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Abstract
Background

People with schizophrenia often exhibit a premorbid intelligence quotient (IQ) de�cit. A genetic overlap
between schizophrenia and IQ has been found, indicating shared genetic variants underlying the risk of
schizophrenia and a low IQ. However, literature has emerged that offers contradictory �ndings about this
issue. The aim of this systematic review will be to analyse and summarize the evidence that explores
genetic variants associated with schizophrenia and IQ. 

Methods

A search will be carried out in four electronic databases (MEDLINE via PubMed, PsycINFO, Web of
Science and Scopus). The search strategy will include terms related to “schizophrenia”, “genetic variants”
and “intelligence quotient”, which will be adapted to medical subject headings (Mesh) format, Thesaurus
format and free text. The team of reviewers will record the results in a bibliographic manager software
and conduct the selection process. Observational studies examining human adults with schizophrenia
that explore the association between genetic variants and the IQ of the participants will be considered.
The risk of bias of the primary studies will be assessed using the genetic study quality tool (Q-Genie).
After data extraction, the main results will be presented in a narrative synthesis.

Discussion

The �ndings of this systematic review may help us understand if there is genetic overlap between
schizophrenia and IQ, and to identify speci�c genetic factors involved.

Systematic review registration

PROSPERO CRD42020218842.

Background
Schizophrenia is a chronic mental disorder characterized by a distinctive symptomatology that includes
hallucinations, delusions, disorganized thinking and functional impairment (1, 2). There is great
variability in its epidemiology, multiple clinical presentations and generally begins in late adolescence or
early adulthood (3). Schizophrenia ranked the 12th most disabling disorder among 310 diseases and
injuries globally in 2016 (4), affecting around 21 million people worldwide (5).

Cognitive de�cit is a central feature in schizophrenia, and is often present before the onset of the disease.
These �ndings suggest that cognitive dysfunction could be a risk factor for developing schizophrenia (6–
8). In this line, a lower intelligence quotient (IQ) has been observed in children who later developed
schizophrenia (9), in individuals at high risk of suffering it (10), and in relatives of patients with the
disorder (11). The meta-analysis by Khandaker et al., where different cohort studies were included,
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con�rmed a premorbid IQ de�cit in people with schizophrenia, who showed a mean IQ of 93.6 (6).
Moreover, Kendler et al. found that deviation of the individual IQ from the family IQ conferred risk of
developing schizophrenia (12). Therefore, when people do not reach their parents intelligence they would
have an increased susceptibility for the disease. Given that the IQ is hereditary (13), reliable and stable
(14), it has been proposed as a promising endophenotype of the disease.

In addition to the efforts for recognizing observable endophenotypes of schizophrenia, there is also
interest in identifying genetic markers of the disease. It has been proven that schizophrenia has a strong
genetic base with an estimated heritability of about 80% (6, 7). However, this disorder is genetically and
phenotypically complex, as it is in�uenced by both genomic and environmental factors that interact
regulating genetic expression (8). To date, genome-wide association studies (GWAS) evidenced that a
substantial proportion of the heritability of schizophrenia is explained by a polygenic effect involving
thousands of single nucleotide polymorphisms (SNPs) of small effect. In a large-scale GWAS, the
Schizophrenia Working Group of the Psychiatric Genomics Consortium (PGC) identi�ed 108 loci related
to the disorder (9). More recently, a meta-analysis found another 50 loci associated to schizophrenia (10).

Interestingly, an overlap between genetic factors associated with vulnerability to schizophrenia and
neurocognitive function has been found. The Cognitive Genomics Consortium (COGENT) reported that
polygenic risk score (PRS) for schizophrenia is related to lower general cognitive ability (11). In the
general population, Sniekers et al. obtained a genetic correlation between IQ and schizophrenia (12). In
addition, SNPs such as rs1011313, located in genes involved in the glutamatergic system (DTNBP1) have
been related to both neurocognition and susceptibility to schizophrenia (13). These data indicate possible
shared genetic factors predisposing to schizophrenia and low IQ, so their identi�cation would contribute
to understand the biological mechanisms of the disorder.

Previous bibliographic reviews addressing the relationship between these variables lack a systematic
methodology or a description of the search strategies (14, 15). Furthermore, there is currently no
bibliographic review that focuses speci�cally on the genetic variants associated with both phenotypes.
The objective of this systematic review will be to to analyze the existing literature on genetic variants
associated with both schizophrenia and IQ to identify possible polymorphisms underlying the genetic
overlap.

Methods And Analysis
For the elaboration of this protocol, the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols (PRISMA-P) guideline was followed (see the checklist in Additional �le 1). This study
has been registered in the International Prospective Registry of Systematic Reviews (PROSPERO
CRD42020218842).

Eligibility criteria
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Studies that meet the following criteria will be selected: a) studies examining human adult population
with diagnosis of a schizophrenia spectrum disorder; b) genetic studies exploring genetic variants
including single nucleotide polymorphisms (SNPs), copy number variations (CNV), genomic insertions or
genomic deletions; c) studies estimating the participants premorbid IQ and exploring its association with
genetic variants; d) original studies with an observational design, including cross-sectional, case-control
and cohort studies; e) studies written in English.

Studies with the following characteristics will be excluded: a) animal model or cell line studies; b) studies
that lack the genotyping or IQ estimation of the participants, as well as studies that do not address the
relationship between these variables; c) studies that use PRS that do not identify speci�c genetic variants;
d) review or meta-analysis articles; d) not peer-reviewed literature, single case studies, books, editorials or
theses.

Outcomes
This systematic review will analyze the overlap between the genetic variants associated with both
schizophrenia and IQ. Therefore, the main outcome will be evidence of genetic association between these
two phenotypes, found through GWAS or candidate gene strategies. Speci�c genetic variants or genes
that are associated with the disease and the IQ will be described.

If studies comparing individuals with schizophrenia and healthy controls are found, these results will be
analyzed as additional outcomes. The IQ of the participants will also be compared between different
studies, and possible differences between men and women will be explored.

Search strategies and information source
The bibliographic search will be carried out in the electronic databases of MEDLINE via PubMed,
PsycINFO, Web of Science (WOS) and Scopus. For the search strategy, Mesh terms related to
“schizophrenia”, “genetic variants” and “intelligence quotient” will be used to explore MEDLINE. Similarly,
these terms will be adapted to the Thesaurus format for searching PsycINFO. Subsequently, this strategy
will be adjusted to free text in order to search the other databases (see Additional �le 2). To narrow the
results, the document type (article) will be set as limit. The strategy described was established after
consulting an expert librarian in Health Sciences from the University of Cantabria (Santander, Spain).

Study records and selection process
Once the electronic databases have been searched, all the results will be recorded in EndNote, a
bibliographic manager. Subsequently, the duplicate records will be eliminated and the team of reviewers
(NMG, SBM) will evaluate the titles and abstracts of each article, identifying candidates for inclusion. In
the next phase, the team of reviewers will analyze the full text of these articles independently, selecting
those that meet the eligibility criteria described above. Doubts and discrepancies will be consulted with a
postdoctoral researcher (ESS) and a senior researcher (RAA), and will be solved in consensus by the
entire team. The article selection process will be recorded and presented in a PRISMA �ow chart.
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Assessment of risk of bias of primary studies
The literature quality evaluation will be independently performed by two reviewers using the quality of
genetic studies (Q-Genie) tool, which evaluate the risk of bias of genetic association studies (16). This
tool contains 11 items that are rated on a 7-point Likert scale (1 = poor quality, 7 = excellent quality) to
assess different categories. A global score can be estimated, indicating if the overall quality of the study
is poor (scores ≤ 35 for studies with control groups and scores ≤ 32 for studies without control groups),
moderate (total scores > 35 and ≤ 45 for studies with control groups and scores > 32 and ≤ 40 for studies
without control groups) or good (total scores > 45 for studies with control groups and scores > 40 for
studies without control groups). The discrepancies will be solved by consensus with the entire review
team, and the global scores of the studies will be presented in the results section.

Data extraction
The data will be extracted by the team of reviewers. First, titles and abstracts will be screened for
potential inclusion in the systematic review. Those articles that meet the inclusion criteria will be selected
and the full text will be reviewed. A standardized table will be designed by the entire team, where all data
will be recorded, including: author, year of publication, country of origin, study design, type of genetic
study, ethnicity, genetic variants investigated, genes investigated, sample size (patients and healthy
controls if applicable), percentage of men and women, mean age, mean IQ, instruments for IQ measuring
and main �ndings.

Data synthesis
A narrative synthesis of all the relevant data of the studies included in the review will be presented,
including a summary table adapted from the Excel table where the data extraction was carried out. The
data will be grouped in the results section according to the type of genetic variation and the gene
investigated in the different studies. It will be considered the genetic overlap between both phenotypes.

Discussion
Here, we presented a protocol for conducting a systematic review on genetic variants associated with
schizophrenia and intelligence quotient (IQ) to identify potential overlaps. Both phenotypes have shown
to be hereditary and related to genetic variation, mostly explained by thousands of SNPs with small
effect. In addition, a set of genetic factors linked to risk of schizophrenia and low general cognitive ability
have been observed (11). However, other studies found no evidence of genetic overlapping between the
two (17, 18). Therefore, a summary of current literature on this relationship is justi�ed to advance
knowledge of the biological mechanisms of schizophrenia and the identi�cation of endophenotypes
useful for its diagnosis.

Con�rming that genetic variants associated with the disease are also involved in IQ would suggest that
genetic factors that confer risk of schizophrenia also affect neurocognition. Evidence of shared genetic
variation between these two phenotypes would support the neurodevelopmental hypothesis, which
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proposes that the etiology of schizophrenia is related to pathological brain development (19, 20).
Therefore, the identi�cation of a genetic base predisposing to schizophrenia and lower premorbid IQ
would indicate a molecular pathway towards the disease since early stages in life. Moreover, a genetic
overlap for risk of schizophrenia and low premorbid IQ would show that IQ is a valid endophenotype for
the disorder (21). In consequence, the IQ estimation could contribute to detect individuals with risk of
developing schizophrenia, and to help the diagnosis. Otherwise, if a small shared genetic variance is
found between schizophrenia and IQ, or if a lack of association between its genetic factors is evidenced;
this would indicate that the neurocognitive de�cits observed in patients with schizophrenia may be
secondary to the disorder or another environmental variables (18).

The results of this systematic review will serve as a basis for directing future research on the
pathogenesis of psychotic disorders. Lately, the research about schizophrenia and intelligence has
generated wide interest in researchers. However, most of the currently available reviews and meta-
analysis have focused on the study of the correlation between these two phenotypes, regardless of their
genetic variants (22–24). There is little literature which considers the genetic overlap of both phenotypes.
In the review by Ohi et al. (15), common genetic variants were found between schizophrenia and cognitive
functioning. Interestingly, it takes into account different measures related to general cognitive function,
but does not focus on IQ speci�cally. The same is true in the review by Smeland & Andreassen (25),
where a genetic overlap between schizophrenia and cognitive dysfunction is shown. In addition, neither
investigation reported on the methodology used. Also, there is a meta-analysis that considers the
different genetic variants of intelligence (12). However, this study takes into account multiple disorders
and diseases, without speci�cally focusing on schizophrenia. It is our hope that we can solve these
constraints.

As far as we know, this will be the �rst systematic review that studies the genetic overlap between
schizophrenia and IQ, integrating all these shared variants into one document. However, we are aware of
the existence of certain limitations in this review. Mainly, we refer to the great heterogeneity expected in
terms of the different genotyping techniques, as well as different tools used when evaluating IQ.
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