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Autism spectrum disorder polygenic scores are associated with every
day executive function in children admitted for clinical assessment
Tonje Torske , Terje Nærland, Francesco Bettella, Thomas Bjella, Eva Malt, Anne Lise Høyland,
Nina Stenberg, Merete Glenne Øie, and Ole A. Andreassen

Autism spectrum disorder (ASD) and other neurodevelopmental disorders (NDs) are behaviorally defined disorders with
overlapping clinical features that are often associated with higher-order cognitive dysfunction, particularly executive dys-
function. Our aim was to determine if the polygenic score (PGS) for ASD is associated with parent-reported executive dys-
function in everyday life using the Behavior Rating Inventory of Executive Function (BRIEF). Furthermore, we
investigated if PGS for general intelligence (INT) and attention deficit/hyperactivity disorder (ADHD) also correlate with
BRIEF. We included 176 children, adolescents and young adults aged 5–22 years with full-scale intelligence quotient
(IQ) above 70. All were admitted for clinical assessment of ASD symptoms and 68% obtained an ASD diagnosis. We found
a significant difference between low and high ASD PGS groups in the BRIEF behavior regulation index (BRI) (P = 0.015,
Cohen’s d = 0.69). A linear regression model accounting for age, sex, full-scale IQ, Social Responsiveness Scale (SRS) total
score, ASD, ADHD and INT PGS groups as well as genetic principal components, significantly predicted the BRI score;
F(11,130) = 8.142, P < 0.001, R2 = 0.41 (unadjusted). Only SRS total (P < 0.001), ASD PGS 0.1 group (P = 0.018), and sex
(P = 0.022) made a significant contribution to the model. This suggests that the common ASD risk gene variants have a
stronger association to behavioral regulation aspects of executive dysfunction than ADHD risk or INT variants in a clini-
cal sample with ASD symptoms. Autism Res 2019, 00: 1–14. © 2019 The Authors. Autism Research published by Interna-
tional Society for Autism Research published by Wiley Periodicals, Inc.

Lay Summary: People with autism spectrum disorder (ASD) often have difficulties with higher-order cognitive processes
that regulate thoughts and actions during goal-directed behavior, also known as executive function (EF). We studied the
association between genetics related to ASD and EF and found a relation between high polygenic score (PGS) for ASD and
difficulties with behavior regulation aspects of EF in children and adolescents under assessment for ASD. Furthermore,
high PGS for general intelligence was related to social problems.
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behavior rating inventory of executive function

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder (ND) characterized by deficits in social communica-
tion and interaction, and restricted and repetitive behaviors
and interests [American Psychiatric Association, 2013]. The
heritability of ASD is high, with estimates ranging from
70 to 90%, and the disorder is regarded as a complex genetic
disorder withmultifactorial causes [Lai, Lombardo, & Baron-
Cohen, 2014]. Several rare genetic variants conferring high

risk of ASD have been identified, and these rare genetic vari-
ants, for example, copy-number variations (CNVs), are esti-
mated to explain about 5–10% of the genetic risk for ASD
[Ramaswami & Geschwind, 2018]. However, most of the
heritability of ASD seems to be caused by common genetic
variants [Gaugler et al., 2014]. ASD, like attention defi-
cit/hyperactivity disorder (ADHD), schizophrenia, and bipo-
lar disorder, have been shown to be polygenic disorders, in
which each single risk variant has a small effect on the dis-
ease phenotype [Demontis et al., 2018; Grove et al., 2019;
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International Schizophrenia Consortium et al., 2009;
Schizophrenia Working Group of the Psychiatric Genomics
Consortium, 2014]. Based on genome-wide association stud-
ies (GWASs) summary statistics for a given complex disor-
der, it is possible to derive measures of the cumulative
genetic loads for the disorders inherent to an individual’s
genotype. Such measures are often called polygenic scores
(PGS) [International Schizophrenia Consortium et al.,
2009]. Recently, Grove et al. identified five risk loci for
ASD based on a genome-wide association meta-analysis of
18,381 cases of ASD and 27,969 controls [Grove et al.,
2019]. Even though these PGS are getting better at separat-
ing ASD cases from controls [Grove et al., 2019], their sensi-
tivity and specificity are not yet high enough for clinical use
in diagnostics or treatment planning. However, exploring
the potential clinical utility of PGS is central in the pursuit
for precision medicine for NDs [Editorial, 2010; Torkamani,
Wineinger, & Topol, 2018]. PGS often only explain a few
percentiles of variation in disease status, meaning that they
have limited predictive power. For many people with “aver-
age risk,” quantifying the exact risk might be of limited
value. However, identifying those with particularly low or
high risk may be of some value. A viable approach is to look
at “extreme” PGS, as done by others [Andersson et al., 2018;
Khera et al., 2018; SchizophreniaWorking Group of the Psy-
chiatric Genomics Consortium, 2014]. Individuals with
high PGS for a given disorder might also be at increased risk
for known comorbid traits and disorders. Thus, “extreme”
PGS analysis can be a promising tool to investigate the
genetic contribution to symptom severity and disease char-
acteristics in NDs.
The key characteristics of ASD, deficits in social skills and

abnormal behaviors, strongly affect every day functioning
[de Vries & Geurts, 2015], which is often the primary rea-
son for seeking professional help for families with ASD chil-
dren. Cognitive processes play an important role in the
development of social skills, and in moderating behavioral
responses [Gardiner & Iarocci, 2018], in particular executive
function [Rommelse, Geurts, Franke, Buitelaar, & Hartman,
2011]. These abilities depend on response inhibition, inter-
ference control, working memory, and flexibility [Fried-
man & Miyake, 2017], which enable regulation of thought
and goal-directed behavior [Miyake et al., 2000]. Executive
dysfunction is suggested to be involved in the development
of key symptoms and behaviors in ASD [Demetriou et al.,
2017; Hill, 2004] and other psychiatric disorders charac-
terized by social dysfunctions and abnormal behavior,
such as schizophrenia [Amann et al., 2012]. Importantly,
social difficulties are associated with executive dysfunc-
tions in everyday life in ASD [Leung, Vogan, Powell,
Anagnostou, & Taylor, 2015; Torske, Naerland, Oie,
Stenberg, & Andreassen, 2017].
ASD is a spectrum diagnosis with large variation in clini-

cal characteristics and functions. Children and adolescents
with subthreshold symptoms who do not receive an ASD

diagnosis might still have profound social difficulties and
executive dysfunction [American Psychiatric Association,
2013]. Comorbidity is common in ASD, and about 30%
also meet the diagnostic criteria for ADHD [Lord, Elsabbagh,
Baird, & Veenstra-Vanderweele, 2018]. Cognitive difficulties
are also observed in ADHD [Craig et al., 2016], and particu-
larly executive dysfunctions are present across diagnostic
categories like ASD and ADHD as well as many other psy-
chiatric disorders [Dajani, Llabre, Nebel, Mostofsky, &
Uddin, 2016; Snyder, Miyake, & Hankin, 2015]. Executive
function is a heritable cognitive domain and deficits are
found in unaffected ASD family members at higher rates
than in the general population [Benca et al., 2017]. Further-
more, in typically developed children, intelligence and
executive function correlate [Diamond, 2013].

Still, there are several unclear aspects related to cross-
diagnostic features of NDs, which are behaviorally defined,
and their association to cognitive dysfunctions [Gillberg,
2010]. Building on the recent progress in GWAS of different
traits and disorders, the PGS has emerged as a tool that
enables investigation of the polygenic components of dif-
ferent disorders and to explore the association between
genes, symptoms, and functioning. Furthermore, genetic
underpinnings of general cognitive ability (intelligence)
can be used to identify differences in cognitive factors
between NDs [Savage et al., 2018], including executive
function. This could provide a novel understanding of the
underlying disease mechanisms, as outlined in the Research
Domain Criteria initiative [Cuthbert, 2014]. Approaches to
dissect social and cognitive traits are also of clinical impor-
tance in the ASD field since children and adolescents are
admitted to specialist health care due to functional deficits,
mainly related to social and/or behavioral impairment.

For people with ASD, structured situations with clear
expectations are easier than unstructured everyday situa-
tions [Kenworthy, Yerys, Anthony, & Wallace, 2008]. Thus,
standardized and structured neuropsychological tests might
not capture cognitive deficits important for everyday life
functions [Kenworthy et al., 2008]. Actually, questionnaires
assessing executive functions have shown to have higher
ecological validity than neuropsychological laboratory tests
and might provide important information about how exec-
utive dysfunctions affect every day functioning. This find-
ing applies to both clinical and nonclinical samples, as well
as specifically to children and adults with ASD [Demetriou
et al., 2017; Tillmann et al., 2019; Vriezen & Pigott,
2002]. The Behavior Rating Inventory of Executive Func-
tion (BRIEF) is one of the most used clinical tools to mea-
sure executive functions in everyday life [Gioia, Isquith,
Guy, & Kenworthy, 2015]. Furthermore, recent evidence
suggests that the Social Responsiveness Scale (SRS) is a valid
measure for social impairments in ASD [Constantino &
Gruber, 2005]. Because the BRIEF and the SRS both are con-
tinuous scales, they can be used to study difficulties beyond
diagnostic categories [Geschwind & State, 2015]. Here, we
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used the BRIEF to measure executive functions and the SRS
to measure social skills as they occur in natural social
settings.

The primary aim of the present study was to determine
if ASD PGS is associated with executive dysfunction in
everyday life in a sample of children and adolescents
admitted for clinical assessment of ASD. Second, we aimed
to disentangle the polygenic components of NDs and cog-
nitive traits in a clinically relevant setting by investigating
how the PGS for ASD, ADHD, and general intelligence
(INT) are related to executive function. We hypothesized
that high level of ASD PGS will be associated with worse
BRIEF scores beyond ASD diagnosis in a sample referred
for ASD assessment. Furthermore, since the participants in
our sample have an ASD diagnosis and/or ASD symptom-
atology, we expected the ASD PGS to be more strongly
associated with BRIEF scores than the PGS for ADHD and
INT. We also investigated the association between the PGS
and social skills in an everyday setting, and we hypothe-
sized that the PGS for ASD should be positively associated
with social difficulties in everyday life.

Method
Participants

The total sample consisted of 176 children, adolescents,
and young adults who were referred to a specialized hos-
pital unit for NDs for evaluation of ASD. The current sam-
ple was part of the national BUPGEN network and was
recruited between 2013 and 2018. For a detailed descrip-
tion of the recruitment procedure see Grove et al. supple-
mentary material [Grove et al., 2019]. Inclusion criteria
were ASD-related difficulties and suspected ASD diagno-
sis, independent of final ASD diagnosis. The participants
were assessed by a team of experienced clinicians (clinical
psychologists and child psychiatrist). They assessed the
participants based on anamnestic information and des-
criptions of difficulties in everyday life activities using
the gold standard tools, the Autism Diagnostic Observa-
tion Schedule (ADOS), and/or the Autism Diagnostic
Interview-Revised (ADI-R). Exclusion criteria were full
scale intelligence quotient (IQ) below 70. No participants
had any significant sensory losses (vision and/or hearing)
that could interfere with testing. The participants were in
the age range 5–22 years and spoke Norwegian fluently.
Of the total sample of 176 participants, 120 fulfilled
the diagnostic criteria for an ASD diagnosis, and the
remaining (n = 56) non-ASD diagnostic group was named
the subthreshold ASD group. The subthreshold ASD group
included participants with ASD symptomatology not
reaching the criteria of ASD diagnosis, who may also have
other diagnoses. Of the 120 children and adolescents
with ASD (91 boys and 29 girls), 18 were diagnosed with
childhood autism (F84.0), five with atypical autism

(F84.1), 56 with Asperger syndrome (F84.5) and 41 with
Pervasive developmental disorder-not otherwise specified
(PDD-NOS) (F84.9). Of the 120 participants with ASD,
42 had a comorbid disorder of ADHD. In the subthresh-
old ASD group, 26 had an ADHD diagnosis (See Table 1).
Of the participants without ASD or ADHD (n = 30), one
had chronic motor or vocal tic disorder, four had Tourette
syndrome, two had mixed specific developmental disor-
ders, five had specific developmental disorders of speech
and language, two had specific developmental disorders
of scholastic skills, two had other specified behavioral
and emotional disorders, two had disorder of psychologi-
cal development, one had some other childhood disorder
of social functioning and one had obsessive compulsive
disorder.

In addition, we included 29 typically developed con-
trols (10 girls) with genetic and behavioral data available.
The controls were recruited from local schools through
invitations/bulletins to all students/parents, and had no
history of learning disabilities or psychiatric problems.
For a more detailed description of the controls see
Hoyland et al. [2019].

We divided the clinical participants (across the ASD and
the subthreshold ASD groups) into three groups (Low,
Moderate, High) based on each of their PGS for ASD,
ADHD and INT. The Low, Moderate and High PGS groups
were identified based on the normal distribution curve of
the standardized PGS scores: the Moderate group con-
sisted of all participants with PGS within one standard

Table 1. Sample Characteristics (N = 176)

N (%)

Male/boys 134 (76.1%)
Female/girls 42 (23.9%)

Mean (SD) Range
Age (years) 11.7 (3.7) 5–22
Full-scale IQ 93.7 (13.5) 70–133

n
ASD 120 (67.8%)
ASD with ADHD 42
ADHD without ASD 26
ASD diagnosis n = 120 n
Childhood autism (F84.0) 18
Atypical autism (F84.1) 5
Asperger syndrome (F84.5) 56
Pervasive developmental

disorder unspecified (F84.9)
41

Low ASD PGS High ASD PGS P-value

Boys/girls n 18/8 n 22/5 0.573
ASD n 16 n 20 0.618
ADHD n 8 n 12 0.585
Full-scale IQ score (SD) 93.1 (14.6) 95.9 (10.7) 0.439

ADHD, attention deficit/hyperactivity disorder; ASD, autism spectrum disor-
der; IQ, intelligence quotient; SD, standard deviation; PGS, polygenic scores;
ASD polygenic groups Low and High based on ASD PGS at P-value <0.1.
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deviation from the mean, and the Low and High groups
respectively comprised participants with PGS in the lower
tail and the upper tail of the distribution. This subdivision
roughly corresponds to the participants with the 15% low-
est scores constituting the Low group, those with the 15%
highest scores the High group, and everyone in between
the Moderate group. In the linear regression, we used the
groups Low, Moderate and High PGSs. The discovery sam-
ples our PGS are based on consisted of 18,381 ASD cases
and 27,969 controls for the ASD PGS [Grove et al., 2019],
20,183 ADHD cases and 35,191 controls for the ADHD
PGS [Demontis et al., 2018] and 269,867 cases for the INT
PGS [Savage et al., 2018].

Clinical Measures

The participants underwent a thorough clinical evalua-
tion for ASD using the gold standard tools, the ADOS
and/or the ADI-R, administered by an experienced clini-
cian (psychiatrist and/or psychologist) [Lord et al., 2000;
Lord, Rutter, & Le Couteur, 1994]. In addition, a compre-
hensive diagnostic assessment was done based on ques-
tionnaires, clinical interviews, naturalistic observations,
and formal testing of cognitive function. ADOS and/or
ADI-R were performed in connection with clinical assess-
ment for ASD. IQ was measured using the fourth version
of Wechsler’s Intelligence Scale for Children [Wechsler,
2003] or another of Wechsler’s tests for the appropriate
age group [Wechsler, 2002, 2008]. The diagnostic assess-
ments of ADHD were done by a clinician (psychologist
and/or psychiatrist) specialized in child and adolescent
psychology/psychiatry or a pediatrician, based on all pre-
viously mentioned measures and according to formal
diagnostic criteria.

Social responsiveness scale. The SRS is a 65 items ques-
tionnaire made to identify the presence and severity of social
impairment in natural social settings within the autism spec-
trum. A parent who is familiar with the individual’s current
behavior and developmental history responds to each ques-
tion on a Likert scale: (a) not true, (b) sometimes true,
(c) often true, or (d) almost always true. The SRS consists of
five treatment subscales; Social Awareness, Social Cognition,
Social Communication, Social Motivation, and Autistic Man-
nerisms, which together form the total score [Constantino &
Gruber, 2005]. We used the parent rater scale for children/
adolescents aged 4–18 years in our study [Constantino &
Gruber, 2005]. For the few participants whowere over the age
of 18,we knew that they lived at homewith their parents and
that their parents thereforehad a goodbasis for assessing their
everyday function. We used continuous t-scores in our ana-
lyses and a higher score means more difficulties related to
social function. A total score in the range 60–75 indicates clin-
ically significant deficits in social reciprocal interaction, and
a mild to moderate interference in everyday interactions.

A t-score ≥76 represents severe interference in daily social
interactions and is strongly associated with a clinical diag-
nosis of ASD [Constantino & Gruber, 2005]. Internal con-
sistency is found to be high, both in population-based
samples and clinical samples (Cronbach’s α = 0.93–0.97)
[Constantino & Gruber, 2005].

Behavior rating inventory of executive function.
The BRIEF is a 86 items questionnaire designed to assess exec-
utive function in everyday life rated by parents, teachers,
and/or self-report [Gioia, Isquith, Guy, & Kenworthy,
2000]. In this study, we used the t-scores from the parents’
report for the age group 5–18 years. For the few participants
who were over the age of 18, we knew that they lived at
home with their parents and that their parents therefore had
a good basis for assessing their everyday function. The par-
ents respond if the described behavior has been a problem
for the child/adolescent the past 6 months by circling:
(a) never, (b) sometimes, or (c) often. The raw scores were
computed into the Software Portfolio (BRIEF SP) that has sep-
arate norms based on respondent, age, and gender of the
child/adolescent [Gioia et al., 2000]. The BRIEF consists of
three indexes and eight nonoverlapping subscales. The
Behavior Regulation Index (BRI) incorporates three subscales:
inhibit, shift, and emotional control. The Metacognition
Index (MI) consists of five subscales: initiate, working mem-
ory, plan/organize, organization of materials, and monitor.
Together these eight subscales (three from BRI and five from
MI) form the Global Executive Composite Index (GEC). The
items that make up the BRI index are intended to measure
the ability to modulate both behavioral and emotional con-
trol, and to move flexibly from one activity to another. The
MI index on the other hand is related to active problem solv-
ing, and the ability to initiate, organize, and monitor your
own actions [Gioia et al., 2000]. A higher score is associated
with more problems related to executive function, and
t-scores ≥65 are considered to represent clinically significant
levels. In our analysis, we used the continuous t-scores. The
internal consistency is reported to be high (Cronbach’s
α = 0.80–0.98) [Gioia et al., 2000].

Polygenic Scores

Genotyping. The DNA was extracted with standard
methods either from blood samples or saliva collected in
the clinic. The genotypes for the study were obtained
with Human Omni Express-24 v.1.1 (Illumina Inc., San
Diego, CA) at deCODE Genetics (Reykjavik, Iceland).
Quality control was performed using PLINK 1.9 [Purcell
et al., 2007]. Briefly, variants were excluded if they had
low coverage (<95%), had low MAF (<0.01), deviated
from Hardy–Weinberg equilibrium (P < 10−4), or occurred
at significantly different frequencies in different
genotyping batches (FDR < 0.5). Whole individual geno-
types were excluded if they had low coverage (<95%) or
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high likelihood of contamination (heterozygosity above
mean + 5 SD). MaCH software [Li, Willer, Ding, Scheet, &
Abecasis, 2010] was used to obtain variant pseudo-
dosages (sums of imputation probabilities for the two
haplotypes) for all participants based on reference haplo-
types derived from the samples of European ancestry in
the 1,000 Genome Project. We had no challenges with
kinship in our sample (no relatedness above pi-hat 0.1 in
our sample). All our participants (controls and clinical)
were collected in the same time period, genotyped on the
same array, and imputed and processed together. Any
variants imputed with MAF lower than 0.05 or informa-
tion score lower than 0.8 were excluded from the subse-
quent PGS calculations.

Polygenic score. The variants’ effects were estimated from
an inverse-variance weighted meta-analysis of the GWAS
summary statistics for all original sub-studies except any
sub-studies our own participants were drawn from. All sum-
mary statistics were quality controlled by removing variants
that met any of the following conditions: minor allele fre-
quency <0.05; imputation quality INFO <0.8; not present
in more than half of the sub-studies. The remaining vari-
ants were clumped into independent regions on the basis
of the linkage disequilibrium structure of the 1,000
Genomes Phase III European population. PLINK v1.9 was
used with the following parameters: –clump-p1 1.0 –clump-
p2 1.0 –clump-r2 0.2 –clump-kb 500. The allelic dosage
coefficient (or logarithm of the odds ratio) of each of the
variants with minimum P-values from all independent
regions were taken as weights in constructing the PGSs. We
obtained GWAS summary statistics for ASD from Grove
et al. [2019], ADHD from Demontis et al. [2018] and INT
from Savage et al. [2018] [Demontis et al., 2018; Grove
et al., 2019; Savage et al., 2018]. The summary statistics
were used to generate PGS, and test the association with spe-
cific phenotypes in the current sample, a procedure referred
to as “genetic risk profiling” [Martin, Daly, Robinson,
Hyman, & Neale, 2018]. We used a GWAS P-value threshold
for inclusion of 0.1 for all PGS (ASD, ADHD, and INT).
This P-value threshold was chosen because it resulted in
the highest explained variance in ASD case/control status
in the study our PGS was based on [Grove et al.,
2019]. The scores included contributions from about
32,000 variants. The participants in our subsample and
Grove et al. [2019], Demontis et al. [2018], and Savage
et al. [2018] are all of European ancestry and are therefore
genetically relatively homogeneous.

Copy-number variations. CNVs in molecular studies
have been identified as risk factors for ASD [Geschwind,
2011]. Information about the CNVs in our sample was
obtained from the chip genotypes, following standard
CNV calling methodology [Sonderby et al., 2018].

Statistical Analyses

Data analyses were conducted using the statistical package
IBM SPSS Statistics for Windows, version 25.0 (SPSS, Inc.,
Chicago, IL). Figure 1 was made using jamovi (Version 0.9).
We used Pearson’s independent t-tests to investigate the
mean differences in all clinical variables (MI, BRI, SRS, full-
scale IQ, and age) between the Low and the High PGS
groups. Chi-square for crosstabs was used to investigate dif-
ferences in the distribution of sex and ASD and ADHD diag-
noses in the Low and the High ASD PGS groups. We also
used Pearson’s independent t-tests to investigate the differ-
ences in PGS between controls and the clinical group to val-
idate the ASD PGS in our sample. Separate linear regression
models were conducted to explain variance in BRIEF scores
(BRI, MI, and GEC) across ASD, ADHD, and INT PGS
groups. Age, sex, SRS scores, full-scale IQ, and PCs were
entered as covariates. We also used linear regression with
total SRS score as the dependent variable and ASD, ADHD
and INT PGS groups, age, sex, full-scale IQ, and BRIEF scores
(BRI and MI) as independent variables. To describe the dis-
tribution of data, we added scatterplots of age by BRIEF
scores and ASD PGS by BRIEF scores (See Supplementary
Figs. S1A-B and S2A-B) and Q-Q plots of BRI and MI scores
(See Supplementary Figs. S3A-B). The genetic principal com-
ponents (PCs) that entered the linear regression model as
covariates of no interest were the ones with the highest cor-
relation with ASD, ADHD, and INT PGS (highest and
unique correlation PGS ASD = PC02, PGS ADHD = PC01,
and PGS INT = PC04) and the dependent variables
(BRIEF/GEC = PC06 and SRS = PC08, respectively). We used
standard procedures to control for population stratification,
and we were unable to identify clear population subgroups

Figure 1. The ASD PGS scores for typically developed controls,
the subthreshold ASD group, and the ASD group (ASD PGS at
P < 0.1). The dots represent the mean scores, and the bands
inside the boxes are the median. ASD, autism spectrum disorder;
PGS, polygenic score.
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in our sample. For scatterplots of the PCs see Supplemen-
tary Figures S4A-D. The coordinates of the study partici-
pants in the relevant genetic PCs (PC1, 2, 3, 4, and 6) are
inserted in the context of the European reference population
from the 1,000 genomes project in Supplementary Fig-
ures S5A-J. We also checked if the outliers had any substan-
tial effect on the analysis and we tried to remove seven of
the participants with the highest PC01 (outliers). The main
findings were still the same (the difference in BRI score
between the high and low ASD groups was still significant)
(P = 0.036), and in the regression analysis predicting BRI the
same three covariates were significant; sex P = 0.026, SRS
P = <0.001, and ASD PGS group P = 0.020; R2 = 0.390). Fur-
thermore, we also fitted the regression models with continu-
ous PGS instead of PGS groups (See Supplementary
Tables S1A-C). Due to moderate sample size, we did not
adjust alpha levels for multiple testing because of the risk of
type 2 errors. All tests were considered significant with a
two-sided P-value lower than 0.05. We report unadjusted
P-values and are cautious in drawing our conclusions.

Ethical Considerations

The study was approved by the Regional Ethical Committee
and the Norwegian Data Inspectorate (REK #2012/1967),
and was conducted in accordance with the Helsinki Declara-
tion of the World Medical Association Assembly. Written
informed consent was given from parents or legal guardians
for participants under 18 years. Participants over 18 years
gave written consent.

Results

Clinical characteristics. In the total sample, there was a
significant difference between those who had an ASD diagno-
sis (n = 120) and the subthreshold ASD group (n = 56) on:
total SRS (P < 0.001), total t-score Global Executive Compos-
ite (GEC) from BRIEF (P = 0.003), t-score BRI from the BRIEF
(P < 0.001), and age (P = 0.001). There were no significant dif-
ferences between the groups on total IQ (P = 0.841) or t-score
MI from BRIEF (P = 0.068). There were no significant differ-
ences between those who had an ASD diagnosis and the sub-
threshold ASD group on any of the PGS; ASD (P = 0.578),
ADHD (P = 0.810), and INT (P = 0.842) (all P-bin 0.1).
Those who had a comorbid diagnosis of ASD and ADHD

(n = 42) had a significantly higher score (were more
impaired) on both the total t-score GEC (P = 0.001) and the
t-score MI (P = 0.001) from the BRIEF, than those who only
had an ASD diagnosis. There was no significant difference in
total SRS, total IQ, or BRI scores between those with an ASD
diagnosis only and those with comorbid ASD and ADHD.
In the whole sample (n = 176), there was a small, posi-

tive correlation between ASD PGS and full-scale IQ, r = 0
0.033, but this was not significant (P = 0.673).

Characteristics of the ASD PGS groups. In the total
sample (n = 176), there were no significant group differ-
ences between the Low and High ASD PGS groups on age
(P = 0.059), full-scale IQ (P = 0.439), SRS total (P = 0.921),
or sex distribution (Pearson chi-square 1.113, P = 0.573).
The Low and High ASD PGS groups did not, however,
reflect the diagnostic groups, and there was no signifi-
cance difference between the distribution of ASD or
ADHD diagnosis (Pearson chi-square 0.962, P = 0.618 and
Pearson chi-square 0.107, P = 0.585) in the Low and High
PGS groups (See Table 1). We found no significant differ-
ences in parental education level, which is highly related
to income and socioeconomic status, between the Low
and the High ASD PGS groups (fathers education level
P = 0.784, mothers education level P = 0.798).

Validation of the PGS in the clinical group com-
pared to typically developed controls. To validate the
ASD PGS, we compared the PGS from the ASD group
(n = 120), the subthreshold ASD group (n = 56), and the typ-
ically developed controls (TDC) (n = 29) using Pearson’s
independent t-tests. The PGS for ASD differentiated between
the TDC and the clinical group (ASD and subthreshold ASD
group, n = 176; t(203) = 2.61, 95% CI [1.2 × 10−5,
8.7 × 10−5], P = 0.010. The PGS for ASD also differentiated
between the TDC and both the subthreshold ASD group;
t(83) = −2.07, 95% CI [−8.6 × 10−5, −1.7 × 10−6], P = 0.042
and the ASD group t(147) = −2.63, 95% CI [−9.1 × 10−5,
−1.3 × 10−5], P = 0.009. The PGS for ASD did not signifi-
cantly differ between those with ASD and subthreshold ASD
group (P = 0.578). There was no significant difference
between the TDC and the clinical group (ASD and sub-
threshold ASD group) on PGS for ADHD (P = 0.205) or INT
(P = 0.944). The TDC group had significantly lower scores
(less impairment/dysfunction) than the clinical group on
both SRS and BRIEF (P < 0.001), and was significantly older
than the clinical group (mean control group = 16.3 years,
mean clinical group = 11.7 years (ASD and subthreshold
ASD), P < 0.001). Altogether the ASD PGS differentiated
between the ASD group and TDC, and also between the sub-
threshold ASD group and the TDC (Fig. 1).

PGS of ASD, ADHD, and INT and their association
to executive function (BRIEF). There was a significant
group difference between the Low and the High ASD PGS
groups in the BRI scores from the BRIEF; BRI t = 62.9 in
the Low PGS group and t = 71.5 in the High PGS group;
t(49) = −2.51, 95% CI [−15.45, −1.71], P = 0.015, Cohen’s
d = 0.69. This means that the group with the highest PGS
for ASD had significantly more executive dysfunctions
with BRI than the group with lowest PGS for ASD. We did
not find a significant difference between the Low and
High ASD PGS groups in the MI scores from the BRIEF. We
also found no significant group differences between Low
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and High ADHD or INT PGS groups in either BRI or MI
scores from the BRIEF (See Tables 2 and 3).

Furthermore, we investigated the presence of CNVs in
the Low and the High ASD PGS groups. Three of the par-
ticipants in the Low ASD PGS group had CNVs, while no
CNVs were observed in the High ASD PGS group.

Regression analyses with BRIEF as the dependent
variable. A linear regression model accounting for age,
sex, full-scale IQ, SRS total score, ASD, ADHD and INT
PGS group as well as genetic PCs explained 41% of the

variance in the BRI score; F(11, 130) = 8.142, P < 0.001,
R2 = 0.41(unadjusted). Only SRS total (P = <0.001), PGS
ASD 0.1 group (P = 0.018), and sex (P = 0.022) made a sig-
nificant contribution to the model (See Table 4). This sug-
gests that the ASD PGS is more important than the
ADHD PGS and the INT PGS in explaining executive dys-
functions with behavior regulation (BRI) in our sample.

The same model explained 36% of the variance in MI
score; F(11, 134) = 6.836, P < 0.001, R2 = 0.36 (unadjusted).
In this case, only SRS total (P < 0.001) made a significant
contribution to the model. None of the PGS (ASD, ADHD,

Table 2. Independent Sample t-Test: Differences in BRIEF Scores (BRI and MI) between the Low and the High PGS groups
(ASD, ADHD, and INT)

PGS group
BRI Mean
t-score(SD) n df t 95% CI P

MIMean
t-score(SD) n df t 95% CI P

Low ASD PGS 62.9
(12.6)

25 62.8
(12.2)

25

High ASD PGS 71.5
(11.9)

26 49 −2.51 [−15.45, −1.71] 0.015* 65.5
(8.1)

27 41.3a −0.94 [−8.57, 3.13] 0.354

Low ADHD 67.6
(14.9)

26 63.9
(11.8)

26

High ADHD PGS 64.9
(11.2)

26 50 0.74 [−4.64, 10.03] 0.465 67.0
(11.3)

26 50 −0.97 [−9.55, 3.32] 0.336

Low INT PGS 62.5
(17.1)

23 59.9
(11.9)

26

High INT PGS 66.2
(12.0)

26 47 −0.89 [−12.14, 4.71] 0.380 65.0
(10.6)

26 50 −1.61 [−11.31, 1.24] 0.113

BRIEF-BRI, Behavior Rating Inventory of Executive Functions, Behavior Regulation Index; BRIEF-MI, Behavior Rating Inventory of Executive Functions,
Metacognition Index; CI, confidence interval; df, degrees of freedom.
Low and High ASD PGS: Autism spectrum disorder polygenic score subgroup (Low and High) at P < 0.1.
Low and High ADHD PGS: Attention deficit/hyperactivity disorder polygenic score subgroup (Low and High) at P < 0.1.
Low and High INT PGS: General intelligence polygenic score subgroup (Low and High) at P < 0.1.
*P < 0.05 (two-tailed); **P < 0.01 (two-tailed).
aEqual variance not assumed; Welch’s t-test.

Table 3. Independent Sample t-Test: Differences in BRIEF Scores (GEC) between the Low and the High PGS groups (ASD, ADHD,
and INT)

PGS group GECMean t-score (SD) n df t 95% CI P

Low ASD PGS 63.8
(12.7)

25

High ASD PGS 69.0
(9.0)

26 49 −1.68 [−11.32, 1.00] 0.099

Low ADHD PGS 66.5
(13.3)

26

High ADHD PGS 67.7
(11.2)

26 50 −0.36 [−8.10, 5.64] 0.721

Low INT PGS 61.9
(14.3)

25

High INT PGS 66.2
(9.1)

26 40.4a −1.28 [−11.12, 2.49] 0.208

BRIEF-GEC, Behavior Rating Inventory of Executive Functions, Global Executive Composite; CI, confidence interval; df, degrees of freedom.
Low and High ASD PGS: Autism spectrum disorder polygenic score subgroup (Low and High) at P < 0.1.
Low and High ADHD PGS: Attention deficit/hyperactivity disorder polygenic score subgroup (Low and High) at P < 0.1.
Low and High INT PGS: General intelligence polygenic score subgroup (Low and High) at P < 0.1.
*P < 0.05 (two-tailed); **P < 0.01 (two-tailed).
aEqual variance not assumed; Welch’s t-test.
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or INT) significantly contributed to this model (See Table 5).
These results indicate that the PGS did not have a significant
role in explaining the metacognitive aspects of executive
function in our sample. For the regression model with GEC
as dependent variable see Table 6.
We also fitted regression models with each PGS sepa-

rately to investigate their relationship to BRI and MI,
including sex, age, full-scale IQ, and total SRS as covariates.
The contribution of ASD PGS is mainly the same as when
all three PGS were fitted in the same model. Fitting the
regression model with BRI as dependent variable results in

F(9, 132) = 9.753, P < 0.001, R2 = 0.40 (unadjusted). SRS
total (P < 0.001), sex (P = 0.016), and ASD PGS (P = 0.021)
made a significant contribution to the model.

None of the PGSs (ASD, ADHD, or INT) had a significant
contribution to the regression models, either with BRI or
MI as dependent variables, when we used the continuous
PGS (BRI as dependent variable P = 0.234–0.488, MI as
dependent variable P = 0.175–0.983) (See Tables S1A–C).

The PGS association to social function (SRS). We
also investigated the association between the PGS and

Table 4. Linear Regression Model Summary: Prediction of Behavior Regulation Index (BRI) (Total sample n = 142a)

95% confidence interval

Predictor B SE B Lower Upper t P β

Sex −5.21 2.25 −9.65 −0.77 −2.32 0.022* −0.17
Age −0.34 0.29 −0.92 0.23 −1.18 0.239 −0.08
Full-scale IQ 0.08 0.07 −0.06 0.22 1.13 0.261 0.08
SRS_total 0.52 0.06 0.39 0.65 8.10 <0.001** 0.59
ASD PGS subgr P < 0.1 4.07 1.70 0.71 7.44 2.40 0.018* 0.17
ADHD PGS subgr P < 0.1 −2.05 1.61 −5.23 1.13 −1.27 0.205 −0.09
INT PGS subgr P < 0.1 −0.61 1.79 −4.16 2.93 −0.34 0.732 −0.02

Model’s R2 = 0.408 (unadjusted). Models P-value = <0.001**.
B, unstandardized regression coefficients; BRIEF-BRI, Behavior Rating Inventory of Executive Functions, Behavior Regulation Index; BRIEF-GEC, Behav-

ior Rating Inventory of Executive Functions, Global Executive Composite; BRIEF-MI, Behavior Rating Inventory of Executive Functions, Metacognition
Index; IQ, intelligence quotient; SE , standard error; SRS, Social Responsiveness Scale; β, standardized regression coefficients.
ASD PGS subgroup P < 0.1: ASD polygenic groups low, moderate, and high based on the autism spectrum disorder polygenic score at P < 0.1.
ADHD PGS subgroup P < 0.1: ADHD polygenic groups low, moderate, and high based on the attention deficit/hyperactivity disorder polygenic score

at P < 0.1.
INT PGS subgroup P < 0.1: INT polygenic groups low, moderate, and high based on the general intelligence polygenic score at P < 0.1.
*P < 0.05 (two-tailed); **P < 0.01 (two-tailed).
an corresponds to participants without any missing variables in outcomes or covariates (in the total sample of the study n = 176, there were 19 missing

on SRS total and 11 missing on full-scale IQ). The covariates are included in the table to show their contribution to the model.

Table 5. Linear Regression Model Summary: Prediction of Metacognition Index (MI) (Total sample n = 146a)

95% confidence interval

Predictor B SE B Lower Upper t P β

Sex −2.45 1.87 −6.15 1.25 −1.31 0.192 −0.10
Age −0.17 0.23 −0.63 0.29 −0.72 0.471 −0.05
Full-scale IQ 0.05 0.06 −0.07 0.16 0.83 0.407 0.06
SRS_total 0.40 0.05 0.30 0.51 7.56 < 0.001** 0.57
ASD PGS subgr P < 0.1 1.36 1.41 −1.43 4.16 0.97 0.336 0.07
ADHD PGS subgr P < 0.1 0.99 1.34 −1.65 3.63 0.74 0.461 0.05
INT PGS subgr P < 0.1 1.15 1.42 −1.66 3.97 0.81 0.420 0.06

Model’s R2 = 0.359 (unadjusted). Models P-value < 0.001.
ASD PGS subgroup P < 0.1: ASD polygenic groups low, moderate, and high based on the autism spectrum disorder polygenic score at P < 0.1.
ADHD PGS subgroup P < 0.1: ADHD polygenic groups low, moderate, and high based on the attention deficit/hyperactivity disorder polygenic score

at P < 0.1.
INT PGS subgroup P < 0.1: INT polygenic groups low, moderate, and high based on the general intelligence polygenic score at P < 0.1.
B, unstandardized regression coefficients; BRIEF-BRI, Behavior Rating Inventory of Executive Functions, Behavior Regulation Index; BRIEF-GEC, Behav-

ior Rating Inventory of Executive Functions, Global Executive Composite; BRIEF-MI, Behavior Rating Inventory of Executive Functions, Metacognition
Index; IQ, intelligence quotient; SE, standard error; SRS, Social Responsiveness Scale; β, standardized regression coefficients.
*P < 0.05 (two-tailed) **P < 0.01 (two-tailed).
an corresponds to participants without any missing variables in outcomes or covariates (in the total sample of the study n = 176, there were 19 missing

on SRS total and 11 missing on full-scale IQ). The covariates are included in the table to show their contribution to the model.
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social function in everyday life measured with the SRS.
In an independent sample t-test we found a significant
group difference between total SRS scores of the Low and
the High INT PGS groups; total t-score t = 66.0 in the Low
PGS group and t = 76.2 in the High PGS group; t
(45) = −2.27, 95% CI [−19.11, −1.14], P = 0.028, Cohen’s
d = 0.66. This means that the group with the highest PGS
for INT had significantly more problems related to social
function in everyday life than the group with Low PGS for
INT. We did not find any significant differences between
the Low and High ASD PGS groups or the Low and High
ADHD PGS groups on the SRS total score (P = 0.921 and
P = 0.865). Furthermore, we performed a regression analysis
and controlled for age, sex, full-scale IQ, MI from the BRIEF,
BRI from the BRIEF, ASD, ADHD and INT PGS groups as
well as PCs. The linear regression model was significant and
explained 48% of the variance in total SRS score; F
(12, 128) = 10.010, P < 0.001, R2 = 0.48 (unadjusted). MI
from the BRIEF (P = 0.001), BRI from the BRIEF (P < 0.001),
and sex (P = 0.019) had a significant contribution to the
model. None of the PGSs made a significant contribution
to the total SRS score (P = 0.101–0.742) in the regression
model.

Discussion

Our results showed a significant association between ASD
PGS, representing the polygenetic components of ASD,
and executive function deficits in everyday life in a clini-
cal group seeking specialist health care due to autistic
symptomatology. In our study, the BRI from the BRIEF
differed significantly between individuals with the

highest and the lowest PGS for ASD. The participants in
the High PGS group had on average a t-score of 71.5 on
BRI, which is in the clinical range of the scale. In compar-
ison, the participants in the Low PGS group had an aver-
age t-score of 62.9, which is under the clinical cutoff
(Cohen’s d = 0.69). We did not observe any significant
BRI difference between the Low and High PGS groups for
ADHD or INT. This finding was in line with our hypothe-
sis that in a sample consisting of participants with an
ASD diagnosis and/or ASD symptomatology, the ASD
PGS would be more strongly associated with BRIEF scores
than the PGS for ADHD and INT. No significant differ-
ences in the MI from the BRIEF were detected between
the Low and High PGS groups for ASD, ADHD, or INT.
Since ASD characteristics are quantitative traits, we
included participants under the diagnostic threshold for
ASD. Furthermore, because of the large degree of comor-
bidity in ASD, we included PGS of other diagnostic
groups. This enabled us to investigate the polygenic com-
ponent of core ASD phenomena beyond diagnostic cate-
gories. The use of extreme PGSs may already have clinical
relevance, for example, for cancer and cardiovascular dis-
eases [Seibert et al., 2018; Torkamani et al., 2018]. In our
study, we found a clinically meaningful and significant
difference in the BRI scores from the BRIEF where the par-
ticipants in the High ASD PGS had clinical/pathological
t-scores and the Low ASD PGS group had nonclinical
score. Thus the use of extreme scores seems to have a
potential for identifying clinically relevant levels of cog-
nitive problems. However, further studies are needed
before clinical relevance can be established.

It is possible that polygenic factors in ASD could be
related to behavior differences, or other phenotypes not

Table 6. Linear Regression Model Summary: Prediction of Global Executive Composite (GEC) (Total Sample n = 145a)

95% confidence interval

Predictor B SE B Lower Upper t P β

Sex −3.64 1.86 −7.32 0.05 −1.95 0.053 −0.13
Age −0.32 0.23 −0.78 0.14 −1.38 0.170 −0.10
Full-scale_IQ 0.05 0.06 −0.07 0.17 0.86 0.389 0.06
SRS_total 0.48 0.05 0.37 0.59 8.90 < 0.001** 0.63
ASD PGS subgr P < 0.1 2.68 1.44 −0.18 5.53 1.85 0.066 0.13
ADHD PGS subgr P < 0.1 −0.02 1.35 −2.70 2.66 −0.01 0.989 0.00
INT PGS subgr P < 0.1 0.49 1.45 −2.37 3.35 0.34 0.736 0.02

R2 = 0.432 (unadjusted). Models P-value <0.001.
B, unstandardized regression coefficients; BRIEF-BRI, Behavior Rating Inventory of Executive Functions, Behavior Regulation Index; BRIEF-GEC, Behav-

ior Rating Inventory of Executive Functions, Global Executive Composite; BRIEF-MI, Behavior Rating Inventory of Executive Functions, Metacognition
Index; IQ, intelligence quotient; SE, standard error; SRS, Social Responsiveness Scale; β, standardized regression coefficients.
ASD PGS subgroup p0.1: ASD polygenic groups low, moderate, and high based on the autism spectrum disorder polygenic score at P < 0.1.
ADHD PGS subgroup p0.1: ADHD polygenic groups low, moderate, and high based on the attention deficit/hyperactivity disorder polygenic score

at P < 0.1.
INT PGS subgroup p0.1: INT polygenic groups low, moderate, and high based on the general intelligence polygenic score at P < 0.1.
*P < 0.05 (two-tailed); **P < 0.01 (two-tailed).
an corresponds to participants without any missing variables in outcomes or covariates (in the total sample of the study n = 176, there were 19 missing

on SRS total and 11 missing on full-scale IQ). The covariates are included in the table to show their contribution to the model.
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related to executive function. Furthermore, executive
function deficits are not related to a specific disorder, but
characteristic of several NDs, with few deficits in typically
developing controls. This can explain why PGS for ASD
in an ASD diagnostic group differs significantly from PGS
for ASD in controls, but not significantly from PGS for
ASD in a non-ASD diagnostic group with ASD symptom-
atology. Thus, in the current clinical sample referred for
autism symptomatology it is expected that the PGS for
ASD will be higher for the clinical group without ASD
than for controls.
The ASD PGS had a stronger relationship to executive

function than the PGS for ADHD and INT in our clinical
sample under assessment for ASD. This finding might
imply that the common genetic variance associated with
ASD is of greater importance for executive dysfunction
than the genetic variance associated with ADHD or INT.
Even though the ADHD PGS and INT PGS were not sig-
nificant in the regression analysis with BRIEF as depen-
dent variable, they still may have an association to BRIEF,
and the findings must be interpreted with caution since
the regression analyses are based on null-hypothesis test-
ing. However, based on the actual t-scores in the Low and
the High groups we found that there is a significant dif-
ference between the Low and the High ASD PGS groups
in BRI, but not between Low and High ADHD and INT
PGS groups. Furthermore, our results indicate that the
behavioral regulation aspects of executive function are
more strongly related to the polygenetic nature of ASD
than the metacognitive aspects. The behavioral regula-
tion index from the BRIEF contains the subscales inhibi-
tion, flexibility, and emotional control. The subscale
flexibility is the hallmark of ASD, and it is within this
area that those with ASD have the most pronounced diffi-
culties, also compared with other clinical groups with
executive function deficits [Hovik et al., 2014]. Therefore,
executive function deficits most specifically related to
ASD may also have the closest link to polygenetic compo-
nents of ASD.
Our finding that difficulties with the behavior regulatory

aspects of executive function andASDPGSarepositively asso-
ciated contrasts Schork et al.’s finding that ASD PGS is associ-
ated with better performance on a cognitive flexibility task
[Schork et al., 2018]. This might be explained by differences
in sample and method, as Schork et al. investigated typically
developing children with neuropsychological tests while we
investigated children referred for clinical assessment and
measured their executive functioning in everyday life. Fur-
thermore, our finding is in line with studies of clinical
populations where executive function deficits are associated
with an ASD diagnosis [Demetriou et al., 2017]. The correla-
tions between rating measures like the BRIEF and
performance-based measures of executive function are typi-
cally reported to be quite poor. In a review incorporating
both clinical and nonclinical samples in addition to both

children and adults, the mean correlation between scores on
performance-basedmeasures and behavioral ratings by use of
BRIEF was reported to be 0.15 [Toplak, West, & Stanovich,
2013]. Furthermore, it is known that genetic factors can con-
tribute in complex ways to even performance-based tests
intended to measure the same underlying construct like, for
example, memory [Kremen et al., 2014]. In a recent meta-
analysis of executive function in ASD, Demetriou et al. found
that most measures of executive function did not achieve
clinical utility in differentiating between ASD and typical
controls [Demetriou et al., 2017]. However, informant-based
measures based on BRIEF achieved absolute clinical marker
criteria. They conclude that the BRIEF is based onmore repre-
sentative environmental situations andhas therefore ahigher
ecological validity than many performance-based measures,
and may thus be more appropriate in clinical practice. Fur-
thermore, this is in line with recurrent findings that there is
pronounced discrepancy between structured performance-
basedmeasures of general intelligence and adaptive function-
ing (measures with e.g. Vineland-II) in ASD [Tillmann et al.,
2019]. We therefore think that our finding that a higher ASD
risk (higher ASD PGS) is associated withmore executive func-
tion difficulties is novel and interesting, and is consistent
with the clinical representation of more executive function
difficulties in theASDpopulation.Ourfindings illustrate how
thepolygenic componentofNDs and its association to execu-
tive dysfunctions can disentangle psychological constructs
and may be used to explore possible underlying biological
explanatorymodels of executive dysfunction.

In a GWAS study, Sun et al. found that ADHD children
had genetic variants related to behavioral regulation
impairments measured with the BRIEF [Sun et al.,
2018]. In children with NDs such as ASD and ADHD,
there are indications that BRI from the BRIEF is more
strongly associated with genetic factors than the meta-
cognitive aspects of executive function [Sun et al.,
2018]. This is in line with our findings of association
between the ASD PGS and the BRI subscale, but not the
metacognitive scale of BRIEF. Further, in our study we did
not find any significant association between the PGS for
ADHD and BRI. This seems to suggest a stronger genetic
component of executive function in ASD in our sample,
as the effect size was bigger for ASD (d = 0.69) than for
ADHD (d = 0.20). The lack of significant association
between ADHD PGS and BRIEF scores may also be due to
a smaller sample of ADHD participants, however the
effect sizes for the extreme scores groups (ADHD PGS
Low vs. High on BRI: d = 0.20 and MI: d = 0.27) support
the notion that ADHD PGS has less influence on BRIEF
than the ASD PGS. Another explanation could be that
ASD and ADHD involve different genetic mechanisms.

ASD and ADHD are both NDs and often manifest as
comorbid conditions, both characterized by executive
function deficits. In our study, the PGS for ASD groups did
not reproduce the diagnostic categories as both the Low
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and High PGS group consisted of children/adolescents with
ASD and/or ADHD. Dajani et al. [2016] studied a sample of
ASD, ADHD, or comorbid ASD and ADHD, and found that
executive function performance did not match the diag-
nostic categories. Sun et al. [2018] argue that is it more
important to evaluate executive function than diagnosis
for targeting executive function interventions. Taken
together, this suggests that the Low and High PGS groups
are not only an indirect measurement of ASD, but rather
reflect that polygenic disposition for ASD associated with
the behavior regulation part of executive function. Further-
more, it is important to be aware of potential factors that
can influence the PGSs. In Grove et al.’s ASD sample it is
likely that some of the participants might have had comor-
bid ADHD [Grove et al., 2019], and the ADHD risk score
calculated by Demontis et al. might be more specific to
ADHD [Demontis et al., 2018]. However, it is likely that
there is some overlap between all the different phenotypes,
especially at P-values as high as 0.1.

The INT PGS was significantly related to the amount of
social problems in this sample, and we found a moderate
effect size in the comparison of Low vs. High INT PGS on the
SRS (P = 0.028, d = 0.66). The PGS for ASD or ADHD did not
significantly influence the SRS score. This is in line with
other studies linking common variants associated with high
IQ to social problems [Clarke et al., 2016; Grove et al.,
2019]. However, the contribution of INT PGSwas not signifi-
cant in our regression model. SRS measures autistic social
impairments in a quantitative score, and can also be viewed
as an impairment score. However, we did not find a signifi-
cant difference in total SRS score between the Low and High
ASD PGS groups. We might have too small and heteroge-
neous sample consisting of different ASD diagnosis to detect
a relationship between ASD PGS and SRS. Grove et al. found
the Asperger diagnosis to be more strongly correlated to a
highASD PGS than classic autism (childhood autism) [Grove
et al., 2019].

We did not find a significant difference in full-scale IQ
between the Low and the High ASD PGS groups in our sam-
ple (P = 0.439). In the whole sample, there was a small, posi-
tive correlation between ASD PGS and full-scale IQ,
r = 0.033, but this was not significant (P = 0.673). Therefore,
our finding is not consistent with the reports showing high
risk for ASD associated with higher IQ in the general popula-
tion [Clarke et al., 2016]. The reason for this is probably the
size and heterogeneity of our sample, which groups together
different ASD diagnoses. The Asperger diagnosis has previ-
ously shown to be the ASD diagnosis with the highest posi-
tive correlation with high IQ [Grove et al., 2019].

We found a significant contribution of sex to the
behavior regulation of executive function (BRI) in the
regression model. This indicates that the relationship
between genetic dispositions for ASD and executive
function may be different for boys and girls. The low
number of girls in our study makes these findings

uncertain albeit in line with the “female protective
model,” which proposes that more severe genetic muta-
tions are required for a girl to develop ASD than for a boy
[Levy et al., 2011]. Thus, common gene variants may also
have different vulnerabilities depending on sex.

Strengths and limitations of the study. One of the
strengths of the current study is that it includes a clinically
relevant sample of participants (n = 176) who were referred
for an ASD evaluation and were thoroughly clinically
assessed for ASD. Furthermore, the PGSs are based on large
discovery samples with large power. Even though we have
relatively few participants, we found moderate effect sizes
between measures of executive function (BRI) in the Low
and High ASD PGS groups. The PGS for ASD is relatively
new and based on a smaller sample/cohort than the PGS for
ADHD and INT. Yet, only the PGS for ASD is significantly
associated with executive function deficits (BRI). However,
because of a relatively small sample size, the uncorrected
P-values, and the absence of an effect when using PGS as a
continuous variable, the results should be interpreted with
caution. Furthermore, the findings are in need of replication
in larger samples. We also had information about the pres-
ence of possible CNVs in all the participants. We did not
find more CNVs in the High vs. the Low ASD PGS group.
Therefore, it is not likely that CNVs are the reason for more
executive dysfunction in the High ASD PGS group. Another
strength of the study is that we had no challenges with kin-
ship or ethnicity as confounding factors.

Even though the participants were thoroughly assessed
for ASD, we did not apply specific ADHDmeasures to com-
pare the degree of ADHD symptoms; we only know
whether they have a clinical diagnosis of ADHD. Although
we controlled for age in the analyses, nonlinear age effects
could bias the results.

Clinical implications. It has been stated that “the end
game of PGS […] is personalized medicine” [Zheutling &
Ross, 2018]. Children and adolescent with high PGS for
ASD may be particularly vulnerable and have difficulties
with executive function. Despite the present small effect
and predictive power, the findings suggest that PGS may
be a clinically useful tool in the future for children with
NDs. If children at risk can be identified, it might be of
clinical relevance to initiate prevention interventions
aimed at the executive difficulties, or stratify the more
general ASD treatment by PGS.

Conclusions

We report a significant relationship between PGS for ASD
and executive function deficits in terms of behavior regula-
tion in a clinical sample under evaluation for ASD symp-
tomatology. Furthermore, we find that PGS of ASD, and not

INSAR Torske et al./Polygenic scores and executive function 11



ADHD nor INT, has a significant contribution to executive
function deficits when controlling for confounders. To our
knowledge, this is the first study to find an association
between the PGS for ASD and executive function in every-
day life, and shows how information from PGS can be used
in a clinical neurodevelopmental sample.
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