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Ultrarare Coding Variants and Cognitive Function in Schizophrenia

Hugo D. J. Creeth, PhD; Elliott Rees, PhD; Sophie E. Legge, PhD; Charlotte A. Dennison, PhD; Peter Holmans, PhD;

James T. R. Walters, PhD; Michael C. O’Donovan, PhD; Michael J. Owen, PhD

IMPORTANCE Impaired cognitive function in schizophrenia is associated with poor functional

outcomes, but the role of rare coding variants is unclear.

OBJECTIVE To determine whether ultrarare constrained variants (URCVs) are associated with

cognition in patients with schizophrenia.

DESIGN, SETTING, AND PARTICIPANTS Linear regressionwas used to perform awithin-case

genetic association study of URCVs and current cognition and premorbid cognitive ability.

A multivariable linear regression analysis of the outcomes associated with URCVs,

schizophrenia polygenic risk score, polygenic risk score for intelligence and schizophrenia

associated copy number variants on cognitive ability was performed. Exome sequencing data

from 802 participants with schizophrenia were assessed for current cognition using the

Measurement and Treatment Research to Improve Cognition in Schizophrenia Consensus

Cognitive Battery and for estimated premorbid IQ using the National Adult Reading Test.

Individuals were recruited from clinical and voluntary mental health services in the UK. Those

with a diagnosis of intellectual disability or a neurological disorder known to affect cognition

were excluded. Data collection occurred between 2007 and 2015. Data were analyzed

between April 2020 andMarch 2022.

MAIN OUTCOMES ANDMEASURES Association between URCVs, current cognition, and current

cognition adjusted for premorbid IQ.

RESULTS Of the 802 participants, 499 (62%) weremen and 303 (38%) were women; mean

(SD) age at interviewwas 43.36 (11.87) years. Ultrarare constrained variants (n = 400) were

associated with lower current cognition scores (β = −0.18; SE = 0.07; P = .005). In the

univariable analysis, premorbid IQ was associated with URCVs (β = −0.12; SE = 0.05; P = .02)

and partly attenuated the association with current cognition (β = −0.09; SE = 0.05; P = .08).

Multivariable analysis showed that measured genetic factors combined accounted for 6.2%

of variance in current cognition, 10.3% of variance in premorbid IQ, and supported outcomes

of URCVs associated with current cognition independent of premorbid IQ (β = −0.10;

SE = 0.05; P = .03).

CONCLUSIONS AND RELEVANCE The findings of this study suggest that URCVs contribute to

variance in cognitive function in schizophrenia, with partly independent associations before

and after onset of the disorder. Although the estimated effect sizes were small, future studies

may show that the effect sizes will be greater with better annotation of pathogenic variants.

Genomic data may contribute to identifying those at particularly high risk of cognitive

impairment in whom early remedial or preventive measures can be implemented.
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S
chizophrenia displays considerable variation in clini-

cal features, course, and outcome.1 It is also associated

with variable impairments in cognitive function,2 and

IQ is lower by approximately 1 SD relative to the general

population.3The nature of the association between cognitive

function and schizophrenia is poorly understood but is of im-

portance because there is a large body of evidence that cog-

nitive impairment is associated with poor functional out-

comes in work, independent living, and social integration.2

Schizophrenia is typically first diagnosed when psycho-

sisbecomesmanifest,usually in lateadolescenceorearlyadult-

hood, but premorbid impairments in cognition frequently

occur.4 People with schizophrenia have an average premor-

bid IQof0.5SD lower thancontrols.3Theassociationof schizo-

phrenia with various premorbid developmental deficits, in-

cluding cognitive impairment, together with evidence for

associationwithenvironmental exposures inuteroand inearly

childhood, and,more recently, genetic evidence, support the

idea that schizophrenia is, at least in part, a neurodevelop-

mental disorder.5-7There is also evidence3,8,9 for a further de-

cline in cognitive function after diagnosis, but it is not clear

whether thisdecline reflects ongoingprocesses intrinsic to the

pathophysiology of schizophrenia or secondary factors such

as medication effects, comorbid physical illness, substance

misuse, or ascertainment bias.

Schizophrenia is highly heritable andpolygenic,with risk

conferred by alleles across the frequency spectrum including

common risk alleles,10 rare copy number variants (CNVs),11,12

and rare damaging coding variants.13-19There is also clear evi-

dence that the CNVs20 and genes associatedwith schizophre-

nia throughboth common21 and rare codingvariants17,22over-

lap with CNVs and genes implicated in childhood-onset

neurodevelopmental disorders (NDDs).13,15,17,19-22

Cognitive function is moderately heritable in the general

population and, similar to schizophrenia, is highly polygenic

and affected by alleles across the frequency spectrum includ-

ing commonvariants,23CNVs24,25 and rare codingvariation.26

Many of the common alleles that influence liability to schizo-

phrenia also influence IQ in the general population,23 al-

though it isunclearwhether theyalso influencecognitive func-

tion in people with schizophrenia27-32 perhaps reflecting the

modest samples sizes andpower of these studies, differences

in duration of illness at the time of testing and the nature of

thecognitive testsused.Nevertheless, commonalleles that are

associated with higher intelligence in the general population

are associatedwith better cognitive ability in individualswith

schizophrenia.27

At the rare variant level, cognitive function in people

with schizophrenia who are carriers of CNVs is, on average,

approximately 0.5 to 1.0 SDs below that of noncarriers.33

Within people with schizophrenia, de novo protein truncat-

ing variants (PTVs) are more common in those with relatively

poor school performance14 while the incidence of rare PTVs

is higher in those with comorbid intellectual disability.15

Together, these findings are consistent with the hypothesis

that rare coding variants may be associated with a higher risk

of cognitive impairment in schizophrenia, although no study

to date has investigated this in individuals with schizophre-

nia who have undergone quantitative assessment of cogni-

tive function.

Giventheassociationbetweencognitive functionandfunc-

tionaloutcome, it is important tounderstand the timingof, and

mechanismsbehind, cognitive impairment in schizophrenia to

inform the design and implementation of interventions. Two

recent studies27,33of schizophreniahaveexaminedgenetic risk

factorsandtiming, specificallypremorbidandpostonset cogni-

tivefunction(referredtoascurrentcognitionhereafter).Thefirst33

showedCNVcarrierstatuswasassociatedwithsubstantially im-

pairedcurrentandpremorbidcognitive function.Thesecond27

found that common variant liability for IQwas associatedwith

both current cognition and premorbid IQ, but the association

withcurrentcognitionwaslargelyexplainedbypremorbideffects.

Incontrast, schizophrenia liabilitywasassociatedonlywithcur-

rentcognitiveability,andthisassociationwasindependentofpre-

morbidIQ.Thesefindingssuggestthatcommongeneticvariation

that influences IQ in thegeneralpopulationandrarepathogenic

CNVs contribute to premorbid cognitive impairment in schizo-

phrenia, and that common schizophrenia risk alleles may be

associatedwith further impairment after onset.

In thepresent study,wesought toassesswhether rare cod-

ing variants are associated with current cognitive function in

patientswithschizophrenia,andto investigate thetimingofany

observed outcomes with respect to onset of the disorder. Un-

like previous studies,14,15 we were able to examine cognition

quantitatively across the range of cognitive abilities. More-

over,wealsohadestimatesofpremorbidIQ,allowingustostudy

for the first time to date the timing relative to disease onset at

which genetic factors are apparent. In addition to exome se-

quencing data, we had CNV and single-nucleotide variations

array data, which allowed us to investigate the combined and

independent cognitive outcomes in schizophrenia associated

with rare coding variants, CNVs, and common variants.

Methods

Sample and Phenotype Description

Weincluded873participantsprior toquality control (QC) from

theCardiff Cognition in Schizophrenia cohort,12,34which con-

sists of patients with a clinical diagnosis of schizophrenia.

Key Points

Question Are ultrarare constrained variants (URCVs) associated

with reduced cognitive function in individuals diagnosed with

schizophrenia?

Findings In this within-case genetic association study of 802

individuals with schizophrenia who had undergone exome

sequencing and cognitive testing, significantly reduced cognitive

function was found in individuals carrying URCVs.

Meaning This study found that URCVs were associated with

reduced general cognitive function in schizophrenia; with better

annotation of pathogenic variants, genomic data may contribute

to identifying those with schizophrenia at particularly high risk

of cognitive impairment in whom early remedial or preventative

measures can be implemented.
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eMethods 1 in the Supplement includes a full sample descrip-

tion. Data collection occurred between 2007 and 2015. Data

wereanalyzedbetweenApril 2020andMarch2022.This study

was approved by theUKNational Health Service, andwritten

informedconsentwasobtained for all studyparticipants. This

study followed theStrengthening theReportingofGeneticAs-

sociation Studies (STREGA) reporting guideline for genetic

association studies.

CurrentcognitionwasassessedusingtheMeasurementand

Treatment Research to Improve Cognition in Schizophrenia

Consensus Cognitive Battery (MCCB) across 7 domains

(eMethods 2 in the Supplement).35 Premorbid IQ was esti-

mated using the National Adult Reading Test (NART).36A full

description of the cognitive assessments is available in

eMethods 2 in the Supplement.

Sequencing

Atotal of472 sampleswere sequencedat theBroad Instituteof

MIT and Harvard University using the HiSeq X Platform (Illu-

mina), and 401 samples were sequenced at Cardiff University

using theHiSeq3000/4000Platform(Illumina).All sequencing

data were processed using the same Genome Analysis Toolkit

pipeline.37FurthersequencingdetailsarepresentedineMethods

3, eFigure 1, eFigure 2, and eTable 1 in the Supplement.

Sequencing Quality Control

Samples were excluded if less than 70% of the exome target

achieved 10X coverage (eMethods 3 in the Supplement) or if

their sex inferred fromthesequencingdatadidnotmatch their

recorded sex (eMethods 4 and eFigure 3 in the Supplement).

We focusedon individualsofEuropeanancestrybecause there

were insufficient numbers of participants of other ancestries

to form informative substrata (eFigure 4 in the Supplement).

Individualswereexcluded toensure thatno sampleswere sec-

ond degree or closer in relationship (eFigure 5 in the Supple-

ment). In addition, samples were excluded if 1 or more of the

hard filters described in eMethods 4 in the Supplement was

applicable (eFigure6 in theSupplement). In total, 71 caseswere

excluded (eTable 2 in the Supplement). Of the 802 individu-

alswho remainedafterQC, 754hadmeasuresofpremorbid IQ,

762 of current cognition, and 721 for both. Anoverviewof our

genotype QC, variant QC, and variant annotation is available

in eMethods 5 in the Supplement.

Polygenic Risk Scores and Copy Number Variants

Standardized polygenic risk scores (PRS) for schizophrenia

(SZPRS)andintelligence(IQPRS)werecalculatedusingPRSice38

following awidely appliedmethod39usingdefault parameters

unless otherwise stated.27 Polygenic risk scoreswere adjusted

for5principal componentsandbasedonsingle-nucleotidevari-

antsassociatedwithathresholdofP ≤ .05inthesourcegenome-

wide association study (eMethods 6 in the Supplement). Copy

number variant calls were generated as detailed in a previous

publication33 and in eMethods 6 in the Supplement.

Study Design

We performed a within-case genetic association study of the

associationbetween the incidenceof rare coding variants and

cognitive ability. Recent studies have reported that evidence

of selective constraint, at either the variant or gene level, is a

feature associatedwith rare codingvariants that contribute to

impaired cognition in people with schizophrenia15 or autism

spectrum disorder,40 as well as in the general population.26

Thus, in the current study, we postulated that ultrarare con-

strainedvariants (URCVs), definedaseitherPTVs inLoFIgenes

(genes with gnomAD probability of loss-of-function intoler-

ance scores ≥0.941) or damaging-missensevariants (MPC≥2)42

that are observed once in our sample and are not present in

the gnomAD nonneuro data set, are associated with lower

measures of current cognition in people with schizophrenia

(eMethods 5 in the Supplement). We next investigated

URCVs in terms of estimated premorbid IQ to assess whether

theseoutcomesexplainedtheassociationsbetweenURCVsand

current cognition.

Statistical Analysis

Linear regression was used to test for association between

cognition and the number of URCVs carried by each indi-

vidual.We covaried for sex, age at interview, sequencing site,

principal components 1 through 10, and the exomewide inci-

dence of ultrarare synonymous variants. R2, which repre-

sents the proportion of phenotypic variance explained by the

relevantmodels,was estimated from themultivariable linear

models and univariable linear models. Statistical signifi-

cancewasdeterminedas2-sidedP < .05.Furtherdetailsof sta-

tistical analysis and study design are available in eMethods 7

in the Supplement.

Results

Ultrarare Constrained Variants

Of the 802 participants, 499 (62%) were men and 303 (38%)

were women; mean (SD) age at interview was 43.36 (11.87)

years. Consistentwith our primary hypothesis, the incidence

of URCVs was associated with lower current cognitive ability

(Table 1), each variant associated with a reduction in perfor-

mance of 0.18 SDs (current cognition: β = −0.18; SE = 0.07;

P = .005; current cognition conditioned on premorbid IQ:

β = −0.09; SE = 0.05; P = .08; and premorbid IQ: β = −0.12;

SE = 0.05; P = .02). Effect sizes were robust to controlling for

primaryDSM-IVdiagnosis (eResultsandeTable3 in theSupple-

ment), or excluding PTVs considered low confidence by

LOFTEE41 (eTable 4 in the Supplement). To explain this pri-

mary association signal, we tested the effect sizes on cogni-

tionconferredseparatelybyultrararedamagingmissensevari-

ants (MPC ≥2) and ultrarare PTVs in LoFI genes, but found no

differences between the 2 classes ofmutation (eTable 5 in the

Supplement).

Timing and Cognition

After covarying forpremorbid IQ, theeffect size forURCVsand

current cognitionwas substantially attenuated (β = −0.09; SE

0.05;P = .08) (Table 1). Similar resultswereobtained in amul-

tivariableanalysis thatconsideredotherclassesofgeneticvaria-

tion (β = −0.10; SE 0.05; P = .03). The outcome of URCVs as-
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sociatedwithcurrentcognitioncovarying forpremorbid IQwas

not attributable todurationof illness or age at onset of schizo-

phrenia (eTable 6 in the Supplement).

Theresults suggest thatURCVsare factors incognitive func-

tionafter theonsetof illnessorhaveonlypremorbidoutcomes,

but thesemay affect cognitive domains indexed byMCCB but

Table 1. Ultrarare Constrained Variants and Cognitive Ability in Schizophrenia and Related Psychotic Disordersa

No. of Variantsb Cognitive measurec Effect size (SE)d P value

400 Current cognition −0.18 (0.07) .005

375 Current cognition (conditioned on
premorbid IQ)e

−0.09 (0.05) .08

392 Premorbid IQ −0.12 (0.05) .02

a Ultrarare constrained variants (PTVs in loss-of-function intolerant genes and
damagingmissense variants [MPC �2]) were tested for association with
premorbid IQ in 754 participants, 762 participants with current cognition and
722 participants with scores for both premorbid IQ and current cognition with
schizophrenia and related psychotic disorders.

bThe differences in the number of variants are associated with the differences
in sample size between participants with either premorbid IQ or current
cognition scores.

c The test refers to the dependent variable being tested using our linear
regressionmodel.

dThe effect size is the β estimate from the linear regression and corresponds to
the difference in standardized cognitionmeasure associated with each
ultrarare constrained variant carried.

e The test investigating current cognition when conditioned on premorbid IQ
using our linear regressionmodel.

Table 2. Association Between Cognitive Ability and URCVs in NDDGenesa

Cognitive measure Constrained variant setb No. of Variantsc Effect size (SE)d z Test

Premorbid IQ In NDD genes 51 −0.26 (0.14)
0.43

Non-NDD genes 341 −0.1 (0.05)

Current cognition In NDD genes 52 −0.36 (0.18)
0.42

Non-NDD genes 348 −0.16 (0.07)

Abbreviations: NDD, neurodevelopmental disorder; URCVs, ultrarare
constrained variants.
a The outcomes on cognitive ability of URCVs in known NDD genes was
compared with the outcomes of URCVs in non-NDD genes. These variants
were evaluated for association with premorbid IQ in 754 participants and
current cognition in 762 participants with schizophrenia and related psychotic
disorders. A z test was used to compare the variance in the effect sizes
between URCVs in NDD and non-NDD genes.

bThe independent variable being tested using our linear regressionmodel.
c The differences in the number of variants is associated with the differences in
sample size between participants with either premorbid IQ or current
cognition scores.

dThe effect size is the β estimate from the linear regression, and corresponds to
the difference in standardized cognitionmeasure associated with each URCV
carried.

Table 3. Multivariable Analyses of Cognition of URCVs, SZ PRS, IQ PRS, and CNV Carrier Statusa

Cognitive measure
and genetic component

Multivariable analysisb
Multivariable analysis
covarying for premorbid IQc

Effect size (SE)d P value Effect size (SE) P value

Premorbid IQ

URCVs −0.14 (0.05) .01 NA NA

SZ PRS 0.03 (0.04) .41 NA NA

IQ PRS 0.31 (0.04) <.001 NA NA

CNV −0.73 (0.27) .01 NA NA

Current cognition

URCVs −0.19 (0.07) .005 −0.10 (0.05) .03

SZ PRS −0.07 (0.05) .12 −0.07 (0.04) .06

IQ PRS 0.29 (0.05) <.001 0.09 (0.04) .03

CNV −0.68 (0.36) .06 −0.27 (0.30) .36

Abbreviations: CNV, copy number variant; IQ PRS, IQ polygenic risk score;
NA, not applicable; SZ PRS, schizophrenia polygenic risk score; URCVs, ultrarare
constrained variants.
a URCVs, SZ PRS, IQ PRS, and CNV carrier status were tested within a
multivariable linear regressionmodel to evaluate outcomes associated with
premorbid IQ in 679 participants and current cognition in 648 participants
with schizophrenia or related psychotic disorders.

bAll the genetic components being included within our linear regressionmodel

as independent variables.
c Themultivariable analysis including premorbid IQ as a covariable within our
linear regressionmodel.

dThe effect size is the β estimate from the linear regression and corresponds to
the difference in standardized cognitionmeasure associated with each URCV
carried or an increase of 1 SD of the PRS.
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not NART. To examine the latter hypothesis, we investigated

URCVsandMCCBdomainsbut foundsimilar effect sizesacross

all domains, the exception being social cognition in which no

effectsizewasapparent (eTable7 intheSupplement).Moreover,

thedomain thathad thehighestPearsoncorrelationcoefficient

withNART(ie,workingmemory)wasalso thecurrentcognition

domain that had the highest effect sizewith URCVs. Together

these findings may counter the suggestion of URCVs having

restricted premorbid effects on domains of cognition that are

not indexed byNART (eTable 7 in the Supplement).

URCVs in NDDGenes and Non-NDDGenes

As an exploratory analysis, we compared cognitive ability in

schizophrenia with URCVs in NDD genes with those in genes

not associated with NDD (non-NDD genes), recognizing that

the latter group will contain genes that have yet to be impli-

cated inNDDs.While thepointestimatesof theeffect sizeswere

substantially greater for URCVs in NDD genes than in non-

NDD genes, the differences were not statistically significant

(Table 2).

URCVs, CNVs, Schizophrenia PRS, IQ PRS,

and Cognitive Function

In addition,we performedmultivariable analyses on a subset

of 648 individualswho had data onURCVs, CNVs (eTable 8 in

theSupplement), SZPRS,andIQPRS.Theestimatedeffect sizes

(Table 3) were similar to those obtained from the univariable

models (eTable9 in theSupplement) (for example, in themul-

tivariable analysis, the URCV effect size on premorbid IQwas

β = −0.14; SE, 0.05; P = .01; in the univariable analysis, the

URCV effect size on premorbid IQ was β = −0.12; SE, 0.05;

P = .02),which is broadly consistentwith thedifferent classes

of variant acting independently on cognition.After condition-

ing onpremorbid IQ, all effect sizes on current cognitionwere

attenuated except for the SZ PRS (for example, in the multi-

variable analysis the URCV, effect size on current cognition

without covarying for premorbid IQwas β = −0.19; SE = 0.07;

P = .005; in themultivariable analysis theURCV, effect sizeon

current cognition when covarying for premorbid IQ was

β = −0.10; SE = 0.05; P = .03) (Table 3 and Table 4).

Allmeasuredgenetic factorsaccountedfor6.2%of thevari-

ance in current cognition and 10.3% of the variance in pre-

morbid IQ (Table 4). After controlling for premorbid IQ, all

measured genetic factors accounted for 1.6% of the variance

in current cognition.

Discussion

We have investigated the contribution of genetics to varia-

tion in cognitive ability in individualswith schizophrenia.We

focused primarily on URCVs, a class ofmutation that contrib-

utes to risk of schizophrenia,13-19 andwhich is particularly en-

riched in people with schizophrenia who have poor school

performance14andcomorbid intellectualdisability.15Wefound

that URCVs contribute more generally to variance in current

cognitive function in schizophrenia rather than simply being

enriched inpatientswith intellectualdisability.Our finding that

the distribution of premorbid IQ and current cognition scores

in URCV carriers largely overlaps that of noncarriers (eFig-

ure 7 in theSupplement) supports this conclusion. EachURCV

was associated on average with 0.18 SD lower current cogni-

tive performance as indexed by the Measurement and Treat-

ment Research to Improve Cognition in Schizophrenia com-

posite score.

Thosewho develop schizophrenia frequently exhibit im-

pairments in cognition before diagnosis.3,4 These deficits ap-

pear tohave their origins in childhood,3,43-45 clearly cannot be

a consequence of manifest disorder and, together with asso-

ciationswithother premorbiddevelopmental deficits anden-

vironmental exposures, support the idea that schizophrenia

Table 4. Variance Explained by URCVs, SZ PRS, IQ PRS, and CNVsa

Cognitive measure and modelb
R
2 of

model

Variance
explained
by genetic
component, %c

Premorbid IQ

Baselined 0.033 NA

SZ PRS + baseline 0.035 0.2

IQ PRS + baseline 0.124 9.1

CNV + baseline 0.041 0.8

URCVs + baseline 0.034 0.1

All genetic + baseline 0.136 10.3

Current cognition

Baseline 0.151 NA

SZ PRS + baseline 0.157 0.6

IQ PRS + baseline 0.197 4.6

CNV + baseline 0.155 0.4

URCVs + baseline 0.153 0.2

All genetic + baseline 0.213 6.2

Baseline (including premorbid IQ) 0.432 NA

SZ PRS + baseline (including
premorbid IQ)

0.441 0.9

IQ PRS + baseline (including
premorbid IQ)

0.442 1.0

CNV + baseline (including
premorbid IQ)

0.433 0.1

URCVs + baseline (including
premorbid IQ)

0.433 0.1

All genetic + baseline (including
premorbid IQ)

0.448 1.6

Abbreviations: CNV, copy number variant; IQ PRS, IQ polygenic risk score;
NA, not applicable; SZ PRS, schizophrenia polygenic risk score; URCVs, ultrarare
constrained variants.
a R2 from both themultivariable linear models and univariable linear models
represents the proportion of phenotypic variance explained by the relevant
models including baseline in 648 samples. The proportions of variance of the
cognitive measure after correction for the baseline variables explained by each
genetic component are their values in the Table divided by (1−R2 [baseline]).

bModel refers to the linear regressionmodel.
c Variance explained of the genetic component is the R2 of the relevant model
minus the R2 of themodel containing the baseline covariates alone.

dThe baseline covariates that are included in eachmodel were age at interview,
sex, sequencing site, synonymous variants, and principal components
1 through 10. Premorbid IQ is included in the baseline for all analyses as
indicated.
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is, at least inpart, aneurodevelopmentaldisorder.5-7Giventhat

URCVs in schizophrenia are enriched in genes implicated in

childhood neurodevelopmental disorders,13-15,17,19 and some

of the samemutations that occur in schizophrenia also occur

in NDDs,22 we hypothesized that the outcomes of URCVs as-

sociated with current cognition would be the result of pre-

morbid effects. This hypothesiswas partly confirmed,URCVs

being associatedwith a0.12 SD reduction in thepremorbid IQ

(Table 1), but therewas evidence for additional effects on cur-

rent cognition after conditioning on NART. We acknowledge

that this issue, which has potentially important implications

for the timing of remedial interventions, requires further in-

vestigation in larger samples.

The residual outcomes might reflect direct intrinsic ef-

fects of schizophrenia pathophysiology, with neurodevelop-

mental processesplayingoutover time intoearly adulthood.45

Alternatively, or in addition, they may be outcomes of active

symptomatology or indirect consequences of illness, such

asmedication effects, lifestyle factors, poverty, and other as-

pects of social disadvantage. To the extent that carriers and

noncarriers of URCVs have forms of schizophrenia that are, at

least for now, essentially indistinguishable, it might be sup-

posed that indirect effects of the illness are likely tobe equally

shared between the 2 groups. It would then follow that their

effects should not differ between carriers and noncarriers of

URCVs.However, given that poor cognition is associatedwith

worseoutcomes, it seemsreasonable tosuggest that thosewith

poorer cognitive ability at the outset, including URCV carri-

ers, may be further disadvantaged by greater exposure to po-

tentially toxic secondary factors andconsequentlymore likely

to showcurrent cognition impairments. Similar arguments can

be invoked to account for our observation that therewas a re-

sidual effect of IQ PRS on current cognition when condition-

ing on NART.

A multivariable analysis of URCV along with other types

of genomic variation previously associated with schizophre-

nia and/or cognitionwere consistentwith thedifferent classes

of variant acting independently on cognition. The largest ef-

fect sizes on both current and premorbid IQ came from CNVs

followedby IQPRS and thenURCVs. The SZPRS showedweak

evidence for association to current cognition in the univari-

able analysis (eTable 9 in the Supplement) but not in themul-

tivariable analysis (Table 3). As for URCVs, CNVs and IQ PRS

associations with current cognition were markedly attenu-

ated after controlling for premorbid IQ, a finding previously

noted for IQ PRS in the present sample in a univariable

analysis.27

At a population level, variance explained allows for an

assessment of the contribution of different classes of variant

that considersdifferences inallele frequenciesandeffect sizes.

Themultivariablemodel indicatedthat thegenetic factorsmea-

sured in this study account for a total of 10.3%of the variance

in premorbid IQ and 6.2% of the variance in current cogni-

tion, the latter decreasing to 1.6% of the variance after condi-

tioning on premorbid IQ (Table 4).

EachURCVwasassociatedwitha0.18SDlowerMCCBcom-

posite score, equivalent to a reductionof only 2.7 in IQpoints.

Whenconsidering this in relation to theeffect sizes foundwith

the other classes of mutation on cognition, it is important to

note that the discovery of potentially relevant rare variation

is at anearly stage, andstudiesofmuch larger samplesarewar-

ranted. Moreover, in the case of URCVs, the estimated effect

sizes of alleles of true effect will have been reduced by the

inclusion ofmany alleles that have no effect on either schizo-

phrenia liability or cognition. Consistent with this idea,

URCVs that are likely to be enriched for those with true ef-

fects by virtue of being located in genes associated with neu-

rodevelopmental disorders yielded a larger point estimate for

their effect size than the same classes of mutations in non-

NDDgenes (Table 2) andwere similar in effect size to those for

IQ PRS. We acknowledge the estimated effect size of URCVs

inNDDgeneswasnot significantly greater thanvariants in the

non-NDD set, possibly reflecting the relatively small number

of URCVs in NDD genes, but these findings support the idea

that better annotation and classification of pathogenic

URCVs will increase the estimated effect size of this class of

alleles, while more complete discovery will increase its con-

tribution to the variance explained. This situation may sug-

gest that, althoughURCVsarebydefinitionuncommon, itmay

be possible to use them to identify a small subgroup of indi-

vidualswithearly signsof schizophreniaorwith increased risk

of schizophrenia, who are at higher risk of subsequent cogni-

tive decline and inwhomearly remedial or preventativemea-

sures can be implemented. The discovery of rare risk alleles

associated with cognitive decline might also help to impli-

cate areas of biology that are important in the impairments in

cognitive function that are seenmore generally in schizophre-

nia and which affect functional outcomes.

Strengths and Limitations

To our knowledge, this study is first to evaluate the associa-

tionbetweenURCVsandquantitativemeasuresof current cog-

nition in people with schizophrenia and to examine timing

of the outcomes in the context of all known relevant classes

of genomic variation. Limitations are thatNART is an indirect

measure of premorbid IQ, although this limitation is miti-

gated somewhat bywork showing it to be strongly correlated

with direct measures of premorbid IQ.46 Our study was fo-

cused on individuals of European ancestry because suffi-

cient samples fromcasesof individualswithnon-Europeanan-

cestry were not available, but we expect the findings from

URCVs and CNVs in terms of cognition in schizophrenia are

more likely to generalize to individuals with non-European

ancestries than the outcomes associated with IQ PRS, which

was generated from European ancestry–based IQ genome-

wide association study data.

Conclusions

Results of this study suggest thatURCVswere associatedwith

cognitive impairment in schizophrenia, and we found evi-

dence theymay independently exert effects after onset of the

disorder as well as premorbidly. In our study, the estimated

effect sizes were small, but future studies may find that the

effect sizes will be greater with better annotation of patho-
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genic variants. As findings from other studies accrue, we can

expect them to inform the use of genomic data for identify-

ing those individualswith,orathigh riskofdeveloping, schizo-

phreniawhoareparticularly likely todevelop subsequent cog-

nitive impairment and inwhomearly remedial orpreventative

measures can be implemented.
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