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Summary 
The relationship between executive function (EF) and social difficulties in children and 

adolescents with autism spectrum disorder (ASD) is investigated in the current thesis. 

Executive dysfunction is one of the cognitive theories of ASD. Even though it cannot explain 

all of the symptoms of ASD, executive dysfunction is a central characteristic of everyday 

functioning in ASD and closely related to adaptive functioning and quality of life. Few 

studies, however, have investigated the relationship between EF and social function in 

everyday life in this group. Sub-aims of this thesis were to examine how sex and comorbid 

attention deficit/ hyperactivity disorder (ADHD) affect the relationship between social 

function and EF. The role of EF by means of genetic information is also examined. We had 

access to polygenic scores (PGSs) for ASD, ADHD and general intelligence, and explored 

their association to executive dysfunction in everyday life. 

 

The first aim was to investigate the relationship between everyday EF as measured by the 

Behavior Rating Inventory of Executive Function (BRIEF) and social function as measured 

by the Social Responsiveness Scale questionnaire (SRS). In a sample of 86 children and 

adolescents (23 girls), we found that difficulties with the metacognitive aspects of EF were 

significantly related to social dysfunction (Paper I). This finding remained even after the 

children with comorbid ADHD were excluded from the analyses. Secondly, we wanted to 

examine possible sex differences in the relationship between executive dysfunction as 

measured by the BRIEF and autistic symptoms using the Autism Diagnostic Interview-

Revised (ADI-R). The results showed a strong and significant association between BRIEF 

scores and ADI-R domains for social interaction and communication in girls, but not for boys. 

We did not find sex differences in the relationship between executive dysfunction and 

restricted and repetitive behaviors (Paper II). Comorbid ADHD did not have a significant 

impact on the association between BRIEF and ADI-R scores. 

 

The last aim was to explore if the polygenic score (PGS) for ASD was associated with 

executive dysfunction in everyday life in a clinical sample of children and adolescents 

admitted for clinical assessment of ASD. In addition, we had access to the PGSs for ADHD 

and general intelligence (INT) for the same participants. The sample was divided into low and 

high groups based on their PGSs. In a regression model, we found that ASD PGS was 

significantly associated with behavior regulation aspects of EF. We did not find any 
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significant association between EF and the PGSs for ADHD or INT in our sample (Paper III). 

Furthermore, we found high PGS for general intelligence to be related to social difficulties in 

everyday life measured by the SRS. 

 

One possible clinical implication of our findings is that metacognitive aspects of EF may be 

of particular importance for social function in everyday life for children and adolescents with 

ASD. Interventions targeting metacognitive skills could therefore have a positive influence on 

social function for these children.  

 

Furthermore, there might be important differences between girls and boys in the relationship 

between executive dysfunction and reciprocal social interaction and communication. Our 

results indicated that the relationship for girls was stronger than for boys. This might imply 

that executive dysfunction and social difficulties in girls may be more closely related, and that 

girls with ASD may benefit more from EF interventions.  

 

Lastly, children and adolescents with high PGS for ASD might be particularly vulnerable and 

have more difficulties with behavior regulation aspects of EF than those with low PGS for 

ASD. The clinical relevance may be that preventions aimed at EF difficulties could be offered 

to children at risk earlier, and that the more general ASD treatment could be stratified 

according to PGS level.  
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1. Introduction 

1.1 Autism spectrum disorder (ASD) 

1.1.1 Historical perspective 

The writings of Kanner and Asperger are considered to be the first descriptions of autism and 

autistic behavior. In 1943, Leo Kanner wrote his famous paper entitled “Autistic Disturbances 

of Effective Contact” where he describes the behavior of 11 children (including three girls) 

and referred to it as a distinct syndrome (Kanner, 1943). The behavior he described was a 

pattern of social disinterest and self-isolation in combination with an insistence on sameness 

and resistance to change. The term autism was borrowed from the Swiss psychiatrist Eugen 

Bleuler who had used it to describe self-centered thinking in schizophrenia (Bleuler, 1911). 

However, while Bleuler used the term to describe excessive hallucinations and fantasy in 

infants, child psychologists started using the term autism in the 1960s to refer to children with 

a lack of fantasy and unconscious symbolic life (Evans, 2013). The year after Kanners paper, 

Hans Asperger published a German paper about four children whom he thought had “autistic 

psychopathology” (Asperger, 1944). The four boys described by Asperger were reported as 

having social difficulties combined with in-depth knowledge in specific areas, and he called 

them “young professors”. This later developed into the description of Asperger syndrome, 

where people have intact intellectual abilities, but distinct problems with reciprocal social 

interaction and restricted patterns of behaviors and interests. Later, Lorna Wing described 

autistic symptomologies as “a spectrum” (Masi, DeMayo, Glozier, & Guastella, 2017; Wing, 

1981). Furthermore, she defined the triad of autism that consisted of dysfunction within three 

areas: social, communicative and restricted behaviors/interests. She also described how these 

children lacked the ability to pretend play. In the third version of the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-III) published in 1980, “autism” became a 

diagnostic entity in its own right and the condition was grouped under the label Pervasive 

Developmental Disorders (PDD) (Tidmarsh & Volkmar, 2003). 

 

1.1.2 Diagnosis and symptoms 

ASD is currently defined in terms of behavior. ASD is characterized by persistent deficits in 

social interaction and social communication across multiple contexts, and a restricted, 

repetitive pattern of behaviors, interests, or activities (American Psychiatric Association, 

2013). In the newest diagnostic system, Diagnostic and Statistical Manual of Mental 

Disorders - Fifth Edition (DSM-5), the triad becomes a dyad where difficulties with social 
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interaction and social communication are collapsed together, and stereotype behaviors and 

interests make up the other part of the dyad (American Psychiatric Association, 2013). 

Furthermore, the term Asperger and other subcategories are removed, and they are all 

grouped under the term ASD. In the diagnostic manual DSM-5, ASD has become a spectrum 

diagnosis that can range from very mild to severe, and more people with the condition have 

normal intelligence and are able to speak, read and live in the community (Lord, Elsabbagh, 

Baird, & Veenstra-Vanderweele, 2018). However, the core symptoms of ASD have not 

changed substantially from the original description.  

 

The diagnostic manual The International Classification of Diseases – version 10 (ICD-10) 

describes the same characteristics, with difficulties relating to social communication and 

social interaction across multiple contexts, and a restricted, repetitive pattern of behaviors, 

interests, or activities, as in DSM-5 (World Health Organization, 1992). These difficulties are 

defined as qualitative abnormalities of behavior that are deviant in relation to mental age and 

are of a pervasive nature that will affect the individual’s function in all situations. The ICD-10 

divides ASD into the subcategories childhood autism, atypical autism, Asperger syndrome 

and Pervasive Developmental Disorder – not otherwise specified (PDD-NOS) (World Health 

Organization, 1992). In this thesis, I will use the term ASD to refer to all the subcategories 

that are included in ICD-10. Most people that have an ASD diagnosis based on the ICD-10 

criteria will also fulfill the criteria for ASD in DSM-5. However, the diagnostic criteria in 

DSM-5 is somewhat stricter than ICD-10 and DSM-IV, and some people with PDD-NOS 

given in accordance with the ICD-10 criteria might not fulfill the requirements for an ASD 

diagnosis based on the DSM-5 criteria (Doernberg & Hollander, 2016). In preparations for the 

upcoming ICD-11 manual, the description of autism includes two categories (as in DSM-5), 

namely difficulties in social interaction and communication, and restricted and repetitive 

behaviors and interests.     

 

ASD is defined as a neurodevelopmental disorder, meaning that the disorder manifests in 

childhood in the developing brain (American Psychiatric Association, 2013). However, it is 

not restricted to childhood and adolescence. For most people with ASD, it is a lifelong 

condition that can have different expressions and challenges during different developmental 

phases (Lord et al., 2018). 
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1.1.3 Epidemiology  

Prevalence is defined as the proportion of individuals in a population who suffer from a 

defined disorder at any given time, and the global prevalence of ASD in 2012 was estimated 

by the World Health Organization to be 1% (Elsabbagh et al., 2012). However, a recent 

review estimated the prevalence to be 1.5% in developed countries (Lyall et al., 2017). A 

recent study confirmed that the prevalence of ASD in school-aged children in China is about 

1%, which is comparable to western prevalence estimates (Sun et al., 2019). In the United 

States, an association has been found between higher socio-economic status and higher ASD 

prevalence, and especially ASD without intellectual disability. Some of the explanation for 

this has been suggested to be related to better access to health care systems and diagnostic 

services among those with higher socio-economic status; no plausible biological mechanism 

has been found for this difference in prevalence. In other countries with more equal access to 

health services, ASD has been associated with lower socio-economic status (Myers, Chavez, 

Hill, Zuckerman, & Fombonne, 2019). Some have found that racial/ethnic differences affect 

diagnostic rates above and beyond the effect of socio-economic status. However, this 

phenomenon is mostly found in US-based populations. For example, Somali children are 

more often diagnosed with ASD than other ethnic groups in both the USA and Sweden, and 

they are also more often found to have comorbid intellectual disability. One possible causal 

explanation for this has been suggested to be lower levels of vitamin D among immigrant 

Somali mothers that can impact fetal brain development (Myers et al., 2019). 

 

The prevalence rate has been rising considerably since the 1970s, and the most recent data 

from the Centers for Disease Control and Prevention show that 1 in 59 children in the United 

States have ASD (Baio, Wiggins, & Christensen, 2018). Several studies have documented an 

increase in incidence of ASD, which is defined as the probability of new cases of a disorder 

occurring within a given period of time (Davidovitch, Hemo, Manning-Courtney, & 

Fombonne, 2013). In the United Kingdom, the annual incidence rate is approximately 1 per 

1000 (Jick, Beach, & Kaye, 2006). There may be several reasons for this increase. 

Researchers point to better detection of behavior patterns associated with ASD and a 

broadening of the diagnosis criteria as the most important reasons. The use of different 

samples and statistics makes it hard to compare different surveys and prevalence numbers 

(Fombonne, 2018).  
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1.1.4 Sex differences 

Increasing attention has been paid to understanding possible gender and sex differences in 

ASD (Halladay et al., 2015; Lord et al., 2018). One of the most consistent findings is that 

ASD is overrepresented in boys compared to girls. Traditionally, the male-to-female ratio is 

thought to be 4:1 (Lai, Lombardo, Auyeung, Chakrabarti, & Baron-Cohen, 2015). The 

reasons for this, however, are not fully understood. A recent meta-analysis of population-

based ASD studies concluded that the male-to-female ratio is closer to 3:1 (Loomes, Hull, & 

Mandy, 2017). The prevalence ratio is different depending on intellectual level, where a lower 

intelligence quotient (IQ) is associated with a lower male-to-female ratio. Several have 

suggested that girls might have a different phenotype of ASD than boys. Furthermore, the 

diagnostic instruments have been primarily developed to capture the typical male expression 

of ASD. It has also been argued that girls camouflage their autistic symptoms, making is 

harder to recognize autistic symptoms in girls (Lai et al., 2017). Others hold a different view. 

They argue that it is not deliberate camouflaging, but rather that girls use compensatory 

behaviors that make their autistic behaviors less apparent (Dean, Harwood, & Kasari, 2017). 

Furthermore, girls referred to the clinic for assessment of ASD often have more cognitive and 

behavioral problems than boys. Dworzynski et al. argue that it is more difficult for clinicians 

to detect average IQ girls without additional behavior problems and more subtle forms of 

ASD than boys (Dworzynski, Ronald, Bolton, & Happe, 2012). This might be due to the fact 

that it seems that girls with ASD have an increased mutational burden, which indicates an 

elevated threshold for developing ASD in girls (Jacquemont et al., 2014). This has been 

interpreted as a female protective effect, in other words, a greater resistance to ASD from 

genetic causes in females (Levy et al., 2011). A possible consequence of an increased genetic 

load in girls is that those who reach a clinical diagnosis of ASD often have lower intelligence 

and more behavioral problems than boys with ASD (Dworzynski et al., 2012). 

 

1.1.5 Comorbidity 

ASD often co-occurs with other developmental delays, such as intellectual disability, 

communication disorders, specific learning disorders, and motor disorders (Gillberg, 2010). 

The latest diagnostic manual (DSM-5) takes account of the fact that ASD often co-occurs 

with other psychiatric conditions. Attentions deficit/ hyperactivity disorder (ADHD) is the 

most common comorbidity in people with ASD, and about 30% with ASD have a comorbid 

diagnosis of ADHD (Lord et al., 2018). As ASD, ADHD is also a neurodevelopmental 

disorder and is more common in boys than in girls (Thapar & Cooper, 2016). Furthermore, 
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having a comorbid diagnosis of ADHD negatively affects the outcome of children with ASD 

and may be a target for interventions. Anxiety and depression are also common in ASD and 

are reported to increase in adolescence, especially for girls (Lord et al., 2018). Tic disorders, 

obsessive-compulsive disorder and eating disorders are common psychiatric comorbidities in 

children with ASD (Simonoff et al., 2008). 

In 2010, Gillberg coined the conceptual framework called ESSENCE to emphasize co-

existence and comorbidities of neurodevelopmental disorders. ESSENCE is an acronym 

for Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations 

(Gillberg, 2010). By introducing this term, he wanted to emphasize that the existence of 

comorbidities is the rule rather than the exception in child and adolescent psychiatry, and to 

highlight the importance of seeing the conditions in relation to each other and not just as 

separate diagnoses (Gillberg, 2010). 

1.1.6 Etiology 

Environmental risk factors 

The underlying cause of developing ASD is most likely an interaction between genetic 

liability and environmental factors. Among the environmental factors during pregnancy 

commonly linked to ASD are the following: malnutrition, infections, medications, pollutants,  

higher parental age, parental obesity, preterm birth and low gestational age (Lord et al., 2018). 

A recent review found evidence for the maternal factors of advanced age (≥35 years), chronic 

hypertension, pre-eclampsia, gestational hypertension, and overweight before or during 

pregnancy to be convincingly associated with ASD (Kim et al., 2019). On the other hand, a 

meta-analyses confirmed that maternal use of folic acid supplements during pregnancy 

significantly reduced the risk of ASD in children regardless of ethnicity (Wang, Li, Zhao, & 

Li, 2017). 

The “refrigerator mother theory” (emotionally cold mothers) is discarded as a cause of ASD, 

and there is no evidence that a lack of “genuine maternal warmth” can make children autistic 

(Bettelheim, 1967; Kanner, 1949). Furthermore, the idea that the vaccine for measles, mumps 

and rubella (MMR) causes ASD has been thoroughly refuted. Wakefield and colleagues 

published a paper in the Lancet in 1998 suggesting that the MMR vaccine could lead to ASD. 

This paper was later retracted due to breaches of ethical standards and scientific 

misrepresentation. Wakefield was found guilty of deliberate fraud (Rao & Andrade, 2011).  
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Genetic factors 

The heritability of ASD is high, with estimates ranging from 70-90%, and ASD is regarded as 

a complex genetic disorder with multifactorial causes (Lai, Lombardo, & Baron-Cohen, 

2014). A recent multinational population study based on over 2 million participants found 

heritability estimates for ASD to be approximately 80% (Bai et al., 2019). Michael Rutter, a 

leading child psychiatrist from the UK, was the first to conduct a genetic study of ASD 

(Evans, 2013). Twin studies were the first studies to prove the genetic role in the development 

of ASD. Now knowledge has been gained from both genetic epidemiological (e.g. family and 

twin studies) and molecular genetic research projects (e.g. genome wide association studies 

(GWAS)). However, while the genetic contribution to the disease (heritability) is high for 

ASD, the pathophysiology is still mostly unknown (Editorial, 2010; Manolio et al., 2009). 

Moreover, the understanding of the gene-environment interplay is still at an early stage (Lai et 

al., 2014). Though many genetic risk loci have been identified, they only explain a fraction of 

disease liability (Bourgeron, 2016; Lai et al., 2014). Linking genetic vulnerabilities to clinical 

symptoms has the potential to provide a better understanding of the underpinnings of the 

disorder. 

 

ASD is related to a range of known medical genetic conditions and syndromes like Fragile X 

syndrome, Cornelia de Lange syndrome, Tuberous Sclerosis Complex, Neurofibromatosis 

type 1, Downs syndrome, and DiGeorge syndrome/ 22q11. Copy-number variations (CNVs) 

have in molecular studies been identified as risk factors for ASD (Geschwind, 2011). While 

several rare genetic variants conferring a high risk of ASD have been identified, they only 

explain about 5-10% of the overall genetic risk factor (de la Torre-Ubieta, Won, Stein, & 

Geschwind, 2016; Ramaswami & Geschwind, 2018). Most of the heritability of ASD seems 

to be caused by common genetic variants (Gaugler et al., 2014). 

 

Genetic factors underlying the skewed sex ratio in ASD remains mostly unknown, and cannot 

be explained by x-linked variants, since most known ASD risk genes are located in autosomal 

regions (Werling & Geschwind, 2013). There is some support for a female protective effect, 

which means that females have a higher liability threshold for ASD than men. However, the 

biological mechanism behind the female protective effect is not yet well understood. 

Furthermore, females have a higher rate of de novo risk variants than males, which cannot 
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solely be explained by a greater frequency of females with lower IQ in these samples 

(Werling, 2016).  

 

In summary, genetic evidence indicates that ASD is not a disorder with a single causal 

mechanism, but a number of etiologically distinct conditions with diverse pathophysiological 

mechanisms leading to similar behavioral manifestations (de la Torre-Ubieta et al., 2016). 

Furthermore, it might also be a case of pleiotropy, where one gene influences two or more 

seemingly unrelated disorders (Rommelse, Geurts, Franke, Buitelaar, & Hartman, 2011). In 

this way, the same gene defect can give rise to ASD in one person and ADHD or 

schizophrenia in another person (Geschwind, 2011).  

  

1.1.7 Polygenic scores 

To better capture the polygenic nature of complex disorders, polygenic score (PGS) can be 

calculated from large genome-wide association studies (GWAS) and used to estimate the 

overall genetic risk of a given phenotype in a given genotyped individual. PGS is a 

statistically computed estimate of the cumulative genetic risk in an individual, and has 

recently been introduced as a tool to explore the associations between genes, symptoms and 

functioning in mental illnesses such as schizophrenia, bipolar disorder, ADHD and ASD 

(Fanous et al., 2012; International Schizophrenia Consortium et al., 2009). Summary scores 

are based on GWAS discovery samples where millions of single-nucleotide polymorphisms 

(SNPs) have been scanned in order to identify those alleles that distinguish cases from 

controls in the particular phenotype or disorder being studied. This information is then used to 

generate the PGS from the GWAS phenotypes, which can be used to calculate the PGS of 

each individual in an independent “target” sample (Palk, Dalvie, de Vries, Martin, & Stein, 

2019). Currently,  PGSs have been calculated for several disorders and traits that can be of 

particular interest to the ASD population, such as the PGS for ASD, ADHD, general 

intelligence and depression (Demontis et al., 2018; Grove et al., 2019; Savage et al., 2018; 

Wray et al., 2018). The samples related to ASD are now large enough for the first common 

variants to be detected (Grove et al., 2019). In the future, it is expected that several SNPs, 

which individually have small effects, will be detected. Overall, these will help explain more 

of the heritability of ASD. In this thesis, I will be using the term polygenic score (PGS) 

instead of polygenic risk score, because the traits/conditions we are studying are not always a 

disadvantage. It is not appropriate to talk about “the risk” of an intelligence or height score. 
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Even though the sensitivity and specificity of the ASD PGS is not yet high enough for clinical 

use in diagnostic and treatment planning in ASD, it is thought to have some clinical potential 

in the future (Grove et al., 2019). In somatic diseases like coronary artery disease, for 

example, PGS has been used -- independent of family history -- to identify high-risk 

individuals who benefit from medical treatment with statins. PGSs have also shown utility in 

decisions relating to disease screening for breast and prostate cancer (Torkamani, Wineinger, 

& Topol, 2018). Exploring the clinical use of PGS is central in the pursuit of precision 

medicine for neurodevelopmental disorders and could be used as one of several factors to 

adapt treatment to individuals. Identifying those with particularly low or high risk for a given 

disorder may be a viable approach. People with a high risk of developing ASD might also 

have an increased risk of developing known comorbid disorders, and the combination of high 

risk for both ASD and ADHD may be important in guiding interventions. If children at risk 

can be identified early, it might be of clinical relevance to initiate prevention interventions 

aimed at specific difficulties, or stratify the more general ASD treatments by PGS.  

Intervention studies are needed to investigate responders versus non-responders based on PGS 

in combination with clinical information.  

 

1.1.8 Neurobiology   

The neurobiological mechanisms of ASD are not yet fully understood. Early brain 

overgrowth, particularly under the age of 6 years, is the most consistently reported 

neuroanatomical finding in ASD (Parellada et al., 2014; Stanfield et al., 2008). Compared to 

typically developed (TD) controls, people with ASD have often been reported to have 

increased volume in the frontal and temporal lobes, increased cortical thickness in the frontal 

lobe, increased surface area and cortical gyrification, increased cerebrospinal fluid volume, as 

well as reduced cerebellum volume and reduced corpus callosum volume  (Pagnozzi, Conti, 

Calderoni, Fripp, & Rose, 2018). 

 

ASD is also associated with altered brain connectivity. Most findings show a pattern of 

overall brain under-connectivity, combined with over-connectivity particularly in frontal and 

occipital regions (Lord et al., 2018). However, the underlying cellular mechanisms for these 

patterns remains unclear. Different sensitivity to the environment and distinct learning styles 

among people with ASD might also lead to brain reorganization during development. Since 

ASD has multifactorial causes and comorbidity is common, it is likely that brain locations and 

neural circuitries are affected differently from person to person. These neurobiological 
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changes are likely to be age-dependent and subject to developmental trajectories (Gillberg et 

al., 2019; Lai et al., 2014). 

 

There is also some evidence of sex differences in ASD on a neurobiological level. Lai et al. 

report differences in neuroanatomy between females and males with ASD. They suggest that 

females with ASD, but not males, show a neuroanatomical “masculinization”. This means 

that females with ASD have neuroanatomical abnormalities that overlap with areas showing 

typical sexual dimorphism in controls (Lai et al., 2013). The difference in neuroanatomy is 

not found in males with ASD compared to TD males. How these differences in neuroanatomy 

are associated with cognition is still unclear.  

 

1.1.9 Treatment 

Beneficial treatments for ASD with the most empirical evidence are behavioral, 

developmental and/or educational, and these types of interventions are considered treatment 

of choice for children and youth with ASD (Odom, Morin, Savage, & Tomaszewski, 2019). 

Early parent-mediated treatments have shown some effectiveness, and the effect size for these 

types of interventions are approximately d = 0.30 (a small effect size). Early naturalistic 

developmental behavioral interventions, such as Applied Behavioral Analysis, have received 

most attention. The treatments are usually intensive (15-20 hours per week) and emphasize 

play, social interaction and communication initiation. A meta-analysis of treatment studies of 

these kinds of approaches reported effect sizes of d = 0.69 for adaptive skills, d = 0.76 for IQ 

and about d = 0.50 for language skills after 2 years of treatment (Lord et al., 2018). For 

school-aged children and adolescents, social skills groups are the most common intervention, 

and here there are many different types of approaches and manual training programs. 

Randomized controlled trials have documented substantial self-reported improvements in 

social skills and tasks using these kinds of manual-based programs (d = 0.98 and d = 0.58, 

respectively), yet lower effect sizes when looking at  parent and teacher reports (Lord et al., 

2018). The programs are often based on cognitive behavioral therapy techniques, and some 

target EF deficits in particular (Kenworthy et al., 2014).  

 

A known challenge is that most children receive their treatment in community-based services, 

and that most evidence-based treatments are studied and given in university and/or hospital 

clinics. A recent meta-analysis reported a large gap between treatment outcomes in 
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community-based services and those reported in efficacy trials (Nahmias, Pellecchia, 

Stahmer, & Mandell, 2019). 

 

While no medical treatments have proven effective for core social and communicative 

impairments in ASD, some medications can improve behavior problems and co-occurring 

conditions. Irritability, physical aggression, self-injurious behavior and severe tantrums can 

be reduced with drugs like risperidone and aripiprazole. Furthermore, it is possible to use 

medication for comorbid conditions, like methylphenidate for ADHD (Mooney, Fosdick, & 

Erickson, 2019). However, it is worth noting that the effect is often smaller and side-effects 

often larger for those with ASD than for children in the general ADHD population (Lord et 

al., 2018). Furthermore, there have been some positive results in studies using oxytocin to 

improve social skills (Cai, Feng, & Yap, 2018; Quintana et al., 2017).    

 

There might be differences in the effect of treatment for different subgroups, and research is 

sparse on whether girls/females and boys/males respond differently to treatment. Girls may 

require different treatment than boys in order to improve. Research into what characterizes 

different subgroups can be an important precursor to understanding the specific treatment 

needs of specific subgroups. 

 

1.1.10 Outcome and function 

Even though there are now more people with ASD without intellectual disabilities and fewer 

that live in institutions than earlier, ASD is still a lifelong and severe condition for the 

majority of children with ASD, involving a heavy burden for the individual, their family and 

society (Bal, Kim, Fok, & Lord, 2018). The need for health care, special education and 

supported living is considerable throughout the lifespan of a person with ASD (Lai et al., 

2014). An economic analysis estimates that ASD costs society more than any other medical 

condition, including cancer, stroke and heart disease (Buesher, Cidav, Knapp, & Mandell, 

2014). People with ASD, and especially those with higher cognitive abilities, experience a 

profound discrepancy between level of cognitive ability and adaptive functioning/everyday 

life skills (Tillmann et al., 2019). Even for adults with ASD without intellectual disabilities, 

few live independently and have jobs. Educational attainment has improved for people with 

ASD over the past 20 years. However, there is still a discrepancy between education and 

employment in this group (Lord et al., 2018). In a Swedish 20-year follow-up study of 50 

males with Asperger, 41% had jobs/studies, 51% lived independently and 33% reported 
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having two or more friends. Academic success was positively correlated with IQ (Helles, 

Gillberg, Gillberg, & Billstedt, 2017). On the other hand, Baron-Cohen and others have 

argued that ASD is not always associated with disability, but may also be associated with 

talent in non-social fields (Baron-Cohen, 2000; Happe, 1999). As many people with ASD are 

factual and highly rule-governed, they can be skilled in fields like physics, engineering, 

computer science and mathematics, and are overrepresented in technical occupations. Others 

take this further and argue that by only focusing on dysfunction and impairment, atypical 

abilities of people with ASD might not be detected. The neurodiversity movement challenges 

the medical models that view ASD as pathological and a disorder that should be cured (Kapp, 

Gillespie-Lynch, Sherman, & Hutman, 2013). They suggest that conditions like ASD are 

simply less common neurological presentations of natural human variation (Jackson & 

Volkmar, 2019). Some have recommended that it is possible to address some of the concerns 

made by the neurodiversity movement by switching the term “disorder” with the term 

“disability” (Baron-Cohen, 2017). In this way, the focus will be less on dysfunction, since the 

term disability is more contextually dependent. To what extent it will be viewed as a disability 

will depend on the social acceptance of the mental condition in society. 

 

The focus in ASD research has mainly been on children, adolescents and young adults, and 

we still know relatively little about adulthood and aging for individuals with ASD. Most 

follow-up studies confirm that a majority of adults with ASD continue to experience 

significant challenges throughout their lives (Magiati & Howlin, 2019). Increased mortality in 

ASD has been observed for a number of different causes with an odds ratio of approximately 

2.5 compared to the general population. Causes of death are associated with several mental 

and behavioral disorders, diseases of the nervous, circulatory, respiratory and digestive 

systems, as well as congenital malformations. The risk for premature mortality in females 

with low-functioning ASD is particularly high, and individuals with high-functioning ASD 

have a higher risk of suicide (Hirvikoski et al., 2016). 

 

Since ASD is a neurodevelopmental disorder, it is important to get access to help and 

treatment early to facilitate optimization of opportunities for social interaction, 

communication and education. All of these factors have an impact on relationships with 

friends and family and participation in school and leisure activities. Most clinicians work in 

accordance with the biopsychosocial model, originally proposed by Georg L. Engels. This 

model takes an holistic approach to understanding disease (Engel, 1977), and  is thought to be 
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less reductionistic than the biomedical model. The biopsychosocial model places more 

emphasis on, for example, familial, cultural and socioeconomic factors, while also accounting 

for biological and psychological factors. The World Health Organisation adopted this model 

as a basis for the International Classification of Function in 2002 (Allan, Campbell, Guptill, 

Stephenson, & Campbell, 2006). In line with this approach, not only diagnosis and treatment, 

but also acceptance and inclusion in society, are very important factors needed to ensure  

quality of life for persons with ASD (Kapp, 2018). 

 

1.2 Cognition 

Cognition is defined as “the mental action or process of acquiring knowledge and 

understanding through thought, experience, and the senses” (Oxford Dictionary, 2020). 

Cognitive processes use existing knowledge to generate new knowledge. The term cognition 

includes many aspects of intellectual functioning and processes such as attention, memory, 

working memory, perception, language, construction, reasoning, problem solving and 

decision making. (Lezak, Howieson, & Loring, 2004). Furthermore, there is an important 

distinction between general cognitive function, usually referred to as intelligence, and more 

specific functions like attention, perception, and memory. Lezak et al. describe that cognitive 

abilities are usually not directly observed, but instead inferred from behavior. These cognitive 

abilities are often measured using intelligence tests and specific neuropsychological tests for 

investigating certain mental functions. Other mental activities such as level of consciousness 

and activity rate/ speed of processing are related to and influence the efficiency of cognitive 

processes, but do not necessarily have a unique behavioral end product (Lezak et al., 2004).  

 

Heterogeneity is the rule rather than the exception in ASD, and this makes is difficult to 

describe the “typical” cognitive profile of ASD (Lord, 2019). General intellectual level is of 

great importance for treatment choice and prognosis in people with ASD. About 45% of 

people diagnosed with ASD have an intellectual disability (Lai et al., 2014), and  11-65% of 

school-aged children with ASD are reported to have intellectual disabilities (Lord et al., 

2018). On the other hand, ASD is also associated with higher than average IQ (Clarke et al., 

2016). 

 

Language deficits are common in ASD and cannot solely be explained by general IQ (Paul & 

Simmons, 2019). A large proportion also have EF deficits (e.g. difficulties with mental 

flexibility and planning), which are areas particularly important for everyday life functions 
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(Demetriou et al., 2017; Gilotty, Kenworthy, Sirian, Black, & Wagner, 2002). Therefore, 

knowledge about cognition, its behavioral expression and its relation to different subgroups of 

ASD is of importance for finding effective treatments for ASD. 

 

1.2.1 Cognitive theories of ASD 

Three central cognitive theories seek to explain the core behavioral difficulties in ASD. These 

theories are the Theory of Mind Hypothesis, the Weak Central Coherence Theory and the 

Executive Dysfunction Hypothesis (Pellicano, 2011). These theories are often referred to as 

“single deficit” explanatory models, as they try to explain ASD with a single underlying 

cognitive deficit. However, none of the theories can truly explain all of the symptoms 

exhibited by any particular individual with ASD.  

 

The first major cognitive theory of ASD was the description of difficulties with mentalizing, 

attributing mental states to oneself and others, and predicting and interpreting the behavior of 

others (Dennett, 1978). These abilities form the bases of the Theory of Mind (ToM) 

Hypothesis. In 1985, Baron-Cohen and colleagues conducted an important study in this regard 

where they found that 80% of their sample of children with ASD had difficulties with a 

“false-belief task” (Baron-Cohen, Leslie, & Frith, 1985).  In 1989, Uta Frith wanted not only 

to focus on the challenges people with ASD had, but also incorporate their special abilities 

into cognitive theories of autism. She therefore formulated the Weak Central Coherence (CC) 

Theory, which states that people with ASD have a preference for processing local elements 

over the global whole, and thereby having difficulties with contexts and seeing “the bigger 

picture” (Frith, 1989). This often manifests itself as an “insistence of sameness”. The third 

theory is the Executive Dysfunction Hypothesis that was described by Pennington and 

Ozonoff in 1996. This theory emphasizes impairments related to planning and mental 

flexibility in ASD, and how this  is associated to restricted and repetitive behaviors and 

interests in ASD (Hill, 2004; Pennington & Ozonoff, 1996).  

 

Evidence suggests that many children with ASD have difficulties in all three areas (ToM, CC 

and Executive Function (EF)), and that none of them can explain all symptoms of ASD. 

Furthermore, none of these three areas are necessary or sufficient to be diagnosed with ASD. 

There is also research showing that the various difficulties affect each other during childhood 

development. Pellicano found evidence that EF and CC skills were predictive of children’s 

ToM performance, while no significant predictive relationship was found in the opposite 
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direction. They did not find developmental links between EF and CC (Pellicano, 2010). See 

Pellicano for a thorough review of these three cognitive theories of ASD, and an evaluation of 

their strengths, weaknesses and explanatory power (Pellicano, 2011). 

 

Studying EF deficits is particularly interesting because it is predictive of other difficulties, 

closely associated with adaptive functioning and a possible endophenotype for several 

psychiatric disorders (Benca et al., 2017; Snyder, Miyake, & Hankin, 2015). Furthermore, EF 

deficits involve one of the three areas of cognitive impairment most closely linked to specific 

brain areas in the frontal region. The frontal region has been the subject of considerable 

research linking brain and behavior. Since the focus of this PhD thesis is EF and the 

Executive Dysfunction Hypothesis of ASD, the definition of EF and its central role in 

understanding difficulties associated with ASD will be described in more detail. 

 

1.2.2 Executive Function (EF) 

EF enables the individual to disengage from the present context and to regulate thought and 

actions to effectuate future goal-directed behavior (Miyake et al., 2000). EF comprises several 

components including inhibition, working memory, flexibility, emotional control, initiation, 

planning, organization, and self-control (Hill, 2004; Miyake et al., 2000). The most prominent 

EF framework in research on neurodevelopmental disorders is Miyake and Friedman’s unity 

and diversity model (Miyake et al., 2000). This model describes EF as having some common 

components that make up the unity part of the definition, and others that are defined by more 

specific functions.  The unity/diversity model focuses on three aspects of EF: common 

EF/inhibition, updating specific/working memory and shifting (See Figur 1). The inhibition 

factor is fully accounted for by common EF, while updating and shifting have specific 

components (Snyder et al., 2015). The Miyake definition was originally a model for adults, 

but it has also been suggested as a theoretical basis for research on EF in children (Garon, 

Bryson, & Smith, 2008). There is, however, more evidence for both unity and diversity in EF 

among adult samples, and a greater unidimensionality of EF in child and adolescent samples. 

For example, Karr et al. found in their review of EF that the shifting part of the definition 

emerges during school-age to adolescent years  (Karr et al., 2018).  

 

Properly functioning EF depends on critical neural substrates in the prefrontal regions of the 

brain. In particular, the dorsolateral frontal cortex has been linked to EF (Alvarez & Emory, 

2006; Smolker, Friedman, Hewitt, & Banich, 2018). Although there is some disagreement 
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about the location of EF, Alvarez et. al. emphasizes the importance of not just investigating 

brain structure, but the importance of measuring observable behaviors that have real-world 

significance (Alvarez & Emory, 2006). Some researchers also make a conceptual distinction 

between hot and cold EF, where cold EF involves cognitive processes with little emotional 

salience in relation to neutral stimuli. Traditionally, neuropsychological tests have assessed 

cold EF processes such as inhibition, working memory, planning and mental flexibility. In 

contrast, hot EF tasks involve motivational and emotional aspects of cognition, e.g. delayed 

discounting and affective decision-making. Hot EF functions activate emotion regulation and  

reward systems in the orbito-frontal cortex, ventral striatum and limbic systems (Kouklari, 

Tsermentseli, & Monks, 2018; Zimmerman, Ownsworth, O'Donovan, Roberts, & Gullo, 

2016). The most common tests used to measure hot EF are gambling tasks, the Marshmallow 

Test or delay discounting tasks (Zelazo & Carlson, 2012). 

 

Figure 1. Unity and Diversity Model of Executive Function 
 

  
 
Latent variable model where all individual tasks are combined to form latent factors. Numbers on arrows are standardized 
factors loadings (range 1 to -1). All nine tasks load onto a common EF factor (unity), and updating and shifting tasks also 
load onto their respective specific factors (diversity). Note that there is no inhibition-specific factor (i.e., inhibition task 
variance is fully accounted for by common EF).  
   
Adapted from Snyder (Snyder et al., 2015). 

 

EF involves cognitive functions that take the longest time to develop of all cognitive 

processes. They often continue to mature up until an individual’s late twenties, and this 

maturation involves myelination of the neurons in the prefrontal region of the brain (De Luca 

& Leventer, 2008). There is some indication that EF skills mature earlier in girls than boys, 

for example, that girls are less impulsive than boys when they are 8-10 years of age. 
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However, a recent review based on both human studies and animal research concluded that 

there is limited support for substantial sex differences in EF (Grissom & Reyes, 2019). They 

argue that the variation within the sexes is greater than the variation between them. An 

explanation for differences in EF between males and females might be that they use different 

strategies when solving EF tasks, and that different developmental trajectories in boys and 

girls influence EF performance (Grissom & Reyes, 2019). 

EF deficits are associated with many psychiatric and developmental disorders, and problems 

relating to EF impairment can have more impact on everyday functioning than symptoms 

relating to the disorder itself (Benca et al., 2017). Snyder et al. argue that particularly 

impaired common EF/inhibition is associated with psychopathology. However, more specific 

factors might also have important implications for understanding EF deficits associated with 

psychopathology (Snyder et al., 2015). Difficulties with EF may cause problems regulating 

emotions, mastering school, functioning socially, following up treatment and reaching goals 

(Diamond, 2013). Having difficulties with working memory in everyday life can make it hard 

to remember and process the meaning of a long sentence or rehearsing a phone number. 

People with problems related to inhibition can be easily distracted and impulsive. 

Furthermore, people with problems related to set-shifting/mental flexibility can have 

difficulties with multitasking and may appear rigid in their thinking. Altogether, EF is 

important for goal-oriented behavior and being able to adapt to an everchanging world. Since 

EF is so important for everyday functioning and quality of life, and because EF deficits are 

associated with many psychiatric disorders, it is important to conduct research on EF and 

investigate how these deficits are related to psychiatric disorders and their symptoms. 

Furthermore, research indicates that it is possible to improve EF, making it a promising target 

for interventions (Diamond, 2013).  

1.2.3 Executive dysfunction and ASD 

One of the major challenges for the Executive Dysfunction Hypothesis of ASD is that EF 

impairment is not unique to ASD, but also common in many other developmental and 

psychiatric disorders (Pellicano, 2011). Traditionally, it has been assumed that children with 

ASD have difficulties with mental flexibility and verbal fluency, but that they perform within 

the normal range on inhibition tests. Recent findings challenge this assumption, reporting 

inhibitory deficits in individuals with ASD as well (Geurts, de Vries, & van den Bergh, 2014). 

Furthermore, recent meta-analyses conclude that findings regarding EF in ASD are 
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inconsistent across studies. Some of the inconsistency may be due to the use of different types 

of outcome measures (parent-rated measures versus neuropsychological testing, the use of 

structured tasks versus unstructured tasks), and the inclusion of different moderators (such as 

age, IQ, sex). The inclusion of different diagnostic categories within the spectrum, and the 

presence of comorbidities that increase the risk of EF difficulties may also contribute to the 

inconsistencies in findings regarding EF in ASD (Geurts et al., 2014).  

 

Some studies seem to indicate that females with ASD have more cognitive impairment 

compared to males, despite an apparent milder clinical presentation (Lai et al., 2015; Lemon, 

Gargaro, Enticott, & Rinehart, 2011). Other researchers have found that females with ASD 

outperform males on EF tasks (Bolte, Duketis, Poustka, & Holtmann, 2011; Lehnhardt et al., 

2016). Although none of these studies have investigated the relationship between EF and 

social function in everyday life settings, it is important to emphasize the need to be aware of 

possible sex differences in ASD.  

 

1.2.4 Measures of EF 

Neuropsychological testing has been the main method used to identify and quantify EF 

difficulties (Craig et al., 2016; Kleinhans, Akshoomoff, & Delis, 2005). However, some EF 

difficulties may not be observable in highly structured laboratory settings, and informant 

measures might therefore have higher ecological validity than neuropsychological testing 

(Kenworthy, Yerys, Anthony, & Wallace, 2008). For this reason, questionnaires have been 

developed to capture EF deficits as they occur across multiple domains of everyday life 

(Gioia, Isquith, Guy, & Kenworthy, 2000). Toplak and colleagues argue that performance-

based measures and rating measures of EF assess different underlying constructs (Toplak, 

West, & Stanovich, 2013). They claim that while performance-based measures provide 

information of processing efficiency, rating scales provide information about goal pursuit. As 

a result, these two approaches to assessing EF provide different kinds of information, and do 

not necessarily reflect the same underlying processes or neural substrates (Toplak et al., 

2013). Importantly, the most consistent and striking difficulties in people with ASD are seen 

on tasks that are open-ended in structure, lack explicit instructions and involve arbitrary rules 

(Van Eylen, Boets, Steyaert, Wagemans, & Noens, 2015; S. J. White, 2013). Individuals with 

ASD often display pronounced EF deficits in daily life, while performing better on highly 

structured neuropsychological tasks (Kenworthy et al., 2008). For this reason, I wanted to 

investigate EF in everyday life for children and adolescents with ASD by using a 
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questionnaire filled out by parents containing questions about everyday functioning.  

 

The most commonly used questionnaire to investigate EF is the Behavior Rating Inventory of 

Executive Function (BRIEF) (Gioia et al., 2000). Based on questions regarding everyday EF, 

the BRIEF gives a summary score that consists of eight subscales. These subscales are 

divided into two indexes: the Behavioral Regulation Index (BRI) and the Metacognition Index 

(MI). The BRI reflects an individual’s ability to modulate both behavioral and emotional 

control, and to move flexibly from one activity to another. The MI is related to active problem 

solving, and refers to the ability to initiate, organize and monitor own actions (Gioia et al., 

2000). In this way, BRI concerns appropriate behavior regulation of EF, while MI is the 

cognitive ability to self-manage tasks and reflect on your own performance. The common 

belief is that the ability to regulated behavior is a prerequisite for effective use of 

metacognitive processes. It is important to emphasize that metacognitive aspects of EF 

measured by the BRIEF are not the same at the psychological concept metacognition. The 

latter is defined as the control, modification and interpretations of thoughts, and is often 

described as “thinking about thinking” (Wells & Cartwright-Hatton, 2004).  

   

1.2.5 The relationship between EF and intelligence  

EF is closely linked to fluid intelligence, which is defined as the capacity to reason and solve 

novel problems, independent of any knowledge from the past (Diamond, 2013). Performance 

on classic neuropsychological tests such as the Wisconsin Card Sorting Test, Verbal Fluency 

and Trail Making Test B has in some studies been shown to be entirely explained by fluid 

intelligence. However, for tests assessing multitasking and decision-making, EF deficits 

remain after controlling for fluid intelligence (Roca et al., 2014). Some researchers have 

found that updating/working memory is highly correlated with intelligence measures, but 

inhibiting and shifting are not (Friedman et al., 2006). Merchan-Naranjo et al. found 

significant differences in EF performance between children with ASD and a healthy control 

group, and these differences remained after controlling for IQ (Merchan-Naranjo et al., 2016). 

This might indicate that the relationship between EF and IQ is different depending on which 

(clinical) group is examined, and that children and adolescents with ASD have specific EF 

impairments that cannot solely be explained by IQ. Since IQ and EF can influence each other, 

it is important to take into account the IQ level of the participant when studying EF. 
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1.2.6 Comorbid ADHD and executive dysfunction 

Individuals diagnosed with either ASD or ADHD are characterized by EF difficulties. 

However, individuals in either group are described as having different executive dysfunction 

profiles (Matsuura et al., 2014). People with ASD often have difficulties with tasks that 

demand mental flexibility and verbal fluency, while children and adolescents with ADHD 

usually show difficulties with inhibition. Yet, inhibitory deficits can also be present in 

individuals with ASD (Geurts et al., 2014). Moreover, the developmental pattern of EF in 

children and adolescents with ASD may be atypical.  

 

Andersen et al. found that performance on a verbal working memory task did not improve 

after two years in children with high-functioning ASD, while improvements were observed in 

children with ADHD and TD children (Andersen et al., 2015). Even though EF deficits are 

more closely related to the diagnostic criteria for ADHD than for ASD, it seems that EF 

deficits to a higher degree normalize in people with ADHD than in people with ASD 

(Andersen, Skogli, Hovik, & Øie, 2016). However, the focus in this thesis is children and 

adolescents with ASD or ASD with comorbid ADHD, and we do not compare people with 

ASD alone to people with ADHD alone. A recent review of EF deficits in ASD and ADHD 

suggests that the common co-occurrence of EF deficits seems to reflect an additive 

comorbidity, rather than separate conditions with distinct impairments (Craig et al., 2016). 

Such additive comorbidity could manifest itself as an increased amount of EF difficulties 

(Craig et al., 2016; Geurts et al., 2014; Pennington & Ozonoff, 1996). 

 

People with ASD and comorbid ADHD share impairment in flexibility and planning with the 

ASD group, and the response inhibition deficit with the ADHD group (Craig et al., 2016). 

Craig et al. argue in their review that the findings are in line with the latest diagnostic criteria 

(DSM-5), where ADHD can co-occur together with ASD. and that comorbidity is important 

for treatment planning (Craig et al., 2016; Reiersen & Todd, 2008). 

 

1.3 Social function and the relationship to EF 

Social function defines an individual's interactions with their environment and the ability to 

fulfill their role within environments such as school/work, social activities, and relationships 

with partners and family (Bosc, 2000). A central part of social function is social 

cognition, which involves how people process, store, and apply information about other 
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people and social situations. Social cognition focuses on the role that cognitive processes play 

in our social interactions. The diagnostic criteria for ASD emphasize difficulties with 

reciprocal social interaction and social communication. In addition to restricted and repetitive 

behaviors and interests, deficits relating to social function are at the core of an ASD 

diagnosis. Research indicates that social impairment is the most stable symptom of ASD 

across all developmental levels, and understanding other persons’ emotions, intentions, and 

beliefs are a necessarily prerequisite for successful social interaction (Barendse, Hendriks, 

Thoonen, Aldenkamp, & Kessels, 2018).  

 

People with ASD also have a range of deficits relating to social communication. Even those 

with an average IQ may have difficulties using language effectively for social interaction. In 

addition to spoken language, communication involves all kinds of sending and receiving 

messages, including gestures and body language (Paul & Simmons, 2019). Social function is 

a very broadly defined term. It is hard to capture and assess all factors relating to successful 

communication and social interaction. In this thesis, I use the terms social function, social 

dysfunction and social difficulties in relation to deficits in social interaction and 

communication as defined in the diagnostic criteria for ASD. 

 

EF difficulties in ASD have traditionally been linked to restricted and repetitive behaviors and 

interests (Hill, 2004). However, EF is also suggested to be important for social skills in people 

with ASD (Diamond, 2013). Some studies have indicated that social function and EF are 

independently associated with general cognitive abilities (IQ) in children and adolescents with 

ASD (Constantino & Gruber, 2005; Mahone et al., 2002; Vriezen & Pigott, 2002). However, 

few studies have investigated the relationship between EF and social difficulties in ASD 

(Leung, Vogan, Powell, Anagnostou, & Taylor, 2015).  

 

There are indications that knowledge about the association between EF and social function 

can have an impact on identifying subgroups who may benefit from specialized cognitive 

interventions. Most intervention programs for children with ASD have low to moderate 

evidence for effectiveness, and few treatment manuals exist that specifically target cognitive 

dysfunctions like EF deficits for children with ASD (Lai et al., 2014). Some research suggests 

that treatments targeting EF may be efficient in improving both EF and social difficulties 

(Kenworthy et al., 2014). Children with social problems highly related to EF dysfunction may 

benefit more from specific training and cognitive support interventions than children with 
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social difficulties relating to other factors, such as personality variables. Some children with 

ASD may benefit from working memory training, while others might need cognitive 

flexibility training. Others will benefit from participating in social-communication training 

programs. Our assertion is that we need to assess the individual child’s cognitive and social 

profile and then tailor interventions to fit the child.  

 

An example of an EF intervention for children with ASD is “Unstuck and On Target”. 

Kenworthy et al. conclude that this is an effective intervention for children with ASD. The 

intervention improved children’s classroom behavior, flexibility and problem-solving skills 

(Kenworthy et al., 2014). De Vries and colleagues investigated the effect of two EF training 

conditions (computerized working memory training and cognitive flexibility training) and a 

non-adaptive control training on children with ASD (de Vries, Prins, Schmand, & Geurts, 

2015). In all three training conditions, children improved their performance on tests of 

working memory, cognitive flexibility and attention, but not on inhibition. An improvement 

in ADHD-behavior as reported by parent’s was registered over the course of the training 

sessions, as well. The authors conclude that it would be important to identify specific 

subgroups that may benefit from this type of training (de Vries et al., 2015). We will 

contribute to this by identifying specific subgroups of children with ASD who might benefit 

from specific cognitive training interventions.   

 

Disentangling the relationship between EF and social phenotypes by using biological data in 

combination with clinical information will give us the opportunity to improve our 

understanding of ASD and could result in better diagnostic classification and interventions. 

Most children with ASD struggle with severe and lifelong challenges, and it is crucial to 

identify factors and interventions that can prevent the development of additional psychiatric 

problems and chronic mental health issues. Since the disorder usually manifests in early 

childhood, it is possible to help children get specialized and individualized help early in their 

development, which can help them fulfill their potential and become more active participants 

in society.  

 

1.4 Unanswered questions 

Although it is known that EF deficits are common in ASD and important for both the 

understanding and treatment of the disorder, less is known about how specific EF deficits are 

associated to the social difficulties that characterize ASD. A large amount of research on EF 
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has been done using neuropsychological tests. This can be a limitation when trying to 

understand challenges in everyday life, however, because the ASD group can perform within 

the normal variation on highly structured tasks even though they have substantial problems 

with EF in everyday life. Furthermore, there is a wide variation in difficulties and functional 

levels in the ASD population, and there is a need to find out which subgroups are 

characterized by which type of difficulties. Recently, there has been an increasing interest in 

trying to understand whether girls with ASD have other difficulties than boys, and possible 

implications of this for diagnosis and treatment. Furthermore, comorbid ADHD can influence 

the profile of EF deficits in persons with ASD, and there is a need to understand how 

comorbidity impacts the link between EF and social difficulties. I am therefore also interested 

in investigating how sex differences and comorbid ADHD affect the relationship between EF 

in everyday life and social difficulties in individuals with ASD.  

 

Although ASD is one of the most inheritable psychiatric disorders, the diagnosis is still 

behaviorally defined. A new and interesting approach to investigating ASD is to look at PGS 

and how such scores relate to EF deficits and social function. I wanted to investigate the 

relationship of several PGSs to EF deficits in ASD. By exploring the association between EF 

deficits and social difficulties on different levels of explanation, from genetic tools like PGS 

to clinical characteristics and questionnaires assessing function in everyday life, I aimed to 

generate new knowledge that can contribute to understanding the needs of children and 

adolescents with ASD. This information could be relevant for the stratification of treatment. 

 

2. Aims  
The main aim of this thesis is to investigate the relationship between EF and social difficulties 

in children and adolescents with ASD by integrating different levels of knowledge – genetics, 

clinical symptom characteristics, and everyday function reports. Furthermore, I intend to 

examine how sex differences and comorbid ADHD influence the relationship between EF and 

social difficulties in this group of patients. The thesis includes the following sub-aims: 

 

1. To investigate the association between social function as measured by the Social 

Responsiveness Scale (SRS) and everyday EF measured by the BRIEF in a clinical sample of 

children and adolescents with ASD. I also investigate potential sex differences and possible 

age differences (Paper I).  
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2. To examine the relationship between EF in everyday life as rated by parents (using BRIEF) 

and assessment of autistic symptomology (using ADI-R) , and to investigate possible sex 

differences in this relationship (Paper II).

3. To explore if the polygenic scores (PGSs) for ASD, ADHD and general intelligence (INT) are

associated with EF in everyday life using BRIEF in a clinical sample of children and

adolescents admitted for clinical assessment of ASD. In addition, I investigate whether the

PGSs for ASD, ADHD and general intelligence (INT) are associated with social function in

everyday life (SRS) (Paper III).

3. Methods

3.1 Design 

The studies applied a naturalistic, cross-sectional design. The patient sample consisted of 

children and adolescents referred to different child and adolescence mental health centers for 

ASD evaluation in Norway. Overlapping clinical subgroups, with a special focus on comorbid 

ADHD, were used to test the specificity of the findings. In addition, 29 typically developed 

(TD) Norwegian controls were included in Paper III. The project had access to large 

international PGS samples through the international Psychiatric Genomics Consortia  

(Demontis et al., 2018; Grove et al., 2019; Savage et al., 2018) . 

3.2 Participants 

The study is part of the national BUPGEN network, recruiting patients from the Norwegian 

Health Service specializing in the assessment of ASD and neurodevelopmental disorders. The 

main BUPGEN inclusion criterion was that either the 1st line or 2nd line of health services 

had referred the child to a mental health center for a diagnostic assessment of ASD. 

Participants did not need to receive a diagnosis in the ASD spectrum, and they could have 

other comorbid developmental disorders. Participants included in the studies that form the 

bases of this thesis had an IQ within the normal range based on standardized intelligence 

measures (IQ ≥ 70), spoke Norwegian fluently, and had a complete data set from the required 

assessments (BRIEF, SRS, ADI-R and PGS). Participants could have a comorbid ADHD 

diagnosis. Exclusion criteria were significant sensory loss (vision and/or hearing) that could 

interfere with testing. The recruitment was ongoing, and this thesis includes data from the 

BUPGEN database in 2018 (Paper I), 2018/19 (Paper II), and 2019 (Paper III). Paper I 

included 86 participants, Paper II included 116 participants (66 participants in the FUZZY 
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matched sample), and Paper III consisted of 176 participants. For a description of sex 

distribution, age, IQ and ASD diagnoses of the participants included in each of the papers, see 

Table 1-4. I recruited about 80 participants from Bærum BUP, where I was working 

throughout my PhD period. 

 
Table 1. Sample 1. Paper I. 
Recruitment period January 2013 – December 2016 
 

N  86 
  
Girls/ boys 23/ 63 
  
Age, mean (SD)  13.0 (2.7) Range 6-18 
  
ASD subgroups N  
Childhood autism (F84.0) 13  
Atypical autism (F84.1) 1  
Asperger syndrome (F84.5) 41  
PDD-NOS (F84.9) 31  
  
Comorbid ADHD 28  
  
Full-scale IQ (SD) Range 93.4 (14.5) Range 71-133 

 
 
Table 2. Sample 2. Paper II. 
Recruitment period January 2013 – May 2018 
 

N  116 
  
Girls/ boys 25/ 91 
  
Age, mean (SD)  Girls 12.0 (3.1)/ Boys 10.4 (3.2)  

Range 5-19 
  
ASD subgroups N (girls/boys) 
Childhood autism (F84.0)  15 (2/ 13) 
Atypical autism (F84.1) 9 (2/ 7) 
Asperger syndrome (F84.5) 57 (14/ 43)  
PDD-NOS (F84.9) 35 (7/ 28) 
  
Comorbid ADHD 40 (5/ 35) 
  
Full-scale IQ (SD) Range 93.5 (9.3)/ 95.6 (13.1) 

 
 
  



 33 

Table 3. Sample 2. Paper II. FUZZY matched sample. 
Recruitment period January 2013 – May 2018 
 

N  66 
  
Girls/ boys 22/ 44 
  
Age, mean (SD)  Girls 11.9 (3.1)/ Boys 11.2 (3.3)  

Range 5-19 
  
ASD subgroups N (girls/boys) 
Childhood autism (F84.0) (girsl/boys) 9 (2/ 7) 
Atypical autism (F84.1) 5 (2/ 3) 
Asperger syndrome (F84.5) 27 (11/ 16) 
PDD-NOS (F84.9) 25 (7/ 18) 
  
Comorbid ADHD 17 (4/ 13) 
  
Full-scale IQ (SD) Range Girls 93.5 (9.3)/ Boys 92.1 (11.3) 

 
 
Table 4. Sample 3. Paper III. 
Recruitment period January 2013 – December 2018 
 

N  176 
  
Girls/ boys 42/ 134 
  
Age, mean (SD)  11.7 (3.7) Range 5-22 
  
ASD subgroups (n=120)  
Childhood autism (F84.0) 18 
Atypical autism (F84.1) 5 
Asperger syndrome (F84.5) 56 
PDD-NOS (F84.9) 41 
  
Comorbid ADHD 42 of 120  
ADHD without ASD  26 of 56  
  
Full-scale IQ (SD) Range 93.7 (13.5) Range 70-133 

 

3.3 Procedures 

The participating children and adolescents underwent a standard assessment according to 

established clinical practice guidelines. The clinical evaluations and measurements included 

in this study were carried out on an ongoing basis. A team of experienced clinicians (clinical 

psychologists and/or child and adolescence psychiatrist) assessed the children and 

adolescents. Diagnostic conclusions were best-estimate clinical diagnoses derived from tests, 

interview results and observations. All diagnoses were based on ICD-10 criteria (World 

Health Organization, 1992). All of the participants followed the Standard Operating 

Procedure of the BUPGEN project. In relation to the questionnaire used in the study, we used 

the parent version where most often the questionnaires were filled out jointly by both parents. 

If the parents did not fill out the questionnaire together, we prioritized the mother’s response 

over the father’s response.  
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3.4 Measures 

3.4.1 Clinical assessment  

Participants underwent a clinical evaluation for ASD using at least one of the gold standard 

tools the Autism Diagnostic Observation Schedule (ADOS), or the Autism Diagnostic 

Interview-Revised (ADI-R), or the Social Communication Questionnaire (SCQ) evaluated by 

an experienced clinician (Lord et al., 2000; Lord, Rutter, & Le Couteur, 1994; Michael Rutter, 

Bailey, & Lord, 2003; M. Rutter, Lord, & LeCouteur, 2016). In addition, a comprehensive 

diagnostic assessment was conducted based on a full medical and developmental history, 

questionnaires, clinical interviews, naturalistic observations and formal testing of cognitive 

function.  

 

3.4.1.1. Autism Diagnostic Interview-Revised (ADI-R) 

The ADI-R diagnostic algorithm was used to assess autistic symptoms. The ADI-R is a 

clinical diagnostic tool based on a comprehensive interview with parents or primary 

caregivers of the child/ adolescent (Lord et al., 1994). The interview consists of 93 questions, 

and a predetermined number of these scores are entered into a diagnostic algorithm. The 

interview and scoring follow standardized procedures, and the interviewer records and codes 

the informant’s responses. The algorithm is divided into three functional domains based on 

the diagnostic criteria (qualitative deviations in): A = Reciprocal Social Interaction, B = 

Communication, C = Restricted, Repetitive, and Stereotyped Behavior. Higher scores indicate 

that an individual has a greater number of items representing core ASD deficits and/or more 

severe symptoms (Gotham, Pickles, & Lord, 2009). All the participants were verbal children, 

and therefore the algorithm for verbal children was used. We used the Norwegian translation 

of the ADI-R (M. Rutter et al., 2016).  

 

3.4.1.2 Autism Diagnostic Observation Schedule (ADOS) 

The Autism Diagnostic Observation Schedule is a clinician-administrated diagnostic tool to 

assess ASD behavior and symptoms. The ADOS consists of different modules based of the 

age and language abilities of the child/ adolescent/ adult, and involves the administration of a 

clinically administered observation assessment and standardized activities. Items are rated on 

a scale of 0-3, with higher scores indicating greater impairment (Lord et al., 2000). ADOS 
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scores and autism core symptoms are found to be remarkably stable over time across 

childhood (Bieleninik et al., 2017) 

 

3.4.1.3 Cognitive testing/ intelligence 

The intelligence quotient (IQ) was measured using the Wechsler’s Intelligence Scale for 

Children - Fourth Edition (WISC-IV) (Wechsler, 2003) or other Wechsler test for the 

appropriate age group (Wechsler, 2002, 2008). A full-scale IQ score of 100 represents the 

average score, and the standard deviation is +/- 15 points. In all the studies, participants had a 

full-scale IQ score of 70 or above.  

 

3.4.2 Questionnaires  

3.4.2.1 Behavior Rating Inventory of Executive Function (BRIEF) 

The BRIEF is one of the most commonly used clinical tools to measure EF in everyday life 

(Gioia, Isquith, Guy, & Kenworthy, 2015). The questionnaire is designed to assess EF in 

everyday life as rated by parents, teachers and/or self-report. BRIEF consists of 86 questions 

which are rated on a 3-point Likert scale (Gioia et al., 2000). In all the papers, we used the t-

scores from the parental reports for the age group 5-18 years. The BRIEF consists of three 

indexes and eight subscales. The Behavioral Regulation Index incorporates the three 

subscales: inhibit, shift and emotional control. The Metacognition Index consists of the five 

subscales: initiate, working memory, initiate, plan/organize, organization of materials and 

monitor. Together, these two indexes, the Behavioral Regulation Index (BRI) and 

Metacognition Index (MI), form the Global Executive Composite Index (GEC). T-scores ≥65 

are considered to represent clinically significant areas. The internal consistency is reported to 

be high (Cronbach’s alpha = 0.80 – 0.98) (Gioia et al., 2000). For an overview and description 

of BRIEF indexes and subscales, see Table 5. 

 

3.4.2.2 Social Responsiveness Scale (SRS) 

To identify social difficulties, we used the parent version of the questionnaire SRS for the age 

group 4-18 years. SRS has 65 questions rated on a 4-point Likert scale. This continuous scale 

allows trait quantification that many diagnostic tools fail to capture (Achenbach, 2011; 

Nelson et al., 2016). In addition to a total score, SRS consists of five treatment subscales: 

Social Awareness, Social Cognition, Social Communication, Social Motivation and Autistic 

Mannerisms. The SRS has been translated into Norwegian (Ørbeck, 2009). A higher score 
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indicated more ASD symptoms (t-score under 59 mild symptoms, t-score 60-75 moderate 

symptoms, t-score 76 or higher severe symptoms). Reliability is high both in standard and 

clinical samples (r = .93 to .97) (Constantino & Gruber, 2005). The SRS’s reliability and 

validity have been proven to be satisfactory in both population-based and clinical samples in 

Europe and in the USA (Bolte, Poustka, & Constantino, 2008; Wigham, McConachie, 

Tandos, Le Couteur, & Gateshead Millennium Study core, 2012). The scale correlates well 

with the scores in the Autism Diagnostic Interview-Revised (ADI-R) (Constantino et al., 

2003). Most findings support a one-factor model of SRS (Bolte et al., 2008; Constantino et 

al., 2004), while some have found evidence for several dimensions (Nelson et al., 2016).  

 

Table 5. Behavioral description of the clinical scales in Behavior Rating Inventory of Executive Function (BRIEF) 

 

BRIEF Clinical Scales Behavioral description 
Behavioral Regulation Index (BRI)  
Inhibit Control impulses, appropriately stop own behavior at the proper time 
Shift Move freely from one situation, activity, or aspect of a problem to another as the 

situation demands, transition, solve problems flexibly 
Emotional Control Modulate emotional responses appropriately 
Metacognition Index (MI)  
Initiate Begin task or activity, independently generate ideas 
Working Memory Hold information in mind for the purpose of completing a task, stay with, or stick to, 

an activity 
Plan/ Organize Anticipate future events, set goals, develop appropriate steps ahead of time to carry 

out associated task or action, to carry out tasks in a systematic manner, understand 
and communicate main ideas or key concepts 

Organization of Materials Keep workplace, play areas, and materials in an orderly manner 
Monitor Check work, assess performance during or after finishing a task to ensure attainment 

of goal, keep track of the effect of own behavior on others 
Global Executive Composite (GEC) Behavioral Regulation Index + Metacognition Index (altogether 8 subscales) 

 

Adapted from Gioia (Gioia et al., 2000). 

 

3.4.2.3 Social Communication Questionnaire (SCQ) 

The SCQ was developed as a screener to evaluate communication skills and social 

functioning in children who may have ASD. The SCQ is based on ADI-R, and the questions 

were deliberately chosen to match the ADI-R items that were found to have discriminative 

diagnostic validity (Michael Rutter et al., 2003). We used the Lifetime Form, which consists 

of 40 yes-or-no questions; a parent or other primary caregiver completed the questionnaire. 

The recommended cut-off score on the Lifetime Form is 15 or greater, and this might be an 

indication of possible ASD and the need for a more comprehensive evaluation. The internal 

consistency is reported to be acceptable to good and increasing with age (Cronbach’s alpha = 

0.84 – 0.93) (Michael Rutter et al., 2003).     

 



 37 

3.4.3 Polygenic score (PGS) 

Genotyping 

Participants’ DNA was extracted using standard procedures from blood or saliva samples 

collected in the clinic. Both clinical and control participants’ samples were collected in the 

same time period, chip-genotyped on the same array, and imputed and processed together. All 

DNA samples were chip-genotyped on Human Omni Express-24 v.1.1 (Illumina Inc., San 

Diego, CA, USA) at deCODE Genetics (Reykjavik, Iceland). The chip-genotypes were 

quality-controlled using PLINK 1.9 (Purcell et al., 2007). In short, genetic variants were 

excluded if they had low coverage (< 95%) or minor allele frequency (MAF) (< 0.01), 

deviated from Hardy-Weinberg equilibrium (p-value < 0.0001), or had significantly different 

prevalence in different genotyping batches (FDR < 0.5). Entire individual genotypes were 

excluded if they had low coverage (less than 95%) or a high likelihood of contamination 

(heterozygosity above mean + 5 standard deviations). No relatedness above pi-hat 0.1 was 

detected in our sample. MaCH software was deployed to impute the participants’ genotypes 

using the reference haplotypes from the European population in the 1000 Genome Project - 

phase III (Genomic build 37) (Das et al., 2016; Li, Willer, Ding, Scheet, & Abecasis, 2010). 

Any imputed variants with MAF lower than 0.05 or an information score lower than 0.8 were 

excluded from the subsequent PGS calculations. 

 

Polygenic score (PGS) 

The variants’ effects were estimated from an inverse-variance weighted meta-analysis of the 

GWAS summary statistics for all original sub-studies, with the exception of any sub-studies 

our own participants were drawn from (BUPGEN). All summary statistics were quality-

controlled by excluding variants that met any of the following conditions: MAF < 0.05; 

imputation quality INFO < 0.8; or present in less than half of the sub-studies. The remaining 

variants were clumped into independent regions on the basis of the linkage disequilibrium 

structure of the 1000 Genomes Phase III European population using PLINK v1.9 (with 

options: --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 polygenic scores. 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 GWAS summary statistics were used to generate PGS and to test the 

association with specific phenotypes in the current sample following the procedure referred to 
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as “genetic risk profiling” (Martin, Daly, Robinson, Hyman, & Neale, 2018). The participants 

in our subsample, as well as those in the Grove et al. (2019), Demontis et al. (2018), and 

Savage et al. (2018) studies, are all of European ancestry and therefore expected to be 

genetically relatively homogeneous. The discovery samples our PGSs 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). 

 

3.4.4 Copy-number variation (CNV) 

As mentioned earlier, CNVs have in molecular studies been identified as risk factors for ASD 

(Geschwind, 2011; Sullivan & Geschwind, 2019). Information about the CNVs in our sample 

was obtained from the chip genotypes, following standard CNV calling methodology 

(Sonderby et al., 2018).  

 

3.5 Statistical analyses 

The statistical analyses were conducted using the statistical package IBM SPSS Statistics for 

windows, version 23.0 (Paper I) and 25.0 (Paper III). The analyses in Paper II were conducted 

using the R statistical environment (version 3.5.0.), the “jmv” (version 0.7.3.1.) and the 

“cocor” packages. Statistical significance was set at p <0.05. To control for Type-I errors, we 

adjusted our alpha level in Paper I and Paper II. P-values are therefore interpreted differently 

depending on the test and the number of comparisons done. P-values less than 0.05 and higher 

than the adjusted p-level are referred to as “tendencies” in the text. Conventional values were 

used for interpreting effect sizes (0.2 small, 0.5 medium and 0.8 large (Cohen, 1988)). In the 

regression analyses, assumptions of linearity, multicollinearity, independence of errors, 

homoscedasticity, unusual points and normality of residuals were met. 

 

In Paper I, a Pearson’s independent t-test was used to compare means (girls/boys, age 

groups); Chi-square for crosstabs was applied to investigate differences in distributions (ASD 

and ADHD diagnoses). We used the online calculator http://vassarstats.net/rdiff.html (two-

tailed) to evaluate if the subgroups’ correlation coefficients (girls/boys, age groups) 

significantly differed. Separate multiple regression analyses were conducted to explain the 

variance in SRS scores (total and subscales) from age, sex, total IQ and BRIEF (BRI and MI 

subscales). A Bonferroni correction was used to correct the significance level for multiple 
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comparisons: p < 0.01 was used in all the regression models and p <0.003 was used in the 

correlation analyses. In all other analyses (t-tests, Chi-square and differences in correlations 

coefficients), we applied p < 0.01.        

 

In Paper II, we used the Welch test to assess sex differences in ADI-R and BRIEF scores. The 

Welch test was used because it is robust to unequal variances. We adjusted the p-level for 6 

tests and sat the critical significance level at p < 0.008. Glass’ delta, which is unaffected by 

unequal variances, was used as a measure of effect size. Then, we used Fisher’s z test to 

compare if the correlation coefficients between the BRIEF GEC and ADI-R sub-scores were 

significantly different between the girls and the boys. To examine the frequency distribution 

of comorbid ADHD between the sexes, we used chi-squared statistics. We fitted nested linear 

regression models to assess the role of covariates (sex, IQ, age and ADHD diagnosis) and the 

interaction of sex and EF on the relationship between ADI-R scores and BRIEF GEC scores. 

We did this separately for the three ADI-R sub-scores: reciprocal social interaction, 

communication, and restricted, repetitive and stereotyped behaviors. In the first model, we 

incorporated sex, IQ, ADHD diagnosis and age. In the second model, we added BRIEF GEC 

in addition to the previously mentioned variables. In the third model, we added the interaction 

term BRIEF GEC X sex. Then, we compared the fit of these models by calculating Akaike 

information criterion (AIC) values and F-ratios for the model change. Lower AIC values are 

indicative of a better model fit. We adjusted for three tests, and the significance level was set 

at p <0.017. To generalize the regression results beyond the given samples, robust regression 

was performed in the event of non-normally distributed standardized residuals bootstrapping 

with 2000 samples. We obtained bootstrapped 95% confidence intervals for the model 

intercept and slopes, and compared these with the confidence intervals in the original model. 

To examine the impact of the more closely matched boys and girls on age and IQ, the same 

model fit and comparison procedures were performed on a subset of the sample, which was 

generated using the FUZZY extension command in SPSS. We matched every girl to two boys 

(1:2) on age within 2 years and total IQ within 10 points. 

 

In Paper III, we divided all the clinical participants into the three groups: low, moderate and 

high, based on each of their PGSs for ASD, ADHD and INT (altogether nine groups). The 

groups were identified based on the normal distribution curve of the standardized PGS scores. 

The moderate group consisted of all participants with PGS within one standard deviation from 

the mean. The low and high groups consisted of participants with PGS in the lower and upper 
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tails of the distribution, respectively. This subdivision roughly corresponds to the participants 

with the 15% lowest scores constituting the Low group, those with the 15% highest scores 

making up the high group, and everyone in between in the moderate group. Pearson’s 

independent t-test was used to investigate the mean difference between all of the clinical 

variables between the low and high PGS groups; and, to examine the differences in PGS 

between controls and the clinical group in order to validate the ASD PGS in our sample. Chi-

square for crosstabs was used to investigate differences in the distribution of sex and ASD, 

and ADHD diagnoses in the low and the high ASD PGS groups. Separate linear regression 

models were applied to explain variance in BRIEF scores (BRI, MI and GEC) across ASD, 

ADHD and INT PGS groups. Age, sex, total SRS score, full-scale IQ and principal 

components (PCs) were entered as covariates. We also performed linear regression with total 

SRS score as the dependent variable, and ASD, ADHD INT PGS groups, age, full-scale IQ, 

BRIEF scores (BRI and MI), and PCs as independent variables. As the sample size did not 

permit inclusion of all PC’s, the genetic PCs that were entered into the linear regression 

model were the ones with the highest correlations to the PGSs (ASD, ADHD and INT) and 

the dependent variables (BRIEF GEC and SRS), respectively. We also fitted the regression 

models with continuous PGS instead of group PGS. Due to a moderate sample size and the 

explorative nature of this paper, we did not adjust alpha levels for multiple testing because of 

the risk of type 2 errors. Therefore, all tests were considered significant with a two-sided p-

value lower than 0.05. 

 

3.6 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 

Declaration of the World Medical Association Assembly. The study is based on assessments 

and tests that are used in regular clinical practice. The participants, their families and the 

professional network around them were offered information about the test results, the 

diagnostic process and recommended interventions. Thus, information learned in the study 

was used to in the clinic to enhance assessment and treatment of the participants. In addition, 

we collected DNA from either a blood or saliva sample. The participants did not get the 

results from the research DNA test. If it was necessary to perform some genetic testing as part 

of the clinical assessment, this was done in addition to the research test, and the patient/family 

got the results from these tests. The patient and/or family could withdraw their participation in 

the project at any time, and this did not influence their right to clinical help or follow-up 
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treatment. Written, informed consent was obtained from parents or a legal guardian for 

participants under 18 years. We informed all participants about inclusion in the study, and 

adolescents between 12-17 years of age were encouraged to co-sign the informed consent 

form. Participants over 18 years gave written informed consent themselves.  

 

Through the BUPGEN study and a collaboration with the Norwegian Autism Society, we 

described and explored the attitudes of a total of 1455 parents of children with ASD with 

regard to clinical genetic testing and genetic research. The majority of the parents were 

positive to genetic testing. Data confidentiality and information about the purpose and 

progress of the research were particularly important for them regarding genetic research, and 

the possibility of finding etiological explanations was their main motivation in relation to 

clinical genetic testing (Johannessen et al., 2016; Johannessen et al., 2017). 

 

As of today, no specific EF treatment is offered to children and adolescents with executive 

dysfunction in our clinic. Instead, the child, their parents and their teachers are given 

information about executive dysfunction and how this can affect the child in everyday life at 

school, at home and when participating in activities. The information is used to discuss how 

to adapt the school and home environments to the child’s challenges, and how the child can 

practice improving his or her EF skills in everyday activities. Furthermore, PGS is at the 

present time not used in the clinic. The introduction of PGS into clinical practice will be 

associated with some ethical challenges relating to communicating uncertain findings to 

patients. Therefore, care must be taken to ensure that the information, interpretation and 

understanding of possible risk factors are communicated sensitively. Ultimately, evidence-

based clinical translation of PGS can lead to more effective diagnosis, treatment and possibly 

even prevention of particular psychiatric disorders (Palk et al., 2019).  

 

4. Summary of papers  
Paper I: Metacognitive aspects of executive function are highly associated with social 

functioning on parent-rated measures in children with autism spectrum disorder.  

Background: EF deficits are common in children with ASD, but not part of the diagnostic 

criteria. While both EF deficits and social difficulties in ASD have been studied extensively 

separately, there has been limited research on the relationship between EF and social function. 

Knowledge about the relationship can have implications for the understanding of cognitive 
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components related to the social difficulties that define ASD and may be relevant for 

developing more targeted EF interventions for people with ASD. 

Aims: The aim of the present study was to investigate the relationship between social 

functioning measured with the SRS and everyday EF measured with the BRIEF in a clinical 

sample of children and adolescents with ASD. We also investigated potential sex differences 

and possible age differences by splitting the sample into two age groups (6-12 years and 13-

18 years).  

Method: The study included 86 children and adolescents (23 girls) with ASD (age 6-18). Of 

these, 28 participants had a comorbid diagnosis of ADHD. All participants had an IQ within 

the normal range based on a standardized Wechsler’s test (Total IQ ≥ 70) and spoke 

Norwegian fluently. The parent version of the SRS was used to identify social communication 

difficulties. The BRIEF parent version was used to assess EF deficits in everyday life 

situations.  

Results: The main finding of the current study was that metacognitive aspects of EF (The 

Metacognition Index) was the most important factor in explaining social function in children 

with ASD when controlling for other confounders like sex, age, and full-scale IQ (p = 0.001). 

We did not find any significant differences between the girls and the boys in the relationship 

between EF deficits and social difficulties in our sample, yet there was a tendency for a 

stronger relationship for the girls compared to the boys. Nor did we find any significant 

differences between the two age groups children (6–12 years) and adolescents (13–18 year). 

The results revealed that the oldest age group only had a significant relationship between 

social function and metacognitive aspects of EF (r = 0.47, p = <0.001), but not between social 

function and behavior regulation aspects of EF (r = 0.34, p = 0.015). This may imply that 

metacognitive EF is of particular importance for social function in older age, and that 

behavior regulation aspects of EF do not have the same impact on social function for the 

oldest age group.  

Conclusion: We report a relationship between parental reports of EF deficits and social 

difficulties in an everyday setting in children with ASD. We found that metacognitive aspects 

of EF had a significant association to most aspects of social function. Further studies are 

needed to clarify if children with ASD will improve their social function through intervention 

programs designed to enhance EF in general and metacognitive function of EF in particular.  
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Background: The prevalence of ASD in boys is nearly four times higher than in girls, and 

the causes of this sex difference are not known. EF difficulties may play a part in the 

development of autistic symptomatology. In this study, we investigated sex differences in the 

relationship between EF in everyday life (parent-rated) and social dysfunction symptoms in a 

representative sample of ASD children. 

Aim: The aims of the study were to examine the relationship between EF in everyday life as 

rated by parents of children and adolescents with ASD and autistic symptomology, and to 

investigate possible sex differences in this relationship. 

Method: The study included 116 children (25 girls) aged 5-19 years with a verified diagnosis 

of ASD. The participants’ full-scale IQ was above 70, and they were assessed with the BRIEF 

and the ADI-R. 

Results: There was a statistically significant correlation between two ADI-R domains 

(reciprocal social interaction and communication) and the BRIEF total score for girls (r = 

0.70-0.78), while no significant correlations were found for boys (r = 0.18-0.23). The 

identified correlations were significantly different between sexes for each ADI-R domain (p 

<0.001-0.010). Regression models showed that comorbid ADHD did not contribute 

significantly to the relationship between BRIEF and ADI-R scores.  

Conclusion: The results demonstrate a relationship between difficulties with social 

reciprocity and communication and parent-rated executive dysfunction in girls with ASD, but 

this association was not significant in boys with ASD. We did not find sex differences in the 

relationship between executive dysfunction and restricted and repetitive behaviors. This 

suggests that there are sex differences in the relationship between EF deficits and social 

difficulties in ASD. Altogether, our results provide a greater understanding of how sex 

differences impact the clinical manifestation of ASD and may have implications for the 

development of sex-specific interventions for children and adolescents with ASD. 

Paper III: Autism spectrum disorder polygenic scores are associated with every day 

executive function in children admitted for clinical assessment. 

Background: To better capture the polygenic nature of complex disorders, PGS can be 

calculated from large genome-wide association studies (GWAS) and used to estimate the sum 

of genetic risk in a given sample. ASD in a highly heritable disorder and many people with 

ASD have executive dysfunction. We wanted to investigate the relationship between different 

PGSs and their relationship to EF.   

Paper II: Sex differences in the relationship between social difficulties and executive 

dysfunction in children and adolescents with autism spectrum disorder. 
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Aim: The aim of the study was to explore in a clinical population of children and adolescents 

assessed for ASD the association between PGSs for ASD, ADHD and general intelligence 

(INT) and EF deficits in everyday life. 

Method: The study included 176 children, adolescents and young adults aged 5-22 years with 

full-scale IQ above 70 and who were admitted for clinical assessment for ASD symptoms. We 

investigated how the three PGSs for ASD, ADHD and general intelligence (INT) relate to EF 

in everyday life (as measured by the BRIEF). Furthermore, we investigated the relationship 

between these three PGSs and social function measured with the SRS. 

Results: In a regression model, the ASD PGS was significantly related to behavior regulation 

aspects of EF (p = 0.018). We did not find significant associations between PGSs for either 

ADHD or INT and behavior regulation aspects of EF (p = 0.205-0.732). A high PGS for INT 

was significantly related to social difficulties in everyday life (as measured by the SRS). 

Conclusion: The common ASD risk gene variants had a stronger association to behavior 

regulation aspects of EF than the PGSs for ADHD and intelligence in a clinical sample of 

children and adolescents with ASD symptoms. Furthermore, a high PGS for general 

intelligence was related to social problems. If children with a genetic risk for ASD can be 

identified, then this could be used in the future to initiate interventions aimed at EF deficits, or 

to stratify the more general ASD treatment approach according to PGS. 

 

5. Discussion 

 

5.1 Main findings 

5.1.1. Summary of main findings  

Summary of main findings related to the associations between parent-rated executive 

dysfunction and social difficulties in children and adolescents with ASD: 

 

• The metacognitive aspects of EF were significantly related to everyday life social functioning 

in children and adolescents with ASD. This result remained after excluding the participants 

with comorbid ADHD from the analyses. There were no significant differences in the 

relationship between EF and social function between boys and girls, or the youngest (6-12 

years) versus the oldest group (13-18 years). However, there were tendencies for a stronger 

relationship between EF deficits and social difficulties for girls and the youngest age group.  
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• There was a significant association between EF difficulties in everyday life and autistic 

symptoms related to communication and social interaction for girls with ASD, but not for 

boys with ASD. We did not find sex differences in the relationship between executive 

dysfunction and restricted and repetitive behaviors.  

 

• There was a significant association between a high ASD PGS and EF deficits in everyday life 

relating to behavior regulation. The PGSs for ADHD and general intelligence did not 

contribute significantly to EF. Sex had a significant contribution in the regression analysis, 

and the association between the ASD PGS and the behavior regulation EF seemed to be 

stronger for boys than for girls. We used genetics and PGS as a tool to investigate the 

relationship between social function and EF, and the association between the two is reinforced 

by the fact that we find a connection between ASD biology and EF in everyday life. 

Furthermore, we found social function, as measured by the SRS scale, to be related to the 

PGS for general intelligence. 

 

5.1.2 The relationship between metacognitive aspects of EF and social difficulties 

In our first paper, we found that metacognitive aspects of EF were particularly important for 

social function in the children and adolescents with ASD in our sample. Metacognitive 

aspects of EF are related to the child’s ability to engage in active problem solving, and to use 

working memory to initiate, organize and monitor their own actions (Gioia et al., 2000). This 

process puts demands on the child’s capacity to cognitively self-manage tasks and to reflect 

and monitor his/her own actions. In everyday life, these kinds of difficulties may present as 

trouble getting started with tasks/homework, being overwhelmed by large assignments, 

needing help from an adult to stay on task or being unaware of how his/her behaviors bother 

others (Gioia et al., 2000).  

 

The finding that metacognitive aspects of EF are important for social function is in line with 

previous studies (Kenworthy, Black, Harrison, della Rosa, & Wallace, 2009; Leung et al., 

2015). However, theses previous studies also found that the behavior regulation part of EF 

had a significant contribution to at least some parts of social function. The deviation in 

findings might be the result of different measures being used, where Kenworthy et al. used a 

composite score of ADOS and ADI-R instead of the SRS. We also used a stricter significance 

level/ alpha level than Kenworthy et al. and Leung et al. Furthermore, we analyzed our 

findings on a more detailed level, by looking at the relationship between different parts of EF 
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and specific aspects of social function. In particular, difficulties relating to social cognition, 

social communication and autistic mannerisms appeared to have a stronger relationship to EF 

in the correlation analyses than the ability to notice social clues and social motivation. In the 

regression analysis, however, the metacognitive aspects of EF were a significant predictor of 

the subscales social communication, social motivation, autistic mannerisms and the SRS total 

score. The behavior regulation aspects of EF did not provide a significant contribution to any 

of the subscales from SRS. The finding regarding the subscales from SRS must be interpreted 

with caution, since most findings support a one-factor model of SRS (Bolte et al., 2008; 

Constantino et al., 2004). In general, it is important to recognize that although participants had 

most difficulty (highest scores) with behavior regulation aspects of EF, metacognitive aspects 

of EF had the strongest association to social difficulties. Deficits relating to metacognitive 

aspects of EF, such as problems with working memory, planning and monitoring, might be 

easier to overlook by parents and teachers, than difficulties with behavior regulation, which is 

more directly observable. It is therefore important to emphasize metacognitive difficulties and 

their potential relationship to social dysfunction.     

 

Some researchers conceptually distinguish between hot and cold EF. Hot EF involves 

motivational and emotional aspects of decision-making e.g. delayed discounting and affective 

decision-making. On the other hand, cold EF consists of inhibition, working memory and 

planning in more neutral and nonaffective situations (Kouklari, Tsermentseli, & Monks, 2019; 

Zimmerman et al., 2016). When it comes to the questionnaire BRIEF, the Metacognition 

Index (MI) is thought to be linked to cold EF, and the Behavioral Regulation Index (BRI) is 

linked to hot EF (Puhr et al., 2019). Furthermore, EF might influence the emergence and 

development of ToM, and the expression of ToM (Carlson, Claxton, & Moses, 2015; 

Pellicano, 2010). Even though some have found hot EF to be related to ToM over and above 

the effect of cold EF, most researchers have found cold EF to be closely connected to ToM 

(Kouklari et al., 2019). Thus, deficits in metacognitive aspects of EF, which is mostly cold 

EF, may be closely linked to core difficulties in ASD such as ToM and perspective-taking. In 

general, successful social interaction and communication puts heavy demands on a person’s 

ability to reflect and monitor their own actions, to take another person’s perspective and to 

understand when their own behavior can bother others. These are all areas in which people 

with ASD have challenges and might represent different aspects of the same core difficulty 

with social reciprocity. For people with ASD, who from the outset have problems with social 

communication and reciprocity, it may be that metacognitive EF becomes particularly 
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important for mastering and understanding what is required in social settings. Leung et al. 

argue that the widespread use of EF skills is probably not necessary for successful social 

interaction for TD children with normally developed EF, because these children have a more 

efficient use of EF and better social competence than children with ASD (Leung et al., 2015). 

Interestingly, the metacognitive aspects of EF, cold EF and ToM may be interconnected, 

mutually affect each other, and play a central role in the social dysfunction of people with 

ASD.  

 

While only the metacognitive aspects of EF were significantly correlated to social function in 

the oldest age group in our study (13-18 years), both behavior regulation and metacognitive 

aspects of EF were significantly correlated to social function in the younger group (6-12 

years). This finding might be related to a greater degree of common EF factors in 

children/adolescents and the presence of both unity and diversity among older subjects (Karr 

et al., 2018). In this way, it may be that more common EF factors are related to social function 

in the youngest children in our study, while, as the children get older, more specific EF 

components become associated with social function. 

 

Chouinard et al. have recently done a follow-up study where they investigated the relationship 

between metacognitive aspects of EF and social function in male and females both with and 

without ASD (Chouinard, Gallagher, & Kelly, 2019). Their study design was somewhat 

different from ours in that they only included participants with IQ over 85 and they used four 

SRS subscales to create what they called an SRS social score. They found that for both sexes 

metacognitive EF had explanatory value for social function, and for males this relationship 

was stronger for the ASD group than the non-ASD group. They concluded that females with 

and without ASD have a similar relationship between everyday EF and social function, while 

for males the relationship was different for those with and without ASD. Furthermore, in 

males they found the behavior regulation aspects (BRI) of EF to be a predictor of social 

function, while this was not the case for females. This is in contrast to our study where we 

found significant correlations between both BRI and MI and social function in males and 

females. In our regression analyses, however, only MI was significantly associated with social 

function and sex showed strong tendencies towards being significant but did not remain after 

correction for multiple comparisons. In this way, both studies confirm the importance of 

metacognitive EF for social function and that this relationship can be affected by the sex of 

the individual. In our study, we only included people with ASD. Since Chouinard et al. also 
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included participants without ASD, they could elaborate on sex differences in the relationship 

between EF and social function and how girls with and without ASD showed a more similar 

pattern than boys with and without a diagnosis. I will discuss sex differences in the 

relationship between EF and social difficulties in greater detail in section 5.1.3. 

 

Our results did not show an association between high PGS for ASD and the metacognition 

aspects of EF (Paper III). So even though our earlier study (Paper I) showed that 

metacognitive aspects of EF are strongly associated with social function in ASD, we did not 

find the same relationship between metacognitive aspects of EF and common genetic variants 

for ASD. However, we did find an association between behavior regulation aspects of EF and 

high PGS for ASD. This will be discussed in more detail in section 5.1.4. 

 

Several researchers have found the metacognitive aspects of EF measured with BRIEF to be 

of particular importance to adaptive function in children with ASD. Adaptive function 

includes socialization, communication and activities of daily living (ADL), and Vineland-II is 

the most commonly used instrument to quantify adaptive skills (Chatham et al., 2018). Gilotty 

et al. found that the subscales Initiate and Working Memory from the BRIEF were strongly 

(negatively) associated with the domain scores Communication and Socialization from 

Vineland-II (Gilotty et al., 2002). More recent research has confirmed that metacognitive 

processes represent the most significant contribution to ADL, as well as to communication 

and social skills (Gardiner & Iarocci, 2018). Since SRS measures social function and autistic 

symptoms in an everyday setting, there might be a strong resemblance to adaptive function 

measures like the Vineland-II. Understanding that metacognitive functions of EF are of 

particular importance for social function in children and adolescents with ASD may be 

particularly important when targeting interventions aimed at improving everyday function for 

this group. Gardiner & Iaroccis argue that there is great potential for measurements of 

everyday EF to target interventions for children both with and without ASD (Gardiner & 

Iarocci, 2018). Others have also found metacognitive EF training to be a promising 

intervention for young children with ADHD (Tamm & Nakonezny, 2015). Metacognitive EF 

interventions may thus be a potential intervention strategy for several neurodevelopmental 

diseases and/or comorbid conditions. 

 

In summary, metacognitive aspects of EF seem to be especially important for social function 

in the everyday life of children and adolescents with ASD. Others have found that this 
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association seems to be particularly strong in children and adolescents with ASD compared to 

TD (Chouinard et al., 2019). To some degree, there might be an association between these 

metacognitive aspects of EF and cold EF, and further to ToM. However, our study did not 

investigate the relationship between these three concepts. We did not find an association 

between PGS for ASD and metacognitive aspects of EF, so the polygenetic aspects of ASD 

are not likely to be the cause of the relationship between metacognitive aspects and social 

difficulties. However, the metacognitive parts of EF have been linked to adaptive function in 

ASD in other studies (Gardiner & Iarocci, 2018). Overall, metacognitive aspects of EF might 

be a potential target for interventions that could have a substantial influence on everyday life 

for children and adolescents with ASD. 

5.1.3 Sex differences in the association between EF and social difficulties 

In all three papers, we found that the sex of a participant influenced the results, which 

supports the hypothesis that different mechanisms may be at play in girls and boys with ASD. 

Another possible explanation is that girls and boys have different clinical manifestations of 

ASD. The most striking sex difference was that girls have a stronger relationship between EF 

deficits and autistic symptomatology related to social interaction and communication (BRIEF 

and ADI-R scores) than boys (Paper II). We also found girls to have a stronger association 

between EF and a questionnaire that defines social function (SRS), relatively broadly (Paper 

I). However, differences in correlation coefficients between girls and boys were not 

significant after correction for multiple comparisons in the last-mentioned findings. The 

results support the assertion that there may be different reasons for cognitive and behavioral 

problems in girls and boys with ASD, and that social and communications challenges for girls 

might be more strongly related to EF deficits. In addition, the results may to some extent be 

regarded as support for the female protective effect, which states that girls have a higher 

genetic threshold for developing ASD. A possible consequence of this higher threshold for 

developing ASD for girls is that girls who reach the diagnostic threshold of ASD often have 

more cognitive and behavioral problems than boys with ASD (Dworzynski et al., 2012). 

Furthermore, the girls in our studies showed a tendency to be older on average than the boys, 

had more difficulties with metacognitive aspects of EF and social function (SRS), and had 

less difficulties relating to restricted and repetitive behaviors. These findings are in line with 

previous research showing that clinical populations of girls with ASD usually are identified 

later, have more cognitive and behavioral problems, and exhibit less problems relating to 
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restricted and repetitive behaviors than boys with ASD (Beggiato et al., 2017; Dworzynski et 

al., 2012; E. I. White et al., 2017).  

 

The extent to which the results are sensitive to sex differences may depend on the sensitivity 

of the assessment method used. The SRS questionnaire has sex/gender specific norms and is 

thought to better capture the female autistic phenotype than other measures (Beggiato et al., 

2017). On the other hand, the diagnostic interview ADI-R has been criticized for being more 

sensitive to typical boys’ autistic features than their female counterparts. Beggiato and 

colleagues argue there is a need for diagnostic algorithms differentiated by sex in ADI-R, and 

that ASD symptoms in girls will be under-recognized if diagnostic instruments do not reflect 

the sex differences in clinical presentations (Beggiato et al., 2017). They emphasize that girls 

show less problems relating to the items in the algorithm concerning repetitive and 

stereotyped behaviors, which is a consistent finding in the literature (Frazier, Georgiades, 

Bishop, & Hardan, 2014). However, even though the girls in our sample showed a tendency 

for less restricted and repetitive behaviors than boys on the ADI-R, it is the relationship 

between EF deficits and social dysfunction that is our focus, and not the cut-off limits for 

diagnosing ASD. As earlier mentioned, Chouinard et al. also found sex differences to 

differentially affect the relationship between EF and social communication in children and 

adolescents with ASD (Chouinard et al., 2019). 

 

In Paper III, we found the sex of group members to have a significant influence on the 

regression analysis results investigating the relationship between PGS group and behavior 

regulation aspects of EF (BRIEF). However, we did not investigate sex differences with 

further analyses, and cannot draw any firm conclusions about the finding. Some evidence 

suggests that girls have more serious genetic conditions (CNVs) and that common variants, as 

measured by PGS, are more important for boys (Werling, Parikshak, & Geschwind, 2016). 

We did control for CNVs in our sample, and it is therefore not likely that differences in CNVs 

were the reason for differences in the low and high PGS groups. Both Benca et al. (2017) and 

Schork et al. (2018) incorporated the sex variable as a covariate in the analysis when studying 

the association between PGS and EF (Benca et al., 2017; Schork et al., 2018). However, they 

do not comment on the effects of the sex variable on the relationship between PGS and EF in 

their discussion of their findings. 
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To summarize, we found that the girls in our studies were, on average, older than the boys. 

The girls had more metacognitive EF difficulties and social difficulties measured by the SRS. 

The boys in our sample exhibited more problems than the girls relating to restrictive and 

repetitive behaviors. However, these differences between girls and boys were not significant 

after correcting for multiple comparisons. We found no sex differences in PGS scores or the 

distribution of comorbid ADHD. Therefore, both girls and boys were quite similar in the 

measures used in this thesis, even though it could be argued that some measurements are more 

sensitive to difficulties experienced by boys than girls. Our main finding is that girls had a 

different relationship between social dysfunction and EF than boys, where the girls showed a 

stronger association between the two. This might be important for understanding the different 

manifestations of ASD in boys and girls and may have implications for choice of intervention. 

 

5.1.4 Genetic relationship to EF 

The main reason for using PGS was to try to disentangle psychological constructs like EF, 

intelligence and social function. In particular, we wanted to use a biological measurement like 

PGS and investigate how this is associated to behaviorally defined diagnoses and 

psychological concepts like executive functioning. PGS is a relatively new method of 

assessing genetic information and calculating genetic risk, and even though PGS still only 

explains a few percentiles of the variance for a disease/trait in a given population, it might add 

valuable information as sample sizes for the traits and disorders increase. At the present time, 

PGS cannot be used diagnostically. A high PGS for ASD does not necessarily mean that a 

person will develop the disorder, and a low score does not mean that they will not. PGS 

cannot replace screening either. However, it is possible that PGS in the future can be used to 

assess risk populations and tailor diagnostics and interventions, cf. precision medicine 

(Zheutling & Ross, 2018). 

 

Grove et al. demonstrated that an individual’s risk for ASD depends on the level of 

polygenetic burden of common genetic variants (Grove et al., 2019). In Paper III, where we 

used PGS, we found a significant difference in ASD PGS between individuals with ASD and 

a small group of healthy controls (n=29). We also found a significant difference between the 

controls and clinical participants consisting of children and adolescents with ASD 

symptomatology. However, the ASD PGS did not significantly differ between those with 

ASD and the clinical group with ASD symptoms (sub-threshold ASD group). In child and 

adolescence psychiatry, it can be difficult to accurately diagnose people because of 
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overlapping clinical characteristic, common comorbidities and the lack of objective measures 

and biomarkers. Furthermore, the clinical features might change during development from 

childhood and adolescence to adulthood. Assuming that autistic traits and ASD PGS are 

present in everyone on a continuum, it is expected that children in a clinical setting under 

assessment for ASD have a higher PGS for ASD than TD children. Currently, PGS does not 

solve the demanding task of distinguishing between different related diagnoses. However, it 

might be particularly interesting to look at “extreme” PGS scores, as some have done 

(Torkamani et al., 2018). To explore this, we divided our participants into low, moderate and 

high scores based on their PGS. In Paper III, we found approximately the same distribution of 

children with an ASD diagnosis in both the low and high ASD PGS groups. Interestingly, the 

relationship to behavior regulation aspects of EF was different in the low and high ASD PGS 

groups, where the high group had more difficulties with EF. Our finding supports the link 

between the higher risk and higher rate of EF difficulties seen in clinical populations. The 

behavior regulation aspect of the EF measure we used consists of the three subscales 

inhibition, flexibility and emotional control. Both in our sample and in previous research, the 

flexibility subscale is where people with ASD most often have the highest score (i.e. most 

difficulty) compared with other clinical groups (Hovik et al., 2014). In this way, the aspect of 

EF that is usually most aberrant in people with ASD was most strongly associated with the 

common genetic variants related to ASD. 

 

The use of extreme PGS scores seems promising and might together with other clinical 

information add valuable information, and PGS can be particularly helpful in targeting high-

risk people (Torkamani et al., 2018). Furthermore, people with high risk for a given disorder 

might also be at increased risk for known comorbid traits/ disorders and related difficulties, 

such as EF deficits. When researchers have access to PGS for several related disorders and 

traits, it might be possible to disentangle both mechanisms and characteristics of the 

conditions, such as looking into the interplay between PGSs for ASD, ADHD, general 

intelligence, and depression. PGS may in the future provide a valuable window into the core 

of neurodevelopmental disorders and allow us to look behind the behaviorally defined 

diagnoses.  

 

We did not find a significant contribution of the PGSs for ADHD or general intelligence 

(INT) to EF in our study. Thus, the common genetic variants associated with ASD seem to be 

of greater importance for executive dysfunction than the genetic variants associated with 
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ADHD and INT. One possible explanation for this may be that our sample consisted of 

children who were undergoing assessment for ASD, and that the difficulties they showed 

were primarily related to ASD symptoms. Another interesting result was that we found a 

significant association between social dysfunction (high scores on the SRS) and high PGS for 

general intelligence (INT). This relationship amounted to a moderate effect size in the 

comparison of the low and high INT PGS and SRS score (Cohens d = 0.66). The result here is 

in line with an increasing number of studies linking genetic variants associated with high IQ 

to social problems (Clarke et al., 2016; Grove et al., 2019).  

 

Only a few studies have investigated the association between PGS for ASD and EF. Schork et 

al. examined the relationship between PGS for ASD and EF in TD children. They used a card 

sorting test to measure EF and found that better performance on this test was associated with 

high PGS (Schork et al., 2018). This result is the opposite direction of what might be 

expected, as ASD is usually associated with executive dysfunction (Demetriou et al., 2017). 

However, it is important to note that Schork et al. investigated TD children. A possible 

explanation for the finding may be that the card sorting test they used is related to IQ, and  

high ASD PGS has been found to be associated with high IQ (Clarke et al., 2016; Roca et al., 

2014). Benca et al. used a population-based sample to investigate if PGS for psychiatric 

disorders, including ASD and ADHD, could predict EF (Benca et al., 2017). They used a 

latent variable approach based on nine EF tasks, but did not find evidence of a strong 

connection between EF and PGS in psychiatric disorders. Our study differs from these studies 

since we used a clinical sample and a parent-rated measure of EF. However, our finding is in 

line with earlier findings that EF deficits are common in ASD, and that parent-rated measures 

are a better clinical marker of ASD than neuropsychological tests (Demetriou et al., 2017).  

 

There is an interesting association between high IQ and higher PGS for ASD in the general 

population (Clarke et al., 2016). Furthermore, Grove et al. found that people with Asperger 

had higher PGS than those with classic childhood autism (Grove et al., 2019). By definition, 

people with Asperger have normal to above normal intelligence, and in this way higher IQ 

seems to be related to higher PGS in the ASD population. It seems likely that PGS may have 

different effects depending on the specific ASD subgroup. Since our sample mainly consisted 

of people diagnosed with Asperger or PDD-NOS, we used the ASD PGS on the subgroups 

where it has been shown to have the greatest effect.  
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In addition to common genetic variants with little impact, ASD is also associated with several 

rare genetic disorders with high impact (Levy et al., 2011). CNVs are probably the strongest 

factor contributing to these rare genetic disorders. We did have access to information about 

the most common recurrent CNVs and other mutations in our participants. Based on this 

information, it is not likely that the identified association between high PGS and EF deficits 

was due to the presence of CNVs or other severe genetic causes.   

 

One of the main purposes of PGS has always been precision medicine (Zheutling & Ross, 

2018). US National Institute of Health defines precision medicine as “an emerging approach 

for disease treatment and prevention that takes into account individual variability in genes, 

environment, and lifestyle for each person” (National Insitute of Health, 2020). This approach 

contrasts the one-size-fits-all approach, in which disease treatment and prevention strategies 

are developed for the average person, where less attention is paid to individuals’ specific 

needs. By using precision medicine, it will be possible for health providers and researchers to 

predict more accurately which treatment and prevention strategies for a particular disease will 

work in which groups of people. Because of the large variation in symptoms and function in 

people with ASD, precision medicine might be particularly useful for this patient group. 

Although our results regarding the association between high PGS for ASD and EF difficulties 

must be interpreted with caution, it may be possible that PGS in the future could be used to 

tailor treatment and interventions for people with ASD.   

  

5.1.5 The association to comorbid ADHD 

Since ADHD is a common comorbidity in ASD and is also characterized by EF deficits, we 

considered it important to include participants with comorbid ADHD in all our papers. In our 

studies, 33-35% of the participants had a comorbid ADHD diagnosis (Paper I-III). This is in 

line with previous studies, which report 28-44% comorbid ADHD in ASD (Lai et al., 2014; 

Lord et al., 2018; Simonoff et al., 2008). We found no significant differences in social 

difficulties (total SRS), full-scale IQ or behavior regulation EF (BRI form BRIEF) between 

those with ASD and those with ASD and comorbid ADHD (Paper III). We did find, however, 

that those with ASD and ADHD had significantly more difficulties with metacognitive 

aspects of EF (MI from the BRIEF) and a higher overall score on the BRIEF (GEC) than 

those who only had ASD. This might suggest that children and adolescents with comorbid 

ADHD have more EF deficits than children diagnosed with ASD alone. Unfortunately, we 

were not able to analyze in more detail these EF differences. Our findings are in line with 
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Craig et al.’s conclusion in their review of executive dysfunction in ASD and ADHD. Craig et 

al. found that people with ASD with comorbid ADHD have EF deficits that are typical of 

both the ASD and the ADHD group, and they therefore often have more EF deficits than 

those who only have one of the diagnoses (Craig et al., 2016). 

 

We incorporated ADHD into the analyses in all three papers. In Paper I, we found that the 

relationship between social difficulties (SRS) and metacognitive aspects of EF (MI from the 

BRIEF) was stronger when we excluded the participants with comorbid ADHD from the 

analyses. However, the metacognitive aspects of EF were significantly related to social 

difficulties, both for the participants with ASD and the participants with ASD and comorbid 

ADHD. 

 

In Paper II, where we investigated possible sex differences in the relationship between autism 

symptomatology and EF, we found no significant difference in the proportion of males and 

females with comorbid ADHD. It is therefore not likely that the presence of ADHD is the 

explanation for the difference between the sexes. Furthermore, ADHD did not represent a 

significant contribution in any of the regression models predicting social reciprocity, 

communication or restricted and repetitive behaviors and interests. Overall, we did not find 

that ADHD significantly affected the relationship between autism symptomatology and EF in 

our study.    

 

When investigating the relationship between PGS for ASD and EF, we divided the groups 

into those with low, medium and high ASD PGS. We did not find a significant difference in 

the distribution of ADHD or ASD diagnoses in the low and high ASD PGS groups. It is 

therefore not likely that low and high PGS groups were purely a reflection of diagnostic 

groups. In Paper III, we also incorporated the ADHD PGS in the prediction of EF deficits and 

social difficulties. However, our results did not show that the ADHD PGS group contributed 

significantly to the EF (BRIEF) or social function (SRS) scores.     

 

In sum, our results suggest that those with comorbid ADHD had more difficulties with the 

metacognitive aspects of EF than those who only had ASD. However, the relationship 

between social function and EF is not significantly different between those with ASD only 

and those with comorbid ADHD. The effect of comorbid ADHD may vary with age. Since we 

used a cross-sectional design, we did not investigate how the influence of age may change 
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over time. A diagnosis of comorbid ADHD can have important clinical implications, because 

some ADHD symptoms can be remedied with medication (Mooney et al., 2019). The various 

diagnostic systems have taken different approaches as to whether it is possible to have a 

comorbid ADHD diagnosis for people with ASD. Based on our results, comorbid ADHD was 

seen to influence the clinical manifestation of difficulties to some degree. However, we did 

not find that comorbid ADHD significantly affected the relationship between EF and social 

difficulties.  

 

5.1.6 Intelligence and EF 

Many researchers argue that EF is closely related to intelligence, and particularly to fluid 

intelligence (Diamond, 2013; Roca et al., 2014). Other researchers maintain that people with 

ASD, for example, have EF impairments despite having normal or above normal levels of IQ 

(Merchan-Naranjo et al., 2016). To account for IQ potentially affecting the relationship 

between EF and social function, we incorporated full-scale IQ into all our analyses. IQ did not 

significantly influence the results in any of the three studies. One explanation may be that our 

sample was small and therefore lacked power. Another explanation may be the large variation 

in IQ scores. Given that many researchers find IQ to be related to EF, our finding is to some 

extend unexpected. However, one must take into account that we used a parent-rated measure 

of EF and not neuropsychological test results. There might have been a closer connection 

between laboratory performance measures of EF and intelligence. On the other hand, the 

relationship between intelligence, EF and social function may be different in people with 

ASD compared to other neurodevelopmental disorders or TD children (Tillmann et al., 2019). 

Despite ASD being genetically associated with high IQ, people with ASD have profound 

difficulties with social function and EF (Clarke et al., 2016).    

 

5.1.7 General considerations about the association between executive dysfunction and 

social difficulties in ASD 

The current studies address the knowledge gap in the literature by investigating the 

relationship between a core autistic difficulty (social function) and executive dysfunction in 

everyday life in children and adolescents with ASD or ASD symptomatology. ASD is 

behaviorally defined because there is limited knowledge about mechanisms and few medical 

treatments for autistic symptoms. Identification, diagnosis and interventions relating to ASD 

are based on characteristics of core autistic features and accompanying cognitive difficulties. 
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The treatments that have most empirical evidence of efficacy are behavioral, developmental 

and/or educational. Cognitive aspects also influence these treatments (Odom et al., 2019). 

General cognitive abilities are often affected in ASD, and language difficulties and EF deficits 

are common. Furthermore, co-occurring psychiatric disorders such as ADHD (also associated 

with EF deficits) are often present. Therefore, understanding how social difficulties in ASD 

relate to EF can add valuable knowledge to the field of ASD.  

 

One of the prevalent theories of ASD has been the Executive Dysfunction Hypothesis. Much 

of the research on this theory has focused on examining to what extent people with ASD have 

EF deficits, and if this can be used as part of the diagnostic criteria. Reviews and meta-

analyses support the view that difficulties with EF are common in people with ASD 

(Demetriou et al., 2017). However, the most important criticism of the theory is probably 

related to EF deficits not being specific to ASD. Identifying the exact type of EF deficits in 

people with ASD has also been difficult, and EF difficulties on performance based tests do 

not necessarily correlate with autistic symptoms (Kenworthy et al., 2008; Pellicano, 2010). 

Furthermore, there has been a lack of research investigating how social difficulties/autistic 

symptoms and EF affect each other. By focusing on the relationship between them rather than 

just the presence of EF difficulties in ASD, we might uncover knowledge that can help in 

understanding disease mechanisms and find potential intervention approaches. Since ASD is a 

very heterogeneous diagnostic group, looking at them as a single group might mask important 

differences. Therefore, we wanted to investigate different subgroups of the ASD population, 

and explore how variables such as the sex of the individual (boy/girl), comorbid ADHD and 

high PGS for ASD affect the relationship between social function and EF. 

 

In all three papers, we found a relationship between EF and social function and/or autism 

symptomatology in ASD. Furthermore, methods such as PGS, diagnostic tools and parent-

reported difficulties in everyday life were used to investigate this relationship. We found that 

the association between EF and social function was valid on different levels of explanation – 

from genes and cognition to autistic behavior.  

 



 58 

5.2 Methodological issues 

5.2.1 Representativeness and generalizability of results 

The participants in our studies were recruited from Norwegian health services specializing in 

the assessment of ASD and neurodevelopmental disorders. I regard the participants to be 

representative of children and adolescents who seek clinical help for ASD in clinics 

throughout Norway. However, those who seek help might not necessarily be representative of 

the population of children with ASD and might have a higher symptom load than those who 

do not seek help. Furthermore, we do not have any information about those who did not want 

to participate, and if they had any common characteristics that made them not want to 

participate in the study. In Paper I and Paper II, we only included participants who received a 

diagnosis of ASD. In Paper III, we also included participants with sub-threshold ASD/ ASD 

symptoms, which is the inclusion criteria for the BUPGEN project. Therefore, the finding 

regarding the association between ASD PGS and behavior regulation aspects of EF is 

probably representative of a broader group with ASD symptomatology, who do not reach the 

diagnostic threshold. Since ASD is a behaviorally defined spectrum disorder, features of 

autism-like traits are thought to vary throughout the population in a continuous way. 

Investigating a broader autism phenotype may add important knowledge to the field 

(Constantino, 2011). Genetically common variants, such as those measured with PGS, have 

also shown greater effect for those with an Asperger diagnosis than for those with classic 

autism. Common genetic variants may also be important for the sub-threshold ASD group 

(Grove et al., 2019). The broader inclusion that we have conducted may also be an advantage 

considering that the diagnostic tools probably are better at recognizing boys with ASD (the 

male phenotype) than girls with ASD. By broadening the inclusion, I can assess girls who 

might not otherwise have been included in clinical studies.  

 

In all our papers, we only included people with a full-scale IQ of 70 and above. Our findings 

are therefore not representative of children and adolescents with an IQ under 70 and/or an 

intellectual disability. Since our participants are diagnosed using ICD-10, they are all grouped 

into the subcategories childhood autism, atypical autism, Asperger syndrome or PDD-NOS. A 

natural consequence of having a selection of participants with an IQ above 70, is that they 

mainly fall into the diagnostic categories Asperger syndrome and PDD-NOS, which is also 

the case in our sample (these two categories constitute 79-84% of the participants with ASD 

in our studies). Our findings might therefore mostly be applicable to these two diagnostic 
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subcategories.  Furthermore, we included participants with comorbid ADHD, which is the 

most common comorbidity in ASD (Lord et al., 2018). Our results may therefore be 

generalized to children and adolescents with ASD with an IQ above 70 and comorbid ADHD.   

 

We had a fair number of girls in all three studies, as girls with ASD constituted 22-27% of the 

participants. Even though this is quite close to the ratio 4:1, which is often reported in the 

literature, the ratio is often more skewed in participant with IQ in the normal range with even 

more boys than girls (reported to be as high as 9:1) (Brugha et al., 2011). We have quite a 

high number of girls in our studies, which might be due to a recent increased awareness of 

girls with ASD and their symptom profiles. A large part of the research literature mainly 

consists of boys and is not necessarily applicable to girls with ASD. However, we do consider 

our findings to be valid for girls, even though the actual number of girls included is still 

relatively low (23-42 girls with ASD in our studies).  

 

One important criticism of the use of PGS is that most of the calculations are based on 

European samples, and much of the genomic data comes from the Scandinavian and UK 

biobank. The calculations may therefore not be representative of other ethnic groups, and the 

generalizability of the findings may be limited to mainly Northern European samples (Martin 

et al., 2019).   

 

5.2.2 Possible confounding factors 

All three of our studies are based on clinical samples, and not population-based samples or 

research samples. As a result, the participants included are patients who seek help and might 

therefore have a higher symptom load than those who do not seek help. Parents might also 

report symptoms and behaviors differently for girls and for boys, and it is uncertain if this is 

due to different behaviors/ symptoms in general between the sexes or whether parents have 

different expectations of girls and boys. In this thesis, we use the term sex differences. 

However, we do not know if the differences are caused by actual biological differences or 

differences relating to expectations of gender and gender role patterns. Both SRS and BRIEF 

have specific norms for girls and boys, and thereby take into account to what extent they have 

difficulties compared to TD girls and boys. Furthermore, children and adolescents undergo 

major developmental changes in social function, IQ, and EF as they grow older. Girls and 

boys might also have different trajectories of development (Grissom & Reyes, 2019). Even 
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though we incorporated age as a covariate in our analyses, non-linear age effects could bias 

the results. 

 

Our participants were assessed cognitively by using intelligence measures, but we did not 

perform a comprehensive assessment of language functions. Difficulties with language and 

communication can affect both social function and EF in people with ASD, even though there 

is variability in how these difficulties are manifested (Lord et al., 2018). Some studies have 

found that metacognitive aspects of EF are predictive of functional communication, while 

behavioral aspects of EF were predictive of verbal conversation skills (Hutchison, Muller, & 

Iarocci, 2019). Others have shown that EF level was not related to language ability in verbal, 

school-aged children with ASD (Joseph, McGrath, & Tager-Flusberg, 2005). Our sample 

consisted of school-aged children and adolescents with normal IQ.  

 

Since we included participants with comorbid ADHD, some of the children and adolescents 

may have been taking medication that is known to have a positive impact on neurocognition 

(Coghill et al., 2014). When answering the questionnaires (SRS and BRIEF), the parents are 

asked to report behavior the past 6 months. We only have information about medication at 

one given time point and cannot be sure if they had used medication during the previous 6 

months. However, most of our participants were recruited at the start of an assessment period 

for a possible neurodevelopmental disorder, and therefore likely not to be on medication at 

the time of inclusion. 

 

5.2.3 Measurements 

Participants underwent a thorough clinical evaluation for ASD using the gold standard tools, 

ADOS and/or ADI-R, administered by an experienced clinician (child psychologist and/or 

child psychiatrist) (Lord et al., 2000; Lord et al., 1994). Since participants were recruited from 

a clinical setting, the diagnostic assessment and final conclusion were also based on more 

general information about the child’s mental and somatic health. Information was obtained 

from anamnestic interviews, somatic evaluations, questionnaires measuring general 

psychopathology, clinical interviews, naturalistic observations and formal testing of cognitive 

function. We are confident that the ASD diagnoses were arrived at in a professional manner. 

Participants were recruited from different BUPGEN locations throughout Norway. To ensure 

that we had a common diagnostic practice, we held diagnostic workshops across the different 

clinics. Furthermore, there are guidelines for diagnosing and treating ASD in Norway. A 
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recent study confirmed that ASD assessments in Norway are conducted in accordance with 

the guidelines, and in 95% of the cases examined, the  diagnostic research criteria had been 

satisfied (Suren et al., 2019). We cannot rule out, however, that there may be some degree of 

variation in diagnostic practices used in our sample.  

 

To assess everyday life EF, we used the questionnaire BRIEF. In Paper I and Paper III, we 

used SRS to measure social impairments associated with ASD. Both BRIEF and SRS are 

well-validated instruments/questionnaires commonly used in both research and clinical 

practice (Constantino & Gruber, 2005; Gioia et al., 2000). The average t-score for TD 

Norwegians in BRIEF and SRS has been found to be about 40, while the average t-score in 

American norms is 50 (Hoyland, Naerland, Engstrom, Lydersen, & Andreassen, 2017; Skogli, 

Teicher, Andersen, Hovik, & Oie, 2013). Yet, the BRIEF indexes  are regarded to work well 

when used for the Norwegian population (Fallmyr & Egeland, 2011). Our sample is a clinical 

sample and on average both the BRIEF and SRS scores in our studies were in the clinical 

range. Since both BRIEF and SRS are parent-rated measures, this might bias the findings. 

Parents can have a tendency to systematically over- or under-rate the degree of disturbance in 

their child. It can be difficult to determine if high scores on two questionnaires are due to a 

common underlying trait (i.e. trait variance) or due to the use of a common method (i.e. 

method variance) (McAuley, Chen, Goos, Schachar, & Crosbie, 2010). The assessment is also 

influenced by the raters’ theoretical and logical preconceptions. Havdahl et al. found that 

parental concern about ASD significantly influenced the discriminative threshold of the ADI-

R, and the instrument had lower sensitivity among toddlers whose parents did not have a 

specific concern about ASD (Havdahl et al., 2017). On the other hand, an advantage of using 

measures such as SRS and BRIEF is that they are likely to have high ecological validity, 

which means that they are good at predicting behaviors in real-world settings (Constantino & 

Gruber, 2005; Gioia et al., 2000). For example, people with ASD often show rigid and 

inflexible everyday behaviors, even though they do not necessarily have deficits with 

flexibility on laboratory measures (Geurts, Corbett, & Solomon, 2009). This discrepancy is 

referred to as the paradox of assessing cognitive flexibility in ASD, and emphasizes the 

importance of having ecologically valid measurements. A similar pattern is seen between IQ 

measures and the Vineland adaptive scale, where people with ASD often have a greater 

discrepancy between the two measurements than other groups/ people (Tillmann et al., 2019).  
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The main focus of this thesis has been on social function and its relationship to EF. An ASD 

diagnosis is based on deficits in social communication and social interaction across multiple 

contexts, and restricted, repetitive patterns of behaviors, interests, or activities (American 

Psychiatric Association, 2013). Our focus has been on issues relating to social communication 

and social interaction, which together is what we refer to as social function. To some extent, 

we have also investigated the relationship between EF and restricted and repetitive behaviors 

and interests, even though this has not been our primary research focus. In SRS, only one of 

the five subscales is related to restricted and repetitive behaviors and interests, namely the 

autistic mannerisms subscale (which is incorrectly called social mannerisms in Paper I). 

Furthermore, in ADI-R, one of the three functional domains (domain C) is related to restricted 

and repetitive behaviors and interests. If we wanted to investigate restricted and repetitive 

behaviors and interests and its relationship to EF in further detail, instruments more suitable 

for capturing difficulties with restricted and repetitive behaviors and interests should be used 

(Honey, Rodgers, & McConachie, 2012).       

 

Choi et al. provide guidelines on how to perform PGS analysis, which has the advantage of 

limiting inconsistencies between study protocols and misinterpretation of results. Even though 

our scores are standardized (normal distribution), there is no general agreement on 

standardization. At the present time, it is therefore difficult to compare the actual value of one 

score with another (Choi, Mak, & Reilly, 2018). The PGSs used in our study were based on 

large discovery samples with large power and performed by high quality research groups. The 

discovery samples 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). We therefore consider 

our PGSs to be of good quality. When using PGS, it is common to do the calculations at 

several different p-levels (p-bins). In Paper III we used a GWAS p-level threshold for 

inclusion of 0.1 for all the PGSs (ASD, ADHD and INT). This threshold was chosen because 

it gave the highest explained variance in the GWAS summary statistics, which was the basis 

for our ASD PGS (Grove et al., 2019). Furthermore, it is important to be aware that some of 

the criticism of PGS in general is that they have a relatively low explained variance. 

However, the prediction will become more feasible as sample sizes continue to grow 

(Dudbridge, 2013). In Grove et al., where they calculated the ASD PGS we used, the mean 

variance explained by PGSs was 2.45% (Nagelkerke’s R2). The variance explained increased 

for each PGS included, and was 3.77% for the full model (Nagelkere’s R2) (Grove et al., 
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2019). Values between 1-9% are usually interpreted as representing a small effect size 

(Cohen, 1992). 

  

5.2.4 Questionnaires versus neuropsychological testing  

In a 2013 review, Toplak et al. argues that performance-based and rating measures of EF 

assess different levels of cognition. While the former measures the efficiency of cognitive 

abilities, the latter measures success in goal pursuit (Toplak et al., 2013). Performance-based 

measures attempt to isolate a single structure and might be a more “pure” measurement of EF, 

while parent-ratings may represent a more global view of the child’s behavior in everyday life 

(Loe, Chatav, & Alduncin, 2015). Research has shown only moderate correlations between 

performance-based measures and questionnaires assessing EF (Isquith, Roth, & Gioia, 2013; 

Toplak et al., 2013). Furthermore, it might be particularly challenging to measure EF in ASD 

populations because they can perform quite well in structured situations like a formal test 

situation, even though they might have substantial difficulties in everyday life (Geurts et al., 

2009). Most studies linking EF to brain functions are based on neuropsychological test 

results. Associations have been found between structural MRI results and ratings of everyday 

EF as well (Isquith et al., 2013). Given the moderate connection between test performance 

and behavior ratings, there is reason to believe that our finding would be different if we used 

neuropsychological tests to measure EF. For example, Landa and Goldberg only found a 

weak to non-existent association between neuropsychological tests of EF and social 

performance (Landa & Goldberg, 2005). On the other hand, it is likely that the metacognitive 

aspects of BRIEF are an expression of cognition, although what we primary measure is 

behavior. The behavioral aspects of BRIEF are naturally more closely related to behavior and 

emotional control. Taken together, it is a common understanding that both 

neuropsychological tests and questionnaires are of value, and that the two methods 

complement each other. However, it is likely that the association between EF and social 

function might differ depending on the measure used to assess EF. In a recent study of 

executive attention in children with ADHD, the researchers found, contrary to their 

prediction, that performance-measures did not explain unique variance of ADHD problems 

beyond that explained by behavior ratings (Tiego, Bellgrove, Whittle, Pantelis, & Testa, 

2019). They therefore question the utility of performance-based measures of self-regulation in 

neurodevelopmental samples.  

 



 64 

5.3 Implications 

5.3.1 Theoretical implications 

Our studies confirm that there is a connection between EF deficits in everyday life and core 

autistic features like social difficulties in children and adolescents with ASD. Our findings 

can thus be viewed as support for the Executive Dysfunction Hypothesis of ASD (Hill, 2004; 

Pennington & Ozonoff, 1996). The aim of our studies was not to investigate the specificity 

and sensitivity of the Executive Dysfunction Hypothesis of ASD or other theories of ASD; 

nor did we aim to find explanations that applied to the entire ASD group. Our aim was to 

investigate the variance in the relationship between EF and social function in different 

subgroups, such as girls/ boys and those with comorbid ADHD. Since we used a parent-rated 

assessment of EF, we did not specifically measure the three EF subdomains (common 

EF/inhibition, flexibility and working memory) that constitute Miyake’s definition of EF 

(Miyake et al., 2000). However, we did find that some aspects of EF were more important 

than others. When it comes to social function in everyday life, metacognitive aspects of EF 

were particularly important, and difficulties with behavior regulation were associated with 

high PGS for ASD. Thus, we found support for the hypothesis that specific aspects of EF can 

have different relationships to risk factors and challenges associated with an ASD diagnosis. 

We also confirmed possible sex differences in ASD, where we found that even though boys 

and girls did not significantly differ in levels of social difficulties, EF deficits or PGS in our 

studies, boys and girls exhibited different relationships between social dysfunction and EF 

deficits, and between PGS and EF. Our finding that high PGS is related to behavior regulation 

aspects of EF is also one of the first times an association has been found between PGS and EF 

deficits measured in everyday life in children and adolescents with ASD symptomatology.         

 

5.3.2 Clinical implications 

One of the main reasons for investigating the relationship between EF and social difficulties 

was to better understand the patient group and their needs, and to use this knowledge to 

inform clinicians about potential clinically relevant results.  

 

The finding that metacognitive aspects of EF had a stronger connection to social dysfunction 

than behavior regulation aspects of EF is particularly important to be aware of in the clinic, 

because people with ASD are primarily characterized by problems relating to flexibility. 
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Therefore, it is possible that clinicians do not pay enough attention to metacognitive aspects 

of EF, and its close relationship to social difficulties.  

 

Our findings also suggest that there may be a stronger association between EF deficits and 

social difficulties in girls than in boys. Therefore, it is important to be aware of EF deficits in 

girls under assessment for ASD, and to consider possible social challenges in girls under 

clinical assessment who present with EF problems. Furthermore, the association between EF 

deficits and ASD symptoms in girls seems to be stronger for the social interaction and social 

communications domains than for restricted and repetitive behaviors and interests. Based on 

our finding, it seems that restricted and repetitive behaviors and interests have a weaker link 

to EF. As a consequence, EF treatments may not significantly affect this area of ASD. 

 

The current results could form the basis of developing more efficient and customized 

treatment. Many treatments for ASD target cognitive function, even though there are still 

relatively few interventions that specifically target EF. One reason why this area seems 

particularly promising is because it looks as if EF improvements can lead to better social 

function. Treatments targeting social difficulties mainly have an effect on social function and 

not EF difficulties (Kenworthy et al., 2014). Specific EF interventions are particularly 

interesting if the effects are generalizable to core ASD symptoms such as social difficulties. 

Although there are inconsistent findings regarding executive dysfunctions in people with 

ASD, a recent longitudinal study confirms that EF deficits in early childhood for a group of 

people with ASD has prognostic significance for autistic features and adaptive function 12 

years later (Kenny, Cribb, & Pellicano, 2019). This underlines the importance of EF as a 

target for early intervention and support in ASD. 

 

Since ASD is a homogeneous group, an important follow-up question is to ask which 

subgroups would most likely benefit from EF interventions. In our studies, we found a 

stronger relationship between social difficulties and EF in girls than in boys. Therefore, 

targeting EF deficits is probably more important for girls than boys. However, our study is a 

cross-sectional study, and we cannot know the directions of this relationship or the cause of 

the association. Surprisingly few studies discuss whether there are sex differences in 

treatment outcomes after EF or ASD interventions. In a review and meta-analysis of cognitive 

interventions for children with neurodevelopmental disorders, acquired brain injuries or 

neurological disorders, they do not mention how the effect of the interventions might be 
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influenced by the sex of the participants (Robinson, Kaizar, Catroppa, Godfrey, & Yeates, 

2014). Based on our findings, we recommend being aware of possible sex differences when 

deciding treatment/intervention choices and when considering the efficacy of treatment. In 

clinical practice today, we do not offer any sex-specific treatments.  

 

PGS methods have no clinical relevance for ASD diagnostics or treatment in child and 

adolescent psychiatry today. However, it can be useful for predicting genetic risk for a given 

disorder or trait and can help uncover a causal relationship between trait and condition. Even 

though PGS approaches are not used in the clinic currently, PGS may become a useful tool in 

diagnostics and for stratifying interventions in the future. In particular, those with a high PGS 

for ASD might be at risk for both the disorder and additional difficulties such as EF deficits. 

In our sample, participants in the low ASD PGS group had on average a t-score of 62.9 on the 

BRI, which is under the clinical borderline/threshold. On the other hand, participants in the 

high ASD PGS groups had an average t-score of 71.5 on the BRI, which is well within the 

clinical range. This difference in t-scores represents a medium effect (Cohen’s effect size of d 

= 0.69).  

 

When looking at other conditions and diseases, an approach that combines PGS with other 

types of information can significantly increase the odds ratio for a given disease and/or 

treatment outcome. For example, PRS has been used to stratify breast cancer risk and to 

explore implications for screening (Lewis & Vassos, 2017). Andersson et al. have conducted 

a very interesting study where they explored how PGS for several psychiatric disorders were 

related to treatment response to cognitive behavior therapy (CBT) for depression (Andersson 

et al., 2018). They found high ASD PGS to be associated with less effect of CBT. Anderson 

et al.’s study is the first to find an effect of PGS on treatment outcomes in psychiatric 

disorders and this might be an interesting approach to apply in the future for similar 

applications. However, replication of the results is needed before any firm conclusions can be 

made. Uddin et al. take this even further and offer a description of how artificial intelligence 

and precision medicine can be used in neurodevelopmental disorders in the future. They 

recommend stepping away from existing diagnostic constructs, and look at biologically driven 

phenotypes to see how these maps onto treatment response and clinical outcomes (Uddin, 

Wang, & Woodbury-Smith, 2019).    
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5.4 Strengths and limitations, and future research 

A strength of the current study is that it includes a reasonable sample size of clinically well-

defined children and adolescents with ASD or ASD symptomology using gold standard 

measures like ADOS and ADI-R. Another strength is that we have a moderate number of girls 

in our cohort. A third strength is that we had access to a biological measurement such as PGS, 

and that all the PGSs were based on large discovery samples. BRIEF and SRS are on the other 

hand measurements related to everyday function, with less control over specific mechanisms, 

but with high ecological validity. By using measures related to everyday function it might be 

easier to transfer the knowledge to clinical practice and everyday life of the participants.  

 

The age range and total IQ range in the samples are quite large, and this might represent a 

limitation. However, we incorporated age and total IQ into the analyses in all three papers to 

account for the impact these variables may have on the results. All of the comorbid ADHD 

diagnoses were based on clinical assessment and ICD-10 criteria. However, we did not have a 

measurement of ADHD symptom severity. Furthermore, we only had information from 

parents and not teachers regarding everyday functioning (BRIEF and SRS). We did not have 

access to both ADOS and ADI-R/SCQ performed in the same time period for all the 

participants. Even though the PGSs are based on large control groups and the questionnaires 

(BRIEF and SRS) have normative data, we did not have a control group (with the exception 

of the 29 controls in Paper III). Lastly, the study had a cross-sectional design, and we can 

therefore not make any conclusions regarding developmental trajectories or causal 

relationships between EF deficits and social difficulties.  

 

Future research should further elaborate on the relationship between EF and autistic 

symptomatology in more detail. In particular, it would be of interest to explore whether there 

are specific subgroups of persons with ASD (e.g. age, sex, IQ and comorbid conditions) with 

specific needs. Furthermore, it would be interesting to investigate EF deficits by using 

neuropsychological tests of both hot and cold EF in addition to parent-rated measures. 

Integrating genetic aspects by using PGS in combination with cognitive and clinical 

information also represents an exciting opportunity in the future. Lastly, children and 

adolescents are constantly developing, and it would be particularly interesting to study 

developmental trajectories in both EF and social function through a longitudinal research 

design.        
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6. Conclusion 
Based on the studies described in this thesis, we found support for a relationship between 

parent-rated EF in everyday life and social dysfunction in children and adolescents with ASD 

or ASD symptomatology.  

 

We found the metacognitive aspects of EF to be particularly important for social function in 

everyday life. Furthermore, we found a tendency for this association to be stronger for girls 

and for the older age group (13-18 years). When we investigated the relationship between 

autism symptomatology based on the diagnostic tool ADI-R and parent-rated EF, we found 

the relationship to be significantly stronger for girls than for boys. This finding was related to 

social interaction and social communication aspects of ASD, and not to restricted and 

repetitive behaviors and interests. The presence of comorbid ADHD did not have a significant 

influence on the relationship. Lastly, we found high PGS for ASD to be associated with 

behavior regulation aspects of EF in a group of children and adolescents under assessment for 

ASD. This study is one of the first to find a connection between high PGS for ASD and EF 

deficits in everyday life.  

 

Overall, these findings extend our knowledge in the field of ASD research by describing not 

only that children and adolescents with ASD have EF deficits, but by investigating how EF 

deficits and social difficulties are related to each other and which subgroups are particularly 

vulnerable to experience these difficulties. This knowledge can have important implications 

for understanding and treating ASD and related neurodevelopmental difficulties. 
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Autism Spectrum Disorder (ASD) is characterized by social dysfunction. Even though
executive dysfunction has been recognized as important in understanding ASD, the
findings are inconsistent. This might be due to different definitions of executive function
(EF), which part of EF that has been studied, structured vs. unstructured tasks, inclusion
of different moderators (age, IQ, sex) and different diagnostic categories within the
spectrum. The main finding is that people with ASD have more EF difficulties than
normal controls and more difficulties on open-end tasks than on structured cognitive
tasks. Since some EF difficulties may not be observable in a laboratory setting, informant
measures might have higher ecological validity than neuropsychological tests. Evidence
suggests that executive dysfunctions are associated with social impairments, but few
studies have investigated the details of this relationship, and it remains unclear what
types of EF deficits are relevant for the social problems of individuals with ASD. Here we
investigated which EF domains were associated with various domains of social function
on parent-rated measures. A total of 86 children and adolescents with a diagnosis of ASD
were included and tested for general cognitive abilities. Parents completed the Behavior
Rating Inventory of Executive Function (BRIEF) and the Social Responsiveness Scale
(SRS). Multiple regression analysis revealed significant associations between SRS scores
and age, sex, total IQ and the BRIEF indexes. The Metacognition Index from the BRIEF
added significantly to the prediction of the SRS total score and the subscales Social
Communication, Social Motivation and Autistic Mannerisms. The findings suggest that
metacognitive aspects of EF are of particular importance for social abilities in children and
adolescents with ASD. Earlier research has shown that typically developing (TD) children
have a different relationship between EF and social function than children with ASD.
They found that in TD children the EF domain related to behavioral regulation was most
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important to social function. The results from the current study may have implications
for understanding the cognitive components of the social problems that define ASD, and
may be relevant in developing more targeted clinical EF interventions related to core ASD
dysfunctions.
Keywords: executive function, social function, autism spectrum disorder (ASD), behavior rating inventory of
executive function, social responsiveness scale

INTRODUCTION

Autism Spectrum Disorder (ASD) is characterized with persistent
deficits in social communication and social interaction across
multiple contexts, and restricted, repetitive patterns of behavior,
interests, or activities (American Psychiatric Association, 2013).
Executive function (EF) deficits are common in children with
ASD (Pennington and Ozonoff, 1996; Hill, 2004; Geurts et al.,
2014a), but not part of the diagnostic criteria. Furthermore,
EF correlates strongly with adaptive behavior (Gilotty et al.,
2002) and influences Quality of Life (QoL) in children with
ASD (de Vries and Geurts, 2015). EF is often defined as
the process of physical, cognitive, and emotional self-control
and self-regulation that are necessary to maintain an effective
goal-directed behavior (Pennington and Ozonoff, 1996; Corbett
et al., 2009; Diamond, 2013). EF comprises several components
including inhibition, working memory, flexibility, emotional
control, initiation, planning, organization, and self-control
(Miyake et al., 2000; Hill, 2004). Even though executive
dysfunction has been recognized as important in understanding
ASD, the findings are inconsistent (Van Eylen et al., 2015). One
explanation might be that EF is an umbrella term comprising
several components, and researchers have focused on different
subdomains. Meta-analyses and reviews have been written about
domains like inhibition and interference control (Geurts et al.,
2014b), cognitive flexibility (Leung and Zakzanis, 2014) and
working memory in ASD (Barendse et al., 2013; Wang et al.,
2017). All conclude that patients with ASD have EF deficits
within the investigated areas, but not all found differences
between ASD and normal controls on neuropsychological
testing. Furthermore, the most consistent and striking difficulties
are seen on tasks that are open-ended in structure, lack explicit
instructions and involve arbitrary rules (White, 2013; Van
Eylen et al., 2015). Therefore, some of the inconsistency is
suggested to be due to different types of measurements (parent-
rated measures vs. neuropsychological testing). Individuals with
ASD often display pronounced EF deficits in daily life, while
performing adequately on highly structured neuropsychological
tasks (Kenworthy et al., 2008). The presence of comorbidities like
Attention Deficit Hyperactivity Disorder (ADHD) also increase
the risk of EF difficulties (Craig et al., 2016). Most research
has focused on data from neuropsychological assessments of EF
and/or how EF impairment is related to a diagnosis of ASD (Hill,
2004; Leung et al., 2015). Since some EF difficulties may not
be observable in a laboratory setting, informant measures might
have higher ecological validity than neuropsychological tests
(Kenworthy et al., 2008). For this reason, questionnaires have
been developed to investigate EF deficits in everyday life settings

(Gioia et al., 2000). A frequently used scale is the Behavior
Rating Inventory of Executive Function (BRIEF) (Gioia et al.,
2000). The BRIEF is divided into a Behavioral Regulation Index
(BRI), and a Metacognition Index (MI), which together form
a Global Executive Composite (GEC). The BRI comprises the
child’s ability to modulate both behavior and emotional control,
and the ability to move flexible from one activity to another.
The MI is related to the child’s ability for active problem solving,
and to initiate, organize and monitor their own actions (Gioia
et al., 2000). Deficits in metacognitive aspects of EF (MI) have in
earlier studies shown to be of particular importance to adaptive
functioning in high functioning children with ASD (Gilotty et al.,
2002).

While both social and EF deficits in ASD have been extensively
studied separately, there has been limited research on the
relationship between EF and social function. Some findings
underpin the relationship between EF and key social concepts
in ASD like joint attention and Theory of Mind (ToM). Dawson
(Dawson et al., 2002) argues that performance on ventromedial
prefrontal EF tasks is strongly correlated to joint attention ability
in young children. Joint attention is an important prerequisite
for social functioning and often impaired in ASD (Dawson
et al., 2002). Pellicano found that individual differences in
EF in early life, predicted change in children’s ToM skills
(Pellicano, 2010). This line of research has to a large extent
been based on laboratory measures and neuropsychological
test results. Leung et al. explored the role of EF in social
impairment in ASD using informant-based measures (Leung
et al., 2015). They reported that both BRI and MI from the
BRIEF predicted social functioning in children with ASD, while
only BRI predicted social functioning in the general population.
In contrast, Kenworthy et al. (2009) found that EF, such as
behavior regulation from BRIEF and semantic fluency and
divided auditory attention, correlated with autistic symptoms.
In an objective neuropsychological assessment of EF in ASD
children, Landa and Goldberg (2005) found no relationship
between EF and social skills.

Due to the heterogeneity of ASD (Lai et al., 2014),
more insight may also be gained from studying the range
of social difficulties beyond diagnostic categories. The Social
Responsiveness Scale (SRS) (Constantino and Gruber, 2005),
is a questionnaire designed to identify the presence and
severity of social impairments associated with ASD. The SRS
consists of five subscales which were developed to differentiate
between the subcategories of social impairments for children
with ASD (Constantino and Gruber, 2005). This continuous
scale allows trait quantification and focuses on functions closer
linked to activities in everyday life that diagnostic tools might
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fail to capture (Achenbach, 2011; Nelson et al., 2016). Most
findings support a one-factor model of SRS (Constantino et al.,
2004; Bolte et al., 2008), while others have found evidence
for several dimensions (Nelson et al., 2016). Although most
research with the SRS has focused on the total score only,
knowledge about how the different subscales are related to EF will
provide new and more differentiated knowledge about the social
deficiencies in ASD and may have important implications for
interventions.

Furthermore, it remains unclear what types of EF deficits are
most relevant for the social problems of children and adolescents
with ASD. It is known that the intelligence quotient (IQ), age
and sex are factors that might influence the EF in children
with ASD, supported by findings of increasing EF deficits with
age (Rosenthal et al., 2013), sex-dependent EF deficits (Bolte
et al., 2011; Lemon et al., 2011; Lehnhardt et al., 2016) and a
relationship between EF and intelligence (Diamond, 2013; Blijd-
Hoogewys et al., 2014; Rommelse et al., 2015). Thus, the degree
to which IQ, sex, and age influence the relationship between EF
and social problems needs to be clarified.

There is an increased interest in possible sex differences in
ASD, since there might be important biological and behavioral
differences between girls and boys with ASD (Halladay et al.,
2015; Lai et al., 2015). However, there are inconsistent findings
regarding differences in the composition of EF difficulties in
girls and boys with ASD. Some have found that girls have
more EF difficulties with inhibition (Lemon et al., 2011), while
others reported that girls outperform boys on EF tasks related to
processing speed and verbal fluency (Bolte et al., 2011; Lehnhardt
et al., 2016). White et al. (2017), showed that girls with ASD have
more problems related to everyday EF than boys. To the best of
our knowledge, there are no studies of possible sex differences in
the relationship between everyday EF deficits and social function
related to ASD symptoms. However, Bolte et al. (2011) found a
correlation between EF difficulties on performance based tasks
and stereotypical behaviors in boys.

A review showed that EF continues to develop throughout
childhood in typical developed children, reaches adult-like levels
in mid-adolescence, and that the different EF components vary in
their developmental trajectories (Best and Miller, 2010). Van den
Bergh et al. (2014) found that inhibition problems in everyday
life were more pronounced in young ASD children, and that
planning was more evident for the oldest group. Contrary to
their expectations they did not find a relationship between ASD
severity and EF (Van den Bergh et al., 2014). In a longitudinal
study by Andersen et al. (2015a) maturation of inhibition and
cognitive flexibility from childhood to adolescence was found in
ASD, even though the ASD group was more impaired in EF than
typically developing (TD) children. They concluded that there
may be a delayed development of EF in ASD, and suggested a
possible developmental arrest for working memory (Andersen
et al., 2015b). Rosenthal et al. (2013) on the other hand showed
that there were widening divergences with age between children
with ASD and TC on EF tasks in everyday life, especially in
metacognitive executive abilities. They also reported significant
and quite stable problems with flexibility in ASD (Rosenthal et al.,
2013).

The aim of the present study was to explore the relationship
between social functioning measured with the SRS (total score
and the subscales Social Awareness, Social Cognition, Social
Communication, Social Motivation and Autistic Mannerisms)
and everyday EF measured with the BRIEF (the indexes BRI
and MI) in a clinical sample of children with ASD. We also
investigated potential sex differences by comparing girls and
boys, and possible age differences by splitting the sample at 12
years of age. We hypothesized that there is a significant positive
association between parental reports of SRS scores and BRIEF
scores in children with ASD, controlling for age, IQ and sex.
Furthermore, we hypothesized that both BRI and MI from the
BRIEF are significant predictors of the SRS total score.

METHODS
Participants
The study was part of the national BUPgen network, recruiting
patients from Norwegian health services specializing in the
assessment of ASD and other neurodevelopmental disorders.
The current sample comprised 86 children with ASD, recruited
between 2013 and 2016 and assessed at age 6–18 years. Thirteen
of the children (15.1%) had childhood autism, one had atypical
autism (1.2%), 41 (47.7%) had Asperger syndrome and 31 (36%)
had unspecified pervasive developmental disorder (PDD-NOS)
(Table 1).

Male: female ratio was 2.7:1. In total, 42 children were
diagnosed with at least one comorbid disorder. Attention
deficit/hyperactivity disorder (ADHD) was the most common
comorbid diagnosis, and 28 participants (32.6%) had an
ADHD diagnosis in combination with their ASD diagnosis.
Furthermore, we divided our sample into; girls and boys, and
two age groups above and below 12 years (6–12 years and 13–
18 years). Our sample included 23 girls and 63 boys. There
were no significant differences between girls and boys on
age, IQ or proportion of comorbid ADHD. More boys had a
diagnosis of childhood autism, but there were no significant
differences between the sexes in the distribution of the Asperger
syndrome or PDD-NOS diagnoses. There were 36 children in
the youngest age group and 50 adolescents in the oldest group.
In these two age groups there were no significant differences
in sex distribution, IQ, proportion of ADHD or ASD diagnoses
(Table 1). All participants had an IQ within the normal range
based on a standardized Wechsler’s test (Total IQ ≥ 70) and
spoke Norwegian fluently. The participants total IQ fell within 2
standard deviations of the average normal score when including
confidence intervals. Exclusion criteria were significant sensory
losses (vision and/or hearing).

Clinical Assessment
The children were assessed by a team of experienced clinicians
(clinical psychologists and/or child psychiatrists). Diagnostic
conclusions were best-estimate clinical diagnoses derived from
tests, interview results and observations. All diagnoses were
based on the International Statistical Classification of Diseases
and Related Health Problems 10th Revision (ICD-10) (World
Health Organization, 1992) criteria, and the autistic symptoms
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TABLE 1 | Child characteristic.

Total (n = 86) Girls (n = 23) Boys (n = 63) p-value 6–12 years (n = 36) 13–18 years (n = 50) p-value

Girls/boys 23/63 23 63 11/25 12/38 0.622a

Childhood autism (F84.0) 13 (15.1%) 1 (4.3%) 12 (19.0%) n/a 7 (19.4%) 6 (12.0%) 0.462a

Atypical autism (F84.1) 1 (1.2%) 1 (4.3%) 0 n/a 1 (2.8%) 0 n/a

Asperger syndrome (F84.5) 41 (47.7%) 12 (52.2%) 29 (47.7%) 0.142a 17 (47.2%) 24 (48.0%) 0.462a

PDD-NOSb (F84.9) 31 (36.0%) 9 (39.1%) 22 (34.9%) 0.142a 11 (30.6%) 20 (40.0%) 0.462a

Comorbid ADHDc 28 (32.6%) 6 (26.1%) 22 (34.9%) 0.604a 11 (30.6%) 17 (34.0%) 0.818a

Mean (SD) Range Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age 13.0 (2.7) 6–18 13.4 (2.4) 12.9 (2.9) 0.417 10.5 (1.7) 14.9 (1.7) <0.001*

Total IQd 93.4 (14.5) 71–133 89.8 (10.8) 94.7 (15.5) 0.164 93.7 (12.0) 93.1 (16.2) 0.867

Verbal IQ 91.2 (17.9) 58–134 87.4 (15.7) 92.7 (18.6) 0.231 89.9 (15.0) 92.2 (19.9) 0.555

Performance IQ 105.3 (16.3) 59–142 100.5 (11.2) 107.1 (17.5) 0.097 107.2 (15.0) 104.0 (17.1) 0.364

*p < 0.01.
n/a, Not Applicable.
aChi-square.
bPDD-NOS, Pervasive developmental disorder unspecified.
cADHD, Attention deficit/hyperactivity disorder.
dIQ, Intelligence Quotient.

were evaluated using the Autism Diagnostic Observation
Schedule (ADOS) (Lord et al., 2000) and/or Autism Diagnostic
Interview-Revised (ADI-R) (Rutter et al., 2003b) and/or the
Social Communication Questionnaire (SCQ) (Rutter et al.,
2003a). In addition, the assessment included a full medical
and developmental history, physical examination, and IQ
assessment. The current study included children with ASD
and comorbid ADHD. Results from recent studies indicate
that neuropsychiatric disorders overlap with respect to both
symptoms and causes (Moreno-De-Luca et al., 2013), and it has
been recognized by both clinicians and researchers for some time
that ASD and ADHD often co-occur (Yerys et al., 2009). In the
DSM-5, other behavioral diagnosis may accompany a diagnosis
of ASD, for example ADHD (American Psychiatric Association,
2013).

Measures
Social Function
The parent version of the SRS (developed for the age group
4–18 years) (Constantino and Gruber, 2005) was used to
identify social communication difficulties. The SRS is used in
screening and/or as an aid to a clinical diagnosis of ASD and
is comprised of 65 questions, rated on a 4-point Likert scale.
In addition to a total score, the SRS consists of five subscales:
Social Awareness, Social Cognition, Social Communication,
Social Motivation and Autistic Mannerisms. The SRS has been
translated into Norwegian (Ørbeck, 2009). Internal consistency
is high, both in population based samples and clinical samples
(Cronbach’s alpha = 0.93–0.97) (Constantino and Gruber, 2005).
The SRS’s reliability and validity have proven satisfactory in
both population based and clinical samples in Europe and in
USA (Bolte et al., 2008; Wigham et al., 2012), and correlate
well with Autism Diagnostic Interview-Revised (ADI-R) scores
(Constantino et al., 2003). T-scores of ≥76 are strongly associated

with a clinical diagnosis of Autistic Disorder, Asperger’s Disorder,
or more severe cases of pervasive developmental disorder not
otherwise specified (PDD-NOS). T-scores of 60–75 represent
mild to moderate deficits in reciprocal social behavior that is
clinically significant, resulting in mild to moderate interference
in everyday social interactions.

Executive Function (EF)
In order to assess EF the parents completed the parent version
of the BRIEF (Gioia et al., 2000). The BRIEF for children and
adolescents aged 5–18 years includes 86-item parent and teacher
forms that allow professionals to assess everyday EFs in the
home and school environments (Gioia et al., 2000). The BRIEF
contains eight clinical scales that are grouped in a Behavioral
Regulation Index (BRI): Inhibit, Shift and Emotional Control,
and a Metacognition Index (MI): Initiate, Working Memory,
Plan/Organize, Organization of Materials and Monitor. T-scores
of ≥65 are considered to represent clinically significant areas.
The Global Executive Composite (GEC), is a summary score that
incorporates all eight clinical scales. The GEC has high reliability
in both standardized and clinical samples (Cronbach’s alpha =
0.80–0.98). The current study used the Norwegian version of
the parent rating form, which has high internal consistency
(Cronbach’s alpha = 0.76–0.92) (Fallmyr and Egeland, 2011).
Similar levels are reported for the English version (Cronbach’s
alpha = 0.80–0.98) (Gioia et al., 2000).

Intelligence Quotient (IQ)
IQ was assessed using age-appropriate Wechsler tests of
intelligence (Wechsler, 2002, 2003, 2008).

Statistical Analyses
Data analyses were conducted using the statistical package
IBM SPSS Statistics for Windows, version 23.0 (SPSS, Inc.,
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Chicago, Illinois). Descriptive analyses and bivariate correlations
were conducted. Pearson’s independent t-test was used to
compare means between girls and boys, and the two age
groups. Chi-square for crosstabs was used to investigate
differences in the distribution of autism diagnoses and comorbid
ADHD. The differences between the subgroups correlation
coefficients were calculated using http://vassarstats.net/rdiff.
html (two-tailed). Because of small subgroup sizes and no
significant differences between the correlation coefficients, the
regression analyses were done on the total sample and sex
and age were incorporated as independent variables. The
assumptions of linearity, multicollinearity, independence of
errors, homoscedasticity, unusual points and normality of
residuals were met. Separate multiple regression analyses were
conducted to explain the variance in SRS scores (total and
subscales) from age, sex, total IQ and BRIEF (BRI and MI
subscales). Bonferroni correction was used to correct significance
level for multiple comparisons on all the analyses in this paper,
and the p < 0.01 level (p < 0.05/5 = p < 0.01) is used in all the
regression analyses. The p < 0.003 level is used for the correlation
analyses (p < 0.05/18 = p < 0.003). For all the other analyses (t-
tests, Chi-square and difference between correlation coefficients)
we used p < 0.01.

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 Declaration of the
World Medical Association Assembly. The study is based on
tests that are included in regular clinical assessment. The patient,
the family and the professional network around them were
offered information about the test results, the diagnostic process
and recommended interventions. Written informed consent was
obtained from all the individual participants included in the
study.

RESULTS
SRS and BRIEF Scores
The mean SRS total score was in the severe range (T-score= 78.5).
The highest mean score was on the Social Mannerisms subscale
(T-score = 80.3). The lowest mean score was on the Social
Awareness subscale (T-score = 65.3). Means and standard
deviations for SRS total score and treatment subscales are shown
in Table 2.

The results from the BRIEF were in the clinically significant
range on the indexes BRI (T-score = 68.5) and GEC (T-
score = 67.1). The mean MI score from the BRIEF was T-
score = 64.4. The highest mean score was found on the subscale
Shift (T-score = 72.2), and the lowest mean score was found on
the subscale Organization of Materials (T-score = 54.7). All other
subscales had T-score averages between 62 and 67 (Table 2).

There were no significant differences between girls and boys
on BRIEF and SRS scores. However, there was a strong tendency
for girls to have higher scores (more problems) on SRS total
(p = 0.013) and Social Cognition (p = 0.013), and a tendency for
higher scores on the subscales Social Communication (p = 0.032)

and Plan/Organize (p = 0.035). There were no significant
differences between the two age groups on BRIEF and SRS scores.
However, there was a tendency for the youngest group to have
higher scores (more problems) on the Social Awareness subscale
from the SRS (p = 0.036).

The Relationship between the SRS and the
BRIEF
There was a statistically significant (p < 0.001–0.005) relationship
between all the subscales on the SRS and the BRIEF indexes,
except the SRS subscale Social Motivation and the BRIEF index
BRI. The proportion of shared variance (r2) varied between 6
and 37%. The strongest positive correlation was found between
the SRS total score and the BRIEF index scores GEC (r = 0.62,
p < 0.001) and MI (r = 0.60, p < 0.001). There was also a
moderate positive correlation between the SRS total score and
BRI (r = 0.48, p < 0.001). For Pearson’s correlation coefficients,
see Table 3A.

Girls generally had a stronger relationship between the SRS
total and the BRIEF index scores than boys (see Table 3B).
However, the differences between the correlation coefficients
for girls and boys were not significant, calculated using http://
vassarstats.net/rdiff.html (to-tailed) (p = 0.197–0.390). For girls
there was a strong and significant relationship between the
SRS total and all the BRIEF indexes. The proportion of shared
variance (r2) for the correlations for girls was 41–58%. For
boys there was a moderate to strong relationship between the
SRS total and the BRIEF index scores, and all the correlations
were significant. The proportion of shared variance (r2) for the
correlations for boys was 24–34%.

For the youngest age group (6–12 years) there was a strong
relationship between the SRS total and the BRIEF index scores,
and all the relationships were significant. For the oldest group
(13–18 years) the relationship between BRI and SRS total was
not significant. However, the MI and GEC showed significant
relationships to the SRS total. The proportion of shared variance
(r2) for the correlations was 45–61% for the youngest group
and 12–23% for the oldest group (see Table 3B). The differences
between the correlation coefficients between the youngest and the
oldest group were not significant, but showed strong tendencies
in the relationship between SRS total and GEC (p = 0.021),
between SRS total and MI (p = 0.024) and SRS total and BRI
(p = 0.044).

A multiple regression analysis was conducted to identify
the relations between SRS total score and age, sex, total IQ,
BRIEF BRI and BRIEF MI. This model statistically significantly
explained SRS total; F(5, 80) = 12.57, p < 0.001, R2 = 0.440.
Only BRIEF MI had a significant independent contribution to the
prediction, p = 0.001. This result remained when the children
with comorbid ADHD were removed from the analysis. For
the children with ASD without ADHD (n = 58), the regression
model with age, sex, total IQ, BRIEF BRI, and BRIEF MI
significantly explained SRS total; F(5, 52) = 10.31, p < 0.001,
R2 = 0.498. Only BRIEF MI had a significant independent
contribution to the prediction, p = 0.003. Regression analyses
were also done with each SRS subscale as dependent variables
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TABLE 2 | T-scores for the Social Responsiveness Scale (SRS) and the Behavior Rating Inventory of Executive Function (BRIEF).

Total (n = 86) Girls (n = 23) Boys (n = 63) p-valuea 6–12 years 13–18 years p-valuea

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

SOCIAL RESPONSIVENESS SCALE (SRS)

SRS total 78.5 (15.0) 85.1 (16.4) 76.1 (13.8) 0.013 78.7 (14.6) 78.4 (15.4) 0.929

Social awareness 65.3 (13.4) 68.9 (15.3) 64.0 (12.5) 0.135 68.9 (10.9) 62.8 (14.6) 0.036

Social cognition 74.3 (16.6) 81.6 (19.8) 71.6 (14.5) 0.013 73.1 (17.0) 75.1 (16.4) 0.591

Social communication 73.9 (13.8) 79.2 (14.9) 72.0 (13.0) 0.032 75.0 (13.5) 73.2 (14.1) 0.551

Social motivation 78.4 (13.0) 82.8 (10.3) 76.8 (13.6) 0.060 76.7 (12.5) 79.7 (13.3) 0.288

Social mannerisms 80.3 (17.5) 86.0 (19.4) 78.2 (16.4) 0.068 79.4 (18.3) 80.9 (17.1) 0.714

BEHAVIOR RATING INVENTORY OF EXECUTIVE FUNCTION (BRIEF)

Global executive composite (GEC) 67.1 (11.3) 67.9 (10.1) 66.8 (11.8) 0.707 66.7 (12.7) 67.4 (10.4) 0.792

Behavioral regulation index (BRI) 68.5 (13.5) 66.1 (13.1) 69.3 (13.7) 0.328 68.0 (14.2) 68.8 (13.1) 0.801

Metacognition index (MI) 64.4 (10.3) 67.3 (9.0) 63.3 (10.6) 0.107 64.0 (11.6) 64.6 (9.4) 0.795

Inhibit 63.0 (14.5) 62.1 (15.2) 63.3 (14.4) 0.749 62.6 (13.9) 63.2 (15.1) 0.838

Shift 72.2 (13.9) 67.6 (12.8) 73.8 (13.9) 0.060 71.4 (14.5) 72.7 (13.5) 0.668

Emotional control 64.7 (12.7) 62.9 (13.2) 65.4 (12.5) 0.433 64.3 (13.8) 65.0 (11.9) 0.823

Initiate 62.8 (11.1) 63.8 (10.3) 62.4 (11.5) 0.598 60.7 (10.4) 64.2 (11.5) 0.150

Working memory 67.2 (10.6) 68.6 (10.0) 66.7 (10.9) 0.460 67.2 (10.4) 67.2 (10.9) 0.982

Plan/organize 63.7 (11.0) 67.9 (10.4) 62.2 (11.0) 0.035 63.2 (12.6) 64.1 (9.9) 0.695

Organization of materials 54.7 (11.1) 58.5 (9.5) 53.4 (11.3) 0.057 54.3 (12.1) 55.0 (10.4) 0.778

Monitor 62.3 (12.2) 63.1 (12.3) 62.1 (12.2) 0.736 62.6 (12.8) 62.2 (11.9) 0.867

*p < 0.01.
aIndependent t-tests were conducted for comparisons between girls and boys, and between the age groups 6–12 years and 13–18 years.
Elevated SRS T-scores indicate a high degree of impairment. T-scores of 76 or higher are strongly associated with a clinical diagnosis of ASD. T-scores of 60–75 indicate deficiencies
in reciprocal social behavior that are clinically significant and are resulting in mild to moderate interference in everyday social interactions.
Elevated BRIEF T-scores indicate a higher degree of impairment, with T-scores of 65 and above considered to represent clinically significant areas.

TABLE 3A | Associations between social function (SRS) and executive function (BRIEF) assessed with questionnaires (N = 86).

Social Responsiveness Scale (SRS)

SRS Social Social Social Social Autistic

total awareness cognition communication motivation mannerisms

BRIEF Behavioral regulation index Pearson r 0.48* 0.33* 0.46* 0.47* 0.24 0.47*

p-value <0.001 0.002 <0.001 <0.001 0.025 <0.001

BRIEF Metacognition index Pearson r 0.60* 0.36* 0.54* 0.55* 0.46* 0.57*

p-value <0.001 0.001 <0.001 <0.001 <0.001 <0.001

BRIEF Global executive composite Pearson r 0.61* 0.39* 0.56* 0.57* 0.41* 0.58*

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*Significance after correction for multiple testing is set to p < 0.003 (2-tailed).
BRIEF, Behavior Rating Inventory of Executive Function.

on the total sample (n = 86), and all the regression models were
significant (p < 0.001). For the subscales Social Communication,
Social Motivation and Social Mannerisms, only MI from
the BRIEF had a significant independent contribution to
the predictions. For the subscale Social Awareness, only age
had a significant independent contribution to the prediction
(p = 0.001). None of the independent variables made an
independent contribution on the subscale Social Cognition, but
both sex and MI showed strong tendencies (p = 0.012 and 0.016).
The details are described in Table 4.

DISCUSSION
The Importance of the Metacognition Index
The main finding of the present study was that the metacognitive
component of EF (MI), was the most important factor
in explaining social function in children with ASD. We
hypothesized that both BRI and MI from the BRIEF would
predict SRS scores in children with ASD. However, despite high
BRI scores, the MI explained more of the social dysfunctions
measured with SRS in children with ASD. This is an interesting
finding, since other studies have shown that behavior regulation
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TABLE 3B | Associations between social function (SRS) and executive function
(BRIEF) assessed with questionnaires for the subgroups girls and boys, and the
age groups 6–12 years and 13–18 years.

SRS total SRS total

Girls Boys 6–12 years 13–18 years

n =23 n = 63 n = 36 n = 50

BRIEF Behavioral
regulation index

Pearson r 0.64* 0.49* 0.67* 0.34

p-value 0.001 <0.001 <0.001 0.015

BRIEF Metacognition
index

Pearson r 0.72* 0.54* 0.77* 0.47*

p-value <0.001 <0.001 <0.001 0.001

BRIEF Global
executive composite

Pearson r 0.76* 0.58* 0.78* 0.48*

p-value <0.001 <0.001 <0.001 <0.001

*Significance after correction for multiple testing is set to p < 0.003 (2-tailed).
SRS, Social Responsiveness Scale.
BRIEF, Behavior Rating Inventory of Executive Function.

is closely linked to social function (Kenworthy et al., 2009),
and that metacognition competence is of more importance for
school performance (Carretti et al., 2014). MI is composed of
subdomains like initiating, working memory, organizing and
monitoring. Difficulties in these areas are probably easier to
overlook by parents, teachers and clinicians in everyday life,
than difficulties with subdomains within behavior regulation
like; inhibition, flexibility, and emotional control. Therefore, it
is important to highlight that MI is of importance for social
function. The current findings provide new knowledge about
the relationship between EF and the various domains of social
competence in children with ASD, using parent-rated measures.

There are few studies regarding the relationship between EF
in everyday life settings and social function in children with
ASD. The current findings are in line with Leung et al. (2015),
who showed that the MI from the BRIEF plays a role for
social function in children with ASD. However, in contrast to
the finding from Leung et al. (2015), our study did not find a
statistically significant contribution of the BRI to social function.
There is no obvious reason for these different findings, and
the participants in the two studies share many of the same
characteristics. However, some differences in the recruitment
process or sample size may explain the different results, and
further studies are needed to clarify this question. Our study
contained a larger number of participants and had a more
conservative significant level compared to Leungs study, and
a proportion of our participants also had comorbid ADHD,
and this may explain the different results. However, the results
from both studies emphasize the importance of the relationships
between MI and social function in children and adolescents with
ASD. Kenworthy et al. (2009), on the other hand, found that
EF such as BRI predicted only the communication symptoms
and not the reciprocal social interaction in children with ASD.
However, they used a composite score based on ADI and ADOS
scores to measure social function, and not the SRS (Kenworthy
et al., 2009). Landa and Goldberg (2005) found no relation
between the neuropsychological assessments of EF and the social
function in ASD children. The difference to our findings may be
a result of biases in parent rated approaches (e.g., an inclination TA
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to score “favorable” or “unfavorable” to items, regardless of the
specific content), but it is also reasonable to assume that a parent-
rated design may uncover some relevant aspects of everyday
function not accessible to the controlled setting of standardized
assessments.

We did not find any significant differences between girls and
boys in our sample. However, girls had a tendency for higher
scores on especially SRS total and Social Cognition, which might
imply that girls have more social problems than boys in our
sample. Contrary to White et al. (2017), the girls in our sample
did not have significantly higher scores on the BRIEF than the
boys. Others have found that females with ASD have more EF
impairments compared to males (Lemon et al., 2011), while
Lehnhardt et al. (2016) and Bolte et al. (2011) found evidence for
higher EF functioning for females with ASD than for males. Sex
did not have an independent impact in our regression models,
but showed strong tendencies toward significance on the SRS
total score and the subscale Social Cognition, where girls had
more problems than boys in our sample. None of the studies
earlier mentioned have investigated the relationship between EF
and social function in everyday life settings, but it underlines the
importance of being aware of possible sex differences in ASD.

Even though we did not find any significant differences
between the two age groups children (6–12 years) and adolescents
(13–18 year), there were some interesting tendencies. The BRIEF
scores in our sample were quite similar in the two age groups,
which is in contrast to Rosenthal et al. (2013) who found greater
EF problems especially in metacognition for older children with
ASD. Our result, that the relationship between EF difficulties and
social dysfunction was strongest in the youngest group, might
be due to young children having more generalized difficulties
in both social function and EF than older children. However,
we found that in the oldest group there was a significant
relationship between social function and metacognition, but not
for social function and behavior regulation. This might imply that
metacognitive EF is of importance for social function in older age,
and that behavior regulation does not have the same impact on
social function. In our regression analyses we showed that age
significantly predicted the ability to perceive social cues (Social
Awareness), were the youngest group had more problems than
the oldest group.

Intelligence (IQ level) did not have any significant impact
on the relationship between EF and social function in our
analysis. The relationship between measurements of EF, and
especially fluid IQ, has been the subject of a longstanding
discussion. Several studies have found that much of the variance
in EF performance can be explained by IQ level (Joseph and
Tager-Flusberg, 2004; Friedman et al., 2006; Diamond, 2013).
However, there is indication that the relationship between EF
and IQ is different among individuals with ASD, compared
with typically developed (TD) and other patients groups.
Merchan-Naranjo et al. (2016) found that EF was affected, but
did not correlate with IQ in children and adolescents with
ASD without intellectual disability. Rommelse et al. (2015)
even found that participants with above average intelligence
performed relatively more poorly on some EF tasks compared
to IQ matched controls. One possible explanation for the

different relationship between EF and IQ in individuals with
ASD might be the role of speed of information processing.
This ability can be intact in ASD, and not correlated to
IQ. However, speed of information processing is normally
closely linked to the general factor (g-factor) of intelligence
(Scheuffgen et al., 2000; Wallace et al., 2009). The g-factor was
established by Spearman, who discovered that most cognitive
tests are positively correlated with each other, regardless of which
cognitive domain the individual test measures (Colom et al.,
2006). A review by Sheppard and Vernon (2008) concluded
that measures of mental speed and information processing are
significantly correlated with measures of intelligence in non-
clinical samples. This highlights the importance of incorporating
IQ as a covariant in the relationship between the EF and social
function.

Earlier research has shown that TD children have a different
relationship between EF and social function than children with
ASD. In TD children, the BRI has an impact on their social
function (Leung et al., 2015). Furthermore, there is evidence
suggesting that there are mutual interactions between EF and
social function for both TD and ASD groups (Moriguchi, 2014;
Leung et al., 2015). From studies of TD children, we know that
social interaction may facilitate the development of EF. Especially
maternal scaffolding, modeling and imitation have demonstrated
to be predictors of the development of EF (Moriguchi, 2014).
It is also likely that EF facilitates the development of cognitive
skills that are important for social interaction (van Lier and
Deater-Deckard, 2016). Subcomponents of EF, such as inhibition,
flexibility and monitoring are thought to influence the ability
to engage in positive social interactions (van Lier and Deater-
Deckard, 2016). White (2013) offers a different interpretation of
the difficulties that individuals with ASD experience on especially
unstructured EF tasks. She argues that poor results on these tasks
are caused by difficulties in forming an implicit understanding of
the experimenter’s expectations for the task. In this view, implicit
information is less available to individuals with ASD due to their
mentalizing difficulties, and this leads to poor performance, more
than difficulties with EF per se.

Potential Implication for Development of
Clinical Interventions
Our finding that subdomains of social function have a different
relation to EF may be relevant for stratifying the treatment for
children with ASD. Interventions that target metacognitive skills
have, in earlier studies, shown to improve the social abilities
in children and adolescents with ASD (Kenworthy et al., 2014;
Leung et al., 2015). However, as social ability is a broad concept
comprising different abilities and motivational factors, more
studies are needed to identify which part of social function may
profit on metacognitive interventions. Our study indicates that
the ability to perceive social cues and social motivation has,
possibly, a weaker relationship to EF than the other aspects
of social functioning. This might imply that children with
problems related to social communication, social mannerisms
and social cognition might benefit more from intervention
programs designed to enhance EF in general, and metacognitive
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function, in particular. Individuals that primarily have problems
with the ability to pick up on social cues and social motivation
might be less likely to benefit from such intervention programs.
Taken together, it is possible to hypothesize that children with
difficulties with understanding social cues (social awareness)
might benefit more from classic social skills training programs
(Chang et al., 2014; Otero et al., 2015). For children with
problems related to social motivation it might be important to
build on the child’s areas of interest to enhance their motivation
(Dunst et al., 2011). In all cases, we need to assess the individual
child’s cognitive and social profile and then tailor interventions
to fit the child. Further studies are needed to examine the
clinical implications of these findings. More generally, the finding
that there is an important relationship between EF and social
function, gives support to the hypothesis that an intervention
that has an impact on cognitive abilities and EF is also likely
to have an influence on the social skills of children and
adolescents with ASD (McGovern and Sigman, 2005; Wang et al.,
2017).

Strengths and Limitations of the Study
The strengths of the study include a reasonable sample size of
clinically well-defined children and adolescents with ASD, with
a moderate sample of females. Both the SRS and the BRIEF
are parental ratings, and this might bias the findings. However,
we considered that parents observe their children when they
are engaged in a range of everyday activities and that their
observations add valuable information. Particularly since it is
known that difficulties may not be observable in a laboratory
setting or structured clinical settings, informant measures might
have higher ecological validity (Kenworthy et al., 2008). At the
same time, parent-ratings are likely to be affected by other factors
such as IQ, emotional/behavioral problems and comorbidities
in the children (Aldridge et al., 2012; Cholemkery et al., 2014;
Havdahl et al., 2016). However, diagnostic tools like the ADOS
and the ADI-R are also influenced by these kinds of confounding
factors (Havdahl et al., 2016). Some of the children in our
study were medicated, and several had a comorbid disorder.
It is known from the literature that comorbidity is common
in ASD, and that as many as 70% have a comorbid disorder
(Simonoff et al., 2008; Lai et al., 2014; Gjevik et al., 2015). The
main finding that metacognitive aspects of EF are significantly
related to social function was significant also after removing
the children with comorbid ADHD from the analysis. It can
be argued that it is important to study individuals with ASD
and comorbid ADHD because this is a common comorbidity.
A recent meta-analysis of EF and children and adolescents with
high-functioning ASD, was the first to take the confounding
effect of ADHD comorbidity into account. They confirmed the
presence of executive dysfunction in this group, and found that
these deficits were not solely accounted for by the effect of
comorbid ADHD or general cognitive abilities (Lai et al., 2016).
Furthermore, language deficits are important factors that affect
social communication/function in a negative way in ASD. We did
not perform a comprehensive assessment of different language
functions in our participants, but some studies have found that
EF is not related to language ability in verbal, school-aged

children with ASD (Joseph et al., 2005). Since our participants
were school-aged children within the normal IQ range, we
assume that our finding is valid, even without a comprehensive
language assessment. The current sample included a wide age
range and we therefore controlled for this in the regression
analyses. Despite this, the age range might be a methodological
limitation due to the correlation with social awareness, and
future studies might benefit from focus on more restricted age
groups.

Our study did not clarify in which direction EF and
social function affect each other, but it suggests that there
is a strong relation between the two. The current findings
should be replicated in independent samples and combined
with objective measurements, such as neuropsychological or
neurophysiological examination. This was not available in
the current sample. Thus, future research should combine
laboratory and informant-based measures for a more in-depth
investigation of the link between EF and social function, as
the two measures are complementary to each other (Leung
et al., 2015). To fully understand the relationship between
EF and social functioning, studies with longitudinal designs
are need to provide more specific detail about functional
developmental change at different ages (Taylor et al., 2015).
Furthermore, most research within the ASD field is conducted
on male samples, but some evidence suggests that females exhibit
greater cognitive impairments than their male counterparts
(Lemon et al., 2011; White et al., 2017). In our analysis, we
found a tendency for girls to have higher SRS scores, and
a stronger relationship between social function and EF than
boys. For future research, it is important to investigate if the
relationship between EF and social function can be modulated
by sex.

CONCLUSION

We report a relationship between parental reports of EF and
social function in an everyday setting in children with ASD. We
found that the metacognitive domain of EF has a significant
association to many aspects of social function. These results may
have implications for understanding the cognitive components
in the social deficits that define ASD. Further studies are needed
to clarify if children with ASD will improve their social function
through intervention programs designed to enhance EF in
general and metacognitive function, in particular.
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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.

Keywords: autism spectrum disorder; polygenic score; executive function; attention deficit/hyperactivity disorder;
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
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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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Supplementary Figure S1A. Scatterplot age by BRI t-score from the BRIEF 
 
   

	
 
 
 
 
Supplementary Figure S1B. Scatterplot age by MI t-score from the BRIEF 
 
 
 

 
	 	



Supplementary Figure S2A. Scatterplot BRI t-score from the BRIEF by ASD PGS group p<0.1  
 
 

	 	
 
 
 
 
 
Supplementary Figure S2B. Scatterplot MI t-score from the BRIEF by ASD PGS group p<0.1 
	
	

	 	



Supplementary Figure S3A. Q-Q plots for BRI t-scores from the BRIEF 
 
 

 
 
 
Shapiro-Wilk test p = 0.089. Kurtosis = -0.469. Skewness = -0.136.  
	
	
	
	
Supplementary Figure S3B. Q-Q plots for MI t-scores from the BRIEF 
 
 

 	 
Shapiro-Wilk test p = 0.208. Kurtosis = -0.246. Skewness = -0.227.  
	
	
	
	



	
Supplementary Figures S4A-D. Scatterplots principal components  
(PC01 by PC02, PC01 by PC03, PC01 by PC04 and PC01 by PC06) 
 
 
 
 
		
	
	
		
	
		
	
	
	
	
 
 
 
 
  



 



Supplementary Figures S5 A-J. Study participants relevant PCs in the context of the European reference 
population 
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