of variation). This also is a likely 

underestimate of the true value, as NDDs may not have been equally captured in all 

study populations, as it is known that diagnostic rates vary between populations of 

different socioeconomic and ancestral backgrounds. Furthermore, diagnostic criteria for 

ASD changed in 2013, and may have resulted in a decrease in ASD prevalence by as 

much as 9% (85), although overall diagnostic rates of ASD have risen globally (86). 

How these changes impacted reported NDD co-occurrence rates is unclear and 

requires further follow-up. However, substantial unexplained heterogeneity remains, 

likely due to differences in study populations, methodologies, and unmeasured factors 

such as detailed clinical phenotyping methods and variant interpretation practices. 

Additionally, our risk of bias assessment (Figure S1) revealed that nearly half of the 
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included studies had a serious risk of bias, with the remainder split between moderate 

and low risk. In combination with the limited phenotyping data available for many 

cohorts, these factors make it difficult to determine the extent to which our findings 

generalize to individuals with “typical” adult-onset schizophrenia without cooccurring 

neurodevelopmental disorders. These limitations collectively highlight the need for more 

standardized approaches to genetic testing and variant interpretation in schizophrenia 

research.  

 

Another limitation was the variability in methods for evaluating P/LP variants across 

studies.  ACMG/AMP criteria for interpreting variant data were published in 2015 (70), 

while some of the included studies were published before then. Future studies should 

aim to use consistent methodologies and reporting standards to facilitate more robust 

meta-analyses and to provide clearer guidance for clinical practice. Specifically, we 

would recommend the following approaches (1) using consistent variant interpretation 

guidelines such as the ACMG/AMP criteria (70); (2) ensuring uniform diagnostic yield 

reporting by including all detected pathogenic or likely pathogenic variants; (3) 

increasing diversity by enrolling participants from underrepresented populations to 

ensure broader genetic representation; (4) ensuring that the presence of NDD co-

occurrences are captured and reported.  
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Based on the findings of this systematic review and meta-analysis, genetic testing 

shows promise in identifying underlying genetic factors in a subset of individuals with 

schizophrenia. The pooled diagnostic yield of 6% suggests that genetic testing could 

potentially provide valuable insights for some patients. While this yield is lower than in 

some other NDDs, it highlights the complex genetic architecture of schizophrenia and 

opens avenues for further research. The results encourage continued exploration of 

genetic testing in schizophrenia, with the potential to inform clinical practice. However, 

the high heterogeneity between studies and the lack of ancestral diversity in the 

included studies underscores the need for more standardized approaches and broader 

representation in future genetic testing studies in schizophrenia. As our understanding 

of the genetic basis of schizophrenia continues to grow, refinement of variant 

interpretation methods may lead to improved diagnostic yields and, ultimately, more 

precision approaches to schizophrenia management. At the same time, caution is 

warranted when applying terms like “diagnostic yield” to schizophrenia, given the 

nonspecific and incompletely penetrant nature of these variants. The concept remains 

useful as a general indicator of returnable results, but should not be equated with 

diagnostic certainty. These findings lay a foundation for future research that could 

bridge the gap between genetic insights and clinical applications in schizophrenia care. 
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Figure Titles and Legends 

 

Figure 1: PRISMA flow diagram 

 

Figure 1 Legend: Abbreviations: CMA = chromosomal microarray, ES = exome 

sequencing, GS = genome sequencing, SCZ = schizophrenia.  

 

Figure 2: Forest plot of diagnostic yield for genetic testing in schizophrenia by 

sequencing modality 

 

Figure 2 Legend: Abbreviations: df = Degrees of Freedom, I² = Percentage of variation 

across studies due to heterogeneity, n = number of individuals with a positive genetic 

test, N = sample size, Q = Cochran's Q statistic for heterogeneity, QM = Q statistic for 

subgroup differences, RE = Random effects, τ² = estimate of between-study variance. 

Note: Squares represent the effect size for individual studies, with larger squares 

indicating greater weight. Horizontal lines represent 95% confidence intervals. 

Diamonds represent pooled estimates for each subgroup and overall.  
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Identification of new studies via databases and registers
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(n = 6,809)

Reports sought for retrieval
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