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Abstract 

 

There is increasing evidence suggesting that autism and psychosis co-occur at higher rates than would 

be expected by chance. Little is known on the reasons underlying this, and several aetiological models 

have been proposed. In this thesis I assessed evidence on two aetiological models of the autism-

psychosis co-occurrence, proposing that the two conditions are causally linked and/or share 

immunological pathways. I applied a combination of study designs, utilising phenotype and genotype 

data, to triangulate evidence and strengthen causal inference. 

Towards assessing the autism-psychosis causal links, I investigated the associations between autism 

polygenic risk (PRS), autistic traits in childhood and psychotic experiences in adulthood using data 

from a population-based birth cohort (Chapter 3). I triangulated the study findings, by applying two-

sample Mendelian randomization (MR) and multivariable MR to examine the causal effects of genetic 

liability to autism and autistic traits on psychotic experiences and schizophrenia (Chapter 4). 

Towards investigating whether shared immunological pathways underly autism and psychosis, I 

firstly interrogated the causal role of immune response in autism. I utilised four distinct 

methodological approaches, including a nationwide cohort study, Linkage disequilibrium score 

regression, PRS and two-sample MR, to investigate the causal links between a parental inflammatory 

bowel disease and offspring autism (Chapter 5). I used information from this study to identify causal 

immunological markers for autism and assess their causal effects on schizophrenia, within a two-

sample MR and genetic colocalisation framework (Chapter 6).  

There was evidence to suggest that the autism-psychosis co-occurrence might be explained by causal 

links, driven by autism common variation, social communication difficulties and trauma in childhood. 

Causal immunological pathways were identified in both autism and schizophrenia, but they were 

unique for each condition. Overall the findings suggest that beyond underlying biological processes, 

phenotypic and environmental factors are central in the autism-psychosis co-occurrence.
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“[Comorbidity] is simply a descriptor of an empirical statistical phenomenon that has no 

meaning in itself. It is of scientific and clinical interest only because it raises important 

questions about possible underlying mechanisms. But, for that reason, it constitutes the 

beginning, and not the end of a research endeavour.” 

 

Michael Rutter, Comorbidity: Concepts, claims and choices, 1997: 268. 



 

 

Chapter 1 

Introduction 
 

Autism spectrum disorder (henceforth ‘autism1’) and psychosis spectrum conditions (henceforth 

‘psychosis’2), are typically chronic conditions that influence multiple areas of functioning and are 

associated with substantial difficulties for the individuals, their families and the societies worldwide. 

Although currently conceptualised as diagnostically distinct, their definitions have been historically 

intertwined (section 1.1), and there is increasing evidence suggesting that these conditions co-occur at 

higher rates than would be expected by chance, present phenotypic and genetic overlaps, and share 

environmental risk factors (section 1.2). Several aetiological models on the reasons underlying the 

autism-psychosis co-occurrence have been hypothesised, but research evidence so far has been sparse 

(section 1.3). A comprehensive approach utilising distinct study designs with different and unrelated 

sources of strengths and bias is necessary in order to further our current understanding on the reasons 

underlying the autism-psychosis co-occurrence and ultimately aid towards improving diagnostic and 

intervention strategies for the affected individuals (sections 2.1-2.3).  

In this doctoral thesis, I applied a combination of study designs utilising phenotype and genotype data 

to assess evidence on two overarching aetiological models for the autism-psychosis co-occurrence: (i) 

causal pathways, (ii) shared risk factors.   

♦ 

 
1 Throughout the text the terms autism and autistic people/individuals are used, in line with recent evidence 

suggesting that these terms are preferred in the autistic community and are less stigmatising366–368.  
2 The term is used in line with increasing evidence proposing a psychosis continuum, with schizophrenia lying 

at the severe end and psychotic experiences spanning to the general population 3,74. A detailed discussion on the 

concept can be found in section 1.1.2.  
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1.1 The phenomenology and diagnostic concepts of autism and psychosis: History 

and current perspectives. 
 

Autism and psychosis are defined by core features that are seemingly distinct. Autism is a 

neurodevelopmental condition currently characterised by two core features: i) difficulties in social 

communication and interaction, and ii) repetitive behaviours and restricted interests1. Social 

communication and interaction difficulties frequently encompass verbal as well as non-verbal aspects 

of communication and emotional reciprocity, whereas restricted interests and behaviours frequently 

include motor and verbal stereotyped or ritualised behaviour, fixated interests, resistance to change 

and hypo- or hyper- responsivity to sensory stimuli1,2. Core features of autism typically arise early in 

development and persist into adulthood, influencing multiple areas of functioning2. In contrast to 

autism, psychosis is predominantly defined by the presence of hallucinations and delusions, typically 

manifesting in late adolescence and early adulthood1,3. Hallucinations are perceptions in any sensory 

modality experienced by the individual, in the absence of external stimuli, whereas delusions are fixed 

beliefs that are firmly held by the individual regardless of the presence of conflicting evidence1. 

Despite apparent differences in the core features of autism and psychosis, diagnostic concepts relating 

to the two conditions have been historically intertwined.  

1.1.1 History 

The term ‘autism’3 was introduced in 1911 by Eugen Bleuler to describe one of the core features of a 

newly defined nosological entity termed ‘schizophrenia’4,5. Schizophrenia, encompassed a group of 

conditions characterised by loosening of Associations (disorganised speech and thought), 

Ambivalence (inability to process information and act accordingly), Affective blunting (limited 

emotional expression) and Autism (withdrawal from reality and inappropriate affect)4–6. For almost 

over 30 years after its initial introduction, the term ‘autism’ was used to describe adults and children 

presenting excessive fantasy, disconnect from reality and hallucinations7. The aetiology of 

schizophrenia and its feature, autism, were postulated to be attributed to altered brain function 

 
3 Terms italicized throughout the section (1.1.1) represent nosological entities that are no longer in use, or their 

content does not correspond to contemporary diagnostic concepts.   
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(influenced by observations on the links between syphilis and general paresis) as well as family 

dynamics and especially mother-child interactions (influenced by psychoanalytic theory)6–8.  

In 1943, Leo Kanner introduced ‘autistic disturbances of affective contact’ or ‘infantile autism’ to 

characterise a constellation of behavioural features he observed in 11 children: preference for 

isolation, limited emotional responsiveness and repetitive patterns of behaviours5,7. Despite this, the 

term autism was used interchangeably with the terms childhood schizophrenia/psychosis until the late 

1960s, when there was a shift from case reports to epidemiological studies3,7,9.  

In the early 1970s, amassing evidence from cross-sectional and longitudinal investigations suggested 

that schizophrenia and autism were distinct with regards to their phenomenology and course. 

Childhood schizophrenia (as it was defined then) with an onset before the age of 3, appeared to be 

characterised by persistent difficulties in social interaction, language development and repetitive 

behaviours, while there was no evidence to suggest the presence of hallucinations or delusions9,10. 

These core difficulties seemed to be qualitatively different from features characterising other 

conditions e.g., specific language impairment, and their course across development appeared to be 

relatively stable11,12. On the contrary, adolescent schizophrenia with an onset after the age of 11, 

appeared to present several similarities to adult-onset schizophrenia, including hallucinations, 

delusions and a course characterised by remissions and relapses9,10,12. In light of this evidence, DSM-

III (Diagnostic and Statistical Manual of Mental Disorders) introduced autism as a distinct from 

schizophrenia diagnostic entity. Specifically, autism as a criterion for the diagnosis of schizophrenia 

was removed, while childhood schizophrenia was no longer included in the diagnostic system (12,19). 

Instead, a new diagnostic category was introduced: ‘Pervasive developmental disorders’, 

encompassing ‘infantile autism’, ‘childhood onset pervasive developmental disorder’ and ‘atypical 

pervasive developmental disorder’13.  

After DSM-III, the diagnostic concepts of autism and schizophrenia evolved independently but almost 

in parallel. Increasing research evidence on the phenotypic manifestation and aetiology of the two 

diagnostic concepts, challenged their homogeneity and boundaries, leading to their current 

conceptualisation as spectra3,14.  
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1.1.2 Current perspectives 

1.1.2.1 From autism to the autism spectrum 

Autism, as currently conceptualised, is among the most common neurodevelopmental conditions with 

an estimated worldwide prevalence of almost over 1.5% in developed countries15,16. The condition 

seems to be diagnosed more frequently in males than females (male to female ratio 4:1; please see 17,18 

for evidence on the potential reasons underlying this)16. Autism is among the leading causes of 

disability in children under the age of 5 and is associated with a substantial burden for the individuals, 

their families and the societies19. Emerging evidence suggests that approximately 55% of autistic 

adults are diagnosed with at least one comorbid mental health condition20, while a substantial 

proportion of autistic individuals present with a comorbid medical condition (e.g., epilepsy, 14.2%21). 

The increased prevalence of mental health and medical conditions in the autistic population has been 

associated with increased rates of polypharmacy (i.e., prescription of two or more medications), poor 

life outcomes and poor quality of life22–25. 

Autism is diagnosed on the basis of the presence of core social and non-social features (section 1.1). 

However, there is amassing evidence suggesting that the manifestation of these features is not 

homogeneous across autistic individuals and that they vary widely in terms of their quantity, quality 

and trajectories1,14,26–28. In addition to this, autistic individuals seem to present highly variable 

cognitive and verbal abilities. Specifically, it is estimated that 30-50% of autistic individuals have an 

intellectual disability (IQ≤70)29–31, while approximately 20-30% are minimally verbal (absence or 

limited use of functional language)32,33 

Evidence on the substantial heterogeneity in terms of behavioural, cognitive and verbal characteristics 

of autistic individuals, reflects the highly heterogeneous aetiology of the condition34. Autism is 

currently considered of multifactorial aetiology and there is no single unifying cause explaining the 

condition34. A recent meta-analysis of twin studies provided a heritability estimate of 64-91% 

suggesting a strong genetic component35. The latest autism genome-wide association study (GWAS) 

identified common genetic variants (i.e., genetic variants with a population frequency above 0.01) 

robustly associated with the condition spanning at five loci, and indicated that aggregates of multiple 
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common genetic variants (polygenic risk scores; PRS) explain variance in the phenotype in a dose-

dependent way (although proportion of variance explained was small; mean variance across PRSs 

≈2.5%)36. Rare genetic variation (e.g., copy number variants- CNVs, single nucleotide variants- 

SNVs, de novo protein truncating variants-PTVs) has been also found to be implicated37. According 

to emerging evidence, rare and common variation contribute to the autism phenotype in an additive 

way and through distinct mechanisms of action 38. Finally, early life environmental factors have been 

found to be involved in the aetiology of autism, with a recent umbrella review of meta-analyses of 

observational studies, providing evidence for advanced maternal age, maternal hypertension and 

obesity, maternal SSRI use during pregnancy and pre-eclampsia39, while there was some evidence to 

suggest a role of maternal infections during pregnancy39.  

The aetiological heterogeneity of autism has not only been identified across autistic individuals but 

also within individuals. Specifically, factor analytic studies of core autism features support a two-

factor model, social communication and repetitive behaviours/restricted interests, while in samples of 

autistic twins the phenotypic and genetic correlations between the two domains have been found to be 

low or modest40–42. This suggests that there are distinct environmental and genetic contributions on the 

two core features of autism, and it has been proposed that it can have important implications in 

comorbidity research (this is additionally discussed later in this section)43. 

Evidence on the heterogeneity of the autism diagnostic category has been complemented by research 

focusing outside its boundaries, on sub-threshold features. A number of twin studies have indicated 

that twin pairs present high concordance for broader sub-threshold features of the condition44, while 

evidence from family studies has suggested that parents and siblings of autistic individuals tend to 

also present sub-threshold features (‘broad autism phenotype’- term used when measured in families 

45). In fact, there is evidence to suggest that the severity of the features in first degree relatives is 

positively correlated with the severity of the autistic individual’s phenotypic expression46–48. 

Extensions of this stream of research to general population samples that are not necessarily 

genetically related (i.e., they are not parents/siblings of autistic individuals), has suggested that these 
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sub-threshold features (‘autistic traits’- term used when measured in the general population) span to 

the general population, forming a continuum of severity on which autism lies at the extreme end48–52.  

Autistic traits are considered mild expressions of social and non-social features of the condition, such 

as: pragmatic language difficulties, difficulties in reciprocal social interaction, limited ability to 

identify and respond to others’ mental states, rigid behaviour, circumscribed interests53. Several tools 

have been developed and used to aid measurement of social and non-social autistic traits, including 

the Social and Communication Checklist (SCDC50), the Children’s Communication Checklist54, the 

Autism Quotient (AQ55) and its extensions the Empathy Quotient (EQ) and the Systemising Quotient 

(SQ; systemising is the tendency to understand and analyse patterns and is considered to be a non-

social autistic trait)56. 

Autistic traits have substantial aetiologic overlap with autism, as there is evidence suggesting that they 

present associations with autism-related environmental risk factors57, while they have strong genetic 

correlations and polygenic associations with autism and autism-related comorbidities43,58. 

Furthermore, in line with research in samples of autistic individuals, they seem to be influenced by 

distinct genetic and environmental factors as suggested by twin and polygenic approaches in the 

general population41,43,59.  

Evidence on the heterogeneity autism, in terms of phenotypic presentation and aetiology across as 

well as within individuals, in combination with findings suggesting that autism lies at the extreme end 

of a continuum of severity spanning to the general population, led to the conceptualisation of the 

condition as a spectrum (Figure1.1)52. 
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1.1.2.2 From schizophrenia to the psychosis spectrum 

Schizophrenia, as currently conceptualised in DSM-5, is a chronic condition with an estimated 

lifetime prevalence of approximately 0.87%60. The condition is diagnosed on the basis of the presence 

of psychotic symptoms such as hallucinations, delusions (positive symptoms), thought and speech 

disorganisation (disorganised symptoms) as well as anhedonia, social withdrawal, affective blunting 

(negative symptoms), and some cognitive features (e.g., working memory deficits)61. The condition is 

diagnosed slightly more often in males than females (male to female ratio 1.4:1), has a typical onset 

during late adolescence and early adulthood (approximately 20-25 years) and it is typically 

characterised by an episodic course which, however, is highly variable across individuals61.  

Schizophrenia is one of the leading causes of disability worldwide60,62, and has been associated with 

lower life expectancy (≈20 years below general population) and poor quality of life63,64. 

Figure 1.1 The autism spectrum as conceptualised by L. Wing who paralleled the heterogeneity and 

continuity of autism with a spectrum of coloured light52. 

Features of autism form a continuum of severity that spans to the general population, while they seem 

to be aetiologically independent41,48,369 
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Schizophrenia is of multifactorial aetiology and several genetic and environmental risk factors have 

been implicated. Evidence from twin studies suggests that it has a strong genetic component, with an 

estimated heritability of approximately 80%65. This has been further supported by available GWASs, 

with the latest one identifying 294 common genetic variants spanning at 270 loci, which explained 

approximately 2.6% of the variance (7.7% using PRSs including common variants with a p-value 

bellow 0.05)66. Rare variants have been also found to have a central role in schizophrenia, and there is 

evidence to suggest that that they have a substantial disruptive effect in genes associated with 

neurodevelopmental pathways and neurodevelopmental disorders67–69. Furthermore, several 

environmental risk factors have been implicated, with a recent umbrella review of meta-analyses of 

observational and Mendelian randomization (MR) studies providing evidence for history of birth 

complications, cannabis use and traumatic life events70. Other environmental risk factors for 

schizophrenia include urbanicity and migration71, while there is amassing observational and MR 

evidence suggesting a causal role of atypical immune response72,73.  

Despite the current conceptualisation of schizophrenia as a discrete diagnostic entity, there is 

increasing evidence suggesting that the condition might actually lie at the extreme end of a continuum 

of psychosis severity74. Psychosis refers to a constellation of symptoms (section 1.1) that co-occur in 

the context of a number of conditions beyond schizophrenia (although they seem to have the highest 

frequency, severity and persistence in schizophrenia75–77). For example, it is estimated that 58% of 

individuals diagnosed with bipolar disorder and 39% of individuals with major depression have a 

lifetime history of psychotic symptoms78,79, while they seem to manifest even in the context of 

medical conditions such as Parkinson’s disease in which it is estimated that approximately 26% of 

diagnosed individuals have experienced psychotic symptoms80.  

In addition, sub-threshold positive psychotic experiences (hallucinations or delusions that occur 

outside the context of  a psychiatric condition) seem to be frequent in the general population, having a 

median lifetime prevalence of 5.5%81. Psychotic experiences are estimated to have a relatively high 

prevalence in children and adolescents (median prevalence: 17% in children aged 9-12; 7.5% in 

adolescents aged 13-18 years82- although, it is important to note that there is a high variability in 
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prevalence estimates across studies due to different assessment methods e.g., self-reports, semi-

structured questionnaires) and they are usually transient83,84. However, experiences that are 

accompanied by distress for the individual and are persistent have been found to be associated with 

transition to psychotic disorders85.  

Psychotic experiences present a substantial aetiologic overlap with schizophrenia. They seem to have 

a strong genetic component, with their heritability ranging between 15% to 59% (depending on type 

of experience) as estimated by twin studies86. The latest GWAS of psychotic experiences (any) in 

adulthood, despite identifying only two common genetic variants strongly associated with the 

phenotype, suggested genetic correlations with schizophrenia (rG= 0.21; p= 7*10−05) 87. Importantly, 

the study identified a high loading of CNVs previously implicated in schizophrenia, in individuals 

reporting psychotic experiences and particularly distressing psychotic experiences, consistent with 

existing observational evidence suggesting that psychotic experiences that are more distressing or 

more frequently recurring distress are more closely related to schizophrenia aetiology than psychotic 

experiences that are not distressing or frequent87. In addition, a recent GWAS of psychotic 

experiences and negative symptoms in adolescence did not find evidence of a genetic correlation with 

schizophrenia or other mental health conditions, indicating that adolescent psychotic experiences (and 

therefore potentially transient) do not index schizophrenia liability as strongly as adult psychotic 

experiences (and therefore potentially persistent experiences)88. However, it is worth noting that in 

this study persistence-transience of psychotic experiences was not directly tested, while additionally it 

is unknown the extent to which these findings were due to lack of power in the adolescent sample88. 

Psychotic experiences have been also found to be associated with known risk factors for 

schizophrenia, including birth complications, cannabis use, traumatic life events, inflammation and 

atypical immune response89–94.  

In summary, evidence suggesting that psychotic symptoms are not specific to schizophrenia, but 

frequently occur in the context of other conditions, in combination with evidence indicating that 

psychotic experiences are common in the general population and transient, but the degree of their 
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persistence and distress for the individual are defining factors for transition to psychotic disorders, led 

to the conceptualisation of the psychosis spectrum3,74. In this context, psychosis forms a continuum of 

severity distributed across the population, in which schizophrenia lies at its severe end, while 

psychotic experiences span to the general population (Figure 1.2).  

 

 

Figure 1.2 The psychosis spectrum in which schizophrenia lies at the severe end, and psychotic 

experiences span to the general population3,74. 

 The spectrum includes several conditions beyond schizophrenia3,74. In addition there increasing 

research evidence suggesting that psychotic experiences comprise dimensions that show low to 

moderate correlations between them and potentially have distinct aetiological risk factors- denoted by 

the dotted lines in the figure370,371. It was beyond the aims of this thesis to investigate other conditions 

residing in the psychosis spectrum or utilise current understanding on the dimensions of psychotic 

experiences in the context of the studies conducted. However, details on how they might impact the 

findings of the present thesis and their potential utility for future research in the area of autism-

psychosis comorbidity can be found in the Discussion section. 
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1.1.3 Section summary 

Autism and psychosis, despite being historically intertwined, are currently conceptualised as two 

distinct spectra. The autism spectrum encompasses difficulties in aspects of social communication and 

interaction, as well as non-social features, including repetitive behaviours and sensory abnormalities, 

that arise early in childhood and persist to adulthood. Features of autism form a continuum of severity 

that spans to the general population, and they are increasingly recognised to be aetiologically 

independent. On the other hand, the psychosis spectrum is predominantly characterised by 

hallucinations and delusions that arise typically in adolescence and form a continuum of severity, on 

which schizophrenia lies at the severe end of the continuum, whereas transient, of no clinical 

significance, psychotic experiences span to the general population.  

♦ 
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1.2 At the intersection of autism and psychosis: A review of the evidence 

Despite the diagnostic distinction and the apparent phenotypic differences between autism and 

psychosis, their relationship is being revisited in the light of evidence suggesting that they co-occur 

more frequently than expected by chance, have some phenotypic similarities, present genetic overlaps 

and share some environmental risk factors.  

1.2.1 Co-occurrence along the autism-psychosis spectra 

At the diagnostic level, the latest umbrella review of systematic reviews (Nstudies= 14) and meta-

analyses (Nstudies= 12) of observational studies on the prevalence of psychiatric diagnoses in 

individuals with autism, suggested that the prevalence of psychosis (studies included had used 

definitions of DSM-5 diagnostic category ‘schizophrenia spectrum and other psychotic disorders’, or 

ICD-10 category ‘Schizophrenia, schizotypal, delusional, and other non-mood psychotic disorders’) 

ranged from 4% to 11.8% across meta-analyses (the range was much broader across systematic 

reviews)95.  Psychosis prevalence estimates seem to fluctuate substantially across meta-analyses, and 

age appears to be a central factor for this. Specifically, Lai et al.96 in a meta-analysis of studies using 

mixed age samples, reported a prevalence of 4% (95%CIs: 3-5; Nstudies=49). On the contrary, Lugo-

Marin et al.20 in a meta-analysis of studies in adult samples reported a prevalence estimate of 11.8% 

(95%CIs: 7.7-17.6; Nstudies=17), which seems to be in line with the latest published meta-analysis of 

studies in adult samples by Varcin et al.97, reporting a prevalence estimate of 9.4% (95%CIs: 7.52, 

11.72; Nstudies= 45). This discrepancy in prevalence estimates between studies of mixed age samples 

and studies restricted to adults, is potentially explained considering that the onset of psychotic 

disorders is typically in adulthood61,97. Overall, it seems that across studies, the estimated prevalence 

of psychosis in autistic individuals is higher than estimated in the general population (3% lifetime 

prevalence for all psychotic disorders and 0.87% for schizophrenia60).  

Beyond their co-occurrence at the level of diagnosis, there is evidence suggesting that autism and 

psychosis tend to co-occur at a sub-threshold level as well. Specifically, a meta-analysis of cross-

sectional, case-control and cohort studies investigating the prevalence of psychotic experiences in 

individuals with autism diagnoses and autistic traits, reported a prevalence estimate of 24% (95%CIs: 
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14-34; Nstudies= 9), a substantially higher prevalence than the general population (median lifetime 

prevalence: 5.5% and 17.7% in children/adolescents81,82)98. However, the study presented several 

methodological limitations with the most important being the definition of psychotic experiences. 

Specifically, the authors included some studies that used very vague and broad terms to describe 

psychotic phenomena, leading, for example, to a pooled prevalence of delusions of 45% (95%CIs: 0-

99), while a number of studies were from dually diagnosed clinical populations, i.e., populations with 

autism diagnosis and co-occurring mental health conditions including schizophrenia. At the same 

time, a meta-analysis of studies investigating the prevalence of autism diagnoses in individuals at 

clinical high-risk for psychosis/ at risk mental state (the term captures individuals that present 

prodromal symptoms of psychosis that are at risk but do not necessarily transition to psychosis99) 

reported a prevalence estimate of 11.6% (95%CIs: 2.1–44.2; Nstudies=4)100. However, this study was 

also hampered by methodological limitations with the most important being the small number of 

studies available. Specifically, two of the studies included in the analyses had overlapping samples 

which means that only three studies would be eligible for analyses (this has been discussed 

extensively in 101). Finally, an increased prevalence of autistic traits in individuals with psychosis has 

been reported by a recent systematic review (1% to 52%; Nstudies=7)102, although evidence from 

meta-analytic studies is necessary in order to reach more robust conclusions. Overall, there is some 

evidence to suggest that autism and psychosis frequently co-occur at a sub-threshold level, but at the 

moment it seems difficult to derive conclusions considering the limited number of studies available 

and the methodological limitations of the available meta-analytic studies so far101.  

1.2.2 Phenotypic overlap  

Several parallels have been drawn between phenotypic features of autism and psychosis. It has been 

proposed that the DSM-5 criterion for autism ‘deficits in social emotional reciprocity’ can be 

comparable to the DSM-5 criterion for schizophrenia spectrum and other psychotic disorders 

‘diminished emotional expression’1,103,104. Similarly, it has been proposed that language delay in 

autism can be comparable to speech poverty in psychosis, and features of catatonia (mutism, 
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negativism, stereotypy, stupor) can occur in both conditions (it is actually a specifier in both 

diagnostic categories in DSM-5)1,103–105.  

On this basis, a number of studies aimed at assessing the potential phenotypic overlaps between 

autism and psychosis, in terms of behavioural features, cognition, brain structure and function. A 

meta-analysis of studies (Nstudies= 26) investigating the correlation between autistic and schizotypal 

traits in general population samples, found evidence of a moderate correlation between autistic traits 

and schizotypal traits (r= 0.48; 95%CIs:0.43-0.53) and particularly negative schizotypal traits (r=0.54; 

95%CIs: 0.48-0.59)106. These estimates are comparable to estimates from a longitudinal general 

population study of 5,000 twins which found modest correlations between autistic traits and negative 

psychotic experiences (r= 0.47), and weak correlations with positive psychotic experiences (r= 0.14) 

at age 16107. Furthermore, similarities have been found in terms of social cognition between autistic 

individuals and individuals with psychosis. A meta-analysis of studies directly comparing 

performance in tasks assessing theory of mind (defined as the ability to attribute mental states to 

others108), and emotional processing between autistic individuals and individuals with psychosis 

(Nstudies= 33), identified comparable patterns of difficulties between the two groups109. In addition, 

evidence from neuroimaging investigations suggests that the two conditions share some features, with 

the largest to date structural and functional magnetic resonance imaging study (sMRI and fMRI 

respectively; Npsychosis=600; Nautism=1,000; Ncontrols= 1,700), identifying reductions in grey 

matter volume and density of the occipital gyrus and cerebellum as well as decreased connectivity 

within default mode and sensorimotor regions in both autism and psychosis110. It is important to note 

however, that several features unique to each condition were also identified110.  

1.2.3 Genetic overlap 

There is increasing evidence suggesting that autism and psychosis might have shared genetic 

underpinnings. Specifically, family history of schizophrenia has been consistently found to be 

associated with offspring autism across a number of nationwide register-based studies (Denmark: N= 

18,148; OR=4.8; 95%CIs, 2.4-9.5; Sweden: N= 475,965; OR= 2.9; 95%CIs: 2.5-34; Israel, N= 

436,311, OR= 12.1; 95%CIs: 4.5-32.5)111,112. This has been further supported by recent evidence from 
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the Simons Simplex (SSC) collection and the Psychiatric Genomics Consortium (PGC) autism sample 

(N= 6,454 family trios and quads), suggesting that autistic probands seem to over-inherit 

schizophrenia risk alleles (as captured by PRS) from their parents compared to their unaffected 

siblings38.  

The central role of common genetic variation in both autism and psychosis has been further 

emphasised by increasing evidence suggesting that autism presents strong genetic correlations with 

schizophrenia (rG= 0.21, p= 1*10−05; estimates based on Linkage disequilibrium-score regression 

analyses using summary-level data; LDSC), as well as psychotic experiences (rG= 0.39; P = 2*10-04; 

estimates based on LDSC analyses using summary-level data)66,87. In addition, there is evidence 

suggesting polygenic associations between autism and psychosis. Common variant polygenic risk for 

autism has been found to be associated with psychotic experiences and particularly distressing 

psychotic experiences in the UKBiobank (Ncases= 2,146, Ncontrols= 122,066; OR= 1.10; 95%CIs: 

1.05-1.15; p= 2*10-05)87, while common variant polygenic risk for schizophrenia has been found to be 

associated with autism diagnosis in the iPSYCH sample (Ncases= 11,202, Ncontrols= 22,555)36 as 

well as social communication and pragmatic language difficulties in the Avon Longitudinal Study of 

Parents and Children (ALSPAC) cohort (N= 5,100–6,952)113.  

Beyond common genetic variation, autism and psychosis seem to present overlaps in terms of rare 

genetic variation. Specifically, autism and schizophrenia appear to present several overlapping CNVs 

(deletions or duplications of gene regions), with one of the most consistently replicated being the 

deletion at 22q11.2114. Individuals with 22q11.2 deletion (DiGeorge/velocardiofacial syndrome) 

present a range of congenital abnormalities and physical health conditions including heart defects, 

cleft palate, autoimmune conditions, gastrointestinal problems as well as autistic features, and are at 

increased risk of schizophrenia later in life115,116. Other overlapping CNVs between autism and 

schizophrenia involve 7q11.23, 15q11.2 and 16p11.2, which have been found to be implicated in 

synaptic function and immune response117–119. A number of these CNVs have been also found to be 

strongly associated with distressing psychotic experiences87. Several other types of rare variation (e.g., 



  Introduction

   

16 
 

SNVs, PTVs) have been implicated in the aetiology of both autism and psychosis, while there is 

increasing research on potentially shared epigenetic alterations in both conditions120–122. 

1.2.4 Shared environmental risk factors 

Beyond genetic overlaps, autism and psychosis seem to present some overlap in terms of 

environmental risk factors. Perinatal factors seem to be the most consistently identified risk factors for 

both autism and psychosis, and particularly obstetric complications including maternal hypertension, 

pre-eclampsia, hypoxia, placental complications and rhesus incompatibility123. In an umbrella review 

of 41 meta-analyses and MR studies investigating risk factors for psychosis, history of obstetric 

complications was robustly associated with psychosis (OR= 1.97; 95%CIs: 1.55-2.50), while in an 

umbrella review of 46 meta-analyses, factors related to obstetric complications such as maternal 

chronic hypertension (OR=1.48; 95%CIs: 1.29-1.70) and gestational hypertension (OR= 1.37; 

95%CIs: 1.21-1.54) were found to be robustly associated with autism39,70.  

Furthermore, there is increasing interest in the potential role of inflammation and immune response in 

the aetiology of autism and psychosis. The latest meta-analysis of studies on prenatal and perinatal 

risk factors for psychosis (N=152), indicated a robust association between maternal infections during 

pregnancy and offspring psychosis (OR= 1.27; 95%CIs: 1.06-1.53)124, while a meta-analysis of 15 

cohort and case-control studies, found evidence of an association between maternal infections during 

pregnancy and offspring autism (OR= 1.13; 95%CIs: 1.03–1.23)125. In addition, there is some 

evidence from population-based cohorts suggesting associations between elevated levels of the 

inflammatory marker C-Reactive protein (CRP) in maternal serum during pregnancy and offspring 

schizophrenia later in life (N= 1,554; OR= 1.31; 95%CIs: 1.10-1.56)126 as well as offspring autism 

(N= 1,354; OR=1.12, 95%CIs:1.02–1.24)127. Family history of autoimmune conditions, particularly 

type 1 diabetes and psoriasis, has been also found to be associated with increased risk of offspring 

psychosis as well as offspring autism128,129, which provides an indication of some potentially shared 

underlying immunological pathways for both conditions. This seems to be at least partially supported 

by case-control studies suggesting that autistic individuals and individuals with psychosis present 

some similarities in terms of their immune profiles, e.g., elevated levels of serum Interleukin-6 (IL-
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6)130. However, it is difficult to infer from these studies whether similarities in terms of immune 

profiles suggest shared causal immunological pathways, considering their small sample sizes and the 

possibility of reverse causation and selection bias. Further research in larger samples, systematically 

investigating immunological markers and pathways, and using methodological approaches 

minimising reverse causation and confounding bias, is necessary in order to elucidate whether and 

which immune pathways could be causally implicated in both autism and psychosis.  

1.2.5 Section summary 

Autism and psychosis seem to co-occur at elevated rates at a diagnostic as well as sub-threshold level. 

The two conditions seem to share some phenotypic features in terms of behaviour, cognition, brain 

structure and function. In addition, they seem to present a substantial genetic overlap and several 

shared common and rare variants have been identified. In terms of environmental risk factors, there is 

evidence suggesting that obstetric complications are risk factors for both autism and psychosis, while 

the potential role of shared immunological pathways in both conditions is still questionable. 

♦ 



  Introduction

   

18 
 

1.3 Aetiological models of the autism-psychosis co-occurrence 

Little is currently known on the reasons underlying the autism-psychosis co-occurrence and several 

aetiological models have been proposed. These models can be categorised into four overarching 

themes, proposing that the two conditions: (i) co-occur due to chance or bias (chance model), (ii) are 

the same condition (multiformity model, stages model), (iii) form a condition with unique features 

(independence model, diametrical model), (iv) are distinct and they co-occur due to causal links 

and/or shared risk factors (causation model, associated liabilities model, multiple overlapping 

aetiologies model)103,131,132.  

In the context of the present thesis, I assessed evidence on the models hypothesising that the two 

conditions are distinct, and that their co-occurrence is explained due to causal pathways and/or shared 

risk factors (category iv). This decision was made considering that DSM-5 conceptualises autism and 

psychosis as distinct conditions, and that there are multiple potential clinical and research implications 

by investigating the causal links and shared risk factors of autism and psychosis. Specifically, there is 

increasing evidence suggesting that autistic individuals with psychosis are less likely to benefit from 

antipsychotic medication and they are more likely to receive higher doses of antipsychotic medication 

for prolonged periods of time133,134. Assessing evidence on the potential direct and indirect causal 

pathways between autism and psychosis may aid towards early and targeted intervention for the 

affected individuals. On the other hand, research into the potentially shared risk factors between the 

two conditions is a unique opportunity to elucidate common underlying aetiological processes and 

expand current understanding not only on their co-occurrence, but also on their aetiology132.  

1.3.1 Causal pathways 

It has been proposed that autism and psychosis might be causally linked either via direct or indirect 

pathways. This implies that autism liability (as captured by traits or polygenic risk) might be a causal 

risk factor for psychosis (direct pathways), or factors related to autism liability might mediate the 

pathways to psychosis (indirect pathways)103. Assessing evidence on these potentially causal direct 

and indirect pathways has the potential to uncover early risk factors and lead to early and 

individualised interventions for the affected individuals.  
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The hypothesis of potentially causal links between autism and psychosis, seems to be supported by 

population-based cohort studies, in which since the temporal sequence of exposure and outcome is 

established, it is possible to assess evidence of causality135. Specifically, in a population-based cohort 

in Sweden, the Stockholm Youth Cohort, autism diagnosis before the age of 16, was found to be 

associated with psychosis later in life (N= 99,682; OR= 4.6; 95%CIs: 3.3-6.4)136. This evidence has 

been further supported by a population-based cohort in the UK, the ALSPAC cohort, in which 

associations were identified between autism diagnoses and psychotic experiences at age 12 (N= 

5,359; OR= 2.81; 95%CIs: 1.07- 7.34)137.  

Beyond autism diagnosis, autistic traits in childhood seem to be associated with psychotic experiences 

in adolescence. Speech difficulties by age of 3 (maternal reports, N= 5,464) as well as persisting 

speech difficulties until the age of 7 (N= 5,453) were found to be associated with psychotic 

experiences at age 12 in the ALSPAC cohort (OR age 3= 1.58; 95%CIs= 1.19-1.20; OR age 7= 2.11; 

95%CIs: 1.35-3.30) and more importantly, there was an association between the number of autistic 

traits in the domains of speech, social skills, repetitive behaviours until the age of 7 and psychotic 

experiences at age 12 (N= 5,468; OR= 1.66; 1.27-2.19)138. These findings were complemented by a 

more recent study in 5,359 participants of the ALSPAC cohort,  in which social communication 

difficulties at age 8, coherence at age 9 and repetitive behaviours at age 6 were found to be associated 

with psychotic experiences by age 12 (OR= 1.11; 95%CIs: 1.03-1.19; OR= 1.16; 95%CIs: 1.08-1.24; 

OR= 1.11; 95%CIs: 1.04-1.19; social communication difficulties, coherence and repetitive behaviours 

respectively)137. In addition, in a population-based cohort study of 2,667 participants in Japan, there 

was evidence of an indirect pathway between autistic traits at age 10 and psychotic experiences at age 

14, mediated by bullying victimisation at age 12139.  

Considering that psychotic experiences in childhood are typically transient and of no clinical 

significance (section 1.1.2), it is important to review evidence of associations between autistic traits 

and psychotic experiences after adolescence. There is currently only a limited number of studies 

utilising observational and polygenic approaches to assess the associations between autism liability 

and psychotic experiences until young adulthood. Specifically, in a sample of 9,282 twins from the 
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Child and Adolescent Twin Study in Sweden (CATSS) an association was identified between autistic 

traits in childhood and auditory hallucinations at age 18 (β= 0.09; 95%CIs: 0.05–0.13), which 

however attenuated substantially after adjusting for other neuropsychiatric conditions in childhood 

such as ADHD (β= −0.04; 95%CIs: −0.16–0.10)140. In addition, in a sample of 4,100 individuals from 

the ALSPAC cohort, autistic traits in childhood were found to be associated with psychotic 

experiences at age 18 (OR= 1.29; 95%CIs: 1.03-1.61), although the possibility of confounding bias in 

the identified associations was not explored141. Beyond approaches utilising phenotype data, there is 

also a small number of studies utilising genetic data and applying polygenic approaches. Specifically, 

autism PRS was found to be associated with psychotic experiences in adulthood in the UKBiobank 

(N= 124,212; OR= 1.10; 95%CIs: 1.05-1.15)87, while in a sample of 2,096 participants of the 

IMAGEN study, there was evidence of an indirect pathway between autism PRS and psychotic 

experiences at age 18, mediated by peer problems between ages 14-18142. 

Overall, there is some evidence to suggest that the associations between autism liability and psychotic 

experiences extend beyond adolescence, however there are substantial limitations in the available 

studies so far, hampering attempts to understand the complex relationship between autism and 

psychosis. Firstly, in the case of observational studies, it is currently unknown whether the identified 

associations suggest causal relationships, or they are due to confounding. A particularly important 

confounder in the associations between autistic traits and psychotic experiences in adulthood could be 

genetic liability to schizophrenia. Schizophrenia presents strong genetic correlations with both autism 

(rG= 0.24; p= 7*10-09) and psychotic experiences (rG= 0.21; p= 7*-05) and therefore, could potentially 

distort their identified associations87. Secondly, in the case of polygenic approaches (for example 

approaches using autism PRS as the exposure), inferring causality can be challenged due to the 

influence of pleiotropy143. Pleiotropy is the phenomenon in which common genetic variants influence 

multiple traits via independent pathways144 and therefore in a causal scenario, there is the risk that 

common genetic variants associated with the exposure, actually bypass it and drive associations 

through other genetically correlated traits143,145. PRS approaches cannot disentangle and account for 

the influence of pleiotropy which in the case of autism-psychosis associations can be particularly 
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relevant- for example, there is increasing evidence suggesting that autism and schizophrenia present 

strong genetic correlations and causal links with IQ66,87,146,147(further details on this can be found in 

Chapter 2). Third, with regards to indirect pathways linking autism and psychosis, little is known on 

the potentially mediating role of one of the most consistently identified risk factors for psychosis, 

trauma in childhood70,91.  

There are two final considerations with regards to research on the potentially causal links between 

autism and psychosis and they are related to current conceptualisations of the two conditions. Firstly, 

studies investigating the associations between autism liability and psychotic experiences in adulthood 

have conceptualised autism liability as a unity and not as a constellation of aetiologically distinct 

social and non-social features (section 1.1.2). Incorporating this conceptualisation of autism in study 

designs is necessary in order to identify potentially unique links between specific autism features and 

psychosis later in life. Secondly, one of the ultimate aims of research into the associations between 

autism liability and psychotic experiences is to reflect on potentially subsequent risk of psychotic 

disorders. However, psychotic experiences are not necessarily associated with transition to psychotic 

disorders (section 1.1.2) and therefore any identified links between autism liability and psychotic 

experiences, do not necessarily reflect psychotic disorder risk. On this basis, it is important to assess 

the potential causal links of autism liability along the psychosis continuum, from psychotic 

experiences to schizophrenia.  

1.3.2 Shared risk factors 

It has been hypothesised that immunological processes might constitute a shared pathway to autism 

and psychosis130. According to this hypothesis, the phenotypic features that autism and psychosis 

share, could be a result of shared underlying causal immunological mechanisms130. In the case of 

psychosis, there is increasing understanding on the role of immune response in the aetiology of the 

condition and a number of causal immunological markers have been identified through a combination 

of observational, polygenic and MR approaches73. In comparison, little is currently known on the 

causal role of immune response in autism. On this basis, deriving conclusions on whether shared 

immunological processes underly autism and psychosis could be considered premature. 
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In the field of psychosis research, mounting evidence on the associations between maternal infections 

during pregnancy and offspring psychosis124, along with evidence suggesting increased prevalence of 

autoimmune conditions in individuals with psychosis (approximately 45% based on a Danish registry-

based study)128 oriented investigations towards understanding the potential role of immune response 

in the aetiology of the condition. Longitudinal evidence from general population cohorts suggested 

associations between atopic conditions in childhood (until age 10) and psychotic experiences at age 

13 (asthma: N= 49,23; OR= 1.33; 95%CIs: 1.04-1.69; eczema: N= 4,923; OR= 1.37; 95%CIs: 1.08-

1.74)93, as well as associations between early childhood infection and psychotic experiences at age 

1392,148. On this basis, several immunological markers and their causal role in psychosis were 

investigated, with IL-6 being one of the most consistently identified and replicated. In two meta-

analyses of cross-sectional studies, cases at clinical high risk of psychosis (N= 16) as well as cases 

with a schizophrenia diagnosis (N= 58) were found to have substantially higher concentrations of 

circulating blood IL-6 compared to controls149,150. This evidence has been complemented by 

longitudinal population-based studies, identifying associations between higher levels of serum IL-6 at 

age 9 and psychotic experiences at age 18 (N= 2,522; OR=1.81; 95%CIs: 1.01-3.28) as well as 

psychotic disorder at age 24 (N= 2,224; OR= 1.56; 95%CIs: 1.09–2.21)94,151. Finally, MR approaches 

have provided support for a causal role of IL-6 in psychosis, by suggesting a causal effect of 

genetically proxied levels of IL-6 on risk of schizophrenia (OR= 1.24; 95%CIs: 1.05–1.47) and by 

providing robust evidence that the identified causal links are unlikely to be influenced by reverse 

causation152. 

In comparison, hypotheses implicating immune response in the aetiology of autism have been based 

predominantly on observational evidence suggesting associations between maternal infections during 

pregnancy as well as parental autoimmune conditions and offspring autism153,154. In a recent meta-

analysis of 11 cohort and case-control studies, there was evidence of an association between family 

history of autoimmune conditions and offspring autism, particularly hypothyroidism (OR= 1.64; 

95%CIs: 1.07–2.50), psoriasis (OR= 1.59; 95%CIs: 1.28–1.97), type 1 diabetes (OR= 1.49; 95%CIs: 

1.23–1.81), rheumatoid arthritis (OR= 1.51; 95% CIs: 1.19–1.91)129. In addition, three recent meta-
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analyses of case-control studies (N= 25, N= 38, N= 61) provided evidence of atypical concentrations 

for over 10 pro- and anti-inflammatory cytokines in autistic individuals, including  IL-6155–157. 

However, it is difficult to infer a causal role of immunological markers and pathways relying only on 

observational evidence. Causal inference based on observational approaches can be hampered by 

residual confounding (poorly measured or unmeasured confounders), reverse causation (particularly 

cross-sectional and case-control investigations), bias resulting from misclassification of the exposure 

or the outcome, missing data (particularly cohort studies), and recall and selection bias158.  

Towards assessing the potentially causal role of immune response in autism, a comprehensive 

approach would be required allowing the triangulation of observational and polygenic approaches158 

as well as the identification of potentially causal immunological markers. On this basis, investigating 

the associations between parental autoimmune conditions and autism can provide a unique 

opportunity to identify causal immunological pathways. Autoimmune conditions are characterised by 

immune response to autoantigens159. Available data on parental autoimmune condition diagnoses in 

nationwide registers allow the application of observational approaches, while available GWAS studies 

of autoimmune conditions allow the application of polygenic and MR approaches.  

Once causal relationships between parental autoimmune conditions and offspring autism are 

established, it will be possible to utilise current understanding on the immunological markers 

implicated across different autoimmune conditions160, and therefore, orient investigations towards 

potentially causal immunological markers for autism. Importantly, the increasing availability of 

GWASs on a broad range of immunological proteins161–165 in combination with the availability of 

large GWAS data on autism36 and schizophrenia66 allow the assessment of potentially shared causal 

immunological pathways for both conditions in large samples (Nautism= 46,350; Nschizophrenia= 

306,011), using causal inference approaches aimed at minimising residual confounding and reverse 

causation bias and able to detect the influence of pleiotropy, such as MR166,167.  

1.3.3 Section summary 

Although several aetiological models have been proposed to explain the autism-psychosis co-

occurrence, understanding whether the co-occurrence is explained by causal links and/or shared 
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immunological pathways can have important clinical and research implications. Hypotheses on the 

potential causal links between autism and psychosis have been based predominantly on observational 

evidence investigating associations between autistic traits in childhood and psychotic experiences in 

adolescence. Little is known on whether these associations persist to adulthood. The small number of 

available observational studies so far, have not assessed the potential influence of confounding factors 

and particularly genetic liability to schizophrenia, while studies utilising polygenic approaches cannot 

detect and account for the potential influence of pleiotropy. Furthermore, it is unknown whether the 

associations between autism, autistic traits, and psychotic experiences, extend to other conditions of 

the psychosis spectrum and particularly schizophrenia. In the case of shared risk factors, it has been 

hypothesised that immunological processes might constitute a shared pathway to autism and 

psychosis. However, the potential causal influence of immunological processes in autism has not been 

clarified yet and further research allowing triangulation of evidence from observational and polygenic 

approaches is necessary. In addition, there is a limited number of studies systematically assessing the 

causal influence of immunological pathways on both autism and psychosis and they have been 

hampered by small samples and potential confounding and reverse causation bias.  

♦ 
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1.4 Thesis aims 

The present thesis aimed at assessing evidence on two distinct aetiological models for the autism-

psychosis co-occurrence: causal pathways and shared risk factors. I used genetic and phenotypic data 

and applied a combination of study designs to triangulate evidence and strengthen causal inference 

(Chapter 2).  

Aim 1: To assess the direct and indirect causal links between autism and psychosis. 

1. Using genetic and phenotypic data from a population-based cohort, I aimed to assess evidence on 

the hypothesis that autism liability (as captured by PRS and autistic traits in childhood) would be 

associated with psychotic experiences in adulthood (Chapter 3).  

2. Using publicly available GWAS summary data and applying two-sample MR, I assessed evidence 

on the hypothesis that genetic liability to autism and autistic traits would have causal effects on 

psychotic experiences and schizophrenia (Chapter 4). 

Aim 2: To determine whether shared immunological pathways underly autism and psychosis. 

3. I aimed to interrogate the potentially causal role of immune response in autism, by utilizing four 

distinct methodological approaches, including a nationwide cohort study, LD score regression, PRS 

analysis and two-sample MR, to assess evidence on the hypothesis that parental inflammatory bowel 

disease (IBD) would be causally linked to offspring autism (Chapter 5).  

4. Using publicly available GWAS summary data and applying two-sample MR and genetic 

colocalisation analyses, I aimed at assessing evidence on the hypothesis that immunological markers 

causally implicated in autism, would be also causal for schizophrenia (Chapter 6). 

Table 1.1 provides a summary of the thesis aims and research questions. 



 

 

Table 1.1 Summary of thesis aims and research questions.  

Aim Research Question Chapter 

To assess the direct and indirect causal links between 

autism and psychosis. 

Is autism liability (PRS/traits) associated with psychotic 

experiences in adulthood? 

3 

Does genetic liability to autism and social/non-social autistic 

traits have causal effects on psychotic experiences and 

schizophrenia? 

4 

To determine whether shared immunological pathways 

underly autism and psychosis.  

Is immune response causally implicated in autism?  5 

Are immunological markers causally implicated in autism, also 

causal for schizophrenia? 

6 



 

 

Chapter 2 

Methodological approaches  
 

In the present thesis, I aimed to assess evidence on the hypotheses that autism and psychosis co-occur 

due to: (i) direct and indirect causal links, (ii) and/or shared causal immunological pathways 

underlying the two conditions. I applied a combination of epidemiological study designs, utilising 

phenotypic and genetic data, in order to address limitations of previous studies in the field, gain 

insights into distinct aspects of the exposure-outcome relationships, and strengthen causal inference.  

Understanding whether a relationship between an exposure and an outcome is causal, is a central 

concept in epidemiology (aetiological epidemiology)158. Evidence of causality is essential in order to 

introduce and/or improve prevention and intervention strategies. However, in practise, discerning 

causation from correlation and association can be difficult. Correlations and associations between 

traits do not necessarily suggest a causal relationship, but instead they might be a result of chance, 

different sources of bias and confounding168,169. For example, observed associations between autism 

and psychosis might be because of some phenotypic similarities between the two conditions leading 

to misdiagnosis of psychosis in autistic individuals (misclassification bias), and not because there is a 

causal relationship between the two conditions. It is worth mentioning though, that even in cases that 

associations are not causal, understanding the reasons underlying them can have an important impact 

towards informing public health policies. In the case of the above example, understanding that the 

associations between autism and psychosis are not causal, but instead a result of misclassification 

bias, could help towards improving diagnostic practices in autistic individuals104.  

Across available observational approaches intending to assess causal relationships between an 

exposure and an outcome (Figure 2.1), no single approach can provide definitive evidence of 

causality, since each one of them can be limited by various biases170. Instead, the application of more 

than two approaches with complementary strengths and different and unrelated (orthogonal) sources 

of bias, in the context of the same underlying research question (triangulation), can improve causal 

inference158,170. Converging evidence across approaches can increase confidence in the causal nature 
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of the exposure-outcome relationship, whereas conflicting evidence can reveal information about the 

potential sources of bias influencing the exposure-outcome relationship, and orient future research158. 

In the following section I will briefly describe approaches used for causal inference in the context of 

observational and genetic epidemiology, focusing on approaches that are relevant to the research 

presented in this thesis.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Hierarchy of evidence quality across experimental and observational approaches.  

Figure adapted from Davies et al., 2018143. As suggested by the original authors, despite this 

hierarchy, triangulation across approaches is necessary for causal inference.  
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2.1 Observational epidemiology 

As illustrated in Figure 2.1, among observational study designs, cohort studies are the most powerful 

to identify causal relationships between an exposure and an outcome. In cohort studies participants are 

selected based on the presence of the exposure (exposed vs unexposed), regardless of the presence or 

absence of the outcome, and they are followed up over time to assess whether the outcome of interest 

will occur in the exposed versus the unexposed participants171. Cohort studies present a number of 

advantages in relation to other observational study designs. Specifically, they minimise the possibility 

of reverse causation since there is an established temporal relationship between the exposure and the 

outcome and, they are particularly useful for the investigation of rare exposures, considering that 

participants can be selected based on the presence of the exposure171.  However, cohort studies can be 

limited by measured or unmeasured confounding, exposure or outcome misclassification as well as 

participant loss to follow up135,158,171.   

Confounding can arise by factors that are related to both exposure and outcome and it drive 

association estimates either towards or away from the null. Multivariable regression analyses allow to 

account for the possible influence of confounding factors that would influence the exposure-outcome 

associations158,170. However, they cannot account for the potential influence of residual confounding 

(unmeasured or poorly measured confounders). Residual confounding is difficult to be dealt with in 

the context of traditional observational studies. For this reason, triangulation of evidence across 

different approaches is necessary158. Approaches such as instrumental variables analyses can aid 

towards minimising the possibility of residual confounding. Specifically, instrumental variables 

analyses allow the assessment of the causal effects of an exposure on an outcome by using 

instruments (genetic or non-genetic variables) to proxy for the exposure of interest158,172. The 

instruments must have a robust association with the exposure, they must act on the outcome entirely 

via the exposure, and they must be unrelated to any of the confounders of the exposure-outcome 

associations (minimising this way residual confounding)158. An example of non-genetic instrumental 

variables can be schooling laws and reforms to assess the effects of education on health 

outcomes173,174, while in the context of this example, a genetic instrumental variable would be 
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common genetic variants robustly associated with educational attainment175- Mendelian 

randomization (MR)145,176 and further details on the approach can be found in section 2.2.3.  

Misclassification of the exposure or the outcome and is an additional source of bias. It can be non-

differential, i.e., exposure and outcome have been measured with error, and differential, i.e., 

measurement error in the exposure is related to the outcome and vice versa. Exposure or outcome 

misclassification can bias the association estimates either away or towards the null177,178. For this 

reason, triangulation of evidence across different samples and through approaches that enable the 

refinement of the exposure or the outcome is necessary158. For example, a possible way (although not 

the only one) to refine the exposure would be the use of PRS and MR approaches. PRS and MR 

approaches, utilise common genetic variants to estimate the underlying genetic liability to an exposure 

of interest regardless of whether the exposure has been phenotypically expressed or not. Details on 

PRS and MR approaches, their differences and limitations can be found in sections 2.2.2 and 2.2.3. 

Missing data due to participant loss to follow-up can substantially impact the estimated associations 

between exposure and outcome. A common way to deal with missing data is conducting analyses only 

using complete cases, but this can result in loss of power, precision and in some cases spurious 

associations179. Bias in complete case analyses is dependent on the underlying reasons of 

missingness180. These reasons include: (i) data are missing completely at random (MCAR), which 

implies that a random sample of data is missing and participants with complete data do not 

systematically differ from participants with missing data; (ii) data are missing at random (MAR), 

which implies that the probability of a participant having missing data is dependent on observed 

values and not on missing values; (iii) data are missing not at random (MNAR), which implies that 

the probability of a participant having missing data is dependent on missing values, even after taking 

into consideration the observed data180,181. In the case of MCAR and MAR, complete case analyses 

can potentially lead to unbiased association estimates182. However, distinguishing between MAR and 

MNAR is not possible using observed data and therefore the risk of bias in a complete case analysis 

cannot be excluded. However, statistical approaches such as multiple imputation can aid towards 

minimising the risk of bias and increase the power of the analyses179,180.  
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Multiple imputation is a widely used approach to handle missing data. In multiple imputation, missing 

values are imputed from the predictive distribution of the missing data, based on the distribution of 

the observed data and multiple datasets are created in order to allow for the uncertainty of the missing 

data180. During this stage, if there is information on variables that could predict missing values 

(auxiliary variables) can be entered in the multiple imputation models to make this way the MAR 

assumption more plausible. Across each imputed dataset, regression models are fitted, their 

association estimates are averaged across all imputed datasets, and standard errors are combined using 

Rubin’s rules183, to account for the variability across the datasets180.  

In addition to the assessment of the associations between an exposure and an outcome, it is possible to 

investigate the underlying mechanisms of association. Mediation analyses can provide evidence on 

the extent to which the identified association between an exposure and an outcome is due to an 

intermediate variable (mediator) that is on the causal pathway between the exposure and outcome. 

Counterfactual mediation (or causal mediation) allows to decompose the total effect of the exposure 

on the outcome that acts: (i) through the mediator (natural indirect effect), and (ii) through 

mechanisms that bypass the mediator (natural direct effect)184. However, it is important to note that 

the approach relies on strong assumptions: (i) no unmeasured confounding between exposure-

outcome, (ii) no unmeasured confounding between mediator-outcome, (iii) no unmeasured 

confounding between exposure-mediator, (iv) no mediator-outcome confounders that are influenced 

by the exposure185. If these assumptions hold, counterfactual approaches to mediation estimate the 

average change in the outcome in the exposed and unexposed groups, under different conditions, i.e., 

if the value of the exposure and mediator are fixed or change170,184. In contrast to traditional mediation 

approaches, counterfactual mediation approaches allow the inclusion of binary mediators and 

outcomes, and interaction between exposure and mediator184,186.  

2.2 Genetic epidemiology 

Genetic epidemiology is focused on the study of the genetic determinants of physical and mental 

health conditions in the population and enables the use of genetic data in an epidemiological 
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framework to assess correlations, associations and causal relationships between traits, overcoming 

some of the limitations of observational approaches187.  

One of the most powerful tools in genetic epidemiology are GWAS. GWASs test for associations 

between genetic variants and phenotypes in a population, in a hypothesis-free manner. Typically, 

GWASs focus on single nucleotide polymorphisms (SNPs), which refer to a variation in a single base 

pair of the DNA and are common in the population (frequency >1%). Associations with the 

phenotypes of interest are assessed using linear (continuous phenotype) or logistic (binary phenotype) 

regression models and reported in blocks of SNPs (loci), i.e., SNPs that are co-inherited and 

correlated referred to as being in high linkage disequilibrium (LD)188. Loci that pass a p-value 

threshold ≤5*10-08 are typically considered to be associated with the phenotype of interest at genome-

wide significance.  

It is increasingly being recognised that for complex traits such as autism, schizophrenia and IQ, the 

genome-wide significant loci are of small effect size, explain only a small proportion of the genetic 

and phenotypic variance, and they span across the genome189. In fact, complex traits seem to be 

influenced by a large number of variants bellow the genome-wide threshold and of small effect size- 

these traits are referred to as polygenic190. In polygenic traits, liability to the trait is conceptualised to 

be normally distributed to the population and individuals are expected to express the phenotype after a 

threshold of genetic and environmental risk as well as chance, has been exceeded. Individuals close 

but below the threshold are expected to present some sub-phenotypic features191–193 (the liability-

threshold model of inheritance is visualised in Figure 2.2).
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2.2.1 Linkage Disequilibrium Score Regression (LDSC) 

LDSC194 enables the assessment of SNP heritability for a single trait as well as the estimation of the 

genetic correlation between multiple traits by utilising full GWAS summary data. In the context of the 

research presented in this thesis, LDSC was used to estimate genetic correlation. The importance of 

estimating genetic correlations between two traits, relies on the fact that it can explain whether 

phenotypic correlations between two traits are influenced by genetic overlap or they are solely due to 

environmental factors- evidence of a substantial genetic correlation between traits suggests that their 

phenotypic correlations are at least partially explained by shared underlying genetics195.  

The method harnesses the LD patterns in the genome to estimate a score for each SNP (LD score). 

This score is based on the principles of polygenicity and reflects whether a SNP is in a high LD region 

and therefore tagging larger proportions of the genome and potentially more causal variants for the 

trait of interest (higher LD score), than SNPs that are in low LD regions (low LD score)196. SNP 

association statistics with each trait of interest are multiplied (Z score trait A * Z score trait B) and 

Figure 2.2 The liability-threshold model of inheritance.  

Liability to a trait is normally distributed in the population and the phenotype will be expressed after 

a threshold of environmental and genetic factors as well as chance, has been exceeded191–193. Figure 

adapted from Howe et al., 2018372 
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their product is regressed on their LD score, with the regression slope indicating the genetic 

correlation of the traits194,196.  

A major advantage of the approach is that it does not require individual level genotype data, in 

contrast to other available approaches (e.g., genetic restricted maximum likelihood analysis; 

GREML). However, it is important to note that the method gives an estimation of the genetic 

correlation between two traits but does not indicate causal relationships- two traits might present 

strong genetic correlations due to pleiotropy and not necessarily causality.  

2.2.2 Polygenic risk scores (PRS)  

PRS approaches enable the estimation of an individual’s underlying genetic liability to a complex 

trait. PRS require individual level genotype data, and are calculated as the sum of the individual’s risk 

alleles, weighted by the effect sizes of each variant identified in the GWAS of the trait197. PRS can be 

calculated for a subset of variants based on a p-value specified threshold, e.g., 5*10-08. Considering 

that variance in most polygenic traits is unlikely to be explained by genome-wide significant variants, 

PRS using subsets of variants meeting more relaxed association thresholds e.g., p≤0.05 might capture 

more variance in the phenotype- which is the case for polygenic traits. Ideally, PRS estimated across 

different p-value thresholds, should be tested for association with the corresponding phenotype in the 

available sample (referring to the target sample) so that the PRS that captures the most variance in the 

phenotype can be used for subsequent analysis. However, this is not always possible and depends on 

the available phenotypic data in the sample. 

In the context of the research presented in this thesis, PRS were used to estimate associations with 

outcomes of interest, e.g., psychotic experiences. The advantage of this approach relies on the fact 

that PRS capture genetic liability to the exposure, regardless of whether the exposure has been 

phenotypically expressed. Therefore they are particularly important for the triangulation of evidence 

from traditional observational approaches, since they allow the refinement of the exposure used in the 

context of the observational study (i.e., they can potentially overcome misclassification bias of an 

observational study)158. However, as mentioned above, making sure that the PRS capture adequate 

variance in the phenotype can be challenging. In addition, evidence of association does not 
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necessarily mean causation and identified associations can be potentially influenced by pleiotropy, 

especially in scores that have been estimated at lower p-value thresholds, i.e., using variants that are 

not robustly with the trait of interest and their effects on the trait might be via other pathways (Figure 

2.3).  

It is worth noting here, that pleiotropy is not always problematic for causal inference. An example of 

this (adapted by Davies et al. 2019175 and Dardani et al., 2021147) can be based on emerging evidence 

suggesting causal effects of genetic liability to higher educational attainment and IQ on autism. 

Educational attainment and IQ present strong genetic correlations and therefore, common genetic 

variants influencing educational attainment are expected to also influence IQ (pleiotropic variants). If 

common genetic variants influencing IQ have causal effects on autism, via their effects on educational 

attainment, then the identified links between genetic liability to higher IQ and autism could be causal 

(vertical pleiotropy). However, if common genetic variants influencing IQ have effects on autism 

entirely via educational attainment, i.e., bypassing IQ, then this could lead to spurious conclusions 

with regards to the associations between IQ and autism (horizontal pleiotropy). Figure 2.3 visualises 

these two scenarios. Although PRS approaches do not allow the detection and assessment of 

pleiotropy, MR approaches do, and therefore triangulation of evidence from PRS approaches with MR 

is necessary for causal inference. 
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2.2.3 Mendelian randomization (MR) 

MR is a causal inference approach that can overcome limitations of observational and PRS 

approaches. MR is based on the principles of instrumental variables analyses, utilising germline 

genetic variants as instruments for exposures to assess their causal effects on outcomes of 

interest166,167. Since genetic variants are randomly assorted at meiosis and fixed at conception, the 

method is effective in minimising confounding and reverse causation bias that hamper observational 

studies166,176. In contrast to PRS approaches that estimate associations, under certain assumptions that 

the instruments should satisfy, MR can generate unbiased causal effect estimates. Specifically, the 

instruments: (i) must be robustly associated with the exposure, (ii) they must not be associated with 

any confounders of the exposure-outcome associations, (iii) they should have effects on the outcome 

entirely through the exposure (i.e., no horizontal pleiotropy)198- the assumptions are visualised in 

Figure 2.4.  

 

Figure 2.3 Illustration of horizontal (A) and vertical pleiotropy (B).  

If common genetic variants associated with an exposure have effects on the outcome entirely via 

other pathways, i.e., bypassing the exposure, this phenomenon is referred to as horizontal pleiotropy 

and it can lead to spurious associations (A). On the contrary, in the case of vertical pleiotropy (B) the 

identified associations can be causal. Figure adapted from Dardani et al., 2021147. 
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MR can be performed in a one-sample and a two-sample setting. In the one-sample setting, the causal 

effect of the genetic instruments on the outcome is estimated using individual level data, where the 

exposure and outcome are measured within a single dataset, whereas in the two-sample setting 

instrument-exposure and instrument-outcome effect sizes and standard errors are extracted from 

separate GWASs conducted in independent samples, that are representative of the same underlying 

population199. Two-sample MR can increase the statistical power and precision of the causal estimates 

because it does not require measured exposure, outcome, and genotyped data on all participants 

within a single sample and therefore, causal estimates can be calculated using multiple large-scale 

GWASs. Across all analyses presented in the thesis, a two-sample framework was used.  

In the context of univariable two-sample MR, when exposures are instrumented by a single genetic 

variant (usually when proteomic and transcriptomic exposures are used), causal effect estimates are 

generated using the Wald ratio, which is the ratio of the SNP-outcome/SNP-exposure coefficients200. 

In cases of multiple instruments (typically when complex trait GWAS are used), the causal effect  

Figure 2.4 Directed acyclic graph (DAG) visualising the three MR assumptions.  

Specifically, the method can yield unbiased causal effect estimates under assumptions that the 

instruments should satisfy: they must be robustly associated with the exposure (MR assumption 1), 

they must not be associated with any measured or unmeasured confounders of the exposure-outcome 

associations (MR assumption 2), they should operate on the outcome entirely through the exposure 

(i.e. no horizontal pleiotropy). Figure adapted from Dardani et al., 2022211.  
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estimates are generated using the inverse variance weighted (IVW) approach, which is a generalized 

weighted linear regression of the SNP-outcome coefficients on the SNP-exposure coefficients, with an 

intercept term constrained to zero201. The method assumes that all SNPs included in the analyses are 

valid instruments and that horizontal pleiotropy is absent or balanced. 

The validity of the instruments and the MR assumptions can be assessed using a series of sensitivity 

analyses when there are multiple instruments for the exposure. The strength of the instruments can be 

assessed using the F-statistic which is a function of the proportion of variance in the phenotype 

explained by the genetic instruments202. Evidence on the potential influence of pleiotropy in the causal 

effect estimates can be assessed using: the MR Egger regression, the weighted median and the 

weighted mode methods.  

MR Egger regression is a generalized weighted linear regression of the SNP-outcome coefficients on 

the SNP-exposure coefficients, having an unconstrained intercept term. The method provides a causal 

effect estimate accounting for potential pleiotropy201. The weighted median method generates a causal 

effect estimate assuming that at least 50% of the weights in the analyses stem from valid 

instruments203. The weighted mode provides a causal effect estimate assuming that the most common 

weighted effect estimates stem from valid instruments204. 

In addition to sensitivity analyses testing for the influence of pleiotropy, an extension of MR, 

multivariable MR (MVMR), enables the inclusion of multiple exposures within the models and allows 

the estimation of their direct effects on the outcome, independent of other genetically correlated 

exposures205. This can be particularly relevant in the case of autism, considering its genetic 

correlations and causal links with IQ36,146,147. For example, in a scenario of vertical pleiotropy in 

which genetic liability to autism has causal effects on schizophrenia via its effects on IQ (Figure 2.5), 

univariable MR would provide a total causal effect estimate of genetic liability to autism on 

schizophrenia, whereas MVMR would allow to distinguish the effects of genetic liability to autism, 

from the ones of IQ, on schizophrenia. In another possible scenario, IQ might be a confounder of the 

genetic liability to autism-schizophrenia causal pathways i.e., having effects on both autism and 
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schizophrenia (Figure 2.5). MVMR would be again a powerful approach to assess the direct, 

independent of IQ, causal effects of genetic liability to autism on schizophrenia.  

 

 

 

 

  

 

 

Figure 2.5 Possible causal pathways linking genetic liability to autism, IQ and schizophrenia.  

In both scenarios, univariable MR would provide a total causal effect estimate of genetic liability to 

autism on schizophrenia, whereas MVMR would allow to estimate the direct, independent of IQ 

effects of genetic liability to autism on schizophrenia.  
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2.2.4 Genetic colocalisation 

Genetic colocalisation approaches are typically applied as complementary approaches to GWAS to 

elucidate whether identified variants within loci are causal and functional for the trait206. The method 

assesses whether two independent association signals within the same locus that have been generated 

by two separate GWAS are consistent with a shared causal variant207. The approach can be 

particularly informative towards understanding biological pathways underlying complex traits. For 

example, a recent study comparing association signals generated from a GWAS of IBD and a GWAS 

capturing messenger RNA (mRNA) levels (expression Quantitative Loci- eQTL study) in immune 

cell populations (CD4+, CD8+, CD19+, CD14+, CD15+), found evidence that IBD-associated variants 

colocalise with variants capturing mRNA expression (eQTLs) in CD4+ T cells, suggesting a 

potentially causal role of CD4+ T cells and their functions in the aetiology of IBD208,209.  

In the context of the research presented in this thesis, colocalisation was used as a complementary 

approach to MR. Specifically, in cases that an exposure is instrumented by a single variant, sensitivity 

analyses to test the evidence of causal effects provided by the Wald ratio cannot be conducted. In 

these cases, colocalisation approaches can complement MR approaches by elucidating a distinct 

aspect of the identified causal relationship between an exposure and an outcome210. Evidence of MR 

causal effects and colocalisation, can strengthen causal inference. Specifically, colocalisation allows 

the assessment of the hypothesis that any identified causal effects are driven by the same causal 

variant influencing both exposure and outcome, instead of distinct causal variants that are in LD with 

each other211,207. In practice, the approach is harnessing SNP coverage within the same specified locus 

for two traits of interest and tests whether the association signals for each trait at the specified locus 

are suggestive of a shared causal variant and therefore a potentially common underlying biological 

mechanism211,207. Colocalisation analyses in the context of the present thesis were relevant for the 

investigation of shared causal immunological pathways underlying autism and schizophrenia. Figure 

2.6 provides a visual summary of genetic colocalisation.
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Figure 2.6 Visual summary of genetic colocalisation.  

The method assesses whether two independent association signals within the same locus that have 

been generated by two separate GWAS are consistent with a shared causal variant207. In case A, the 

two association signals seem to colocalise in the specified region, whereas in case B they do not. 

Locus plots are used only for the illustrative purposes of the example, and genetic colocalisation is 

utilising rigorous statistical testing of the probability that the two independent signals colocalise 

(further details can be found in Chapter 6).  Figure adapted from Cano-Gamez et al208. 
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2.3 Section summary 

Understanding whether a relationship between an exposure and an outcome is causal can be 

particularly challenging. A methodological approach in isolation cannot provide definitive evidence 

of causality, due to potential bias. Instead, a combination of approaches with complementary strengths 

and different and unrelated (orthogonal) sources of bias, applied in the context of the same research 

question, can strengthen causal inference. For this reason, in the present thesis a combination of 

distinct approaches utilising phenotypic and genetic data were utilised. Table 2.1 provides a summary 

of the thesis aims, research questions, methodological approaches and data sources utilised in the 

present thesis. 
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Table 2.1 Summary of thesis aims, research questions, methodological approaches and data sources.  

 

Aim Research Question Chapter Methodological approach Data sources 

To assess the direct and 

indirect causal links between 

autism and psychosis. 

Is autism liability (PRS/traits) associated 

with psychotic experiences in adulthood? 

3 Polygenic risk score analysis and multivariable 

regression to investigate the associations between autism 

polygenic risk and psychotic experiences in adulthood.  

Genotype and phenotype from the 

ALSPAC birth cohort.  

Multivariable regression analysis to investigate the 

associations between social/non-social autistic traits and 

psychotic experiences in adulthood.  

Multivariable regression analysis to assess the potential 

confounding influence of schizophrenia polygenic risk in 

any of the identified associations. 

Counterfactual mediation analysis to assess the 

potential mediating role of trauma in childhood in any of 

the identified associations. 

Does genetic liability to autism and 

social/non-social autistic traits have causal 

effects on psychotic experiences and 

schizophrenia? 

4 Two-sample MR to estimate the total causal effects of 

genetic liability to autism and social/non-social autistic 

traits on psychotic experiences as well as schizophrenia.  

GWAS summary-level data.  

Multivariable two-sample MR to estimate the direct, 

independent of the potential pleiotropic influence of IQ, 

causal effects of genetic liability to autism and social/non-

social autistic traits on psychotic experiences as well as 

schizophrenia. 

To determine whether shared 

immunological pathways 

underly autism and 

psychosis.  

Is immune response causally implicated in 

autism?  

5 Multivariable regression analysis to investigate the 

associations between parental diagnoses of inflammatory 

bowel disease and offspring autism.  

Phenotype data from nationwide 

health registers in Sweden.  

LD score regression analysis to assess the genetic 

correlation between inflammatory bowel disease and 

autism.  

GWAS summary-level data. 

Polygenic risk score analysis and multivariable 

regression to investigate the associations between 

maternal polygenic risk for inflammatory bowel disease 

and offspring autism.  

Genotype and phenotype data from 

the ALSPAC birth cohort.  
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Table 2.1. Continued from above.  

Aim Research Question Chapter Methodological approach Data sources 

To determine whether shared 

immunological pathways 

underly autism and 

psychosis.  

Is immune response causally implicated in 

autism? 

5 Two-sample MR to assess the causal effects of genetic 

liability to inflammatory bowel disease on autism.  

GWAS summary-level data 

Are immunological markers causally 

implicated in autism, also causal for 

schizophrenia? 

6 Two-sample MR analyses to assess the causal effects of 

genetically proxied immunological markers on autism and 

schizophrenia.  

GWAS summary-level data 

Genetic colocalisation analyses to assess whether any 

identified causal effects are consistent with a shared 

causal variant influencing levels of immunological 

markers as well as autism and/or schizophrenia.  

GWAS summary-level data 

 

♦ 
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Chapter 3 

The associations between autism polygenic risk, autistic traits in 

childhood and psychotic experiences in adulthood 
 

Content from this chapter is included in the following preprint:  

Dardani C, Schalbroeck R, Jones H, Strelchuk D, Hammerton G, Croft J, Madley-Dowd P, Sullivan S, Zammit 

S, Selten JP, Rai D. Childhood trauma as a mediator of the association between autistic traits and psychotic 

experiences: evidence from the ALSPAC birth cohort. PsyArXiv; 2021; doi: https://psyarxiv.com/ed8m5/  

(Currently under consideration at Schizophrenia Bulletin) 

 

♦ 

3.1 Introduction 

In Chapter 1 I discussed that current understanding on the potentially causal links between autism and 

psychosis has been largely based on longitudinal studies focusing on the associations between autistic 

traits in childhood and psychotic experiences in early adolescence. For example, two studies in the 

ALSPAC birth cohort, found that autistic traits until age 9, were associated with psychotic 

experiences by age 12137,138. In addition, there is some evidence suggesting that these associations 

might be mediated by adverse childhood experiences. Specifically, the only available study in the 

field applying a formal mediation approach (i.e., not adjusting for the mediator), found evidence of a 

mediating role of bullying victimisation at age 12 in the associations between autistic traits and 

psychotic experiences at age 14139. However, psychotic experiences in early adolescence are typically 

transient and of no clinical significance83,84- instead, experiences that are accompanied by distress for 

the individual and are persistent have been found to be associated with transition to psychotic 

disorders85.  

There is currently a limited number of studies utilising polygenic and observational approaches to 

investigate the links between autism liability (polygenic risk and traits) and psychotic experiences in 

adulthood. Specifically, autism polygenic risk has been found to be associated with psychotic 

experiences in adulthood in UK Biobank87, while in the population-based IMAGEN cohort, the 

associations between autism polygenic risk and psychotic experiences at age 18 appeared to be 

mediated by difficulties in social functioning and peer problems142.  With regards to observational 

https://psyarxiv.com/ed8m5/
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studies, there was evidence in the CATSS study of an association between autistic traits in childhood 

and auditory hallucinations at age 18, which however attenuated substantially after adjusting for other 

neuropsychiatric conditions in childhood such as ADHD140. In the ALSPAC cohort, there was 

evidence consistent with between autistic traits in childhood and psychotic experiences in adulthood, 

although the possibility of confounding bias in the identified associations was not explored141. 

Overall, there is some evidence to suggest associations between autism liability and psychotic 

experiences in adulthood, although several aspects of their relationship have been un-/under-explored. 

Firstly, it is necessary to further interrogate the associations between autism polygenic risk and 

psychotic experiences in other available cohorts- particularly considering that different cohorts might 

present different confounder structure and selection bias (e.g., UK Biobank “healthy volunteer” 

bias212,213). Secondly, little is currently known on whether the identified associations between autistic 

traits and psychotic experiences are a result of confounding and particularly genetic confounding by 

schizophrenia polygenic risk, considering that autism and psychotic experiences present strong 

genetic correlations with schizophrenia36,87. Thirdly, the potential mediating role of childhood trauma, 

one of the most consistently reported environmental risk factors for psychotic experiences and 

psychotic disorder91,214, remains unclear. This can be particularly important considering evidence 

suggesting that childhood maltreatment and/or bullying victimization is more common in autistic 

individuals, individuals with higher polygenic risk for autism and childhood autistic traits215–218.  

Using data from a UK population-based cohort, the ALSPAC birth cohort, I investigated:  

(i) whether common variant autism polygenic risk (captured by PRS), and childhood autistic 

traits assessed between ages 3-9, are associated with psychotic experiences measured at 

ages 18 and/or 24; 

(ii) the possible confounding influence of schizophrenia common variant polygenic risk 

(captured by PRS); 

(iii) the extent to which any identified associations were mediated by trauma experienced 

between ages 5-11. 



Part I: Causal Pathways 

48 
 

3.2 Methods 

3.2.1 Cohort Description 

I used data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a population-based 

cohort study of children born to 14,541 pregnant mothers residing in the former county of Avon, 

United Kingdom, with an expected delivery date between 1 April 1991 and 31 December 1992. Of 

these pregnancies, there were 14,062 live births and 13,988 children who were alive at 1 year of age. 

When the oldest children were approximately 7 years of age, eligible samples who did not join the 

study initially were contacted, and additional participants were recruited. This resulted in a total of 

15,454 pregnancies and 15,589 foetuses, of which 14,901 were alive at 1 year of age. Depending on 

the analysis conducted, I restricted the sample to participants with complete genotype data, autistic 

traits, traumatic experiences, psychotic experiences and confounders.  

Further information on the ALSPAC cohort is available on the ALSPAC website 

(http://www.bristol.ac.uk/alspac) and elsewhere26,27. The study website contains details of all the data 

that is available through a fully searchable data dictionary and variable search tool 

(http://www.bristol.ac.uk/alspac/researchers/our-data/). Some data were collected using REDCap28,29. 

Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the 

Local Research Ethics Committees. Informed consent for the use of data collected via questionnaires 

and clinics was obtained from participants following the recommendations of the ALSPAC Ethics and 

Law Committee at the time. 

3.2.2 Genetic Data 

A total of 9,912 ALSPAC children were genotyped on the Illumina HumanHap550-quad chip 

genotyping platforms by 23andme subcontracting the Wellcome Trust Sanger Institute, Cambridge, 

UK and the Laboratory Corporation of America, Burlington, NC, US. After standard quality control 

(details on quality control in the ALSPAC cohort can be found elsewhere219) and excluding 

participants who had withdrawn consent, genetic data were available for 7,977 children of European 

ancestry. Consent for biological samples has been collected in accordance with the Human Tissue Act 

(2004). 

http://www.bristol.ac.uk/alspac
http://www.bristol.ac.uk/alspac/researchers/our-data/
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3.2.3 Phenotypic Data 

3.2.3.1 Autistic traits 

I used a measure of broad autistic traits, estimated in ALSPAC as the mean score of seven factors 

identified in a previous factor analysis of 93 available measures related to autism220. This factor was 

found to strongly predict cases of autism ascertained through clinical records in ALSPAC, 

independent of the factor analysis220. Additionally, I used four other measures of autistic traits, which 

were also independent predictors of an autism diagnosis in the ALSPAC cohort220. These included 

social communication difficulties assessed with the Social Communication Disorder Checklist 

(SCDC) at age 7 years50, difficulties in pragmatic language use assessed with the coherence subscale 

of the Children’s Communication Checklist at age 9 years221, sociability assessed with a subscale of 

the Emotionality, Activity and Sociability Temperament Scale at age 3 years222, and repetitive 

behaviour assessed with measures obtained from the Development and Well-Being Assessment at age 

5 years223. Participants who had scores within the approximately highest 10% of the measure 

distribution were classified as being ‘case positive’ for the autistic trait224. 

3.2.3.2 Psychotic experiences 

Psychotic experiences were assessed at ages 18 and 24 using the semi-structured Psychosis-Like 

Symptoms interview (PLIKSi), administered by trained psychologists, and scored according to criteria 

predefined by the World Health Organization225. The PLIKSi consists of 12 core questions covering 

hallucinations, delusions, and thought interference. Participants were asked about experiences that had 

occurred since age 12 years and until the ages 18 and/or 24. Psychotic experiences were considered 

present if one or more of the experiences was rated by the interviewer as suspected or definitely 

present, and if this was not attributable to falling asleep or waking up, fever, or substance use. I 

additionally examined psychotic experiences that had been distressing and/or frequent, since these 

experiences are more clinically relevant and predictive of psychotic disorder84. In sensitivity analyses 

I excluded reports of tactile hallucinations, since these experiences might be difficult to distinguish 

from the heightened tactile perception often seen in autism226. 
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3.2.3.3 Childhood trauma 

The measures of childhood trauma and their associations with psychotic experiences have been 

described in detail elsewhere91. In brief, I used a measure of childhood trauma between ages 5 and 11 

based on responses to 57 questions from questionnaires and interviews about domestic violence 

(presence of regular acts of physical violence taking place in the home), physical abuse (physical 

harm to the participant from caregivers or other adults), emotional abuse (emotional cruelty to the 

participant from caregivers or other adults), emotional neglect (caregivers not taking an interest in the 

participant’s life), sexual abuse (adults or older children forcing the participant into sexual activity, 

including attempts to do so), and bullying victimization (regular name-calling, blackmail, or assault 

by peers). Measures assessed contemporaneously by the participant and their caregivers between 

participant ages 5 to 11, were supplemented with data from a participant-completed questionnaire at 

age 22, as all data on sexual abuse, and most data on physical and emotional abuse prior to age 11, 

were based on parental report. Each type of trauma was coded as present or not, and a single trauma 

variable was created representing exposure to any type of trauma91. 

3.2.4 Analyses 

3.2.4.1 Analysis plan 

I firstly investigated the associations between autism polygenic risk and psychotic experiences at the 

age 18 and/or 24 assessments (section 3.2.4.2). Then, I moved on to assess the relationship between 

autistic traits and psychotic experiences (section 3.2.4.3). Mediation analyses were performed in cases 

that there was evidence of associations between the exposure(s) of interest and the outcome (section 

3.2.4.4).  

3.2.4.2 Investigating the associations between autism polygenic risk and psychotic experiences  

Polygenic risk score calculation 

PRS for autism were calculated using PLINK version 1.9, applying the method described by the 

Psychiatric Genomics Consortium (PGC)227. Using the latest genome-wide association study (GWAS) 

summary data for autism36 as the discovery sample, I extracted SNPs, corresponding alleles, effect 

sizes and p-values. SNPs with mismatching alleles between the discovery and the ALSPAC 
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genotyped sample were removed. I additionally removed the Major Histocompatibility Complex 

(MHC) region (25 Mb – 34 Mb), except for one SNP representing the strongest signal within the 

region. This approach was followed in the original method outlined by the PGC, due to the complex 

LD structure of the MHC region227. Using ALSPAC data as reference panel, SNPs were clumped with 

an r2 of 0.25 and a physical distance threshold of 500 kB. I calculated PRS for each participant across 

13 p-value thresholds (5*10-08 to 0.5), standardized by subtracting the mean and dividing by the 

standard deviation.  

Statistical analyses 

I performed logistic regressions using STATA/MP 15 to examine associations between each autism 

PRS threshold and psychotic experiences outcomes. Analyses were adjusted for child’s sex and the 

first 10 principal components of the ALSPAC genotype data to avoid population stratification bias. 

3.2.4.3 Investigating the associations between autistic traits and psychotic experiences  

Potential Confounders 

In analyses investigating the associations between autistic traits and psychotic experiences, 

confounders were considered on the basis of existing evidence suggesting associations with autistic 

traits, traumatic events (for subsequent mediation analyses), and psychotic experiences217,228,229. These 

included child sex (male/female), maternal parity (≤ 1 child versus ≥ 2 children), major financial 

problems in the family when the child was 8 months old (yes/no), maternal highest educational 

attainment (32 weeks gestation), maternal age (at delivery), maternal Crown-Crisp anxiety scores230 

(18 weeks gestation), maternal depression measured with the Edinburgh Postnatal Depression Scale231 

(EPDS; 18 weeks gestation scores ≥ 13), and child IQ scores at age 8 assessed with the Wechsler 

Intelligence Scale for Children third edition232 (WISC-III).  

In children with available genotype data, I calculated schizophrenia PRS using the schizophrenia 

GWAS summary data227 (available at the time of analyses) as the discovery sample227, following the 

process described in the PRS analyses section above. I used scores corresponding to a 0.05 p-value 

threshold, as this threshold has been found to optimally capture schizophrenia liability across different 
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samples227 and assessed their potential confounding role in the associations between autistic traits and 

psychotic experiences.  

Statistical analyses 

Statistical analyses were conducted in STATA/MP version 15. I compared individuals with and 

without autistic traits on confounder data, traumatic experiences, and psychotic experiences using 

Pearson χ2-test, independent-samples t-tests, and logistic regression analyses. 

Using logistic regression, I estimated odds ratios (ORs) and 95% confidence intervals (95% CIs) for 

the associations between autistic traits in childhood and psychotic experiences in young adulthood. I 

performed crude models and confounder-adjusted analyses, including a separate analysis adjusting for 

schizophrenia PRS in the sample with available genotype data. 

Missing data 

I performed multiple imputation by chained equations233, using the STATA ice command. 

Confounder and outcome data were imputed for the sample with complete data on each autistic trait 

exposure. I created 100 imputed datasets using information from variables included in the analyses as 

well as auxiliary variables associated with the variables of interest and attrition, to make the missing-

at-random assumption plausible180. Based on established guidelines on auxiliary variables selection179, 

I entered in the models exposure, outcome, confounders and auxiliary variables. The decision was 

based not only on their potential associations with exposure, outcome, mediator, confounders, but also 

on their completeness. Specifically, based on the recently published framework for the treatment of 

missing data, developed in the context of the STRATOS initiative (STRengthening Analytical 

Thinking for Observational Studies), it is recommended to include a small number of auxiliary 

variables that are strong predictors of missing values and they show the lowest possible 

missingness179. On this basis the following auxiliary variables were included in the models: (i) 

maternal marital status: assessed via questionnaire during 8 weeks of gestation. The measure was 

available in 13,545 mothers (13% missingness); (ii) home ownership status: assessed via 

questionnaire during 8 weeks of gestation. The measure was available in 13,487 mothers (14% 



Part I: Causal Pathways 

53 
 

missingness); (iii) Crowding index: assessed via questionnaire during 8 weeks of gestation and 

defined as the proportion of people per room. The measure was available in 13,247 mothers (15% 

missingness). 

I used linear regression models for imputation of normally distributed variables, logistic regression 

models for binary variables, and the inbuilt match command for predictive mean matching to impute 

non-normal continuously distributed variables.  

3.2.4.4 Investigating the potential mediating role of trauma in childhood 

As outlined in the analysis plan, section 3.2.4.1, mediation analyses were performed in cases that 

there was evidence of associations between the exposure(s) of interest and the outcome. Mediation 

analyses were performed using the g-formula package in STATA186. I used the parametric g-formula 

using Monte Carlo simulations to estimate the natural direct effect (NDE) of the exposure(s) of 

interest on psychotic experiences, and the natural indirect effect (NIE) that was mediated via 

traumatic experiences between ages 5 to 11. I performed unadjusted as well as adjusted models for 

confounders. As described in the confounders section above, confounders were selected on the basis 

of existing evidence suggesting associations with autistic traits, traumatic events, and psychotic 

experiences217,228,229. Mediation analyses were additionally performed adjusting for schizophrenia 

polygenic risk. Corresponding 95% CIs were estimated using the standard errors from 1000 non-

parametric bootstrap resamples. The proportion mediated (PM) was calculated as234: [(ORNDE*(ORNIE-

1)) / (ORNDE*ORNIE -1)]*100. 

For imputation of missing data, I used the inbuilt g-formula imputation commands186, allowing 

simultaneous imputation of missing data and mediation analyses, entering in the models the same 

auxiliary variables I used for the primary analyses.  

3.3 Results 

A summary of the available sample sizes for each analysis conducted can be found in Figure 3.1. 
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Figure 3.1 Available sample size for each analysis conducted in the context of the present study.  

PRS: polygenic risk score 

 

 

.   
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3.3.1 Associations between autism polygenic risk and psychotic experiences  

In total 4,013 children had available genotype and psychotic experiences data (Figure 3.1). Of these 

children, 44% were male, 13% reported psychotic experiences and 6% reported distressing or frequent 

psychotic experiences at the age 18 and/or 24 assessments.  

There was no evidence to suggest associations between participant PRS for autism across all p-value 

thresholds, and any psychotic experiences measure (Figure 3.2 and Appendix Tables A1-A4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Associations between autism PRS across 13 p-value thresholds and psychotic experiences 

assessed at age 18 and/or 24.   

PRS: polygenic risk score; OR: Odds ratio.  
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3.3.2 Associations between autistic traits and psychotic experiences in adulthood 

The maximum available sample size before imputation was 3,707 for the analyses examining the 

associations between autistic traits and psychotic experiences (Figure 3.1). Children scoring highest 

on all the autistic traits were more likely to be male, present lower total IQ scores (Table 3.1) and 

experience trauma between ages 5–11 (only exception sociability; Appendix Table A5). 

Participants with complete data on exposure, outcome confounders, were more likely to be female, 

have a higher socioeconomic background, and present higher total IQ scores, while they were less 

likely to have experienced trauma in childhood and psychotic experiences later in life, compared to 

those with incomplete data (details can be found in Appendix Tables A6-A7). After imputing data, the 

maximum sample size for the analyses was 13,105 individuals.  

In complete case analyses (shown in Table 3.2), there was evidence of associations between autism 

factor mean score and psychotic experiences (ORCRUDE = 1.13, 95%CIs: 1.02–1.26, P= 0.03) as well as 

distressing and/or frequent psychotic experiences (ORCRUDE = 1.20, 95%CIs: 1.04–1.38, P= 0.01). The 

associations remained of comparable magnitude after adjusting for confounders (ORADJUSTED = 1.09, 

95%CIs: 0.97–1.23, P = 0.15; ORADJUSTED = 1.19, 95%CIs: 1.01–1.39, P= 0.03), and for schizophrenia 

polygenic risk (Appendix Table A8). Sensitivity analyses restricted to psychotic experiences without 

tactile hallucinations yielded comparable estimates (Table 3.2). Additionally, there was evidence of 

associations between social communication difficulties and psychotic experiences (ORCRUDE = 1.43, 

95%CIs: 1.01–2.03, P= 0.04) as well as distressing and/or frequent psychotic experiences (ORCRUDE = 

1.60, 95%CIs: 1.02–2.52, P= 0.04). Effect estimates were of comparable magnitude when adjusting 

for confounders (ORADJUSTED = 1.34, 95%CIs: 0.94–1.91, P= 0.11; ORADJUSTED = 1.54, 95%CIs: 0.97–

2.45, P= 0.07), schizophrenia polygenic risk (Appendix Table A8), and restricted to psychotic 

experiences without tactile hallucinations (Table 3.2).  

The imputed data analysis (Appendix Table A9) supported the identified associations, as estimates 

were of comparable magnitude to the primary analyses, and with greater precision. There was no 

evidence to suggest an association between the variables of repetitive behaviour, pragmatic language, 

and sociability with any psychotic experiences measure (Table 3.2). 
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Table 3.1 Characteristics of individuals with and without autistic traits1.  

 Autism factor mean score2 

(n = 5,800) 

Social communication 

difficulties  

(n = 5,106) 

Repetitive behaviours  

(n = 5,127) 

Pragmatic language 

 (n = 5,086) 

Sociability  

(n = 5,434) 

Variable Yes No P3 Yes No P3 Yes No P3 Yes No P3 Yes No P3 

Total n (%) 457 

(7.9) 

5,343 

(92.1) 

N/A 461 

(9) 

4,645 

(91) 

N/A 313 

(6.1) 

4,814 

(93.9) 

N/A 450 

(8.9) 

4,636 

(91.2) 

N/A 600 

(11) 

4,834 

(89) 

N/A 

Male sex, n (%) 330 

(72.2) 

2,571 

(48.1) 

<0.001 298 

(64.4) 

2,257 

(48.6) 

<0.001 194 

(62) 

2,377 

(49.4) 

<0.001 284 

(63.1) 

2,250 

(48.5) 

<0.001 354 

(59) 

2,379 

(49.2) 

<0.001 

Parity (<=1 child), n 

(%) 

354 

(77.5) 

4,449 

(83.3) 

0.002 367 

(79.6) 

3,888 

(83.7) 

0.02 259 

(82.8) 

4,011 

(83.3) 

0.79 369 

(82) 

3,873 

(83.5) 

0.40 491 

(81.8) 

4,024 

(83.2) 

0.39 

Maternal educational 

attainment (university 

degree), n (%) 

70 

(15.3) 

904 

(16.9) 

0.38 71 

(15.4) 

841 

(18.1) 

0.15 59 

(18.9) 

836 

(17.4) 

0.50 75 

(16.7) 

825 

(17.8) 

0.55 91 

(15.2) 

834 

(17.3) 

0.20 

Mother’s age at 

delivery, mean (SD) 

29.2 

(4.6) 

29.4 

(4.4) 

0.51 29.2 

(4.6) 

29.5 

(4.4) 

0.11 29.4 

(4.5) 

29.5 

(4.4) 

0.60 29.5 

(4.3) 

29.5 

(4.4) 

0.91 29.2 

(4.3) 

29.4 

(4.4) 

0.33 

Maternal depression 

during pregnancy 

(EPDS >= 12), n (%) 

99 

(21.7) 

716 

(13.4) 

<0.001 102 

(22.1) 

590 

(12.7) 

<0.001 60 

(19.2) 

628 

(13.1) 

0.002 90 (20) 604 

(13.3) 

<0.001 88 

(14.7) 

649 

(13.4) 

0.40 

Total IQ score (WISC-

III), mean (SD) 

93.6 

(18.1) 

105.8 

(15.9) 

<0.001 99.6 

(19.1) 

106.2 

(15.9) 

<0.001 101.8 

(18.4) 

105.7 

(16.2) 

<0.001 96.1 

(17.9) 

106.5 

(15.8) 

<0.001 103.4 

(15.9) 

105.2 

(16.5) 

0.01 

Maternal anxiety during 

pregnancy, mean (SD) 

 

5.4 

(3.6) 

4.5 

(3.3) 

<0.001 5.4 

(3.6) 

4.48 

(3.3) 

<0.001 5.7 

(3.4) 

4.5 

(3.3) 

<0.001 5.2 

(3.6) 

4.5 

(3.3) 

<0.001 4.6 

(3.4) 

4.6 

(3.3) 

0.92 

Major financial 

problems (present), n 

(%) 

81 

(17.7) 

705 

(13.2) 

0.01 91 

(19.7) 

575 

(12.4) 

<0.001 48 

(15.3) 

614 

(12.8) 

0.19 63 (14) 591 

(12.8) 

0.45 79 

(13.2) 

642 

(13.3) 

0.94 

SD, standard deviation; EPDS, Edinburgh Postnatal Depression Scale; IQ, Intelligence Quotient; WISC-III, Wechsler Intelligence Scale for Children third edition. 
1 Characteristics are shown for observations with complete data on exposure and confounders. 
2 Dichotomised (worst 10th percentile) for the purposes of the sample descriptive statistics.  
3 The p-values for n (%) and mean (SD) are based on Pearson χ2 test and independent-samples t-test, respectively. 
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Table 3.2 Associations between autistic traits and psychotic experiences1,2. 

 

 

 

 

 

 

 Including tactile hallucinations Excluding tactile hallucinations 

Psychotic experiences  Psychotic experiences, 

 distressing and/or frequent 

Psychotic experiences  Psychotic experiences, 

 distressing and/or frequent 

Unadjusted Adjusted3 Unadjusted Adjusted3 Unadjusted Adjusted3 Unadjusted Adjusted3 

Exposure n OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P 

Autism factor 

mean score 

3,707 1.13 

(1.02–1.26) 

0.03 1.09 

(0.97–1.23) 

0.15 1.20 

(1.04–1.38) 

0.01 1.19 

(1.01–1.39) 

0.03 1.15 

(1.03–1.28) 

0.01 1.09 

(0.96–1.23) 

0.17 1.18 

(1.02–1.36) 

0.03 1.14 

(0.97–1.35) 

0.11 

Social 

communication 

difficulties 

3,384 1.43 

(1.01–2.03) 

0.04 1.34 

(0.94–1.91) 

0.11 1.60 

(1.02–2.52) 

0.04 1.54 

(0.97–2.45) 

0.07 1.49 

(1.04–2.12) 

0.03 1.36 

(0.95–1.96) 

0.10 1.69 

(1.07–2.67) 

0.02 1.61 

(1.01–2.56) 

0.05 

Repetitive 

behaviour 

3,397 0.98 

(0.63–1.54) 

0.94 0.94 

(0.60–1.48) 

0.78 1.17 

(0.65–2.09) 

0.61 1.14 

(0.64–2.06) 

0.66 0.98 

(0.61–1.56) 

0.74 0.92 

(0.58–1.48) 

0.74 1.13 

(0.62–2.06) 

0.70 1.09 

(0.59–2.01) 

0.78 

Sociability 3,536 1.28 

(0.94–1.73) 

0.12 1.27 

(0.94–1.73) 

0.12 1.31 

(0.87–1.98) 

0.20 1.33 

(0.88–2.02) 

0.18 1.25 

(0.92–1.72) 

0.16 1.25 

(0.91–1.71) 

0.18 1.20 

(0.78–1.86) 

0.40 1.22 

(0.79–1.88) 

0.38 

Pragmatic 

language 

3,409 1.08 

(0.75–1.55) 

0.68 1.00 

(0.69–1.45) 

0.99 1.45 

(0.92–2.28) 

0.11 1.37 

(0.85–2.18) 

0.19 1.15 

(0.80–1.66) 

0.45 1.04 

(0.71–1.52) 

0.82 1.54 

(0.98–2.42) 

0.06 1.43 

(0.89–2.29) 

0.14 

OR, odds ratio; CIs, confidence intervals. 
1 Estimates based on observations with complete data on exposure, outcome, and confounders. 
2Psychotic experiences assessed at ages 18 and/or 24. 
3 Adjusted for child sex (male/female), parity (≤ 1 child versus ≥ 2 children), major financial problems in the family when the child was 8 months old (yes/no), maternal highest educational 

attainment, maternal age (at delivery), maternal Crown-Crisp anxiety scores (18 weeks gestation), maternal depression measured with the Edinburgh Postnatal Depression Scale (EPDS; 18 

weeks gestation scores ≥ 13), and child IQ scores at age 8 assessed with the Wechsler Intelligence Scale for Children third edition (WISC-III). 
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3.3.3 The mediating role of childhood trauma 

Considering that there was evidence of associations between autism factor mean score and psychotic 

experiences, as well as social communication difficulties and psychotic experiences, mediation an 

analyses were conducted for these two exposures. Figure 3.3 illustrates these analyses.  

 

Figure 3.3 Schematic depiction of the mediation analyses.  

Solid black lines represent the potential indirect effects between exposure (autistic traits) and outcome 

(psychotic experiences), while dashed black lines represent the potential direct effects. Grey lines 

represent potential confounding. Although there seems to be an overlap between exposure and 

mediators, the rationale of the analyses was based on the neurodevelopmental origins of autistic traits, 

i.e,. that they are present since birth, regardless of assessment age. This is supported by previous 

studies in the ALSPAC cohort, suggesting associations between autism polygenic risk and the autistic 

measures used in the present analyses. Details can be found at: Rai et al., 2018; Pourcain et al., 2017.  
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The results of the mediation analyses are shown in Table 3.3. Autism factor mean score, social 

communication difficulties, and psychotic experiences were associated with traumatic experiences at 

ages 5 to 11 (Appendix Table A5). 

There was evidence to suggest that the associations between autism factor mean score and psychotic 

experiences were mediated by childhood traumatic experiences in crude and adjusted for confounder 

models (NIE ORCRUDE = 1.06, 95%CIs: 1.03–1.08, P < 0.001, PM = 45%; NIE ORADJUSTED = 1.04, 

95%CIs: 1.02–1.06, P< 0.001, PM = 41%). Analyses with psychotic experiences that were distressing 

and/or frequent yielded comparable natural indirect effect estimates (NIE ORCRUDE = 1.07, 95%CIs: 

1.04–1.1, P < 0.001, PM = 35%; NIE ORADJUSTED = 1.05, 95%CI 1.02–1.07, P< 0.001, PM = 28%). 

Additionally, there was evidence consistent with a mediating effect of childhood traumatic 

experiences in the associations between social communication difficulties and psychotic experiences 

in crude and adjusted models (NIE ORCRUDE = 1.15, 95%CIs: 1.08–1.22, P< 0.001, PM = 41%; NIE 

ORADJUSTED = 1.11, 95%CIs: 1.05–1.18, P< 0.001, PM = 38%). Comparable natural indirect effect 

estimates were identified in analyses assessing psychotic experiences that were distressing and/or 

frequent (NIE ORCRUDE = 1.18, 95%CIs: 1.09–1.27, P< 0.001, PM = 40%; NIE ORADJUSTED = 1.15, 

95%CIs: 1.06–1.23, P< 0.001, PM = 36%).  

Findings of the mediation analyses were comparable when I assessed associations with psychotic 

experiences excluding tactile hallucinations (Appendix Table A10), adjusted for schizophrenia PRS 

(Appendix Table A11) and imputed missing data (Appendix Table A12). 
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Table 3.3 Results of the mediation analyses with childhood trauma for the associations between 

autism mean factor score, social communication difficulties and psychotic experiences. 

 

 

 Unadjusted Adjusted2 

Estimate1 OR (95% CIs) P OR (95% CIs) P 

Exposure: Autism mean factor score; Outcome: 

psychotic experiences measured at ages 18 

and/or 24 (n = 3,577) 

    

Natural direct effect 1.08 (0.97–1.21) 0.18 1.06 (0.94–1.20) 0.36 

Natural indirect effect 1.06 (1.03–1.08) <0.001 1.04 (1.02–1.06) <0.001 

Total effect 1.14 (1.02–1.28) 0.02 1.10 (0.97–1.25) 0.14 

Proportion mediated 45% 41% 

 

Exposure: Autism mean factor score; Outcome: 

psychotic experiences measured at ages 18 

and/or 24, distressing/frequent (n = 3,577) 

  

Natural direct effect 1.15 (0.98–1.35) 0.10 1.15 (0.96–1.37) 0.12 

Natural indirect effect 1.07 (1.04–1.10) <0.001 1.05 (1.02–1.07) <0.001 

Total effect 1.23 (1.04–1.44) 0.01 1.20 (1.01–1.44) 0.04 

Proportion mediated 35% 28% 

 

Exposure: Social communication difficulties; 

Outcome: psychotic experiences measured at 

ages 18 and/or 24 (n = 3,326) 

  

Natural direct effect 1.27 (0.90–1.80) 0.17 1.22 (0.86–1.73) 0.26 

Natural indirect effect 1.15 (1.08–1.22) <0.001 1.11 (1.05–1.18) <0.001 

Total effect 1.46 (1.03–2.06) 0.03 1.36 (0.96–1.92) 0.08 

Proportion mediated 41% 38% 

 

Exposure: Social communication difficulties; 

Outcome: psychotic experiences measured at 

ages 18 and/or 24, distressing/frequent 

 (n = 3,326) 

    

Natural direct effect 1.38 (0.87–2.18) 0.17 1.37 (0.87–2.15) 0.18 

Natural indirect effect 1.18 (1.09–1.27) <0.001 1.15 (1.06–1.23) <0.001 

Total effect 1.62 (1.03–2.55) 0.04 1.57 (1.00–2.45) 0.05 

Proportion mediated 40% 36% 

OR, odds ratio; CI, confidence interval. 
1 Estimates based on observations with complete data on exposure, mediator, outcome, and confounders. 
2 Adjusted for the following confounders: child sex, parity, major financial problems, maternal highest 

educational attainment, maternal anxiety, maternal depression, and child IQ. 
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3.4 Discussion 

3.4.1 Summary of findings 

Using population-based birth cohort data, I examined the association between autism polygenic risk, 

autistic traits in childhood, and psychotic experiences in adulthood. In addition, I assessed the 

potential confounding role of schizophrenia polygenic risk, and the potential mediating role of 

childhood trauma. I found that broad autistic traits, as captured by autism factor mean score, and 

social communication difficulties were associated with psychotic experiences up to age 24. These 

associations were found to be substantially mediated by trauma in early childhood, and not 

confounded by schizophrenia polygenic risk. There was no evidence to suggest associations between 

autism polygenic risk as well as measures of repetitive behaviour, pragmatic language, or sociability 

and psychotic experiences outcomes.  

3.4.2 Comparison to previous evidence 

The present study extends previous evidence suggesting associations between autistic traits in 

childhood and psychotic experiences at age 12137,138, as well as evidence suggesting associations with 

psychotic experiences at age 18140,141. Specifically, present findings suggest that the associations 

between autistic traits and psychotic experiences in adulthood are unlikely to be due to either genetic 

or environmental confounding factors- although importantly, in the case of genetic confounding 

current PRS approaches capture only a small proportion of genetic variation235, and in the case of 

environmental confounding the possibility of unmeasured confounding cannot be excluded. The 

present findings additionally, emphasise that social communication difficulties in particular, might be 

important risk factors for later life psychotic outcomes. This is in line with evidence suggesting that 

difficulties in social functioning are potentially predictive of conversion to psychosis in samples of 

adolescents and young adults at clinical high risk236. In addition, recent evidence from the population-

based IMAGEN study, suggested that difficulties in social functioning are mediating the pathways 

between autism polygenic risk and psychotic experiences at age 18142, further emphasising the 

importance of social communication difficulties in psychotic outcomes.  
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Furthermore, there was evidence suggesting that a substantial proportion of the identified associations 

was mediated by experiences of interpersonal trauma in childhood. The experience of trauma in 

childhood is a well-established risk factor for psychotic disorder91,214,237. The present findings indicate 

that trauma may be an important pathway between autistic features and later onset of psychotic 

experiences, and more work is necessary to examine how (the consequences of) trauma can best be 

prevented, identified, and intervened in autistic individuals. For instance, there is early work showing 

that eye movement desensitization and reprocessing (EMDR), a NICE-recommended psychological 

therapy for post-traumatic stress disorder238, can be safely and effectively used among individuals 

with a psychotic disorder239, and its efficacy for autistic individuals with psychotic symptoms could 

be assessed. Additionally, elucidating the mechanisms through which traumatic experiences lead to 

psychosis such as locus of control, and negative schemas, building on work in non-autistic 

populations, can be an important avenue for future research237,240. 

In contrast to previous studies, in the present study there was no evidence to suggest that autism 

polygenic risk is associated with psychotic experiences in adulthood. It is important to note that the 

magnitude and direction of the association estimates of the present study particularly with regards to 

distressing and/or frequent psychotic experiences, are comparable to the ones in a previous study in 

UK Biobank and differences in the precision of the association estimates are likely to reflect 

differences in sample size (e.g., for PRS corresponding to a p threshold 0.05, OR in UK Biobank was 

1.10 with 95%CIs: 1.05-1.15, Nsample>120,00087, whereas in the present study for the same 

threshold the OR was 1.06 with 95%CIs: 0.94- 1.21, Nsample= 4,013). On this basis, potential 

associations between autism polygenic risk and psychotic experiences in adulthood cannot be 

excluded and further research is necessary. A potentially valuable approach to elucidate the links 

between autism common variant genetic liability to autism and psychotic experiences could be the 

application of two-sample Mendelian randomization (MR), a method that by using two independent 

GWAS datasets for the exposure and the outcome respectively, can improve statistical power and 

precision, as in contrast to PRS approaches, it does not require exposure, outcome and genotype data 

available in a single sample199.  
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3.4.3 Strengths & limitations 

Strengths of the present study include its longitudinal design and long-term follow-up as well as the 

integration of genomic and observational data from in a general population-based cohort. 

The study also has several limitations. First, as in most current studies utilising PRS approaches, the 

variance explained by the autism and schizophrenia PRS is relatively small and therefore the 

possibility of polygenic associations and genetic confounding cannot be ruled out. In addition, only 

common variation was assessed, although there is increasing evidence the rare variation such as 

CNVs might contribute to the autism psychosis co-occurence87. Second, the complete-records analysis 

might have been influenced by selection bias due to attrition. However, analyses using imputed data 

yielded results comparable to the complete-records association estimates, suggesting that the findings 

are unlikely to be biased by attrition. Third, a substantial number of models were run in the context of 

the present study. Although this could increase the likelihood of false-positives, the vast majority of 

the tests conducted were not independent but interrogated an aspect of the autistic traits-psychotic 

experiences relationship, with the consistency of the association estimates across analyses increasing 

confidence that the findings are robust. With regards to the mediation analyses, there was a partial 

overlap in time between the measurement of autistic traits and exposure to trauma. Although this 

exposure-mediator overlap might have inflated the estimates, the previously-reported association 

between social communication difficulties with autism PRS indicates their developmental 

origins217,241. Finally, although in the context of the present study I adjusted for several confounders 

that could influence the autistic traits-psychotic experiences associations, the possibility of residual 

confounding (as in every observational analysis), cannot be excluded.  

3.5 Conclusions and chapter summary 

In summary, using genotype and phenotype data from a population-based birth cohort, the present 

study provides evidence to suggest that broad autistic traits and especially social communication 

difficulties in childhood, are associated with psychotic experiences in adulthood. A substantial 

proportion of these associations were found to be mediated by experience of trauma in childhood. On 
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the contrary, autism polygenic risk did not appear to be associated with psychotic experiences. The 

present findings emphasise that phenotypic expression of social communication difficulties and 

environmental factors such as trauma, might be risk factors for psychotic experiences in adulthood. 

However, the relatively smaller sample size available for PRS analyses challenges deriving 

conclusions on the potential contribution of common variant genetic liability to autism on psychotic 

experiences, while the possibility of residual confounding challenges conclusions on whether the 

identified associations between autistic traits and psychotic experiences are causal. Triangulation of 

the present study findings using approaches improving statistical power and robust to residual 

confounding is necessary in order to elucidate the links between autism and psychosis.  

♦
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Chapter 4 

Causal effects of common variant genetic liability to autism and 

autistic traits on psychotic experiences and schizophrenia 
 

The following Chapter is utilising 23andMe data, under data access agreement and permission from 

23andMe.  

♦ 

4.1 Introduction 

In Chapter 3, I found no evidence to suggest associations between autism polygenic risk and 

psychotic experiences in adulthood, while there was evidence to suggest associations between autistic 

traits, particularly social communication difficulties, and psychotic experiences in adulthood. I 

discussed that triangulating evidence can aid conclusions on the potential causal pathways linking 

autism and psychotic experiences, particularly using approaches that can improve statistical power 

and precision and are robust to residual confounding. In the present Chapter, I will describe a study 

utilising two-sample Mendelian randomization (MR) to triangulate the above findings by 

investigating the causal effects of common variant genetic liability to autism and autistic traits on 

psychotic experiences, in a sample of 6,123 cases with psychotic experiences and 121,843 controls 

from the UK Biobank87. 

However, psychotic experiences are only a part of the psychosis spectrum3,74. Little is known on the 

causal links of autism and autistic traits with other conditions of the psychosis spectrum, and 

particularly its extreme end, schizophrenia. Specifically, conducting adequately powered studies to 

investigate the associations between autism polygenic risk as well as diagnoses, and schizophrenia 

later in life can be challenging considering that schizophrenia is a rare outcome (lifetime prevalence 

of schizophrenia= 0.87%60,81). Furthermore, evidence suggesting strong genetic correlations between 

autism, autistic traits and schizophrenia36,43, does not necessarily suggest causal relationships168. To 

complicate matters, there is increasing evidence indicating associations between schizophrenia 

polygenic risk and autism features113,242. On this basis, the application of two-sample MR approaches 

can potentially offer valuable insights into the causal links between genetic liability to autism, autistic 
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traits and schizophrenia. Specifically, the method allows the assessment of causal effects 

bidirectionally (genetic liability to autism/autistic traits → schizophrenia; genetic liability to 

schizophrenia → autism/autistic traits), minimises limitations of observational studies and particularly 

residual confounding, and maximises power considering (in contrast to PRS and one-sample MR 

approaches), it does not require exposure, outcome and genotype data available within a single 

sample.  

Overall, two-sample MR can be a powerful approach to assess the causal effects of genetic liability to 

autism and autistic traits at the two extremes of the psychosis spectrum (psychotic experiences and 

schizophrenia). In addition, a recent extension of the approach, multivariable MR (MVMR), allows 

the estimation of direct causal effects, independently of other genetically correlated traits that might 

confound or mediate the causal pathway (MVMR is applicable in both scenarios205,243). This can be 

particularly important in the context of the present study, considering that IQ presents strong genetic 

correlations and causal links with autism36,147, autistic traits43 and schizophrenia66,146. For example, IQ 

could potentially confound the causal pathways between genetic liability to autism and schizophrenia, 

considering recent evidence suggesting that it has a positive causal effect on autism147 and a negative 

on schizophrenia146.   

Using GWAS summary data on autism, autistic traits, psychotic experiences and schizophrenia, I 

applied two-sample MR and MVMR to investigate the total and independent of IQ causal effects of: 

(i) common variant genetic liability to autism on schizophrenia and psychotic experiences, 

(ii) common variant genetic liability to social and non-social autistic traits on schizophrenia 

and psychotic experiences, 

(iii) common variant genetic liability to schizophrenia on autism as well as social and non-

social autistic traits.  
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4.2 Methods  

4.2.1 Two-sample Mendelian randomization 

An overview of the method and its assumptions can be found in Chapter 2. In brief, MR is a causal 

inference approach based on the principles of instrumental variables analysis145,176. Using common 

genetic variants as instruments for an exposure of interest, allows the assessment of their causal 

effects on outcomes145,167. Importantly, the method can provide unbiased causal effect estimates under 

strict assumptions that the instruments should satisfy: (i) they must be robustly associated with the 

exposure, (ii) they must not be associated with any confounders of the exposure-outcome associations, 

(iii) they should operate on the outcome entirely through the exposure (i.e., no horizontal 

pleiotropy)198. In the context of the present study I applied two-sample MR in which the effects of the 

genetic instruments on the exposure and on the outcome are extracted from separate GWASs that 

have been conducted in independent samples from the same underlying population199.   

4.2.2 Genetic instrument definition 

I used GWAS summary data for autism36, schizophrenia66, and psychotic experiences87.  In the case of 

social autistic traits I used available GWAS summary data on social communication difficulties 

(phenotype identical to the one used in analyses of Chapter 3, i.e., phenotype assessed with the Social 

and Communication Disorders Checklist-SCDC- in the ALSPAC cohort)43 and self-reported empathy 

(phenotype indexing social autistic traits)244, whereas in the case of non-social autistic traits I used 

GWAS summary data on self-reported systemising43 (phenotype indexing non-social autistic traits 

and was selected because no other non-social autistic traits GWAS was available at the time of the 

analyses). Information on the phenotype definition, sample sizes, participants and ancestry can be 

found in Table 4.1. Further information can be found in the original publications.  

In order to retain as many instruments as possible in the analyses, I implemented an approach 

comparable to proxy lookup245. Specifically, instruments were selected from the overlapping set of 

single nucleotide polymorphisms (SNPs) between each exposure and each outcome GWAS. After 

restricting to a common set of SNPs across the GWASs, the identified variants were clumped in 

PLINK 1.9 using the 1000Genomes European ancestry reference panel, and an r2= 0.01, within a 
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10,000 kb window. Among the independent variants, instruments were defined using a genome-wide 

significance threshold of p<= 5*10-08. In the case of autism, social communication difficulties, 

empathy, and systemising GWASs, this threshold yielded <= 2 instruments. To increase the power of 

these analyses and allow the implementation of sensitivity analyses, I relaxed the p-value threshold to 

5*10-07 (leading to the inclusion of more instruments). A similar approach for genetic instrument 

definition has been used in previous studies246,247. Finally, following the approach described above I 

extracted instruments for psychotic experiences. However, I did not perform any analyses with 

psychotic experiences as the exposure, due to the small number of genetic instruments (n<= 2, even 

after applying the relaxed p-value threshold 5*10-07). Figures B1-B10 in the Appendix, depict the 

process of instrument definition for each analysis. Details on the effect sizes, standard errors and p-

values of the instruments can be found in the Appendix Tables B9-B23.  
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Table 4.1 Details of the genome-wide association studies (GWASs) used in the present study.  

 

Phenotype Phenotype Definition Ncases Ncontrols Ntotal Sample Ancestry 

Autism Autism diagnosis 18,381 27,969 46,350 PGC+iPSYCH European 

Social 

communication 

difficulties 

Mother reposted Social and Communication Disorders 

Checklist (SCDC) scores- higher scores indicating more 

difficulties. 

NA NA 5,421 ALSPAC European 

Empathy Self-reported Empathy Quotient (EQ) scores- higher scores 

indicating more empathising abilities, i.e. the ability to 

recognize other peoples' intentions and feelings.   

NA NA 46,861 23andMe European 

Systemising Self-reported Systemising Quotient-Revised (SQ-R) scores- 

higher scores indicating higher systemising tendency, i.e. 

higher tendency towards searching and recognising patterns 

and identifying input-operation-output relationships.  

NA NA 51,564 23andMe European 

Schizophrenia Schizophrenia/schizoaffective disorder diagnosis 69,369 236,642 306,011 91 cohorts Predominantly 

European (80%) 

Psychotic 

experiences 

Self-reported any psychotic experiences in Mental Health 

Questionnaire (MHQ) 

6,123 121,843 127,966 UK Biobank European 
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4.2.3 Harmonisation 

In order for the causal effect estimates of both exposure and outcome to be expressed per increasing 

allele, the alleles of the outcome variants were harmonised on the exposure. In cases of palindromic 

SNPs, I used effect allele frequency to infer the strand and harmonise accordingly. The only exception 

was the social communication difficulties GWAS, in which effect allele frequency was not provided, 

and therefore all palindromic SNPs were excluded from the analyses.  

4.2.4 Inverse Variance Weighted MR 

The Inverse Variance Weighted (IVW) method was used, which is a weighted generalised linear 

regression of the SNP-outcome coefficients on the SNP-exposure coefficients, with the intercept term 

constrained to zero, giving an overall causal effect estimate of the exposure on the outcome201.  

4.2.5 Instrument Strength 

To assess the possibility of weak instrument bias influencing the IVW, I estimated the mean F statistic 

of the instruments included in the analysis. As a rule of thumb, the IVW is unlikely to suffer from 

weak instrument bias if mean F>10248.  

4.2.6 Sensitivity Analyses 

I assessed the consistency of the IVW causal effect estimates using a series of sensitivity analyses, 

including: MR Egger regression201,249, Weighted Median250, Weighted Mode204. Detailed information 

on each sensitivity analysis conducted in the present study can be found in Table 4.2. 

As around 20% of participants in the latest schizophrenia GWAS used for the primary analyses were 

of East Asian ancestry66, I assessed the possibility of bias by population structure influencing the 

causal effect estimates143 by repeating analyses using the Ripke et al., 2014 schizophrenia GWAS 

summary data227 on participants of European ancestry only. Details on the genetic instruments for 

these analyses can be found in Appendix Tables B11, B14, B17, B20, B23. 
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Table 4.2 Sensitivity analyses to test the robustness of the Mendelian randomization (MR) causal 

effect estimates.  

METHOD DESCRIPTION 

MR Egger Regression Generates a causal effect estimate by performing a 

generalised linear regression of the SNP-outcome 

coefficients on the SNP-exposure coefficients with an 

unconstrained intercept term. This way, the intercept 

parameter indicates the pleiotropic effect* of the SNPs 

on the outcome, while the slope offers a causal effect 

estimate accounting for any pleiotropic effects. The 

method assumes that there is no measurement error in 

the instruments (NOME assumption)201. 

I2GX Adaptation of the I2 statistic within the two-sample 

MR context. Assesses the degree of regression dilution 

in the MR-Egger causal estimate, due to uncertainty in 

the SNP-exposure estimates249. 

SIMEX corrected MR Egger MR Egger causal effect estimate adjusted for 

regression dilution249. 

Weighted Median Generates a causal effect estimate based on the ratios 

of the SNP-outcome effects to the SNP-exposure 

effects assuming that at least 50% of weights in the 

analyses stem from valid instruments250.  

Weighted Mode Finds the most common effect estimate of the 

instruments and assumes that it stems from valid 

instruments. Generates a causal effect estimate using 

the mode of a smoothed empirical density function of 

the individual instruments, weighted by each 

instrument's relative precision204.  

*Pleiotropic effects: The SNP has direct effects on the outcome through pathways other than the 

exposure. The presence of pleiotropic effects invalidates one of the main MR assumptions.  
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4.2.7 Assessing the possible influence of IQ in the identified effects 

I assessed the possible influence of IQ in the estimated causal effects, by following two approaches:  

(i) Univariable two-sample MR using GWAS summary data on autism excluding 

intellectual disability cases. 

The IQ range of participants in the latest autism GWAS, used in the present  analyses, was broad and 

a small proportion of participants presented intellectual disabilities (IQ<70)36. Considering this, I used 

autism GWAS summary data from a sub-sample of the iPSYCH excluding all intellectual disability 

cases (Ncases= 11,203; Ncontrols= 22,555) and investigated causal links with schizophrenia and 

psychotic experiences by performing univariable two-sample MR. Instrument definition, 

harmonisation, primary and sensitivity analyses were conducted based on the principles described in 

the methods above. Appendix Figures B5 & B10 visualise the process of instrument definition, and 

Appendix Tables B21-B23 contain detailed information on the instruments used.  

(ii) Multivariable two-sample MR  

I used the latest (by the time of the analyses) GWAS for IQ146 and extracted 212 genome-wide 

significant (p=<5*10-08) and independent instruments (r2=0.01; 10,000kb window). These instruments 

were entered in the models of each analysis, in order to estimate the direct effects of genetic liability 

to autism and autistic traits on risk of schizophrenia and psychotic experiences, independent of IQ. 

The full list of instruments for each analysis was clumped (r2=0.01; 10,000kb window), harmonised, 

and entered in an IVW regression model. The same process was followed for the analyses 

investigating the direct, independent of IQ, effects of genetic liability to schizophrenia on autism and 

autistic traits. Details on the MVMR method and analytic process have been described elsewhere251. 

The instruments for IQ used in the analyses can be found in Appendix Table B24.  

Finally, in the presence of evidence suggesting bidirectional causal links between common variant 

genetic liability to schizophrenia and IQ66,146, I acknowledged the possibility that IQ might be a 

collider in the causal pathway linking autism, autistic traits and schizophrenia. Specifically, if 

common variant genetic liability to autism and autistic traits has causal effects on IQ, then this would 
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suggest that IQ might be a collider and entering it in the models would amplify bias in the causal 

effect estimates252. An illustration of this possibility can be found in Figure 4.1. I assessed this 

possibility by conducting MR analyses on the causal effects of genetic liability to autism, social 

communication difficulties, empathy, systemising on IQ.  

All univariable two-sample MR analyses were performed using the TwoSampleMR R package253. All 

multivariable Mendelian randomization analyses were performed in R version 3.5.1.  

A summary of the study aims, and analyses is provided in Table 4.3 (please note that sensitivity 

analyses are not included in this table).  
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Figure 4.1 The possibility of collider bias in the present multivariable MR analyses. 

Based on previous MR evidence, common variant genetic liability to schizophrenia presents a bidirectional causal relationship with IQ. If common variant 

genetic liability to autism and autistic traits has causal effects on IQ, then this might suggest that IQ is a collider. Please note that the figure is not a directed 

acyclic graph (DAG). Solid arrows have been oriented based on previous evidence by Savage et al., 2018; Dardani et al., 2021, Ripke et al., 2020. Dashed 

arrows indicate the causal links that were investigated in the present study to assess the possibility of collider bias.  
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Table 4.3 Summary of aims, exposures, outcomes and methods of the present study. G denotes 

genetic instrument.  

 

 

Study Aim Exposures Outcome Method 

Causal effects of genetic 

liability to autism on the 

two extremes of the 

psychosis spectrum. 

 

G→ Autism Psychotic experiences Univariable two-sample 

MR 

Schizophrenia 

The influence of IQ on the 

causal effects. 

G→ Autism excluding ID Psychotic experiences 

 

Univariable two-sample 

MR 

Schizophrenia 

G→ Autism 

↘ IQ 

 

 

Psychotic experiences Multivariable MR 

Schizophrenia 

Causal effects of genetic 

liability to social and non-

social autistic traits on the 

two extremes of the 

psychosis spectrum. 

 

G→ Autistic traits Psychotic experiences Univariable two-sample 

MR 

Schizophrenia 

The influence of IQ on the 

causal effects. 

G→ Autism 

↘ IQ 

 

Psychotic experiences Multivariable MR 

Schizophrenia 

Causal effects of genetic 

liability to schizophrenia on 

autism. 

G→ Schizophrenia Autism Univariable two-sample 

MR 

The influence of IQ on the 

causal effects. 

G→ Schizophrenia Autism excluding ID Univariable two-sample 

MR 

G→ Schizophrenia 

↘ IQ 

Autism Multivariable MR 

Causal effects of genetic 

liability to schizophrenia on 

social and non-social 

autistic traits 

G→ Schizophrenia Autistic traits Univariable two-sample 

MR 

The influence of IQ on the 

causal effects. 

G→ Schizophrenia 

↘ IQ 

Autistic traits Multivariable MR 



Part I: Causal Pathways 

77 
 

4.3 Results 

4.3.1 Causal effects of genetic liability to autism on risk of schizophrenia and psychotic 

experiences 
 

Causal effects on risk of schizophrenia 

The mean F statistic of the autism instruments was 28 (F range: 26- 36) suggesting good instrument 

strength. Univariable MR analyses provided no evidence of a causal effect of genetic liability to 

autism on risk of schizophrenia (IVWOR= 1.01; 95%CIs: 0.85 to 1.19; p= 0.91; Table 4.4). The 

direction of causal effect estimates was largely consistent across sensitivity analyses and the 

confidence intervals were overlapping (Appendix Table B25). Analyses with the European ancestry 

only schizophrenia GWAS yielded comparable effect estimates and overlapping confidence intervals 

to the primary analyses (Appendix Table B26).  

The influence of IQ on the causal effects 

The mean F statistic of the instruments extracted from the autism GWAS which excluded ID cases, 

was 29 (F range: 26- 37), indicating adequate instrument strength. In line with the primary analyses, 

there was no evidence to suggest a causal effect on risk of schizophrenia (IVWOR= 1.06; 95%CIs: 0.96 

to 1.17; p= 0.27; Table 4.4; Appendix Tables B27-B28).  

MVMR analyses, using instruments for both autism and IQ in the IVW regression models, provided 

evidence of a direct, independent of IQ, effect of genetic liability to autism on risk of schizophrenia 

(IVWOR= 1.24; 95%CIs: 1.11 to 1.38; p= 0.0002; Table 4.4; Appendix Tables B29-B30). There was 

no evidence to suggest that IQ was a collider on the causal pathway, i.e., there was no evidence to 

suggest a causal effect of genetic liability to autism on IQ (Appendix Table B31 and Figure 4.2).  

Causal effects on psychotic experiences 

The mean F statistic of the autism instruments was 28 (F range: 26-36). There was no evidence to 

suggest a causal effect of genetic liability to autism on psychotic experiences (IVWOR= 1.1; 95%CIs: 

0.93 to 1.3; p= 0.26; Table 4.4). Causal effect estimates were largely consistent across analyses and 

the confidence intervals were overlapping (Appendix Table B32). 
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The influence of IQ on the causal effects  

The mean F statistic of the instruments extracted from the autism GWAS which excluded ID cases 

was 29 (F range: 26- 37). There was no evidence to suggest a causal effect of genetic liability to 

autism on psychotic experiences (IVWOR= 0.98; 95%CIs: 0.86 to 1.11; p= 0.74; Table 4.4; Appendix 

Table B33). This was further supported by MVMR analyses, providing no evidence of any direct, 

independent of IQ, effect of genetic liability to autism on psychotic experiences (IVWOR= 1.06; 

95%CIs: 0.96 to 1.18; p= 0.26; Table 4.4; Appendix Table B34).  

4.3.2 Causal effects of common variant genetic liability to autistic traits on risk of 

schizophrenia and psychotic experiences 
 

Causal effects on risk of schizophrenia 

The mean F statistic of the social communication, empathy and systemising instruments was 27 (F 

range: 26-28), 27 (F range: 26- 30), and 28 (F range: 26- 31) respectively. There was no evidence to 

suggest a causal effect of common variant genetic liability to any of the autistic traits on risk of 

schizophrenia (SCDC: IVWOR= 1.2; 95%CIs: 0.82 to 1.75; p= 0.34; EQ: IVWOR= 0.99; 95%CIs: 0.96 

to 1.02; p= 0.44; SQ: IVWOR= 1; 95%CIs: 0.99 to 1.02; p= 0.83; Table 4.4). This was further 

supported by sensitivity analyses (Appendix Tables B35-B40).  

The influence of IQ on the causal effects 

MVMR analyses did not provide evidence of direct, independent of IQ, effects of common variant 

genetic liability to any of the autistic traits on risk of schizophrenia (SCDC: IVWOR= 1.44; 95%CIs: 

0.83 to 2.48; p= 0.19; EQ: IVWOR= 1.01; 95%CIs: 0.98 to 1.03; p= 0.52; SQ: IVWOR= 1; 95%CIs: 0.99 

to 1.02; p= 0.83; Table 4.4; Appendix Tables B41-B46). IQ was unlikely to be a collider in the causal 

pathways with the only exception being social communication difficulties as there was evidence to 

suggest a potential causal effect of genetic liability to social communication difficulties on IQ 

(Appendix Tables B47-B52 and Figure 4.2).   

Causal effects on psychotic experiences 



Part I: Causal Pathways 

79 
 

The mean F statistic of the social communication, empathy and systemising instruments was 27 (F 

range: 26-28), 27 (F range: 26- 30), and 28 (F range: 26- 31) respectively. There was no evidence to 

suggest a causal effect of common variant genetic liability to (higher) empathy and systemising on 

psychotic experiences (EQ: IVWOR= 1.02; 95%CIs: 0.96 to 1.08; p= 0.59; SQ: IVWOR= 1.01; 95%CIs: 

0.98 to 1.03; p= 0.73; Table 4.4; Appendix Tables B53, B54). There was stronger evidence (albeit still 

weak) of a causal effect of common variant genetic liability to social communication difficulties on 

psychotic experiences (SCDC: IVWOR= 2.2; 95%CIs: 0.96 to 5.02; p= 0.06; Table 4.4). Although the 

causal effect estimates were consistent across sensitivity analyses, the confidence intervals were wide 

indicating the limited power of this analysis (Appendix Table B55).  

The influence of IQ in the causal effects 

After entering IQ in the models, there was no evidence to suggest a direct causal effect of common 

variant genetic liability to social communication difficulties and (higher) empathy on psychotic 

experiences (SCDC: IVWOR= 1.14; 95%CIs: 0.67 to 1.93; p= 0.63; EQ: IVWOR= 0.99; 95%CIs: 0.97 to 

1.02; p= 0.63), and some weak evidence of a direct causal effect of systemising (SQ: IVWOR= 1.02; 

95%CIs: 1 to 1.03; p= 0.02; Table 4.4; Appendix Tables B56-B58). 
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Table 4.4 Causal effect estimates, corresponding 95% confidence intervals and p-values of the analyses investigating causal effects of common variant 

genetic liability to autism and autistic traits on risk of schizophrenia and psychotic experiences.  

 

Exposure 

(common variant genetic liability) 

Outcome Method Estimated Effect OR 95% CIs P 

Autism Schizophrenia Two-sample MR Total 1.01 0.85 to 1.19 0.91 

Autism excluding ID cases Schizophrenia Two-sample MR Total 1.06 0.96 to 1.17 0.27 

Autism Schizophrenia MVMR Direct, independent of IQ 1.24 1.11 to 1.38 0.0002 

 

Autism Psychotic Experiences Two-sample MR Total 1.1 0.93 to 1.3 0.26 

Autism excluding ID cases Psychotic Experiences Two-sample MR Total 0.98 0.86 to 1.11 0.74 

Autism Psychotic Experiences MVMR Direct, independent of IQ 1.06 0.96 to 1.18 0.26 

 

Social Communication Difficulties Schizophrenia Two-sample MR Total 1.2 0.82 to 1.75 0.34 

Social Communication Difficulties Schizophrenia MVMR Direct, independent of IQ 1.44 0.83 to 2.48 0.19 

 

Social Communication Difficulties Psychotic Experiences Two-sample MR Total 2.2 0.96 to 5.02 0.06 

Social Communication Difficulties Psychotic Experiences MVMR Direct, independent of IQ 1.14 0.67 to 1.93 0.63 

 

Empathy Schizophrenia Two-sample MR Total 0.99 0.96 to 1.02 0.44 

Empathy Schizophrenia MVMR Direct, independent of IQ 1.01 0.98 to 1.03 0.52 

 

Empathy Psychotic Experiences Two-sample MR Total 1.02 0.96 to 1.08 0.59 

Empathy Psychotic Experiences MVMR Direct, independent of IQ 0.99 0.97 to 1.02 0.63 

 

Systemising Schizophrenia Two-sample MR Total 1 0.99 to 1.02 0.83 

Systemising Schizophrenia MVMR Direct, independent of IQ 1 0.99 to 1.02 0.97 

 

Systemising Psychotic Experiences Two-sample MR Total 1.01 0.98 to 1.03 0.73 

Systemising Psychotic Experiences Two-sample MR Direct, independent of IQ 1.02 1 to 1.03 0.02 
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 Figure 4.2 Causal relationships between common variant genetic liability to autism, autistic traits and IQ identified in the present study 
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4.3.3. Causal effects of common variant genetic liability to schizophrenia on autism and 

autistic traits  
 

Following the above section on whether the genetic liability to autism influences the risk of 

schizophrenia, I then proceeded to look at the reverse direction. This section shows the results of 

analyses I conducted to investigate the effects of genetic liability to schizophrenia on the risk of 

autism and autistic traits 

Causal effects on autism 

The mean F statistic of the schizophrenia instruments was 44 (F range: 30- 175). There was evidence 

to suggest a causal effect of common variant genetic liability to schizophrenia on autism (IVWOR= 

1.15; 95%CIs: 1.1 to 1.19; p= 1e-10; Table 4.5; Appendix Table B59). Effect estimates were 

consistent across sensitivity analyses as well as after using instruments extracted from the European 

ancestry only schizophrenia GWAS (Appendix Table B60).  

The influence of IQ in the causal effects 

Analyses using the autism GWAS excluding ID cases as the outcome, yielded comparable effect 

estimates to the primary analyses (IVWOR= 1.15; 95%CIs: 1.09 to 1.2; p= 2e-08; Table 4.5; Appendix 

Tables B61-B62). This was further supported by MVMR analyses, investigating the direct, 

independent of IQ, causal effects of common variant genetic liability to schizophrenia on autism 

(IVWOR= 1.19; 95%CIs: 1.13 to 1.24; p= 1e-12; Table 4.5; Appendix Tables B63-B64).  

Causal effects on autistic traits 

There was evidence to suggest a causal effect of common variant genetic liability to schizophrenia on 

social communication difficulties (IVW β= 0.02; 95%CIs: 0.007 to 0.03; p= 0.002; Table 4.5). Causal 

effect estimates across sensitivity analyses were consistent and confidence intervals were overlapping 

(Appendix Tables B65-B66). There was some evidence of a causal effect on empathy (IVW β= 0.31; 

95%CIs: 0.07 to 0.55; p= 0.01; Table 4.5; Appendix Tables B67-B68) and there was weak evidence to 

suggest an effect on systemising (IVW β= 0.34; 95%CIs: -0.06 to 0.74; p= 0.09; Table 4.5; Appendix 

Tables B69-B70).  
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The influence of IQ in the causal effects 

After entering IQ in the IVW models, there was evidence of a direct, independent of IQ, effect of 

genetic liability to schizophrenia on social communication difficulties (IVW β= 0.02; 95%CIs: 0.005 to 

0.03; p= 0.006; Table 4.5; Appendix Tables B71-B72), but not empathy (IVW β= 0.17; 95%CIs: -0.08 

to 0.41; p= 0.18; Table 4.5; Appendix Tables B73-B74) or systemising (IVW β= 0.38; 95%CIs: -0.02 to 

0.77; p= 0.06; Table 4.5; Appendix Tables B75-B76).  
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Table 4.5 Causal effect estimates, corresponding 95% confidence intervals and p-values of the analyses investigating causal effects of genetic liability to 

schizophrenia on autism and autistic traits.  

 

 

 

 

 

Exposure 

(common variant 

genetic liability) 

Outcome Method Estimated Effect OR 95% CIs P 

Schizophrenia Autism Two-sample MR Total 1.15 1.1 to 1.19 1.31E-10 

Schizophrenia Autism excluding ID cases Two-sample MR Total 1.15 1.09 to 1.2 2.30E-08 

Schizophrenia Autism MVMR Direct, independent of IQ 1.19 1.13 to 1.24 1.35E-12 

 

Exposure 

(common variant 

genetic liability) 

Outcome Method Estimated Effect β 95% CIs P 

Schizophrenia Social Communication Difficulties Two-sample MR Total 0.02 0.01 to 0.04 0.002 

Schizophrenia Social Communication Difficulties MVMR Direct, independent of IQ 0.02 0.005 to 0.03 0.006 

 

Schizophrenia Empathy Two-sample MR Total 0.31 0.07 to 0.55 0.01 

Schizophrenia Empathy MVMR Direct, independent of IQ 0.17 -0.08 to 0.41 0.18 

 

Schizophrenia Systemising Two-sample MR Total 0.34 -0.06 to 0.74 0.09 

Schizophrenia Systemising MVMR Direct, independent of IQ 0.38 -0.02 to 0.77 0.06 
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4.4 Discussion 

4.4.1 Summary of findings 

Within an MR and MVMR framework, I investigated the causal links between common variant 

genetic liability to autism, autistic traits, schizophrenia and psychotic experiences. In summary, there 

was no evidence of a total causal effect of genetic liability to autism and autistic traits on 

schizophrenia, although MVMR analyses indicated a direct, independent of IQ, effect of genetic 

liability to autism on schizophrenia. Furthermore, there was no evidence of a total or direct causal 

effect of genetic liability to autism, empathy, and systemising on psychotic experiences, but there was 

some evidence to suggest a causal effect of genetic liability to social communication difficulties on 

psychotic experiences. Finally, there was evidence of total and direct, independent of IQ, effects of 

common variant genetic liability to schizophrenia on autism as well as social communication 

difficulties.  

4.4.2 Comparison to previous evidence 

The finding of a direct, but not a total, effect of common variant genetic liability to autism on risk of 

schizophrenia, can be explained in the context of evidence on the potential role of IQ in autism and 

schizophrenia. Specifically, parental common variant genetic liability to higher IQ has been found to 

be causally related to autism146,254, and there is evidence suggesting that probands with autism tend to 

over-inherit IQ increasing genetic variants compared to their unaffected siblings38. This is further 

supported by recent MR evidence indicating causal effects of common variant genetic liability to 

higher IQ on autism147. In contrast, genetic liability to higher IQ appears to be linked to lower risk for 

schizophrenia146, and more importantly, high IQ has been found to attenuate the risk even in 

individuals with high polygenic loading for schizophrenia255. Therefore, IQ appears to be a 

confounder of the genetic liability to autism-schizophrenia causal pathway (which is also evident in 

Figure 4.2) that, at least partly, masks the causal effects.  

Based on the above, in the present study there was evidence suggesting that common variant genetic 

liability to autism causally influences risk for schizophrenia over and above the risk-decreasing effect 

of common variant genetic liability to higher IQ on schizophrenia. Schizophrenia risk in people 
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carrying increased common variant genetic liability to autism, could be influenced through phenotypic 

or sub-phenotypic features of autism, which are independent of IQ. Such phenotypic and sub-

phenotypic features could be anxiety256,257, structural and functional brain alterations as well as 

neurocognitive features258. This could be particularly important especially considering current 

challenges and limited availability of mental health intervention approaches for people with autism 

and intellectual disabilities259,260.  

In the case of psychotic experiences, there was no evidence to suggest a causal effect of common 

variant genetic liability to autism. This finding seems to support findings from Chapter 3, in which 

there was no evidence of associations between autism polygenic risk and psychotic experiences in 

adulthood. Furthermore, there was some weak evidence to support a potentially causal role of 

common variant genetic liability to social communication difficulties on psychotic experiences. 

Despite the limited power of this analysis, the result is in line with the findings of the study in Chapter 

2, in which there was evidence of associations between social communication difficulties in childhood 

and psychotic experiences in adulthood. Observational evidence in Chapter 2, in combination with 

present MR evidence are consistent with a potentially causal role of genetic liability and phenotypic 

expression of social communication difficulties in psychotic experiences later in life.  

Finally, there was evidence of a total and direct, independent of IQ, causal effect of genetic liability to 

schizophrenia on autism and social communication difficulties in childhood. These findings are in 

support of accumulating evidence suggesting associations between family history of schizophrenia 

and offspring autism112 as well as associations between polygenic risk for schizophrenia and social 

communication difficulties in childhood as measured by the Social and Communication Disorders 

Checklist113. The pathways via which genetic liability to schizophrenia might causally influence 

autism are largely unknown, although there is recent evidence suggesting that autistic individuals tend 

to over-inherit schizophrenia polygenic risk from their parents (compared to their non-autistic 

siblings)38. In the context of the present study, it was beyond my aims to investigate whether the 

identified effects are parental in origin but future studies utilising novel extensions of MR such as 

within-families MR are expected to offer valuable insights261.  
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4.4.3 Strengths and limitations 

This study benefitted from using latest and largest GWAS summary data for each phenotype of 

interest. I performed several sensitivity analyses to test the robustness of the findings and investigated 

the possible role of IQ in the identified causal effects by using two distinct approaches- univariable 

two-sample MR using GWAS summary data on autism excluding intellectual disability cases, and 

MVMR. Finally, I tested the possibility of collider bias influencing the findings by investigating the 

bidirectional causal links of common variant genetic liability to autism and autistic traits with IQ. 

However, there are limitations that should be considered. Firstly, I conducted multiple tests due to the 

number of exposures under study. This could have led to a number of false positives262. For this 

reason, I based the interpretation of the findings on the magnitude of the effects, the consistency of the 

effect estimates across sensitivity analyses as well as existing evidence in the literature. Secondly, the 

analyses did not all have the same power and therefore are not directly comparable (e.g., common 

genetic liability to autism on schizophrenia vs common genetic liability to autism on risk of psychotic 

experiences). This limitation can be overcome by application of these methods to data from future, 

larger GWAS. Finally, the results using GWAS summary data on self-reported phenotypes (empathy, 

systemising, psychotic experiences) should be interpreted with caution, as there is evidence 

suggesting that case definition based on self-reports can yield genetic associations of very low 

specificity to the phenotype of interest and therefore bias study findings263.  

4.5 Conclusions and chapter summary 

The present study highlights that over and above IQ, phenotypic and sub-phenotypic manifestations of 

common variant genetic liability to autism could causally influence schizophrenia risk. In addition, it 

triangulates the findings of Chapter 2, by identifying a potentially causal effect of common variant 

genetic liability to social communication difficulties on risk of psychotic experiences in adulthood. 

Future research into the potential synergy of autism common genetic variation, autism phenotypic 

expressions, cognitive, and social factors, is necessary in order to improve current understanding on 

the causal mechanisms underlying the autism-psychosis co-occurrence and inform interventions for 

autistic individuals with psychotic disorders. 
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Chapter 5 

Uncovering the causal role of immune response in autism to orient 

investigations on shared causal immunological markers with 

schizophrenia.  
 

This chapter closely resembles sections from the following preprint:  

Sadik A, Dardani C*, Pagoni P, Havdahl A, Stergiakouli E, Grove J, The iPSYCH Autism Spectrum Disorder 

Working Group, Khandaker GM, Sullivan SA, Zammit S, Jones HJ, Davey Smith G, Dalman C, Karlsson H, 

Gardner RM, Rai D. Parental inflammatory bowel disease and autism in the offspring: Triangulating the 

evidence using four complementary study designs. medRxiv; 2021; doi:  

https://www.medrxiv.org/content/10.1101/2021.06.09.21258393v1.full (Accepted/in press Nature Medicine) 

*Joint first author 

♦ 

5.1 Introduction 

Beyond the causal pathways linking autism to psychosis, another potential explanation for their co-

occurrence, could be shared risk factors. In Chapter 1, I reviewed evidence on the hypothesis that 

immunological processes might constitute a shared pathway to autism and psychosis130. According to 

this hypothesis, the phenotypic features that autism and psychosis share, could be a result of shared 

underlying immune mechanisms acting in utero, whereas their distinct features could be a result of 

genetic, epigenetic and immunomodulatory mechanisms (referring to mechanisms that respond to 

inflammation) specific to each condition130,264.  

Accumulating evidence from observational and polygenic approaches have led to an increasing 

understanding on the potential causal role of immunological pathways (especially the IL6/IL6R 

pathway) in psychosis265,266. For example, elevated levels of maternal C-Reactive Protein (CRP-acute 

phase protein that is produced after activation of the IL6/IL6R pathway267) in pregnancy, have been 

found to be associated with offspring schizophrenia later in life126. However, in the case of autism, the 

potentially causal role of immune response is still unclear. Although there is observational evidence 

suggesting associations between atypical levels of acute phase proteins in maternal blood serum, 

maternal infections during pregnancy as well as parental autoimmune conditions and offspring 

autism153,268,269, it is unknown whether these observational associations are causal or instead a result of 

https://www.medrxiv.org/content/10.1101/2021.06.09.21258393v1.full


Part II: Shared Immunological Pathways 

90 
 

confounding. Identifying whether immune response is causally implicated in autism is an important 

first step towards identifying causal immunological pathways that might be shared with psychosis.  

In the following study I used a comprehensive approach to: (i) triangulate observational evidence 

relating to associations between maternal immune response and offspring autism, and (ii) identify 

specific potentially causal immunological pathways in autism. Specifically, I assessed the associations 

between parental inflammatory bowel disease (IBD) and offspring autism. IBD is a chronic 

autoimmune condition associated with immune system dysregulation and intestinal microbiome 

alterations270. It has two major subtypes, Crohn’s disease and ulcerative colitis (UC). There is 

increasing understanding on the immunological pathways implicated in IBD, with studies suggesting 

that T-cell subsets and their product cytokines have a central role in the onset, and course of the 

condition271–274. Therefore, evidence on a potentially causal link between parental IBD and offspring 

autism, can orient investigations on specific cytokines that might have causal effects on autism.  

I conducted four complementary studies (see Figure 5.1 for a summary) to investigate: (1) 

associations between parental diagnoses of IBD and offspring autism in a nationwide cohort in 

Sweden; (2) genetic correlation between IBD and autism using genome-wide association study 

(GWAS) summary statistics; (3) polygenic associations between maternal common variant genetic 

liability to IBD and offspring autistic traits in a large UK birth cohort; and (4) potential causal effects 

of common variant genetic liability to IBD on autism and the possibility of reverse causation using 

bidirectional two-sample Mendelian randomization (MR). Each approach applied in the context of the 

present study has distinct strengths and sources of bias, thus providing complementary evidence on 

distinct aspects of the parental IBD-offspring autism associations (see Table 5.1 for a summary).
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Figure 5.1 Summary of studies conducted in the present study, aiming at investigating the links between parental diagnoses of IBD and offspring autism and 

elucidating their underlying aetiology. 

GWAS: Genome-wide association study; IBD: inflammatory bowel disease; UC: ulcerative colitis; CD: Crohn’s disease.   
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Table 5.1 Summary of the research questions, data sources, key strengths and limitations of each methodological approach applied in the context of the 

present study.  

 

Method Research question Data sources Key strengths Key limitations 

 

Nationwide 

registry-based 

cohort study in 

Sweden 

Are parental 

diagnoses of IBD 

associated with 

autism in the 

offspring?  

Medical & 

administrative 

registers 

• Large diverse total population, intergenerational 

sample 

• Prospective recording of data. 

• Low rate of loss to follow up. 

• Large availability of confounder data. 

• Unmeasured confounding. 

• Exposure misclassification. 

Linkage 

Disequilibrium 

score regression 

Is there a shared 

genetic background 

between IBD and 

autism?  

GWAS summary data • Use of GWAS summary data instead of twin data 

or individual level data maximizes sample sizes and 

power. 

• Indicates genetic correlation due to linkage 

disequilibrium or pleiotropy. 

• Cannot assess causality 

(since it assesses 

correlation). 

 

Polygenic risk 

score analysis in 

the ALSPAC 

cohort 

Is maternal genetic 

liability for IBD 

associated with 

childhood broad 

autistic traits?  

GWAS summary data 

and individual level 

genotype and 

phenotype data 

• Estimates the underlying common variant genetic 

liability for IBD in each genotyped mother of the 

cohort, regardless of diagnosis. This overcomes 

limitations of observational studies, such as 

measurement error in the exposure.   

• Can provide indication on potentially genetically 

transmitted vs in utero effects through the 

assessment of the maternal vs offspring underlying 

genetic liability for IBD. 

• Large birth cohort 

• Prospectively collected information 

• Cannot decipher whether 

the identified associations 

are causal or due to 

pleiotropy.  

• Polygenic risk scores at 

lower p-value thresholds 

might not capture the 

phenotype adequately.  

• Attrition can influence 

association estimates. 

Two-sample 

Mendelian 

randomization 

Does genetic 

liability to IBD 

have a causal effect 

on autism?  

GWAS summary data, 

exposure proxied by 

variants robustly 

associated with the 

exposure 

• Using common variants as instruments for IBD, 

allows the assessment of causal effects. 

• Allows the assessment of reverse causation. 

• Allows the assessment of the influence of 

pleiotropy.  

• Cannot decipher whether 

the identified causal effect 

is of parental origin.  

• Can be biased by dynastic 

effects and assortative 

mating.  
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5.2 Methods 

5.2.1 Investigating associations between parental diagnoses of IBD and offspring 

autism- Swedish cohort study.  
 

Individual-level data from ‘Psychiatry Sweden’, a comprehensive national register linkage, were used 

to investigate whether parental IBD diagnosis is associated with offspring autism diagnosis.  

All children born in Sweden from 1-January-1987 to 31-December-2010 (n= 2,837,045) were eligible 

index persons, with follow-up to 31-December-2016. Exclusion criteria were: children born outside 

Sweden (n=292,023), not registered in the Medical Birth Register (n=74,240), resident in Sweden for 

<5 years (n=23,495), multiple pregnancy (n=67,309), adopted (n=2,425), known genetic/metabolic 

causes of neurodevelopmental conditions (e.g. trisomies) (n=7,873) or incomplete parental records 

(n=45,453)275.  The study population included 2,324,227 offspring born to 1,282,494 mothers and 

1,285,719 fathers (Figure 5.2). The Stockholm Regional Ethical Review Committee (DNR 

2010/1185-31/5) approved the study. 

Offspring autism was identified in the National Patient Register (NPR) using ICD-9 and ICD-10 

codes (Appendix Table C4). Lifetime history of parental IBD, Crohn’s disease (Crohn’s) and 

ulcerative colitis (UC) were identified using ICD-9 and ICD-10 codes in the NPR (Appendix Figure 

C1, Appendix Table C4).  

Using STATA/MP15, the odds ratios and 95% confidence intervals of the association of mother’s and 

father’s diagnosis of IBD (any IBD, Crohn’s, or UC) with offspring autism were estimated, using 

generalised estimating logistic models with robust standard errors accounting for clustering of 

multiple children born to the same parents.  

Model 1 was unadjusted. Model 2 was adjusted for parental age at delivery276, migrant status277, 

education level, family income  quintile at birth278,  parents’ history of psychiatric diagnosis prior to 

the birth of the child and offspring sex, birth year and birth order. Model 3 was additionally mutually 

adjusted for maternal and paternal IBD diagnoses to avoid bias from assortative mating279. As a 

sensitivity analysis, parental IBD diagnoses were restricted to those recorded prior to the birth of the 
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index person and investigated associations with offspring autism. Additionally, associations between 

any parental IBD diagnoses and offspring autism with and without intellectual disabilities (ID) were 

investigated separately, since these groups may have distinct  genetic and environmental risk 

factors280–283 and outcomes284,285. I led the formulation of the analysis plan for this study. However, I 

was unable to travel to Sweden due to COVID-19 travel restrictions, and therefore Dr Renee Gardner, 

based at the Karolinska Institutet in Stockholm conducted this part of the study.  

 

 

 

 

Figure 5.2 Study sample derivation for the Swedish cohort study. 

a Children born before 1987 were excluded from the study population. 
b Individuals were excluded stepwise with the criteria aligned to a previous study (Chen et al., 2020 - 

https://doi.org/10.1093/ije/dyaa212)  
c Individuals without information from the Medical Birth Register (MBR) were excluded.  
d Children with co-morbidities of congenital malformations (or inborn error of metabolism) documented in the 

MBR and neurodevelopmental disorders (NDDs), as NDDs may be attributable to the congenital condition.  
e Those whose biological fathers were unknown were excluded.  
f Those whose biological mothers or fathers lacked data on place of birth, age at delivery, education level, 

psychiatric history, or family income quintile were excluded. 
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5.2.2 Investigating genetic correlations- LD-Score regression 

I used LD-score regression to estimate the genetic correlation between genetic liability to autism and 

IBD, Crohn’s and UC.  

LD-score regression allows the estimation of the genetic correlation between polygenic traits using 

GWAS summary statistics by capitalising on patterns of linkage disequilibrium among common 

genetic variants194. I used the latest available GWAS summary data on autism (Ncases= 18,381; 

Ncontrols= 27,969)36, IBD (Ncases= 25,042; Ncontrols= 34,915)286, Crohn’s (Ncases= 12,194; Ncontrols= 

28,072)286 and UC (Ncases= 12,366; Ncontrols= 33,609)286. Detailed information on study samples and 

case definition can be found in the original publications.  

I followed the suggested protocol for LD-score regression analyses 

(https://github.com/bulik/ldsc/wiki).  Using the LDSC (LD Score) v1.0.1 software in Python, I 

estimated genetic correlations using pre-computed LD scores from the 1000 Genomes project 

European data287 (from: https://data.broadinstitute.org/alkesgroup/LDSCORE/eur w ld_chr.tar.bz) 

with an unconstrained intercept term to account for any sample overlap, and population stratification.  

5.2.3 Investigating associations between common variant genetic liability to IBD and 

childhood broad autistic traits- Polygenic Risk Score analysis in mothers and children 

of the ALSPAC cohort  
 

Discovery Sample 

I extracted common genetic variants, corresponding alleles, effect sizes and p-values in order to 

calculate polygenic risk scores (PRSs), from the GWAS summary data of IBD286, UC286 and 

Crohn’s286 described above.  

Target Sample 

A description of ALSPAC has been also provided in the methods section of Chapter 3. Briefly, 

ALSPAC is a UK prospective birth cohort study based in Bristol and surrounding areas, which 

recruited pregnant women with expected delivery dates from 1 April 1991 to 31 December 1992; 

14,541 women were initially enrolled, with 14,062 children born, and 13,988 children alive at 1 year 

https://github.com/bulik/ldsc/wiki
https://data.broadinstitute.org/alkesgroup/LDSCORE
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of age. Detailed information on the cohort is available elsewhere229,288. A fully searchable study data 

dictionary is available at : http://www.bristol.ac.uk/alspac/researchers/our-data/.  Ethical approval for 

the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics 

Committees.  

Genetic data 

10,015 ALSPAC mothers were genotyped on the Illumina Human660W-quad genome-wide single 

nucleotide polymorphism (SNP) genotyping platform, and 9,912 ALSPAC children were genotyped 

on the Illumina HumanHap550-quad. After standard quality control219 and excluding participants who 

had withdrawn consent, genetic data were available for 7,921 mothers and 7,977 children of European 

ancestry. Consent for biological samples has been collected in accordance with the Human Tissue Act 

(2004). 

Broad autistic traits- autism factor mean score 

I used a measure of the broad autistic traits previously estimated in ALSPAC as the mean score of 7 

factors derived from a factor analysis of 93 measures related to autism in ALSPAC220. The measure 

was available in 13,103 children and strongly predictive of the autism diagnosis measured 

independently via school records, record linkage and parental reports220. Other autism trait measures 

or diagnoses were not used as there were fewer genotyped mothers and children with these measures.   

Calculation of Polygenic Risk Scores in ALSPAC and statistical analysis 

I calculated using PLINK version 1.9, applying the method described by the Psychiatric Genomics 

Consortium (PGC)227. SNPs with mismatching alleles between the discovery and target dataset were 

removed. The MHC region was removed (25 Mb – 34 Mb), except for one SNP representing the 

strongest signal within the region. Using ALSPAC data as reference panel, SNPs were clumped with 

an r2 of 0.25 and a physical distance threshold of 500 kB. The optimal p-value threshold for PRS is 

dependent on discovery and target sample sizes, as well as SNP inclusion parameters (e.g., r2)197,289. 

For this reason, I calculated PRS for each participant across 13 p-value thresholds (p<5e-8 to p<0.5), 

standardised by subtracting the mean and dividing by the standard deviation. I defined PRS 

http://www.bristol.ac.uk/alspac/researchers/our-data/
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corresponding to p-value threshold 0.05 as the primary exposure, based on a previous ALSPAC 

study290. This threshold has been found to have sufficient predictive ability for IBD and its 

subtypes291. I could not directly assess the predictive power and optimal p-value threshold of the PRSs 

in the target sample as there were few UC (n=12) and Crohn’s cases (n=16).   

After constructing PRS for IBD, UC and Crohn’s in mothers and children, I performed linear 

regressions using STATA/MP 15 to examine associations with the standardised autism factor mean 

score in childhood. Analyses were adjusted for child’s sex and the first 10 principal components of the 

ALSPAC genotype data to avoid population stratification bias197. Sample derivation and 

characteristics for the polygenic risk score analyses can be found in Figure 5.3. 
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Figure 5.3 Study sample derivation and characteristics for the polygenic risk score analyses in the ALSPAC cohort.  

*Although initial ALSPAC recruitment resulted in 13,988 children who were alive at 1 year of age, when the children were approximately 7 years old, the initial sample was bolstered with 

eligible children who did not join the study initially. 913 children were additionally enroled during three phases of recruitment. This resulted in 14,901 children alive at 1 year of age229,288,373. 

**Details on QC process can be found in Stergiakouli et al.,2014219.  

***Consent for biological samples has been collected in accordance with the Human Tissue Act (2004).  
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5.2.4 Investigating bidirectional causal links- Two-sample Mendelian randomisation 

I performed two-sample Mendelian randomisation (MR) to assess bidirectional causal links between 

common variant genetic liability to autism and IBD and its subtypes, and vice versa. The method has 

been described in detail in Chapter 2 and in summary in Chapter 4. In the context of the present study, 

I applied two-sample MR.  

Genetic instruments 

Genetic instruments were extracted from the overlapping set of SNPs between the autism36, IBD286, 

UC286, and Crohn’s286 GWASs. This ensured that all selected genetic instruments would be present in 

the outcome GWAS.  

GWAS summary data were restricted to a common (overlapping) set of SNPs and then clumped in 

PLINK 1.90 using the 1000Genomes287 phase 3 European ancestry reference panel, and an r2= 0.01, 

within a 10,000 kb window. Among the independent variants, instruments were defined using a 

genome-wide significance threshold of p≤5×10-08. The only exception was autism, as only two 

independent and genome-wide significant variants were identified. I therefore relaxed the p-value 

threshold to 5×10-07 to improve statistical power, as used previously 247.  Figure 5.4 illustrates the 

process of instrument definition, and Appendix Table C5 contains information on the genetic 

instruments used.  

Harmonisation 

I harmonised the alleles of the outcome on the exposure, to ensure SNP-exposure and SNP-outcome 

effects correspond to the same allele. Variants identified as palindromic were removed, as the effect 

allele frequencies in the IBD, UC, and Crohn’s GWASs were not provided.  

Inverse Variance Weighted MR 

The primary MR analysis was the Inverse Variance Weighted (IVW) method which provides an 

overall causal effect estimate of the exposure on the outcome, estimated as a meta-analysis of the 
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ratios of the SNP-outcome effect to the SNP-exposure effect weighted by each SNP’s relative 

precision201.  

Sensitivity Analyses to test robustness of causal effect estimates 

I assessed the strength of the instruments by estimating the mean F statistic. As a rule of thumb, the 

IVW is unlikely to suffer from weak instrument bias if mean F>10248.  

I assessed the consistency of the IVW causal effect estimates using sensitivity analyses, including: 

MR Egger regression201, Weighted Median250 and Weighted Mode204. Details on these methods have 

been provided in Chapter 2 as well as in Chapter 4.  

Sensitivity Analyses to test the consistency of the causal effect estimates in autism without 

intellectual disabilities (ID) 

 

The autism GWAS used in the primary analyses included a proportion of autism cases with ID36. I 

tested the consistency of the causal effect estimates using GWAS summary data on a sub-sample of 

the iPSYCH cohort292 excluding all intellectual disability cases (Ncases= 11,203; Ncontrols= 22,555). 

Appendix Figure C2 visualises the process of instrument definition, and Appendix Table C6 details on 

the instruments used.  

Two-sample MR analyses were performed using the TwoSampleMR R package253 in R version 3.5.1.
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Figure 5.4 Genetic instrument extraction process for the MR analyses investigating the causal links between common variant genetic liability to autism, inflammatory bowel 

disease (IBD), Crohn’s disease (CD) and ulcerative colitis (UC).  
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5.3 Results 

5.3.1 Associations between parental IBD diagnoses and offspring autism 

The Swedish sample included 2,324,227 offspring born to 1,282,494 mothers and 1,285,719 fathers 

and was ascertained from “Psychiatry Sweden”, a comprehensive national register linkage, the 

associations between parental IBD diagnosis and offspring autism were assessed. Cohort 

characteristics by exposure to maternal/paternal IBD diagnoses during index pregnancy, can be found 

in Appendix Tables C7 and C8 and details on the prevalence of each IBD subtype diagnosis in the 

cohort can be found in Appendix Figure C3. 

Maternal IBD diagnosis was associated with offspring autism in crude and adjusted models (Any IBD 

diagnosis: ORMODEL3= 1.32; 95% CIs: 1.25 to 1.40; Table 5.2). Similar results were observed in 

analyses of maternal UC and Crohn’s diagnoses and offspring autism (Table 5.2), and in analyses 

restricted to maternal IBD diagnoses prior to the index person’s birth (Any IBD diagnosis: ORMODEL3= 

1.20; 95% CIs: 1.09 to 1.32; Appendix Table C9). The paternal IBD associations with autism were 

weaker (ORMODEL3= 1.09; 95% CIs 1.02 to 1.17) than the maternal associations (Table 5.2). Point 

estimates for associations of parental IBD diagnoses to autism without ID were higher than those for 

autism with ID, although confidence intervals overlapped (Appendix Table C10).   

5.3.2 Genetic correlation between IBD and autism 

There was no evidence of a genetic correlation between genetic liability to autism and IBD, UC, or 

Crohn’s (Table 5.3). Heritability scores (z-scores: 8.34-11.75), chi-squares (1.20-1.53) and intercepts 

(1.01-1.12) satisfied the conditions to provide reliable LD-score regression estimates (Appendix Table 

C11). 

5.3.3 Associations between polygenic risk for IBD, Crohn’s and broad autistic traits in 

ALSPAC.  
 

In a total sample size of 7,348 mothers with available genetic data and data on offspring broad autistic 

traits, there was evidence to suggest an association of maternal polygenic risk for UC and Crohn’s 

with higher autism factor mean score in the offspring (UC: βPRS= 0.02; 95%CIs: 0.003 to 0.05; p= 
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0.03; Crohn’s: βPRS= 0.03; 95%CIs: 0.01 to 0.05; p= 0.004). Similar results were found across other p-

value thresholds (0.5- 0.05). The effect size of the association between maternal polygenic risk for 

IBD and autism factor mean score, was comparable to that of UC and Crohn’s, although confidence 

intervals crossed the null (βPRS= 0.02; 95%CIs: -0.004 to 0.04; p= 0.1; R2= 0.06; Table 5.3, Figure 5.5, 

Appendix Table C12).  

There was no evidence of associations between child’s PRS for IBD, UC, Crohn’s and autism mean 

factor score in children (IBD: βPRS= 0.003; 95%CIs: -0.02 to 0.02; p= 0.79; R2= 0.05; UC: βPRS= 

0.001; 95%CIs: -0.02 to 0.02; p= 0.89; R2= 0.05; Crohn’s: βPRS= 0.007; 95%CIs: -0.01 to 0.03; p= 

0.49; R2= 0.05; Table 5.3, Figure 5.6, Appendix Table C13). 
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Table 5.2 Associations between maternal or paternal diagnosis of any inflammatory bowel disease (IBD), ulcerative colitis (UC), Crohn’s disease, other IBD and offspring 

diagnosis of autism. 

 

Exposure n Autism/n total 

(% Autism)a 

Model1b OR 

(95% CIs) 

P value Model2c OR 

(95% CIs) 

P value Model3d OR 

(95% CIs) 

P value 

No maternal IBD 43,568/2,272,606 

(1.92%) 

Ref Ref Ref 

Any maternal IBD 1,361/51,621 (2.64%) 1.39 (1.31,1.47) <0.001e 1.32 (1.24,1.40) <0.001e 1.32 (1.25,1.40) <0.001e 

Maternal Crohn’s Disease 422/17,832 (2.37%) 1.23 (1.09,1.40) 0.001e 1.19 (1.05,1.35) 0.006 1.20 (1.06,1.36) 0.004 

Maternal Ulcerative Colitis 292/12,390 (2.36%) 1.24 (1.12,1.38) <0.001e 1.22 (1.10,1.35) <0.001e 1.22 (1.10,1.36) 0.001 

Maternal Other IBDf 722/24,865 (2.90%) 1.53 (1.42,1.66) <0.001e 1.42 (1.32,1.54) <0.001e 1.43 (1.32,1.55) <0.001e 

Maternal Crohn’s or Ulcerative 

Colitisg 

639/26,756 (2.39%) 1.25 (1.15,1.35) <0.001e 1.21 (1.11,1.32) <0.001e 1.22 (1.12,1.32) <0.001e 

 

No paternal IBD 43,989/2,281,119 

(1.93%) 

Ref Ref Ref 

Any paternal IBD 940/43,108 (2.18%) 1.14 (1.06,1.22) <0.001e 1.11 (1.03,1.18) 0.004 1.09 (1.02,1.17) 0.012 

Paternal Crohn’s Disease 346/18,290 (1.89%) 1.18 (1.04,1.35) 0.013 1.16 (1.02,1.33) 0.023 1.16 (1.01,1.32) 0.031 

Paternal Ulcerative Colitis 254/11,274 (2.25%) 0.99 (0.88,1.10) 0.806 0.98 (0.87,1.09) 0.662 0.97 (0.86,1.08) 0.575 

Paternal Other IBDf 407/16,958 (2.40%) 1.25 (1.12,1.38) <0.001e 1.19 (1.07,1.32) 0.001e 1.17 (1.05,1.30) 0.003 

Paternal Crohn’s or Ulcerative 

Colitisg 

533/26,150 (2.04%) 1.06 (0.97,1.16) 0.187 1.05 (0.96,1.15) 0.312 1.04 (0.95,1.14) 0.408 

aThe total numbers for those exposed to maternal or paternal Crohn's Disease, Ulcerative Colitis, or Other IBD do not sum to the total exposed to any IBD because some mothers or fathers 

received both a Crohn's Disease and an Ulcerative Colitis diagnosis Please see supplementary Figure S2 for details on the prevalence and overlap in diagnoses in the study sample.   
b Crude models. 
cModels adjusted for child’s sex, year of birth, birth order, maternal/paternal age, migrant status, education level, family income and parental psychiatric history.  
dMutually adjusted models for maternal/paternal IBD diagnoses, child’s sex, year of birth, birth order, maternal/paternal age, migrant status, education level, family income and parental 

psychiatric history.  
e p-value is less than Bonferroni-corrected value of 0.0012, accounting for 42 models in Study 1. See Supplementary Table 20 for exact p-values.  
fExcluding Crohn’s and Ulcerative Colitis and including ICD-9 558 “Other and unspecified non-infectious gastroenteritis and colitis” and ICD-10 K52.3 “Indeterminate colitis” and K52.9 

“Noninfective gastroenteritis and colitis”. Please see supplementary methods S1 for details on the diagnostic codes. 
g Including Crohn’s and ulcerative colitis diagnoses and excluding ICD-9 558 “Other and unspecified non-infectious gastroenteritis and colitis” and ICD-10 K52.3 “Indeterminate colitis” 

and K52.9 “Noninfective gastroenteritis and colitis”. Please see supplementary methods S1 for details on the diagnostic codes. 

Odds ratios, 95% confidence intervals and p values calculated using generalised estimating logistic models with robust standard errors accounting for clustering of multiple children born to 

the same parents. 
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Table 5.3 LD-score regression coefficients (rg), 95% confidence intervals (95% CIs) and p-values for the analyses investigating the genetic correlation 

between genetic liability to autism, Inflammatory Bowel Disease (IBD), ulcerative colitis and Crohn’s disease. 

Trait 1 Trait 2 rg (95% CIs) P 

Autism IBD -0.0615 (-0.15, 0.02) 0.158 

Autism Ulcerative colitis -0.0656 (-0.17, 0.04) 0.2064 

Autism Crohn’s disease -0.0403 (-0.13, 0.05) 0.3551 

 

Table 5.4 Associations between child and maternal PRS for inflammatory bowel disease (IBD), ulcerative colitis, Crohn’s disease at p-value threshold 0.05, 

and autism factor mean score in the children of the ALSPAC birth cohort.  

 IBD PRS Ulcerative colitis PRS Crohn’s disease PRS 

Mother 

N= 7,348 

Child 

N= 7,503 

Mother 

N= 7,348 

Child 

N= 7,503 

Mother 

N= 7,348 

Child 

N= 7,503 

β 

(95% CIs) 

P β 

(95% CIs) 

P β 

(95% CIs) 

P β 

(95% CIs) 

P β 

(95% CIs) 

P β 

(95% CIs) 

P 

Autism factor mean score* 0.02 

(-0.004, 0.04) 

0.1 0.003 

(-0.02, 0.02) 

0.79 0.02 

(0.003, 0.05) 

0.03 0.001 

(-0.02, 0.02) 

0.89 0.03 

(0.01, 0.05) 

0.004 0.007 

(-0.01, 0.03) 

0.49 

*Standardised score, with mean = 0, standard deviation = 1 and higher scores reflecting more autism related difficulties. 
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Figure 5.5 Associations between maternal polygenic risk (PRS) for inflammatory bowel disease 

(IBD), ulcerative colitis (UC), Crohn’s disease (Crohn’s) at 13 p-value thresholds, and offspring 

autism factor mean score in the ALSPAC cohort.  
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Figure 5.6 Associations between polygenic risk (PRS) for inflammatory bowel disease (IBD), 

ulcerative colitis (UC), Crohn’s disease (Crohn’s) at 13 p-value thresholds, and autism factor mean 

score in children of the ALSPAC cohort.  
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5.3.4 Causal effects of common variant genetic liability to IBD on autism 

The mean F statistics of the IBD, UC and Crohn’s instruments were 67, 68 and 70, respectively, 

suggesting adequate strength. There was evidence of a causal effect of genetic liability to UC on risk 

of autism (IVWOR= 1.04; 95% CIs: 1.01 to 1.07; p= 0.006). Evidence for the effect of genetic liability 

to IBD and Crohn’s on autism risk was weaker, although the magnitude and direction of the effect 

estimates was comparable to the UC results (Table 5.5). 

The magnitude and direction of causal effect estimates was consistent across all sensitivity analyses, 

and there was no evidence to suggest the influence of horizontal pleiotropy (Appendix Table C14). 

Results of analyses with instruments extracted from the autism GWAS excluding ID cases were 

comparable to the primary effect estimates (Appendix Table C15).  

5.3.5 Causal effects of common variant genetic liability to autism on IBD 

The mean F statistic of the autism instruments was 28, suggesting adequate strength. There was no 

evidence of a causal effect of genetic liability to autism on risk of IBD, UC or Crohn’s (Table 5.5). 

The estimates were consistent across sensitivity analyses, with overlapping confidence intervals, and 

were unlikely to be influenced by horizontal pleiotropy (Appendix Table C16). Repeating the 

analyses with instruments extracted from the autism GWAS excluding all ID cases yielded similar 

results (Appendix Table C17).  

 

Table 5.5Mendelian randomization Inverse Variance Weighted (IVW) estimates, 95% confidence 

intervals and p-values for the effect of common variant genetic liability to inflammatory bowel 

disease (IBD), Crohn’s disease (Crohn’s), ulcerative colitis (UC) on autism and vice versa.  

Exposure Outcome OR (95% CIs) P 

Genetic liability to IBD Autism 1.02 (1.0, 1.05) 0.1 

Genetic liability to ulcerative colitis Autism 1.04 (1.01, 1.07) 0.006 

Genetic liability to Crohn’s disease Autism 1.01 (1.0, 1.04) 0.2 

Genetic liability to autism IBD 0.90 (0.73, 1.11) 0.32 

Genetic liability to autism Ulcerative colitis 0.95 (0.77, 1.18) 0.65 

Genetic liability to autism Crohn’s disease 0.85 (0.63, 1.15) 0.29 
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5.4 Discussion 

5.4.1 Summary of findings 

Using four complementary approaches I investigated the associations between parental diagnoses and 

common variant genetic liability to IBD and offspring autism. Conducting a nationwide register-based 

cohort study in Sweden there was evidence of associations between parental diagnoses of IBD and 

offspring autism. Importantly, the maternal effect sizes were larger than paternal, without overlapping 

confidence intervals. PRS analyses in the ALSPAC birth cohort suggested associations between 

maternal common variant genetic liability to IBD and offspring autism, while two-sample MR studies 

provided evidence of a potentially causal effects of common variant genetic liability to IBD and its 

subtypes on autism risk. There was no evidence to suggest a genetic correlation between autism and 

IBD, as indicated by LD-score regression analyses. 

5.4.2 Comparison to previous evidence 

A number of studies so far have investigated the potential associations between parental autoimmune 

conditions and autism. Several parental autoimmune conditions have been previously identified to be 

linked to offspring autism, including rheumatoid arthritis293 and psoriasis294. In the case of IBD, 

evidence from previous studies seems to be inconclusive. In contrast to studies so far, this is the first 

study to date to use four distinct study designs to triangulate findings.  

Overall, the present findings suggesting larger maternal effect sizes than paternal in the registry-based 

study, in combination with the identified associations between maternal, but not child’s, PRS for IBD 

and offspring autism factor mean score, could potentially indicate in-utero effects. This could be 

further supported considering that there was no evidence of a genetic correlation between autism and 

IBD. Specifically, based on liability-threshold models of inheritance192,193,295,296 (and assuming that 

liability to IBD is normally distributed in the population), it could be hypothesised that liability to 

IBD will be expressed after a threshold has been exceeded, depending on a synergy of genetic 

variation, environmental factors and chance. Mothers below but close to the threshold, could be 

expected to express sub-phenotypic manifestations of IBD such as immunological alterations, 

micronutrient deficiencies, anaemia. These sub-phenotypic manifestations could influence fetal 
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development. In fact, several immune pathways have been implicated in both Crohn’s and UC (which 

are strongly genetically correlated: rg= 0.7; p= 2*10-47 297), including T-helper 1 (TH1), T-helper 2 

(TH2) and T-helper 17 (TH17) cytokines298, which are increasingly identified to be linked to perinatal 

complications299–301 as well as autism 302–304. Similarly, micronutrient malabsorption and anaemia 

during pregnancy have been found to be associated with offspring autism305,306. The availability of 

genotype and biospecimen data in autism family cohorts such as the Simons Simplex Collection 

(SSC) and the Simons Foundation Powering Autism Research (SPARK)307,308 may allow the 

integration of genomic, immune, and gut microbiome profiling approaches to elucidate the potential 

aetiology and biological pathways underlying the identified associations. 

5.4.3 Strengths and limitations 

The use of four different designs to triangulate the findings is a notable strength of the present 

study158. The Swedish nationwide register-based cohort study of over 2 million parent-child pairs is 

the largest to date on parental IBD-offspring autism. In addition, the present study benefited from the 

longest to date follow-up period (1987-2016), as well as exposure and outcome ascertainment from 

both inpatient and outpatient specialist care. The ALSPAC cohort containing genotype data for over 

7,000 mothers and children as well as broad autistic trait measures for over 13,000 children, is one of 

the richest resources for the investigation of the potential polygenic associations between maternal 

polygenic risk for IBD and offspring autism. Finally, in the MR analyses I used the largest GWAS 

data available for all conditions and conducted several sensitivity analyses to test the robustness of the 

findings. 

Considering study limitations, in the Swedish registers the possibility of measurement error in IBD 

diagnoses cannot be excluded. However, this is likely to be non-differential in relation to the study 

outcome and would therefore bias the findings towards the null. Secondly, while PRSs were based on 

large GWAS samples, it was not possible for to investigate the variance explained by the PRSs in the 

target sample. However, based on previous studies291,309, it could be expected that the PRSs 

potentially explain little variance in the phenotype, a limitation which could be overcome with future 

larger GWAS. Additionally, the autism mean factor score used in the present analyses, was derived 
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from individual measures that were not primarily purposed to assess autism. However, the score has 

been found to be predictive of a clinical autism diagnosis (measured independent of the variables 

contributing to the derivation of the mean factor score) and presents associations with autism PRS in 

ALSPAC, as suggested by previous studies217,220.Thirdly, in two-sample MR analyses investigating 

the effects of genetic liability to autism on risk of IBD, I used a relaxed instrument inclusion p-value 

threshold. This could potentially result in including weak instruments and therefore bias the causal 

effect estimates. The F statistic of the autism instruments in the analyses suggested that weak 

instrument bias is unlikely. Fourth, using GWAS data I could only investigate the possible 

contribution of common variants acting under an additive model and not any contribution from rare 

variation which has been found to be implicated in autism310,311. Finally, an important consideration is 

that the present study has been conducted using samples and GWAS data of predominantly European 

ancestry individuals. Although a proportion of index children in the registry-based study had at least 

one parent of non-European descent (10%), the use of European ancestry summary and individual-

level genetic data in LDSC, PRS and MR analyses, was unavoidable considering that the largest 

available GWAS on autism and IBD have been conducted in European ancestry samples. The 

increasing representation of ethnically diverse populations in biobanks and health registers will allow 

future studies to build on the present findings. 

5.5 Conclusions and chapter summary 

In conclusion, triangulation of evidence from a nationwide register-based cohort study, genetic 

correlation, polygenic risk score analyses and MR, suggest a potentially causal link between maternal 

diagnoses and common variant genetic liability to IBD, with offspring autism. These findings may 

suggest a causal role of maternal immune response on fetal development and therefore autism, 

although other pathways e.g., micronutrient malabsorption, cannot be excluded. In the last chapter of 

my thesis, I will describe how I interrogated further the present study findings by investigating 

whether cytokines implicated in IBD might have a causal role in autism but also schizophrenia, 

scrutinising therefore whether specific immunological pathways are shared between the two 

conditions.     ♦ 
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Chapter 6 

Using Mendelian randomization and genetic colocalisation 

approaches to uncover shared immunological pathways underlying 

autism and schizophrenia. 
 

This chapter closely resembles sections from the following preprint:  

Dardani C, Robinson JW, Zheng J, Sadik A, Pagoni P, Stergiakouli E, Gardner RM, Havdahl A, Grove J, The 

iPSYCH Autism Spectrum Disorder Working Group, Davey Smith G, Sullivan SA, Leppert B, Jones HJ, 

Zammit S, Khandaker GM, Rai D. Immunological pathways underlying autism: Findings from Mendelian 

randomization and genetic colocalisation analyses. medRxiv; 2022; doi:  

https://www.medrxiv.org/content/10.1101/2022.02.16.22271031v1 (Currently under review Biological 

Psychiatry) 

♦ 

6.1 Introduction 

In Chapter 5, I found evidence suggesting a potentially causal link of maternal diagnoses and common 

variant genetic liability for inflammatory bowel disease (IBD) with offspring autism. There is 

currently increasing evidence from animal model, genomic and observational studies as well as 

clinical trials, suggesting a central role of CD4+ T cell subsets and their cytokine networks in the onset 

and course of IBD272,312. CD4+ T cells are types of T lymphocytes and are orchestrators of anti-viral, 

autoimmune, and anti-tumour responses313–316. Their involvement in these responses is largely induced 

through cytokines which drive the differentiation of naïve CD4+ T cell into specific subsets, 

characterised by distinct cytokine products and functions315–317. Table 6.1 summarises the inductive 

and product cytokines for each subset, as well as their functions.  

There is evidence suggesting that CD4+ T cell subsets as well as their inductive and product cytokines 

might be implicated in psychosis and autism. In the case of psychosis, there is increasing evidence 

from case-control, population-based cohort and Mendelian randomization studies supporting a 

potentially causal role of TReg cell signature cytokines and particularly IL-694,152,318,319. In the case of 

autism, evidence on the potential role of TReg cytokines is less consistent, although associations have 

been identified in animal and case-control studies between atypical levels of IL-6 and autism features 

320,321. Evidence is more consistent with regards to the potential role of TH1 and TH2 cytokines in 

autism as there are population-based case-control studies indicating associations between atypical 

https://www.medrxiv.org/content/10.1101/2022.02.16.22271031v1


Part II: Shared Immunological Pathways 

113 
 

levels of TH1 and TH2 cytokines in neonatal blood spots as well as amniotic fluid and autism diagnosis 

later in life303,322.  

Despite available evidence on the potential links between specific CD4+ T cell subset signature 

cytokines, autism, and psychosis, the question of whether the links are causal and represent shared 

immunological pathways for the two conditions has yet to be settled. In the case of autism, evidence 

so far has been based on observational studies which can be hampered by reverse causation and 

residual confounding, whereas in the case of psychosis, investigations have focused on a limited 

number of cytokines and predominantly IL6.  

To address these gaps, I used GWAS summary data on autism36 and schizophrenia66, and conducted a 

study to investigate the causal influence of genetically proxied cytokines implicated in the 

differentiation and function of six major CD+4 T cell subsets (TH1, TH2, TH9, TFH, TH17, TReg) on both 

conditions. 

(i) I firstly performed two-sample MR using single nucleotide polymorphisms (SNPs) 

associated with plasma cytokines (protein quantitative trait loci- pQTLs) as 

instruments161–163,165 and assessed their causal effects on both conditions.  

(ii) To gain insights into potential brain-specific effects, I additionally performed MR using 

SNPs associated with the expression of genes encoding the cytokines of interest in the 

brain cortex (expression quantitative trait loci- eQTLs) as instruments323.  

(iii) I complemented MR findings by performing genetic colocalisation analyses to identify 

shared causal variant(s) influencing levels/expression of the exposure (cytokine) and 

outcome risk (autism/schizophrenia), i.e. that there might be a shared underlying 

biological mechanism207,210.  

(iv) Finally, I assessed the possibility of bias due to reverse causation by performing Steiger 

filtering324 and bidirectional MR analyses (common variant genetic liability to 

autism/schizophrenia → circulating cytokines).  
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Table 6.1 Summary of cytokines inducing naïve CD4+ T cell differentiation, the resulting six major 

CD4+ T cell subsets, their product cytokines and their functions*.  

CD+ 4 T 

cell 

subsets 

TH1 TH2 TH9 TFH TH17 TReg 

Inductive 

Cytokines 

IL-2 IL-2 IL-2 IL-6 IL-6 IL-2 

IL-12 IL-4 IL-4 IL-21 IL-21 TGFβ 

  TGFβ  IL-23  

    TGFβ  

Product 

Cytokines 

IFN-γ IL-4 IL-9 IL-21 IL-17A IL-10 

 IL-5   IL-17F TGFβ 

 IL-13   IL-22  

Subset 

associated 

functions 

Macrophage 

activation 

Eosinophil 

activation 

Response in 

helminth 

infections 

B cell 

activation 

Neutrophil 

activation 

Regulation of 

inflammatory 

response 

Inflammatory 

response 

against 

intracellular 

pathogens 

Allergic and 

autoimmune 

response 

Allergic and 

autoimmune 

response 

Inflammatory 

response 

against 

extracellular 

pathogens 

Inflammatory 

response 

against 

extracellular 

pathogens 

Regulation of 

autoimmune 

response 

  Anti-tumour 

immune 

response 

 Autoimmune 

response  

Suppression 

of anti-

tumour 

immune 

response 

*The table summarises some of the main functions of the CD+4 T cell subsets and does not imply that these 

are the only immune pathways and processes that they have been found to be implicated. A detailed 

description of each subset, signature cytokines and functions can be found in relevant publications315,316,325–

328. IFN-γ: Interferon gamma; IL2-23: Interleukins 2-23; TGFβ: Transforming growth factor beta; TH1: T 

helper 1; TH2: T helper 2; TH9: T helper 9; TFH: T follicular helper; TH17: T helper 17; TReg: Regulatory T 

cells. 
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6.2 Methods 

A summary of the analysis plan of the present study can be found in Figure 6.1.  

 

Figure 6.1 Summary of the analysis plan followed in the present study.  
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6.2.1 Data sources and instrument definition 

Blood pQTL data 

Plasma pQTL data for the 15 cytokines of interest (Table 6.1 for a summary of the cytokines) were 

available in four genome-wide association studies (GWAS): Sun et al, 2018 (N= 3,301)161, Folkersen 

et al., 2017 (N= 3,394)165, Suhre et al., 2017 (N= 1,000)163, Emilsson et al., 2018 (N= 5,457)162. 

Details on participants, plasma protein measurements, and genotyping of each study, can be found in 

the original publications.  

Instrument selection was based on previous work by Zheng et al.329. Specifically, Zheng et al. pooled 

pQTLs for 1,699 proteins from the above GWAS161–165 and validated them in terms of their 

consistency (limited agreement of pQTL association estimates across GWAS might indicate 

artefactual associations and therefore potential violation of the MR assumption that the genetic 

instruments used are robustly associated with the exposure167,198) and their specificity (pQTLs 

associated with several proteins can indicate pleiotropy and therefore potential violation of the MR 

assumption that the genetic instruments should operate on the outcome entirely via the 

exposure167,198). Further details on the validation protocol can be found in the original publication. I 

considered this information important for the appraisal of the MR findings and therefore extracted 18 

pQTLs that were independent (r2<0.001; 10,000Kb) and robustly associated (p≤5*10−08) with the 

cytokines of interest and their receptors from the work of Zheng et al329. The only exception were 

instruments for IL4 Receptor Subunit Alpha (IL-4RA) and IL17-F for which there was no information 

on their specificity and consistency in the work of Zheng et al.329 and were therefore extracted from 

the Sun et al GWAS data using a p<=5*10-08, r2<0.001; 10,000 kb.  

All instruments were categorised into cis-acting and trans-acting. Instruments were categorised as cis-

acting when they located within proximity (±1Mb) to the cytokine-encoding gene, whereas 

instruments were categorised as trans-acting when they were located outside this window. SNPs 

acting in cis to the cytokine-encoding gene are more likely to influence mRNA and protein expression 

(thus being less pleiotropic), whereas trans-SNPs are likely to be pleiotropic due to their distance from 

the cytokine-encoding gene330. Table 6.2 provides details on the genetic instruments used in the study.  
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Table 6.2 Genetic instruments used in the MR analyses investigating the causal effects of genetically proxied plasma cytokines on autism and schizophrenia. 

 
VALIDATION CRITERIA BY ZHENG ET AL  

EXPOSURE SNP A1 A2 EAF β SE P CIS/TRANS STUDY SPECIFICITY CONSISTENCY Instrument  

Strength 

(F) 

IL2 rs4241819 T C 0.50721 0.1919 0.0247 7*10-15 trans Sun et al. No No 60 

IL12B rs4921484 C T 0.678009 0.3123 0.0262 7*10-33 cis Sun et al. Yes Yes 142 

IL12B rs9815073 A C 0.374252 0.2146 0.0277 9*10-15 trans Sun et al. Yes Yes 60 

IL12RB1 rs376008 T C 0.33501 -0.7569 0.039813 6*10-69 cis Suhre et al. Yes No 361 

IL12RB2 rs12566098 G C 0.688055 0.2568 0.0267 6*10-22 cis Sun et al. Yes Yes 93 

IFNGR1 rs7080536 A G 0.043842 0.6262 0.0617 4*10-24 trans Sun et al. Yes Yes 103 

IL4RA rs10418046 G T 0.21727 -0.1694 0.0298 1*10-08 trans Sun et al. No No 32 

IL5 rs704 A G 0.466647 -0.2887 0.0242 7*10-33 trans Sun et al. No No 142 

IL5RA rs77400868 G A 0.13908 0.5096 0.0362 7*10-45 cis Sun et al. Yes Yes 198 

IL13RA1 rs4241818 C T 0.513587 0.1924 0.0246 5*10-15 trans Sun et al. No No 61 

TGFB1 rs1800470 A G 0.621 0.259 0.024 5*10-25 cis Emilsson et al. Yes Yes 116 

IL9 No instruments (p<=5*10-08) available in datasets  

IL6R rs4129267 T C 0.36 0.81 0.023272 2*10-265 cis Folkersen et al. Yes No 1211 

IL21 rs12368181 G A 0.13305 -0.3688 0.0362 2*10-24 trans Sun et al. No No 104 

IL23R rs11581607 A G 0.066948 -0.42 0.0491 1*10-17 cis Sun et al. Yes Yes 73 

IL17RA rs4819959 A G 0.49643 0.9127 0.0195 1*10-200 cis Sun et al. No No 2190 

IL17F rs9274952 G T 0.36485 0.1677 0.03 2*10-08 trans Sun et al. No No 31 

IL22RA1 rs1065853 T G 0.077779 -0.3498 0.0461 3*10-14 trans Sun et al. No No 58 

IL10RB rs2834167 A G 0.732 0.16 0.028 1*10-08 cis Emilsson et al. Yes Yes 33 

EAF: effect allele frequency 



Part II: Shared Immunological Pathways 

118 
 

Brain cortex eQTL data 

Brain-cortex eQTL data for the genes encoding the cytokines of interest were available in the largest 

meta-analysis of brain-derived eQTL datasets (MetaBrain), resulting in a size of 6,601 RNA-

sequencing samples323. Details on the study datasets, samples and genotyping can be found in the 

original publication.  

Cis-acting only eQTLs (±1Mb within the cytokine encoding gene region) were used for these 

analyses. This decision was based on the fact that the MetaBrain dataset has reported only the 

statistically significant trans-eQTLs, without information on the respective regions around them. This 

means that any genes with trans-acting SNPs are ineligible for subsequent colocalisation analyses 

(colocalisation analyses require information on the SNP-coverage of the extended region around the 

genetic instrument and details on the method can be found in section 6.2.3 below). I defined as 

instruments SNPs that were independent (r2<0.001; 10,000 kb) and met a p-value threshold of 5*10−08. 

In cases that there were no instruments available for a cytokine of interest at this threshold, I used a 

relaxed p-value threshold of 5*10−05, in order to ensure that there would be at least one cis-acting 

eQTL for all the cytokine-encoding genes. In total, 19 eQTLs were extracted and details can be found 

in Table 6.3. 

Schizophrenia GWAS data 

I used the latest schizophrenia GWAS of 69,369 cases and 236,642 controls66. 255 genetic 

instruments were extracted using a p-threshold <=5*10-08 and r2<0.01 within a 10,000 kb window. 

Details on the instruments can be found in Appendix Table D1.  

Autism GWAS data 

In addition, I used the latest autism GWAS of 18,381 cases and 27,969 controls36. 10 independent 

(r2<0.001; 10,000 kb) genetic instruments for autism were extracted using a relaxed p-threshold of 

5*10-07, since the genome-wide significant threshold, p<=5*10-08, yielded only two variants. Details 

on the instruments can be found in Appendix Table D2. I additionally used summary-level data on a 

sub-sample of the iPSYCH cohort292 excluding all intellectual disability cases (cases= 11,203; 
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controls= 22,555) to test for any potential differences in the identified causal effects of genetically 

proxied cytokines across the two GWAS samples. 

6.2.2 Two-sample Mendelian randomisation analyses  

I assessed the strength of each instrument by estimating their F statistic. As a rule of thumb, an F>10 

is indicative of adequate instrument strength248.  SNP-exposure effect sizes and standard errors were 

extracted from the outcome GWAS (autism/schizophrenia), and their alleles were harmonised to 

ensure SNP-exposure and SNP-outcome effect sizes correspond to the same allele. The Wald ratio 

was used to generate causal effect estimates and the Taylor series expansion to approximate standard 

errors, as all exposures were instrumented by a single SNP200,331. The same process was followed 

using as an outcome the iPSYCH autism sub-sample excluding all intellectual disability cases. 

Despite the number of analyses, correction for multiple testing was not performed. This decision was 

made on the basis that the cytokines assessed in the present study are unlikely to be independent from 

each other (i.e., making difficult the definition of the number of independent tests conducted) and 

therefore, correction for multiple testing might be too stringent. Instead, results are presented and 

appraised in the context of their magnitude and consistency across analyses. 
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Table 6.3 Genetic instruments used in the MR analyses investigating brain-specific effects of genetically predicted expression of genes encoding cytokines on 

autism and schizophrenia.  

EXPOSURE SNP ENSEMBL ID CHR BPa A1 A2 β SE P EAF Instrument 

Strength 

(F) 

IL2RA rs12722497 ENSG00000134460.17 10 6095928 C A -0.36517 0.043232 3*10-17 0.89 71 

IL12A rs1353248 ENSG00000168811.7 3 159623559 C T 0.24656 0.029559 7*10-17 0.70 70 

IL12B rs75259819 ENSG00000113302.4 5 158401932  A G -0.21666 0.049462 1*10-05 0.92 19 

IL12RB1 rs2644777 ENSG00000096996.16 19 18178616 A C 0.25866 0.027514 5*10-21 0.68 88 

IL12RB2 rs72678518 ENSG00000081985.11 1 67771397 A G -0.27044 0.034361 4*10-15 0.79 62 

IFNGR1 rs4896249 ENSG00000027697.14 6 137594069 C T -0.32471 0.044829 4*10-13 0.90 52 

IFNGR2 rs9976971 ENSG00000159128.14 21 34768097  A G -0.1225 0.026135 3*10-06 0.43 22 

IL4 rs6879672 ENSG00000113520.11 5 132025947  A G -0.32098 0.029369 8*10-28 0.25 119 

IL4R rs7205510 ENSG00000077238.14 16 27321398  G A 0.191158 0.030116 2*10-10 0.29 40 

IL5 rs2070730 ENSG00000113525.10 5 131819800  G A -0.28132 0.027541 2*10-24 0.69 104 

IL5RA rs6768065 ENSG00000091181.19 3 3110237  T A -0.13574 0.028282 2*10-06 0.46 23 

IL13 rs12652920 ENSG00000169194.9 5 131885240  G C 0.180025 0.03224 2*10-08 0.79 31 

IL9 rs4487482 ENSG00000145839.2 5 135201771  A G 0.232605 0.034617 2*10-11 0.81 45 

TGFB1 rs75520557 ENSG00000105329.10 19 40996988 A G 0.267952 0.060981 1*10-05 0.95 19 

IL6 rs2905346 ENSG00000136244.12 7 22618248 G A -0.1225 0.027445 8*10-06 0.49 20 

IL21 rs35913539 ENSG00000103522.16 16 27479229  T C 0.612885 0.033774 1*10-73 0.84 329 

IL17RA rs2845391 ENSG00000177663.13 22 17526688 A T -0.50932 0.026428 9*10-93 0.39 371 

IL23A rs59917308 ENSG00000110944.9 12 56658708  C T -0.43832 0.051091 9*10-18 0.93 74 

IL10RB rs2834167 ENSG00000243646.10 21 34640788  A G -0.74472 0.027437 3*10-162 0.73 737 

a: coordinates in GRCh37 

Ensembl ID: Gene id in Ensembl; CHR: chromosome; BP: position; EAF: effect allele frequency. 
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6.2.3 Genetic colocalisation analyses 

Colocalisation approaches can complement MR approaches by elucidating a distinct aspect of the 

identified causal relationship between an exposure and an outcome210. Specifically, colocalisation 

allows the assessment of the hypothesis that any identified causal effects (from MR analyses) are 

driven by the same causal variant influencing both exposure and outcome, instead of distinct causal 

variants that are in linkage disequilibrium (LD) with each other207. This can be particularly important 

considering that evidence of shared causal variant for the exposure and the outcome might be 

suggestive of a shared underlying biological pathway206,207,210. In practice, the approach is harnessing 

SNP coverage within the same specified locus for two traits of interest and tests whether independent 

association signals for each trait at the specified locus are suggestive of a shared causal variant207. 

For each MR result providing evidence of causal effects, I tested for colocalisation between the 

genetically proxied exposure and autism/schizophrenia. I extracted regions of SNPs within ±500KB 

around the instrumented SNP and implemented the algorithm described by Zheng et al329 to perform 

pairwise conditional and colocalisation (PWCoCo)329 analyses, which assesses all conditionally 

independent signals in the exposure dataset region against all conditionally independent signals in the 

outcome data. Genotype data from mothers in the Avon Longitudinal Study of Parents and Children 

(ALSPAC)229 cohort were used as the LD reference panel (N= 7,921; details on the ALSPAC cohort 

and available genotype data can be found in Chapters 3 and 5).  

As discussed in Chapter 2, colocalisation assesses evidence on distinct hypotheses (H): H1: there is an 

association signal in the extracted genomic region of the exposure, but in the region of the outcome 

there is not; H2: there is an association signal in the extracted genomic region of the outcome, but in 

the region of the exposure there is not; H3: there are association signals in both exposure and outcome 

genomic regions but they are driven by two distinct causal variants; H4: there are association signals 

in both exposure and outcome genomic regions and they are driven by the same causal variant207. As 

suggested by the authors of the method, evidence of colocalisation in the context of the present study, 

was considered a probability of H4≥80%207. 
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In the case of autism, as a post-hoc analysis to PWCoCo, I performed Linkage disequilibrium (LD) 

check332. The method was initially proposed to approximate colocalisation in cases of studies that 

sufficient SNP coverage in the region of interest was not available (for example in cases that for one 

of the traits of interest only the genome-wide significant hits were available/published, but not the full 

GWAS summary data to extract regions)329. In the context of the present study, the decision to 

perform LD check was based on the fact that the current autism GWAS yielded association signals in 

three only loci and therefore the autism dataset might be underpowered for colocalisation analyses36 

(assuming that these three loci are unlikely to be the only causal loci for autism and that future larger 

GWASs will reveal more information on the genetic architecture of autism). I assessed the LD 

between the instrumented SNP and the top 30 SNPs associated with autism in the test region (r2>0.8 

with any of the strongest 30 SNPs for autism in the region approximating colocalisation as suggested 

by the authors of the method329).  

6.2.4 Examination of reverse causation 

Steiger filtering 

I performed Steiger filtering to assess whether causal effect estimates were influenced by reverse 

causation. The method assesses whether genetic instruments proxying for the exposure explain more 

variance in the outcome324.  

Bi-directional two-sample MR 

I performed bi-directional two-sample MR to investigate the potential causal effects of common 

variant genetic liability to autism and schizophrenia on levels of plasma cytokines. Details on the 

genetic instrument extraction can be found in section 6.2.1 and in Appendix Tables D1 and D2. As 

outcome, I used GWAS summary data for each cytokine of interest from Sun et al161. The primary 

method of analysis was the Inverse Variance Weighted (IVW)201. The consistency of the IVW effect 

estimates was assessed using the MR Egger regression201, the Weighted Median250 and the Weighted 

Mode204- details on these methods have been provided in Chapter 2 as well as Chapter 4. Please note 

that bi-directional MR analyses could not be performed on the brain cortex eQTL data due to not 

having full genome-wide data for this dataset.  
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6.2.5 Software 

Analyses were carried out using the computational facilities of the Advanced Computing Research 

Centre of the University of Bristol (http://www.bris.ac.uk/acrc/). Brain cortex cis-eQTLs were 

extracted using the Summary-data-based Mendelian Randomization (SMR) package version 1.03 

(https://cnsgenomics.com/software/smr/). The TwoSampleMR R package was used to conduct two-

sample MR analyses, Steiger filtering and to construct LD matrices for LD check analyses 

(https://github.com/MRCIEU/TwoSampleMR). The PWCoCo algorithm was implemented using the 

Pair-Wise Conditional analysis and Colocalisation analysis package version 0.3 

(https://github.com/jwr-git/pwcoco).    

6.3 Results 

6.3.1 Causal effects of genetically proxied plasma cytokines on autism and 

schizophrenia 
 

Using the autism GWAS summary data, I found evidence of a causal effect of genetically proxied 

Interferon Gamma Receptor-1 (IFNGR1: OR= 1.15; 95%CIs: 1.03-1.29; p= 0.02), Interleukin 4 

Receptor Subunit Alpha (IL4RA: OR= 0.81; 95%CIs: 0.65-0.99; p= 0.04), Interleukin 5 Receptor 

Subunit Alpha (IL5RA: OR= 0.91; 95%CIs: 0.83-1; p= 0.05) and Interleukin 13 Receptor Subunit 

Alpha-1 (IL13RA1: OR= 1.16; 95%CIs: 1-1.34; p= 0.04) on autism. There was additionally weak 

evidence to suggest a causal effect of genetically proxied Interleukin 2 (IL2: OR= 1.14; 95%CIs: 0.99-

1.32; p= 0.07). Results are detailed in Appendix Table D3 and summarised in Figure 6.2.  

Using the autism GWAS summary data excluding intellectual disability cases, I found evidence of a 

causal effect of genetically proxied Interferon Gamma Receptor-1 (IFNGR1: OR= 1.18; 95%CIs: 

1.03-1.35; p= 0.02), Interleukin 4 Receptor Subunit Alpha (IL4RA: OR= 0.77; 95%CIs: 0.6-0.99; p= 

0.04), and Interleukin 12 Receptor Subunit Beta-1 (IL12RB1: OR= 1.06; 95%CIs: 1.01-1.11; p=0.02). 

Details can be found in Appendix Table D4 and Figure 6.2.  

http://www.bris.ac.uk/acrc/
https://cnsgenomics.com/software/smr/
https://github.com/MRCIEU/TwoSampleMR
https://github.com/jwr-git/pwcoco
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In the case of schizophrenia, there was evidence to suggest a causal effect of genetically proxied 

Interleukin 6 Receptor (IL6R: OR= 1.03; 95%CIs: 1.01-1.05; p= 0.01). Results are detailed in 

Appendix Table D5 and Figure 6.2.
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Figure 6.2 Forest plot of MR causal effect estimates and 95%CIs for autism, autism without 

intellectual disabilities and schizophrenia per unit change in plasma cytokine levels. 

In some analyses the genetic instrument for the cytokine of interest was not available in the outcome data and therefore MR 

analyses could not be conducted. For example, the cis instrument for IL12B was available only in the schizophrenia GWAS, 

but not in the autism or autism without ID. 

IFNGR1: Interferon Gamma Receptor-1; IL10RB: Interleukin 10 Receptor Subunit Beta; IL12B: Interleukin 12 Beta; 

IL12RB1: Interleukin 12 Receptor Subunit Beta-1; IL12RB2: Interleukin 12 Receptor Subunit Beta-2; IL13RA1: Interleukin 

13 Receptor Subunit Alpha-1; IL17F: Interleukin 17 F; IL17RA: Interleukin 17 Receptor Alpha; IL21: Interleukin 21; 

IL22RA1: Interleukin 22 Receptor Subunit Alpha-1; IL23R: Interleukin 23 Receptor; IL2: Interleukin 2; IL4RA: Interleukin 

4 receptor Subunit Alpha; IL5: Interleukin 5; IL6R: Interleukin 6 Receptor; TGFB1: Transforming Growth Factor Beta-1. 
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6.3.2 Effects of brain-expressed cytokine genes on autism and schizophrenia 

There was evidence to suggest a causal effect of genetically predicted expression of IFNGR1 gene in 

brain cortex (OR= 1.22; 95%CIs: 1.05-1.42; p= 0.008), and IL23A gene (OR= 0.88; 95%CIs: 0.77-

0.99; p= 0.04) on autism. Furthermore, there was weak evidence to suggest a causal effect of 

IL12RB1 gene (OR= 1.24; 95%CIs: 0.97-1.57; p= 0.08). A summary of the results can be found in 

Appendix Table D6 and Figure 6.3.  

In the case of autism without intellectual disabilities, there was evidence to suggest a causal effect of 

genetically predicted expression of IL12RB1 gene (OR= 1.16; 95%CIs: 1.01-1.34; p= 0.04) and 

IL12B gene (OR= 1.36; 95%CIs: 1.01- 1.83; p= 0.04). Appendix Table D7 and Figure 6.3 summarise 

the results of the analyses.  

Finally, with regards to schizophrenia, there was evidence consistent with a causal effect of 

genetically predicted expression of IL9 gene (OR= 1.15; 95%CIs: 1.04-1.28; p= 0.007) and some 

weaker for the IL4 (OR= 0.94; 95%CIs: 0.89-1; p= 0.4) and IL6 genes (OR= 0.87; 95%CIs: 0.76- 1; 

p= 0.06). A summary is available in Appendix Table D8 and Figure 6.3. 
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 Figure 6.3 Forest plot of MR causal effect estimates and 95%CIs for autism, autism without 

intellectual disabilities and schizophrenia per standard deviation change in cytokine-encoding gene 

expression in the brain cortex. 

SD: Standard deviation 
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6.3.3 Genetic colocalisation 

None of the identified causal effects for autism and schizophrenia were supported by evidence of 

colocalisation (probability of H4 ranging from 1% to 37%). A summary of the results can be found in 

Table 6.4 and detailed results (H0-H4) can be found in Appendix Table D9.  

However, in the case of autism LD Check analyses indicated that the lead brain cortex cis-eQTLs for 

IFNGR1 and IL23A were in strong LD with at least one of the autism lead variants in the respective 

regions (r2>0.8; Table 6.4).  

6.3.4 Analyses to assess bias due to reverse causation 

Steiger filtering indicated that across all analyses the genetic variants explained more variance in the 

exposure rather than the outcome, and that therefore the MR causal effect estimates were unlikely to 

be influenced by reverse causation (Appendix Tables D3-D8).  

There was no evidence to suggest a causal effect of common variant genetic liability to autism on 

plasma cytokine levels and there was some evidence to suggest an effect of common variant genetic 

liability to schizophrenia on levels of Interleukin 2 (IL2: β= 0.08; 95%CIs: 0.02-0.15; p= 0.01) 

(Appendix Tables D10 and D11). 
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Table 6.4 Colocalisation and LD Check results for each exposure with MR evidence of causal effects on autism and schizophrenia. 

       
 Colocalization Analyses LD Checka 

EXPOSURE TISSUE ENSEMBL_ID LEAD_VARIANT CHR BPb Exposure Data Outcome data NSNPs H4d Top Autism SNP LD R2 

IL12RB1 Blood ENSG00000096996 rs376008 19 18189568 Suhre et al.c Autism No region data rs273506 0.55 

IFNGR1 Blood ENSG00000027697 rs7080536 10 115348046 Sun et al. Autism 2494 22% rs2302373 0.22 

IL4RA Blood ENSG00000077238 rs10418046 19 54327869 Sun et al. Autism 3653 7% rs11671984 0.77 

IL5RA Blood ENSG00000091181 rs77400868 3 3150964 Sun et al. Autism 4007 1% rs4498029 0.06 

IL13RA1 Blood ENSG00000131724 rs4241818 4 187153786 Sun et al. Autism 3409 5% rs1039243 0.06 

IL12B Cortex ENSG00000113302.4 rs75259819 5 158401932 Klein et al. Autism 2204 6% rs62378719 0.002 

IL12RB1 Cortex ENSG00000096996.16 rs2644777 19 18178616 Klein et al. Autism 2394 8% rs112461998 0.43 

IFNGR1 Cortex ENSG00000027697.14 rs4896249 6 137594069 Klein et al. Autism 2645 37% rs56061112 1 

IL23A Cortex ENSG00000110944.9 rs59917308 12 56658708 Klein et al. Autism 960 10% rs75754909 1 

IL6R Blood ENSG00000160712 rs4129267 1 154426264 Folkersen et al Schizophrenia 1548 1%  

 

 
IL9 Cortex ENSG00000145839.2 rs4487482 5 135201771 Klein et al. Schizophrenia 2849 12% 

IL4 Cortex ENSG00000113520.11 rs6879672 5 132025947  Klein et al. Schizophrenia 1889 4% 

IL6 Cortex ENSG00000136244.12 rs2905346 7 22618248  Klein et al. Schizophrenia 3116 1% 

a: LDcheck analyses were performed only for colocalisation analyses using autism GWAS data. 

b: Coordinates in GRCh37 

c: No region data were available and therefore colocalisation analyses could not be performed.  

d: Probability that the independent signals in the exposure and outcome regions are consistent with a shared causal variant. 

ENSEMBL_ID: gene id in Ensembl; CHR: chromosome; BP: position; LD: linkage disequilibrium. 

 

 

 

https://www.ensembl.org/Homo_sapiens/geneview?gene=ENSG00000160712
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6.4 Discussion 

6.4.1 Summary of findings 

In the present study, I used MR and genetic colocalization approaches to investigate the causal 

influence of genetically proxied cytokines implicated in the differentiation and function of six major 

CD+4 T cell subsets (TH1, TH2, TH9, TFH, TH17, TReg) on autism and schizophrenia to elucidate 

potentially shared immunological mechanisms underlying both conditions. There was evidence 

consistent with a causal effect of genetically proxied TH1 and TH2 signature cytokines (IL4, IL5, IL13, 

IL2), and particularly IFGNR1 and IL12RB1 for which there was additional evidence to suggest 

brain-specific effects of their respective gene expression on autism. In the case of schizophrenia, 

previous MR findings suggesting a causal role of genetically proxied IL6R were replicated and there 

was additional evidence to suggest the possible causal influence of TH9 cytokine encoding gene 

expression in the brain cortex (specifically IL4 and IL9).  

6.4.2 Comparison to previous evidence 

Autism 

There is a substantial body of evidence suggesting a potential central role of TH1 and TH2 signature 

cytokines in autism. Specifically, in 1,100 neonatal dried blood spots from The Danish Newborn 

Screening Biobank, atypical levels of TH1 and TH2 cytokines (including IFN-γ, IL2, IL12, IL4, IL5) 

were found to be associated with autism later in life303. Additionally, in 1,029 amniotic fluid samples 

from a Danish historic birth cohort, atypical levels of IL4 and IL5 were found to be associated with 

autism and childhood psychiatric disorders333, while elevated concentrations of IFN-γ, IL4 and IL5 in 

maternal serum during gestation, were associated with offspring autism and intellectual disabilities in 

the Early Markers for Autism study334,335.  A similar pattern has been identified in peripheral blood of 

children with autism, characterised by atypical levels of IFN-γ, IL2, IL4, IL5 and IL13336,337, as well 

as post-mortem brain tissue of adults with autism, characterised by increased levels of IFN-γ and an 

atypical IFN-γ/IL4 ratio338. By applying the principles of MR, the present study supports the existing 

evidence and indicates a potentially causal role of genetically proxied TH1 and TH2 signature 

cytokines on autism. Especially in the case of IL12RB1 and IL5RA, the SNPs instrumenting them 
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were cis-acting and specific to the proteins, minimising therefore the possibility of pleiotropic bias 

influencing the identified causal effects. Similarly, in the case of IFNGR1, the instrument showed 

specificity to the protein and consistency across pQTL studies.  

Across all MR analyses, a consistent pattern was identified for IFNGR1 and IL12RB1. Specifically, 

elevated levels of genetically proxied IFGNR1 and IL12RB1 as well as increased genetically 

predicted expression of their respective genes in brain cortex were found to be associated with autism.  

IL12RB1 (IL-12/23p40 subunit) is a common receptor for IL12 and IL23, which is promoting their 

signalling pathways339. However, IL12RB1 does not equally affect IL12 and IL23 signalling. 

Increasing evidence suggests that IL12RB1 signals drive naïve CD+ 4 T cell differentiation to TH1 

(IL12 pathway) or instead to TH17 (IL23 pathway), depending on the presence or absence of 

Interferon Regulatory Factor 1 (IRF1)340. IL12RB1 in combination with the presence of IRF1, drives 

naïve CD+ 4 T cell differentiation to TH1 and therefore production of IFN-γ, whereas in the absence of 

IRF1, drives differentiation towards TH17341. This might be reflected in the present study findings in 

which I found evidence of an effect of increased genetically predicted expression of IL12RB1 and 

IFNGR1 in the brain cortex on autism but decreased genetically predicted expression of IL23A.  

Interestingly, the effects of genetically predicted expression of IL12RB1 in the brain cortex were 

more pronounced on the autism sample without intellectual disability cases, whereas in the autism 

sample including intellectual disability cases the effect of IFNGR1 was more pronounced. IFN-γ 

signalling has been found to have a central role in brain function, influencing neurogenesis, synaptic 

plasticity and neurodegeneration342. Animal studies seem to indicate that excess IFN-γ signalling and 

production, drives neuronal cell death and synapse loss343 while epidemiological studies seem to 

suggest associations between high circulating levels of IFN- γ and white matter damage in preterm 

infants344. This evidence might support the finding of a more pronounced effect of IFNGR1 

expression in brain cortex on the autism sample including intellectual disability cases. However, given 

the sample sizes of the two autism GWASs, the possibility that the results reflect differences in 

power, cannot be excluded. 
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Schizophrenia 

The finding of a causal effect of genetically proxied IL6R on schizophrenia is in line with amassing 

evidence indicating a causal role of the IL6R pathway in schizophrenia. Specifically, in over 3,000 

participants of the ALSPAC birth cohort, IL6R genotype (captured by a functional common genetic 

variant associated with IL6R signalling), was found to be associated with risk of psychotic 

experiences at age 18345. In addition, previous MR studies using common genetic variants robustly 

associated with IL6R (from GWAS datasets different to the ones used in the present study) have 

identified causal effects on schizophrenia and yielded causal effect estimates comparable to the ones 

of the present study152,346.  

The present study adds to the existing evidence on the potential role of immune response in 

schizophrenia by identifying evidence consistent with a causal effect of genetically predicted 

expression of IL9 and IL4 genes in the brain cortex. IL4 and IL9 belong the TH9 subset of CD4+  T 

cells, with IL4 being the inductive and IL9 the product cytokine. The TH9 CD4+ T cell subset, has 

been increasingly recognised as having an important role in allergic conditions, particularly asthma347, 

while recently it has been identified as a central promoter of antitumor response347,348. Little is 

currently known on the potential role of these cytokines in schizophrenia as well as brain function and 

neurodevelopment. Elevated levels of IL9 were found to be associated with multiple-episode 

schizophrenia in a small cross-sectional study of ~150 participants349, while a causal effect of a trans 

IL9 genetic variant on schizophrenia risk was identified in a previous MR study152. Further research is 

necessary in order to elucidate the potential role of TH9 cytokines in schizophrenia.  

6.4.3 Strengths and limitations 

The present study benefited from utilising a systematic approach for the selection of immune markers 

(based on CD4+ T cell subsets), as well as from the use of cis-acting genetic variants proxying for 

gene expression in the brain cortex. This allowed me to appraise the findings in the context of 

underlying immunological pathways and their mechanisms of action. Furthermore, I implemented a 

combination of MR and colocalisation approaches to strengthen causal inference and performed a 

series of sensitivity analyses to assess the possibility of reverse causation. 
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However, the present findings should be appraised in the context of their limitations. First and 

foremost, none of the identified MR effects were supported by robust evidence of colocalisation. This 

might suggest that the MR findings were confounded due to LD. Although, in the case of autism, 

there was some evidence suggestive of colocalisation based post-hoc LD check analyses, this 

evidence relied on the assumption that there are causal variants in the regions of interest which is 

difficult to ascertain given the possibility of the dataset being underpowered. Future larger GWASs 

are necessary to further elucidate the present LD-check findings. Second, some of the instruments 

used in the analyses were trans-acting, not specific to the cytokines of interest or consistent across 

studies and were selected using a relaxed p-value threshold. The inclusion of pleiotropic and weak 

instruments might have introduced bias in the causal effect estimates.166,350 Third, although Steiger 

filtering suggested that the analyses were unlikely to be influenced by reverse causation, bi-directional 

MR analyses may have been underpowered considering the sample size of the outcome GWAS. 

Fourth, I assessed the contribution of common genetic variation and not rare, for which there is 

evidence of enrichment in immune-function gene sets in autism and schizophrenia351,352. Fifth, I did 

not have access to family and individual level data which could have allowed the assessment of the 

origins of the identified effects (parental vs individual) as well as the possibility of non-linear effects 

(which can be particularly relevant in the case of immune response353,354). Finally, analyses were 

conducted using summary data of European ancestry individuals, limiting therefore the 

generalisability of the present findings and replication across ancestries is necessary e.g., Zheng et 

al.,2021332. 

6.5 Conclusions and chapter summary  

In conclusion, there was evidence consistent with a causal effect of genetically proxied TH1 and TH2 

signature cytokines on autism. Particularly for IFGNR1 and IL12RB1, there was additional evidence 

to suggest brain-specific effects of their respective gene expression. In the case of schizophrenia, 

evidence on the causal role of the IL6R pathway was replicated, and there was evidence of brain-

specific effects of genetically predicted TH9 gene expression in the brain cortex. The findings 

appeared unlikely to be influenced by reverse causality. Based on the present findings there was no 
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evidence of shared immunological pathways underlying both autism and schizophrenia. However, 

only a small number of immune markers was assessed and further research is necessary in order to 

understand the role of immune response in both conditions.   

♦
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Chapter 7 

Discussion 

Among the aetiological models that have been proposed to explain the autism-psychosis co-

occurrence, in the present thesis I assessed evidence on two possible models: causal pathways and 

shared risk factors.  

7.1 Summary of thesis aims and methodological approaches 

A summary of the thesis aims, research questions, methodological approaches and main findings is 

available in table 7.1 

7.1.1 Causal pathways 

I aimed at assessing the direct and indirect causal links between autism and psychosis. Using 

genotype and phenotype data from the ALSPAC birth cohort, I investigated the associations between 

autism polygenic risk as well as social and non-social autistic traits with psychotic experiences in 

adulthood. I assessed the potential confounding role of schizophrenia polygenic risk in the identified 

associations, and the potential mediating role of trauma in childhood. Furthermore, I applied two-

sample MR and multivariable MR to assess the total and independent of IQ causal effects of genetic 

liability to autism as well as social and non-social autistic traits on psychotic experiences in adulthood 

and schizophrenia.  

7.1.2 Shared risk factors 

I aimed at determining whether shared immunological pathways underlie autism and psychosis. 

Firstly, I interrogated the potential causal role of the immune response in autism, by applying four 

distinct study designs and investigating the associations between parental diagnosis and genetic 

liability for inflammatory bowel disease and offspring autism. I used information on the central role 

of CD4+ T cell subsets and signature cytokines in inflammatory bowel disease, to assess the causal 

effects of genetically proxied CD4+ T cell signature cytokines in autism and schizophrenia by 

performing two-sample MR and genetic colocalisation analyses. 



          Discussion 

136 
 

Table 7.1 Summary of thesis aims, research questions, methodological approaches and main findings.  

Aim Research 

Question 

Chapter Methodological approach Data sources Main findings 

To assess the 

direct and 

indirect causal 

links between 

autism and 

psychosis. 

Is autism 

liability 

(PRS/traits) 

associated with 

psychotic 

experiences in 

adulthood? 

3 Polygenic risk score analysis and 

multivariable regression to investigate the 

associations between autism polygenic risk and 

psychotic experiences in adulthood.  

Genotype and 

phenotype from 

the ALSPAC 

birth cohort.  

Limited evidence to suggest an association between autism 

polygenic risk and psychotic experiences until ages 18/24 (OR= 

0.98; 95%CIs: 0.9-1.08).  

Multivariable regression analysis to 

investigate the associations between social/non-

social autistic traits and psychotic experiences 

in adulthood.  

Evidence to suggest associations between broad autistic traits, 

particularly social communication difficulties, and distressing or 

frequent psychotic experiences until ages 18/24 (autism factor 

mean score crude OR= 1.20; 95%CIs: 1.04–1.38; SCDC crude 

OR=1.60; 95%CIs: 1.02–2.52).  

Multivariable regression analysis to assess the 

potential confounding influence of 

schizophrenia polygenic risk in any of the 

identified associations. 

No evidence to suggest that schizophrenia polygenic risk 

confounds the associations between broad autistic traits, social 

communication difficulties and distressing or frequent psychotic 

experiences at ages 18/24(autism factor mean score adjusted 

OR= 1.17; 95%CIs: 1.01-1.32; SCDC adjusted OR= 1.69; 

95%CIs: 1.08–2.64). 

Counterfactual mediation analysis to assess 

the potential mediating role of trauma in 

childhood in any of the identified associations. 

A substantial proportion of the identified associations between 

broad autistic traits, social communication difficulties and 

psychotic experiences at ages 18/24 was mediated by traumatic 

experiences in childhood (autism factor mean score natural 

indirect effect OR= 1.05; 95%CIs: 1.02–1.07, proportion 

mediated: 28%; SCDC natural indirect effect OR= 1.11; 95%CIs: 

1.05–1.18; proportion mediated: 38%).  

Does genetic 

liability to 

autism and 

social/non-

social autistic 

traits have 

causal effects on 

psychotic 

experiences and 

schizophrenia? 

4 Two-sample MR to estimate the total causal 

effects of genetic liability to autism and 

social/non-social autistic traits on psychotic 

experiences as well as schizophrenia.  

GWAS 

summary-level 

data.  

No evidence to suggest a causal effect of genetic liability to 

autism on psychotic experiences (IVW OR= 1.1; 95%CIs: 0.93-

1.3) or schizophrenia (IVW OR= 1.06; 95%CIs: 0.96-1.17). 

Some evidence to suggest a potentially causal effect of genetic 

liability to social communication difficulties on psychotic 

experiences (IVW OR= 2.2; 95%CIs: 0.96-5.02).  

Multivariable two-sample MR to estimate the 

direct, independent of the potential pleiotropic 

influence of IQ, causal effects of genetic 

liability to autism and social/non-social autistic 

traits on psychotic experiences as well as 

schizophrenia. 

IQ appeared to mask the causal effects of genetic liability to 

autism on schizophrenia, as there was evidence to suggest a 

direct, independent of IQ causal effect (IVW OR= 1.24; 95%CIs: 

1.11-1.38).  
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Table 7.1. Continued from above. 

Aim Research 

Question 

Chapter Methodological approach Data sources Main findings 

To determine 

whether 

shared 

immunological 

pathways 

underly autism 

and psychosis.  

Is immune 

response 

causally 

implicated in 

autism?  

5 Multivariable regression analysis to 

investigate the associations between parental 

diagnoses of inflammatory bowel disease and 

offspring autism.  

Phenotype data 

from nationwide 

health registers 

in Sweden.  

There was evidence to suggest associations between paternal and 

maternal diagnosis of inflammatory bowel disease and offspring 

autism (paternal diagnoses adjusted OR= 1.09; 95% CIs: 1.02-

1.17; maternal diagnoses adjusted OR= 1.32; 95% CIs: 1.25-

1.40). 

LD score regression analysis to assess the 

genetic correlation between inflammatory bowel 

disease and autism.  

GWAS 

summary-level 

data. 

No evidence to suggest a genetic correlation between 

inflammatory bowel disease and autism (rg= -0.06; 95%CIs: -

0.15-0.02). 

Polygenic risk score analysis and 

multivariable regression to investigate the 

associations between maternal polygenic risk 

for inflammatory bowel disease and offspring 

autism.  

Genotype and 

phenotype data 

from the 

ALSPAC birth 

cohort.  

Evidence to suggest an association between maternal polygenic 

risk to inflammatory bowel disease subtypes and offspring 

autistic traits (ulcerative colitis β= 0.02; 95%CIs: 0.003-0.05; 

Crohn’s disease β= 0.03; 95%CIs: 0.01 to 0.05).  

Two-sample MR to assess the causal effects of 

genetic liability to inflammatory bowel disease 

on autism.  

GWAS 

summary-level 

data 

Evidence to suggest a causal effect of genetic liability to 

ulcerative colitis on autism (IVW OR= 1.04; 95% CIs: 1.01-

1.07).  

Are 

immunological 

markers 

causally 

implicated in 

autism, also 

causal for 

schizophrenia? 

6 Two-sample MR analyses to assess the causal 

effects of genetically proxied immunological 

markers on autism and schizophrenia.  

GWAS 

summary-level 

data 

Evidence to suggest a causal effect of genetically proxied TH1 

and TH2 cytokines in autism, while in contrast, there was 

evidence to suggest a causal effect of TH9 cytokines and IL6 

(member of the TFH and TH17 cytokines).  

Genetic colocalisation analyses to assess 

whether any identified causal effects are 

consistent with a shared causal variant 

influencing levels of immunological markers as 

well as autism and/or schizophrenia.  

GWAS 

summary-level 

data 

None of the identified causal effects were supported by evidence 

of colocalisation (H4 ranging from 1% to 37%).  
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7.2 Direct and indirect causal links between autism and psychosis 

Using genotype and phenotype data from the ALSPAC birth cohort in Chapter 2, I found limited 

evidence to suggest an association between autism polygenic risk and psychotic experiences in 

adulthood, but there was evidence to suggest associations between broad autistic traits, particularly 

social communication difficulties, and psychotic experiences in adulthood. The identified associations 

did not seem confounded by schizophrenia polygenic risk and were substantially mediated by trauma 

in childhood. Two-sample MR analyses in Chapter 3, utilising summary-level GWAS data, appeared 

to support the above findings, by providing limited evidence to suggest a causal effect of common 

variant genetic liability to autism on psychotic experiences, but a potentially causal role of genetic 

liability to social communication difficulties (although evidence was weak, potentially due to limited 

power in these analyses). Furthermore, there was evidence to suggest a direct, independent of IQ, 

effect of genetic liability to autism on schizophrenia. The present findings seem to be in support of the 

autism-psychosis aetiological models hypothesising that the two conditions co-occur because they are 

causally linked. Importantly, the findings emphasise that the relationships between the two conditions 

are complex, with genetic, phenotypic, as well as environmental factors playing a central role in their 

co-occurrence. 

With regards to genetic factors, there was evidence for a central role of genetic liability to autism 

(over and beyond genetic liability to higher IQ) and genetic liability to social communication 

difficulties in risk of schizophrenia and psychotic experiences respectively. This can potentially 

imply, based on liability-threshold models of inheritance191–193, that sub-phenotypic manifestations of 

autism and particularly its associated social autistic traits might confer risk for psychosis later in life. 

This was further supported by the observational findings in the ALSPAC cohort, suggesting that not 

only genetic liability, but also phenotypic expression of social communication difficulties is 

associated with psychotic experiences in adulthood. Social functioning appears to have a central role 

in psychosis risk. Difficulties in social functioning have been found to be predictive of conversion to 

psychosis in samples of adolescents and young adults at clinical high risk236, while there is recent 

evidence from the population-based IMAGEN study, suggesting that difficulties in social functioning 
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are mediating the pathways between autism polygenic risk and psychotic experiences at age 18142. 

There is currently increasing interest into the potential efficacy of interventions targeting social 

functioning in order to aid prevention of transition to psychosis in individuals at clinical high risk355.  

However, it is important to note that it might be an overgeneralisation to conclude from the above 

findings that only the social sub-phenotypic autism manifestations might be causal for psychosis. The 

relationship between autism and psychosis seems to be more complex than this. Although genetic 

liability and phenotypic manifestations of social communication difficulties presented links with 

psychotic experiences, genetic liability to autism presented direct, independent of IQ, causal effects to 

schizophrenia. There are two possibilities to explain this, and they are not mutually exclusive. One 

possibility is that the identified causal links reflect the strong genetic correlations between autism and 

schizophrenia36,66. Another possibility is that schizophrenia risk might be influenced by a constellation 

of sub-phenotypic manifestations of genetic liability to autism, which extend beyond social features 

and are independent of IQ. Such sub-phenotypic manifestations could include structural and 

functional brain alterations as well as neurocognitive features. In line with this interpretation, there is 

recent evidence suggesting that autism polygenic risk is associated with brain functional alterations 

and difficulties in emotion recognition in schizophrenia cases, compared to general population 

controls258.  

With regards to environmental factors, the present thesis findings support a mediating role of 

traumatic experiences in childhood. Traumatic experiences appear to have central role in the 

emergence of mental health difficulties in the general population as well as autistic individuals. 

Specifically, trauma in childhood and adolescence has been associated with psychotic experiences at 

age 18 in the ALSPAC birth cohort91, while bullying victimisation in childhood has been found to 

mediate the associations between autistic traits and psychotic experiences at age 14 in a Japanese 

population-based cohort (Tokyo Teen Cohort)139, and depressive symptoms at age 18 in the ALSPAC 

birth cohort285. 

Overall, there is evidence to suggest direct and indirect links between autism and psychosis. 

Underlying genetic liability to autism, genetic liability as well as phenotypic expression of social 
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communication difficulties and experience of trauma in childhood appear to contribute to risk of 

psychotic experiences and schizophrenia in adulthood.  

7.3 Shared immunological pathways underlying autism and psychosis 

Utilising four distinct approaches, in Chapter 4, I assessed whether immune response is causally 

implicated in autism by investigating the associations between parental inflammatory bowel disease 

and offspring autism. Using data from nationwide health registers in Sweden, associations between 

parental diagnoses of inflammatory bowel disease and offspring autism were found. Using genotype 

and phenotype data from the ALSPAC birth cohort, I found evidence of an association between 

maternal polygenic risk for inflammatory bowel disease subtypes (ulcerative colitis and Crohn’s 

disease) and offspring autistic traits. This was further supported by two-sample MR analyses 

suggesting a causal effect of genetic liability to ulcerative colitis on autism. In Chapter 5, I utilised 

information on CD4+ T cell subsets and their cytokine networks, which are implicated in the onset 

and course of inflammatory bowel disease, to investigate the causal effects of genetically proxied 

CD4+ T cell subset (TH1, TH2, TH9, TFH, TH17, TReg) signature cytokines on autism and schizophrenia. 

Using two-sample MR, I found evidence of a causal effect of genetically proxied TH1 and TH2 

signature cytokines (IL4, IL5, IL13, IL2) on autism, and particularly IFGNR1 and IL12RB1 for which 

there was additional evidence to suggest brain-specific effects of their respective gene expression. In 

comparison, I found evidence of a causal effect of genetically proxied IL6R on schizophrenia, and 

there was additional evidence to suggest the possible causal influence of TH9 cytokine encoding gene 

expression in the brain cortex (specifically IL4 and IL9).  

The present findings implicate immunological pathways in both autism and schizophrenia but do not 

support the hypothesis that the immunological pathways investigated in the present thesis are shared 

for autism and psychosis. The hypothesis was predominantly based on evidence suggesting that 

maternal infections during pregnancy are associated with offspring autism as well as psychosis, and 

on evidence suggesting that autistic individuals and individuals with psychosis present some 

similarities in terms of their immune profiles, e.g., elevated levels of serum IL-6130,264. In the context 

of this hypothesis it has been proposed that shared phenotypic features between autism and psychosis 
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are a result of shared immune mechanisms implicated in both conditions and acting in utero, whereas 

distinct features are a result of genetic, epigenetic and immunomodulatory mechanisms (referring to 

mechanisms that respond to inflammation) specific to each condition130,264. The present thesis findings 

support the hypothesis that maternal immune response in utero might be causally implicated in 

autism- as suggested by evidence of associations between maternal polygenic risk for inflammatory 

bowel disease subtypes and offspring autistic traits. However, the immunological markers and 

respective pathways that were found to be causally implicated in autism appeared to be unique to the 

condition and not shared with schizophrenia- TH1 and TH2 signature cytokines in autism, TH9 and IL6 

in schizophrenia.   

The importance of the present findings could rely on the fact that the identification of causal 

immunological markers unique to each condition, might imply distinct biological pathways and 

processes contributing to the phenotypic features of autism and schizophrenia. TH1 and TH2 signature 

cytokines have been found to be implicated in adverse pregnancy outcomes, including recurrent 

pregnancy losses, stillbirth and preeclampsia, as well as allergies and autoimmunity299,316. In contrast, 

TH9 signature cytokines have been found to be implicated in antitumour response and allergic asthma, 

but their role in pregnancy is not clear yet299,325.  However, it is important to note that it is currently 

debatable whether TH9 signature cytokines form a distinct pathway to TH2 or are part of the TH2 

pathway that have evolved to have some distinct functions325. This is based on evidence suggesting 

that the two subsets share two inductive cytokines, IL2 and IL4, and appear to be implicated in 

allergic response325.  On this basis and considering that in the present thesis only a small number of 

immune markers was assessed, the possibility that there might be some shared immunological 

pathways between autism and schizophrenia, cannot be excluded.  

Overall, based on the present findings, there was evidence to suggest that immune response in utero 

might be causally implicated in autism. Genetically proxied TH1 and TH2 signature cytokines 

appeared to have a causal effect on autism but not on schizophrenia, while genetically proxied TH9 

signature cytokines and IL-6 appeared to have a causal effect on schizophrenia, but not on autism. 
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This might indicate that potentially unique to each condition immunological pathways are implicated 

in their aetiology.  

7.4 Strengths and limitations 

Each of the studies presented in this thesis had strengths and limitations, which have been discussed in 

detail in the respective chapters. Here I will provide an overview of the key strengths and limitations 

that are relevant across all studies of the thesis.  

7.4.1 Study designs and triangulation of evidence 

A notable strength of this thesis is that for each aim, I applied a combination of distinct 

methodological approaches, utilising phenotype and genotype data, to strengthen causal inference.  

For the first thesis aim, investigating the direct and indirect causal links between autism and psychosis 

(Chapters 2 and 3), I used traditional observational epidemiological approaches in combination with 

polygenic risk score analyses and two-sample MR. Similarly in Chapters 3 and 4 (second thesis aim) I 

applied a combination of observational approaches, LD score regression, polygenic risk score 

approaches, two-sample MR and genetic colocalisation analyses to investigate the potentially causal 

role of immune response in autism and identify whether autism and schizophrenia share 

immunological pathways.  

Each approach was utilised with the intention to complement evidence provided by the other 

approaches and address potential sources of bias. For example, traditional observational approaches 

allowed the assessment of the influence of potential confounding factors such as schizophrenia 

polygenic risk in the associations between autistic traits and psychotic experiences in Chapter 2, and 

family psychiatric history in the associations between parental diagnoses of inflammatory bowel 

disease and offspring autism in Chapter 4. However, they can be hampered by measurement error in 

the exposure and residual confounding. For this reason, polygenic risk score approaches were 

employed, which refine the definition of the exposure158 by capturing genetic liability (regardless of 

whether the phenotype has been expressed or not) and overcome residual confounding, assuming that 

genetic liability to a condition is unrelated to the confounders of the exposure-outcome associations. 
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On this basis, in Chapter 2, the associations between autism polygenic risk and psychotic experiences 

were assessed, and in Chapter 4, the associations between maternal polygenic risk for inflammatory 

bowel disease and offspring autistic traits were assessed. However, polygenic risk score approaches 

can be hampered by the influence of pleiotropy, which they cannot detect or account for. For this 

reason, two-sample MR analyses were employed, allowing the detection of pleiotropic bias through 

sensitivity analyses (e.g., MR Egger201) and the estimation of the independent effects of an exposure 

on an outcome, accounting for other genetically correlated traits, through multivariable MR205. This 

was the case in Chapter 3 in which I assessed the total and independent of IQ effects of genetic 

liability to autism and autistic traits on psychotic experiences and schizophrenia, as well as Chapter 4 

in which I investigated the causal effects of generic liability to inflammatory bowel disease on autism.  

Only exception and a limitation of the thesis is that triangulation was not possible for the evidence 

presented in Chapter 5. Two-sample MR was applied to assess the causal effects of genetically 

proxied immunological markers on autism and schizophrenia, overcoming limitations of observational 

approaches such as reverse causation and residual confounding, while genetic colocalisation was used 

to interrogate whether the identified relationships are driven by shared causal variant between 

immunological markers and autism/schizophrenia, or instead a result of the LD structure of the 

assessed loci166,207. These approaches, however, are not free from limitations. For example 

immunological markers in the present two-sample MR analyses were instrumented by a single SNP 

(which is the case in most analyses using transcriptomic and proteomic data) and therefore, did not 

allow the application of sensitivity analyses to detect and account for pleiotropy, while genetic 

colocalisation which was used as a complementary approach, requires well-powered GWASs. A 

potential approach to triangulate present findings would be to investigate the associations between the 

levels of the cytokines of interest in amniotic fluid or neonatal blood spots and autism/psychosis risk 

later in life. This approach has been previously applied for other investigations, such as to assess the 

associations between acute phase proteins, inflammatory cytokines and autism in the Danish Historic 

Birth cohort and the Stockholm Youth cohort333,356. During the design of the study presented in 
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Chapter 5 this possibility was considered, however, the vast majority of the markers of interest were 

not available in either cohort.  

7.4.2 Sample sizes 

An important consideration across all studies conducted in the present thesis is available sample sizes. 

The largest publicly available GWAS summary data were used for the calculation of polygenic risk 

scores as well as two-sample MR analyses. However, the sample sizes of the majority of these 

datasets are still relatively small, e.g., autism: Ncases/controls= 18,381/27,969; social communication 

difficulties: N= 5,421; psychotic experiences: Ncases/controls= 6,123/121,843. This implies that 

firstly, polygenic risk scores calculated based on these datasets might not capture adequately 

phenotypic variance (e.g., autism polygenic risk used as an exposure in Chapter 2) and similarly this 

might be the case for SNPs used as instruments in two-sample MR analyses (e.g., in Chapter 3). 

Secondly, the possibility of lack of statistical power to detect causal effects cannot be excluded. For 

example, this might have been the case in two-sample MR analyses in Chapter 4, investigating the 

causal effects of genetic liability to social communication difficulties on psychotic experiences and 

schizophrenia. Third, some of the analyses, although intended to be comparable, they are not, due to 

substantial differences in the sample sizes of the GWASs used. This was the case in Chapter 3 in 

which the outcomes were psychotic experiences (Ntotal= 127,966) and schizophrenia (Ntotal= 

306,011), and in Chapter 5 in which the outcomes were autism (Ntotal= 46,350) and schizophrenia.  

In the case of analyses using phenotypic data two approaches were followed to ensure adequate 

sample sizes and minimise bias due to attrition. Firstly, in Chapter 2, in combination to complete case 

analyses (maximum N with data on exposure, outcome, confounders = 3,707), I performed multiple 

imputation (maximum N= 13,105). Secondly, in Chapter 4, nationwide health registers were used, 

resulting in a sample size of 2,324,227 eligible index persons- one of the largest to date investigating 

the associations between parental autoimmune conditions and offspring autism.  

A final important consideration with regards to samples used, is that despite attempts to use the largest 

possible sample sizes, their ethnic diversity was limited. All samples were based predominantly on 

individuals of European ancestry. This challenges substantially the generalisability of the findings 
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presented in the thesis, considering that genetic and environmental factors influencing the autism-

psychosis co-occurrence across ancestries might be different332,357.  

7.4.3 Heterogeneity of autism and psychosis 

Autism and psychosis are highly heterogeneous. With regards to the heterogeneity of autism, attempts 

were made across all studies of the thesis to address emerging evidence suggesting that autism with 

intellectual disabilities is distinct from autism without in terms of behavioural characteristics358, 

genetic and environmental risk factors281,282, and comorbid medical and mental health conditions284,285. 

For example, two-sample MR analyses in Chapters 3, 4 and 5, were conducted using an autism 

GWAS sample with and without intellectual disabilities and repeated using an autism GWAS sample 

without intellectual disabilities. In addition, I attempted to incorporate in my study designs evidence 

suggesting that the social and non-social features of autism are aetiologically distinct41. Therefore, I 

investigated their links to psychotic experiences in Chapter 2 and causal effects on psychotic 

experiences and schizophrenia in Chapter 3, separately.  

However, a substantial limitation of the studies presented in the thesis, is that the heterogeneity of the 

psychosis spectrum was not addressed in the same way. Firstly, ‘positive’ (e.g., hallucinations, 

delusions) psychotic symptoms were assessed (Chapters 2 and 3). However, negative psychotic 

features (e.g., apathy) are also part of the psychosis spectrum and more importantly there is evidence 

suggesting that they present correlations and associations with autistic traits106,107. In the context of the 

present thesis, analyses with negative psychotic symptoms were not conducted. This decision was 

made because the largest available psychotic experiences in adulthood GWAS captures positive 

experiences only87 and therefore triangulation of causal evidence would not be possible- this is 

particularly important considering that in an observational design this outcome may have substantial 

measurement error due to the close resemblance of some negative symptoms to features of autism 

(e.g., sociability359). Secondly, only the two extremes of the psychosis spectrum were investigated- 

psychotic experiences and schizophrenia, although it has been proposed that the psychosis spectrum 

includes conditions such as bipolar and major depressive disorder with psychotic features3,74 (this 

could be relevant in Chapters 4 and 6).  
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7.5 Future directions 

Despite using distinct methodological approaches to triangulate evidence, utilising large available 

sample sizes and incorporating in the study designs current conceptualisations of the autism and 

psychosis spectra, further research is necessary in order to develop our current understanding on 

whether causal links and/or shared immunological pathways underly the autism-psychosis co-

occurrence.  

Firstly, it is necessary to investigate the potential links between autism and psychosis in samples of 

mixed cognitive abilities, i.e., including also individuals with intellectual disabilities. The study 

conducted in Chapter 3, provided evidence suggesting that genetic liability to autism has causal 

effects on schizophrenia, over and beyond IQ. This emphasises the necessity to investigate the autism-

psychosis co-occurrence in autistic individuals with intellectual disabilities. Recent meta-analytic 

evidence suggests that only a small proportion of studies in the field of autism, include participants 

with intellectual disabilities (less than 10% of participants in published autism studies appear to have 

intellectual disabilities)52,360. This implies that we currently know very little on the mental health 

outcomes of these individuals and it can be particularly important considering current challenges and 

limited availability of mental health assessment and intervention approaches for this population259,260.  

Secondly, the increasing availability of genotype and phenotype data across cohorts will enable 

investigations into the causal pathways linking autism and psychosis in diverse populations. For 

example, the Philadelphia Neurodevelopmental Cohort, is a population-based cohort of approximately 

9,500 participants with available genotype and phenotype data (including autistic traits and psychotic 

experiences)361,362. The cohort is multi-ethnic, comprising of 66% participants of European ancestry 

and 26% of African American ancestry, and on this basis, it could be an appropriate population to 

investigate the potential polygenic and phenotypic associations between autism and psychosis.  

Third, along with using multi-ethnic cohorts, there is a necessity for more and larger GWAS in 

populations of non-European ancestry357. Evidence from PRS and MR methods incorporating data 

from populations of different ancestries suggests that the efficacy of the methods can be substantially 
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improved. For example, incorporating multi-ethnic ancestry data in PRS for inflammatory bowel 

disease substantially improved prediction of the phenotype in the Mount Sinai BioMe Biobank and 

the UK Biobank363, while investigating the causal effects of genetically proxied protein expression in 

populations of African and European ancestry, led to the identification of seven novel drug targets for 

five diseases including asthma, and stroke332. On this basis, it can be expected that utilising GWAS 

data from diverse ancestries can provide valuable insights into the polygenic associations and causal 

links between autism and psychosis.  

Fourth, GWAS studies investigating the genetic determinants of distinct phenotypic features of autism 

and psychosis can be important towards gaining further understanding on the causal links and shared 

immunological pathways underlying the two conditions. For example, Pain et al. conducted a GWAS 

of distinct psychotic symptom domains in population-based samples of European ancestry 

adolescents364, while there is an ongoing effort in the Norwegian Mother and Child cohort (MoBa) to 

conduct GWAS on social communication difficulties and repetitive behaviours365. Large sample sizes 

and phenotyping based on validated measures will be key determinants of future GWAS on distinct 

autism and psychosis features, and their release can aid towards understanding whether specific 

phenotypic expressions of the two conditions are causally linked and/or share immunological 

pathways.  

Finally, the present thesis provided evidence that investigating the causal links between parental 

autoimmune conditions and offspring autism can be a fruitful approach towards uncovering 

underlying immunological pathways. Future extensions of this work including a range of autoimmune 

conditions (i.e., beyond inflammatory bowel disease) and incorporating methodological approaches 

allowing triangulation of evidence and investigating how risk is transmitted to the offspring 

(genetically transmitted risk vs in utero effects), is expected to further our current understanding on 

the potentially shared and distinct immunological pathways underlying autism and psychosis.  
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7.6 Conclusion 

In this doctoral thesis, I aimed at assessing evidence on two aetiological models of the autism-

psychosis co-occurrence proposing that the two conditions are causally linked and/or share 

immunological pathways.  

Using traditional observational approaches, polygenic risk score and MR approaches, I found 

evidence suggesting that autism and psychosis might be causally linked. Autism common variation, 

phenotypic expression of social communication difficulties and traumatic experiences in childhood, 

were found to play a central role in co-occurrence of the two conditions. Although further research is 

necessary utilising diverse samples in terms of ethnicity and cognitive ability, as well as large GWAS 

samples on distinct phenotypic features of the two conditions, the present findings highlight that 

beyond genetic risk factors, phenotypic and environmental factors can explain their co-occurrence and 

should be considered in order to deliver targeted and effective interventions for autistic individuals.  

With regards to shared immunological pathways underlying autism and psychosis, I found evidence to 

suggest that immune response is causally implicated in autism, by using four distinct study designs to 

investigate the causal links between maternal diagnosis and genetic liability to inflammatory bowel 

disease and offspring autism. However, MR and genetic colocalisation analyses suggested that the 

immunological pathways implicated in autism are likely to be distinct from the ones implicated in 

psychosis. This is only a first step towards understanding the causal contribution of immunological 

pathways in autism and psychosis. Future research in this area is expected to provide valuable insights 

into not only the immunological pathways that might underly their co-occurrence but more 

importantly on the aetiology of the two conditions.  

 

 

 

 

 



   

 

References 
 

1. Association, A. P. Diagnostic and statistical manual of mental disorders (DSM-5®). 

(American Psychiatric Pub, 2013). 

2. Lord, C., Elsabbagh, M., Baird, G. & Veenstra-Vanderweele, J. Autism spectrum disorder. 

Lancet 392, 508–520 (2018). 

3. Guloksuz, S. & van Os, J. The slow death of the concept of schizophrenia and the painful birth 

of the psychosis spectrum. Psychol. Med. 48, 229–244 (2018). 

4. Jablensky, A. The diagnostic concept of schizophrenia: its history, evolution, and future 

prospects. Dialogues Clin. Neurosci. 12, 271 (2010). 

5. Verhoeff, B. Autism in flux: a history of the concept from Leo Kanner to DSM-5. Hist. 

Psychiatry 24, 442–458 (2013). 

6. Kyziridis, T. C. Notes on the history of schizophrenia. Ger. J. Psychiatry 8, 42–48 (2005). 

7. Evans, B. How autism became autism: The radical transformation of a central concept of child 

development in Britain. Hist. Human Sci. 26, 3–31 (2013). 

8. Stotz-Ingenlath, G. Epistemological aspects of Eugen Bleuler’s conception of schizophrenia in 

1911. Med. Heal. Care Philos. 3, 153–159 (2000). 

9. Rutter, M. Diagnosis and definition of childhood autism. J. Autism Child. Schizophr. 8, 139–

161 (1978). 

10. Kolvin, I. & Rutter, M. Infantile Autism Concepts, Characteristics and Treatment. Churchill 

Livingstone 7–26 (1971). 

11. Bartak, L., Rutter, M. & Cox, A. A comparative study of infantile autism and specific 

developmental receptive language disorder: I. The children. Br. J. Psychiatry 126, 127–145 

(1975). 

12. Rutter, M. Childhood schizophrenia reconsidered. J. Autism Child. Schizophr. (1972). 

13. Spitzer, R. L., Williams, J. B. & Skodol, A. E. DSM-III: the major achievements and an 

overview. Am. J. Psychiatry (1980). 

14. Rosen, N. E., Lord, C. & Volkmar, F. R. The diagnosis of autism: from kanner to DSM-III to 

DSM-5 and beyond. J. Autism Dev. Disord. 51, 4253–4270 (2021). 

15. Lord, C. et al. Autism spectrum disorder. Nat. Rev. Dis. Prim. 6, 1–23 (2020). 

16. Lyall, K. et al. The changing epidemiology of autism spectrum disorders. Annu. Rev. Public 

Health 38, 81–102 (2017). 

17. Hull, L., Petrides, K. V & Mandy, W. The female autism phenotype and camouflaging: A 

narrative review. Rev. J. Autism Dev. Disord. 7, 306–317 (2020). 

18. Wigdor, E. M. et al. The female protective effect against autism spectrum disorder. medRxiv 

(2021). 

19. Olusanya, B. O. et al. Developmental disabilities among children younger than 5 years in 195 

countries and territories, 1990–2016: a systematic analysis for the Global Burden of Disease 

Study 2016. Lancet Glob. Heal. 6, e1100–e1121 (2018). 

20. Lugo-Marín, J. et al. Prevalence of psychiatric disorders in adults with autism spectrum 

disorder: A systematic review and meta-analysis. Res. Autism Spectr. Disord. 59, 22–33 



  References

   

150 
 

(2019). 

21. Pan, P.-Y., Bölte, S., Kaur, P., Jamil, S. & Jonsson, U. Neurological disorders in autism: A 

systematic review and meta-analysis. Autism 25, 812–830 (2021). 

22. Graham Holmes, L. et al. A Lifespan Approach to Patient‐Reported Outcomes and Quality of 

Life for People on the Autism Spectrum. Autism Res. 13, 970–987 (2020). 

23. Spencer, D. et al. Psychotropic medication use and polypharmacy in children with autism 

spectrum disorders. Pediatrics 132, 833–840 (2013). 

24. Mason, D. et al. Predictors of quality of life for autistic adults. Autism Res. 11, 1138–1147 

(2018). 

25. Knüppel, A., Telléus, G. K., Jakobsen, H. & Lauritsen, M. B. Quality of life in adolescents and 

adults with autism spectrum disorder: Results from a nationwide Danish survey using self-

reports and parental proxy-reports. Res. Dev. Disabil. 83, 247–259 (2018). 

26. Zheng, L., Grove, R. & Eapen, V. Spectrum or subtypes? A latent profile analysis of restricted 

and repetitive behaviours in autism. Res. Autism Spectr. Disord. 57, 46–54 (2019). 

27. Verté, S. et al. Can the Children’s Communication Checklist differentiate autism spectrum 

subtypes? Autism 10, 266–287 (2006). 

28. Venker, C. E., Ray-Subramanian, C. E., Bolt, D. M. & Weismer, S. E. Trajectories of autism 

severity in early childhood. J. Autism Dev. Disord. 44, 546–563 (2014). 

29. Christensen, D. L. et al. Prevalence and characteristics of autism spectrum disorder among 

children aged 4 years—early autism and developmental disabilities monitoring network, seven 

sites, United States, 2010, 2012, and 2014. MMWR Surveill. Summ. 68, 1 (2019). 

30. Maenner, M. J., Shaw, K. A. & Baio, J. Prevalence of autism spectrum disorder among 

children aged 8 years—autism and developmental disabilities monitoring network, 11 sites, 

United States, 2016. MMWR Surveill. Summ. 69, 1 (2020). 

31. Loomes, R., Hull, L. & Mandy, W. P. L. What is the male-to-female ratio in autism spectrum 

disorder? A systematic review and meta-analysis. J. Am. Acad. Child Adolesc. Psychiatry 56, 

466–474 (2017). 

32. Anderson, D. K. et al. Patterns of growth in verbal abilities among children with autism 

spectrum disorder. J. Consult. Clin. Psychol. 75, 594 (2007). 

33. Rose, V., Trembath, D., Keen, D. & Paynter, J. The proportion of minimally verbal children 

with autism spectrum disorder in a community‐based early intervention programme. J. 

Intellect. Disabil. Res. 60, 464–477 (2016). 

34. Geschwind, D. H. & Levitt, P. Autism spectrum disorders: developmental disconnection 

syndromes. Curr. Opin. Neurobiol. 17, 103–111 (2007). 

35. Tick, B., Bolton, P., Happé, F., Rutter, M. & Rijsdijk, F. Heritability of autism spectrum 

disorders: a meta‐analysis of twin studies. J. Child Psychol. Psychiatry 57, 585–595 (2016). 

36. Grove, J. et al. Identification of common genetic risk variants for autism spectrum disorder. 

Nat. Genet. 1 (2019). 

37. Iossifov, I. et al. The contribution of de novo coding mutations to autism spectrum disorder. 

Nature 515, 216–221 (2014). 

38. Weiner, D. J. et al. Polygenic transmission disequilibrium confirms that common and rare 

variation act additively to create risk for autism spectrum disorders. Nat. Genet. 49, 978 

(2017). 



  References

   

151 
 

39. Kim, J. Y. et al. Environmental risk factors and biomarkers for autism spectrum disorder: an 

umbrella review of the evidence. The Lancet Psychiatry 6, 590–600 (2019). 

40. Shuster, J., Perry, A., Bebko, J. & Toplak, M. E. Review of factor analytic studies examining 

symptoms of autism spectrum disorders. J. Autism Dev. Disord. 44, 90–110 (2014). 

41. Happé, F. & Ronald, A. The ‘fractionable autism triad’: a review of evidence from 

behavioural, genetic, cognitive and neural research. Neuropsychol. Rev. 18, 287–304 (2008). 

42. Dworzynski, K., Happé, F., Bolton, P. & Ronald, A. Relationship between symptom domains 

in autism spectrum disorders: a population based twin study. J. Autism Dev. Disord. 39, 1197–

1210 (2009). 

43. Warrier, V. et al. Social and non-social autism symptoms and trait domains are genetically 

dissociable. Commun. Biol. 2, 1–13 (2019). 

44. Ronald, A. & Hoekstra, R. A. Autism spectrum disorders and autistic traits: a decade of new 

twin studies. Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 156, 255–274 (2011). 

45. Bolton, P. et al. A case‐control family history study of autism. J. child Psychol. Psychiatry 35, 

877–900 (1994). 

46. Rubenstein, E. & Chawla, D. Broader autism phenotype in parents of children with autism: A 

systematic review of percentage estimates. J. Child Fam. Stud. 27, 1705–1720 (2018). 

47. Maxwell, C. R., Parish-Morris, J., Hsin, O., Bush, J. C. & Schultz, R. T. The broad autism 

phenotype predicts child functioning in autism spectrum disorders. J. Neurodev. Disord. 5, 1–7 

(2013). 

48. Spiker, D., Lotspeich, L. J., Dimiceli, S., Myers, R. M. & Risch, N. Behavioral phenotypic 

variation in autism multiplex families: evidence for a continuous severity gradient. Am. J. 

Med. Genet. 114, 129–136 (2002). 

49. Posserud, M., Lundervold, A. J. & Gillberg, C. Autistic features in a total population of 7–9‐

year‐old children assessed by the ASSQ (Autism Spectrum Screening Questionnaire). J. Child 

Psychol. Psychiatry 47, 167–175 (2006). 

50. Skuse, D. H., Mandy, W. P. L. & Scourfield, J. Measuring autistic traits: heritability, reliability 

and validity of the Social and Communication Disorders Checklist. Br. J. Psychiatry 187, 568–

572 (2005). 

51. Constantino, J. N. & Todd, R. D. Autistic traits in the general population: a twin study. Arch. 

Gen. Psychiatry 60, 524–530 (2003). 

52. Happé, F. & Frith, U. Annual Research Review: Looking back to look forward–changes in the 

concept of autism and implications for future research. J. Child Psychol. Psychiatry 61, 218–

232 (2020). 

53. Sucksmith, E., Roth, I. & Hoekstra, R. A. Autistic traits below the clinical threshold: re-

examining the broader autism phenotype in the 21st century. Neuropsychol. Rev. 21, 360–389 

(2011). 

54. Bishop, D. V. M., Maybery, M., Wong, D., Maley, A. & Hallmayer, J. Characteristics of the 

broader phenotype in autism: A study of siblings using the children’s communication 

checklist‐2. Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 141, 117–122 (2006). 

55. Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J. & Clubley, E. The autism-spectrum 

quotient (AQ): Evidence from asperger syndrome/high-functioning autism, malesand females, 

scientists and mathematicians. J. Autism Dev. Disord. 31, 5–17 (2001). 

56. Wheelwright, S. et al. Predicting autism spectrum quotient (AQ) from the systemizing 



  References

   

152 
 

quotient-revised (SQ-R) and empathy quotient (EQ). Brain Res. 1079, 47–56 (2006). 

57. Lundström, S. et al. Trajectories leading to autism spectrum disorders are affected by paternal 

age: findings from two nationally representative twin studies. J. Child Psychol. Psychiatry 51, 

850–856 (2010). 

58. Robinson, E. B. et al. Genetic risk for autism spectrum disorders and neuropsychiatric 

variation in the general population. Nat. Genet. 48, 552–555 (2016). 

59. Robinson, E. B. et al. A multivariate twin study of autistic traits in 12-year-olds: testing the 

fractionable autism triad hypothesis. Behav. Genet. 42, 245–255 (2012). 

60. Perälä, J. et al. Lifetime prevalence of psychotic and bipolar I disorders in a general 

population. Arch. Gen. Psychiatry 64, 19–28 (2007). 

61. Kahn, R. S. et al. Schizophrenia. Nat. Rev. Dis. Prim. 1, 15067 (2015). 

62. Vos, T. et al. Global, regional, and national incidence, prevalence, and years lived with 

disability for 328 diseases and injuries for 195 countries, 1990–2016: a systematic analysis for 

the Global Burden of Disease Study 2016. Lancet 390, 1211–1259 (2017). 

63. Tanskanen, A., Tiihonen, J. & Taipale, H. Mortality in schizophrenia: 30‐year nationwide 

follow‐up study. Acta Psychiatr. Scand. 138, 492–499 (2018). 

64. Eack, S. M. & Newhill, C. E. Psychiatric symptoms and quality of life in schizophrenia: a 

meta-analysis. Schizophr. Bull. 33, 1225–1237 (2007). 

65. Hilker, R. et al. Heritability of schizophrenia and schizophrenia spectrum based on the 

nationwide Danish twin register. Biol. Psychiatry 83, 492–498 (2018). 

66. Ripke, S., Walters, J. T. R., O’Donovan, M. C. & Consortium, S. W. G. of the P. G. Mapping 

genomic loci prioritises genes and implicates synaptic biology in schizophrenia. MedRxiv 

(2020). 

67. Singh, T. et al. The contribution of rare variants to risk of schizophrenia in individuals with 

and without intellectual disability. Nat. Genet. 49, 1167–1173 (2017). 

68. Walsh, T. et al. Rare structural variants disrupt multiple genes in neurodevelopmental 

pathways in schizophrenia. Science (80-. ). 320, 539–543 (2008). 

69. Gratten, J. Rare variants are common in schizophrenia. Nat. Neurosci. 19, 1426–1428 (2016). 

70. Belbasis, L. et al. Risk factors and peripheral biomarkers for schizophrenia spectrum 

disorders: an umbrella review of meta‐analyses. Acta Psychiatr. Scand. 137, 88–97 (2018). 

71. McDonald, C. & Murray, R. M. Early and late environmental risk factors for schizophrenia. 

Brain Res. Rev. 31, 130–137 (2000). 

72. Khandaker, G. M. et al. Inflammation and immunity in schizophrenia: implications for 

pathophysiology and treatment. The Lancet Psychiatry 2, 258–270 (2015). 

73. Khandaker, G. M. Commentary: Causal associations between inflammation, cardiometabolic 

markers and schizophrenia: the known unknowns. Int. J. Epidemiol. 48, 1516–1518 (2019). 

74. Guloksuz, S. & van Os, J. En attendant Godot: Waiting for the Funeral of ‘Schizophrenia’ and 

the Baby Shower of the Psychosis Spectrum. Front. Psychiatry 12, 816 (2021). 

75. Ivleva, E., Thaker, G. & Tamminga, C. A. Comparing genes and phenomenology in the major 

psychoses: schizophrenia and bipolar 1 disorder. Schizophr. Bull. 34, 734–742 (2008). 

76. Baethge, C. et al. Hallucinations in bipolar disorder: characteristics and comparison to 

unipolar depression and schizophrenia. Bipolar Disord. 7, 136–145 (2005). 



  References

   

153 
 

77. Rosen, C. et al. Phenomenology of first-episode psychosis in schizophrenia, bipolar disorder, 

and unipolar depression: a comparative analysis. Clin. Schizophr. Relat. Psychoses 6, 145–

151A (2012). 

78. Dunayevich, E. & Keck, P. E. Prevalence and description of psychotic features in bipolar 

mania. Curr. Psychiatry Rep. 2, 286–290 (2000). 

79. Benard, V. et al. Depression with and without a history of psychotic symptoms in the general 

population: sociodemographic and clinical characteristics. J. Affect. Disord. 273, 247–251 

(2020). 

80. Mack, J. et al. Prevalence of psychotic symptoms in a community-based Parkinson disease 

sample. Am. J. Geriatr. Psychiatry 20, 123–132 (2012). 

81. McGrath, J. J. et al. Psychotic experiences in the general population: a cross-national analysis 

based on 31 261 respondents from 18 countries. JAMA psychiatry 72, 697–705 (2015). 

82. Kelleher, I. et al. Prevalence of psychotic symptoms in childhood and adolescence: a 

systematic review and meta-analysis of population-based studies. Psychol. Med. 42, 1857–

1863 (2012). 

83. Hanssen, M., Bak, M., Bijl, R., Vollebergh, W. & Van Os, J. The incidence and outcome of 

subclinical psychotic experiences in the general population. Br. J. Clin. Psychol. 44, 181–191 

(2005). 

84. Sullivan, S. A. et al. A population-based cohort study examining the incidence and impact of 

psychotic experiences from childhood to adulthood, and prediction of psychotic disorder. Am. 

J. Psychiatry 177, 308–317 (2020). 

85. Van Os, J., Linscott, R. J., Myin-Germeys, I., Delespaul, P. & Krabbendam, L. A systematic 

review and meta-analysis of the psychosis continuum: evidence for a psychosis proneness–

persistence–impairment model of psychotic disorder. Psychol. Med. 39, 179–195 (2009). 

86. Zavos, H. M. S. et al. Consistent etiology of severe, frequent psychotic experiences and 

milder, less frequent manifestations: a twin study of specific psychotic experiences in 

adolescence. JAMA psychiatry 71, 1049–1057 (2014). 

87. Legge, S. E. et al. Association of genetic liability to psychotic experiences with 

neuropsychotic disorders and traits. JAMA psychiatry (2019). 

88. Barkhuizen, W., Pain, O., Dudbridge, F. & Ronald, A. Genetic overlap between psychotic 

experiences in the community across age and with psychiatric disorders. Transl. Psychiatry 10, 

1–12 (2020). 

89. Zammit, S. et al. Investigating whether adverse prenatal and perinatal events are associated 

with non-clinical psychotic symptoms at age 12 years in the ALSPAC birth cohort. Psychol. 

Med. 39, 1457–1467 (2009). 

90. Jones, H. J. et al. Association of combined patterns of tobacco and cannabis use in adolescence 

with psychotic experiences. JAMA psychiatry 75, 240–246 (2018). 

91. Croft, J. et al. Association of trauma type, age of exposure, and frequency in childhood and 

adolescence with psychotic experiences in early adulthood. JAMA psychiatry 76, 79–86 

(2019). 

92. Khandaker, G. M., Stochl, J., Zammit, S., Lewis, G. & Jones, P. B. Childhood Epstein-Barr 

Virus infection and subsequent risk of psychotic experiences in adolescence: a population-

based prospective serological study. Schizophr. Res. 158, 19–24 (2014). 

93. Khandaker, G. M., Zammit, S., Lewis, G. & Jones, P. B. A population-based study of atopic 

disorders and inflammatory markers in childhood before psychotic experiences in adolescence. 



  References

   

154 
 

Schizophr. Res. 152, 139–145 (2014). 

94. Khandaker, G. M., Pearson, R. M., Zammit, S., Lewis, G. & Jones, P. B. Association of serum 

interleukin 6 and C-reactive protein in childhood with depression and psychosis in young adult 

life: a population-based longitudinal study. JAMA psychiatry 71, 1121–1128 (2014). 

95. Hossain, M. M. et al. Prevalence of comorbid psychiatric disorders among people with autism 

spectrum disorder: An umbrella review of systematic reviews and meta-analyses. Psychiatry 

Res. 287, 112922 (2020). 

96. Lai, M.-C. et al. Prevalence of co-occurring mental health diagnoses in the autism population: 

a systematic review and meta-analysis. The Lancet Psychiatry 6, 819–829 (2019). 

97. Varcin, K. J. et al. Occurrence of psychosis and bipolar disorder in adults with autism: a 

systematic review and meta-analysis. Neurosci. Biobehav. Rev. 104543 (2022). 

98. Kiyono, T. et al. The prevalence of psychotic experiences in autism spectrum disorder and 

autistic traits: a systematic review and meta-analysis. Schizophr. Bull. Open 1, sgaa046 (2020). 

99. Fusar-Poli, P. et al. The psychosis high-risk state: a comprehensive state-of-the-art review. 

JAMA psychiatry 70, 107–120 (2013). 

100. Vaquerizo-Serrano, J., Salazar de Pablo, G., Singh, J. & Santosh, P. Autism spectrum disorder 

and clinical high risk for psychosis: A systematic review and meta-analysis. J. Autism Dev. 

Disord. 1–19 (2021). 

101. Ziermans, T., Groenman, A. & Schalbroeck, R. A Meta-Analysis of Autism and Clinical High-

Risk for Psychosis is Too Premature. Comment on: Vaquerizo-Serrano, Salazar de Pablo, 

Singh & Santosh (2021). J. Autism Dev. Disord. 1–4 (2021). 

102. Kincaid, D. L., Doris, M., Shannon, C. & Mulholland, C. What is the prevalence of autism 

spectrum disorder and ASD traits in psychosis? A systematic review. Psychiatry Res. 250, 99–

105 (2017). 

103. Chisholm, K., Lin, A., Abu-Akel, A. & Wood, S. J. The association between autism and 

schizophrenia spectrum disorders: A review of eight alternate models of co-occurrence. 

Neurosci. Biobehav. Rev. 55, 173–183 (2015). 

104. Chandrasekhar, T., Copeland, J. N., Spanos, M. & Sikich, L. Autism, psychosis, or both? 

Unraveling complex patient presentations. Child Adolesc. Psychiatr. Clin. 29, 103–113 (2020). 

105. Ross, C. A. Problems with autism, catatonia and schizophrenia in DSM-5. Schizophr. Res. 

158, 264–265 (2014). 

106. Zhou, H.-Y. et al. Revisiting the overlap between autistic and schizotypal traits in the non-

clinical population using meta-analysis and network analysis. Schizophr. Res. 212, 6–14 

(2019). 

107. Taylor, M. J. et al. A longitudinal twin study of the association between childhood autistic 

traits and psychotic experiences in adolescence. Mol. Autism 6, 44 (2015). 

108. Van Overwalle, F. Social cognition and the brain: a meta‐analysis. Hum. Brain Mapp. 30, 

829–858 (2009). 

109. Oliver, L. D. et al. Social cognitive performance in schizophrenia spectrum disorders 

compared with autism spectrum disorder: a systematic review, meta-analysis, and meta-

regression. JAMA psychiatry 78, 281–292 (2021). 

110. Du, Y. et al. Evidence of shared and distinct functional and structural brain signatures in 

schizophrenia and autism spectrum disorder. Commun. Biol. 4, 1–16 (2021). 



  References

   

155 
 

111. Larsson, H. J. et al. Risk factors for autism: perinatal factors, parental psychiatric history, and 

socioeconomic status. Am. J. Epidemiol. 161, 916–925 (2005). 

112. Sullivan, P. F. et al. Family history of schizophrenia and bipolar disorder as risk factors for 

autism. Arch. Gen. Psychiatry 69, 1099–1103 (2012). 

113. Riglin, L. et al. Schizophrenia risk alleles and neurodevelopmental outcomes in childhood: a 

population-based cohort study. The Lancet Psychiatry 4, 57–62 (2017). 

114. Gudmundsson, O. O. et al. Attention-deficit hyperactivity disorder shares copy number variant 

risk with schizophrenia and autism spectrum disorder. Transl. Psychiatry 9, 1–9 (2019). 

115. McDonald-McGinn, D. M. et al. 22q11.2 deletion syndrome. Nat. Rev. Dis. Prim. 1, 15071 

(2015). 

116. Vorstman, J. A. S. et al. The 22q11. 2 deletion in children: high rate of autistic disorders and 

early onset of psychotic symptoms. J. Am. Acad. Child Adolesc. Psychiatry 45, 1104–1113 

(2006). 

117. Kushima, I. et al. Comparative analyses of copy-number variation in autism spectrum disorder 

and schizophrenia reveal etiological overlap and biological insights. Cell Rep. 24, 2838–2856 

(2018). 

118. Liu, X., Li, Z., Fan, C., Zhang, D. & Chen, J. Genetics implicate common mechanisms in 

autism and schizophrenia: synaptic activity and immunity. J. Med. Genet. 54, 511–520 (2017). 

119. Maggadottir, S. M. et al. Rare variants at 16p11. 2 are associated with common variable 

immunodeficiency. J. Allergy Clin. Immunol. 135, 1569–1577 (2015). 

120. Kenny, E. M. et al. Excess of rare novel loss-of-function variants in synaptic genes in 

schizophrenia and autism spectrum disorders. Mol. Psychiatry 19, 872–879 (2014). 

121. Rees, E. et al. Schizophrenia, autism spectrum disorders and developmental disorders share 

specific disruptive coding mutations. Nat. Commun. 12, 1–9 (2021). 

122. Abdolmaleky, H. M., Zhou, J.-R. & Thiagalingam, S. An update on the epigenetics of 

psychotic diseases and autism. Epigenomics 7, 427–449 (2015). 

123. Verdoux, H. Perinatal risk factors for schizophrenia: how specific are they? Curr. Psychiatry 

Rep. 6, 162–167 (2004). 

124. Davies, C. et al. Prenatal and perinatal risk and protective factors for psychosis: a systematic 

review and meta-analysis. The Lancet Psychiatry 7, 399–410 (2020). 

125. Jiang, H. et al. Maternal infection during pregnancy and risk of autism spectrum disorders: a 

systematic review and meta-analysis. Brain. Behav. Immun. 58, 165–172 (2016). 

126. Canetta, S. et al. Elevated maternal C-reactive protein and increased risk of schizophrenia in a 

national birth cohort. Am. J. Psychiatry 171, 960–968 (2014). 

127. Brown, A. S. et al. Elevated maternal C-reactive protein and autism in a national birth cohort. 

Mol. Psychiatry 19, 259–264 (2014). 

128. Eaton, W. W. et al. Association of schizophrenia and autoimmune diseases: linkage of Danish 

national registers. Am. J. Psychiatry 163, 521–528 (2006). 

129. Wu, S. et al. Family history of autoimmune diseases is associated with an increased risk of 

autism in children: A systematic review and meta-analysis. Neurosci. Biobehav. Rev. 55, 322–

332 (2015). 

130. Prata, J., Santos, S. G., Almeida, M. I., Coelho, R. & Barbosa, M. A. Bridging Autism 

Spectrum Disorders and Schizophrenia through inflammation and biomarkers-pre-clinical and 



  References

   

156 
 

clinical investigations. J. Neuroinflammation 14, 179 (2017). 

131. Krueger, R. F. & Markon, K. E. Reinterpreting comorbidity: A model-based approach to 

understanding and classifying psychopathology. Annu. Rev. Clin. Psychol. 2, 111–133 (2006). 

132. Rutter, M. Comorbidity: Concepts, claims and choices. Crim. Behav. Ment. Heal. 7, 265–285 

(1997). 

133. Strålin, P. & Hetta, J. First episode psychosis and comorbid ADHD, autism and intellectual 

disability. Eur. Psychiatry 55, 18–22 (2019). 

134. Downs, J. M. et al. The association between comorbid autism spectrum disorders and 

antipsychotic treatment failure in early-onset psychosis: a historical cohort study using 

electronic health records. J. Clin. Psychiatry 78, 1411 (2017). 

135. Song, J. W. & Chung, K. C. Observational studies: cohort and case-control studies. Plast. 

Reconstr. Surg. 126, 2234 (2010). 

136. Selten, J.-P., Lundberg, M., Rai, D. & Magnusson, C. Risks for nonaffective psychotic 

disorder and bipolar disorder in young people with autism spectrum disorder: a population-

based study. JAMA psychiatry 72, 483–489 (2015). 

137. Sullivan, S., Rai, D., Golding, J., Zammit, S. & Steer, C. The association between autism 

spectrum disorder and psychotic experiences in the Avon longitudinal study of parents and 

children (ALSPAC) birth cohort. J. Am. Acad. Child Adolesc. Psychiatry 52, 806–814 (2013). 

138. Jones, R. B., Thapar, A., Lewis, G. & Zammit, S. The association between early autistic traits 

and psychotic experiences in adolescence. Schizophr. Res. 135, 164–169 (2012). 

139. Stanyon, D. et al. The role of bullying victimization in the pathway between autistic traits and 

psychotic experiences in adolescence: data from the Tokyo Teen Cohort study. Schizophr. Res. 

239, 111–115 (2022). 

140. Cederlöf, M. et al. The association between childhood autistic traits and adolescent psychotic 

experiences is explained by general neuropsychiatric problems. Am. J. Med. Genet. Part B 

Neuropsychiatr. Genet. 171, 153–159 (2016). 

141. Kounali, D. et al. Common versus psychopathology-specific risk factors for psychotic 

experiences and depression during adolescence. Psychol. Med. 44, 2557–2566 (2014). 

142. Velthorst, E. et al. Genetic risk for schizophrenia and autism, social impairment and 

developmental pathways to psychosis. Transl. Psychiatry 8, (2018). 

143. Davies, N. M., Holmes, M. V & Smith, G. D. Reading Mendelian randomisation studies: a 

guide, glossary, and checklist for clinicians. Bmj 362, k601 (2018). 

144. Solovieff, N., Cotsapas, C., Lee, P. H., Purcell, S. M. & Smoller, J. W. Pleiotropy in complex 

traits: challenges and strategies. Nat. Rev. Genet. 14, 483 (2013). 

145. Davey Smith, G. & Hemani, G. Mendelian randomization: genetic anchors for causal inference 

in epidemiological studies. Hum. Mol. Genet. 23, R89–R98 (2014). 

146. Savage, J. E. et al. Genome-wide association meta-analysis in 269,867 individuals identifies 

new genetic and functional links to intelligence. Nat. Genet. 50, 912 (2018). 

147. Dardani, C. et al. Is genetic liability to ADHD and ASD causally linked to educational 

attainment? Int. J. Epidemiol. (2021). 

148. Chaplin, A. B., Jones, P. B. & Khandaker, G. M. Association between common early-

childhood infection and subsequent depressive symptoms and psychotic experiences in 

adolescence: a population-based longitudinal birth cohort study. Psychol. Med. 1–11 (2020). 



  References

   

157 
 

149. Misiak, B. et al. Immune-inflammatory markers and psychosis risk: A systematic review and 

meta-analysis. Psychoneuroendocrinology 127, 105200 (2021). 

150. Goldsmith, D. R., Rapaport, M. H. & Miller, B. J. A meta-analysis of blood cytokine network 

alterations in psychiatric patients: comparisons between schizophrenia, bipolar disorder and 

depression. Mol. Psychiatry 21, 1696 (2016). 

151. Perry, B. I., Zammit, S., Jones, P. B. & Khandaker, G. M. Childhood inflammatory markers 

and risks for psychosis and depression at age 24: examination of temporality and specificity of 

association in a population-based prospective birth cohort. Schizophr. Res. 230, 69–76 (2021). 

152. Perry, B. I. et al. Associations of immunological proteins/traits with schizophrenia, major 

depression and bipolar disorder: A bi-directional two-sample mendelian randomization study. 

Brain. Behav. Immun. 97, 176–185 (2021). 

153. Lee, B. K. et al. Maternal hospitalization with infection during pregnancy and risk of autism 

spectrum disorders. Brain. Behav. Immun. 44, 100–105 (2015). 

154. Atladóttir, H. Ó. et al. Association of family history of autoimmune diseases and autism 

spectrum disorders. Pediatrics 124, 687–694 (2009). 

155. Saghazadeh, A. et al. A meta-analysis of pro-inflammatory cytokines in autism spectrum 

disorders: Effects of age, gender, and latitude. J. Psychiatr. Res. 115, 90–102 (2019). 

156. Saghazadeh, A. et al. Anti-inflammatory cytokines in autism spectrum disorders: A systematic 

review and meta-analysis. Cytokine 123, 154740 (2019). 

157. Zhao, H. et al. Association of peripheral blood levels of cytokines with autism spectrum 

disorder: A meta-analysis. Front. psychiatry 12, 1006 (2021). 

158. Lawlor, D. A., Tilling, K. & Davey Smith, G. Triangulation in aetiological epidemiology. Int. 

J. Epidemiol. 45, 1866–1886 (2016). 

159. Rose, N. R. Autoimmune disease 2002: an overview. in Journal of Investigative Dermatology 

Symposium Proceedings vol. 9 1–4 (Elsevier, 2004). 

160. Li, P., Zheng, Y. & Chen, X. Drugs for autoimmune inflammatory diseases: from small 

molecule compounds to anti-TNF biologics. Front. Pharmacol. 8, 460 (2017). 

161. Sun, B. B. et al. Genomic atlas of the human plasma proteome. Nature 558, 73–79 (2018). 

162. Emilsson, V. et al. Co-regulatory networks of human serum proteins link genetics to disease. 

Science (80-. ). 361, 769–773 (2018). 

163. Suhre, K. et al. Connecting genetic risk to disease end points through the human blood plasma 

proteome. Nat. Commun. 8, 1–14 (2017). 

164. Yao, C. et al. Genome‐wide mapping of plasma protein QTLs identifies putatively causal 

genes and pathways for cardiovascular disease. Nat. Commun. 9, 1–11 (2018). 

165. Folkersen, L. et al. Mapping of 79 loci for 83 plasma protein biomarkers in cardiovascular 

disease. PLoS Genet. 13, e1006706 (2017). 

166. Davey Smith, G. & Hemani, G. Mendelian randomization: genetic anchors for causal inference 

in epidemiological studies. Hum. Mol. Genet. 23, R89–R98 (2014). 

167. Sanderson, E. et al. Mendelian randomization. Nat. Rev. Methods Prim. 2, 1–21 (2022). 

168. Altman, N. & Krzywinski, M. Points of Significance: Association, correlation and causation. 

Nat. Methods 12, (2015). 

169. Lucas, R. M. & McMichael, A. J. Association or causation: evaluating links between 



  References

   

158 
 

‘environment and disease’. Bull. World Health Organ. 83, 792–795 (2005). 

170. Hammerton, G. & Munafò, M. R. Causal inference with observational data: the need for 

triangulation of evidence. Psychol. Med. 51, 563–578 (2021). 

171. Grimes, D. A. & Schulz, K. F. Cohort studies: marching towards outcomes. Lancet 359, 341–

345 (2002). 

172. Davies, N. M., Smith, G. D., Windmeijer, F. & Martin, R. M. Brief Report: Issues in the 

Reporting and Conduct of Instrumental Variable Studies: A Systematic Review. Epidemiology 

363–369 (2013). 

173. Nguyen, T. T. et al. Instrumental variable approaches to identifying the causal effect of 

educational attainment on dementia risk. Ann. Epidemiol. 26, 71–76 (2016). 

174. Hamad, R., Nguyen, T. T., Bhattacharya, J., Glymour, M. M. & Rehkopf, D. H. Educational 

attainment and cardiovascular disease in the United States: A quasi-experimental instrumental 

variables analysis. PLoS Med. 16, e1002834 (2019). 

175. Davies, N. M. et al. Multivariable two-sample Mendelian randomization estimates of the 

effects of intelligence and education on health. Elife 8, (2019). 

176. Davey Smith, G. & Ebrahim, S. ‘Mendelian randomization’: can genetic epidemiology 

contribute to understanding environmental determinants of disease? Int. J. Epidemiol. 32, 1–22 

(2003). 

177. Yland, J. J., Wesselink, A. K., Lash, T. L. & Fox, M. P. Misconceptions About 

Misclassification: Non-Differential Misclassification Does Not Always Bias Results Toward 

the Null. Am. J. Epidemiol. (2022). 

178. Sorahan, T. & Gilthorpe, M. S. Non-differential misclassification of exposure always leads to 

an underestimate of risk: an incorrect conclusion. Occup. Environ. Med. 51, 839 (1994). 

179. Lee, K. J. et al. Framework for the treatment and reporting of missing data in observational 

studies: The Treatment And Reporting of Missing data in Observational Studies framework. J. 

Clin. Epidemiol. 134, 79–88 (2021). 

180. Sterne, J. A. C. et al. Multiple imputation for missing data in epidemiological and clinical 

research: potential and pitfalls. Bmj 338, (2009). 

181. Little, R. J. A. & Rubin, D. B. Statistical analysis with missing data. vol. 793 (John Wiley & 

Sons, 2019). 

182. Hughes, R. A., Heron, J., Sterne, J. A. C. & Tilling, K. Accounting for missing data in 

statistical analyses: multiple imputation is not always the answer. Int. J. Epidemiol. 48, 1294–

1304 (2019). 

183. Rubin, D. B. Multiple imputation for nonresponse in surveys. vol. 81 (John Wiley & Sons, 

2004). 

184. Richiardi, L., Bellocco, R. & Zugna, D. Mediation analysis in epidemiology: methods, 

interpretation and bias. Int. J. Epidemiol. 42, 1511–1519 (2013). 

185. Lin, S.-H., Young, J., Logan, R., Tchetgen Tchetgen, E. J. & VanderWeele, T. J. Parametric 

Mediational g-Formula Approach to Mediation Analysis with Time-varying Exposures, 

Mediators, and Confounders. Epidemiology 28, 266–274 (2017). 

186. Daniel, R. M., De Stavola, B. L. & Cousens, S. N. gformula: Estimating causal effects in the 

presence of time-varying confounding or mediation using the g-computation formula. Stata J. 

11, 479–517 (2011). 



  References

   

159 
 

187. Burton, P. R., Tobin, M. D. & Hopper, J. L. Key concepts in genetic epidemiology. Lancet 

366, 941–951 (2005). 

188. Reich, D. E. et al. Linkage disequilibrium in the human genome. Nature 411, 199–204 (2001). 

189. Boyle, E. A., Li, Y. I. & Pritchard, J. K. An expanded view of complex traits: from polygenic 

to omnigenic. Cell 169, 1177–1186 (2017). 

190. Dudbridge, F. Polygenic epidemiology. Genet. Epidemiol. 40, 268–272 (2016). 

191. Falconer, D. S. The inheritance of liability to certain diseases, estimated from the incidence 

among relatives. Ann. Hum. Genet. 29, 51–76 (1965). 

192. Dempster, E. R. & Lerner, I. M. Heritability of threshold characters. Genetics 35, 212 (1950). 

193. Davey Smith, G. Post–modern epidemiology: when methods meet matter. Am. J. Epidemiol. 

188, 1410–1419 (2019). 

194. Bulik-Sullivan, B. K. et al. LD Score regression distinguishes confounding from polygenicity 

in genome-wide association studies. Nat. Genet. 47, 291 (2015). 

195. Lee, J. J., McGue, M., Iacono, W. G. & Chow, C. C. The accuracy of LD Score regression as 

an estimator of confounding and genetic correlations in genome‐wide association studies. 

Genet. Epidemiol. 42, 783–795 (2018). 

196. Zheng, J. et al. LD Hub: a centralized database and web interface to perform LD score 

regression that maximizes the potential of summary level GWAS data for SNP heritability and 

genetic correlation analysis. Bioinformatics 33, 272–279 (2017). 

197. Choi, S. W., Mak, T. S.-H. & O’Reilly, P. F. Tutorial: a guide to performing polygenic risk 

score analyses. Nat. Protoc. 15, 2759–2772 (2020). 

198. Haycock, P. C. et al. Best (but oft-forgotten) practices: the design, analysis, and interpretation 

of Mendelian randomization studies. Am. J. Clin. Nutr. 103, 965–978 (2016). 

199. Burgess, S. et al. Using published data in Mendelian randomization: a blueprint for efficient 

identification of causal risk factors. Eur. J. Epidemiol. 30, 543–552 (2015). 

200. Wald, A. The fitting of straight lines if both variables are subject to error. Ann. Math. Stat. 11, 

284–300 (1940). 

201. Bowden, J., Davey Smith, G. & Burgess, S. Mendelian randomization with invalid 

instruments: effect estimation and bias detection through Egger regression. Int. J. Epidemiol. 

44, 512–525 (2015). 

202. Burgess, S., Thompson, S. G. & collaboration, C. R. P. C. H. D. genetics. Avoiding bias from 

weak instruments in Mendelian randomization studies. Int. J. Epidemiol. 40, 755–764 (2011). 

203. Bowden, J., Smith, G. D., Haycock, P. C. & Burgess, S. Consistent estimation in Mendelian 

randomization with some invalid instruments using a weighted median estimator. Genet. 

Epidemiol. 40, 304–314 (2016). 

204. Hartwig, F. P., Davey Smith, G. & Bowden, J. Robust inference in summary data Mendelian 

randomization via the zero modal pleiotropy assumption. Int. J. Epidemiol. 46, 1985–1998 

(2017). 

205. Sanderson, E., Davey Smith, G., Windmeijer, F. & Bowden, J. An examination of 

multivariable Mendelian randomization in the single-sample and two-sample summary data 

settings. Int. J. Epidemiol. 48, 713–727 (2019). 

206. Uffelmann, E. et al. Genome-wide association studies. Nat. Rev. Methods Prim. 1, 59 (2021). 



  References

   

160 
 

207. Giambartolomei, C. et al. Bayesian test for colocalisation between pairs of genetic association 

studies using summary statistics. PLoS Genet. 10, e1004383 (2014). 

208. Cano-Gamez, E. & Trynka, G. From GWAS to function: using functional genomics to identify 

the mechanisms underlying complex diseases. Front. Genet. 11, 424 (2020). 

209. Huang, H. et al. Fine-mapping inflammatory bowel disease loci to single-variant resolution. 

Nature 547, 173–178 (2017). 

210. Burgess, S., Foley, C. N. & Zuber, V. Inferring causal relationships between risk factors and 

outcomes from genome-wide association study data. Annu. Rev. Genomics Hum. Genet. 19, 

303–327 (2018). 

211. Dardani, C. et al. Immunological pathways underlying autism: Findings from Mendelian 

randomization and genetic colocalisation analyses. medRxiv (2022). 

212. Fry, A. et al. Comparison of sociodemographic and health-related characteristics of UK 

Biobank participants with those of the general population. Am. J. Epidemiol. 186, 1026–1034 

(2017). 

213. Munafò, M. R., Tilling, K., Taylor, A. E., Evans, D. M. & Davey Smith, G. Collider scope: 

when selection bias can substantially influence observed associations. Int. J. Epidemiol. 47, 

226–235 (2018). 

214. Varese, F. et al. Childhood adversities increase the risk of psychosis: a meta-analysis of 

patient-control, prospective-and cross-sectional cohort studies. Schizophr. Bull. 38, 661–671 

(2012). 

215. McDonnell, C. G. et al. Child maltreatment in autism spectrum disorder and intellectual 

disability: Results from a population‐based sample. J. Child Psychol. Psychiatry 60, 576–584 

(2019). 

216. Gong, J., Wang, Y., Lui, S. S. Y., Cheung, E. F. C. & Chan, R. C. K. Childhood trauma is not 

a confounder of the overlap between autistic and schizotypal traits: A study in a non-clinical 

adult sample. Psychiatry Res. 257, 111–117 (2017). 

217. Rai, D. et al. Association of autistic traits with depression from childhood to age 18 years. 

JAMA psychiatry 75, 835–843 (2018). 

218. Warrier, V. & Baron-Cohen, S. Childhood trauma, life-time self-harm, and suicidal behaviour 

and ideation are associated with polygenic scores for autism. Mol. Psychiatry 26, 1670–1684 

(2021). 

219. Stergiakouli, E. et al. Genome‐wide association study of height‐adjusted BMI in childhood 

identifies functional variant in ADCY3. Obesity 22, 2252–2259 (2014). 

220. Steer, C. D., Golding, J. & Bolton, P. F. Traits contributing to the autistic spectrum. PLoS One 

5, e12633 (2010). 

221. Bishop, D. V. M. Development of the Children’s Communication Checklist (CCC): A method 

for assessing qualitative aspects of communicative impairment in children. J. Child Psychol. 

Psychiatry Allied Discip. 39, 879–891 (1998). 

222. Buss, A. H. & Plomin, R. Temperament (PLE: Emotion): Early developing personality traits. 

(Psychology Press, 2014). 

223. Goodman, R., Ford, T., Richards, H., Gatward, R. & Meltzer, H. The Development and Well-

Being Assessment: description and initial validation of an integrated assessment of child and 

adolescent psychopathology. J. Child Psychol. Psychiatry Allied Discip. 41, 645–655 (2000). 

224. Guyatt, A. L., Heron, J., Knight, B. L. C., Golding, J. & Rai, D. Digit ratio and autism 



  References

   

161 
 

spectrum disorders in the Avon Longitudinal Study of Parents and Children: a birth cohort 

study. BMJ Open 5, e007433 (2015). 

225. Organization, W. H. Schedules for clinical assessment in neuropsychiatry: version 2. (World 

Health Organization, 1994). 

226. Robertson, C. E. & Baron-Cohen, S. Sensory perception in autism. Nat. Rev. Neurosci. 18, 

671–684 (2017). 

227. Ripke, S. et al. Biological insights from 108 schizophrenia-associated genetic loci. Nature 511, 

421 (2014). 

228. Maclean, M. J. et al. Maltreatment risk among children with disabilities. Pediatrics 139, 

(2017). 

229. Fraser, A. et al. Cohort profile: the Avon Longitudinal Study of Parents and Children: 

ALSPAC mothers cohort. Int. J. Epidemiol. 42, 97–110 (2013). 

230. Crown, S. & Crisp, A. H. A short clinical diagnostic self-rating scale for psychoneurotic 

patients: The Middlesex Hospital Questionnaire (MHQ). Br. J. Psychiatry 112, 917–923 

(1966). 

231. Cox, J. L., Holden, J. M. & Sagovsky, R. Edinburgh postnatal depression scale (EPDS). Br J 

psychiatry 150, 782–786 (1987). 

232. Wechsler, D., Golombok, S. & Rust, J. WISC-III UK Wechsler intelligence scale for children: 

UK manual. Sidcup, UK Psychol. Corp. (1992). 

233. Royston, P. & White, I. R. Multiple imputation by chained equations (MICE): implementation 

in Stata. J Stat Softw 45, 1–20 (2011). 

234. VanderWeele, T. J. & Vansteelandt, S. Odds ratios for mediation analysis for a dichotomous 

outcome. Am. J. Epidemiol. 172, 1339–1348 (2010). 

235. Pingault, J.-B. et al. Genetic sensitivity analysis: Adjusting for genetic confounding in 

epidemiological associations. PLoS Genet. 17, e1009590 (2021). 

236. Cannon, T. D. et al. Prediction of psychosis in youth at high clinical risk: a multisite 

longitudinal study in North America. Arch. Gen. Psychiatry 65, 28–37 (2008). 

237. Alameda, L. et al. A systematic review on mediators between adversity and psychosis: 

potential targets for treatment. Psychol. Med. 50, 1966–1976 (2020). 

238. (UK, N. C. C. for M. H. Post-traumatic stress disorder: The management of PTSD in adults 

and children in primary and secondary care. (2005). 

239. de Bont, P., de Jongh, A. & van den Berg, D. Psychosis: An emerging field for EMDR 

research and therapy. J. EMDR Pract. Res. 13, 313–324 (2019). 

240. Bloomfield, M. A. P. et al. Psychological processes mediating the association between 

developmental trauma and specific psychotic symptoms in adults: a systematic review and 

meta‐analysis. World Psychiatry 20, 107–123 (2021). 

241. St Pourcain, B. et al. ASD and schizophrenia show distinct developmental profiles in common 

genetic overlap with population-based social communication difficulties. Mol. Psychiatry 23, 

263–270 (2018). 

242. Warrier, V. et al. Genetic correlates of phenotypic heterogeneity in autism. medRxiv 2007–

2020 (2020). 

243. Sanderson, E. Multivariable Mendelian randomization and mediation. Cold Spring Harb. 

Perspect. Med. 11, a038984 (2021). 



  References

   

162 
 

244. Warrier, V. et al. Genome-wide analyses of self-reported empathy: correlations with autism, 

schizophrenia, and anorexia nervosa. Transl. Psychiatry 8, 1–10 (2018). 

245. Dardani, C. et al. Cleft lip/palate and educational attainment: cause, consequence or 

correlation? A Mendelian randomization study. Int. J. Epidemiol. 49, 1282–1293 (2020). 

246. Tyrrell, J. et al. Using genetics to understand the causal influence of higher BMI on 

depression. (2018). 

247. Gao, X. et al. The bidirectional causal relationships of insomnia with five major psychiatric 

disorders: A Mendelian randomization study. Eur. Psychiatry 60, 79–85 (2019). 

248. Pierce, B. L. & Burgess, S. Efficient design for Mendelian randomization studies: subsample 

and 2-sample instrumental variable estimators. Am. J. Epidemiol. 178, 1177–1184 (2013). 

249. Bowden, J. et al. Assessing the suitability of summary data for two-sample Mendelian 

randomization analyses using MR-Egger regression: the role of the I 2 statistic. Int. J. 

Epidemiol. 45, 1961–1974 (2016). 

250. Bowden, J., Davey Smith, G., Haycock, P. C. & Burgess, S. Consistent estimation in 

Mendelian randomization with some invalid instruments using a weighted median estimator. 

Genet. Epidemiol. 40, 304–314 (2016). 

251. Sanderson, E., Davey, G. S., Windmeijer, F. & Bowden, J. An examination of multivariable 

Mendelian randomization in the single-sample and two-sample summary data settings. Int. J. 

Epidemiol. (2018). 

252. Myers, J. A. et al. Effects of adjusting for instrumental variables on bias and precision of effect 

estimates. Am. J. Epidemiol. 174, 1213–1222 (2011). 

253. Hemani, G. et al. The MR-Base platform supports systematic causal inference across the 

human phenome. Elife 7, e34408 (2018). 

254. Kendler, K. S., Ohlsson, H., Keefe, R. S. E., Sundquist, K. & Sundquist, J. The joint impact of 

cognitive performance in adolescence and familial cognitive aptitude on risk for major 

psychiatric disorders: a delineation of four potential pathways to illness. Mol. Psychiatry 23, 

1076 (2018). 

255. Kendler, K. S., Ohlsson, H., Sundquist, J. & Sundquist, K. IQ and schizophrenia in a Swedish 

national sample: their causal relationship and the interaction of IQ with genetic risk. Am. J. 

Psychiatry 172, 259–265 (2015). 

256. Nimmo-Smith, V. et al. Anxiety disorders in adults with autism spectrum disorder: a 

population-based study. J. Autism Dev. Disord. 50, 308–318 (2020). 

257. Jones, H. J. et al. A Mendelian randomization study of the causal association between anxiety 

phenotypes and schizophrenia. Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 183, 360–

369 (2020). 

258. Qin, Y. et al. Polygenic risk for autism spectrum disorder affects left amygdala activity and 

negative emotion in schizophrenia. Transl. Psychiatry 10, 322 (2020). 

259. Underwood, L., McCarthy, J. & Tsakanikos, E. Mental health of adults with autism spectrum 

disorders and intellectual disability. Curr. Opin. Psychiatry 23, 421–426 (2010). 

260. Vereenooghe, L. & Langdon, P. E. Psychological therapies for people with intellectual 

disabilities: A systematic review and meta-analysis. Res. Dev. Disabil. 34, 4085–4102 (2013). 

261. Brumpton, B. et al. Avoiding dynastic, assortative mating, and population stratification biases 

in Mendelian randomization through within-family analyses. Nat. Commun. 11, 3519 (2020). 



  References

   

163 
 

262. Smith, G. D. & Ebrahim, S. Data dredging, bias, or confounding: They can all get you into the 

BMJ and the Friday papers. (2002). 

263. Cai, N. et al. Minimal phenotyping yields genome-wide association signals of low specificity 

for major depression. Nat. Genet. 52, 437–447 (2020). 

264. Meyer, U., Feldon, J. & Dammann, O. Schizophrenia and autism: both shared and disorder-

specific pathogenesis via perinatal inflammation? Pediatr. Res. 69, 26–33 (2011). 

265. Benros, M. E. & Mortensen, P. B. Role of infection, autoimmunity, atopic disorders, and the 

immune system in schizophrenia: evidence from epidemiological and genetic studies. 

Neuroinflammation Schizophr. 141–159 (2019). 

266. Zhang, J., Luo, W., Huang, P., Peng, L. & Huang, Q. Maternal C-reactive protein and cytokine 

levels during pregnancy and the risk of selected neuropsychiatric disorders in offspring: a 

systematic review and meta-analysis. J. Psychiatr. Res. 105, 86–94 (2018). 

267. Del Giudice, M. & Gangestad, S. W. Rethinking IL-6 and CRP: Why they are more than 

inflammatory biomarkers, and why it matters. Brain. Behav. Immun. 70, 61–75 (2018). 

268. Brynge, M., Gardner, R. M., Sjöqvist, H., Karlsson, H. & Dalman, C. Maternal Levels of 

Acute Phase Proteins in Early Pregnancy and Risk of Autism Spectrum Disorders in Offspring. 

medRxiv (2021). 

269. Keil, A. et al. Parental autoimmune diseases associated with autism spectrum disorders in 

offspring. Epidemiology 21, 805 (2010). 

270. Graham, D. B. & Xavier, R. J. Pathway paradigms revealed from the genetics of inflammatory 

bowel disease. Nature 578, 527–539 (2020). 

271. Zenewicz, L. A., Antov, A. & Flavell, R. A. CD4 T-cell differentiation and inflammatory 

bowel disease. Trends Mol. Med. 15, 199–207 (2009). 

272. Chen, M. L. & Sundrud, M. S. Cytokine networks and T-cell subsets in inflammatory bowel 

diseases. Inflamm. Bowel Dis. 22, 1157–1167 (2016). 

273. Neurath, M. F. Cytokines in inflammatory bowel disease. Nat. Rev. Immunol. 14, 329–342 

(2014). 

274. McGowan, L. M., Davey Smith, G., Gaunt, T. R. & Richardson, T. G. Integrating Mendelian 

randomization and multiple-trait colocalization to uncover cell-specific inflammatory drivers 

of autoimmune and atopic disease. Hum. Mol. Genet. 28, 3293–3300 (2019). 

275. Chen, S., Zhao, S., Dalman, C., Karlsson, H. & Gardner, R. Association of maternal diabetes 

with neurodevelopmental disorders: autism spectrum disorders, attention-deficit/hyperactivity 

disorder and intellectual disability. Int. J. Epidemiol. (2020). 

276. Idring, S. et al. Parental age and the risk of autism spectrum disorders: findings from a 

Swedish population-based cohort. Int. J. Epidemiol. 43, 107–115 (2014). 

277. Magnusson, C. et al. Migration and autism spectrum disorder: population-based study. Br. J. 

Psychiatry 201, 109–115 (2012). 

278. Rai, D. et al. Parental socioeconomic status and risk of offspring autism spectrum disorders in 

a Swedish population-based study. J. Am. Acad. Child Adolesc. Psychiatry 51, 467–476 

(2012). 

279. Madley-Dowd, P., Rai, D., Zammit, S. & Heron, J. Simulations and directed acyclic graphs 

explained why assortative mating biases the prenatal negative control design. J. Clin. 

Epidemiol. 118, 9–17 (2020). 



  References

   

164 
 

280. Sanders, S. J. et al. Insights into autism spectrum disorder genomic architecture and biology 

from 71 risk loci. Neuron 87, 1215–1233 (2015). 

281. Xie, S. et al. The Familial Risk of Autism Spectrum Disorder with and without Intellectual 

Disability. Autism Res. (2020). 

282. Rai, D. et al. Parental depression, maternal antidepressant use during pregnancy, and risk of 

autism spectrum disorders: population based case-control study. Bmj 346, f2059 (2013). 

283. Rai, D. et al. Antidepressants during pregnancy and autism in offspring: population based 

cohort study. bmj 358, j2811 (2017). 

284. Amiet, C. et al. Epilepsy in autism is associated with intellectual disability and gender: 

evidence from a meta-analysis. Biol. Psychiatry 64, 577–582 (2008). 

285. Rai, D. et al. Association between autism spectrum disorders with or without intellectual 

disability and depression in young adulthood. JAMA Netw. open 1, e181465–e181465 (2018). 

286. de Lange, K. M. et al. Genome-wide association study implicates immune activation of 

multiple integrin genes in inflammatory bowel disease. Nat. Genet. 49, 256 (2017). 

287. McVean, G. A. et al. An integrated map of genetic variation from 1,092 human genomes. 

Nature 491, 56–65 (2012). 

288. Boyd, A. et al. Cohort profile: the ‘children of the 90s’—the index offspring of the Avon 

Longitudinal Study of Parents and Children. Int. J. Epidemiol. 42, 111–127 (2013). 

289. Dudbridge, F. Power and predictive accuracy of polygenic risk scores. PLoS Genet 9, 

e1003348 (2013). 

290. Jones, H. J. et al. Association of genetic risk for rheumatoid arthritis with cognitive and 

psychiatric phenotypes across childhood and adolescence. JAMA Netw. open 2, e196118–

e196118 (2019). 

291. Chen, G.-B. et al. Performance of risk prediction for inflammatory bowel disease based on 

genotyping platform and genomic risk score method. BMC Med. Genet. 18, 1–11 (2017). 

292. Pedersen, C. B. et al. The iPSYCH2012 case–cohort sample: new directions for unravelling 

genetic and environmental architectures of severe mental disorders. Mol. Psychiatry 23, 6–14 

(2018). 

293. Rom, A. L. et al. Parental rheumatoid arthritis and autism spectrum disorders in offspring: a 

Danish nationwide cohort study. J. Am. Acad. Child Adolesc. Psychiatry 57, 28–32 (2018). 

294. Croen, L. A., Grether, J. K., Yoshida, C. K., Odouli, R. & Van de Water, J. Maternal 

autoimmune diseases, asthma and allergies, and childhood autism spectrum disorders: a case-

control study. Arch. Pediatr. Adolesc. Med. 159, 151–157 (2005). 

295. Falconer, D. S. The inheritance of liability to certain diseases, estimated from the incidence 

among relatives. Ann. Hum. Genet. 29, 51–76 (1965). 

296. Davey Smith, G. Epigenesis for epidemiologists: does evo-devo have implications for 

population health research and practice? Int. J. Epidemiol. 41, 236–247 (2012). 

297. Yang, Y. et al. Investigating the shared genetic architecture between multiple sclerosis and 

inflammatory bowel diseases. Nat. Commun. 12, 1–12 (2021). 

298. Papadakis, K. A. & Targan, S. R. Role of cytokines in the pathogenesis of inflammatory bowel 

disease. Annu. Rev. Med. 51, 289–298 (2000). 

299. Wang, W., Sung, N., Gilman-Sachs, A. & Kwak-Kim, J. T helper (Th) cell profiles in 

pregnancy and recurrent pregnancy losses: Th1/Th2/Th9/Th17/Th22/Tfh cells. Front. 



  References

   

165 
 

Immunol. 11, 2025 (2020). 

300. Saito, S., Nakashima, A., Shima, T. & Ito, M. Th1/Th2/Th17 and regulatory T‐cell paradigm 

in pregnancy. Am. J. Reprod. Immunol. 63, 601–610 (2010). 

301. Lim, K. J. H. et al. The role of T-helper cytokines in human reproduction. Fertil. Steril. 73, 

136–142 (2000). 

302. Ahmad, S. F. et al. Dysregulation of Th1, Th2, Th17, and T regulatory cell-related 

transcription factor signaling in children with autism. Mol. Neurobiol. 54, 4390–4400 (2017). 

303. Abdallah, M. W. et al. Neonatal levels of cytokines and risk of autism spectrum disorders: an 

exploratory register-based historic birth cohort study utilizing the Danish Newborn Screening 

Biobank. J. Neuroimmunol. 252, 75–82 (2012). 

304. Choi, G. B. et al. The maternal interleukin-17a pathway in mice promotes autism-like 

phenotypes in offspring. Science (80-. ). 351, 933–939 (2016). 

305. Tan, M. et al. Maternal folic acid and micronutrient supplementation is associated with 

vitamin levels and symptoms in children with autism spectrum disorders. Reprod. Toxicol. 91, 

109–115 (2020). 

306. Wiegersma, A. M., Dalman, C., Lee, B. K., Karlsson, H. & Gardner, R. M. Association of 

prenatal maternal anemia with neurodevelopmental disorders. JAMA psychiatry 76, 1294–

1304 (2019). 

307. Fischbach, G. D. & Lord, C. The Simons Simplex Collection: a resource for identification of 

autism genetic risk factors. Neuron 68, 192–195 (2010). 

308. Feliciano, P. et al. SPARK: a US cohort of 50,000 families to accelerate autism research. 

Neuron 97, 488–493 (2018). 

309. Glanville, K. P., Coleman, J. R. I., O’Reilly, P. F., Galloway, J. & Lewis, C. M. Shared genetic 

factors do not account for the observed co-occurrence of depression and autoimmune diseases 

in the UK Biobank. medRxiv (2020). 

310. Buxbaum, J. D. Multiple rare variants in the etiology of autism spectrum disorders. Dialogues 

Clin. Neurosci. 11, 35 (2009). 

311. Rivas, M. A. et al. Deep resequencing of GWAS loci identifies independent rare variants 

associated with inflammatory bowel disease. Nat. Genet. 43, 1066–1073 (2011). 

312. Friedrich, M., Pohin, M. & Powrie, F. Cytokine networks in the pathophysiology of 

inflammatory bowel disease. Immunity 50, 992–1006 (2019). 

313. Dittel, B. N. CD4 T cells: balancing the coming and going of autoimmune-mediated 

inflammation in the CNS. Brain. Behav. Immun. 22, 421–430 (2008). 

314. Tay, R. E., Richardson, E. K. & Toh, H. C. Revisiting the role of CD4+ T cells in cancer 

immunotherapy—new insights into old paradigms. Cancer Gene Ther. 28, 5–17 (2021). 

315. Swain, S. L., McKinstry, K. K. & Strutt, T. M. Expanding roles for CD4+ T cells in immunity 

to viruses. Nat. Rev. Immunol. 12, 136–148 (2012). 

316. DuPage, M. & Bluestone, J. A. Harnessing the plasticity of CD4+ T cells to treat immune-

mediated disease. Nat. Rev. Immunol. 16, 149–163 (2016). 

317. Luckheeram, R. V., Zhou, R., Verma, A. D. & Xia, B. CD4+ T cells: differentiation and 

functions. Clin. Dev. Immunol. 2012, (2012). 

318. Corsi-Zuelli, F. et al. T regulatory cells as a potential therapeutic target in psychosis? Current 

challenges and future perspectives. Brain, Behav. immunity-health 17, 100330 (2021). 



  References

   

166 
 

319. Allswede, D. M., Yolken, R. H., Buka, S. L. & Cannon, T. D. Cytokine concentrations 

throughout pregnancy and risk for psychosis in adult offspring: a longitudinal case-control 

study. The Lancet Psychiatry 7, 254–261 (2020). 

320. Ferguson, B. J. et al. Associations between cytokines, endocrine stress response, and 

gastrointestinal symptoms in autism spectrum disorder. Brain. Behav. Immun. 58, 57–62 

(2016). 

321. Wei, H. et al. Brain IL-6 elevation causes neuronal circuitry imbalances and mediates autism-

like behaviors. Biochim. Biophys. Acta (BBA)-Molecular Basis Dis. 1822, 831–842 (2012). 

322. Krakowiak, P. et al. Neonatal cytokine profiles associated with autism spectrum disorder. Biol. 

Psychiatry 81, 442–451 (2017). 

323. de Klein, N. et al. Brain expression quantitative trait locus and network analysis reveals 

downstream effects and putative drivers for brain-related diseases. bioRxiv (2021). 

324. Hemani, G., Tilling, K. & Smith, G. D. Orienting the causal relationship between imprecisely 

measured traits using GWAS summary data. PLoS Genet. 13, e1007081 (2017). 

325. Angkasekwinai, P. & Dong, C. IL-9-producing T cells: Potential players in allergy and cancer. 

Nat. Rev. Immunol. 21, 37–48 (2021). 

326. Crotty, S. T follicular helper cell differentiation, function, and roles in disease. Immunity 41, 

529–542 (2014). 

327. Bettelli, E., Korn, T., Oukka, M. & Kuchroo, V. K. Induction and effector functions of TH 17 

cells. Nature 453, 1051–1057 (2008). 

328. Lucca, L. E. & Dominguez-Villar, M. Modulation of regulatory T cell function and stability by 

co-inhibitory receptors. Nat. Rev. Immunol. 20, 680–693 (2020). 

329. Zheng, J. et al. Phenome-wide Mendelian randomization mapping the influence of the plasma 

proteome on complex diseases. Nat. Genet. 52, 1122–1131 (2020). 

330. Swerdlow, D. I. et al. Selecting instruments for Mendelian randomization in the wake of 

genome-wide association studies. Int. J. Epidemiol. 45, 1600–1616 (2016). 

331. Thomas, D. C., Lawlor, D. A. & Thompson, J. R. Re: Estimation of bias in nongenetic 

observational studies using ‘Mendelian triangulation’ by Bautista et al. Ann. Epidemiol. 7, 

511–513 (2007). 

332. Zhao, H. et al. Proteome-wide Mendelian randomization in global biobank meta-analysis 

reveals multi-ancestry drug targets for common diseases. medRxiv 2022.01.09.21268473 

(2022) doi:10.1101/2022.01.09.21268473. 

333. Abdallah, M. W. et al. Amniotic fluid inflammatory cytokines: potential markers of 

immunologic dysfunction in autism spectrum disorders. World J. Biol. Psychiatry 14, 528–538 

(2013). 

334. Goines, P. E. et al. Increased midgestational IFN-γ, IL-4 and IL-5 in women bearing a child 

with autism: a case-control study. Mol. Autism 2, 1–11 (2011). 

335. Jones, K. L. et al. Autism with intellectual disability is associated with increased levels of 

maternal cytokines and chemokines during gestation. Mol. Psychiatry 22, 273–279 (2017). 

336. Gupta, S., Aggarwal, S., Rashanravan, B. & Lee, T. Th1-and Th2-like cytokines in CD4+ and 

CD8+ T cells in autism. J. Neuroimmunol. 85, 106–109 (1998). 

337. Molloy, C. A. et al. Elevated cytokine levels in children with autism spectrum disorder. J. 

Neuroimmunol. 172, 198–205 (2006). 



  References

   

167 
 

338. Li, X. et al. Elevated immune response in the brain of autistic patients. J. Neuroimmunol. 207, 

111–116 (2009). 

339. Teng, M. W. L. et al. IL-12 and IL-23 cytokines: from discovery to targeted therapies for 

immune-mediated inflammatory diseases. Nat. Med. 21, 719–729 (2015). 

340. Kano, S. et al. The contribution of transcription factor IRF1 to the interferon-γ–interleukin 12 

signaling axis and TH 1 versus TH-17 differentiation of CD4+ T cells. Nat. Immunol. 9, 34–41 

(2008). 

341. Robinson, R. T. IL12Rβ1: The cytokine receptor that we used to know. Cytokine 71, 348–359 

(2015). 

342. Monteiro, S., Roque, S., Marques, F., Correia-Neves, M. & Cerqueira, J. J. Brain interference: 

revisiting the role of IFNγ in the central nervous system. Prog. Neurobiol. 156, 149–163 

(2017). 

343. Ivashkiv, L. B. IFNγ: signalling, epigenetics and roles in immunity, metabolism, disease and 

cancer immunotherapy. Nat. Rev. Immunol. 18, 545–558 (2018). 

344. Hansen-Pupp, I. et al. Circulating interferon-gamma and white matter brain damage in preterm 

infants. Pediatr. Res. 58, 946–952 (2005). 

345. Khandaker, G. M., Zammit, S., Burgess, S., Lewis, G. & Jones, P. B. Association between a 

functional interleukin 6 receptor genetic variant and risk of depression and psychosis in a 

population-based birth cohort. Brain. Behav. Immun. 69, 264–272 (2018). 

346. Hartwig, F. P., Borges, M. C., Horta, B. L., Bowden, J. & Smith, G. D. Inflammatory 

biomarkers and risk of schizophrenia: a 2-sample mendelian randomization study. JAMA 

psychiatry 74, 1226–1233 (2017). 

347. Soroosh, P. & Doherty, T. A. Th9 and allergic disease. Immunology 127, 450–458 (2009). 

348. Lu, Y. et al. Th9 cells represent a unique subset of CD4+ T cells endowed with the ability to 

eradicate advanced tumors. Cancer Cell 33, 1048–1060 (2018). 

349. Frydecka, D. et al. Profiling inflammatory signatures of schizophrenia: a cross-sectional and 

meta-analysis study. Brain. Behav. Immun. 71, 28–36 (2018). 

350. Lawlor, D. A. Commentary: Two-sample Mendelian randomization: opportunities and 

challenges. Int. J. Epidemiol. 45, 908 (2016). 

351. Ashitha, S. N. M. & Ramachandra, N. B. Integrated functional analysis implicates syndromic 

and rare copy number variation genes as prominent molecular players in pathogenesis of 

autism spectrum disorders. Neuroscience 438, 25–40 (2020). 

352. Szatkiewicz, J. P. et al. Copy number variation in schizophrenia in Sweden. Mol. Psychiatry 

19, 762–773 (2014). 

353. Mayer, H., Zaenker, K. S. & An Der Heiden, U. A basic mathematical model of the immune 

response. Chaos An Interdiscip. J. Nonlinear Sci. 5, 155–161 (1995). 

354. Gutnikov, S. & Melnikov, Y. A simple non-linear model of immune response. Chaos, Solitons 

& Fractals 16, 125–132 (2003). 

355. Devoe, D. J., Farris, M. S., Townes, P. & Addington, J. Interventions and social functioning in 

youth at risk of psychosis: a systematic review and meta‐analysis. Early Interv. Psychiatry 13, 

169–180 (2019). 

356. Gardner, R. M. et al. Neonatal levels of acute phase proteins and risk of autism Spectrum 

disorder. Biol. Psychiatry 89, 463–475 (2021). 



  References

   

168 
 

357. Popejoy, A. B. & Fullerton, S. M. Genomics is failing on diversity. Nature 538, 161–164 

(2016). 

358. Kurzius-Spencer, M. et al. Behavioral problems in children with autism spectrum disorder 

with and without co-occurring intellectual disability. Res. Autism Spectr. Disord. 56, 61–71 

(2018). 

359. Stefanis, N. C. et al. Evidence that three dimensions of psychosis have a distribution in the 

general population. Psychol. Med. 32, 347–358 (2002). 

360. Russell, G. et al. Selection bias on intellectual ability in autism research: A cross-sectional 

review and meta-analysis. Molecular Autism, 10 (9), 9. (2019). 

361. Satterthwaite, T. D. et al. The Philadelphia Neurodevelopmental Cohort: A publicly available 

resource for the study of normal and abnormal brain development in youth. Neuroimage 124, 

1115–1119 (2016). 

362. Satterthwaite, T. D. et al. Neuroimaging of the Philadelphia neurodevelopmental cohort. 

Neuroimage 86, 544–553 (2014). 

363. Gettler, K. et al. Common and rare variant prediction and penetrance of IBD in a large, multi-

ethnic, health system-based biobank cohort. Gastroenterology 160, 1546–1557 (2021). 

364. Pain, O. et al. Genome-wide analysis of adolescent psychotic-like experiences shows genetic 

overlap with psychiatric disorders. Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 177, 

416–425 (2018). 

365. Magnus, P. et al. Cohort profile update: the Norwegian mother and child cohort study (MoBa). 

Int. J. Epidemiol. 45, 382–388 (2016). 

366. Kenny, L. et al. Which terms should be used to describe autism? Perspectives from the UK 

autism community. Autism 20, 442–462 (2016). 

367. Kapp, S. K., Gillespie-Lynch, K., Sherman, L. E. & Hutman, T. Deficit, difference, or both? 

Autism and neurodiversity. Dev. Psychol. 49, 59 (2013). 

368. Bottema-Beutel, K., Kapp, S. K., Lester, J. N., Sasson, N. J. & Hand, B. N. Avoiding ableist 

language: Suggestions for autism researchers. Autism in Adulthood (2021). 

369. Hoekstra, R. A., Happé, F., Baron-Cohen, S. & Ronald, A. Association between extreme 

autistic traits and intellectual disability: insights from a general population twin study. Br. J. 

Psychiatry 195, 531–536 (2009). 

370. Ronald, A. et al. Characterization of psychotic experiences in adolescence using the specific 

psychotic experiences questionnaire: findings from a study of 5000 16-year-old twins. 

Schizophr. Bull. 40, 868–877 (2014). 

371. Cosgrave, J. et al. Do environmental risk factors for the development of psychosis distribute 

differently across dimensionally assessed psychotic experiences? Transl. Psychiatry 11, 1–13 

(2021). 

372. Howe, L. J. et al. Investigating the shared genetics of non-syndromic cleft lip/palate and facial 

morphology. PLoS Genet. 14, e1007501 (2018). 

373. Northstone, K. et al. The Avon Longitudinal Study of Parents and Children (ALSPAC): an 

update on the enrolled sample of index children in 2019. Wellcome open Res. 4, (2019). 

 



 

169 
 

Appendix A 
 

Table A1. Associations between autism polygenic risk score (PRS) at 13 p-value thresholds and 

psychotic experiences assessed at age 18 and/or 24. 

p.threshold OR SE P 95% CIs 

0.5 0.986413 0.046508 0.771706 0.899343 1.081913 

0.4 0.984396 0.046446 0.738886 0.897446 1.07977 

0.3 0.997801 0.046968 0.962704 0.909865 1.094237 

0.2 0.994424 0.046732 0.905289 0.906923 1.090367 

0.1 0.989412 0.046589 0.821159 0.902187 1.085071 

0.05 0.982064 0.046184 0.700346 0.895592 1.076886 

0.01 1.044534 0.048916 0.352173 0.952928 1.144946 

0.001 1.013245 0.047316 0.778109 0.924626 1.110359 

0.0001 1.066338 0.050569 0.175606 0.971691 1.170204 

0.00001 1.00605 0.047458 0.898261 0.917204 1.103502 

0.000001 1.03371 0.04882 0.482684 0.942319 1.133964 

0.0000001 1.040374 0.049111 0.40176 0.948437 1.141223 

 

Table A2. Associations between autism polygenic risk score (PRS) at 13 p-value thresholds and 

distressing or frequent psychotic experiences assessed at age 18 and/or 24. 

p.threshold OR SE P 95% CIs 

0.5 1.093295 0.069816 0.162481 0.964675 1.239065 

0.4 1.090788 0.06973 0.174026 0.962335 1.236387 

0.3 1.110382 0.070773 0.100434 0.979985 1.25813 

0.2 1.094311 0.069664 0.156856 0.965947 1.239734 

0.1 1.079415 0.068824 0.230705 0.952611 1.223098 

0.05 1.064372 0.067807 0.327446 0.939436 1.205924 

0.01 1.121847 0.071258 0.070275 0.990528 1.270576 

0.001 1.089499 0.069135 0.17675 0.962085 1.233787 

0.0001 1.122636 0.072319 0.072537 0.989476 1.273717 

0.00001 1.028646 0.06587 0.659169 0.907317 1.1662 

0.000001 1.011586 0.065099 0.857932 0.891713 1.147575 

0.0000001 1.026585 0.065967 0.683047 0.905102 1.164373 

0.00000005 1.026585 0.065967 0.683047 0.905102 1.164373 
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Table A3. Associations between autism polygenic risk score (PRS) at 13 p-value thresholds and 

psychotic experiences assessed at age 18 and/or 24, excluding tactile hallucinations. 

p.threshold OR SE P 95% CIs 

0.5 0.978839 0.048058 0.66311 0.889037 1.077713 

0.4 0.978966 0.048094 0.665213 0.889099 1.077916 

0.3 0.991053 0.048569 0.854496 0.900289 1.090968 

0.2 0.9895 0.048411 0.82918 0.899023 1.089082 

0.1 0.986129 0.048348 0.775722 0.89578 1.085591 

0.05 0.969849 0.047498 0.5319 0.881083 1.067558 

0.01 1.023088 0.049898 0.63979 0.929817 1.125714 

0.001 0.996911 0.048517 0.949316 0.906215 1.096685 

0.0001 1.049277 0.051865 0.33049 0.952392 1.156018 

0.00001 0.994489 0.048888 0.9105 0.903141 1.095077 

0.000001 1.016287 0.050105 0.743141 0.922679 1.119393 

0.0000001 1.049453 0.051533 0.32562 0.953158 1.155476 

0.00000005 1.049453 0.051533 0.32562 0.953158 1.155476 

 

Table A4. Associations between autism polygenic risk score (PRS) at 13 p-value thresholds and 

distressing or frequent psychotic experiences assessed at age 18 and/or 24, excluding tactile 

hallucinations. 

p.threshold OR SE P 95% CIs 

0.5 1.052934 0.068856 0.430249 0.926269 1.196921 

0.4 1.050061 0.068735 0.455512 0.923627 1.193802 

0.3 1.06851 0.06973 0.309909 0.940221 1.214302 

0.2 1.052052 0.068579 0.436313 0.925872 1.195429 

0.1 1.03708 0.06774 0.577243 0.912459 1.178722 

0.05 1.02379 0.066827 0.718704 0.900843 1.163516 

0.01 1.076179 0.07003 0.259227 0.947315 1.222572 

0.001 1.038967 0.067572 0.556693 0.914621 1.180217 

0.0001 1.107556 0.07317 0.12203 0.973042 1.260665 

0.00001 1.029564 0.067583 0.657149 0.905271 1.170922 

0.000001 0.998549 0.066013 0.982471 0.877198 1.136687 

0.0000001 1.01319 0.066908 0.842702 0.890185 1.153193 

0.00000005 1.01319 0.066908 0.842702 0.890185 1.153193 
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Table A5. Associations between autistic traits and childhood traumatic experiences1. 

  Traumatic experiences between ages 5-11 

 

 

Exposure 

 

 

n 

Unadjusted Adjusted2 

OR 

(95% CIs) 

P OR 

(95% CIs) 

P 

Autism mean factor score 5,438 1.41 

(1.32–1.50) 

<0.001 1.28 

(1.20–1.38) 

<0.001 

Social communication 

difficulties 

4,959 2.54 

(2.08–3.11) 

<0.001 2.20 

(1.79–2.70) 

<0.001 

Repetitive behaviours 5,036 1.57 

(1.25–1.98) 

<0.001 1.35 

(1.07–1.71) 

0.013 

Sociability 5,210 0.97 

(0.82–1.16) 

0.76 0.93 

(0.78–1.11) 

0.415 

Pragmatic language 4,946 1.82 

(1.50–2.22) 

<0.001 1.57 

(1.28–1.92) 

<0.001 

1 Estimates based on observations with complete data on exposure, confounders, and childhood 

trauma. 
2 Adjusted for the following confounders: child sex, parity, major financial problems, maternal 

highest educational attainment, maternal anxiety, maternal depression, and child IQ. 
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Table A6. Summary of the characteristics for the sample with complete records across each analysis and the ALSPAC sample. 

 

 

 

 Exposure in each analysis  

 Autism factor mean 

score 

Social communication 

difficulties 

Repetitive 

behaviours 

Sociability Pragmatic 

language 

 

 

 

Variable 

Complete 

records1 

n = 3,707 

Complete 

records1 

n = 3,384 

Complete records1 

n =3,397 

Complete 

records1 

n =3,536 

Complete 

records1 

n = 3,409 

Full 

sample2 

n = 14,868 

Male sex, n (%) 1,649 (44%) 1,514 (45%) 1,529 (45%) 1,589 (45%) 1,518 (45%) 7,591 

(51%) 

Parity (<=1 child), n (%) 3,138 (85%) 2,861 (85%) 2,880 (85%) 3,000 (85%) 2,891 (85%) 10,295 

(80%) 

Maternal educational attainment 

(university degree), n (%) 

761 (21%) 726 (21%) 711 (21%) 730 (21%) 723 (21%) 1,598 

(13%) 

Major financial problems (present), n (%) 462 (12%) 406 (12%) 404 (12%) 437 (12%) 411 (12%) 1,665 

(15%) 

Maternal depression during pregnancy 

(EPDS >= 12), n (%) 

468 (13%) 410 (12%) 420(12%) 439 (12%) 426 (13%) 2,122 

(18%) 

Mother’s age at delivery, mean (SD) 30 (4.4) 30 (4.3) 30 (4.4) 30 (4.4) 30 (4.4) 28 (4.9) 

Maternal anxiety during pregnancy, mean 

(SD) 

4.5 (3.3) 4.5 (3.3) 4.5 (3.3) 4.5 (3.3) 4.5 (3.3) 4.9 (3.6) 

Total IQ score (WISC-III), mean (SD) 107 (16.1) 108 (15.9) 108 (16) 108 (16) 108 (16.1) 104 (16.5) 

Psychotic experiences3, n (%) 448 (12%) 404 (12%) 411 (12%) 429 (12%) 408 (12%) 770 (13%) 

Traumatic experiences 5-11 years, n (%) 1,448 (40%) 1,322 (40%) 1,346 (40%) 1,382 (40%) 1,334 (40%) 3,658 

(42%) 

Autism factor mean score, n (%)4 268 (7%) 234 (7%) 241 (7%) 251 (7%) 249 (7%) 1,309 

(10%) 

SD, standard deviation; EPDS, Edinburgh Postnatal Depression Scale; IQ, Intelligence Quotient; WISC-III, Wechsler Intelligence Scale for Children third edition. 
1 Sample with complete data on exposure, outcome, confounders.  
2 ALSPAC children alive at 1 year and not withdrawn consent. Different completion rates across each variable. 
3 Psychotic experiences assessed at ages 18 and/or 24. 
4 The measure was dichotomised (worst 10th percentile) for the purposes of sample descriptive statistics.  
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Exposure in each analysis 

 Autism factor mean score Social communication 

difficulties 

Repetitive behaviours Sociability Pragmatic language 

Predictor variable OR 

 (95% CIs) 

P OR  

(95% CIs) 

P OR  

(95% CIs) 

P OR  

(95% CIs) 

P OR  

(95% CIs) 

P 

Sex (Female) 1.42 

(1.32–1.53) 

<0.001 1.39 

(1.29–1.5) 

<0.001 1.37 

(1.27–1.48) 

<0.001 1.38 

(1.28–1.49) 

<0.001 1.41 

(1.30–1.52) 

<0.001 

Parity (>1 child) 0.63 

(0.57–0.70) 

<0.001 0.65 

(0.58–0.72) 

<0.001 0.63 

(0.57–0.7) 

<0.001 0.63 

(0.56–0.69) 

<0.001 0.63 

(0.57–0.70) 

<0.001 

Maternal educational 

attainment (university 

degree) 

2.42 

(2.18–2.70) 

<0.001 2.54 

(2.28–2.83) 

<0.001 2.42 

(2.17–2.69) 

<0.001 2.39 

(2.15–2.66) 

<0.001 2.49 

(2.24–2.77) 

<0.001 

Major financial problems 

(present) 

0.76 

(0.67–0.85) 

<0.001 0.72 

(0.64–0.81) 

<0.001 0.71 

(0.63–0.8) 

<0.001 0.75 

(0.67–0.84) 

<0.001 0.73 

(0.64–0.82) 

<0.001 

Maternal depression 

during pregnancy (EPDS 

>= 12) 

0.58 

(0.52–0.64) 

<0.001 0.55 

(0.49–0.62) 

<0.001 0.56 

(0.50–0.63) 

<0.001 0.56 

(0.50–0.63) 

<0.001 0.57 

(0.51–0.64) 

<0.001 

Psychotic experiences 

(present)2 

0.75 

(0.64–0.87) 

<0.001 0.75 

(0.64–0.87) 

<0.001 0.78 

(0.67–0.9) 

0.001 0.77 

(0.66-0.90) 

0.001 0.75 

(0.65–0.88) 

<0.001 

Traumatic experiences 5-

11 years 

0.89 

(0.82–0.97) 

0.01 0.85 

(0.78–0.93) 

<0.001 0.87 

(0.79–0.95) 

0.002 0.87 

(0.79–0.94) 

0.001 0.86 

(0.79–0.94) 

0.001 

Autism factor mean score 

(above worst 10th 

percentile)3 

0.62 

(0.54–0.72) 

<0.001 0.59 

(0.51–0.69) 

<0.001 0.62 

(0.53–0.71) 

<0.001 0.61 

(0.53–0.71) 

<0.001 0.64 

(0.55–0.74) 

<0.001 

Mother’s age at delivery 

(per year increase) 

1.10 

(1.09–1.11) 

<0.001 1.11 

(1.09–1.12) 

<0.001 1.10 

(1.10–1.11) 

<0.001 1.10 

(1.09–1.11) 

<0.001 1.10 

(1.10–1.11) 

<0.001 

Maternal anxiety during 

pregnancy, (per point 

increase) 

0.95 

(0.94–0.96) 

<0.001 0.95 

(0.94–0.96) 

<0.001 0.95 

(0.94–0.96) 

<0.001 0.95 

(0.94–0.96) 

<0.001 0.95 

(0.94–0.96) 

<0.001 

Total IQ score (WISC-

III), (per point increase) 

1.03 

(1.02–1.03) 

<0.001 1.03 

(1.02–1.03) 

<0.001 1.03 

(1.02–1.03) 

<0.001 1.03 

(1.02–1.03) 

<0.001 1.03 

(1.02–1.03) 

<0.001 

1  Sample with complete data on exposure, outcome, and confounders. 
2 Psychotic experiences assessed at ages 18 and/or 24. 
3 The measure was dichotomised (worst 10th percentile) for the purposes of sample descriptive statistics. 

Table A7. Predictors of being a complete case1 across each analysis. 
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Table A8. Association between autistic traits and psychotic experiences1, adjusted for schizophrenia polygenic risk scores2. 

 

 

 

 

 Including tactile hallucinations Excluding tactile hallucinations 

Psychotic experiences  Psychotic experiences, distressing and/or 

frequent 

Psychotic experiences  Psychotic experiences, distressing and/or 

frequent 

Unadjusted Adjusted3 Unadjusted Adjusted3 Unadjusted Adjusted3 Unadjusted Adjusted3 

Exposure n OR 

(95% CI) 

P OR 

(95% CI) 

P OR 

(95% CI) 

P OR 

(95% CI) 

P OR 

(95% CI) 

P OR 

(95% CI) 

P OR 

(95% CI) 

P OR 

(95% CI) 

P 

Autism factor 

mean score 

3,961 1.10 

(0.99–1.22) 

0.07 1.10 

(0.99–1.22) 

0.07 1.15 

(1.01–1.32) 

0.03 1.17 

(1.01–1.32) 

0.03 1.14 

(1.02–1.26) 

0.02 1.14 

(1.02–1.26) 

0.02 1.17 

(1.02–1.33) 

0.03 1.17 

(1.02–1.34) 

0.02 

Social 

communication 

difficulties 

3,299 1.47 

(1.04–2.08) 

0.03 1.47 

(1.04–2.08) 

0.03 1.68 

(1.07–2.62) 

0.02 1.69 

(1.08–2.64) 

0.02 1.46 

(1.01–2.08) 

0.05 1.45 

(1.01–2.09) 

0.05 1.59 

(1.00-2.53) 

0.05 1.6 

(1.01–2.55) 

0.05 

Repetitive 

behaviour 

3,293 0.80 

(0.50–1.29) 

0.37 0.81 

(0.50–1.29) 

0.37 1 

(0.55–1.82) 

0.99 1.01 

(0.55–1.84) 

0.98 0.85 

(0.52–1.39) 

0.52 0.86 

(0.53–1.39) 

0.53 0.96 

(0.51–1.79) 

0.89 0.97 

(0.52–1.81) 

0.91 

Sociability 3,493 1.13 

(0.83–1.54) 

0.45 1.13 

(0.83–1.54) 

0.45 1.18 

(0.78–1.79) 

0.44 1.17 

(0.77–1.78) 

0.45 1.09 

(0.79–1.51) 

0.60 1.09 

(0.79–1.51) 

0.60 1.03 

(0.66–1.61) 

0.89 1.03 

(0.66–1.61) 

0.90 

Pragmatic 

language 

3,444 1.12 

(0.79–1.59) 

0.51 1.12 

(0.79–1.59) 

0.51 1.43 

(0.92–2.21) 

0.11 1.43 

(0.93- 2.22) 

0.11 1.23 

(0.87–1.75) 

0.24 1.24 

(0.87–1.76) 

0.24 1.52 

(0.98–2.35) 

0.06 1.52 

(0.98–2.36) 

0.06 

1 Psychotic experiences assessed at ages 18 and/or 24. 
2 Estimates based on observations with complete data on exposure, outcome, and schizophrenia polygenic risk scores. 
3 Adjusted for schizophrenia polygenic risk scores. 
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Table A9. Associations between autistic traits and psychotic experiences1 using 100 imputed datasets. 

 

 

 

 

 

 

 Including tactile hallucinations Excluding tactile hallucinations 

Psychotic experiences  Psychotic experiences, distressing 

and/or frequent 

Psychotic experiences  Psychotic experiences, distressing 

and/or frequent 

Unadjusted Adjusted2 Unadjusted Adjusted2 Unadjusted Adjusted2 Unadjusted Adjusted2 

Exposure n OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P 

Autism factor 

mean score 

13,105 1.11 

(1.02–1.20) 

0.02 1.06 

(0.97–1.17) 

0.20 1.15 

(1.03–1.28) 

0.01 1.11 

(0.98–1.26) 

0.07 1.13 

(1.04–1.23) 

0.005 1.08 

(0.98–1.19) 

0.13 1.14 

(1.02–1.28) 

0.02 1.09 

(0.96–1.24) 

0.16 

Social 

communication 

difficulties 

8,106 1.42 

(1.05–1.92) 

0.02 1.32 

(0.97–1.08) 

0.07 1.73 

(1.18–2.54) 

0.006 1.62 

(1.09–2.41) 

0.02 1.46 

(1.07–1.99) 

0.02 1.33 

(0.97–1.83) 

0.08 1.69 

(1.14–2.51) 

0.01 1.57 

(1.04–2.37) 

0.03 

Repetitive 

behaviour 

8,567 1.16 

(0.81–1.64) 

0.41 1.07 

(0.75–1.53) 

0.71 1.34 

(0.85–2.11) 

0.21 1.25 

(0.79–2.00) 

0.34 1.2 

(0.83–1.73) 

0.33 1.1 

(0.75–1.60) 

0.62 1.32 

(0.82–2.13) 

0.25 1.22 

(0.75–2.01) 

0.42 

Sociability 10,037 1.20 

(0.92–1.55) 

0.17 1.16 

(0.89–1.52) 

0.26 1.27 

(0.89–1.8) 

0.19 1.23 

(0.86–1.77) 

0.26 1.17 

(0.89–1.54) 

0.27 1.13 

(0.86–1.50) 

0.38 1.14 

(0.79–1.65) 

0.48 1.10 

(0.76–1.60) 

0.61 

Pragmatic 

language 

8,104 1.16 

(0.86–1.57) 

0.32 1.07 

(0.78–1.46) 

0.68 1.26 

(0.85–1.87) 

0.24 1.14 

(0.77–1.71) 

0.53 1.23 

(0.91–1.67) 

0.17 1.11 

(0.80–1.52) 

0.54 1.34 

(0.91–1.97) 

0.14 1.20 

(0.80–1.80) 

0.38 

1Psychotic experiences assessed at ages 18 and/or 24. 
2 Adjusted for child sex (male/female), parity (≤ 1 child versus ≥ 2 children), major financial problems in the family when the child was 8 months old (yes/no), maternal highest 

educational attainment, maternal age (at delivery), maternal Crown-Crisp anxiety scores (18 weeks gestation), maternal depression measured with the Edinburgh Postnatal 

Depression Scale (EPDS; 18 weeks gestation scores ≥ 13), and child IQ scores at age 8 assessed with the Wechsler Intelligence Scale for Children third edition (WISC-III). 
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Table A10. Mediation analyses results for the associations between autism factor mean score and social 

communication difficulties with psychotic experiences, excluding tactile hallucinations.  

 

 

 

 Unadjusted Adjusted2 

Estimate1 OR (95% CIs) P OR (95% CIs) P 

Exposure: Autism mean factor score; Outcome: 

psychotic experiences measured at ages 18 

and/or 24 (n = 3,577) 

 

Natural direct effect 1.11 (0.99–1.24) 0.08 1.07 (0.94–1.22) 0.28 

Natural indirect effect 1.06 (1.03–1.08) <0.001 1.04 (1.02–1.06) <0.001 

Total effect 1.17 (1.04–1.31) 0.01 1.11 (0.98–1.26) 0.11 

Proportion mediated 38% 38%  

    

Exposure: Autism mean factor score; Outcome: 

psychotic experiences measured at ages 18 

and/or  24 distressing/frequent (n = 3,577) 

 

Natural direct effect 1.12 (0.95–1.33) 0.18 1.10 (0.92–1.33) 0.29 

Natural indirect effect 1.07 (1.04-1.1) <0.001 1.05 (1.02–1.07) <0.001 

Total effect 1.21 (1.01–1.43) 0.03 1.16 (0.96–1.40) 0.12 

Proportion mediated 40% 35% 

   

Exposure: Social communication difficulties; 

Outcome: psychotic experiences measured at 

ages 18 and/or 24 (n = 3,326) 

 

Natural direct effect 1.33 (0.93–1.89) 0.12 1.25 (0.88–1.78) 0.21 

Natural indirect effect 1.14 (1.07–1.21) <0.001 1.10 (1.04–1.17) 0.001 

Total effect 1.51 (1.06–2.15) 0.02 1.38 (0.98–1.96) 0.07 

Proportion mediated 36% 33% 

   

Exposure: Social communication difficulties; 

Outcome: psychotic experiences measured at 

ages 18 and/or 24 distressing/frequent (n = 

3,326) 

 

Natural direct effect 1.45 (0.92–2.30) 0.11 1.43 (0.90–2.25) 0.13 

Natural indirect effect 1.18 (1.09–1.28) <0.001 1.15 (1.07–1.24) <0.001 

Total effect 1.72 (1.09–2.70) 0.02 1.64 (1.05–2.57) 0.03 

Proportion mediated 37% 33% 

 
1 Estimates based on observations with complete data on exposure, mediator, outcome, and confounders. 
2 Adjusted for the following confounders: child sex, parity, major financial problems, maternal highest 

educational attainment, maternal anxiety, maternal depression, and child IQ. 
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Table A11. Mediation analyses results for the associations between autism factor mean score and social communication difficulties with psychotic experiences 

adjusting for schizophrenia polygenic risk (PRS). 

 Unadjusted Adjusted2 Unadjusted Adjusted2 

Estimate OR (95% CIs) P OR (95% CIs) P OR (95% CIs) P OR (95% CIs) P 

 Exposure: Autism mean factor score; Outcome: psychotic 

experiences measured at ages 18 and/or 24 (n = 3,503) 

Exposure: Autism mean factor score; Outcome: psychotic experiences measured at 

ages 18 and/or 24 excluding tactile hallucinations (n = 3,503) 

Natural direct effect 1.04 (0.93–1.16) 0.47 1.04 (0.93–1.17) 0.46 1.08 (0.97–1.21) 0.15 1.09 (0.97–1.21) 0.14 

Natural indirect effect 1.06 (1.03–2.13) <0.001 1.06 (1.03–2.12) <0.001 1.06 (1.04–1.08) <0.001 1.06 (1.04–2.21) <0.001 

Total effect 1.10 (0.98–1.23) 0.09 1.10 (0.98–1.23) 0.09 1.15 (1.03–1.28) 0.02 1.15 (1.03–1.28) 0.01 

Proportion mediated 61% 61% 45% 42% 

  

 Exposure: Autism mean factor score; Outcome: psychotic 

experiences measured at ages 18 and/or 24 distressing/frequent (n 

= 3,503) 

Exposure: Autism mean factor score; Outcome: psychotic experiences measured at 

ages 18 and/or 24 distressing/frequent excluding tactile hallucinations (n = 3,503) 

Natural direct effect 1.08 (0.93–1.26) 0.33 1.09 (0.93–1.27) 0.30 1.09 (0.93–1.27) 0.27 1.10 (0.94–1.28) 0.25 

Natural indirect effect 1.06 (1.03–2.43) <0.001 1.06 (1.04–2.43) <0.001 1.06 (1.03–1.09) <0.001 1.06 (1.03–1.09) <0.001 

Total effect 1.15 (0.98–1.34) 0.08 1.15 (0.99–1.35) 0.07 1.16 (0.99–1.36) 0.06 1.17 (1.00–1.36) 0.06 

Proportion mediated 45% 42% 42% 40% 

  

 Exposure: Social communication difficulties; Outcome: psychotic 

experiences measured at ages 18 and/or 24 (n = 3,195) 

Exposure: Social communication difficulties; Outcome: psychotic experiences 

measured at ages 18 and/or 24 excluding tactile hallucinations (n = 3,195) 

Natural direct effect 1.28 (0.90–1.82) 0.16 1.28 (0.90–1.82) 0.16 1.24 (0.86–1.8) 0.24 1.25 (0.87–1.80) 0.23 

Natural indirect effect 1.14 (1.08–1.21) <0.001 1.14 (1.08–1.21) <0.001 1.15 (1.08–1.22) <0.001 1.15 (1.08–1.22) <0.001 

Total effect 1.40 (1.03–2.08) 0.04 1.40 (1.03–2.08) 0.03 1.43 (0.99–2.08) 0.06 1.44 (0.99–2.09) 0.06 

Proportion mediated 39% 39% 44% 43% 

  

 Exposure: Social communication difficulties; Outcome: psychotic 

experiences measured at ages 18 and/or 24 distressing/frequent (n 

= 3,195) 

Exposure: Social communication difficulties; Outcome: psychotic experiences 

measured at ages 18 and/or 24 distressing/frequent excluding tactile hallucinations 

(n = 3,195) 

Natural direct effect 1.40 (0.88–2.25) 0.16 1.42 (0.89–2.27) 0.15 1.33 (0.82–2.17) 0.25 1.34 (0.82–2.19) 0.24 

Natural indirect effect 1.16 (1.08–1.25) <0.001 1.16 (1.08–1.25) <0.001 1.16 (1.08–1.25) <0.001 1.16 (1.08–1.25) <0.001 

Total effect 1.63 (1.02–2.62) 0.04 1.65 (1.03–2.64) 0.04 1.55 (0.94–2.53) 0.08 1.56 (0.95–2.56) 0.08 

Proportion mediated 36% 35% 39% 39% 
1 Estimates based on observations with complete data on exposure, mediator, outcome, and confounders. 
2 Adjusted for the following confounders: child sex, parity, major financial problems, maternal highest educational attainment, maternal anxiety, maternal depression, and child IQ. 
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Table A12. Mediation analyses results for the associations between autism factor mean score and social communication difficulties with psychotic experiences1 

using imputed data. 

 

 

 

 Including tactile hallucinations Excluding tactile hallucinations 

Psychotic experiences  Psychotic experiences, distressing and/or 

frequent 

Psychotic experiences  Psychotic experiences, distressing and/or 

frequent 

Unadjusted Adjusted2 Unadjusted Adjusted2 Unadjusted Adjusted2 Unadjusted Adjusted2 

Estimate OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P OR 

(95% CIs) 

P 

Exposure: autism 

factor mean 

score  

(n = 13,105) 

 

Natural direct 

effect 

1.08 

(1.01–1.16) 

0.02 1.02 

(0.96–2.13) 

0.55 1.15 

(1.07–1.23) 

<0.001 1.10 

(0.96–1.26) 

0.18 1.10 

(1.02–1.17) 

0.01 1.06 

(0.95–1.17) 

0.30 1.12 

(1.05–1.21) 

0.001 1.08 

(0.94–1.24) 

0.30 

Natural indirect 

effect 

1.06 

(1.05–2.18) 

<0.001 1.02 

(1.01–1.29) 

<0.001 1.09 

(1.07–1.12) 

<0.001 1.02 

(1.01–1.48) 

0.001 1.07 

(1.05–2.24) 

<0.001 1.02 

(1.01–1.39) 

<0.001 1.08 

(1.06–2.57) 

<0.001 1.03 

(1.01–1.51) 

0.001 

Total effect 1.15 

(1.07–1.23) 

<0.001 1.03 

(0.98–1.10) 

0.26 1.26 

(1.17–1.35) 

<0.001 1.12 

(0.98–1.29) 

0.09 1.17 

(1.09–1.25) 

<0.001 1.08 

(0.97–1.20) 

0.15 1.21 

(1.13–1.30) 

<0.001 1.11 

(0.96–1.27) 

0.16 

Proportion 

mediated 

45% 51% 41% 18% 44% 26% 43% 29% 

Exposure: social 

communication 

difficulties 

 (n = 8,106) 

 

Natural direct 

effect 

1.13 

(0.84–1.53) 

0.43 1.13 

(0.81–1.58) 

0.47 1.16 

(0.82–1.63) 

0.41 1.41 

(0.94–2.10) 

0.10 1.16 

(0.86–1.58) 

0.33 1.16 

(0.83–1.62) 

0.39 1.14 

(0.81–1.62) 

0.45 1.38 

(0.91–2.08) 

0.13 

Natural indirect 

effect 

1.16 

(1.11–1.21) 

<0.001 1.10 

(1.05–1.15) 

<0.001 1.18 

(1.12–1.24) 

<0.001 1.14 

(1.08–1.19) 

<0.001 1.16 

(1.11–1.22) 

<0.001 1.10 

(1.06–1.15) 

<0.001 1.18 

(1.12–1.25) 

<0.001 1.14 

(1.08–1.20) 

<0.001 

Total effect 1.31 

(0.97–1.77) 

0.08 1.24 

(0.89–1.73) 

0.20 1.36 

(0.97–1.93) 

0.08 1.60 

(1.07–2.38) 

0.022 1.35 

(1.00–1.84) 

0.05 1.28 

(0.91–1.79) 

0.15 1.35 

(0.96–1.90) 

0.08 1.58 

(1.05–2.37) 

0.03 

Proportion 

mediated 

58% 47% 57% 32% 54% 42% 59% 34% 

 
1 Psychotic experiences measured at ages 18 and/or 24. 
2Adjusted for child sex (male/female), parity (≤ 1 child versus ≥ 2 children), major financial problems in the family when the child was 8 months old (yes/no), maternal highest educational attainment, 

maternal age (at delivery), maternal Crown-Crisp anxiety scores (18 weeks gestation), maternal depression measured with the Edinburgh Postnatal Depression Scale (EPDS; 18 weeks gestation scores 

≥ 13), and child IQ scores at age 8 assessed with the Wechsler Intelligence Scale for Children third edition (WISC-III). 
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Figure B1. Instrument definition process for the Mendelian randomization (MR) analyses investigating 

causal links between genetic liability to autism and schizophrenia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B2. Instrument definition process for the Mendelian randomization (MR) analyses investigating 

causal links between genetic liability to social communication difficulties and schizophrenia. 
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Figure B3. Instrument definition process for the Mendelian randomization (MR) analyses investigating 

causal links between genetic liability to empathising and schizophrenia. 

 

 

Figure B4. Instrument definition process for the Mendelian randomization (MR) analyses investigating 

causal links between genetic liability to systemising and schizophrenia. 
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Figure B5. Instrument definition process for the Mendelian randomization (MR) analyses investigating 

causal links between genetic liability to autism (excluding ID cases) and schizophrenia. 

 

 

 

 

Figure B6. Instrument definition process for the Mendelian randomization (MR) analyses investigating 

causal links between genetic liability to autism and psychotic experiences. 
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Figure B7. Instrument definition process for the Mendelian randomization (MR) analyses 

investigating causal links between genetic liability to social communication difficulties and psychotic 

experiences. 

 

 

Figure B8. Instrument definition process for the Mendelian randomization (MR) analyses 

investigating causal links between genetic liability to empathising and psychotic experiences. 
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Figure B9. Instrument definition process for the Mendelian randomization (MR) analyses 

investigating causal links between genetic liability to systemising and psychotic experiences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B10. Instrument definition process for the Mendelian randomization (MR) analyses 

investigating causal links between genetic liability to autism (excluding ID cases) and psychotic 

experiences. 
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Table B9. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to autism and 

schizophrenia.  

Autism instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs910805 20 21248116 A G -0.0957 0.016 2.04E-09 

rs2224274 20 14760747 T C 0.070999 0.0138 2.86E-07 

rs325485 5 1.04E+08 A G 0.072804 0.0143 3.25E-07 

rs112635299 14 94838142 T G 0.220997 0.0432 3.04E-07 

rs10099100 8 10576775 C G 0.084304 0.0147 1.07E-08 

rs45595836 10 16691399 T C 0.138996 0.0272 3.13E-07 

rs2391769 1 96978961 A G -0.0769 0.0145 1.14E-07 

rs6701243 1 99092784 A C 0.073501 0.0144 3.07E-07 

rs1452075 3 62481063 T C 0.080704 0.0155 2.07E-07 
 

Schizophrenia instruments 
     

SNP CHR BP A1 A2 logOR SE P 

rs7002992 8 1.04E+08 T C 0.0484 0.0083 4.48E-09 

rs6715366 2 2327295 G A -0.0551 0.0094 4.23E-09 

rs77463171 16 66942206 C T -0.1465 0.0263 2.41E-08 

rs113113059 6 43160375 T C 0.061396 0.0092 2.29E-11 

rs10873538 14 1.04E+08 T G -0.0632 0.0082 9.59E-15 

rs61920311 12 14423294 A C 0.046101 0.0082 1.75E-08 

rs2532240 17 44265839 C T 0.052099 0.0083 2.72E-10 

rs6588168 1 66324118 C T -0.0489 0.0079 5.94E-10 

rs12126806 1 2.01E+08 C T 0.049904 0.009 2.89E-08 

rs4915203 1 2E+08 A G 0.050398 0.0085 3.30E-09 

rs1658810 2 2.01E+08 C T 0.080704 0.0096 3.54E-17 

rs140001745 2 2.01E+08 T C 0.106996 0.0155 5.13E-12 

rs56335113 1 30427639 A G 0.066602 0.0084 3.15E-15 

rs581459 1 36375110 C T 0.0743 0.0123 1.32E-09 

rs1915019 8 89283689 A G 0.057599 0.0092 3.43E-10 

rs308697 3 1.61E+08 C A 0.046903 0.0079 3.35E-09 

rs13090130 3 1.62E+08 G A 0.051396 0.0079 9.92E-11 

rs2102949 12 1.24E+08 G A 0.086003 0.0087 3.18E-23 

rs75482067 12 1.23E+08 G A -0.0876 0.0148 3.06E-09 

rs2649999 12 1.21E+08 T C 0.049504 0.0082 1.28E-09 

rs12311848 12 1.24E+08 A G -0.049 0.0087 1.65E-08 

rs2686386 12 1.22E+08 C T 0.054801 0.0096 1.26E-08 

rs167924 3 1.07E+08 A G -0.0506 0.0089 1.33E-08 

rs72943392 11 81178838 G C -0.0532 0.0094 1.44E-08 

rs9975024 21 16439883 A G -0.0483 0.008 1.78E-09 

rs75968099 3 36858583 C T -0.0582 0.0089 5.16E-11 

rs1506297 3 30072307 T C 0.051102 0.0091 1.98E-08 

rs6538539 12 95195293 G T 0.047704 0.0077 5.63E-10 

rs7953300 12 92254654 G T -0.0449 0.0082 3.94E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs7575796 2 97746526 A G 0.0969 0.0171 1.57E-08 

rs7312697 12 29933069 T C -0.0533 0.0081 4.85E-11 

rs28454198 4 80204001 G C 0.0486 0.0081 1.88E-09 

rs10086619 8 1.12E+08 A G -0.0691 0.0104 3.30E-11 

rs4702 15 91426560 G A 0.080298 0.0081 2.15E-23 

rs11210892 1 44100084 G A 0.0675 0.0081 1.18E-16 

rs11136325 8 1.45E+08 G A 0.053 0.009 3.30E-09 

rs13262595 8 1.43E+08 A G 0.069097 0.0079 2.21E-18 

rs12301769 12 72231313 A C -0.08379 0.014 1.93E-09 

rs2022265 6 84293271 A G 0.048504 0.0077 3.74E-10 

rs10985811 9 1.01E+08 T C -0.0545 0.0098 2.53E-08 

rs4793888 17 55737740 G A -0.0609 0.0097 3.63E-10 

rs2381411 9 36319928 T C -0.045 0.0079 1.28E-08 

rs39967 5 57744788 T C -0.0604 0.0107 1.87E-08 

rs12943566 17 2157774 A G -0.0525 0.0083 2.29E-10 

rs3752827 17 1265325 T A 0.052203 0.0084 6.33E-10 

rs77502336 11 1.23E+08 G C -0.0545 0.0082 3.45E-11 

rs1940171 11 1.25E+08 A G 0.073501 0.0099 8.87E-14 

rs10515678 5 1.52E+08 C T 0.065703 0.0095 4.46E-12 

rs11740474 5 1.54E+08 A T -0.0504 0.0086 4.46E-09 

rs12652777 5 1.56E+08 T C 0.045403 0.0079 1.06E-08 

rs154433 16 58659808 G A 0.047198 0.0084 2.38E-08 

rs10957321 8 65605878 G A -0.0482 0.0077 4.18E-10 

rs298216 8 65293195 C G -0.0727 0.0123 3.45E-09 

rs6984242 8 60700469 G A 0.052697 0.0078 1.50E-11 

rs1454606 4 33642614 C T -0.0716 0.0108 2.90E-11 

rs58120505 7 2029867 T C 0.083302 0.0078 1.80E-26 

rs11972718 7 8549187 C G -0.04949 0.0088 1.57E-08 

rs17731 10 3821561 G A -0.0575 0.0079 3.76E-13 

rs4766428 12 1.11E+08 C T -0.0721 0.0085 2.61E-17 

rs2387414 19 51034243 G C -0.0515 0.0084 8.01E-10 

rs2304205 19 50168927 A C 0.070403 0.0092 2.38E-14 

rs758749 19 57189718 C T -0.0615 0.0112 4.66E-08 

rs9312586 4 1.77E+08 A G -0.0908 0.014 8.14E-11 

rs41533650 4 1.77E+08 G A -0.0724 0.0097 8.69E-14 

rs61405217 4 1.7E+08 C T 0.052004 0.0079 5.39E-11 

rs459391 21 22120508 T C 0.056598 0.01 1.54E-08 

rs6943762 7 86403263 T C 0.103296 0.0124 6.30E-17 

rs2252074 7 1.05E+08 T G -0.0603 0.0078 1.27E-14 

rs1510136 4 1.44E+08 A G 0.052602 0.0093 1.39E-08 

rs61828917 1 1.74E+08 C T 0.067603 0.011 7.95E-10 

rs16851048 1 1.77E+08 T C -0.0676 0.0097 3.06E-12 

rs12363019 11 24374545 T A -0.0516 0.0082 2.58E-10 

rs10767734 11 28642381 C T 0.050902 0.0082 5.62E-10 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs778371 2 2.34E+08 A G -0.0741 0.0089 1.10E-16 

rs11647188 16 82648514 A G 0.044495 0.0081 3.75E-08 

rs11076631 16 89877975 A G 0.052203 0.0088 2.59E-09 

rs6919146 6 1.65E+08 T G -0.0488 0.0085 8.42E-09 

rs2456020 15 78868398 C T 0.068499 0.0088 5.35E-15 

rs28521069 4 1.19E+08 C T -0.0457 0.0083 3.78E-08 

rs10117 5 1.38E+08 G A 0.055501 0.0082 9.54E-12 

rs9687282 5 1.39E+08 T G -0.0486 0.0086 1.66E-08 

rs28490262 3 80814042 G C 0.053199 0.0086 6.68E-10 

rs13195636 6 27509493 A C 0.210504 0.0159 6.55E-40 

rs356183 4 90626098 G C 0.044304 0.008 3.37E-08 

rs13230189 7 1.37E+08 C T 0.071902 0.0081 1.04E-18 

rs35792732 7 1.33E+08 C T 0.060399 0.0106 1.08E-08 

rs1593304 7 1.32E+08 A G -0.0642 0.0101 2.37E-10 

rs10947452 6 33803752 T C -0.0448 0.0081 3.69E-08 

rs9461856 6 33395199 G A -0.0639 0.0078 3.23E-16 

rs3131295 6 32173257 G A 0.0599 0.008 9.97E-14 

rs11693094 2 1.86E+08 C T 0.057297 0.0078 2.20E-13 

rs12129573 1 73768366 C A -0.0681 0.0082 1.42E-16 

rs1121296 1 72174197 T C 0.047303 0.008 3.74E-09 

rs11619756 13 44329004 G A 0.047103 0.0082 7.97E-09 

rs215483 4 23377121 G A -0.0507 0.0084 1.59E-09 

rs4697446 4 24269622 G T -0.0446 0.0079 1.67E-08 

rs7647398 3 1.81E+08 C T 0.085003 0.01 2.21E-17 

rs9882532 3 16865845 T C -0.05309 0.0087 8.57E-10 

rs6577597 3 17871326 A G -0.0526 0.0085 5.52E-10 

rs3739554 9 1.3E+08 A G -0.0576 0.0103 2.26E-08 

rs5995756 22 40000313 T C 0.056399 0.0084 2.38E-11 

rs9607782 22 41587556 T A -0.0725 0.0097 7.10E-14 

rs4822076 22 42364057 C T -0.0597 0.0089 1.94E-11 

rs1451488 2 2E+08 A G -0.066 0.0079 6.72E-17 

rs13032111 2 1.94E+08 T G 0.043203 0.0077 2.15E-08 

rs2914983 2 1.98E+08 A G 0.062796 0.0081 1.10E-14 

rs10190027 2 37190726 C T -0.04971 0.0089 2.57E-08 

rs3770752 2 37576136 A G 0.057401 0.0086 2.86E-11 

rs6925079 6 64946311 T C -0.0448 0.0081 3.58E-08 

rs6065094 20 37453194 A G -0.0634 0.0082 1.41E-14 

rs13219424 6 1.28E+08 C T 0.045996 0.0084 4.52E-08 

rs60135207 3 71563777 G T 0.049599 0.0087 1.27E-08 

rs12991836 2 1.45E+08 A C -0.0584 0.008 2.72E-13 

rs16825349 2 1.46E+08 A G -0.0704 0.0104 1.32E-11 

rs10777187 12 89940502 T C 0.050902 0.0092 2.82E-08 

rs12713008 2 48503561 G A 0.043002 0.0078 3.05E-08 

rs500102 9 77358745 T C 0.043299 0.0079 4.15E-08 



Appendix B 

187 
 

Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs72761691 9 1.35E+08 A C -0.0664 0.0116 1.07E-08 

rs79668541 10 1.05E+08 C T 0.120703 0.0121 2.11E-23 

rs1856507 6 73157926 C A 0.050398 0.008 3.00E-10 

rs9454727 6 70003389 A G 0.054801 0.0098 1.93E-08 

rs578470 12 50463325 T C -0.0462 0.0083 2.33E-08 

rs61937595 12 57682956 C T 0.121996 0.0158 1.32E-14 

rs73292401 17 12875908 T A -0.0659 0.0103 1.82E-10 

rs9891739 17 19942177 C T -0.045 0.008 2.18E-08 

rs4073003 17 19148305 A G 0.080603 0.0116 4.20E-12 

rs8055219 16 13753384 G A -0.0672 0.0095 1.57E-12 

rs252812 5 1.07E+08 A G 0.053 0.0093 1.30E-08 

rs35164357 5 1.09E+08 C T -0.0605 0.0096 2.59E-10 

rs10861176 12 1.05E+08 G A -0.0504 0.0086 5.23E-09 

rs3764002 12 1.09E+08 C T -0.0517 0.0086 1.65E-09 

rs2455415 13 38860697 C T -0.04759 0.0081 3.43E-09 

rs1924377 13 38362106 G C 0.046903 0.0082 8.71E-09 

rs55929115 3 1.18E+08 T A 0.072004 0.013 3.21E-08 

rs10035564 5 45252500 A G -0.06481 0.0081 1.65E-15 

rs1540840 14 99733384 G C 0.054999 0.009 1.04E-09 

rs17194490 3 2547786 G T -0.0781 0.0116 1.85E-11 

rs61857878 10 92789488 A T 0.0599 0.0099 1.46E-09 

rs2514218 11 1.13E+08 C T 0.069899 0.009 6.46E-15 

rs17644050 2 1.56E+08 G C -0.0538 0.0098 4.02E-08 

rs79210963 7 24717969 T C -0.0863 0.0129 2.58E-11 

rs7811417 7 21534152 T C 0.048304 0.0081 2.17E-09 

rs12285419 11 46343189 C A -0.0812 0.01 3.73E-16 

rs634940 6 93077500 G T -0.0649 0.0098 2.88E-11 

rs6925964 6 96475894 A T 0.097499 0.0176 3.19E-08 

rs9304548 18 27500959 C A 0.060003 0.0089 1.90E-11 

rs2710323 3 52815905 T C 0.074597 0.0077 5.92E-22 

rs11917680 3 50471408 G T 0.056702 0.0091 4.17E-10 

rs7432375 3 1.36E+08 G A 0.063801 0.0082 5.32E-15 

rs2238304 15 89843950 A T 0.049599 0.0078 1.73E-10 

rs4779050 15 83368738 T G 0.049304 0.0079 4.18E-10 

rs11638554 15 85148231 T G 0.064504 0.0089 3.62E-13 

rs6673880 1 2373168 A G -0.061 0.0086 1.32E-12 

rs11121172 1 8418644 C A 0.054602 0.0089 7.15E-10 

rs11122119 1 6768856 C A -0.0453 0.0081 2.31E-08 

rs9597388 13 56928696 G A 0.066798 0.0101 3.24E-11 

rs9569820 13 58702746 G T -0.0676 0.0109 6.56E-10 

rs7938083 11 57493622 C A -0.0524 0.0087 1.60E-09 

rs10069930 5 1.4E+08 T A 0.048304 0.0079 9.43E-10 

rs6479487 9 96237373 T G -0.0587 0.0103 1.37E-08 

rs7609876 3 1.77E+08 T C -0.0512 0.0089 9.40E-09 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs2224086 1 1.15E+08 C A -0.0577 0.0103 2.09E-08 

rs144821294 19 2155136 C T -0.138 0.0242 1.22E-08 

rs72974269 2 2.25E+08 C T 0.052099 0.0083 2.76E-10 

rs35351411 15 61872197 A C -0.0573 0.0079 3.13E-13 

rs3814883 16 29994922 C T 0.060898 0.0079 8.82E-15 

rs72723227 5 7245664 G A 0.047999 0.0082 4.58E-09 

rs1463209 12 39518293 C T 0.047704 0.0081 3.34E-09 

rs2190864 14 72416219 T C 0.066097 0.008 1.12E-16 

rs2206956 6 1.47E+08 G A -0.0462 0.0078 2.51E-09 

rs9390083 6 1.44E+08 C G -0.05719 0.0103 2.95E-08 

rs1858999 19 19497669 C G 0.060502 0.0081 7.97E-14 

rs72986630 19 11849736 C T -0.1117 0.0177 3.07E-10 

rs322128 19 11402416 C T -0.0567 0.0095 2.08E-09 

rs12431743 14 84673716 G A -0.0456 0.008 1.26E-08 

rs9926049 16 9939960 C A -0.0556 0.0088 3.16E-10 

rs8048039 16 4498486 A T 0.049 0.0083 4.35E-09 

rs10127983 1 1.54E+08 C T -0.0463 0.0084 3.11E-08 

rs12138231 1 1.5E+08 T A -0.0671 0.0116 7.21E-09 

rs7915131 10 64418656 C T 0.042695 0.0078 4.94E-08 

rs13107325 4 1.03E+08 C T -0.1587 0.0168 2.90E-21 

rs6839635 4 1.04E+08 C A -0.0432 0.0079 3.87E-08 

rs2153960 6 1.09E+08 G A 0.051396 0.0084 9.22E-10 

rs117799466 15 34659517 G C -0.0481 0.0087 3.86E-08 

rs6504163 17 61545779 C T -0.0492 0.0082 1.87E-09 

rs6732355 2 1.05E+08 C A -0.0587 0.0094 4.36E-10 

rs2119242 10 21344773 G A -0.0602 0.0106 1.34E-08 

rs11807834 1 2.3E+08 G A -0.053 0.0093 1.12E-08 

rs11587347 1 2.39E+08 C G -0.1028 0.0139 1.50E-13 

rs61833239 1 2.44E+08 T G -0.0843 0.0122 5.22E-12 

rs10148671 14 29469373 T C -0.0479 0.0083 6.82E-09 

rs6482437 10 18726326 A C -0.10471 0.0135 1.05E-14 

rs115325222 5 88854539 A G 0.090398 0.0151 1.93E-09 

rs6969410 7 1.1E+08 T G 0.055501 0.0083 1.90E-11 

rs38752 7 1.11E+08 T G 0.060003 0.0081 1.08E-13 

rs1589726 7 79348201 C T 0.077896 0.0137 1.20E-08 

rs10238960 7 70773271 C T -0.0482 0.0084 7.65E-09 

rs2944821 7 71795998 G C 0.047799 0.008 1.90E-09 

rs7701440 5 60620980 T C -0.0638 0.008 1.86E-15 

rs73229090 8 27442127 C A 0.102602 0.0142 4.34E-13 

rs3808581 8 26250047 G A -0.06699 0.0097 3.82E-12 

rs2717003 2 58143438 A G -0.07529 0.008 2.76E-21 

rs12969453 18 52751708 A G 0.054299 0.0078 3.53E-12 

rs715170 18 53795514 C T 0.064701 0.009 7.40E-13 

rs4632195 18 50746748 C T -0.0498 0.0084 2.73E-09 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs9636107 18 53200117 A G -0.0609 0.0081 5.72E-14 

rs17571951 14 30017039 T C -0.0645 0.0105 7.89E-10 

rs12883788 14 33303540 C T -0.0543 0.0079 8.43E-12 

rs8104557 19 31030189 T C -0.0604 0.011 3.76E-08 

rs3810450 19 36530562 T C 0.092497 0.016 8.27E-09 

rs505061 9 22767164 C A -0.0499 0.0077 1.03E-10 

rs9545047 13 79859456 A C 0.053797 0.0081 3.05E-11 

rs58950470 11 65383755 G T -0.0493 0.0086 1.10E-08 

rs6546857 2 73837955 A G -0.0603 0.0101 2.80E-09 

rs11897811 2 76267139 C T -0.0575 0.0102 1.49E-08 

rs999494 2 73157395 C T 0.057599 0.0101 1.04E-08 

rs1198588 1 98552832 A T -0.0964 0.0103 7.88E-21 

rs59519965 1 97168334 G T -0.0582 0.0098 3.36E-09 

rs72728416 1 97834691 A G -0.0598 0.0087 4.99E-12 

rs337718 18 69774278 T C 0.0492 0.0084 4.39E-09 

rs6588355 1 50113591 T C 0.049504 0.009 3.65E-08 

rs56205728 15 40567237 G A -0.0575 0.0093 5.43E-10 

rs2929278 15 44250313 C T 0.061904 0.0091 8.50E-12 

rs9287971 2 1.75E+08 G A -0.0458 0.0083 3.82E-08 

rs62184960 2 1.73E+08 C T 0.069797 0.0122 1.08E-08 

rs6430492 2 1.35E+08 G A 0.057703 0.0094 6.72E-10 

rs331395 5 91006918 C G -0.0549 0.009 1.27E-09 

rs4672366 2 60389362 A T 0.049799 0.0087 1.07E-08 

rs10503253 8 4180844 C A -0.0602 0.0091 4.37E-11 

rs72980087 18 77632194 G A -0.0644 0.0079 4.06E-16 

rs7238071 18 77579812 A G -0.0629 0.0084 9.29E-14 

rs4937935 11 1.35E+08 A T -0.0539 0.0081 2.30E-11 

rs1440480 11 1.34E+08 A G 0.057504 0.0086 2.52E-11 

rs10894308 11 1.31E+08 G A 0.047704 0.0079 1.36E-09 

rs4936215 11 1.34E+08 A G 0.082796 0.0104 1.86E-15 

rs1939514 11 1.33E+08 T C 0.055198 0.0077 1.06E-12 

rs79445414 8 33863561 T C -0.1235 0.0222 2.63E-08 

rs7816998 8 38257506 G A 0.057797 0.0092 3.11E-10 

rs35045093 7 1.28E+08 A C 0.056598 0.0103 3.36E-08 

rs61786047 1 29032580 G A 0.078802 0.0135 4.91E-09 

rs6010045 22 51103091 T C -0.0477 0.0085 1.82E-08 

rs704364 3 63874734 A G 0.050303 0.0082 8.41E-10 

rs9813516 3 60293004 G A -0.0513 0.0084 1.25E-09 

rs498591 9 14509105 A T -0.0679 0.0111 9.59E-10 

rs2890914 9 10239181 A G -0.0432 0.0077 2.31E-08 

rs10774034 12 2330458 C T -0.08329 0.0085 7.10E-23 

rs12712510 2 22749726 T C 0.051501 0.0084 9.34E-10 

rs141216273 2 25599172 C A -0.1247 0.0228 4.49E-08 

rs12474906 2 28033538 A C 0.056796 0.0095 2.20E-09 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs2909457 2 1.63E+08 G A 0.045805 0.0083 3.09E-08 

rs35734242 4 706700 T C -0.0499 0.008 3.93E-10 

rs11696755 20 48105317 T C -0.0653 0.0104 2.99E-10 
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Table B10. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to autism and 

psychotic experiences. 

Autism instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs910805 20 21248116 A G -0.0957 0.016 2.04E-09 

rs2224274 20 14760747 T C 0.070999 0.0138 2.86E-07 

rs325485 5 1.04E+08 A G 0.072804 0.0143 3.25E-07 

rs112635299 14 94838142 T G 0.220997 0.0432 3.04E-07 

rs10099100 8 10576775 C G 0.084304 0.0147 1.07E-08 

rs45595836 10 16691399 T C 0.138996 0.0272 3.13E-07 

rs2391769 1 96978961 A G -0.0769 0.0145 1.14E-07 

rs6701243 1 99092784 A C 0.073501 0.0144 3.07E-07 

rs1452075 3 62481063 T C 0.080704 0.0155 2.07E-07 
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Table B11. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to autism and 

schizophrenia (European ancestry only- Ripke et al., 2014).  

Autism instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs910805 20 21248116 A G -0.0957 0.016 2.04E-09 

rs111931861 7 1.05E+08 A G -0.2169 0.0409 1.12E-07 

rs2224274 20 14760747 T C 0.070999 0.0138 2.86E-07 

rs325485 5 1.04E+08 A G 0.072804 0.0143 3.25E-07 

rs112635299 14 94838142 T G 0.220997 0.0432 3.04E-07 

rs10099100 8 10576775 C G 0.084304 0.0147 1.07E-08 

rs45595836 10 16691399 T C 0.138996 0.0272 3.13E-07 

rs2391769 1 96978961 A G -0.0769 0.0145 1.14E-07 

rs6701243 1 99092784 A C 0.073501 0.0144 3.07E-07 

rs1452075 3 62481063 T C 0.080704 0.0155 2.07E-07 

Schizophrenia instruments 
     

SNP CHR BP A1 A2 logOR SE P 

rs4648845 1 2387101 T C 0.067201 0.0119 1.74E-08 

rs7893279 10 18745105 T G 0.1124 0.0175 1.24E-10 

rs301797 1 8487323 A C 0.066097 0.0116 1.2E-08 

rs11191419 10 1.05E+08 A T -0.1016 0.0118 6.69E-18 

rs1498232 1 30433951 T C 0.072004 0.0118 1.21E-09 

rs11210892 1 44100084 A G -0.0678 0.0115 3.42E-09 

rs35998080 1 73278615 T G 0.069004 0.0112 6.95E-10 

rs1702294 1 98501984 T C -0.1184 0.0138 1.03E-17 

rs11027857 11 24403620 A G 0.063998 0.0109 3.67E-09 

rs35324223 11 46402852 A G -0.09199 0.0145 2.04E-10 

rs2514218 11 1.13E+08 T C -0.07221 0.0116 4.64E-10 

rs55661361 11 1.25E+08 A G -0.07881 0.0116 1.04E-11 

rs10791097 11 1.31E+08 T G 0.0766 0.0109 2.05E-12 

rs75059851 11 1.34E+08 A G 0.091302 0.0136 2.18E-11 

rs12062861 1 1.5E+08 A G -0.0911 0.0149 9.66E-10 

rs1024582 12 2402246 A G 0.098904 0.0115 6.27E-18 

rs679087 12 29917265 A C -0.0642 0.0116 3.28E-08 

rs12826178 12 57622371 T G -0.16821 0.0244 5.7E-12 

rs4766428 12 1.11E+08 T C 0.069395 0.0112 6.12E-10 

rs1615350 12 1.24E+08 T C -0.0851 0.0123 4.26E-12 

rs10803138 1 2.44E+08 A G -0.07221 0.0126 1.13E-08 

rs77149735 1 2.44E+08 A G 0.284502 0.0485 4.4E-09 

rs1191551 14 30000405 T G 0.071697 0.0131 4.21E-08 

rs67981189 14 71472226 A G -0.0698 0.0118 3.75E-09 

rs2332700 14 72417326 C G 0.0771 0.0125 7.38E-10 

rs2693698 14 99719219 A G -0.06171 0.0111 2.99E-08 

rs12887734 14 1.04E+08 T G 0.088304 0.0121 3.72E-13 

rs2414718 15 61863133 A G 0.069797 0.011 1.98E-10 

rs28681284 15 78908565 T C -0.1016 0.0141 6.35E-13 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs783540 15 83254708 A G -0.0599 0.011 4.77E-08 

rs12902973 15 85105982 C G -0.0791 0.0122 8.83E-11 

rs4702 15 91426560 A G -0.08051 0.0115 2.62E-12 

rs9922678 16 9946319 A G 0.068397 0.0118 6.18E-09 

rs8055219 16 13753384 A G 0.076998 0.0127 1.45E-09 

rs12691307 16 29939877 A G 0.071902 0.0113 2.03E-10 

rs12932476 16 63709630 C G 0.059702 0.0109 4.62E-08 

rs4523957 17 2208899 T G 0.069703 0.0115 1.4E-09 

rs11658257 17 17956459 C G -0.0662 0.0115 8.34E-09 

rs11874716 18 52750688 T G 0.067201 0.011 1.01E-09 

rs9636107 18 53200117 A G -0.0796 0.0108 2.17E-13 

rs9966779 18 53620456 T C -0.1329 0.0231 8.56E-09 

rs715170 18 53795514 T C -0.0669 0.0122 4.65E-08 

rs72986630 19 11849736 T C 0.1459 0.0266 4.12E-08 

rs2905426 19 19478022 T G -0.0677 0.0115 4.07E-09 

rs2053079 19 30987423 A G -0.0718 0.0127 1.74E-08 

rs2103655 20 37425958 A G 0.0766 0.0119 1.24E-10 

rs1509378 2 22754466 A G 0.0692 0.0119 5.39E-09 

rs11682175 2 57987593 T C -0.0735 0.0109 1.58E-11 

rs6430095 2 1.46E+08 A G 0.0798 0.0145 3.4E-08 

rs76355118 2 1.49E+08 A G -0.1544 0.0278 2.78E-08 

rs2909457 2 1.63E+08 A G -0.0597 0.0109 4.25E-08 

rs11693094 2 1.86E+08 T C -0.0736 0.011 2.17E-11 

rs59979824 2 1.94E+08 A C -0.071 0.0119 2.73E-09 

rs281768 2 2.01E+08 A T 0.104198 0.0137 2.64E-14 

rs6434928 2 1.98E+08 A G -0.0787 0.0116 1.17E-11 

rs5995756 22 40000313 T C 0.072497 0.0109 2.91E-11 

rs9607782 22 41587556 A T 0.088697 0.0128 3.98E-12 

rs28733092 22 42537115 T C 0.070999 0.0121 4.36E-09 

rs11685299 2 2.25E+08 A C -0.0662 0.0117 1.49E-08 

rs7601312 2 2.29E+08 A G -0.059 0.0108 4.68E-08 

rs6704768 2 2.34E+08 A G -0.0766 0.0109 2.06E-12 

rs17194490 3 2547786 T G 0.0966 0.0148 6.38E-11 

rs75968099 3 36858583 T C 0.080104 0.0114 2.31E-12 

rs2535627 3 52845105 T C 0.070403 0.0109 1.17E-10 

rs832190 3 63842629 T C -0.0699 0.0113 5.73E-10 

rs6439649 3 1.36E+08 T G 0.070999 0.0111 1.37E-10 

rs34796896 3 1.81E+08 A G -0.0822 0.0135 1.23E-09 

rs215411 4 23423603 A T 0.0692 0.0115 1.68E-09 

rs35225200 4 1.03E+08 A C -0.14479 0.0203 9.56E-13 

rs1106568 4 1.77E+08 A G -0.0694 0.0125 2.85E-08 

rs17073903 4 1.84E+08 A G -0.08141 0.0148 3.92E-08 

rs4391122 5 60598543 A G -0.078 0.0109 8.9E-13 

rs16867576 5 88746331 A G 0.095801 0.017 1.61E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs3849046 5 1.38E+08 T C 0.062496 0.0109 1.04E-08 

rs111294930 5 1.52E+08 A G 0.087699 0.0143 9.29E-10 

rs76091702 5 1.52E+08 T C 0.129299 0.0236 4.49E-08 

rs11740474 5 1.54E+08 A T -0.06269 0.0112 2E-08 

rs13437595 6 29763308 T C 0.262203 0.0392 2.19E-11 

rs13217619 6 28306671 T C 0.219698 0.0195 1.44E-29 

rs115296342 6 32503526 A C 0.090398 0.0135 1.9E-11 

rs9274390 6 32632660 T G 0.160604 0.0183 1.54E-18 

rs9461856 6 33395199 A G 0.074996 0.0109 6.52E-12 

rs1339227 6 73155701 T C -0.0633 0.0114 3.06E-08 

rs3798869 6 84328660 A G -0.0668 0.011 1.09E-09 

rs117074560 6 96459651 T C -0.1566 0.0277 1.66E-08 

rs58120505 7 2029867 T C 0.082197 0.0111 1.26E-13 

rs12704290 7 86427626 A G -0.10611 0.0168 2.59E-10 

rs6466055 7 1.05E+08 A C 0.068798 0.0114 1.59E-09 

rs13240464 7 1.11E+08 T C 0.080704 0.0116 3.12E-12 

rs7801375 7 1.32E+08 A G -0.083 0.015 2.88E-08 

rs17529963 7 1.37E+08 T C 0.0629 0.0114 3.24E-08 

rs10108725 8 4191202 T C 0.073204 0.0133 3.32E-08 

rs73191547 8 10033425 A T -0.0669 0.0115 6.13E-09 

rs17687067 8 17036201 A C -0.0763 0.0139 4.49E-08 

rs73229090 8 27442127 A C -0.0995 0.0177 1.95E-08 

rs13261481 8 60701801 T G 0.062402 0.011 1.66E-08 

rs7819570 8 89588626 T G 0.076498 0.014 4.47E-08 

rs36068923 8 1.11E+08 A G -0.0835 0.0134 4.14E-10 

rs4129585 8 1.43E+08 A C 0.079301 0.0109 3.61E-13 

rs11139497 9 84739941 A T 0.0656 0.0118 2.65E-08 
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Table B12. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to social 

communication difficulties and schizophrenia.  

Social Communication difficulties instruments 
    

SNP CHR BP A1 A2 β  SE P 

rs13212953 6 39130740 A G 0.053738 0.010458 2.87E-07 

rs79594111 12 97986384 C A 0.079381 0.015108 1.54E-07 

rs4802272 19 46235950 G A -0.02388 0.004718 4.28E-07 
 

Schizophrenia instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs7002992 8 1.04E+08 T C 0.0484 0.0083 4.48E-09 

rs6715366 2 2327295 G A -0.0551 0.0094 4.23E-09 

rs77463171 16 66942206 C T -0.1465 0.0263 2.41E-08 

rs113113059 6 43160375 T C 0.061396 0.0092 2.29E-11 

rs722637 14 1.04E+08 A C -0.0629 0.0081 9.64E-15 

rs17426174 17 43830938 G C 0.062796 0.0108 5.47E-09 

rs6588168 1 66324118 C T -0.0489 0.0079 5.94E-10 

rs12126806 1 2.01E+08 C T 0.049904 0.009 2.89E-08 

rs4915203 1 2E+08 A G 0.050398 0.0085 3.30E-09 

rs1658810 2 2.01E+08 C T 0.080704 0.0096 3.54E-17 

rs140001745 2 2.01E+08 T C 0.106996 0.0155 5.13E-12 

rs56335113 1 30427639 A G 0.066602 0.0084 3.15E-15 

rs581459 1 36375110 C T 0.0743 0.0123 1.32E-09 

rs1915019 8 89283689 A G 0.057599 0.0092 3.43E-10 

rs308697 3 1.61E+08 C A 0.046903 0.0079 3.35E-09 

rs13090130 3 1.62E+08 G A 0.051396 0.0079 9.92E-11 

rs2102949 12 1.24E+08 G A 0.086003 0.0087 3.18E-23 

rs75482067 12 1.23E+08 G A -0.0876 0.0148 3.06E-09 

rs12311848 12 1.24E+08 A G -0.049 0.0087 1.65E-08 

rs2686386 12 1.22E+08 C T 0.054801 0.0096 1.26E-08 

rs167924 3 1.07E+08 A G -0.0506 0.0089 1.33E-08 

rs72943392 11 81178838 G C -0.0532 0.0094 1.44E-08 

rs9975024 21 16439883 A G -0.0483 0.008 1.78E-09 

rs75968099 3 36858583 C T -0.0582 0.0089 5.16E-11 

rs1506297 3 30072307 T C 0.051102 0.0091 1.98E-08 

rs6538539 12 95195293 G T 0.047704 0.0077 5.63E-10 

rs7953300 12 92254654 G T -0.0449 0.0082 3.94E-08 

rs7312697 12 29933069 T C -0.0533 0.0081 4.85E-11 

rs28454198 4 80204001 G C 0.0486 0.0081 1.88E-09 

rs10086619 8 1.12E+08 A G -0.0691 0.0104 3.30E-11 

rs4702 15 91426560 G A 0.080298 0.0081 2.15E-23 

rs11210892 1 44100084 G A 0.0675 0.0081 1.18E-16 

rs13262595 8 1.43E+08 A G 0.069097 0.0079 2.21E-18 

rs13252406 8 1.45E+08 T C 0.050398 0.0087 6.19E-09 

rs12301769 12 72231313 A C -0.08379 0.014 1.93E-09 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs2022265 6 84293271 A G 0.048504 0.0077 3.74E-10 

rs10985811 9 1.01E+08 T C -0.0545 0.0098 2.53E-08 

rs4793888 17 55737740 G A -0.0609 0.0097 3.63E-10 

rs39967 5 57744788 T C -0.0604 0.0107 1.87E-08 

rs7207904 17 1267857 G A 0.047704 0.0079 1.65E-09 

rs12943566 17 2157774 A G -0.0525 0.0083 2.29E-10 

rs77502336 11 1.23E+08 G C -0.0545 0.0082 3.45E-11 

rs1940171 11 1.25E+08 A G 0.073501 0.0099 8.87E-14 

rs10515678 5 1.52E+08 C T 0.065703 0.0095 4.46E-12 

rs11740474 5 1.54E+08 A T -0.0504 0.0086 4.46E-09 

rs12652777 5 1.56E+08 T C 0.045403 0.0079 1.06E-08 

rs154433 16 58659808 G A 0.047198 0.0084 2.38E-08 

rs10957321 8 65605878 G A -0.0482 0.0077 4.18E-10 

rs298216 8 65293195 C G -0.0727 0.0123 3.45E-09 

rs6984242 8 60700469 G A 0.052697 0.0078 1.50E-11 

rs1454606 4 33642614 C T -0.0716 0.0108 2.90E-11 

rs58120505 7 2029867 T C 0.083302 0.0078 1.80E-26 

rs11972718 7 8549187 C G -0.04949 0.0088 1.57E-08 

rs17731 10 3821561 G A -0.0575 0.0079 3.76E-13 

rs28555214 12 1.11E+08 A C 0.064598 0.0083 9.89E-15 

rs2304205 19 50168927 A C 0.070403 0.0092 2.38E-14 

rs9312586 4 1.77E+08 A G -0.0908 0.014 8.14E-11 

rs41533650 4 1.77E+08 G A -0.0724 0.0097 8.69E-14 

rs61405217 4 1.7E+08 C T 0.052004 0.0079 5.39E-11 

rs459391 21 22120508 T C 0.056598 0.01 1.54E-08 

rs6943762 7 86403263 T C 0.103296 0.0124 6.30E-17 

rs2252074 7 1.05E+08 T G -0.0603 0.0078 1.27E-14 

rs1510136 4 1.44E+08 A G 0.052602 0.0093 1.39E-08 

rs61828917 1 1.74E+08 C T 0.067603 0.011 7.95E-10 

rs16851048 1 1.77E+08 T C -0.0676 0.0097 3.06E-12 

rs12363019 11 24374545 T A -0.0516 0.0082 2.58E-10 

rs10767734 11 28642381 C T 0.050902 0.0082 5.62E-10 

rs778371 2 2.34E+08 A G -0.0741 0.0089 1.10E-16 

rs11647188 16 82648514 A G 0.044495 0.0081 3.75E-08 

rs11076631 16 89877975 A G 0.052203 0.0088 2.59E-09 

rs9459170 6 1.65E+08 T C 0.055302 0.0098 1.43E-08 

rs2456020 15 78868398 C T 0.068499 0.0088 5.35E-15 

rs28521069 4 1.19E+08 C T -0.0457 0.0083 3.78E-08 

rs10117 5 1.38E+08 G A 0.055501 0.0082 9.54E-12 

rs9687282 5 1.39E+08 T G -0.0486 0.0086 1.66E-08 

rs28490262 3 80814042 G C 0.053199 0.0086 6.68E-10 

rs13195636 6 27509493 A C 0.210504 0.0159 6.55E-40 

rs13230189 7 1.37E+08 C T 0.071902 0.0081 1.04E-18 

rs35531336 7 1.33E+08 A G 0.073501 0.013 1.46E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs1593304 7 1.32E+08 A G -0.0642 0.0101 2.37E-10 

rs10947452 6 33803752 T C -0.0448 0.0081 3.69E-08 

rs9461856 6 33395199 G A -0.0639 0.0078 3.23E-16 

rs11693094 2 1.86E+08 C T 0.057297 0.0078 2.20E-13 

rs12129573 1 73768366 C A -0.0681 0.0082 1.42E-16 

rs1121296 1 72174197 T C 0.047303 0.008 3.74E-09 

rs11619756 13 44329004 G A 0.047103 0.0082 7.97E-09 

rs215483 4 23377121 G A -0.0507 0.0084 1.59E-09 

rs4697446 4 24269622 G T -0.0446 0.0079 1.67E-08 

rs7647398 3 1.81E+08 C T 0.085003 0.01 2.21E-17 

rs9882532 3 16865845 T C -0.05309 0.0087 8.57E-10 

rs6577597 3 17871326 A G -0.0526 0.0085 5.52E-10 

rs3739554 9 1.3E+08 A G -0.0576 0.0103 2.26E-08 

rs5995756 22 40000313 T C 0.056399 0.0084 2.38E-11 

rs9607782 22 41587556 T A -0.0725 0.0097 7.10E-14 

rs4822076 22 42364057 C T -0.0597 0.0089 1.94E-11 

rs1451488 2 2E+08 A G -0.066 0.0079 6.72E-17 

rs13032111 2 1.94E+08 T G 0.043203 0.0077 2.15E-08 

rs2914983 2 1.98E+08 A G 0.062796 0.0081 1.10E-14 

rs9636429 2 37215607 G A -0.0547 0.009 1.10E-09 

rs12712532 2 37558211 T A 0.049999 0.0079 2.75E-10 

rs6925079 6 64946311 T C -0.0448 0.0081 3.58E-08 

rs6065094 20 37453194 A G -0.0634 0.0082 1.41E-14 

rs13219424 6 1.28E+08 C T 0.045996 0.0084 4.52E-08 

rs60135207 3 71563777 G T 0.049599 0.0087 1.27E-08 

rs12991836 2 1.45E+08 A C -0.0584 0.008 2.72E-13 

rs16825349 2 1.46E+08 A G -0.0704 0.0104 1.32E-11 

rs12713008 2 48503561 G A 0.043002 0.0078 3.05E-08 

rs500102 9 77358745 T C 0.043299 0.0079 4.15E-08 

rs61363285 9 1.35E+08 T C -0.0646 0.0116 2.86E-08 

rs79668541 10 1.05E+08 C T 0.120703 0.0121 2.11E-23 

rs1856507 6 73157926 C A 0.050398 0.008 3.00E-10 

rs9454727 6 70003389 A G 0.054801 0.0098 1.93E-08 

rs324017 12 57487814 A C -0.0563 0.0084 2.21E-11 

rs578470 12 50463325 T C -0.0462 0.0083 2.33E-08 

rs73292401 17 12875908 T A -0.0659 0.0103 1.82E-10 

rs9891739 17 19942177 C T -0.045 0.008 2.18E-08 

rs4073003 17 19148305 A G 0.080603 0.0116 4.20E-12 

rs8055219 16 13753384 G A -0.0672 0.0095 1.57E-12 

rs252812 5 1.07E+08 A G 0.053 0.0093 1.30E-08 

rs35164357 5 1.09E+08 C T -0.0605 0.0096 2.59E-10 

rs10861176 12 1.05E+08 G A -0.0504 0.0086 5.23E-09 

rs3764002 12 1.09E+08 C T -0.0517 0.0086 1.65E-09 

rs7133857 12 1.04E+08 G A 0.0482 0.0085 1.18E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs2088911 13 38844439 G A 0.044495 0.0079 2.12E-08 

rs12853617 13 38317781 T C 0.045996 0.0081 1.43E-08 

rs55929115 3 1.18E+08 T A 0.072004 0.013 3.21E-08 

rs10035564 5 45252500 A G -0.06481 0.0081 1.65E-15 

rs17194490 3 2547786 G T -0.0781 0.0116 1.85E-11 

rs2514218 11 1.13E+08 C T 0.069899 0.009 6.46E-15 

rs17644050 2 1.56E+08 G C -0.0538 0.0098 4.02E-08 

rs79210963 7 24717969 T C -0.0863 0.0129 2.58E-11 

rs7811417 7 21534152 T C 0.048304 0.0081 2.17E-09 

rs12285419 11 46343189 C A -0.0812 0.01 3.73E-16 

rs634940 6 93077500 G T -0.0649 0.0098 2.88E-11 

rs6925964 6 96475894 A T 0.097499 0.0176 3.19E-08 

rs72901550 18 27478326 G C -0.0536 0.0096 2.81E-08 

rs2710323 3 52815905 T C 0.074597 0.0077 5.92E-22 

rs11917680 3 50471408 G T 0.056702 0.0091 4.17E-10 

rs7432375 3 1.36E+08 G A 0.063801 0.0082 5.32E-15 

rs2238304 15 89843950 A T 0.049599 0.0078 1.73E-10 

rs4779050 15 83368738 T G 0.049304 0.0079 4.18E-10 

rs11638554 15 85148231 T G 0.064504 0.0089 3.62E-13 

rs10910078 1 2390588 T C -0.0526 0.0085 5.78E-10 

rs11121172 1 8418644 C A 0.054602 0.0089 7.15E-10 

rs11122119 1 6768856 C A -0.0453 0.0081 2.31E-08 

rs9597388 13 56928696 G A 0.066798 0.0101 3.24E-11 

rs9569820 13 58702746 G T -0.0676 0.0109 6.56E-10 

rs7938083 11 57493622 C A -0.0524 0.0087 1.60E-09 

rs10069930 5 1.4E+08 T A 0.048304 0.0079 9.43E-10 

rs6479487 9 96237373 T G -0.0587 0.0103 1.37E-08 

rs7609876 3 1.77E+08 T C -0.0512 0.0089 9.40E-09 

rs144821294 19 2155136 C T -0.138 0.0242 1.22E-08 

rs72974269 2 2.25E+08 C T 0.052099 0.0083 2.76E-10 

rs35351411 15 61872197 A C -0.0573 0.0079 3.13E-13 

rs9925915 16 29993686 G C 0.059297 0.0078 2.43E-14 

rs1463209 12 39518293 C T 0.047704 0.0081 3.34E-09 

rs2190864 14 72416219 T C 0.066097 0.008 1.12E-16 

rs2206956 6 1.47E+08 G A -0.0462 0.0078 2.51E-09 

rs9390083 6 1.44E+08 C G -0.05719 0.0103 2.95E-08 

rs2905432 19 19484295 G A 0.059598 0.008 1.08E-13 

rs322128 19 11402416 C T -0.0567 0.0095 2.08E-09 

rs12431743 14 84673716 G A -0.0456 0.008 1.26E-08 

rs12446640 16 4494549 A G 0.047103 0.0085 3.31E-08 

rs9926049 16 9939960 C A -0.0556 0.0088 3.16E-10 

rs10127983 1 1.54E+08 C T -0.0463 0.0084 3.11E-08 

rs12138231 1 1.5E+08 T A -0.0671 0.0116 7.21E-09 

rs7915131 10 64418656 C T 0.042695 0.0078 4.94E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs13107325 4 1.03E+08 C T -0.1587 0.0168 2.90E-21 

rs6839635 4 1.04E+08 C A -0.0432 0.0079 3.87E-08 

rs2153960 6 1.09E+08 G A 0.051396 0.0084 9.22E-10 

rs6504163 17 61545779 C T -0.0492 0.0082 1.87E-09 

rs6732355 2 1.05E+08 C A -0.0587 0.0094 4.36E-10 

rs2119242 10 21344773 G A -0.0602 0.0106 1.34E-08 

rs11587347 1 2.39E+08 C G -0.1028 0.0139 1.50E-13 

rs2220276 1 2.44E+08 A T -0.0505 0.0082 6.09E-10 

rs10148671 14 29469373 T C -0.0479 0.0083 6.82E-09 

rs6482437 10 18726326 A C -0.10471 0.0135 1.05E-14 

rs16867576 5 88746331 A G 0.076998 0.0129 2.12E-09 

rs6969410 7 1.1E+08 T G 0.055501 0.0083 1.90E-11 

rs38752 7 1.11E+08 T G 0.060003 0.0081 1.08E-13 

rs1589726 7 79348201 C T 0.077896 0.0137 1.20E-08 

rs10238960 7 70773271 C T -0.0482 0.0084 7.65E-09 

rs2944821 7 71795998 G C 0.047799 0.008 1.90E-09 

rs7701440 5 60620980 T C -0.0638 0.008 1.86E-15 

rs73229090 8 27442127 C A 0.102602 0.0142 4.34E-13 

rs3808581 8 26250047 G A -0.06699 0.0097 3.82E-12 

rs2717003 2 58143438 A G -0.07529 0.008 2.76E-21 

rs12969453 18 52751708 A G 0.054299 0.0078 3.53E-12 

rs715170 18 53795514 C T 0.064701 0.009 7.40E-13 

rs4632195 18 50746748 C T -0.0498 0.0084 2.73E-09 

rs9636107 18 53200117 A G -0.0609 0.0081 5.72E-14 

rs17571951 14 30017039 T C -0.0645 0.0105 7.89E-10 

rs12883788 14 33303540 C T -0.0543 0.0079 8.43E-12 

rs8104557 19 31030189 T C -0.0604 0.011 3.76E-08 

rs3810450 19 36530562 T C 0.092497 0.016 8.27E-09 

rs505061 9 22767164 C A -0.0499 0.0077 1.03E-10 

rs9545047 13 79859456 A C 0.053797 0.0081 3.05E-11 

rs58950470 11 65383755 G T -0.0493 0.0086 1.10E-08 

rs6546857 2 73837955 A G -0.0603 0.0101 2.80E-09 

rs11897811 2 76267139 C T -0.0575 0.0102 1.49E-08 

rs999494 2 73157395 C T 0.057599 0.0101 1.04E-08 

rs1198588 1 98552832 A T -0.0964 0.0103 7.88E-21 

rs59519965 1 97168334 G T -0.0582 0.0098 3.36E-09 

rs72728416 1 97834691 A G -0.0598 0.0087 4.99E-12 

rs337718 18 69774278 T C 0.0492 0.0084 4.39E-09 

rs6588355 1 50113591 T C 0.049504 0.009 3.65E-08 

rs2412823 15 44227270 C T 0.056305 0.0084 2.46E-11 

rs55927878 15 40573201 G A -0.0493 0.0089 2.92E-08 

rs9287971 2 1.75E+08 G A -0.0458 0.0083 3.82E-08 

rs62184960 2 1.73E+08 C T 0.069797 0.0122 1.08E-08 

rs6430492 2 1.35E+08 G A 0.057703 0.0094 6.72E-10 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs331395 5 91006918 C G -0.0549 0.009 1.27E-09 

rs7582445 2 60495874 A C 0.045604 0.0081 1.70E-08 

rs10503253 8 4180844 C A -0.0602 0.0091 4.37E-11 

rs72980087 18 77632194 G A -0.0644 0.0079 4.06E-16 

rs7238071 18 77579812 A G -0.0629 0.0084 9.29E-14 

rs4937935 11 1.35E+08 A T -0.0539 0.0081 2.30E-11 

rs10894308 11 1.31E+08 G A 0.047704 0.0079 1.36E-09 

rs893949 11 1.34E+08 C T 0.052896 0.0079 2.74E-11 

rs1939514 11 1.33E+08 T C 0.055198 0.0077 1.06E-12 

rs11223661 11 1.34E+08 G T 0.078996 0.0105 5.01E-14 

rs79445414 8 33863561 T C -0.1235 0.0222 2.63E-08 

rs7816998 8 38257506 G A 0.057797 0.0092 3.11E-10 

rs35045093 7 1.28E+08 A C 0.056598 0.0103 3.36E-08 

rs61786047 1 29032580 G A 0.078802 0.0135 4.91E-09 

rs6010045 22 51103091 T C -0.0477 0.0085 1.82E-08 

rs704364 3 63874734 A G 0.050303 0.0082 8.41E-10 

rs9813516 3 60293004 G A -0.0513 0.0084 1.25E-09 

rs498591 9 14509105 A T -0.0679 0.0111 9.59E-10 

rs2890914 9 10239181 A G -0.0432 0.0077 2.31E-08 

rs10774034 12 2330458 C T -0.08329 0.0085 7.10E-23 

rs13414801 2 28290347 T C -0.0469 0.0081 6.30E-09 

rs12712510 2 22749726 T C 0.051501 0.0084 9.34E-10 

rs141216273 2 25599172 C A -0.1247 0.0228 4.49E-08 

rs2909457 2 1.63E+08 G A 0.045805 0.0083 3.09E-08 

rs35734242 4 706700 T C -0.0499 0.008 3.93E-10 

rs11696755 20 48105317 T C -0.0653 0.0104 2.99E-10 
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Table B13. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to social 

communication difficulites and psychotic experiences.  

Social Communication difficulties instruments 
    

SNP CHR BP A1 A2 β  SE P 

rs13212953 6 39130740 A G 0.053738 0.010458 2.87E-07 

rs79594111 12 97986384 C A 0.079381 0.015108 1.54E-07 

rs4802272 19 46235950 G A -0.02388 0.004718 4.28E-07 
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Table B14. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to social 

communication difficulties and schizophrenia (European ancestry only- Ripke et al., 2014).  

Social Communication difficulties instruments 
    

SNP CHR BP A1 A2 β SE P 

rs13212953 6 39130740 A G 0.053738 0.010458 2.87E-07 

rs79594111 12 97986384 C A 0.079381 0.015108 1.54E-07 

rs4802272 19 46235950 G A -0.02388 0.004718 4.28E-07 
 

Schizophrenia instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs7893279 10 18745105 T G 0.1124 0.0175 1.24E-10 

rs301797 1 8487323 A C 0.066097 0.0116 1.2E-08 

rs11191419 10 1.05E+08 A T -0.1016 0.0118 6.69E-18 

rs1498232 1 30433951 T C 0.072004 0.0118 1.21E-09 

rs11210892 1 44100084 A G -0.0678 0.0115 3.42E-09 

rs35998080 1 73278615 T G 0.069004 0.0112 6.95E-10 

rs1702294 1 98501984 T C -0.1184 0.0138 1.03E-17 

rs11027857 11 24403620 A G 0.063998 0.0109 3.67E-09 

rs35324223 11 46402852 A G -0.09199 0.0145 2.04E-10 

rs2514218 11 1.13E+08 T C -0.07221 0.0116 4.64E-10 

rs55661361 11 1.25E+08 A G -0.07881 0.0116 1.04E-11 

rs10791097 11 1.31E+08 T G 0.0766 0.0109 2.05E-12 

rs75059851 11 1.34E+08 A G 0.091302 0.0136 2.18E-11 

rs12062861 1 1.5E+08 A G -0.0911 0.0149 9.66E-10 

rs1024582 12 2402246 A G 0.098904 0.0115 6.27E-18 

rs73115999 12 57778221 T C -0.1985 0.0351 1.54E-08 

rs10860964 12 1.04E+08 T C 0.063003 0.0112 1.86E-08 

rs1615350 12 1.24E+08 T C -0.0851 0.0123 4.26E-12 

rs10803138 1 2.44E+08 A G -0.07221 0.0126 1.13E-08 

rs1191551 14 30000405 T G 0.071697 0.0131 4.21E-08 

rs67981189 14 71472226 A G -0.0698 0.0118 3.75E-09 

rs2332700 14 72417326 C G 0.0771 0.0125 7.38E-10 

rs2693698 14 99719219 A G -0.06171 0.0111 2.99E-08 

rs12887734 14 1.04E+08 T G 0.088304 0.0121 3.72E-13 

rs2414718 15 61863133 A G 0.069797 0.011 1.98E-10 

rs8042374 15 78908032 A G 0.089704 0.0128 2.91E-12 

rs783540 15 83254708 A G -0.0599 0.011 4.77E-08 

rs12902973 15 85105982 C G -0.0791 0.0122 8.83E-11 

rs4702 15 91426560 A G -0.08051 0.0115 2.62E-12 

rs9922678 16 9946319 A G 0.068397 0.0118 6.18E-09 

rs8055219 16 13753384 A G 0.076998 0.0127 1.45E-09 

rs12691307 16 29939877 A G 0.071902 0.0113 2.03E-10 

rs12932476 16 63709630 C G 0.059702 0.0109 4.62E-08 

rs216189 17 2187401 A G 0.0662 0.0115 8.79E-09 

rs11658257 17 17956459 C G -0.0662 0.0115 8.34E-09 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs11874716 18 52750688 T G 0.067201 0.011 1.01E-09 

rs9636107 18 53200117 A G -0.0796 0.0108 2.17E-13 

rs9966779 18 53620456 T C -0.1329 0.0231 8.56E-09 

rs715170 18 53795514 T C -0.0669 0.0122 4.65E-08 

rs2905426 19 19478022 T G -0.0677 0.0115 4.07E-09 

rs2053079 19 30987423 A G -0.0718 0.0127 1.74E-08 

rs2103655 20 37425958 A G 0.0766 0.0119 1.24E-10 

rs10199182 2 22747124 A T 0.060003 0.0109 3.82E-08 

rs11682175 2 57987593 T C -0.0735 0.0109 1.58E-11 

rs6430095 2 1.46E+08 A G 0.0798 0.0145 3.4E-08 

rs76355118 2 1.49E+08 A G -0.1544 0.0278 2.78E-08 

rs2909457 2 1.63E+08 A G -0.0597 0.0109 4.25E-08 

rs11693094 2 1.86E+08 T C -0.0736 0.011 2.17E-11 

rs6716963 2 1.94E+08 A G 0.062796 0.0113 3.05E-08 

rs281768 2 2.01E+08 A T 0.104198 0.0137 2.64E-14 

rs6434928 2 1.98E+08 A G -0.0787 0.0116 1.17E-11 

rs5995756 22 40000313 T C 0.072497 0.0109 2.91E-11 

rs9607782 22 41587556 A T 0.088697 0.0128 3.98E-12 

rs1058167 22 42538029 A G -0.0668 0.0118 1.32E-08 

rs11685299 2 2.25E+08 A C -0.0662 0.0117 1.49E-08 

rs7601312 2 2.29E+08 A G -0.059 0.0108 4.68E-08 

rs6704768 2 2.34E+08 A G -0.0766 0.0109 2.06E-12 

rs17194490 3 2547786 T G 0.0966 0.0148 6.38E-11 

rs75968099 3 36858583 T C 0.080104 0.0114 2.31E-12 

rs2535627 3 52845105 T C 0.070403 0.0109 1.17E-10 

rs832190 3 63842629 T C -0.0699 0.0113 5.73E-10 

rs6439649 3 1.36E+08 T G 0.070999 0.0111 1.37E-10 

rs34796896 3 1.81E+08 A G -0.0822 0.0135 1.23E-09 

rs215411 4 23423603 A T 0.0692 0.0115 1.68E-09 

rs13107325 4 1.03E+08 T C 0.151897 0.0215 1.54E-12 

rs1106568 4 1.77E+08 A G -0.0694 0.0125 2.85E-08 

rs17073903 4 1.84E+08 A G -0.08141 0.0148 3.92E-08 

rs7701440 5 60620980 T C -0.0765 0.0108 1.66E-12 

rs16867576 5 88746331 A G 0.095801 0.017 1.61E-08 

rs3849046 5 1.38E+08 T C 0.062496 0.0109 1.04E-08 

rs13176930 5 1.53E+08 A T -0.0697 0.0115 1.27E-09 

rs11740474 5 1.54E+08 A T -0.06269 0.0112 2E-08 

rs13437595 6 29763308 T C 0.262203 0.0392 2.19E-11 

rs13217619 6 28306671 T C 0.219698 0.0195 1.44E-29 

rs9270965 6 32573471 A G 0.071697 0.0125 9.84E-09 

rs9461856 6 33395199 A G 0.074996 0.0109 6.52E-12 

rs1339227 6 73155701 T C -0.0633 0.0114 3.06E-08 

rs3798869 6 84328660 A G -0.0668 0.011 1.09E-09 

rs117074560 6 96459651 T C -0.1566 0.0277 1.66E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs58120505 7 2029867 T C 0.082197 0.0111 1.26E-13 

rs12704290 7 86427626 A G -0.10611 0.0168 2.59E-10 

rs6466055 7 1.05E+08 A C 0.068798 0.0114 1.59E-09 

rs13240464 7 1.11E+08 T C 0.080704 0.0116 3.12E-12 

rs7801375 7 1.32E+08 A G -0.083 0.015 2.88E-08 

rs17529963 7 1.37E+08 T C 0.0629 0.0114 3.24E-08 

rs10108725 8 4191202 T C 0.073204 0.0133 3.32E-08 

rs73191547 8 10033425 A T -0.0669 0.0115 6.13E-09 

rs73229090 8 27442127 A C -0.0995 0.0177 1.95E-08 

rs13261481 8 60701801 T G 0.062402 0.011 1.66E-08 

rs7819570 8 89588626 T G 0.076498 0.014 4.47E-08 

rs36068923 8 1.11E+08 A G -0.0835 0.0134 4.14E-10 

rs4129585 8 1.43E+08 A C 0.079301 0.0109 3.61E-13 

rs11139497 9 84739941 A T 0.0656 0.0118 2.65E-08 
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Table B15. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to empathising and 

schizophrenia.  

Empathy instruments 
      

SNP CHR BP A1 A2 β  SE P 

rs2420485 chr10 1.21E+08 G C -0.48262 0.095075 3.85E-07 

rs1141090 chr11 13033155 C A 0.434924 0.085494 3.64E-07 

rs4882760 chr12 1.29E+08 T A -0.509 0.092905 4.29E-08 
 

Schizophrenia instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs7002992 8 1.04E+08 T C 0.0484 0.0083 4.48E-09 

rs6715366 2 2327295 G A -0.0551 0.0094 4.23E-09 

rs77463171 16 66942206 C T -0.1465 0.0263 2.41E-08 

rs113113059 6 43160375 T C 0.061396 0.0092 2.29E-11 

rs10873538 14 1.04E+08 T G -0.0632 0.0082 9.59E-15 

rs61920311 12 14423294 A C 0.046101 0.0082 1.75E-08 

rs2532240 17 44265839 C T 0.052099 0.0083 2.72E-10 

rs55938136 17 43798360 A G 0.0615 0.0108 1.23E-08 

rs6588168 1 66324118 C T -0.0489 0.0079 5.94E-10 

rs12126806 1 2.01E+08 C T 0.049904 0.009 2.89E-08 

rs4915203 1 2E+08 A G 0.050398 0.0085 3.3E-09 

rs1658810 2 2.01E+08 C T 0.080704 0.0096 3.54E-17 

rs140001745 2 2.01E+08 T C 0.106996 0.0155 5.13E-12 

rs56335113 1 30427639 A G 0.066602 0.0084 3.15E-15 

rs581459 1 36375110 C T 0.0743 0.0123 1.32E-09 

rs1915019 8 89283689 A G 0.057599 0.0092 3.43E-10 

rs308697 3 1.61E+08 C A 0.046903 0.0079 3.35E-09 

rs13090130 3 1.62E+08 G A 0.051396 0.0079 9.92E-11 

rs2102949 12 1.24E+08 G A 0.086003 0.0087 3.18E-23 

rs75482067 12 1.23E+08 G A -0.0876 0.0148 3.06E-09 

rs2649999 12 1.21E+08 T C 0.049504 0.0082 1.28E-09 

rs12311848 12 1.24E+08 A G -0.049 0.0087 1.65E-08 

rs2686386 12 1.22E+08 C T 0.054801 0.0096 1.26E-08 

rs167924 3 1.07E+08 A G -0.0506 0.0089 1.33E-08 

rs72943392 11 81178838 G C -0.0532 0.0094 1.44E-08 

rs9975024 21 16439883 A G -0.0483 0.008 1.78E-09 

rs75968099 3 36858583 C T -0.0582 0.0089 5.16E-11 

rs1506297 3 30072307 T C 0.051102 0.0091 1.98E-08 

rs6538539 12 95195293 G T 0.047704 0.0077 5.63E-10 

rs7953300 12 92254654 G T -0.0449 0.0082 3.94E-08 

rs7312697 12 29933069 T C -0.0533 0.0081 4.85E-11 

rs28454198 4 80204001 G C 0.0486 0.0081 1.88E-09 

rs10086619 8 1.12E+08 A G -0.0691 0.0104 3.3E-11 

rs4702 15 91426560 G A 0.080298 0.0081 2.15E-23 

rs11210892 1 44100084 G A 0.0675 0.0081 1.18E-16 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs11136325 8 1.45E+08 G A 0.053 0.009 3.3E-09 

rs13262595 8 1.43E+08 A G 0.069097 0.0079 2.21E-18 

rs12301769 12 72231313 A C -0.08379 0.014 1.93E-09 

rs2022265 6 84293271 A G 0.048504 0.0077 3.74E-10 

rs10985811 9 1.01E+08 T C -0.0545 0.0098 2.53E-08 

rs4793888 17 55737740 G A -0.0609 0.0097 3.63E-10 

rs2381411 9 36319928 T C -0.045 0.0079 1.28E-08 

rs39967 5 57744788 T C -0.0604 0.0107 1.87E-08 

rs12943566 17 2157774 A G -0.0525 0.0083 2.29E-10 

rs3752827 17 1265325 T A 0.052203 0.0084 6.33E-10 

rs77502336 11 1.23E+08 G C -0.0545 0.0082 3.45E-11 

rs1940171 11 1.25E+08 A G 0.073501 0.0099 8.87E-14 

rs10515678 5 1.52E+08 C T 0.065703 0.0095 4.46E-12 

rs11740474 5 1.54E+08 A T -0.0504 0.0086 4.46E-09 

rs12652777 5 1.56E+08 T C 0.045403 0.0079 1.06E-08 

rs154433 16 58659808 G A 0.047198 0.0084 2.38E-08 

rs10957321 8 65605878 G A -0.0482 0.0077 4.18E-10 

rs298216 8 65293195 C G -0.0727 0.0123 3.45E-09 

rs6984242 8 60700469 G A 0.052697 0.0078 1.5E-11 

rs1454606 4 33642614 C T -0.0716 0.0108 2.9E-11 

rs58120505 7 2029867 T C 0.083302 0.0078 1.8E-26 

rs11972718 7 8549187 C G -0.04949 0.0088 1.57E-08 

rs17731 10 3821561 G A -0.0575 0.0079 3.76E-13 

rs4766428 12 1.11E+08 C T -0.0721 0.0085 2.61E-17 

rs2387414 19 51034243 G C -0.0515 0.0084 8.01E-10 

rs2304205 19 50168927 A C 0.070403 0.0092 2.38E-14 

rs758749 19 57189718 C T -0.0615 0.0112 4.66E-08 

rs9312586 4 1.77E+08 A G -0.0908 0.014 8.14E-11 

rs41533650 4 1.77E+08 G A -0.0724 0.0097 8.69E-14 

rs61405217 4 1.7E+08 C T 0.052004 0.0079 5.39E-11 

rs459391 21 22120508 T C 0.056598 0.01 1.54E-08 

rs6943762 7 86403263 T C 0.103296 0.0124 6.3E-17 

rs2252074 7 1.05E+08 T G -0.0603 0.0078 1.27E-14 

rs1510136 4 1.44E+08 A G 0.052602 0.0093 1.39E-08 

rs61828917 1 1.74E+08 C T 0.067603 0.011 7.95E-10 

rs16851048 1 1.77E+08 T C -0.0676 0.0097 3.06E-12 

rs12363019 11 24374545 T A -0.0516 0.0082 2.58E-10 

rs10767734 11 28642381 C T 0.050902 0.0082 5.62E-10 

rs778371 2 2.34E+08 A G -0.0741 0.0089 1.1E-16 

rs11647188 16 82648514 A G 0.044495 0.0081 3.75E-08 

rs11076631 16 89877975 A G 0.052203 0.0088 2.59E-09 

rs6919146 6 1.65E+08 T G -0.0488 0.0085 8.42E-09 

rs2456020 15 78868398 C T 0.068499 0.0088 5.35E-15 

rs28521069 4 1.19E+08 C T -0.0457 0.0083 3.78E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs10117 5 1.38E+08 G A 0.055501 0.0082 9.54E-12 

rs9687282 5 1.39E+08 T G -0.0486 0.0086 1.66E-08 

rs28490262 3 80814042 G C 0.053199 0.0086 6.68E-10 

rs13195636 6 27509493 A C 0.210504 0.0159 6.55E-40 

rs356183 4 90626098 G C 0.044304 0.008 3.37E-08 

rs13230189 7 1.37E+08 C T 0.071902 0.0081 1.04E-18 

rs35792732 7 1.33E+08 C T 0.060399 0.0106 1.08E-08 

rs1593304 7 1.32E+08 A G -0.0642 0.0101 2.37E-10 

rs10947452 6 33803752 T C -0.0448 0.0081 3.69E-08 

rs9461856 6 33395199 G A -0.0639 0.0078 3.23E-16 

rs3131295 6 32173257 G A 0.0599 0.008 9.97E-14 

rs11693094 2 1.86E+08 C T 0.057297 0.0078 2.2E-13 

rs12129573 1 73768366 C A -0.0681 0.0082 1.42E-16 

rs1121296 1 72174197 T C 0.047303 0.008 3.74E-09 

rs11619756 13 44329004 G A 0.047103 0.0082 7.97E-09 

rs215483 4 23377121 G A -0.0507 0.0084 1.59E-09 

rs4697446 4 24269622 G T -0.0446 0.0079 1.67E-08 

rs7647398 3 1.81E+08 C T 0.085003 0.01 2.21E-17 

rs9882532 3 16865845 T C -0.05309 0.0087 8.57E-10 

rs6577597 3 17871326 A G -0.0526 0.0085 5.52E-10 

rs3739554 9 1.3E+08 A G -0.0576 0.0103 2.26E-08 

rs5995756 22 40000313 T C 0.056399 0.0084 2.38E-11 

rs9607782 22 41587556 T A -0.0725 0.0097 7.1E-14 

rs4822076 22 42364057 C T -0.0597 0.0089 1.94E-11 

rs1451488 2 2E+08 A G -0.066 0.0079 6.72E-17 

rs13032111 2 1.94E+08 T G 0.043203 0.0077 2.15E-08 

rs2914983 2 1.98E+08 A G 0.062796 0.0081 1.1E-14 

rs10190027 2 37190726 C T -0.04971 0.0089 2.57E-08 

rs3770752 2 37576136 A G 0.057401 0.0086 2.86E-11 

rs6925079 6 64946311 T C -0.0448 0.0081 3.58E-08 

rs6065094 20 37453194 A G -0.0634 0.0082 1.41E-14 

rs13219424 6 1.28E+08 C T 0.045996 0.0084 4.52E-08 

rs60135207 3 71563777 G T 0.049599 0.0087 1.27E-08 

rs12991836 2 1.45E+08 A C -0.0584 0.008 2.72E-13 

rs16825349 2 1.46E+08 A G -0.0704 0.0104 1.32E-11 

rs10777187 12 89940502 T C 0.050902 0.0092 2.82E-08 

rs12713008 2 48503561 G A 0.043002 0.0078 3.05E-08 

rs500102 9 77358745 T C 0.043299 0.0079 4.15E-08 

rs72761691 9 1.35E+08 A C -0.0664 0.0116 1.07E-08 

rs2078266 9 1.38E+08 A G 0.0618 0.0113 4.86E-08 

rs79668541 10 1.05E+08 C T 0.120703 0.0121 2.11E-23 

rs79780963 10 1.05E+08 C T 0.118396 0.0122 2.53E-22 

rs1856507 6 73157926 C A 0.050398 0.008 3E-10 

rs9454727 6 70003389 A G 0.054801 0.0098 1.93E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs578470 12 50463325 T C -0.0462 0.0083 2.33E-08 

rs61937595 12 57682956 C T 0.121996 0.0158 1.32E-14 

rs73292401 17 12875908 T A -0.0659 0.0103 1.82E-10 

rs9891739 17 19942177 C T -0.045 0.008 2.18E-08 

rs4073003 17 19148305 A G 0.080603 0.0116 4.2E-12 

rs8055219 16 13753384 G A -0.0672 0.0095 1.57E-12 

rs252812 5 1.07E+08 A G 0.053 0.0093 1.3E-08 

rs35164357 5 1.09E+08 C T -0.0605 0.0096 2.59E-10 

rs10861176 12 1.05E+08 G A -0.0504 0.0086 5.23E-09 

rs3764002 12 1.09E+08 C T -0.0517 0.0086 1.65E-09 

rs2455415 13 38860697 C T -0.04759 0.0081 3.43E-09 

rs1924377 13 38362106 G C 0.046903 0.0082 8.71E-09 

rs55929115 3 1.18E+08 T A 0.072004 0.013 3.21E-08 

rs10035564 5 45252500 A G -0.06481 0.0081 1.65E-15 

rs1540840 14 99733384 G C 0.054999 0.009 1.04E-09 

rs17194490 3 2547786 G T -0.0781 0.0116 1.85E-11 

rs61857878 10 92789488 A T 0.0599 0.0099 1.46E-09 

rs2514218 11 1.13E+08 C T 0.069899 0.009 6.46E-15 

rs17644050 2 1.56E+08 G C -0.0538 0.0098 4.02E-08 

rs79210963 7 24717969 T C -0.0863 0.0129 2.58E-11 

rs7811417 7 21534152 T C 0.048304 0.0081 2.17E-09 

rs12285419 11 46343189 C A -0.0812 0.01 3.73E-16 

rs634940 6 93077500 G T -0.0649 0.0098 2.88E-11 

rs6925964 6 96475894 A T 0.097499 0.0176 3.19E-08 

rs9304548 18 27500959 C A 0.060003 0.0089 1.9E-11 

rs2710323 3 52815905 T C 0.074597 0.0077 5.92E-22 

rs11917680 3 50471408 G T 0.056702 0.0091 4.17E-10 

rs7432375 3 1.36E+08 G A 0.063801 0.0082 5.32E-15 

rs2238304 15 89843950 A T 0.049599 0.0078 1.73E-10 

rs4779050 15 83368738 T G 0.049304 0.0079 4.18E-10 

rs11638554 15 85148231 T G 0.064504 0.0089 3.62E-13 

rs6673880 1 2373168 A G -0.061 0.0086 1.32E-12 

rs11121172 1 8418644 C A 0.054602 0.0089 7.15E-10 

rs11122119 1 6768856 C A -0.0453 0.0081 2.31E-08 

rs9597388 13 56928696 G A 0.066798 0.0101 3.24E-11 

rs9569820 13 58702746 G T -0.0676 0.0109 6.56E-10 

rs7938083 11 57493622 C A -0.0524 0.0087 1.6E-09 

rs10069930 5 1.4E+08 T A 0.048304 0.0079 9.43E-10 

rs6479487 9 96237373 T G -0.0587 0.0103 1.37E-08 

rs7609876 3 1.77E+08 T C -0.0512 0.0089 9.4E-09 

rs2224086 1 1.15E+08 C A -0.0577 0.0103 2.09E-08 

rs144821294 19 2155136 C T -0.138 0.0242 1.22E-08 

rs72974269 2 2.25E+08 C T 0.052099 0.0083 2.76E-10 

rs35351411 15 61872197 A C -0.0573 0.0079 3.13E-13 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs3814883 16 29994922 C T 0.060898 0.0079 8.82E-15 

rs72723227 5 7245664 G A 0.047999 0.0082 4.58E-09 

rs1463209 12 39518293 C T 0.047704 0.0081 3.34E-09 

rs2190864 14 72416219 T C 0.066097 0.008 1.12E-16 

rs2206956 6 1.47E+08 G A -0.0462 0.0078 2.51E-09 

rs9390083 6 1.44E+08 C G -0.05719 0.0103 2.95E-08 

rs1858999 19 19497669 C G 0.060502 0.0081 7.97E-14 

rs72986630 19 11849736 C T -0.1117 0.0177 3.07E-10 

rs322128 19 11402416 C T -0.0567 0.0095 2.08E-09 

rs12431743 14 84673716 G A -0.0456 0.008 1.26E-08 

rs9926049 16 9939960 C A -0.0556 0.0088 3.16E-10 

rs8048039 16 4498486 A T 0.049 0.0083 4.35E-09 

rs10127983 1 1.54E+08 C T -0.0463 0.0084 3.11E-08 

rs12138231 1 1.5E+08 T A -0.0671 0.0116 7.21E-09 

rs7915131 10 64418656 C T 0.042695 0.0078 4.94E-08 

rs13107325 4 1.03E+08 C T -0.1587 0.0168 2.9E-21 

rs6839635 4 1.04E+08 C A -0.0432 0.0079 3.87E-08 

rs2153960 6 1.09E+08 G A 0.051396 0.0084 9.22E-10 

rs117799466 15 34659517 G C -0.0481 0.0087 3.86E-08 

rs6504163 17 61545779 C T -0.0492 0.0082 1.87E-09 

rs6732355 2 1.05E+08 C A -0.0587 0.0094 4.36E-10 

rs2119242 10 21344773 G A -0.0602 0.0106 1.34E-08 

rs11807834 1 2.3E+08 G A -0.053 0.0093 1.12E-08 

rs11587347 1 2.39E+08 C G -0.1028 0.0139 1.5E-13 

rs145071536 1 2.44E+08 T C -0.0817 0.0119 5.76E-12 

rs10148671 14 29469373 T C -0.0479 0.0083 6.82E-09 

rs6482437 10 18726326 A C -0.10471 0.0135 1.05E-14 

rs115325222 5 88854539 A G 0.090398 0.0151 1.93E-09 

rs6969410 7 1.1E+08 T G 0.055501 0.0083 1.9E-11 

rs38752 7 1.11E+08 T G 0.060003 0.0081 1.08E-13 

rs1589726 7 79348201 C T 0.077896 0.0137 1.2E-08 

rs10238960 7 70773271 C T -0.0482 0.0084 7.65E-09 

rs2944821 7 71795998 G C 0.047799 0.008 1.9E-09 

rs7701440 5 60620980 T C -0.0638 0.008 1.86E-15 

rs73229090 8 27442127 C A 0.102602 0.0142 4.34E-13 

rs3808581 8 26250047 G A -0.06699 0.0097 3.82E-12 

rs2717003 2 58143438 A G -0.07529 0.008 2.76E-21 

rs12969453 18 52751708 A G 0.054299 0.0078 3.53E-12 

rs715170 18 53795514 C T 0.064701 0.009 7.4E-13 

rs4632195 18 50746748 C T -0.0498 0.0084 2.73E-09 

rs9636107 18 53200117 A G -0.0609 0.0081 5.72E-14 

rs17571951 14 30017039 T C -0.0645 0.0105 7.89E-10 

rs12883788 14 33303540 C T -0.0543 0.0079 8.43E-12 

rs8104557 19 31030189 T C -0.0604 0.011 3.76E-08 



Appendix B 

210 
 

Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs3810450 19 36530562 T C 0.092497 0.016 8.27E-09 

rs505061 9 22767164 C A -0.0499 0.0077 1.03E-10 

rs9545047 13 79859456 A C 0.053797 0.0081 3.05E-11 

rs58950470 11 65383755 G T -0.0493 0.0086 1.1E-08 

rs6546857 2 73837955 A G -0.0603 0.0101 2.8E-09 

rs11897811 2 76267139 C T -0.0575 0.0102 1.49E-08 

rs999494 2 73157395 C T 0.057599 0.0101 1.04E-08 

rs1198588 1 98552832 A T -0.0964 0.0103 7.88E-21 

rs59519965 1 97168334 G T -0.0582 0.0098 3.36E-09 

rs72728416 1 97834691 A G -0.0598 0.0087 4.99E-12 

rs337718 18 69774278 T C 0.0492 0.0084 4.39E-09 

rs6588355 1 50113591 T C 0.049504 0.009 3.65E-08 

rs56205728 15 40567237 G A -0.0575 0.0093 5.43E-10 

rs2929278 15 44250313 C T 0.061904 0.0091 8.5E-12 

rs9287971 2 1.75E+08 G A -0.0458 0.0083 3.82E-08 

rs62184960 2 1.73E+08 C T 0.069797 0.0122 1.08E-08 

rs6430492 2 1.35E+08 G A 0.057703 0.0094 6.72E-10 

rs331395 5 91006918 C G -0.0549 0.009 1.27E-09 

rs4672366 2 60389362 A T 0.049799 0.0087 1.07E-08 

rs10503253 8 4180844 C A -0.0602 0.0091 4.37E-11 

rs72980087 18 77632194 G A -0.0644 0.0079 4.06E-16 

rs7238071 18 77579812 A G -0.0629 0.0084 9.29E-14 

rs4937935 11 1.35E+08 A T -0.0539 0.0081 2.3E-11 

rs1440480 11 1.34E+08 A G 0.057504 0.0086 2.52E-11 

rs10894308 11 1.31E+08 G A 0.047704 0.0079 1.36E-09 

rs4936215 11 1.34E+08 A G 0.082796 0.0104 1.86E-15 

rs1939514 11 1.33E+08 T C 0.055198 0.0077 1.06E-12 

rs79445414 8 33863561 T C -0.1235 0.0222 2.63E-08 

rs7816998 8 38257506 G A 0.057797 0.0092 3.11E-10 

rs35045093 7 1.28E+08 A C 0.056598 0.0103 3.36E-08 

rs61786047 1 29032580 G A 0.078802 0.0135 4.91E-09 

rs6010045 22 51103091 T C -0.0477 0.0085 1.82E-08 

rs704364 3 63874734 A G 0.050303 0.0082 8.41E-10 

rs9813516 3 60293004 G A -0.0513 0.0084 1.25E-09 

rs498591 9 14509105 A T -0.0679 0.0111 9.59E-10 

rs2890914 9 10239181 A G -0.0432 0.0077 2.31E-08 

rs10774034 12 2330458 C T -0.08329 0.0085 7.1E-23 

rs12712510 2 22749726 T C 0.051501 0.0084 9.34E-10 

rs141216273 2 25599172 C A -0.1247 0.0228 4.49E-08 

rs12474906 2 28033538 A C 0.056796 0.0095 2.2E-09 

rs2909457 2 1.63E+08 G A 0.045805 0.0083 3.09E-08 

rs35734242 4 706700 T C -0.0499 0.008 3.93E-10 

rs11696755 20 48105317 T C -0.0653 0.0104 2.99E-10 
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Table B16. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to empathising and 

psychotic experiences.  

Empathy instruments 
      

SNP CHR BP A1 A2 β SE P 

rs2420485 chr10 1.21E+08 G C -0.48262 0.095075 3.85E-07 

rs1141090 chr11 13033155 C A 0.434924 0.085494 3.64E-07 

rs4882760 chr12 1.29E+08 T A -0.509 0.092905 4.29E-08 
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Table B17. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to empathising and 

schizophrenia (European ancestry only- Ripke et al., 2014).  

Empathy instruments 
      

SNP CHR BP A2 A1 β SE P 

rs189163756 chr2 1.43E+08 A C -1.33045 0.251402 1.21E-07 

rs147499660 chr10 1.21E+08 A G -0.4868 0.095768 3.72E-07 

rs1141090 chr11 13033155 A C 0.434924 0.085494 3.64E-07 

rs4882760 chr12 1.29E+08 A T -0.509 0.092905 4.29E-08 

Schizophrenia instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs4648845 1 2387101 T C 0.067201 0.0119 1.74E-08 

rs7893279 10 18745105 T G 0.1124 0.0175 1.24E-10 

rs301797 1 8487323 A C 0.066097 0.0116 1.20E-08 

rs11191419 10 1.05E+08 A T -0.1016 0.0118 6.69E-18 

rs79780963 10 1.05E+08 T C -0.1597 0.0195 2.79E-16 

rs1498232 1 30433951 T C 0.072004 0.0118 1.21E-09 

rs11210892 1 44100084 A G -0.0678 0.0115 3.42E-09 

rs35998080 1 73278615 T G 0.069004 0.0112 6.95E-10 

rs1702294 1 98501984 T C -0.1184 0.0138 1.03E-17 

rs11027857 11 24403620 A G 0.063998 0.0109 3.67E-09 

rs35324223 11 46402852 A G -0.09199 0.0145 2.04E-10 

rs2514218 11 1.13E+08 T C -0.07221 0.0116 4.64E-10 

rs55661361 11 1.25E+08 A G -0.07881 0.0116 1.04E-11 

rs10791097 11 1.31E+08 T G 0.0766 0.0109 2.05E-12 

rs75059851 11 1.34E+08 A G 0.091302 0.0136 2.18E-11 

rs12062861 1 1.5E+08 A G -0.0911 0.0149 9.66E-10 

rs1024582 12 2402246 A G 0.098904 0.0115 6.27E-18 

rs679087 12 29917265 A C -0.0642 0.0116 3.28E-08 

rs12826178 12 57622371 T G -0.16821 0.0244 5.70E-12 

rs4766428 12 1.11E+08 T C 0.069395 0.0112 6.12E-10 

rs1615350 12 1.24E+08 T C -0.0851 0.0123 4.26E-12 

rs10803138 1 2.44E+08 A G -0.07221 0.0126 1.13E-08 

rs1191551 14 30000405 T G 0.071697 0.0131 4.21E-08 

rs67981189 14 71472226 A G -0.0698 0.0118 3.75E-09 

rs2332700 14 72417326 C G 0.0771 0.0125 7.38E-10 

rs2693698 14 99719219 A G -0.06171 0.0111 2.99E-08 

rs12887734 14 1.04E+08 T G 0.088304 0.0121 3.72E-13 

rs2414718 15 61863133 A G 0.069797 0.011 1.98E-10 

rs28681284 15 78908565 T C -0.1016 0.0141 6.35E-13 

rs783540 15 83254708 A G -0.0599 0.011 4.77E-08 

rs12902973 15 85105982 C G -0.0791 0.0122 8.83E-11 

rs4702 15 91426560 A G -0.08051 0.0115 2.62E-12 

rs9922678 16 9946319 A G 0.068397 0.0118 6.18E-09 

rs8055219 16 13753384 A G 0.076998 0.0127 1.45E-09 

rs12691307 16 29939877 A G 0.071902 0.0113 2.03E-10 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs12932476 16 63709630 C G 0.059702 0.0109 4.62E-08 

rs4523957 17 2208899 T G 0.069703 0.0115 1.40E-09 

rs11658257 17 17956459 C G -0.0662 0.0115 8.34E-09 

rs11874716 18 52750688 T G 0.067201 0.011 1.01E-09 

rs9636107 18 53200117 A G -0.0796 0.0108 2.17E-13 

rs9966779 18 53620456 T C -0.1329 0.0231 8.56E-09 

rs715170 18 53795514 T C -0.0669 0.0122 4.65E-08 

rs72986630 19 11849736 T C 0.1459 0.0266 4.12E-08 

rs2905426 19 19478022 T G -0.0677 0.0115 4.07E-09 

rs2053079 19 30987423 A G -0.0718 0.0127 1.74E-08 

rs2103655 20 37425958 A G 0.0766 0.0119 1.24E-10 

rs1509378 2 22754466 A G 0.0692 0.0119 5.39E-09 

rs11682175 2 57987593 T C -0.0735 0.0109 1.58E-11 

rs6430095 2 1.46E+08 A G 0.0798 0.0145 3.40E-08 

rs76355118 2 1.49E+08 A G -0.1544 0.0278 2.78E-08 

rs2909457 2 1.63E+08 A G -0.0597 0.0109 4.25E-08 

rs11693094 2 1.86E+08 T C -0.0736 0.011 2.17E-11 

rs59979824 2 1.94E+08 A C -0.071 0.0119 2.73E-09 

rs281768 2 2.01E+08 A T 0.104198 0.0137 2.64E-14 

rs6434928 2 1.98E+08 A G -0.0787 0.0116 1.17E-11 

rs5995756 22 40000313 T C 0.072497 0.0109 2.91E-11 

rs9607782 22 41587556 A T 0.088697 0.0128 3.98E-12 

rs28733092 22 42537115 T C 0.070999 0.0121 4.36E-09 

rs11685299 2 2.25E+08 A C -0.0662 0.0117 1.49E-08 

rs7601312 2 2.29E+08 A G -0.059 0.0108 4.68E-08 

rs6704768 2 2.34E+08 A G -0.0766 0.0109 2.06E-12 

rs17194490 3 2547786 T G 0.0966 0.0148 6.38E-11 

rs75968099 3 36858583 T C 0.080104 0.0114 2.31E-12 

rs2535627 3 52845105 T C 0.070403 0.0109 1.17E-10 

rs832190 3 63842629 T C -0.0699 0.0113 5.73E-10 

rs6439649 3 1.36E+08 T G 0.070999 0.0111 1.37E-10 

rs34796896 3 1.81E+08 A G -0.0822 0.0135 1.23E-09 

rs215411 4 23423603 A T 0.0692 0.0115 1.68E-09 

rs35225200 4 1.03E+08 A C -0.14479 0.0203 9.56E-13 

rs1106568 4 1.77E+08 A G -0.0694 0.0125 2.85E-08 

rs17073903 4 1.84E+08 A G -0.08141 0.0148 3.92E-08 

rs4391122 5 60598543 A G -0.078 0.0109 8.90E-13 

rs16867576 5 88746331 A G 0.095801 0.017 1.61E-08 

rs3849046 5 1.38E+08 T C 0.062496 0.0109 1.04E-08 

rs111294930 5 1.52E+08 A G 0.087699 0.0143 9.29E-10 

rs76091702 5 1.52E+08 T C 0.129299 0.0236 4.49E-08 

rs11740474 5 1.54E+08 A T -0.06269 0.0112 2.00E-08 

rs13437595 6 29763308 T C 0.262203 0.0392 2.19E-11 

rs13217619 6 28306671 T C 0.219698 0.0195 1.44E-29 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs185053056 6 28680776 T C -0.2546 0.0303 4.00E-17 

rs145607970 6 32624017 A C -0.1679 0.026 1.16E-10 

rs9274538 6 32634661 A G 0.097099 0.0133 3.43E-13 

rs116334170 6 32598500 A G -0.0996 0.0144 4.54E-12 

rs9461856 6 33395199 A G 0.074996 0.0109 6.52E-12 

rs1339227 6 73155701 T C -0.0633 0.0114 3.06E-08 

rs3798869 6 84328660 A G -0.0668 0.011 1.09E-09 

rs117074560 6 96459651 T C -0.1566 0.0277 1.66E-08 

rs58120505 7 2029867 T C 0.082197 0.0111 1.26E-13 

rs12704290 7 86427626 A G -0.10611 0.0168 2.59E-10 

rs6466055 7 1.05E+08 A C 0.068798 0.0114 1.59E-09 

rs13240464 7 1.11E+08 T C 0.080704 0.0116 3.12E-12 

rs7801375 7 1.32E+08 A G -0.083 0.015 2.88E-08 

rs17529963 7 1.37E+08 T C 0.0629 0.0114 3.24E-08 

rs10108725 8 4191202 T C 0.073204 0.0133 3.32E-08 

rs73191547 8 10033425 A T -0.0669 0.0115 6.13E-09 

rs17687067 8 17036201 A C -0.0763 0.0139 4.49E-08 

rs73229090 8 27442127 A C -0.0995 0.0177 1.95E-08 

rs13261481 8 60701801 T G 0.062402 0.011 1.66E-08 

rs7819570 8 89588626 T G 0.076498 0.014 4.47E-08 

rs36068923 8 1.11E+08 A G -0.0835 0.0134 4.14E-10 

rs4129585 8 1.43E+08 A C 0.079301 0.0109 3.61E-13 

rs11139497 9 84739941 A T 0.0656 0.0118 2.65E-08 
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Table B18. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to systemising and 

schizophrenia.  

Systemising instruments 
      

SNP CHR BP A1 A2 β  SE P 

rs7567262 chr2 54057363 T C 0.81816 0.15915 2.74E-07 

rs4146336 chr3 1.17E+08 C A -0.72824 0.130795 2.58E-08 

rs7140695 chr14 65929132 T C 0.680268 0.134573 4.31E-07 

rs8045744 chr16 6284566 T G -0.64915 0.128407 4.3E-07 

rs1559586 chr18 70727724 C A -0.69696 0.127662 4.78E-08 
 

Schizophrenia instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs7002992 8 1.04E+08 T C 0.0484 0.0083 4.48E-09 

rs6715366 2 2327295 G A -0.0551 0.0094 4.23E-09 

rs77463171 16 66942206 C T -0.1465 0.0263 2.41E-08 

rs113113059 6 43160375 T C 0.061396 0.0092 2.29E-11 

rs10873538 14 1.04E+08 T G -0.0632 0.0082 9.59E-15 

rs61920311 12 14423294 A C 0.046101 0.0082 1.75E-08 

rs2532240 17 44265839 C T 0.052099 0.0083 2.72E-10 

rs55938136 17 43798360 A G 0.0615 0.0108 1.23E-08 

rs6588168 1 66324118 C T -0.0489 0.0079 5.94E-10 

rs12126806 1 2.01E+08 C T 0.049904 0.009 2.89E-08 

rs4915203 1 2E+08 A G 0.050398 0.0085 3.3E-09 

rs1658810 2 2.01E+08 C T 0.080704 0.0096 3.54E-17 

rs140001745 2 2.01E+08 T C 0.106996 0.0155 5.13E-12 

rs56335113 1 30427639 A G 0.066602 0.0084 3.15E-15 

rs581459 1 36375110 C T 0.0743 0.0123 1.32E-09 

rs1915019 8 89283689 A G 0.057599 0.0092 3.43E-10 

rs308697 3 1.61E+08 C A 0.046903 0.0079 3.35E-09 

rs13090130 3 1.62E+08 G A 0.051396 0.0079 9.92E-11 

rs2102949 12 1.24E+08 G A 0.086003 0.0087 3.18E-23 

rs75482067 12 1.23E+08 G A -0.0876 0.0148 3.06E-09 

rs2649999 12 1.21E+08 T C 0.049504 0.0082 1.28E-09 

rs12311848 12 1.24E+08 A G -0.049 0.0087 1.65E-08 

rs2686386 12 1.22E+08 C T 0.054801 0.0096 1.26E-08 

rs167924 3 1.07E+08 A G -0.0506 0.0089 1.33E-08 

rs72943392 11 81178838 G C -0.0532 0.0094 1.44E-08 

rs9975024 21 16439883 A G -0.0483 0.008 1.78E-09 

rs75968099 3 36858583 C T -0.0582 0.0089 5.16E-11 

rs1506297 3 30072307 T C 0.051102 0.0091 1.98E-08 

rs6538539 12 95195293 G T 0.047704 0.0077 5.63E-10 

rs7953300 12 92254654 G T -0.0449 0.0082 3.94E-08 

rs7312697 12 29933069 T C -0.0533 0.0081 4.85E-11 

rs28454198 4 80204001 G C 0.0486 0.0081 1.88E-09 

rs10086619 8 1.12E+08 A G -0.0691 0.0104 3.3E-11 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs4702 15 91426560 G A 0.080298 0.0081 2.15E-23 

rs11210892 1 44100084 G A 0.0675 0.0081 1.18E-16 

rs11136325 8 1.45E+08 G A 0.053 0.009 3.3E-09 

rs13262595 8 1.43E+08 A G 0.069097 0.0079 2.21E-18 

rs12301769 12 72231313 A C -0.08379 0.014 1.93E-09 

rs2022265 6 84293271 A G 0.048504 0.0077 3.74E-10 

rs10985811 9 1.01E+08 T C -0.0545 0.0098 2.53E-08 

rs4793888 17 55737740 G A -0.0609 0.0097 3.63E-10 

rs2381411 9 36319928 T C -0.045 0.0079 1.28E-08 

rs39967 5 57744788 T C -0.0604 0.0107 1.87E-08 

rs12943566 17 2157774 A G -0.0525 0.0083 2.29E-10 

rs3752827 17 1265325 T A 0.052203 0.0084 6.33E-10 

rs77502336 11 1.23E+08 G C -0.0545 0.0082 3.45E-11 

rs1940171 11 1.25E+08 A G 0.073501 0.0099 8.87E-14 

rs10515678 5 1.52E+08 C T 0.065703 0.0095 4.46E-12 

rs11740474 5 1.54E+08 A T -0.0504 0.0086 4.46E-09 

rs12652777 5 1.56E+08 T C 0.045403 0.0079 1.06E-08 

rs154433 16 58659808 G A 0.047198 0.0084 2.38E-08 

rs10957321 8 65605878 G A -0.0482 0.0077 4.18E-10 

rs298216 8 65293195 C G -0.0727 0.0123 3.45E-09 

rs6984242 8 60700469 G A 0.052697 0.0078 1.5E-11 

rs1454606 4 33642614 C T -0.0716 0.0108 2.9E-11 

rs58120505 7 2029867 T C 0.083302 0.0078 1.8E-26 

rs11972718 7 8549187 C G -0.04949 0.0088 1.57E-08 

rs17731 10 3821561 G A -0.0575 0.0079 3.76E-13 

rs4766428 12 1.11E+08 C T -0.0721 0.0085 2.61E-17 

rs2387414 19 51034243 G C -0.0515 0.0084 8.01E-10 

rs2304205 19 50168927 A C 0.070403 0.0092 2.38E-14 

rs758749 19 57189718 C T -0.0615 0.0112 4.66E-08 

rs9312586 4 1.77E+08 A G -0.0908 0.014 8.14E-11 

rs41533650 4 1.77E+08 G A -0.0724 0.0097 8.69E-14 

rs61405217 4 1.7E+08 C T 0.052004 0.0079 5.39E-11 

rs459391 21 22120508 T C 0.056598 0.01 1.54E-08 

rs6943762 7 86403263 T C 0.103296 0.0124 6.3E-17 

rs2252074 7 1.05E+08 T G -0.0603 0.0078 1.27E-14 

rs1510136 4 1.44E+08 A G 0.052602 0.0093 1.39E-08 

rs61828917 1 1.74E+08 C T 0.067603 0.011 7.95E-10 

rs16851048 1 1.77E+08 T C -0.0676 0.0097 3.06E-12 

rs12363019 11 24374545 T A -0.0516 0.0082 2.58E-10 

rs10767734 11 28642381 C T 0.050902 0.0082 5.62E-10 

rs778371 2 2.34E+08 A G -0.0741 0.0089 1.1E-16 

rs11647188 16 82648514 A G 0.044495 0.0081 3.75E-08 

rs11076631 16 89877975 A G 0.052203 0.0088 2.59E-09 

rs6919146 6 1.65E+08 T G -0.0488 0.0085 8.42E-09 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs2456020 15 78868398 C T 0.068499 0.0088 5.35E-15 

rs28521069 4 1.19E+08 C T -0.0457 0.0083 3.78E-08 

rs10117 5 1.38E+08 G A 0.055501 0.0082 9.54E-12 

rs9687282 5 1.39E+08 T G -0.0486 0.0086 1.66E-08 

rs28490262 3 80814042 G C 0.053199 0.0086 6.68E-10 

rs13195636 6 27509493 A C 0.210504 0.0159 6.55E-40 

rs356183 4 90626098 G C 0.044304 0.008 3.37E-08 

rs13230189 7 1.37E+08 C T 0.071902 0.0081 1.04E-18 

rs35792732 7 1.33E+08 C T 0.060399 0.0106 1.08E-08 

rs1593304 7 1.32E+08 A G -0.0642 0.0101 2.37E-10 

rs10947452 6 33803752 T C -0.0448 0.0081 3.69E-08 

rs9461856 6 33395199 G A -0.0639 0.0078 3.23E-16 

rs3131295 6 32173257 G A 0.0599 0.008 9.97E-14 

rs11693094 2 1.86E+08 C T 0.057297 0.0078 2.2E-13 

rs12129573 1 73768366 C A -0.0681 0.0082 1.42E-16 

rs1121296 1 72174197 T C 0.047303 0.008 3.74E-09 

rs11619756 13 44329004 G A 0.047103 0.0082 7.97E-09 

rs215483 4 23377121 G A -0.0507 0.0084 1.59E-09 

rs4697446 4 24269622 G T -0.0446 0.0079 1.67E-08 

rs7647398 3 1.81E+08 C T 0.085003 0.01 2.21E-17 

rs9882532 3 16865845 T C -0.05309 0.0087 8.57E-10 

rs6577597 3 17871326 A G -0.0526 0.0085 5.52E-10 

rs3739554 9 1.3E+08 A G -0.0576 0.0103 2.26E-08 

rs5995756 22 40000313 T C 0.056399 0.0084 2.38E-11 

rs9607782 22 41587556 T A -0.0725 0.0097 7.1E-14 

rs4822076 22 42364057 C T -0.0597 0.0089 1.94E-11 

rs1451488 2 2E+08 A G -0.066 0.0079 6.72E-17 

rs13032111 2 1.94E+08 T G 0.043203 0.0077 2.15E-08 

rs2914983 2 1.98E+08 A G 0.062796 0.0081 1.1E-14 

rs10190027 2 37190726 C T -0.04971 0.0089 2.57E-08 

rs3770752 2 37576136 A G 0.057401 0.0086 2.86E-11 

rs6925079 6 64946311 T C -0.0448 0.0081 3.58E-08 

rs6065094 20 37453194 A G -0.0634 0.0082 1.41E-14 

rs13219424 6 1.28E+08 C T 0.045996 0.0084 4.52E-08 

rs60135207 3 71563777 G T 0.049599 0.0087 1.27E-08 

rs12991836 2 1.45E+08 A C -0.0584 0.008 2.72E-13 

rs16825349 2 1.46E+08 A G -0.0704 0.0104 1.32E-11 

rs10777187 12 89940502 T C 0.050902 0.0092 2.82E-08 

rs12713008 2 48503561 G A 0.043002 0.0078 3.05E-08 

rs500102 9 77358745 T C 0.043299 0.0079 4.15E-08 

rs72761691 9 1.35E+08 A C -0.0664 0.0116 1.07E-08 

rs2078266 9 1.38E+08 A G 0.0618 0.0113 4.86E-08 

rs79668541 10 1.05E+08 C T 0.120703 0.0121 2.11E-23 

rs79780963 10 1.05E+08 C T 0.118396 0.0122 2.53E-22 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs1856507 6 73157926 C A 0.050398 0.008 3E-10 

rs9454727 6 70003389 A G 0.054801 0.0098 1.93E-08 

rs578470 12 50463325 T C -0.0462 0.0083 2.33E-08 

rs61937595 12 57682956 C T 0.121996 0.0158 1.32E-14 

rs73292401 17 12875908 T A -0.0659 0.0103 1.82E-10 

rs9891739 17 19942177 C T -0.045 0.008 2.18E-08 

rs4073003 17 19148305 A G 0.080603 0.0116 4.2E-12 

rs8055219 16 13753384 G A -0.0672 0.0095 1.57E-12 

rs252812 5 1.07E+08 A G 0.053 0.0093 1.3E-08 

rs35164357 5 1.09E+08 C T -0.0605 0.0096 2.59E-10 

rs10861176 12 1.05E+08 G A -0.0504 0.0086 5.23E-09 

rs3764002 12 1.09E+08 C T -0.0517 0.0086 1.65E-09 

rs2455415 13 38860697 C T -0.04759 0.0081 3.43E-09 

rs1924377 13 38362106 G C 0.046903 0.0082 8.71E-09 

rs55929115 3 1.18E+08 T A 0.072004 0.013 3.21E-08 

rs10035564 5 45252500 A G -0.06481 0.0081 1.65E-15 

rs1540840 14 99733384 G C 0.054999 0.009 1.04E-09 

rs17194490 3 2547786 G T -0.0781 0.0116 1.85E-11 

rs61857878 10 92789488 A T 0.0599 0.0099 1.46E-09 

rs2514218 11 1.13E+08 C T 0.069899 0.009 6.46E-15 

rs17644050 2 1.56E+08 G C -0.0538 0.0098 4.02E-08 

rs79210963 7 24717969 T C -0.0863 0.0129 2.58E-11 

rs7811417 7 21534152 T C 0.048304 0.0081 2.17E-09 

rs12285419 11 46343189 C A -0.0812 0.01 3.73E-16 

rs634940 6 93077500 G T -0.0649 0.0098 2.88E-11 

rs6925964 6 96475894 A T 0.097499 0.0176 3.19E-08 

rs9304548 18 27500959 C A 0.060003 0.0089 1.9E-11 

rs2710323 3 52815905 T C 0.074597 0.0077 5.92E-22 

rs11917680 3 50471408 G T 0.056702 0.0091 4.17E-10 

rs7432375 3 1.36E+08 G A 0.063801 0.0082 5.32E-15 

rs2238304 15 89843950 A T 0.049599 0.0078 1.73E-10 

rs4779050 15 83368738 T G 0.049304 0.0079 4.18E-10 

rs11638554 15 85148231 T G 0.064504 0.0089 3.62E-13 

rs6673880 1 2373168 A G -0.061 0.0086 1.32E-12 

rs11121172 1 8418644 C A 0.054602 0.0089 7.15E-10 

rs11122119 1 6768856 C A -0.0453 0.0081 2.31E-08 

rs9597388 13 56928696 G A 0.066798 0.0101 3.24E-11 

rs9569820 13 58702746 G T -0.0676 0.0109 6.56E-10 

rs7938083 11 57493622 C A -0.0524 0.0087 1.6E-09 

rs10069930 5 1.4E+08 T A 0.048304 0.0079 9.43E-10 

rs6479487 9 96237373 T G -0.0587 0.0103 1.37E-08 

rs7609876 3 1.77E+08 T C -0.0512 0.0089 9.4E-09 

rs2224086 1 1.15E+08 C A -0.0577 0.0103 2.09E-08 

rs144821294 19 2155136 C T -0.138 0.0242 1.22E-08 



Appendix B 

219 
 

Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs72974269 2 2.25E+08 C T 0.052099 0.0083 2.76E-10 

rs35351411 15 61872197 A C -0.0573 0.0079 3.13E-13 

rs3814883 16 29994922 C T 0.060898 0.0079 8.82E-15 

rs72723227 5 7245664 G A 0.047999 0.0082 4.58E-09 

rs1463209 12 39518293 C T 0.047704 0.0081 3.34E-09 

rs2190864 14 72416219 T C 0.066097 0.008 1.12E-16 

rs2206956 6 1.47E+08 G A -0.0462 0.0078 2.51E-09 

rs9390083 6 1.44E+08 C G -0.05719 0.0103 2.95E-08 

rs1858999 19 19497669 C G 0.060502 0.0081 7.97E-14 

rs72986630 19 11849736 C T -0.1117 0.0177 3.07E-10 

rs322128 19 11402416 C T -0.0567 0.0095 2.08E-09 

rs12431743 14 84673716 G A -0.0456 0.008 1.26E-08 

rs9926049 16 9939960 C A -0.0556 0.0088 3.16E-10 

rs8048039 16 4498486 A T 0.049 0.0083 4.35E-09 

rs10127983 1 1.54E+08 C T -0.0463 0.0084 3.11E-08 

rs12138231 1 1.5E+08 T A -0.0671 0.0116 7.21E-09 

rs7915131 10 64418656 C T 0.042695 0.0078 4.94E-08 

rs13107325 4 1.03E+08 C T -0.1587 0.0168 2.9E-21 

rs6839635 4 1.04E+08 C A -0.0432 0.0079 3.87E-08 

rs2153960 6 1.09E+08 G A 0.051396 0.0084 9.22E-10 

rs117799466 15 34659517 G C -0.0481 0.0087 3.86E-08 

rs6504163 17 61545779 C T -0.0492 0.0082 1.87E-09 

rs6732355 2 1.05E+08 C A -0.0587 0.0094 4.36E-10 

rs2119242 10 21344773 G A -0.0602 0.0106 1.34E-08 

rs11807834 1 2.3E+08 G A -0.053 0.0093 1.12E-08 

rs11587347 1 2.39E+08 C G -0.1028 0.0139 1.5E-13 

rs145071536 1 2.44E+08 T C -0.0817 0.0119 5.76E-12 

rs10148671 14 29469373 T C -0.0479 0.0083 6.82E-09 

rs6482437 10 18726326 A C -0.10471 0.0135 1.05E-14 

rs115325222 5 88854539 A G 0.090398 0.0151 1.93E-09 

rs6969410 7 1.1E+08 T G 0.055501 0.0083 1.9E-11 

rs38752 7 1.11E+08 T G 0.060003 0.0081 1.08E-13 

rs1589726 7 79348201 C T 0.077896 0.0137 1.2E-08 

rs10238960 7 70773271 C T -0.0482 0.0084 7.65E-09 

rs2944821 7 71795998 G C 0.047799 0.008 1.9E-09 

rs7701440 5 60620980 T C -0.0638 0.008 1.86E-15 

rs73229090 8 27442127 C A 0.102602 0.0142 4.34E-13 

rs3808581 8 26250047 G A -0.06699 0.0097 3.82E-12 

rs2717003 2 58143438 A G -0.07529 0.008 2.76E-21 

rs12969453 18 52751708 A G 0.054299 0.0078 3.53E-12 

rs715170 18 53795514 C T 0.064701 0.009 7.4E-13 

rs4632195 18 50746748 C T -0.0498 0.0084 2.73E-09 

rs9636107 18 53200117 A G -0.0609 0.0081 5.72E-14 

rs17571951 14 30017039 T C -0.0645 0.0105 7.89E-10 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs12883788 14 33303540 C T -0.0543 0.0079 8.43E-12 

rs8104557 19 31030189 T C -0.0604 0.011 3.76E-08 

rs3810450 19 36530562 T C 0.092497 0.016 8.27E-09 

rs505061 9 22767164 C A -0.0499 0.0077 1.03E-10 

rs9545047 13 79859456 A C 0.053797 0.0081 3.05E-11 

rs58950470 11 65383755 G T -0.0493 0.0086 1.1E-08 

rs6546857 2 73837955 A G -0.0603 0.0101 2.8E-09 

rs11897811 2 76267139 C T -0.0575 0.0102 1.49E-08 

rs999494 2 73157395 C T 0.057599 0.0101 1.04E-08 

rs1198588 1 98552832 A T -0.0964 0.0103 7.88E-21 

rs59519965 1 97168334 G T -0.0582 0.0098 3.36E-09 

rs72728416 1 97834691 A G -0.0598 0.0087 4.99E-12 

rs337718 18 69774278 T C 0.0492 0.0084 4.39E-09 

rs6588355 1 50113591 T C 0.049504 0.009 3.65E-08 

rs56205728 15 40567237 G A -0.0575 0.0093 5.43E-10 

rs2929278 15 44250313 C T 0.061904 0.0091 8.5E-12 

rs9287971 2 1.75E+08 G A -0.0458 0.0083 3.82E-08 

rs62184960 2 1.73E+08 C T 0.069797 0.0122 1.08E-08 

rs6430492 2 1.35E+08 G A 0.057703 0.0094 6.72E-10 

rs331395 5 91006918 C G -0.0549 0.009 1.27E-09 

rs4672366 2 60389362 A T 0.049799 0.0087 1.07E-08 

rs10503253 8 4180844 C A -0.0602 0.0091 4.37E-11 

rs72980087 18 77632194 G A -0.0644 0.0079 4.06E-16 

rs7238071 18 77579812 A G -0.0629 0.0084 9.29E-14 

rs4937935 11 1.35E+08 A T -0.0539 0.0081 2.3E-11 

rs1440480 11 1.34E+08 A G 0.057504 0.0086 2.52E-11 

rs10894308 11 1.31E+08 G A 0.047704 0.0079 1.36E-09 

rs4936215 11 1.34E+08 A G 0.082796 0.0104 1.86E-15 

rs1939514 11 1.33E+08 T C 0.055198 0.0077 1.06E-12 

rs79445414 8 33863561 T C -0.1235 0.0222 2.63E-08 

rs7816998 8 38257506 G A 0.057797 0.0092 3.11E-10 

rs35045093 7 1.28E+08 A C 0.056598 0.0103 3.36E-08 

rs61786047 1 29032580 G A 0.078802 0.0135 4.91E-09 

rs6010045 22 51103091 T C -0.0477 0.0085 1.82E-08 

rs704364 3 63874734 A G 0.050303 0.0082 8.41E-10 

rs9813516 3 60293004 G A -0.0513 0.0084 1.25E-09 

rs498591 9 14509105 A T -0.0679 0.0111 9.59E-10 

rs2890914 9 10239181 A G -0.0432 0.0077 2.31E-08 

rs10774034 12 2330458 C T -0.08329 0.0085 7.1E-23 

rs12712510 2 22749726 T C 0.051501 0.0084 9.34E-10 

rs141216273 2 25599172 C A -0.1247 0.0228 4.49E-08 

rs12474906 2 28033538 A C 0.056796 0.0095 2.2E-09 

rs2909457 2 1.63E+08 G A 0.045805 0.0083 3.09E-08 

rs35734242 4 706700 T C -0.0499 0.008 3.93E-10 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs11696755 20 48105317 T C -0.0653 0.0104 2.99E-10 
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Table B19. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to systemising and 

psychotic experiences.  

Systemising instruments 
      

SNP CHR BP A1 A2 β  SE P 

rs7567262 chr2 54057363 T C 0.81816 0.15915 2.74E-07 

rs4146336 chr3 1.17E+08 C A -0.72824 0.130795 2.58E-08 

rs7140695 chr14 65929132 T C 0.680268 0.134573 4.31E-07 

rs8045744 chr16 6284566 T G -0.64915 0.128407 4.3E-07 

rs1559586 chr18 70727724 C A -0.69696 0.127662 4.78E-08 
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Table B20. Effect sizes, standard errors and p-values of genetic instruments used for the analyses 

investigating causal links between genetic liability to systemising and schizophrenia (European 

ancestry only- Ripke et al., 2014).  

Systemising instruments 
      

SNP CHR BP A1 A2 β SE P 

rs7567262 chr2 54057363 T C 0.81816 0.15915 2.74E-07 

rs4146336 chr3 1.17E+08 C A -0.72824 0.130795 2.58E-08 

rs7140695 chr14 65929132 T C 0.680268 0.134573 4.31E-07 

rs8045744 chr16 6284566 T G -0.64915 0.128407 4.3E-07 

rs1559586 chr18 70727724 C A -0.69696 0.127662 4.78E-08 
 

Schizophrenia instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs4648845 1 2387101 T C 0.067201 0.0119 1.74E-08 

rs7893279 10 18745105 T G 0.1124 0.0175 1.24E-10 

rs301797 1 8487323 A C 0.066097 0.0116 1.2E-08 

rs11191419 10 1.05E+08 A T -0.1016 0.0118 6.69E-18 

rs79780963 10 1.05E+08 T C -0.1597 0.0195 2.79E-16 

rs1498232 1 30433951 T C 0.072004 0.0118 1.21E-09 

rs11210892 1 44100084 A G -0.0678 0.0115 3.42E-09 

rs35998080 1 73278615 T G 0.069004 0.0112 6.95E-10 

rs1702294 1 98501984 T C -0.1184 0.0138 1.03E-17 

rs11027857 11 24403620 A G 0.063998 0.0109 3.67E-09 

rs35324223 11 46402852 A G -0.09199 0.0145 2.04E-10 

rs2514218 11 1.13E+08 T C -0.07221 0.0116 4.64E-10 

rs55661361 11 1.25E+08 A G -0.07881 0.0116 1.04E-11 

rs10791097 11 1.31E+08 T G 0.0766 0.0109 2.05E-12 

rs75059851 11 1.34E+08 A G 0.091302 0.0136 2.18E-11 

rs12062861 1 1.5E+08 A G -0.0911 0.0149 9.66E-10 

rs1024582 12 2402246 A G 0.098904 0.0115 6.27E-18 

rs679087 12 29917265 A C -0.0642 0.0116 3.28E-08 

rs12826178 12 57622371 T G -0.16821 0.0244 5.7E-12 

rs4766428 12 1.11E+08 T C 0.069395 0.0112 6.12E-10 

rs1615350 12 1.24E+08 T C -0.0851 0.0123 4.26E-12 

rs10803138 1 2.44E+08 A G -0.07221 0.0126 1.13E-08 

rs1191551 14 30000405 T G 0.071697 0.0131 4.21E-08 

rs67981189 14 71472226 A G -0.0698 0.0118 3.75E-09 

rs2332700 14 72417326 C G 0.0771 0.0125 7.38E-10 

rs2693698 14 99719219 A G -0.06171 0.0111 2.99E-08 

rs12887734 14 1.04E+08 T G 0.088304 0.0121 3.72E-13 

rs2414718 15 61863133 A G 0.069797 0.011 1.98E-10 

rs28681284 15 78908565 T C -0.1016 0.0141 6.35E-13 

rs783540 15 83254708 A G -0.0599 0.011 4.77E-08 

rs12902973 15 85105982 C G -0.0791 0.0122 8.83E-11 

rs4702 15 91426560 A G -0.08051 0.0115 2.62E-12 

rs9922678 16 9946319 A G 0.068397 0.0118 6.18E-09 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs8055219 16 13753384 A G 0.076998 0.0127 1.45E-09 

rs12691307 16 29939877 A G 0.071902 0.0113 2.03E-10 

rs12932476 16 63709630 C G 0.059702 0.0109 4.62E-08 

rs4523957 17 2208899 T G 0.069703 0.0115 1.4E-09 

rs11658257 17 17956459 C G -0.0662 0.0115 8.34E-09 

rs11874716 18 52750688 T G 0.067201 0.011 1.01E-09 

rs9636107 18 53200117 A G -0.0796 0.0108 2.17E-13 

rs9966779 18 53620456 T C -0.1329 0.0231 8.56E-09 

rs715170 18 53795514 T C -0.0669 0.0122 4.65E-08 

rs72986630 19 11849736 T C 0.1459 0.0266 4.12E-08 

rs2905426 19 19478022 T G -0.0677 0.0115 4.07E-09 

rs2053079 19 30987423 A G -0.0718 0.0127 1.74E-08 

rs2103655 20 37425958 A G 0.0766 0.0119 1.24E-10 

rs1509378 2 22754466 A G 0.0692 0.0119 5.39E-09 

rs11682175 2 57987593 T C -0.0735 0.0109 1.58E-11 

rs6430095 2 1.46E+08 A G 0.0798 0.0145 3.4E-08 

rs76355118 2 1.49E+08 A G -0.1544 0.0278 2.78E-08 

rs2909457 2 1.63E+08 A G -0.0597 0.0109 4.25E-08 

rs11693094 2 1.86E+08 T C -0.0736 0.011 2.17E-11 

rs59979824 2 1.94E+08 A C -0.071 0.0119 2.73E-09 

rs281768 2 2.01E+08 A T 0.104198 0.0137 2.64E-14 

rs6434928 2 1.98E+08 A G -0.0787 0.0116 1.17E-11 

rs5995756 22 40000313 T C 0.072497 0.0109 2.91E-11 

rs9607782 22 41587556 A T 0.088697 0.0128 3.98E-12 

rs28733092 22 42537115 T C 0.070999 0.0121 4.36E-09 

rs11685299 2 2.25E+08 A C -0.0662 0.0117 1.49E-08 

rs7601312 2 2.29E+08 A G -0.059 0.0108 4.68E-08 

rs6704768 2 2.34E+08 A G -0.0766 0.0109 2.06E-12 

rs17194490 3 2547786 T G 0.0966 0.0148 6.38E-11 

rs75968099 3 36858583 T C 0.080104 0.0114 2.31E-12 

rs2535627 3 52845105 T C 0.070403 0.0109 1.17E-10 

rs832190 3 63842629 T C -0.0699 0.0113 5.73E-10 

rs6439649 3 1.36E+08 T G 0.070999 0.0111 1.37E-10 

rs34796896 3 1.81E+08 A G -0.0822 0.0135 1.23E-09 

rs215411 4 23423603 A T 0.0692 0.0115 1.68E-09 

rs35225200 4 1.03E+08 A C -0.14479 0.0203 9.56E-13 

rs1106568 4 1.77E+08 A G -0.0694 0.0125 2.85E-08 

rs17073903 4 1.84E+08 A G -0.08141 0.0148 3.92E-08 

rs4391122 5 60598543 A G -0.078 0.0109 8.9E-13 

rs16867576 5 88746331 A G 0.095801 0.017 1.61E-08 

rs3849046 5 1.38E+08 T C 0.062496 0.0109 1.04E-08 

rs111294930 5 1.52E+08 A G 0.087699 0.0143 9.29E-10 

rs76091702 5 1.52E+08 T C 0.129299 0.0236 4.49E-08 

rs11740474 5 1.54E+08 A T -0.06269 0.0112 2E-08 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs13437595 6 29763308 T C 0.262203 0.0392 2.19E-11 

rs13217619 6 28306671 T C 0.219698 0.0195 1.44E-29 

rs185053056 6 28680776 T C -0.2546 0.0303 4E-17 

rs145607970 6 32624017 A C -0.1679 0.026 1.16E-10 

rs9274538 6 32634661 A G 0.097099 0.0133 3.43E-13 

rs116334170 6 32598500 A G -0.0996 0.0144 4.54E-12 

rs9461856 6 33395199 A G 0.074996 0.0109 6.52E-12 

rs1339227 6 73155701 T C -0.0633 0.0114 3.06E-08 

rs3798869 6 84328660 A G -0.0668 0.011 1.09E-09 

rs117074560 6 96459651 T C -0.1566 0.0277 1.66E-08 

rs58120505 7 2029867 T C 0.082197 0.0111 1.26E-13 

rs12704290 7 86427626 A G -0.10611 0.0168 2.59E-10 

rs6466055 7 1.05E+08 A C 0.068798 0.0114 1.59E-09 

rs13240464 7 1.11E+08 T C 0.080704 0.0116 3.12E-12 

rs7801375 7 1.32E+08 A G -0.083 0.015 2.88E-08 

rs17529963 7 1.37E+08 T C 0.0629 0.0114 3.24E-08 

rs10108725 8 4191202 T C 0.073204 0.0133 3.32E-08 

rs73191547 8 10033425 A T -0.0669 0.0115 6.13E-09 

rs17687067 8 17036201 A C -0.0763 0.0139 4.49E-08 

rs73229090 8 27442127 A C -0.0995 0.0177 1.95E-08 

rs13261481 8 60701801 T G 0.062402 0.011 1.66E-08 

rs7819570 8 89588626 T G 0.076498 0.014 4.47E-08 

rs36068923 8 1.11E+08 A G -0.0835 0.0134 4.14E-10 

rs4129585 8 1.43E+08 A C 0.079301 0.0109 3.61E-13 

rs11139497 9 84739941 A T 0.0656 0.0118 2.65E-08 
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Table B21. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to autism (excluding 

ID cases) and schizophrenia.  

Autism no ID instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs529507 11 1.32E+08 A G -0.1354 0.0241 1.88E-08 

rs574626 18 55882192 T C 0.095101 0.0181 1.54E-07 

rs1402807 1 96597055 T C 0.092497 0.018 2.73E-07 

rs8182800 20 21531772 A G 0.124101 0.0203 9.02E-10 

rs13012522 2 1.4E+08 T G 0.096301 0.0177 5.73E-08 

rs10197246 2 2.02E+08 T C 0.100298 0.0186 6.94E-08 

rs148587110 3 20641966 T C -0.4697 0.0907 2.21E-07 

rs114489105 4 1.32E+08 T G 0.199596 0.0384 2.05E-07 

rs4916723 5 87854395 A C -0.09 0.0173 1.9E-07 

rs6964453 7 78210447 A T -0.107 0.02 8.16E-08 
 

Schizophrenia instruments 
      

CHR SNP BP A1 A2 logOR SE P 

8 rs7002992 1.04E+08 T C 0.0484 0.0083 4.48E-09 

2 rs6715366 2327295 G A -0.0551 0.0094 4.23E-09 

16 rs77463171 66942206 C T -0.1465 0.0263 2.41E-08 

6 rs113113059 43160375 T C 0.061396 0.0092 2.29E-11 

14 rs10873538 1.04E+08 T G -0.0632 0.0082 9.59E-15 

12 rs61920311 14423294 A C 0.046101 0.0082 1.75E-08 

17 rs2532240 44265839 C T 0.052099 0.0083 2.72E-10 

1 rs6588168 66324118 C T -0.0489 0.0079 5.94E-10 

1 rs12126806 2.01E+08 C T 0.049904 0.009 2.89E-08 

1 rs4915203 2E+08 A G 0.050398 0.0085 3.30E-09 

2 rs1658810 2.01E+08 C T 0.080704 0.0096 3.54E-17 

2 rs140001745 2.01E+08 T C 0.106996 0.0155 5.13E-12 

1 rs56335113 30427639 A G 0.066602 0.0084 3.15E-15 

1 rs581459 36375110 C T 0.0743 0.0123 1.32E-09 

8 rs1915019 89283689 A G 0.057599 0.0092 3.43E-10 

3 rs308697 1.61E+08 C A 0.046903 0.0079 3.35E-09 

3 rs13090130 1.62E+08 G A 0.051396 0.0079 9.92E-11 

12 rs2102949 1.24E+08 G A 0.086003 0.0087 3.18E-23 

12 rs75482067 1.23E+08 G A -0.0876 0.0148 3.06E-09 

12 rs2649999 1.21E+08 T C 0.049504 0.0082 1.28E-09 

12 rs12311848 1.24E+08 A G -0.049 0.0087 1.65E-08 

12 rs2686386 1.22E+08 C T 0.054801 0.0096 1.26E-08 

3 rs167924 1.07E+08 A G -0.0506 0.0089 1.33E-08 

11 rs72943392 81178838 G C -0.0532 0.0094 1.44E-08 

21 rs9975024 16439883 A G -0.0483 0.008 1.78E-09 

3 rs75968099 36858583 C T -0.0582 0.0089 5.16E-11 

3 rs1506297 30072307 T C 0.051102 0.0091 1.98E-08 

12 rs6538539 95195293 G T 0.047704 0.0077 5.63E-10 
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Schizophrenia instruments (continued) 

CHR SNP BP A1 A2 logOR SE P 

12 rs7953300 92254654 G T -0.0449 0.0082 3.94E-08 

2 rs7575796 97746526 A G 0.0969 0.0171 1.57E-08 

12 rs7312697 29933069 T C -0.0533 0.0081 4.85E-11 

4 rs28454198 80204001 G C 0.0486 0.0081 1.88E-09 

8 rs10086619 1.12E+08 A G -0.0691 0.0104 3.30E-11 

15 rs4702 91426560 G A 0.080298 0.0081 2.15E-23 

1 rs11210892 44100084 G A 0.0675 0.0081 1.18E-16 

8 rs11136325 1.45E+08 G A 0.053 0.009 3.30E-09 

8 rs13262595 1.43E+08 A G 0.069097 0.0079 2.21E-18 

12 rs12301769 72231313 A C -0.08379 0.014 1.93E-09 

6 rs2022265 84293271 A G 0.048504 0.0077 3.74E-10 

9 rs10985811 1.01E+08 T C -0.0545 0.0098 2.53E-08 

17 rs4793888 55737740 G A -0.0609 0.0097 3.63E-10 

9 rs2381411 36319928 T C -0.045 0.0079 1.28E-08 

5 rs39967 57744788 T C -0.0604 0.0107 1.87E-08 

17 rs12943566 2157774 A G -0.0525 0.0083 2.29E-10 

17 rs3752827 1265325 T A 0.052203 0.0084 6.33E-10 

11 rs77502336 1.23E+08 G C -0.0545 0.0082 3.45E-11 

11 rs1940171 1.25E+08 A G 0.073501 0.0099 8.87E-14 

5 rs10515678 1.52E+08 C T 0.065703 0.0095 4.46E-12 

5 rs11740474 1.54E+08 A T -0.0504 0.0086 4.46E-09 

5 rs12652777 1.56E+08 T C 0.045403 0.0079 1.06E-08 

16 rs154433 58659808 G A 0.047198 0.0084 2.38E-08 

8 rs10957321 65605878 G A -0.0482 0.0077 4.18E-10 

8 rs298216 65293195 C G -0.0727 0.0123 3.45E-09 

8 rs6984242 60700469 G A 0.052697 0.0078 1.50E-11 

4 rs1454606 33642614 C T -0.0716 0.0108 2.90E-11 

7 rs58120505 2029867 T C 0.083302 0.0078 1.80E-26 

7 rs11972718 8549187 C G -0.04949 0.0088 1.57E-08 

10 rs17731 3821561 G A -0.0575 0.0079 3.76E-13 

12 rs4766428 1.11E+08 C T -0.0721 0.0085 2.61E-17 

19 rs2387414 51034243 G C -0.0515 0.0084 8.01E-10 

19 rs2304205 50168927 A C 0.070403 0.0092 2.38E-14 

19 rs758749 57189718 C T -0.0615 0.0112 4.66E-08 

4 rs9312586 1.77E+08 A G -0.0908 0.014 8.14E-11 

4 rs41533650 1.77E+08 G A -0.0724 0.0097 8.69E-14 

4 rs61405217 1.7E+08 C T 0.052004 0.0079 5.39E-11 

21 rs459391 22120508 T C 0.056598 0.01 1.54E-08 

7 rs6943762 86403263 T C 0.103296 0.0124 6.30E-17 

7 rs2252074 1.05E+08 T G -0.0603 0.0078 1.27E-14 

4 rs1510136 1.44E+08 A G 0.052602 0.0093 1.39E-08 

1 rs61828917 1.74E+08 C T 0.067603 0.011 7.95E-10 

1 rs16851048 1.77E+08 T C -0.0676 0.0097 3.06E-12 

11 rs12363019 24374545 T A -0.0516 0.0082 2.58E-10 



Appendix B 

228 
 

Schizophrenia instruments (continued) 

CHR SNP BP A1 A2 logOR SE P 

11 rs10767734 28642381 C T 0.050902 0.0082 5.62E-10 

2 rs778371 2.34E+08 A G -0.0741 0.0089 1.10E-16 

16 rs11647188 82648514 A G 0.044495 0.0081 3.75E-08 

16 rs11076631 89877975 A G 0.052203 0.0088 2.59E-09 

6 rs6919146 1.65E+08 T G -0.0488 0.0085 8.42E-09 

15 rs2456020 78868398 C T 0.068499 0.0088 5.35E-15 

4 rs28521069 1.19E+08 C T -0.0457 0.0083 3.78E-08 

5 rs10117 1.38E+08 G A 0.055501 0.0082 9.54E-12 

5 rs9687282 1.39E+08 T G -0.0486 0.0086 1.66E-08 

3 rs28490262 80814042 G C 0.053199 0.0086 6.68E-10 

6 rs13195636 27509493 A C 0.210504 0.0159 6.55E-40 

4 rs356183 90626098 G C 0.044304 0.008 3.37E-08 

7 rs13230189 1.37E+08 C T 0.071902 0.0081 1.04E-18 

7 rs35792732 1.33E+08 C T 0.060399 0.0106 1.08E-08 

7 rs1593304 1.32E+08 A G -0.0642 0.0101 2.37E-10 

6 rs10947452 33803752 T C -0.0448 0.0081 3.69E-08 

6 rs9461856 33395199 G A -0.0639 0.0078 3.23E-16 

6 rs3131295 32173257 G A 0.0599 0.008 9.97E-14 

2 rs11693094 1.86E+08 C T 0.057297 0.0078 2.20E-13 

1 rs12129573 73768366 C A -0.0681 0.0082 1.42E-16 

1 rs1121296 72174197 T C 0.047303 0.008 3.74E-09 

13 rs11619756 44329004 G A 0.047103 0.0082 7.97E-09 

4 rs215483 23377121 G A -0.0507 0.0084 1.59E-09 

4 rs4697446 24269622 G T -0.0446 0.0079 1.67E-08 

3 rs7647398 1.81E+08 C T 0.085003 0.01 2.21E-17 

3 rs9882532 16865845 T C -0.05309 0.0087 8.57E-10 

3 rs6577597 17871326 A G -0.0526 0.0085 5.52E-10 

9 rs3739554 1.3E+08 A G -0.0576 0.0103 2.26E-08 

22 rs5995756 40000313 T C 0.056399 0.0084 2.38E-11 

22 rs9607782 41587556 T A -0.0725 0.0097 7.10E-14 

22 rs4822076 42364057 C T -0.0597 0.0089 1.94E-11 

2 rs1451488 2E+08 A G -0.066 0.0079 6.72E-17 

2 rs13032111 1.94E+08 T G 0.043203 0.0077 2.15E-08 

2 rs2914983 1.98E+08 A G 0.062796 0.0081 1.10E-14 

2 rs10190027 37190726 C T -0.04971 0.0089 2.57E-08 

2 rs3770752 37576136 A G 0.057401 0.0086 2.86E-11 

6 rs6925079 64946311 T C -0.0448 0.0081 3.58E-08 

20 rs6065094 37453194 A G -0.0634 0.0082 1.41E-14 

6 rs13219424 1.28E+08 C T 0.045996 0.0084 4.52E-08 

3 rs60135207 71563777 G T 0.049599 0.0087 1.27E-08 

2 rs12991836 1.45E+08 A C -0.0584 0.008 2.72E-13 

2 rs16825349 1.46E+08 A G -0.0704 0.0104 1.32E-11 

12 rs10777187 89940502 T C 0.050902 0.0092 2.82E-08 

2 rs12713008 48503561 G A 0.043002 0.0078 3.05E-08 
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Schizophrenia instruments (continued) 

CHR SNP BP A1 A2 logOR SE P 

9 rs500102 77358745 T C 0.043299 0.0079 4.15E-08 

9 rs72761691 1.35E+08 A C -0.0664 0.0116 1.07E-08 

10 rs79668541 1.05E+08 C T 0.120703 0.0121 2.11E-23 

6 rs1856507 73157926 C A 0.050398 0.008 3.00E-10 

6 rs9454727 70003389 A G 0.054801 0.0098 1.93E-08 

12 rs578470 50463325 T C -0.0462 0.0083 2.33E-08 

12 rs61937595 57682956 C T 0.121996 0.0158 1.32E-14 

17 rs73292401 12875908 T A -0.0659 0.0103 1.82E-10 

17 rs9891739 19942177 C T -0.045 0.008 2.18E-08 

17 rs4073003 19148305 A G 0.080603 0.0116 4.20E-12 

16 rs8055219 13753384 G A -0.0672 0.0095 1.57E-12 

5 rs252812 1.07E+08 A G 0.053 0.0093 1.30E-08 

5 rs35164357 1.09E+08 C T -0.0605 0.0096 2.59E-10 

12 rs10861176 1.05E+08 G A -0.0504 0.0086 5.23E-09 

12 rs3764002 1.09E+08 C T -0.0517 0.0086 1.65E-09 

13 rs2455415 38860697 C T -0.04759 0.0081 3.43E-09 

13 rs1924377 38362106 G C 0.046903 0.0082 8.71E-09 

3 rs55929115 1.18E+08 T A 0.072004 0.013 3.21E-08 

5 rs10035564 45252500 A G -0.06481 0.0081 1.65E-15 

14 rs1540840 99733384 G C 0.054999 0.009 1.04E-09 

3 rs17194490 2547786 G T -0.0781 0.0116 1.85E-11 

10 rs61857878 92789488 A T 0.0599 0.0099 1.46E-09 

11 rs2514218 1.13E+08 C T 0.069899 0.009 6.46E-15 

2 rs17644050 1.56E+08 G C -0.0538 0.0098 4.02E-08 

7 rs79210963 24717969 T C -0.0863 0.0129 2.58E-11 

7 rs7811417 21534152 T C 0.048304 0.0081 2.17E-09 

11 rs12285419 46343189 C A -0.0812 0.01 3.73E-16 

6 rs634940 93077500 G T -0.0649 0.0098 2.88E-11 

6 rs6925964 96475894 A T 0.097499 0.0176 3.19E-08 

18 rs9304548 27500959 C A 0.060003 0.0089 1.90E-11 

3 rs2710323 52815905 T C 0.074597 0.0077 5.92E-22 

3 rs11917680 50471408 G T 0.056702 0.0091 4.17E-10 

3 rs7432375 1.36E+08 G A 0.063801 0.0082 5.32E-15 

15 rs2238304 89843950 A T 0.049599 0.0078 1.73E-10 

15 rs4779050 83368738 T G 0.049304 0.0079 4.18E-10 

15 rs11638554 85148231 T G 0.064504 0.0089 3.62E-13 

1 rs6673880 2373168 A G -0.061 0.0086 1.32E-12 

1 rs11121172 8418644 C A 0.054602 0.0089 7.15E-10 

1 rs11122119 6768856 C A -0.0453 0.0081 2.31E-08 

13 rs9597388 56928696 G A 0.066798 0.0101 3.24E-11 

13 rs9569820 58702746 G T -0.0676 0.0109 6.56E-10 

11 rs7938083 57493622 C A -0.0524 0.0087 1.60E-09 

5 rs10069930 1.4E+08 T A 0.048304 0.0079 9.43E-10 

9 rs6479487 96237373 T G -0.0587 0.0103 1.37E-08 
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Schizophrenia instruments (continued) 

CHR SNP BP A1 A2 logOR SE P 

3 rs7609876 1.77E+08 T C -0.0512 0.0089 9.40E-09 

1 rs2224086 1.15E+08 C A -0.0577 0.0103 2.09E-08 

19 rs144821294 2155136 C T -0.138 0.0242 1.22E-08 

2 rs72974269 2.25E+08 C T 0.052099 0.0083 2.76E-10 

15 rs35351411 61872197 A C -0.0573 0.0079 3.13E-13 

16 rs3814883 29994922 C T 0.060898 0.0079 8.82E-15 

5 rs72723227 7245664 G A 0.047999 0.0082 4.58E-09 

12 rs1463209 39518293 C T 0.047704 0.0081 3.34E-09 

14 rs2190864 72416219 T C 0.066097 0.008 1.12E-16 

6 rs2206956 1.47E+08 G A -0.0462 0.0078 2.51E-09 

6 rs9390083 1.44E+08 C G -0.05719 0.0103 2.95E-08 

19 rs1858999 19497669 C G 0.060502 0.0081 7.97E-14 

19 rs72986630 11849736 C T -0.1117 0.0177 3.07E-10 

19 rs322128 11402416 C T -0.0567 0.0095 2.08E-09 

14 rs12431743 84673716 G A -0.0456 0.008 1.26E-08 

16 rs9926049 9939960 C A -0.0556 0.0088 3.16E-10 

16 rs8048039 4498486 A T 0.049 0.0083 4.35E-09 

1 rs10127983 1.54E+08 C T -0.0463 0.0084 3.11E-08 

1 rs12138231 1.5E+08 T A -0.0671 0.0116 7.21E-09 

10 rs7915131 64418656 C T 0.042695 0.0078 4.94E-08 

4 rs13107325 1.03E+08 C T -0.1587 0.0168 2.90E-21 

4 rs6839635 1.04E+08 C A -0.0432 0.0079 3.87E-08 

6 rs2153960 1.09E+08 G A 0.051396 0.0084 9.22E-10 

15 rs117799466 34659517 G C -0.0481 0.0087 3.86E-08 

17 rs6504163 61545779 C T -0.0492 0.0082 1.87E-09 

2 rs6732355 1.05E+08 C A -0.0587 0.0094 4.36E-10 

10 rs2119242 21344773 G A -0.0602 0.0106 1.34E-08 

1 rs11807834 2.3E+08 G A -0.053 0.0093 1.12E-08 

1 rs11587347 2.39E+08 C G -0.1028 0.0139 1.50E-13 

1 rs61833239 2.44E+08 T G -0.0843 0.0122 5.22E-12 

14 rs10148671 29469373 T C -0.0479 0.0083 6.82E-09 

10 rs6482437 18726326 A C -0.10471 0.0135 1.05E-14 

5 rs115325222 88854539 A G 0.090398 0.0151 1.93E-09 

7 rs6969410 1.1E+08 T G 0.055501 0.0083 1.90E-11 

7 rs38752 1.11E+08 T G 0.060003 0.0081 1.08E-13 

7 rs1589726 79348201 C T 0.077896 0.0137 1.20E-08 

7 rs10238960 70773271 C T -0.0482 0.0084 7.65E-09 

7 rs2944821 71795998 G C 0.047799 0.008 1.90E-09 

5 rs7701440 60620980 T C -0.0638 0.008 1.86E-15 

8 rs73229090 27442127 C A 0.102602 0.0142 4.34E-13 

8 rs3808581 26250047 G A -0.06699 0.0097 3.82E-12 

2 rs2717003 58143438 A G -0.07529 0.008 2.76E-21 

18 rs12969453 52751708 A G 0.054299 0.0078 3.53E-12 

18 rs715170 53795514 C T 0.064701 0.009 7.40E-13 
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Schizophrenia instruments (continued) 

CHR SNP BP A1 A2 logOR SE P 

18 rs4632195 50746748 C T -0.0498 0.0084 2.73E-09 

18 rs9636107 53200117 A G -0.0609 0.0081 5.72E-14 

14 rs17571951 30017039 T C -0.0645 0.0105 7.89E-10 

14 rs12883788 33303540 C T -0.0543 0.0079 8.43E-12 

19 rs8104557 31030189 T C -0.0604 0.011 3.76E-08 

19 rs3810450 36530562 T C 0.092497 0.016 8.27E-09 

9 rs505061 22767164 C A -0.0499 0.0077 1.03E-10 

13 rs9545047 79859456 A C 0.053797 0.0081 3.05E-11 

11 rs58950470 65383755 G T -0.0493 0.0086 1.10E-08 

2 rs6546857 73837955 A G -0.0603 0.0101 2.80E-09 

2 rs11897811 76267139 C T -0.0575 0.0102 1.49E-08 

2 rs999494 73157395 C T 0.057599 0.0101 1.04E-08 

1 rs1198588 98552832 A T -0.0964 0.0103 7.88E-21 

1 rs59519965 97168334 G T -0.0582 0.0098 3.36E-09 

1 rs72728416 97834691 A G -0.0598 0.0087 4.99E-12 

18 rs337718 69774278 T C 0.0492 0.0084 4.39E-09 

1 rs6588355 50113591 T C 0.049504 0.009 3.65E-08 

15 rs56205728 40567237 G A -0.0575 0.0093 5.43E-10 

15 rs2929278 44250313 C T 0.061904 0.0091 8.50E-12 

2 rs9287971 1.75E+08 G A -0.0458 0.0083 3.82E-08 

2 rs62184960 1.73E+08 C T 0.069797 0.0122 1.08E-08 

2 rs6430492 1.35E+08 G A 0.057703 0.0094 6.72E-10 

5 rs331395 91006918 C G -0.0549 0.009 1.27E-09 

2 rs4672366 60389362 A T 0.049799 0.0087 1.07E-08 

8 rs10503253 4180844 C A -0.0602 0.0091 4.37E-11 

18 rs72980087 77632194 G A -0.0644 0.0079 4.06E-16 

18 rs7238071 77579812 A G -0.0629 0.0084 9.29E-14 

11 rs4937935 1.35E+08 A T -0.0539 0.0081 2.30E-11 

11 rs1440480 1.34E+08 A G 0.057504 0.0086 2.52E-11 

11 rs10894308 1.31E+08 G A 0.047704 0.0079 1.36E-09 

11 rs4936215 1.34E+08 A G 0.082796 0.0104 1.86E-15 

11 rs1939514 1.33E+08 T C 0.055198 0.0077 1.06E-12 

8 rs79445414 33863561 T C -0.1235 0.0222 2.63E-08 

8 rs7816998 38257506 G A 0.057797 0.0092 3.11E-10 

7 rs35045093 1.28E+08 A C 0.056598 0.0103 3.36E-08 

1 rs61786047 29032580 G A 0.078802 0.0135 4.91E-09 

22 rs6010045 51103091 T C -0.0477 0.0085 1.82E-08 

3 rs704364 63874734 A G 0.050303 0.0082 8.41E-10 

3 rs9813516 60293004 G A -0.0513 0.0084 1.25E-09 

9 rs498591 14509105 A T -0.0679 0.0111 9.59E-10 

9 rs2890914 10239181 A G -0.0432 0.0077 2.31E-08 

12 rs10774034 2330458 C T -0.08329 0.0085 7.10E-23 

2 rs12712510 22749726 T C 0.051501 0.0084 9.34E-10 

2 rs141216273 25599172 C A -0.1247 0.0228 4.49E-08 
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Schizophrenia instruments (continued) 

CHR SNP BP A1 A2 logOR SE P 

2 rs12474906 28033538 A C 0.056796 0.0095 2.20E-09 

2 rs2909457 1.63E+08 G A 0.045805 0.0083 3.09E-08 

4 rs35734242 706700 T C -0.0499 0.008 3.93E-10 

20 rs11696755 48105317 T C -0.0653 0.0104 2.99E-10 
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Table B22. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to autism (excluding 

ID cases) and psychotic experiences.  

Autism no ID instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs529507 11 1.32E+08 A G -0.1354 0.0241 1.88E-08 

rs574626 18 55882192 T C 0.095101 0.0181 1.54E-07 

rs1402807 1 96597055 T C 0.092497 0.018 2.73E-07 

rs8182800 20 21531772 A G 0.124101 0.0203 9.02E-10 

rs10195840 2 1.4E+08 A G 0.094701 0.0175 5.87E-08 

rs10197246 2 2.02E+08 T C 0.100298 0.0186 6.94E-08 

rs148587110 3 20641966 T C -0.4697 0.0907 2.21E-07 

rs114489105 4 1.32E+08 T G 0.199596 0.0384 2.05E-07 

rs4916723 5 87854395 A C -0.09 0.0173 1.9E-07 

rs6964453 7 78210447 A T -0.107 0.02 8.16E-08 
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Table B23. Effect sizes, standard errors and p-values of genetic instruments used for the Mendelian 

randomization (MR) analyses investigating causal links between genetic liability to autism (excluding 

ID cases) and schizophrenia (European ancestry only- Ripke et al., 2014).  

Autism no ID instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs529507 11 1.32E+08 A G -0.1354 0.0241 1.88E-08 

rs292441 18 55872558 A G -0.0958 0.0182 1.42E-07 

rs1402807 1 96597055 T C 0.092497 0.018 2.73E-07 

rs1000177 20 21233198 T C 0.123102 0.0197 3.85E-10 

rs13012522 2 1.4E+08 T G 0.096301 0.0177 5.73E-08 

rs10197246 2 2.02E+08 T C 0.100298 0.0186 6.94E-08 

rs148587110 3 20641966 T C -0.4697 0.0907 2.21E-07 

rs114489105 4 1.32E+08 T G 0.199596 0.0384 2.05E-07 

rs4916723 5 87854395 A C -0.09 0.0173 1.90E-07 

rs6964453 7 78210447 A T -0.107 0.02 8.16E-08 
 

Schizophrenia instruments 
      

SNP CHR BP A1 A2 logOR SE P 

rs4648845 1 2387101 T C 0.067201 0.0119 1.74E-08 

rs7893279 10 18745105 T G 0.1124 0.0175 1.24E-10 

rs301797 1 8487323 A C 0.066097 0.0116 1.20E-08 

rs11191419 10 1.05E+08 A T -0.1016 0.0118 6.69E-18 

rs1498232 1 30433951 T C 0.072004 0.0118 1.21E-09 

rs11210892 1 44100084 A G -0.0678 0.0115 3.42E-09 

rs35998080 1 73278615 T G 0.069004 0.0112 6.95E-10 

rs1702294 1 98501984 T C -0.1184 0.0138 1.03E-17 

rs11027857 11 24403620 A G 0.063998 0.0109 3.67E-09 

rs35324223 11 46402852 A G -0.09199 0.0145 2.04E-10 

rs2514218 11 1.13E+08 T C -0.07221 0.0116 4.64E-10 

rs55661361 11 1.25E+08 A G -0.07881 0.0116 1.04E-11 

rs10791097 11 1.31E+08 T G 0.0766 0.0109 2.05E-12 

rs75059851 11 1.34E+08 A G 0.091302 0.0136 2.18E-11 

rs12062861 1 1.5E+08 A G -0.0911 0.0149 9.66E-10 

rs1024582 12 2402246 A G 0.098904 0.0115 6.27E-18 

rs679087 12 29917265 A C -0.0642 0.0116 3.28E-08 

rs12826178 12 57622371 T G -0.16821 0.0244 5.70E-12 

rs4766428 12 1.11E+08 T C 0.069395 0.0112 6.12E-10 

rs1615350 12 1.24E+08 T C -0.0851 0.0123 4.26E-12 

rs10803138 1 2.44E+08 A G -0.07221 0.0126 1.13E-08 

rs77149735 1 2.44E+08 A G 0.284502 0.0485 4.40E-09 

rs1191551 14 30000405 T G 0.071697 0.0131 4.21E-08 

rs67981189 14 71472226 A G -0.0698 0.0118 3.75E-09 

rs2332700 14 72417326 C G 0.0771 0.0125 7.38E-10 

rs2693698 14 99719219 A G -0.06171 0.0111 2.99E-08 

rs12887734 14 1.04E+08 T G 0.088304 0.0121 3.72E-13 

rs2414718 15 61863133 A G 0.069797 0.011 1.98E-10 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs28681284 15 78908565 T C -0.1016 0.0141 6.35E-13 

rs783540 15 83254708 A G -0.0599 0.011 4.77E-08 

rs12902973 15 85105982 C G -0.0791 0.0122 8.83E-11 

rs4702 15 91426560 A G -0.08051 0.0115 2.62E-12 

rs9922678 16 9946319 A G 0.068397 0.0118 6.18E-09 

rs8055219 16 13753384 A G 0.076998 0.0127 1.45E-09 

rs12691307 16 29939877 A G 0.071902 0.0113 2.03E-10 

rs12932476 16 63709630 C G 0.059702 0.0109 4.62E-08 

rs4523957 17 2208899 T G 0.069703 0.0115 1.40E-09 

rs11658257 17 17956459 C G -0.0662 0.0115 8.34E-09 

rs11874716 18 52750688 T G 0.067201 0.011 1.01E-09 

rs9636107 18 53200117 A G -0.0796 0.0108 2.17E-13 

rs9966779 18 53620456 T C -0.1329 0.0231 8.56E-09 

rs715170 18 53795514 T C -0.0669 0.0122 4.65E-08 

rs72986630 19 11849736 T C 0.1459 0.0266 4.12E-08 

rs2905426 19 19478022 T G -0.0677 0.0115 4.07E-09 

rs2053079 19 30987423 A G -0.0718 0.0127 1.74E-08 

rs2103655 20 37425958 A G 0.0766 0.0119 1.24E-10 

rs1509378 2 22754466 A G 0.0692 0.0119 5.39E-09 

rs11682175 2 57987593 T C -0.0735 0.0109 1.58E-11 

rs6430095 2 1.46E+08 A G 0.0798 0.0145 3.40E-08 

rs76355118 2 1.49E+08 A G -0.1544 0.0278 2.78E-08 

rs2909457 2 1.63E+08 A G -0.0597 0.0109 4.25E-08 

rs11693094 2 1.86E+08 T C -0.0736 0.011 2.17E-11 

rs59979824 2 1.94E+08 A C -0.071 0.0119 2.73E-09 

rs281768 2 2.01E+08 A T 0.104198 0.0137 2.64E-14 

rs6434928 2 1.98E+08 A G -0.0787 0.0116 1.17E-11 

rs5995756 22 40000313 T C 0.072497 0.0109 2.91E-11 

rs9607782 22 41587556 A T 0.088697 0.0128 3.98E-12 

rs28733092 22 42537115 T C 0.070999 0.0121 4.36E-09 

rs11685299 2 2.25E+08 A C -0.0662 0.0117 1.49E-08 

rs7601312 2 2.29E+08 A G -0.059 0.0108 4.68E-08 

rs6704768 2 2.34E+08 A G -0.0766 0.0109 2.06E-12 

rs17194490 3 2547786 T G 0.0966 0.0148 6.38E-11 

rs75968099 3 36858583 T C 0.080104 0.0114 2.31E-12 

rs2535627 3 52845105 T C 0.070403 0.0109 1.17E-10 

rs832190 3 63842629 T C -0.0699 0.0113 5.73E-10 

rs6439649 3 1.36E+08 T G 0.070999 0.0111 1.37E-10 

rs34796896 3 1.81E+08 A G -0.0822 0.0135 1.23E-09 

rs215411 4 23423603 A T 0.0692 0.0115 1.68E-09 

rs35225200 4 1.03E+08 A C -0.14479 0.0203 9.56E-13 

rs1106568 4 1.77E+08 A G -0.0694 0.0125 2.85E-08 

rs17073903 4 1.84E+08 A G -0.08141 0.0148 3.92E-08 

rs4391122 5 60598543 A G -0.078 0.0109 8.90E-13 
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Schizophrenia instruments (continued) 

SNP CHR BP A1 A2 logOR SE P 

rs16867576 5 88746331 A G 0.095801 0.017 1.61E-08 

rs3849046 5 1.38E+08 T C 0.062496 0.0109 1.04E-08 

rs111294930 5 1.52E+08 A G 0.087699 0.0143 9.29E-10 

rs76091702 5 1.52E+08 T C 0.129299 0.0236 4.49E-08 

rs11740474 5 1.54E+08 A T -0.06269 0.0112 2.00E-08 

rs13437595 6 29763308 T C 0.262203 0.0392 2.19E-11 

rs13217619 6 28306671 T C 0.219698 0.0195 1.44E-29 

rs115296342 6 32503526 A C 0.090398 0.0135 1.90E-11 

rs9274390 6 32632660 T G 0.160604 0.0183 1.54E-18 

rs186545906 6 32478432 A G -0.11879 0.0196 1.41E-09 

rs9461856 6 33395199 A G 0.074996 0.0109 6.52E-12 

rs1339227 6 73155701 T C -0.0633 0.0114 3.06E-08 

rs3798869 6 84328660 A G -0.0668 0.011 1.09E-09 

rs117074560 6 96459651 T C -0.1566 0.0277 1.66E-08 

rs58120505 7 2029867 T C 0.082197 0.0111 1.26E-13 

rs12704290 7 86427626 A G -0.10611 0.0168 2.59E-10 

rs6466055 7 1.05E+08 A C 0.068798 0.0114 1.59E-09 

rs13240464 7 1.11E+08 T C 0.080704 0.0116 3.12E-12 

rs7801375 7 1.32E+08 A G -0.083 0.015 2.88E-08 

rs17529963 7 1.37E+08 T C 0.0629 0.0114 3.24E-08 

rs10108725 8 4191202 T C 0.073204 0.0133 3.32E-08 

rs73191547 8 10033425 A T -0.0669 0.0115 6.13E-09 

rs17687067 8 17036201 A C -0.0763 0.0139 4.49E-08 

rs73229090 8 27442127 A C -0.0995 0.0177 1.95E-08 

rs13261481 8 60701801 T G 0.062402 0.011 1.66E-08 

rs7819570 8 89588626 T G 0.076498 0.014 4.47E-08 

rs36068923 8 1.11E+08 A G -0.0835 0.0134 4.14E-10 

rs4129585 8 1.43E+08 A C 0.079301 0.0109 3.61E-13 

rs11139497 9 84739941 A T 0.0656 0.0118 2.65E-08 
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Table B24. Genetic instruments for IQ used in multivariable Mendelian randomization (MVMR) 

analyses. 

SNP A1 A2 β SE P 

rs10917152 T C 0.024213 0.004049 2.23E-09 

rs7546297 A G -0.01998 0.002818 1.33E-12 

rs12035012 A C -0.02699 0.003312 3.68E-16 

rs3791134 A G 0.016237 0.002839 1.07E-08 

rs4660749 T G -0.02884 0.004446 8.72E-11 

rs1831539 T C -0.0172 0.002762 4.72E-10 

rs2420551 A T -0.0286 0.004344 4.6E-11 

rs12124523 T C 0.032567 0.004887 2.67E-11 

rs3128341 T C -0.03173 0.003417 1.63E-20 

rs6668048 T C -0.02146 0.002734 4.24E-15 

rs9324380 C G 0.02378 0.004267 2.5E-08 

rs11804556 A G 0.034049 0.005481 5.24E-10 

rs1528204 T C -0.01819 0.002774 5.47E-11 

rs1144593 A G -0.01911 0.002987 1.57E-10 

rs112780312 A G -0.01828 0.003099 3.66E-09 

rs34320898 C G 0.022869 0.003844 2.7E-09 

rs199928 T C 0.020051 0.003624 3.15E-08 

rs2678210 T C 0.018786 0.003046 6.97E-10 

rs10779271 A G 0.016375 0.002925 2.17E-08 

rs12470949 T C -0.01717 0.003021 1.32E-08 

rs967569 T C -0.01798 0.002927 8.21E-10 

rs2955280 T C -0.01491 0.002734 4.9E-08 

rs62131236 T C -0.01825 0.003342 4.8E-08 

rs7557525 T C 0.015927 0.002902 4.04E-08 

rs58593843 A G -0.02768 0.004652 2.67E-09 

rs10189857 A G 0.018995 0.00275 4.91E-12 

rs2576835 A G -0.01941 0.003206 1.4E-09 

rs4852252 T C -0.02079 0.002747 3.84E-14 

rs11898362 A G -0.01798 0.003008 2.25E-09 

rs11678106 T C 0.016086 0.002745 4.62E-09 

rs2309812 T C 0.022835 0.002845 9.95E-16 

rs60262711 T C 0.015949 0.002825 1.65E-08 

rs2558096 T G -0.01563 0.002774 1.74E-08 

rs10189912 A G -0.01934 0.002853 1.22E-11 

rs3106666 A G -0.01659 0.00278 2.42E-09 

rs6436555 A C 0.01905 0.002746 3.99E-12 

rs10192369 A G -0.01605 0.002744 4.91E-09 

rs62194171 T G -0.01544 0.002831 4.95E-08 

rs1267042 T C -0.01654 0.002996 3.4E-08 

rs2268894 T C 0.020785 0.002749 3.98E-14 

rs3956504 A C 0.017902 0.003052 4.47E-09 

rs13421971 A T 0.01738 0.002893 1.88E-09 

rs3749034 A G -0.01926 0.003322 6.74E-09 
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IQ instruments (continued) 

SNP A1 A2 β SE P 

rs62181012 T C 0.021146 0.003511 1.73E-09 

rs62198803 A G 0.019065 0.003225 3.4E-09 

rs7573001 C G -0.01625 0.00286 1.32E-08 

rs1455344 A G -0.01618 0.002769 5.2E-09 

rs35731967 T C 0.021838 0.003658 2.38E-09 

rs13024268 A G -0.01666 0.002879 7.15E-09 

rs73139272 T G -0.02484 0.004057 9.24E-10 

rs6550835 A G -0.02481 0.002929 2.44E-17 

rs1589652 A G 0.017094 0.002759 5.82E-10 

rs2352974 T C -0.03084 0.002751 3.69E-29 

rs4687625 T C 0.019343 0.002748 1.92E-12 

rs4485754 A G 0.018878 0.00334 1.59E-08 

rs11720523 A C 0.018326 0.002773 3.89E-11 

rs6770622 A G -0.04496 0.006864 5.76E-11 

rs7652296 A G 0.016533 0.002799 3.51E-09 

rs3860537 T C 0.018854 0.003402 2.99E-08 

rs13071190 T C 0.018095 0.002917 5.55E-10 

rs59142272 A G 0.022696 0.003685 7.32E-10 

rs10804681 A T 0.021055 0.003797 2.94E-08 

rs12646225 T C 0.025128 0.004215 2.51E-09 

rs2295499 T C -0.0164 0.002753 2.59E-09 

rs4484297 C G 0.018267 0.00316 7.45E-09 

rs11932971 T C 0.027484 0.00381 5.46E-13 

rs34811474 A G 0.028996 0.003594 7.15E-16 

rs67482514 C G -0.01786 0.003229 3.21E-08 

rs6819372 A G -0.0198 0.002729 4.02E-13 

rs1972860 A G -0.01756 0.00293 2.09E-09 

rs4459994 A C 0.018552 0.00329 1.71E-08 

rs34592089 A G -0.05699 0.006462 1.15E-18 

rs2726491 A G -0.02828 0.002857 4.17E-23 

rs6840804 A G -0.01659 0.002966 2.25E-08 

rs6535809 A G 0.019647 0.002734 6.65E-13 

rs17826816 A G 0.018375 0.003257 1.68E-08 

rs1840847 A G 0.016342 0.002883 1.44E-08 

rs75973558 A G 0.025636 0.004465 9.42E-09 

rs13165296 A C 0.019636 0.00352 2.44E-08 

rs36033 T C 0.015969 0.002788 1.02E-08 

rs1812587 T G -0.01734 0.002767 3.68E-10 

rs80170948 T G 0.045381 0.007378 7.69E-10 

rs34316 A C 0.021049 0.002767 2.82E-14 

rs166820 A G 0.024334 0.003599 1.37E-11 

rs4308464 C G -0.01837 0.002853 1.22E-10 

rs76160968 A G -0.04171 0.007252 8.84E-09 

rs10477894 A G -0.01621 0.002908 2.49E-08 
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IQ instruments (continued) 

SNP A1 A2 β SE P 

rs1438660 A T 0.015846 0.002874 3.52E-08 

rs1145123 T C 0.020557 0.002772 1.2E-13 

rs405321 A G -0.01643 0.002975 3.32E-08 

rs4463213 A G 0.019065 0.002732 3E-12 

rs31768 A T 0.018177 0.003054 2.65E-09 

rs6860963 T C 0.020262 0.003476 5.57E-09 

rs2450333 A G -0.01883 0.002799 1.73E-11 

rs9503599 T C -0.01711 0.002785 8.05E-10 

rs566237 A G -0.01872 0.002935 1.82E-10 

rs6459098 T C -0.01615 0.002933 3.67E-08 

rs6903716 A G 0.017758 0.002975 2.39E-09 

rs1233578 A G -0.0238 0.003903 1.08E-09 

rs1280049 A C 0.014993 0.002729 3.92E-08 

rs12190777 A G 0.01703 0.003092 3.63E-08 

rs1906252 A C 0.031662 0.002741 7.48E-31 

rs3823036 T C -0.01899 0.002929 9.11E-11 

rs9384679 T C -0.02672 0.002783 7.94E-22 

rs13212044 T G -0.01837 0.003242 1.46E-08 

rs287879 A G -0.01887 0.003075 8.47E-10 

rs4725065 A G -0.01653 0.002736 1.52E-09 

rs115064 T C 0.016096 0.002814 1.07E-08 

rs1580019 A T 0.016257 0.002876 1.59E-08 

rs799444 T C 0.018415 0.002759 2.48E-11 

rs13223152 A G 0.017645 0.002784 2.34E-10 

rs56150095 A C -0.02197 0.002747 1.28E-15 

rs12535854 C G -0.01823 0.002953 6.73E-10 

rs2402857 A G 0.015446 0.00278 2.76E-08 

rs4731392 A G -0.02174 0.002975 2.69E-13 

rs1043595 A G 0.018957 0.003123 1.27E-09 

rs1362739 A C 0.020945 0.002734 1.83E-14 

rs13253386 T G -0.02013 0.002748 2.37E-13 

rs1473634 A G -0.01809 0.002978 1.25E-09 

rs10954779 T C -0.01638 0.002762 3.04E-09 

rs13276212 T G 0.015071 0.002755 4.48E-08 

rs2920940 T C -0.02474 0.003252 2.76E-14 

rs2111490 A G 0.015491 0.002753 1.83E-08 

rs1106761 A G -0.01775 0.002899 9.12E-10 

rs4976976 A G 0.017317 0.002777 4.53E-10 

rs2721173 T C -0.01623 0.002734 2.89E-09 

rs11793831 T G 0.027834 0.002804 3.25E-23 

rs702222 T C -0.01983 0.002872 5.02E-12 

rs28620532 A G -0.01635 0.002889 1.51E-08 

rs1057687 A G -0.01953 0.003481 2.02E-08 

rs913264 T C 0.019725 0.003026 7.09E-11 
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IQ instruments  

SNP A1 A2 β SE P 

rs2987390 C G -0.0178 0.003123 1.19E-08 

rs7069887 A C 0.022532 0.003898 7.44E-09 

rs2393967 A C -0.01871 0.002963 2.7E-10 

rs1891273 T C 0.015414 0.002786 3.17E-08 

rs1408579 T C 0.016049 0.002748 5.23E-09 

rs3740422 C G -0.0241 0.002912 1.25E-16 

rs3896224 A G -0.01531 0.002772 3.29E-08 

rs35608616 A G -0.01809 0.002937 7.33E-10 

rs7921305 A G 0.018192 0.00323 1.77E-08 

rs11605348 A G -0.01661 0.002896 9.73E-09 

rs7941785 A G 0.015512 0.002841 4.75E-08 

rs2373353 A G -0.01632 0.002887 1.56E-08 

rs2508713 A T 0.016531 0.002841 5.92E-09 

rs7116046 T C 0.015707 0.002842 3.27E-08 

rs2885208 T C 0.018939 0.003464 4.58E-08 

rs17128425 A T 0.025557 0.004544 1.87E-08 

rs329672 T C 0.01743 0.002853 1E-09 

rs55754731 T C 0.021369 0.003675 6.06E-09 

rs1054442 A C -0.02146 0.002816 2.52E-14 

rs1962047 A G -0.01953 0.002863 8.89E-12 

rs6539284 T C -0.01948 0.002827 5.56E-12 

rs7312919 C G 0.018146 0.002915 4.83E-10 

rs1727307 A G 0.017817 0.003007 3.1E-09 

rs9569206 A G -0.01541 0.002824 4.85E-08 

rs3843954 C G -0.02076 0.003343 5.31E-10 

rs9516855 A G 0.033427 0.006096 4.19E-08 

rs2478286 C G -0.02579 0.003127 1.64E-16 

rs8006700 A T -0.01823 0.00293 4.96E-10 

rs176217 T C 0.026141 0.003989 5.64E-11 

rs971681 T C -0.01675 0.002807 2.44E-09 

rs2239647 A C -0.02054 0.002766 1.14E-13 

rs11622558 T C -0.01751 0.002824 5.66E-10 

rs35760956 A G 0.019798 0.002823 2.35E-12 

rs17106817 T C 0.016911 0.003025 2.26E-08 

rs1007934 A G 0.016077 0.002806 1E-08 

rs17698580 T C 0.019033 0.003177 2.09E-09 

rs2071407 T C -0.02197 0.002859 1.52E-14 

rs11634187 T G 0.022032 0.003857 1.12E-08 

rs55881236 T C -0.01541 0.002794 3.48E-08 

rs7172979 T G 0.060634 0.009084 2.47E-11 

rs72739469 T C -0.03436 0.005648 1.18E-09 

rs8025964 A G 0.017031 0.002749 5.78E-10 

rs1369429 T C 0.017633 0.002896 1.15E-09 

rs11076962 T C 0.016936 0.003042 2.57E-08 
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IQ instruments (continued) 

SNP A1 A2 β SE P 

rs11646221 T G 0.017735 0.002772 1.57E-10 

rs72774059 A C 0.02713 0.00459 3.41E-09 

rs2457192 A C -0.01975 0.003131 2.84E-10 

rs62029752 A G 0.019616 0.003149 4.68E-10 

rs72773563 A G -0.02181 0.003773 7.4E-09 

rs9788857 A C -0.02024 0.003495 7.03E-09 

rs34172651 T C -0.0211 0.002962 1.06E-12 

rs2008514 A G -0.02868 0.002799 1.25E-24 

rs2647995 T C -0.01975 0.003044 8.68E-11 

rs8054299 C G -0.02301 0.002927 3.84E-15 

rs12446238 A G 0.016054 0.002742 4.8E-09 

rs9888986 A G -0.0235 0.004262 3.52E-08 

rs7196032 T C 0.015242 0.002786 4.47E-08 

rs8051038 A G 0.018924 0.003146 1.78E-09 

rs2285640 A G 0.017514 0.002765 2.38E-10 

rs4793161 A G -0.01772 0.00325 4.97E-08 

rs17698176 T G -0.02011 0.003566 1.7E-08 

rs11079849 T C 0.016548 0.00296 2.26E-08 

rs16951547 T G -0.01925 0.0031 5.31E-10 

rs66954617 A G -0.02088 0.002834 1.72E-13 

rs71367283 A C 0.055974 0.008746 1.55E-10 

rs6508220 A G -0.02275 0.002737 9.56E-17 

rs76608582 A C 0.042223 0.007581 2.55E-08 

rs17002025 A G 0.025598 0.004261 1.89E-09 

rs10411958 T C 0.016409 0.002759 2.71E-09 

rs2072490 T C 0.016996 0.002745 5.93E-10 

rs7248006 T C -0.01918 0.00282 1.05E-11 

rs144026674 T C 0.041307 0.007468 3.19E-08 

rs889169 A G 0.016071 0.002892 2.75E-08 

rs73068339 C G 0.018858 0.003046 5.96E-10 

rs78084033 A C -0.02288 0.004049 1.62E-08 

rs6019535 A G 0.025105 0.002976 3.28E-17 

rs2836921 A G 0.020346 0.002963 6.54E-12 

rs5753383 A G 0.01591 0.002919 5E-08 

rs4396807 C G -0.01573 0.002855 3.58E-08 

rs5750830 A C 0.022891 0.003127 2.46E-13 

rs62236533 A G 0.035363 0.004977 1.2E-12 
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Table B25. Causal effect estimates of common variant genetic liability to autism on risk of 

schizophrenia.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 9 1.01015 0.085702 0.9062 0.853954 1.194915 

MR Egger 9 0.932988 0.414738 0.871907 0.413851 2.103335 

SIMEX corrected MR Egger 9 0.907723 0.582622 0.873 0.289745 2.843749 

Weighted median 9 1.075862 0.070254 0.297954 0.937466 1.23469 

Weighted mode 9 1.141966 0.143219 0.381087 0.862467 1.512041 

MR Egger Intercept: 0.007; p= 0.85; providing limited evidence for horizontal pleiotropy influencing 

causal effect estimates.  

I2GX= 0.53; suggesting a 47% attenuation of the Egger estimate towards zero.  

 

Table B26. Causal effect estimates of common variant genetic liability to autism on risk of 

schizophrenia (European ancestry sample only). 

METHOD NSNP OR SE P 95% CIs 

Inverse variance weighted 10 1.06026 0.080422 0.466865 0.905641 1.241277 

MR Egger 10 0.923741 0.257233 0.765677 0.557942 1.529368 

SIMEX corrected MR 

Egger 

10 0.919486 0.31369 0.796 0.659383 1.282192 

Weighted median 10 0.940746 0.071522 0.393082 0.817695 1.082313 

Weighted mode 10 0.906877 0.085486 0.282354 0.766975 1.072297 

MR Egger Intercept: 0.013; p= 0.59; providing limited evidence for horizontal pleiotropy 

influencing causal effect estimates.  

I2GX= 0.67; suggesting a 33% attenuation of the Egger estimate towards zero. 

 

Table B27. Causal effect estimates of common variant genetic liability to autism (excluding ID cases) 

on risk of schizophrenia.  

METHOD NSNP OR SE P 95% CIs 

Inverse variance weighted 10 1.059317 0.052585 0.273152 0.955575 1.174321 

MR Egger 10 0.965194 0.175409 0.844984 0.68439 1.36121 

SIMEX corrected MR Egger 10 0.966388 0.22185 0.881 0.625618 1.492774 

Weighted median 10 1.020162 0.046548 0.668043 0.931208 1.117613 

Weighted mode 10 0.984174 0.066979 0.817081 0.863093 1.12224 

MR Egger Intercept: 0.011; p= 0.59; providing limited evidence for horizontal pleiotropy 

influencing causal effect estimates. 

I2GX= 0.66; suggesting a 34% attenuation of the Egger estimate towards zero.   
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Table B28. Causal effect estimates of common variant genetic liability to autism (excluding ID cases) 

on risk of schizophrenia (European ancestry sample only).  

  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 10 1.083956 0.064162 0.208945 0.955864 1.229213 

MR Egger 10 1.000151 0.200136 0.999416 0.675626 1.480556 

SIMEX corrected MR Egger 10 1.006681 0.242451 0.979 0.625912 1.619088 

Weighted median 10 1.021988 0.057807 0.706735 0.912513 1.144596 

Weighted mode 10 0.979826 0.084221 0.814216 0.830728 1.155684 

MR Egger Intercept: 0.01; p= 0.68; providing limited evidence for horizontal pleiotropy 

influencing causal effect estimates.  

I2GX= 0.66; suggesting a 34% attenuation of the Egger estimate towards zero.   
 

Table B29. Direct effects of common variant genetic liability to autism and IQ on schizophrenia. 
 

NSNP OR SE P 95%CIs 

Autism 7 1.238623 0.055766 0.000165 1.110302 1.381774 

IQ 210 0.71177 0.07768 1.86E-05 0.611224 0.828857 

 

Table B30. Direct effects of common variant genetic liability to autism and IQ on schizophrenia 

(European ancestry sample).  
 

NSNP OR SE P 95%CIs 

Autism 7 1.293045 0.062181 5.1E-05 1.144638 1.460694 

IQ 209 0.693503 0.086525 3.51E-05 0.585353 0.821634 

 

Table B31. Causal effect estimates of common variant genetic liability to autism on IQ.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 8 -0.00262 0.0136 0.84715 -0.02928 0.024034 

MR Egger 8 -0.01012 0.060983 0.87364 -0.12965 0.109406 

SIMEX corrected MR 

Egger 

8 -0.016 0.083032 0.854 -0.17874 -0.17874 

Weighted median 8 0.000639 0.018696 0.972743 -0.036 0.037282 

Weighted mode 8 0.009959 0.028474 0.736806 -0.04585 0.065767 

MR Egger intercept: 0.0007; p= 0.9; providing limited evidence of horizontal pleiotropy 

influencing causal effect estimates.  

I2GX= 0.56; suggesting a 44% attenuation of the Egger estimate towards zero. 
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Table B32. Causal effect estimates of common variant genetic liability to autism on psychotic 

experiences.  

METHOD NSNP OR SE P 95% CIs 

Inverse variance 

weighted 

9 1.099962 0.08509 0.262842 0.930995 1.299594 

MR Egger 9 0.81754 0.350845 0.583805 0.411021 1.626128 

SIMEX corrected MR 

Egger 

9 0.762807 0.43523 0.554 0.325042 0.762807 

Weighted median 9 1.183494 0.116379 0.147727 0.942111 1.486722 

Weighted mode 9 1.229463 0.16494 0.245782 0.889847 1.698696 

MR Egger Intercept: 0.026; p= 0.41; providing limited evidence for horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.53; suggesting a 47% attenuation of the Egger estimate towards zero. 

 

Table B33. Causal effect estimates of common variant genetic liability to autism (excluding ID cases) 

on psychotic experiences.  

METHOD NSNP OR SE P 95% CIs 

Inverse variance 

weighted 

10 0.978766 0.063731 0.736294 0.863834 1.108991 

MR Egger 10 1.107003 0.191408 0.609775 0.76071 1.610936 

SIMEX corrected MR 

Egger 

10 1.128174 0.21035 0.582 0.747003 1.703843 

Weighted median 10 0.975212 0.085392 0.768799 0.82492 1.152885 

Weighted mode 10 0.990865 0.143064 0.950256 0.748576 1.311574 

MR Egger Intercept: -0.015; p= 0.51; providing limited evidence for horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.66; suggesting a 34% attenuation of the Egger estimate towards zero.  

 

Table B34. Direct effects of common variant genetic liability to autism and IQ on psychotic 

experiences.  
 

NSNP OR SE P 95% CIs 

Autism 7 1.061412 0.0531 0.263 0.956499 1.177833 

IQ 208 1.050325 0.0743 0.509 0.907985 1.21498 
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Table B35. Causal effect estimates of common variant genetic liability to social communication 

difficulties on risk of schizophrenia.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance 

weighted 

3 1.198773 0.191975 0.344973 0.822857 1.746424 

MR Egger 3 1.10782 0.511899 0.874317 0.406192 3.021388 

SIMEX corrected MR 

Egger 

3 1.084374 0.465969 0.89 0.435049 2.702838 

Weighted median 3 1.352054 0.251013 0.229507 0.82666 2.211368 

Weighted mode 3 1.414134 0.288649 0.352852 0.803134 2.489965 

MR Egger Intercept: 0.003; p= 0.89; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.88; suggesting a 12% attenuation of the Egger estimate towards zero.  

 

Table B36. Causal effect estimates of common variant genetic liability to social communication 

difficulties on risk of schizophrenia (European ancestry sample).  

METHOD NSNP OR SE P 95%CIs 

Inverse variance 

weighted 

3 1.259945 0.279537 0.408459 0.728458 2.179208 

MR Egger 3 0.944719 0.779398 0.953632 0.205053 4.352509 

SIMEX corrected MR 

Egger 

3 0.980395 0.89078 0.986 0.171062 5.61886 

Weighted median 3 1.509373 0.300477 0.170644 0.837579 2.719993 

Weighted mode 3 1.652741 0.382548 0.319495 0.780861 3.49813 

MR Egger Intercept: 0.012; p= 0.75; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.88; suggesting a 12% attenuation of the Egger estimate towards zero.  

 

Table B37. Causal effect estimates of common variant genetic liability to empathising on risk of 

schizophrenia.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 2 0.989913 0.013167 0.441289 0.964693 1.015791 

 

Table B38. Causal effect estimates of common variant genetic liability to empathising on risk of 

schizophrenia (European ancestry sample).  

METHOD NSNP OR SE P 95% CIs 

Inverse variance weighted 3 0.992417 0.014158 0.590823 0.965256 1.020342 

MR Egger 3 1.032967 0.036595 0.538316 0.961471 1.10978 

SIMEX corrected MR 

Egger 

3 1.037454 0.01955 0.201 0.998453 1.077979 

Weighted median 3 0.987651 0.017586 0.479846 0.954188 1.022288 

Weighted mode 3 0.980403 0.021611 0.456445 0.939743 1.022823 

MR Egger Intercept: -0.024; p= 0.45; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates. 

I2GX= 0.74; suggesting a 26% attenuation of the Egger estimate towards zero.   
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Table B39. Causal effect estimates of common variant genetic liability to systemizing on risk of 

schizophrenia.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance 

weighted 

5 1.001607 0.007498 0.830448 0.986995 1.016435 

MR Egger 5 0.945633 0.113132 0.655141 0.75757 1.180383 

SIMEX corrected MR 

Egger 

5 0.868142 0.195 0.521 0.592384 1.272267 

Weighted median 5 0.996495 0.007285 0.629848 0.982367 1.010826 

Weighted mode 5 0.992695 0.010555 0.525556 0.972369 1.013447 

MR Egger Intercept:  0.041; p= 0.65; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0 

 

Table B40. Causal effect estimates of common variant genetic liability to systemising on risk of 

schizophrenia (European ancestry sample).  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 5 0.999439 0.012601 0.964495 0.975057 1.024431 

MR Egger 5 0.978513 0.191351 0.916791 0.67249 1.423794 

SIMEX corrected MR 

Egger 

5 0.956447 0.3273 0.9 0.503567 1.816621 

Weighted median 5 1.000826 0.011998 0.945133 0.977566 1.02464 

Weighted mode 5 1.004551 0.018734 0.820394 0.968334 1.042123 

MR Egger Intercept: 0.015; p= 0.92; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX=0 

 

Table B41. Direct effects of common variant genetic liability to social communication difficulties and 

IQ on risk of schizophrenia.  
 

NSNP OR SE P 95%CIs 

SCDC 3 1.437636 0.278 0.193 0.833701 2.479061 

IQ 154 0.740818 0.0894 0.000991 0.621746 0.882695 

 

Table B42. Direct effects of common variant genetic liability to social communication difficulties and 

IQ on risk of schizophrenia (European ancestry sample). 
 

NSNP OR SE P 95%CIs 

SCDC 3 1.645427 0.322 0.124 0.87536 3.092934 

IQ 154 0.708929 0.105 0.00128 0.577065 0.870925 
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Table B43. Direct effects of common variant genetic liability to empathising and IQ on risk of 

schizophrenia.  
 

NSNP OR SE P 95% CIs 

EQ 2 1.007951 0.0122 0.518 0.984135 1.032344 

IQ 211 0.770281 0.0809 0.00146 0.657333 0.902636 

 

Table B44. Direct effects of common variant genetic liability to empathising and IQ on risk of 

schizophrenia (European ancestry sample).  
 

NSNP OR SE P 95%CIs 

EQ 2 1.012477 0.0141 0.38 0.98488 1.040848 

IQ 210 0.76338 0.0907 0.00325 0.63905 0.911897 

 

Table B45. Direct effects of common variant genetic liability to systemising and IQ on risk of 

schizophrenia.  
 

NSNP OR SE P 95% CIs 

SQ 5 1.000289 0.00768 0.97 0.985345 1.01546 

IQ 211 0.758813 0.079 0.000575 0.649963 0.885892 

 

Table B46. Direct effects of common variant genetic liability to systemising and IQ on risk of 

schizophrenia (European ancestry sample). 
 

NSNP OR SE P 95%CIs 

SQ 5 1.001241 0.00856 0.885 0.984583 1.018181 

IQ 210 0.745277 0.0886 0.00107 0.626469 0.886615 

 

Table B47. Causal effect estimates of common variant genetic liability to social communication 

difficulties on IQ.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 3 -0.12965 0.065386 0.047387 -0.2578 -0.00149 

MR Egger 3 -0.25115 0.140007 0.323751 -0.52557 0.023259 

SIMEX corrected MR 

Egger 

3 -0.22695 0.049424 0.137 -0.32382 -0.13008 

Weighted median 3 -0.12355 0.085697 0.149395 -0.29151 0.044419 

Weighted mode 3 -0.11431 0.10239 0.380373 -0.31499 0.086373 

MR Egger Intercept: 0.005; p= 0.51; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.88; suggesting a 12% attenuation of the Egger estimate towards zero.  
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Table B48. Causal effect estimates of common variant genetic liability to higher IQ on social 

communication difficulties.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 154 -0.03607 0.020864 0.083849 -0.07696 0.004824 

MR Egger 154 -0.08789 0.098247 0.372407 -0.28046 0.104671 

SIMEX corrected MR 

Egger 

154 -0.09308 0.133707 0.487 -0.35514 -0.35514 

Weighted median 154 -0.0053 0.030777 0.863391 -0.06562 0.055027 

Weighted mode 154 0.035057 0.086472 0.685743 -0.13443 0.204542 

MR Egger Intercept: 0.001; p= 0.59; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.44; suggesting a 56% attenuation of the Egger estimate towards zero.  

 

Table B49. Causal effect estimates of common variant genetic liability to higher empathising on IQ. 

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 2 -0.00074 0.005711 0.896317 -0.01194 0.01045 

 

Table B50. Causal effect estimates of common variant genetic liability to higher IQ on empathising.  

METHOD NSNP β SE P 95% CIs 

Inverse variance weighted 211 -1.72577 0.402638 1.82E-05 -2.51494 -0.9366 

MR Egger 211 -3.2513 1.864715 0.082701 -6.90614 0.403545 

SIMEX corrected MR 

Egger 

211 -4.91482 2.59012 0.0591 -9.99146 0.161815 

Weighted median 211 -1.71828 0.490521 0.00046 -2.6797 -0.75686 

Weighted mode 211 -1.28099 1.439308 0.374481 -4.10204 1.54005 

MR Egger Intercept: 0.031; p= 0.4; providing limited evidence of horizontal pleiotropy influencing 

the causal effect estimates  

I2GX= 0.5; suggesting a 50% attenuation of the Egger estimate towards zero.  

 

Table B51. Causal effect estimates of common variant genetic liability to systemising on IQ.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 4 0.003286 0.002428 0.176 -0.00147 0.008045 

MR Egger 4 0.019812 0.035403 0.632055 -0.04958 0.089201 

SIMEX corrected MR 

Egger 

4 0.049 0.05933 0.496 -0.06729 0.165287 

Weighted median 4 0.001507 0.002575 0.558361 -0.00354 0.006554 

Weighted mode 4 0.000428 0.003675 0.914648 -0.00677 0.00763 

MR Egger Intercept:  -0.012; p= 0.68; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0 
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Table B52. Causal effect estimates of common variant genetic liability to higher IQ on systemising.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 211 1.683525 0.579703 0.003683 0.547308 2.819743 

MR Egger 211 -1.45942 2.681705 0.586875 -6.71556 3.796724 

SIMEX corrected MR 

Egger 

211 -2.21291 3.764 0.557 -9.59035 5.16453 

Weighted median 211 2.879484 0.762903 0.00016 1.384194 4.374774 

Weighted mode 211 4.272162 2.255218 0.059553 -0.14806 8.69239 

MR Egger Intercept: 0.064; p= 0.231; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates. 

I2GX=0.5; suggesing a 50% attenuation of the Egger estimate towards zero. 

 

Table B53. Causal effect estimates of common variant genetic liability to empathising on psychotic 

experiences.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 2 1.016456 0.030331 0.590493 0.957789 1.078716 

 

Table B54. Causal effect estimates of common variant genetic liability to systemising on psychotic 

experiences.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 5 1.005119 0.014917 0.732138 0.976158 1.034939 

MR Egger 5 1.167097 0.213507 0.521564 0.76801 1.773567 

SIMEX corrected MR Egger 5 1.470349 0.3638 0.367 0.720689 2.999807 

Weighted median 5 1.00221 0.017315 0.898546 0.968768 1.036807 

Weighted mode 5 0.989446 0.024566 0.688085 0.942933 1.038254 

MR Egger Intercept: -0.106; p= 0.53; providing limited evidence of horizontal pleiotropy 

influencing causal effect estimates.   

I2GX= 0 

 

Table B55. Causal effect estimates of common variant genetic liability to social communication 

difficulties on psychotic experiences.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance 

weighted 

3 2.200316 0.421278 0.061217 0.963576 5.024396 

MR Egger 3 2.152994 0.897393 0.549831 0.370823 12.50026 

SIMEX corrected MR 

Egger 

3 2.050099 0.672551 0.479 0.548641 7.660582 

Weighted median 3 2.456973 0.512701 0.079547 0.899457 6.711514 

Weighted mode 3 2.650613 0.59809 0.244698 0.820808 8.559545 

MR Egger Intercept: 0.001; p= 0.98; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.88; suggesting a 12% attenuation of the Egger estimate towards zero.  
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Table B56. Direct effects of common variant genetic liability to social communication difficulties and 

IQ on psychotic experiences.  
 

NSNP OR SE P 95%CIs 

SCDC 3 1.139968 0.269 0.627 0.672845 1.93139 

IQ 153 1.090679 0.0884 0.328 0.917169 1.297013 

 

Table B57. Direct effects of common variant genetic liability to empathising and IQ on psychotic 

experiences.  
 

NSNP OR SE P 95%CIs 

EQ 2 0.994565 0.0113 0.63 0.972779 1.016838 

IQ 209 1.067586 0.0752 0.385 0.921279 1.237127 

 

Table B58. Direct effects of common variant genetic liability to systemising and IQ on psychotic 

experiences.  
 

NSNP OR SE P 95%CIs 

SQ 5 1.01684 0.00694 0.0166 1.003102 1.030766 

IQ 209 1.049695 0.0728 0.506 0.910112 1.210687 

 

Table B59. Causal effect estimates of common variant genetic liability to schizophrenia on autism.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance 

weighted 

241 1.146115 0.021223 1.31E-10 1.099419 1.194795 

MR Egger 241 1.342735 0.086302 0.00075 1.133778 1.590202 

SIMEX corrected MR 

Egger 

241 1.502463 0.113908 0.000425 1.201831 1.878297 

Weighted median 241 1.140014 0.027693 2.22E-06 1.079785 1.203602 

Weighted mode 241 1.102208 0.078284 0.215042 0.945424 1.284993 

MR Egger Interecept: -0.01; p= 0.06; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.6; suggesting a 40% attenuation of the Egger estimate towards zero. 

 

Table B60. Causal effect estimates of common variant genetic liability to schizophrenia (European 

ancestry sample) on autism. 

METHOD NSNP OR SE P 95%CIs 

Inverse variance 

weighted 

97 1.135066 0.027921 5.69E-06 1.074619 1.198914 

MR Egger 97 1.334834 0.102757 0.006006 1.091336 1.632662 

SIMEX Corrected MR 

Egger 

97 1.475814 0.13189 0.00399 1.139632 1.911168 

Weighted median 97 1.159559 0.031475 2.56E-06 1.090185 1.233347 

Weighted mode 97 1.310627 0.073164 0.000363 1.135535 1.512716 

MR Egger Intercept: -0.014; p= 0.1; providing limited evidence of horizontal pleiotropy 

influencing the causal estimates. 

I2GX= 0.62; suggesting a 38% attenuation of the Egger estimate towards zero.  
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Table B61. Causal effect estimates of common variant genetic liability to schizophrenia on autism 

excluding ID cases.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 241 1.14658 0.02448 2.30E-08 1.092866 1.202935 

MR Egger 241 1.41308 0.099155 0.000581 1.163494 1.716207 

SIMEX Corrected MR Egger 241 1.629043 0.131872 0.000267 1.258001 2.109524 

Weighted median 241 1.16871 0.034257 5.34E-06 1.092814 1.249876 

Weighted mode 241 1.206209 0.097431 0.055506 0.996523 1.460016 

MR Egger Intercept: -0.013; p= 0.03; providing evidence of horizontal pleiotropy. 

I2GX= 0.6;  suggesting a 40% attenuation of the Egger estimate towards zero. 

 

 

Table B62. Causal effect estimates of common variant genetic liability to schizophrenia (European 

ancestry sample) on autism excluding ID cases.  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 98 1.114762 0.03129 0.000516 1.048451 1.185268 

MR Egger 98 1.39782 0.113749 0.00406 1.118475 1.746934 

SIMEX Corrected MR Egger 98 1.576615 0.14718 0.00259 1.181526 2.103816 

Weighted median 98 1.184715 0.03666 3.77E-06 1.102576 1.272974 

Weighted mode 98 1.268525 0.103396 0.023566 1.035826 1.553501 

MR Egger Intercept: 0.019; p= 0.04; providing evidence of horizontal pleiotropy. 

I2GX= 0.62; suggesting a 38% attenuation of the Egger estimate towards zero.  

 

 

Table B63. Direct effects of common variant genetic liability to schizophrenia and IQ on autism. 
 

NSNP OR SE P 95%CIs 

SCZ 210 1.185305 0.0231 1.35E-12 1.132836 1.240204 

IQ 179 1.426181 0.0731 1.74e- 6 1.235807 1.645881 

 

Table B64. Direct effects of common variant genetic liability to schizophrenia (European ancestry 

sample) and IQ on autism. 
 

NSNP OR SE P 95%CIs 

SCZ 77 1.174685 0.0286 4.89E-08 1.110648 1.242414 

IQ 194 1.416232 0.0782 1.23E-05 1.21498 1.65082 
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Table B65. Causal effect estimates of common variant genetic liability to schizophrenia on social 

communication difficulties. 

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 209 0.018795 0.006132 0.002177 0.006776 0.030814 

MR Egger 209 0.033675 0.026259 0.201138 -0.01779 0.085143 

SIMEX Corrected MR 

Egger 

209 0.047171 0.033548 0.161 -0.01858 0.112925 

Weighted median 209 0.021054 0.009051 0.020014 0.003314 0.038795 

Weighted mode 209 0.014006 0.022366 0.53187 -0.02983 0.057843 

MR Egger Intercept: -0.0009; p=0.56; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.6; suggesting a 40% attenuation of the Egger estimate towards zero.  

 

Table B66. Causal effect estimates of common variant genetic liability to schizophrenia (European 

ancestry sample) on social communication difficulties.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 80 0.023363 0.007519 0.001888 0.008626 0.0381 

MR Egger 80 -0.00811 0.032741 0.804915 -0.07229 0.056058 

SIMEX Corrected MR 

Egger 

80 -0.01152 0.03787 0.762 -0.08575 0.062704 

Weighted median 80 0.024564 0.010527 0.019629 0.003931 0.045197 

Weighted mode 80 0.027892 0.025086 0.269571 -0.02128 0.07706 

MR Egger Intercept: 0.003; p= 0.33; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.57; suggesting a 43% attenuation of the Egger estimate towards zero.  

 

Table B67. Causal effect estimates of common variant genetic liability to schizophrenia on empathy.  

METHOD NSNP β SE P 95%CIs 

Inverse variance 

weighted 

244 0.308064 0.121771 0.011411 0.069393 0.546734 

MR Egger 244 0.216064 0.501254 0.666818 -0.76639 1.198522 

SIMEX Corrected MR 

Egger 

244 0.321361 0.658545 0.626 -0.96939 1.612109 

Weighted median 244 0.261601 0.164677 0.112157 -0.06117 0.584367 

Weighted mode 244 0.250624 0.47577 0.598831 -0.68189 1.183134 

MR Egger Intercept: 0.006; p = 0.85; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.61; suggesting a 39% attenuation of the Egger estimate towards zero.  
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Table B68. Causal effect estimates of common variant genetic liability to schizophrenia (European 

ancestry sample) on empathy.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 100 0.369404 0.133874 0.005792 0.107011 0.631798 

MR Egger 100 0.850944 0.49309 0.087546 -0.11551 1.817401 

SIMEX Corrected MR 

Egger 

100 1.12241 0.63416 0.0799 -0.12054 2.365364 

Weighted median 100 0.402149 0.1886 0.032984 0.032493 0.771806 

Weighted mode 100 0.41521 0.471829 0.38099 -0.50958 1.339996 

MR Egger Intercept: -0.041; p= 0.31; providing limited evidence of horizontal pleiotropy 

influencing the causal effect estimates.  

I2GX= 0.65; suggesting a 35% attenuation of the Egger estimate towards zero.  

 

Table B69. Causal effect estimates of common variant genetic liability to schizophrenia on 

systemising.  

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 244 0.340755 0.203726 0.094403 -0.05855 0.740058 

MR Egger 244 1.275327 0.83601 0.128442 -0.36325 2.913908 

SIMEX Corrected MR 

Egger 

244 1.75136 1.08259 0.107 -0.37052 3.873236 

Weighted median 244 0.182125 0.246246 0.459539 -0.30052 0.664767 

Weighted mode 244 0.116867 0.686705 0.865007 -1.22907 1.462808 

MR Egger Intercept: -0.058; p= 0.25; providing limited evidence of horizontal pleiotropy 

influencing causal effect estimates.  

I2GX= 0.61; suggesting a 39% attenuation of the Egger estimate towards zero.  

 

Table B70. Causal effect estimates of common variant genetic liability to schizophrenia (European 

ancestry sample) on systemising. 

METHOD NSNP β SE P 95%CIs 

Inverse variance weighted 100 0.073314 0.240538 0.760524 -0.39814 0.544769 

MR Egger 100 -0.11581 0.888535 0.896566 -1.85734 1.625719 

SIMEX Corrected MR 

Egger 

100 -0.12619 1.15728 0.913 -2.39446 2.142079 

Weighted median 100 -0.06374 0.284685 0.822836 -0.62172 0.494242 

Weighted mode 100 -0.14803 0.67132 0.825932 -1.46382 1.167758 

MR Egger Intercept: 0.016; p= 0.83; providing limited evidence of horizontal pleiotropy 

influencing causal effect estimates . 

I2GX= 0.65; suggesting a 35% attenuation of the Egger estimate towards zero.  



Appendix B 

254 
 

Table B71. Direct effects of common variant genetic liability to schizophrenia and IQ on social 

communication difficulties. 
 

NSNP β SE P 95%CIs 

SCZ 183 0.0166 0.00603 6.15E-03 0.004781 0.028419 

IQ 134 -0.0248 0.02 0.216 -0.064 0.0144 

 

Table B72. Direct effects of common variant genetic liability to schizophrenia (European ancestry 

sample) and IQ on social communication difficulties.  
 

NSNP β SE P 95%CIs 

SCZ 62 0.0181 0.00728 1.35E-02 0.003831 0.032369 

IQ 142 -0.0407 0.0202 0.0459 -0.08029 -0.00111 

 

Table B73. Direct effects of common variant genetic liability to schizophrenia and IQ on empathy. 
 

NSNP β SE P 95%CIs 

SCZ 212 0.169 0.125 1.77E-01 -0.076 0.414 

IQ 180 -1.91 0.395 2.02E-06 -2.6842 -1.1358 

 

Table B74. Direct effects of common variant genetic liability to schizophrenia (European ancestry 

sample) and IQ on empathy.  
 

NSNP β SE P 95%CIs 

SCZ 77 0.228 0.147 1.23E-01 -0.06012 0.51612 

IQ 195 -1.66 0.397 3.84E-05 -2.43812 -0.88188 

 

Table B75. Direct effects of common variant genetic liability to schizophrenia on systemising. 
 

NSNP β SE P 95%CIs 

SCZ 212 0.169 0.125 1.77E-01 -0.076 0.414 

IQ 180 -1.91 0.395 2.02E-06 -2.6842 -1.1358 

 

Table B76. Direct effects of common variant genetic liability to schizophrenia (European ancestry 

sample) on systemising.  
 

NSNP β SE P 95%CIs 

SCZ 77 0.228 0.147 1.23E-01 -0.06012 0.51612 

IQ 195 -1.66 0.397 3.84E-05 -2.43812 -0.88188 
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Appendix C 
 

Figure C1. Frequency of IBD diagnoses (for mothers and fathers of the study cohort) in National 

Patient Register (NPR) from 1987 to 2010. Data quality from outpatient specialist care were not 

originally included in the NPR and these were added starting in the late 1990s. This is reflected in the 

figures bellow, justifying therefore the use of parental lifetime IBD diagnosis as the primary exposure 

in the study investigating the associations between parental diagnoses of IBD and offspring autism.  
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Figure C2. Genetic instrument extraction process for the MR analyses investigating the causal links between common variant genetic liability to autism 

without intellectual disabilities (ID) and Inflammatory bowel disease (IBD), Crohn’s (CD), ulcerative colitis (UC).  
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Figure C3. Overall prevalence of Crohn’s disease (Crohn’s), ulcerative colitis (colitis) and other inflammatory bowel disease (IBD) in the mothers and fathers 

of the cohort.  
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Table C4. Diagnostic codes and register sources for ascertainment of outcomes and exposures.  

Data Sources and 

Coding System 

Autism Spectrum 

Disorders (ASD) 

Intellectual 

Disability 

Parental 

Psychiatric 

History 

Any IBD (Crohn’s UC, 

unspecified diagnoses 

combined) 

Ulcerative 

Colitis 

Crohn’s 

Disease 

Other 

IBD 

ICD-9a 299 317-319 290-319 555, 556, 558 556 555 558 

ICD-10a F84 F70-F79 F chapter K50, K51, K52.3, K52.9 K51 K50 K52.3, 

K52.9 

 

aThe National Patient Register (NPR): including inpatient care beginning in 1973, outpatient physician visits in specialist care beginning in 1997, outpatient 

psychiatric diagnoses from 2006, and children and adolescent psychiatric care (2011).  
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Table C5. Effect sizes, standard errors and p-values of the genetic instruments used in the Mendelian 

randomisation (MR) analyses investigating the bidirectional causal effects of common variant genetic 

liability to autism with inflammatory bowel disease (IBD), Crohn’s disease (Crohn’s) and ulcerative 

colitis (UC).  

Autism 

SNP A1 A2 logOR SE P 

rs910805 A G -0.0957 0.016 2.04E-09 

rs2224274 T C 0.070999 0.0138 2.86E-07 

rs325485 A G 0.072804 0.0143 3.25E-07 

rs112635299 T G 0.220997 0.0432 3.04E-07 

rs10099100 C G 0.084304 0.0147 1.07E-08 

rs45595836 T C 0.138996 0.0272 3.13E-07 

rs2391769 A G -0.0769 0.0145 1.14E-07 

rs6701243 A C 0.073501 0.0144 3.07E-07 

rs1452075 T C 0.080704 0.0155 2.07E-07       

IBD 

SNP A1 A2 logOR SE P 

rs6584282 G A -0.152 0.0124 1.19E-34 

rs11195128 T C 0.0792 0.0133 2.74E-09 

rs111456533 A G -0.1031 0.017 1.18E-09 

rs10826797 T G -0.099 0.0136 3.99E-13 

rs2384352 G A 0.0951 0.0131 3.12E-13 

rs10761659 G A 0.1585 0.0126 2.3E-36 

rs1250573 A G -0.098 0.0138 1.11E-12 

rs2343551 C A 0.104 0.0156 2.99E-11 

rs7918084 T C 0.071 0.0125 1.38E-08 

rs11221335 C T 0.0827 0.0148 2.44E-08 

rs11236797 A C 0.1488 0.0125 7.19E-33 

rs11066188 A G 0.0874 0.013 1.76E-11 

rs117981694 A G 0.3452 0.0411 4.53E-17 

rs12825700 A G 0.1324 0.0127 1.28E-25 

rs3897234 C T 0.0971 0.0145 1.9E-11 

rs140933577 C T -0.1857 0.0305 1.13E-09 

rs7995004 T C 0.0833 0.0148 1.79E-08 

rs194746 T C 0.0833 0.0124 1.84E-11 

rs3850378 C T 0.1536 0.0207 1.1E-13 

rs56062135 T C 0.1382 0.0145 1.37E-21 

rs2301127 A G 0.0783 0.0126 4.96E-10 

rs7190426 C A -0.0872 0.0155 2.06E-08 

rs28374519 A G -0.1105 0.0137 6.55E-16 

rs9934775 T C -0.1116 0.0172 8.77E-11 

rs749910 A G 0.1961 0.0138 7.83E-46 

rs8056255 A T 0.2765 0.0327 2.99E-17 

rs145126485 C A 0.2464 0.0356 4.77E-12 

rs11548656 G A -0.2374 0.0362 5.18E-11 
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IBD instruments (continued) 

SNP A1 A2 logOR SE P 

rs1143687 T C -0.1382 0.0251 3.83E-08 

rs16940202 C T 0.113 0.0169 2.51E-11 

rs11870407 A C -0.101 0.014 4.83E-13 

rs12936409 T C 0.1406 0.0124 7.73E-30 

rs744166 G A -0.1109 0.0126 1.34E-18 

rs4072601 A G -0.1264 0.0177 8.43E-13 

rs80262450 A G 0.1581 0.019 1.04E-16 

rs1319951 G C -0.0851 0.0147 7.5E-09 

rs12720356 C A 0.1585 0.0214 1.44E-13 

rs11669299 T C -0.1107 0.0157 1.84E-12 

rs4807569 C A 0.1281 0.0152 4.24E-17 

rs62126610 G A 0.1407 0.0166 2.6E-17 

rs11804831 C T 0.0908 0.0164 3.31E-08 

rs1336900 A G -0.0848 0.0128 2.98E-11 

rs78703675 A G 0.1078 0.0187 7.62E-09 

rs4845604 A G -0.1388 0.0185 7.09E-14 

rs12411216 C A 0.083 0.0126 3.85E-11 

rs7532133 G A 0.0789 0.0134 3.83E-09 

rs10800309 G A -0.123 0.0133 1.94E-20 

rs12136659 C T 0.087 0.0142 1.02E-09 

rs2224873 A T 0.0989 0.0147 1.7E-11 

rs2816972 G A 0.1107 0.0202 3.9E-08 

rs35730213 C G -0.1346 0.014 7.5E-22 

rs1317209 A G 0.1164 0.016 3.79E-13 

rs3820328 G A -0.0926 0.0129 8.31E-13 

rs6674040 T G -0.1129 0.0124 6.31E-20 

rs3024493 A C 0.1911 0.0165 4.04E-31 

rs59043219 A G 0.0738 0.0129 1.09E-08 

rs34963268 C G -0.1315 0.0166 2.34E-15 

rs116760029 A G 0.1842 0.0311 3.13E-09 

rs112874012 T C -0.1991 0.0318 3.9E-10 

rs11581607 A G -0.6578 0.0294 4.6E-111 

rs11576006 C T -0.0872 0.0154 1.49E-08 

rs10746475 A T 0.1308 0.0164 1.58E-15 

rs6017342 C A 0.1156 0.0135 1.07E-17 

rs6063502 G A -0.0734 0.0134 4.55E-08 

rs154873 A G -0.0813 0.0132 7.38E-10 

rs4256018 G T 0.0786 0.0138 1.23E-08 

rs6062496 A G 0.137 0.0129 2.83E-26 

rs1297264 G A -0.1462 0.0126 3.98E-31 

rs2284553 G A 0.0742 0.0128 7.4E-09 

rs2836881 T G -0.1643 0.0146 1.96E-29 

rs2838517 C T -0.128 0.0125 1.84E-24 

rs5754100 C T 0.1293 0.016 7.14E-16 
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IBD instruments (continued) 

SNP A1 A2 logOR SE P 

rs1978083 G C 0.0875 0.0141 6.03E-10 

rs2413583 T C -0.1732 0.0171 4.6E-24 

rs62228374 A G 0.2669 0.0445 2E-09 

rs1558619 T G -0.0843 0.0123 8.9E-12 

rs72852162 C A -0.1129 0.0202 2.3E-08 

rs6740847 G A -0.0924 0.0125 1.22E-13 

rs13422838 C T -0.1143 0.0205 2.56E-08 

rs62180107 C G -0.0797 0.0132 1.55E-09 

rs62183956 T C -0.078 0.0125 4.49E-10 

rs3792111 T C 0.1391 0.0124 5.12E-29 

rs4676408 A G 0.1011 0.013 7.63E-15 

rs76527535 T C -0.0864 0.0156 2.87E-08 

rs76286777 C T 0.0996 0.0151 4.66E-11 

rs11677002 C T -0.0931 0.0126 1.37E-13 

rs55946629 A C 0.1298 0.018 5.45E-13 

rs7608697 C A 0.1395 0.0126 1.67E-28 

rs503734 G A -0.0692 0.0124 2.67E-08 

rs56116661 T C -0.1 0.0163 9.27E-10 

rs1131095 C T 0.1635 0.0131 1.22E-35 

rs2593855 T C -0.0832 0.014 2.54E-09 

rs62324212 A C 0.0886 0.0127 2.67E-12 

rs11734570 A G 0.0694 0.0127 4.8E-08 

rs341295 T C 0.0702 0.0124 1.45E-08 

rs11739135 C G 0.1366 0.0125 1.1E-27 

rs2961704 T C -0.1459 0.0227 1.31E-10 

rs17656349 T C 0.0731 0.0125 5.17E-09 

rs17800987 G A 0.1843 0.0222 1.07E-16 

rs10052709 G C -0.1236 0.0187 3.44E-11 

rs1157509 G A 0.1449 0.0172 3.35E-17 

rs755374 T C 0.1767 0.0134 1.59E-39 

rs56235845 G T 0.0877 0.0138 1.77E-10 

rs395157 T C 0.0776 0.0124 4.63E-10 

rs72748445 A C -0.11 0.0141 5.37E-15 

rs1445004 T C 0.1689 0.0127 3.48E-40 

rs10055349 A G 0.1038 0.0148 2.17E-12 

rs6873866 C T -0.0919 0.0128 6.15E-13 

rs11152949 G A 0.1019 0.0133 1.56E-14 

rs13200059 A G 0.2114 0.0346 9.69E-10 

rs6933404 C T 0.0863 0.0149 6.64E-09 

rs1267496 C G 0.1053 0.0159 3.39E-11 

rs212402 A G -0.0743 0.013 1.06E-08 

rs35171809 G A 0.1088 0.0123 1.16E-18 

rs4712528 C G 0.1043 0.0152 7.14E-12 

rs4710973 C T -0.0842 0.0132 1.67E-10 
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IBD instruments (continued) 

SNP A1 A2 logOR SE P 

rs1265098 C T -0.1278 0.0157 4.25E-16 

rs117292830 A G 0.3398 0.0394 6.69E-18 

rs77108272 A C 0.457 0.0505 1.49E-19 

rs143210366 G T 0.2836 0.036 3.14E-15 

rs114751021 G A 0.39 0.0407 9.24E-22 

rs62402717 A G -0.2081 0.0367 1.43E-08 

rs138753323 C T 0.5947 0.0351 1.47E-64 

rs687308 T C -0.2294 0.0174 1.13E-39 

rs77318243 A T -0.1617 0.0237 8.4E-12 

rs12206377 G A 0.2504 0.0416 1.72E-09 

rs67289879 T C 0.0898 0.0162 3.04E-08 

rs62408218 T C -0.0818 0.0129 2.4E-10 

rs62482552 A G -0.0737 0.0131 1.97E-08 

rs4730263 A C -0.0746 0.0127 4.29E-09 

rs10953551 G A -0.1033 0.0127 4.94E-16 

rs243505 G A -0.0805 0.0128 3.04E-10 

rs149169037 A G -0.1338 0.0242 3.26E-08 

rs1456896 T C 0.0879 0.0133 4.5E-11 

rs11768365 G A -0.0837 0.0152 3.88E-08 

rs2529269 C T 0.1042 0.0163 1.7E-10 

rs4236540 T G -0.081 0.0139 5.54E-09 

rs4380956 A G 0.0907 0.0127 1.12E-12 

rs938650 A G -0.1074 0.0189 1.41E-08 

rs10114470 C T 0.1475 0.0137 4.1E-27 

rs3829110 G A 0.1574 0.0125 3.52E-36 

rs1887428 C G -0.1643 0.0131 2.46E-36       

UC 

SNP A1 A2 logOR SE P 

rs7911680 C A -0.1525 0.0159 6.71E-22 

rs7911117 G T -0.1342 0.0239 1.84E-08 

rs10761659 G A 0.1276 0.016 1.33E-15 

rs2045241 A G -0.1063 0.0169 2.83E-10 

rs2212434 T C 0.1252 0.0159 2.8E-15 

rs12825700 A G 0.1889 0.0161 7.33E-32 

rs1359946 A G 0.1571 0.0202 6.58E-15 

rs56062135 T C 0.1078 0.0184 4.66E-09 

rs11645239 G C -0.1174 0.02 4.14E-09 

rs7203363 A T 0.1071 0.0189 1.41E-08 

rs16940186 C T 0.1357 0.0214 2.19E-10 

rs12936409 T C 0.1365 0.0158 5.62E-18 

rs11651246 G T 0.147 0.0219 2.01E-11 

rs8073117 A G -0.1548 0.0225 6.4E-12 

rs78064630 A G 0.1759 0.0308 1.08E-08 
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UC instruments (continued) 

SNP A1 A2 logOR SE P 

rs10408351 A G 0.1548 0.0204 2.92E-14 

rs1336900 A G -0.0887 0.0163 4.95E-08 

rs79051659 A G 0.1605 0.0264 1.3E-09 

rs6658353 C G -0.1569 0.016 1.17E-22 

rs2816980 T G 0.1941 0.026 9.18E-14 

rs7554511 A C -0.1448 0.0178 4.27E-16 

rs2294633 T C -0.0985 0.0177 2.79E-08 

rs1317209 A G 0.1818 0.0203 2.9E-19 

rs3820328 G A -0.1662 0.0164 3.66E-24 

rs10737481 G T 0.2173 0.0159 2.56E-42 

rs3024493 A C 0.21 0.0209 7.46E-24 

rs34920465 G A -0.1708 0.0213 9.01E-16 

rs7544646 G C -0.1168 0.016 2.53E-13 

rs11209026 A G -0.483 0.0358 2E-41 

rs7523335 A G -0.1389 0.021 3.42E-11 

rs6017342 C A 0.1944 0.017 3.95E-30 

rs6062496 A G 0.1359 0.0163 8.97E-17 

rs1736161 A G -0.1227 0.0161 2.22E-14 

rs2836881 T G -0.2217 0.0186 1.11E-32 

rs2838517 C T -0.1177 0.016 1.78E-13 

rs4993442 T G -0.0988 0.0179 3.54E-08 

rs138788 A G 0.0896 0.0162 2.95E-08 

rs9611131 C T -0.1494 0.0227 5.11E-11 

rs137845 G A 0.1011 0.0158 1.5E-10 

rs16830407 A G 0.1078 0.0166 7.62E-11 

rs62180181 T C 0.1226 0.0171 8.08E-13 

rs1811711 G C -0.1299 0.0223 6.09E-09 

rs4676408 A G 0.1433 0.0167 1.19E-17 

rs7608697 C A 0.1597 0.0161 3.03E-23 

rs1131095 C T 0.1593 0.0168 2.18E-21 

rs17715902 A G 0.0974 0.0166 4.62E-09 

rs17656349 T C 0.09 0.0159 1.54E-08 

rs116724447 A G -0.339 0.0572 3.01E-09 

rs1157509 G A 0.1311 0.0217 1.54E-09 

rs755374 T C 0.1714 0.0171 9.73E-24 

rs67111717 G A 0.0944 0.0171 3.27E-08 

rs6889364 A G 0.1318 0.0228 7.87E-09 

rs72704802 T C -0.1223 0.0206 2.89E-09 

rs13200059 A G 0.2944 0.0436 1.48E-11 

rs6933404 C T 0.1486 0.0188 2.69E-15 

rs113986290 T C -0.3066 0.0531 7.59E-09 

rs974334 G C 0.1181 0.0206 9.96E-09 

rs17190351 A G 0.4301 0.0561 1.79E-14 

rs9263719 T C -0.1692 0.0269 3.09E-10 
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UC instruments (continued) 

SNP A1 A2 logOR SE P 

rs1265098 C T -0.1646 0.0203 4.71E-16 

rs114849343 T G 0.302 0.0458 4.11E-11 

rs77108272 A C 0.5479 0.062 1.02E-18 

rs57256697 T C 0.3794 0.0469 6.16E-16 

rs9296004 C A 0.3119 0.0281 1.15E-28 

rs9271176 G A -0.3495 0.0173 4.2E-91 

rs1846190 A G -0.2267 0.019 1.16E-32 

rs3097666 C G -0.2154 0.0304 1.46E-12 

rs872956 A T -0.1378 0.021 5.24E-11 

rs2301989 A G -0.1294 0.0161 1.08E-15 

rs10272963 T C -0.1512 0.016 4.11E-21 

rs4728142 A G 0.0995 0.0158 3.23E-10 

rs798506 C T -0.1206 0.0179 1.47E-11 

rs10817678 A G 0.1332 0.017 4.42E-15 

rs3812565 C T 0.1335 0.016 6.5E-17 

rs1887428 C G -0.167 0.0166 9.65E-24 

rs1411262 T C 0.101 0.0179 1.83E-08       

Crohn’s instruments 

SNP A1 A2 logOR SE P 

rs6584282 G A -0.1658 0.016 3.44E-25 

rs10884966 A G 0.1131 0.0171 4.13E-11 

rs2002695 G A -0.1293 0.0189 8.31E-12 

rs1148246 T C -0.1323 0.0167 2.09E-15 

rs61839660 T C 0.1468 0.0261 1.98E-08 

rs10822050 C T 0.1827 0.0162 2.35E-29 

rs2675670 C G 0.1074 0.0161 2.9E-11 

rs1250573 A G -0.1522 0.0179 1.92E-17 

rs1870148 A G 0.1351 0.0206 5.44E-11 

rs11236797 A C 0.176 0.0161 8.51E-28 

rs77566919 A G -0.1089 0.0185 4.13E-09 

rs34635748 T C 0.4794 0.0504 1.95E-21 

rs28999107 T G 0.1083 0.0178 1.06E-09 

rs80244186 C T 0.1246 0.0226 3.66E-08 

rs1373904 G A 0.141 0.0189 9.11E-14 

rs194746 T C 0.0975 0.0161 1.24E-09 

rs3850378 C T 0.199 0.0267 8.31E-14 

rs72743461 A C 0.1684 0.0187 2.26E-19 

rs6416647 C T 0.1007 0.0178 1.46E-08 

rs2021511 T C -0.1082 0.0182 2.63E-09 

rs42861 G A 0.1243 0.0167 8.87E-14 

rs55938681 T A 0.141 0.0209 1.47E-11 

rs7206852 A T -0.1287 0.0223 7.71E-09 

rs67373269 C G -0.1151 0.0194 3.21E-09 
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Crohn’s instruments (continued) 

SNP A1 A2 logOR SE P 

rs4486887 T C -0.1686 0.0172 1.37E-22 

rs2076756 G A 0.385 0.0174 1.8E-108 

rs59145923 C G -0.1717 0.0309 2.72E-08 

rs72798422 C T 0.5495 0.0382 6.05E-47 

rs145126485 C A 0.5236 0.0431 6.4E-34 

rs7198678 T A -0.1398 0.0229 1.08E-09 

rs59926756 A G 0.1062 0.0176 1.74E-09 

rs2948542 G A 0.1016 0.0163 5.15E-10 

rs3091315 G A -0.1579 0.0182 3.76E-18 

rs12936409 T C 0.1426 0.016 4.31E-19 

rs744166 G A -0.1142 0.0162 1.8E-12 

rs80262450 A G 0.2268 0.0244 1.34E-20 

rs144309607 T C -0.3712 0.047 2.69E-15 

rs142770866 A G 0.1753 0.0292 1.99E-09 

rs4807570 A G 0.1811 0.0193 6.03E-21 

rs62126620 A G 0.144 0.0201 8.61E-13 

rs492602 G A 0.1084 0.0162 2.33E-11 

rs2476601 G A 0.2312 0.0286 6.44E-16 

rs12131079 T C -0.1088 0.0174 3.99E-10 

rs34687326 A G -0.1649 0.0288 1.06E-08 

rs114802258 T C -0.2245 0.0384 5.11E-09 

rs6704109 T C 0.1748 0.0181 5.1E-22 

rs1775448 G A -0.122 0.017 6.78E-13 

rs35730213 C G -0.1166 0.0181 1.17E-10 

rs3122605 A G -0.1748 0.0227 1.24E-14 

rs59805578 C T -0.2674 0.034 3.92E-15 

rs12041056 T C 0.1284 0.0163 3.75E-15 

rs7517847 G T -0.3447 0.0165 5.84E-97 

rs4655709 A G 0.1224 0.0183 2.46E-11 

rs3761158 A G -0.1098 0.0165 2.65E-11 

rs6062496 A G 0.1223 0.0167 2.62E-13 

rs1297264 G A -0.1769 0.0163 1.59E-27 

rs2284553 G A 0.1277 0.0165 1.14E-14 

rs2838517 C T -0.1456 0.0162 2.03E-19 

rs5754100 C T 0.1687 0.0206 3.02E-16 

rs4821544 C T 0.0966 0.0171 1.76E-08 

rs2143178 C T -0.2087 0.0223 6.84E-21 

rs62228374 A G 0.3164 0.0557 1.36E-08 

rs2110735 G A -0.1372 0.0185 1.2E-13 

rs11683692 C T -0.2144 0.038 1.75E-08 

rs151175749 G C 0.2483 0.0428 6.73E-09 

rs6740847 G A -0.104 0.0161 9.72E-11 

rs1583792 T C -0.0882 0.016 3.26E-08 

rs7563433 C T 0.1525 0.02 2.14E-14 
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Crohn’s instruments (continued) 

SNP A1 A2 logOR SE P 

rs3816234 A G 0.2704 0.0162 1.51E-62 

rs4343432 G A 0.1123 0.0162 3.5E-12 

rs1260326 C T -0.1053 0.0161 6.32E-11 

rs11677002 C T -0.1124 0.0163 4.57E-12 

rs55946629 A C 0.1755 0.0231 2.85E-14 

rs7608697 C A 0.1229 0.0163 4.03E-14 

rs6808936 G A 0.0904 0.0161 1.93E-08 

rs56116661 T C -0.1312 0.0212 5.67E-10 

rs9836291 A G 0.1722 0.017 3.77E-24 

rs2581828 G C -0.0941 0.0162 6.46E-09 

rs13107325 T C 0.2006 0.0284 1.67E-12 

rs62324212 A C 0.106 0.0163 8.02E-11 

rs73243877 G A 0.1164 0.0212 4.12E-08 

rs2188962 T C 0.2004 0.016 5.59E-36 

rs181826 A C 0.1162 0.0167 3.25E-12 

rs9637870 A G 0.2558 0.0275 1.33E-20 

rs10052709 G C -0.141 0.0242 5.76E-09 

rs1157509 G A 0.1519 0.0224 1.26E-11 

rs755374 T C 0.1969 0.0174 1.38E-29 

rs72748445 A C -0.1369 0.0181 4.31E-14 

rs6451494 C T 0.2605 0.0166 8.26E-56 

rs10055349 A G 0.1734 0.019 5.59E-20 

rs137976175 A G -0.2564 0.0372 5.59E-12 

rs6873866 C T -0.1314 0.0164 1.35E-15 

rs73516754 C A 0.1423 0.0169 4.04E-17 

rs9482770 C T 0.0987 0.0162 1.01E-09 

rs212408 T G -0.1136 0.0167 9.12E-12 

rs35171809 G A 0.1566 0.0159 9.07E-23 

rs1012636 T G 0.1291 0.0198 7.01E-11 

rs7753014 G C -0.0989 0.0163 1.39E-09 

rs2240069 G A -0.1568 0.0252 4.73E-10 

rs9264360 T A 0.1246 0.0225 3.23E-08 

rs4151651 A G 0.3682 0.0409 2.25E-19 

rs401775 C T 0.2023 0.0203 2.17E-23 

rs2073045 A G -0.1032 0.0188 4.28E-08 

rs9501632 T C 0.3872 0.0637 1.18E-09 

rs13203429 C G 0.1264 0.0169 6.74E-14 

rs4959116 T C 0.1362 0.0227 1.86E-09 

rs11965964 T C 0.3044 0.0529 8.83E-09 

rs1321859 T C -0.1049 0.0172 1.18E-09 

rs9656588 C T 0.1183 0.0173 8.73E-12 

rs4380956 A G 0.132 0.0165 1.15E-15 

rs938650 A G -0.1747 0.0247 1.65E-12 

rs10114470 C T 0.1687 0.0177 1.76E-21 
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Crohn’s instruments (continued) 

SNP A1 A2 logOR SE P 

rs4077515 T C 0.1848 0.0162 3.15E-30 

rs1887428 C G -0.166 0.0169 8.54E-23 
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Table C6. Effect sizes, standard errors and p-values of the genetic instruments used in the Mendelian 

randomisation (MR) analyses investigating the bidirectional causal effects of common variant genetic 

liability to autism without intellectual disabilities (ID) with inflammatory bowel disease (IBD), 

Crohn’s disease (Crohn’s) and ulcerative colitis (UC).  

Autism without ID 

SNP A1 A2 logOR SE P 

rs529507 A G -0.1354 0.0241 1.88E-08 

rs292441 A G -0.0958 0.0182 1.42E-07 

rs1402807 T C 0.092497 0.018 2.73E-07 

rs1000177 T C 0.123102 0.0197 3.85E-10 

rs10195840 A G 0.094701 0.0175 5.87E-08 

rs10197246 T C 0.100298 0.0186 6.94E-08 

rs114489105 T G 0.199596 0.0384 2.05E-07       

IBD 

SNP A1 A2 logOR SE P 

rs6584282 G A -0.152 0.0124 1.19E-34 

rs11195128 T C 0.0792 0.0133 2.74E-09 

rs111456533 A G -0.1031 0.017 1.18E-09 

rs10826797 T G -0.099 0.0136 3.99E-13 

rs2384352 G A 0.0951 0.0131 3.12E-13 

rs10761659 G A 0.1585 0.0126 2.3E-36 

rs1250573 A G -0.098 0.0138 1.11E-12 

rs2343551 C A 0.104 0.0156 2.99E-11 

rs7918084 T C 0.071 0.0125 1.38E-08 

rs11221335 C T 0.0827 0.0148 2.44E-08 

rs11236797 A C 0.1488 0.0125 7.19E-33 

rs11066188 A G 0.0874 0.013 1.76E-11 

rs117981694 A G 0.3452 0.0411 4.53E-17 

rs12825700 A G 0.1324 0.0127 1.28E-25 

rs3897234 C T 0.0971 0.0145 1.9E-11 

rs140933577 C T -0.1857 0.0305 1.13E-09 

rs7995004 T C 0.0833 0.0148 1.79E-08 

rs194746 T C 0.0833 0.0124 1.84E-11 

rs3850378 C T 0.1536 0.0207 1.1E-13 

rs56062135 T C 0.1382 0.0145 1.37E-21 

rs2301127 A G 0.0783 0.0126 4.96E-10 

rs7190426 C A -0.0872 0.0155 2.06E-08 

rs28374519 A G -0.1105 0.0137 6.55E-16 

rs9934775 T C -0.1116 0.0172 8.77E-11 

rs749910 A G 0.1961 0.0138 7.83E-46 

rs8056255 A T 0.2765 0.0327 2.99E-17 

rs145126485 C A 0.2464 0.0356 4.77E-12 

rs11548656 G A -0.2374 0.0362 5.18E-11 

rs1143687 T C -0.1382 0.0251 3.83E-08 

rs16940202 C T 0.113 0.0169 2.51E-11 
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IBD instruments (continued) 

SNP A1 A2 logOR SE P 

rs11870407 A C -0.101 0.014 4.83E-13 

rs12936409 T C 0.1406 0.0124 7.73E-30 

rs744166 G A -0.1109 0.0126 1.34E-18 

rs4072601 A G -0.1264 0.0177 8.43E-13 

rs80262450 A G 0.1581 0.019 1.04E-16 

rs1319951 G C -0.0851 0.0147 7.5E-09 

rs12720356 C A 0.1585 0.0214 1.44E-13 

rs11669299 T C -0.1107 0.0157 1.84E-12 

rs4807569 C A 0.1281 0.0152 4.24E-17 

rs62126610 G A 0.1407 0.0166 2.6E-17 

rs11804831 C T 0.0908 0.0164 3.31E-08 

rs1336900 A G -0.0848 0.0128 2.98E-11 

rs78703675 A G 0.1078 0.0187 7.62E-09 

rs4845604 A G -0.1388 0.0185 7.09E-14 

rs12411216 C A 0.083 0.0126 3.85E-11 

rs7532133 G A 0.0789 0.0134 3.83E-09 

rs10800309 G A -0.123 0.0133 1.94E-20 

rs12136659 C T 0.087 0.0142 1.02E-09 

rs2224873 A T 0.0989 0.0147 1.7E-11 

rs2816972 G A 0.1107 0.0202 3.9E-08 

rs35730213 C G -0.1346 0.014 7.5E-22 

rs1317209 A G 0.1164 0.016 3.79E-13 

rs3820328 G A -0.0926 0.0129 8.31E-13 

rs6674040 T G -0.1129 0.0124 6.31E-20 

rs3024493 A C 0.1911 0.0165 4.04E-31 

rs59043219 A G 0.0738 0.0129 1.09E-08 

rs34963268 C G -0.1315 0.0166 2.34E-15 

rs116760029 A G 0.1842 0.0311 3.13E-09 

rs112874012 T C -0.1991 0.0318 3.9E-10 

rs11581607 A G -0.6578 0.0294 4.6E-111 

rs10746475 A T 0.1308 0.0164 1.58E-15 

rs6017342 C A 0.1156 0.0135 1.07E-17 

rs6063502 G A -0.0734 0.0134 4.55E-08 

rs154873 A G -0.0813 0.0132 7.38E-10 

rs4256018 G T 0.0786 0.0138 1.23E-08 

rs6062496 A G 0.137 0.0129 2.83E-26 

rs1297264 G A -0.1462 0.0126 3.98E-31 

rs2284553 G A 0.0742 0.0128 7.4E-09 

rs2836881 T G -0.1643 0.0146 1.96E-29 

rs2838517 C T -0.128 0.0125 1.84E-24 

rs5754100 C T 0.1293 0.016 7.14E-16 

rs1978083 G C 0.0875 0.0141 6.03E-10 

rs2413583 T C -0.1732 0.0171 4.6E-24 

rs62228374 A G 0.2669 0.0445 2E-09 
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IBD instruments (continued) 

SNP A1 A2 logOR SE P 

rs1558619 T G -0.0843 0.0123 8.9E-12 

rs72852162 C A -0.1129 0.0202 2.3E-08 

rs6740847 G A -0.0924 0.0125 1.22E-13 

rs13422838 C T -0.1143 0.0205 2.56E-08 

rs62180107 C G -0.0797 0.0132 1.55E-09 

rs62183956 T C -0.078 0.0125 4.49E-10 

rs3792111 T C 0.1391 0.0124 5.12E-29 

rs4676408 A G 0.1011 0.013 7.63E-15 

rs76527535 T C -0.0864 0.0156 2.87E-08 

rs76286777 C T 0.0996 0.0151 4.66E-11 

rs11677002 C T -0.0931 0.0126 1.37E-13 

rs55946629 A C 0.1298 0.018 5.45E-13 

rs7608697 C A 0.1395 0.0126 1.67E-28 

rs503734 G A -0.0692 0.0124 2.67E-08 

rs56116661 T C -0.1 0.0163 9.27E-10 

rs1131095 C T 0.1635 0.0131 1.22E-35 

rs2593855 T C -0.0832 0.014 2.54E-09 

rs62324212 A C 0.0886 0.0127 2.67E-12 

rs11734570 A G 0.0694 0.0127 4.8E-08 

rs341295 T C 0.0702 0.0124 1.45E-08 

rs11739135 C G 0.1366 0.0125 1.1E-27 

rs2961704 T C -0.1459 0.0227 1.31E-10 

rs17656349 T C 0.0731 0.0125 5.17E-09 

rs17800987 G A 0.1843 0.0222 1.07E-16 

rs10052709 G C -0.1236 0.0187 3.44E-11 

rs1157509 G A 0.1449 0.0172 3.35E-17 

rs755374 T C 0.1767 0.0134 1.59E-39 

rs56235845 G T 0.0877 0.0138 1.77E-10 

rs395157 T C 0.0776 0.0124 4.63E-10 

rs72748445 A C -0.11 0.0141 5.37E-15 

rs1445004 T C 0.1689 0.0127 3.48E-40 

rs10055349 A G 0.1038 0.0148 2.17E-12 

rs6873866 C T -0.0919 0.0128 6.15E-13 

rs11152949 G A 0.1019 0.0133 1.56E-14 

rs13200059 A G 0.2114 0.0346 9.69E-10 

rs6933404 C T 0.0863 0.0149 6.64E-09 

rs1267496 C G 0.1053 0.0159 3.39E-11 

rs212402 A G -0.0743 0.013 1.06E-08 

rs35171809 G A 0.1088 0.0123 1.16E-18 

rs4712528 C G 0.1043 0.0152 7.14E-12 

rs4710973 C T -0.0842 0.0132 1.67E-10 

rs1265098 C T -0.1278 0.0157 4.25E-16 

rs117292830 A G 0.3398 0.0394 6.69E-18 

rs77108272 A C 0.457 0.0505 1.49E-19 
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IBD instruments (continued) 

SNP A1 A2 logOR SE P 

rs143210366 G T 0.2836 0.036 3.14E-15 

rs114751021 G A 0.39 0.0407 9.24E-22 

rs62402717 A G -0.2081 0.0367 1.43E-08 

rs138753323 C T 0.5947 0.0351 1.47E-64 

rs687308 T C -0.2294 0.0174 1.13E-39 

rs77318243 A T -0.1617 0.0237 8.4E-12 

rs12206377 G A 0.2504 0.0416 1.72E-09 

rs67289879 T C 0.0898 0.0162 3.04E-08 

rs62408218 T C -0.0818 0.0129 2.4E-10 

rs62482552 A G -0.0737 0.0131 1.97E-08 

rs4730263 A C -0.0746 0.0127 4.29E-09 

rs10953551 G A -0.1033 0.0127 4.94E-16 

rs243505 G A -0.0805 0.0128 3.04E-10 

rs149169037 A G -0.1338 0.0242 3.26E-08 

rs1456896 T C 0.0879 0.0133 4.5E-11 

rs11768365 G A -0.0837 0.0152 3.88E-08 

rs4236540 T G -0.081 0.0139 5.54E-09 

rs4380956 A G 0.0907 0.0127 1.12E-12 

rs938650 A G -0.1074 0.0189 1.41E-08 

rs10114470 C T 0.1475 0.0137 4.1E-27 

rs3829110 G A 0.1574 0.0125 3.52E-36 

rs1887428 C G -0.1643 0.0131 2.46E-36       

UC 

SNP A1 A2 logOR SE P 

rs7911680 C A -0.1525 0.0159 6.71E-22 

rs7911117 G T -0.1342 0.0239 1.84E-08 

rs10761659 G A 0.1276 0.016 1.33E-15 

rs2045241 A G -0.1063 0.0169 2.83E-10 

rs2212434 T C 0.1252 0.0159 2.8E-15 

rs12825700 A G 0.1889 0.0161 7.33E-32 

rs1359946 A G 0.1571 0.0202 6.58E-15 

rs56062135 T C 0.1078 0.0184 4.66E-09 

rs11645239 G C -0.1174 0.02 4.14E-09 

rs7203363 A T 0.1071 0.0189 1.41E-08 

rs16940186 C T 0.1357 0.0214 2.19E-10 

rs12936409 T C 0.1365 0.0158 5.62E-18 

rs11651246 G T 0.147 0.0219 2.01E-11 

rs8073117 A G -0.1548 0.0225 6.4E-12 

rs78064630 A G 0.1759 0.0308 1.08E-08 

rs10408351 A G 0.1548 0.0204 2.92E-14 

rs1336900 A G -0.0887 0.0163 4.95E-08 

rs79051659 A G 0.1605 0.0264 1.3E-09 

rs6658353 C G -0.1569 0.016 1.17E-22 
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UC instruments (continued) 

SNP A1 A2 logOR SE P 

rs2816980 T G 0.1941 0.026 9.18E-14 

rs7554511 A C -0.1448 0.0178 4.27E-16 

rs2294633 T C -0.0985 0.0177 2.79E-08 

rs1317209 A G 0.1818 0.0203 2.9E-19 

rs3820328 G A -0.1662 0.0164 3.66E-24 

rs10737481 G T 0.2173 0.0159 2.56E-42 

rs3024493 A C 0.21 0.0209 7.46E-24 

rs34920465 G A -0.1708 0.0213 9.01E-16 

rs7544646 G C -0.1168 0.016 2.53E-13 

rs11209026 A G -0.483 0.0358 2E-41 

rs7523335 A G -0.1389 0.021 3.42E-11 

rs6017342 C A 0.1944 0.017 3.95E-30 

rs6062496 A G 0.1359 0.0163 8.97E-17 

rs1736161 A G -0.1227 0.0161 2.22E-14 

rs2836881 T G -0.2217 0.0186 1.11E-32 

rs2838517 C T -0.1177 0.016 1.78E-13 

rs4993442 T G -0.0988 0.0179 3.54E-08 

rs138788 A G 0.0896 0.0162 2.95E-08 

rs9611131 C T -0.1494 0.0227 5.11E-11 

rs137845 G A 0.1011 0.0158 1.5E-10 

rs16830407 A G 0.1078 0.0166 7.62E-11 

rs62180181 T C 0.1226 0.0171 8.08E-13 

rs1811711 G C -0.1299 0.0223 6.09E-09 

rs4676408 A G 0.1433 0.0167 1.19E-17 

rs7608697 C A 0.1597 0.0161 3.03E-23 

rs1131095 C T 0.1593 0.0168 2.18E-21 

rs17715902 A G 0.0974 0.0166 4.62E-09 

rs17656349 T C 0.09 0.0159 1.54E-08 

rs116724447 A G -0.339 0.0572 3.01E-09 

rs1157509 G A 0.1311 0.0217 1.54E-09 

rs755374 T C 0.1714 0.0171 9.73E-24 

rs67111717 G A 0.0944 0.0171 3.27E-08 

rs6889364 A G 0.1318 0.0228 7.87E-09 

rs72704802 T C -0.1223 0.0206 2.89E-09 

rs13200059 A G 0.2944 0.0436 1.48E-11 

rs6933404 C T 0.1486 0.0188 2.69E-15 

rs113986290 T C -0.3066 0.0531 7.59E-09 

rs974334 G C 0.1181 0.0206 9.96E-09 

rs17190351 A G 0.4301 0.0561 1.79E-14 

rs9263719 T C -0.1692 0.0269 3.09E-10 

rs1265098 C T -0.1646 0.0203 4.71E-16 

rs114849343 T G 0.302 0.0458 4.11E-11 

rs77108272 A C 0.5479 0.062 1.02E-18 

rs57256697 T C 0.3794 0.0469 6.16E-16 
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UC instruments (continued) 

SNP A1 A2 logOR SE P 

rs9296004 C A 0.3119 0.0281 1.15E-28 

rs9271176 G A -0.3495 0.0173 4.2E-91 

rs1846190 A G -0.2267 0.019 1.16E-32 

rs3097666 C G -0.2154 0.0304 1.46E-12 

rs872956 A T -0.1378 0.021 5.24E-11 

rs2301989 A G -0.1294 0.0161 1.08E-15 

rs10272963 T C -0.1512 0.016 4.11E-21 

rs4728142 A G 0.0995 0.0158 3.23E-10 

rs798506 C T -0.1206 0.0179 1.47E-11 

rs10817678 A G 0.1332 0.017 4.42E-15 

rs3812565 C T 0.1335 0.016 6.5E-17 

rs1887428 C G -0.167 0.0166 9.65E-24 

rs1411262 T C 0.101 0.0179 1.83E-08       

Crohn’s 

SNP A1 A2 logOR standard_error p_value 

rs6584282 G A -0.1658 0.016 3.44E-25 

rs10884966 A G 0.1131 0.0171 4.13E-11 

rs2002695 G A -0.1293 0.0189 8.31E-12 

rs1148246 T C -0.1323 0.0167 2.09E-15 

rs61839660 T C 0.1468 0.0261 1.98E-08 

rs10822050 C T 0.1827 0.0162 2.35E-29 

rs2675670 C G 0.1074 0.0161 2.9E-11 

rs1250573 A G -0.1522 0.0179 1.92E-17 

rs1870148 A G 0.1351 0.0206 5.44E-11 

rs11236797 A C 0.176 0.0161 8.51E-28 

rs77566919 A G -0.1089 0.0185 4.13E-09 

rs34635748 T C 0.4794 0.0504 1.95E-21 

rs28999107 T G 0.1083 0.0178 1.06E-09 

rs80244186 C T 0.1246 0.0226 3.66E-08 

rs1373904 G A 0.141 0.0189 9.11E-14 

rs194746 T C 0.0975 0.0161 1.24E-09 

rs3850378 C T 0.199 0.0267 8.31E-14 

rs72743461 A C 0.1684 0.0187 2.26E-19 

rs6416647 C T 0.1007 0.0178 1.46E-08 

rs2021511 T C -0.1082 0.0182 2.63E-09 

rs42861 G A 0.1243 0.0167 8.87E-14 

rs55938681 T A 0.141 0.0209 1.47E-11 

rs7206852 A T -0.1287 0.0223 7.71E-09 

rs67373269 C G -0.1151 0.0194 3.21E-09 

rs4486887 T C -0.1686 0.0172 1.37E-22 

rs2076756 G A 0.385 0.0174 1.8E-108 

rs59145923 C G -0.1717 0.0309 2.72E-08 

rs72798422 C T 0.5495 0.0382 6.05E-47 
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Crohn’s instruments (continued) 

SNP A1 A2 logOR SE P 

rs145126485 C A 0.5236 0.0431 6.4E-34 

rs7198678 T A -0.1398 0.0229 1.08E-09 

rs17226979 G A 0.4514 0.073 6.22E-10 

rs59926756 A G 0.1062 0.0176 1.74E-09 

rs2948542 G A 0.1016 0.0163 5.15E-10 

rs3091315 G A -0.1579 0.0182 3.76E-18 

rs12936409 T C 0.1426 0.016 4.31E-19 

rs744166 G A -0.1142 0.0162 1.8E-12 

rs80262450 A G 0.2268 0.0244 1.34E-20 

rs12610298 T C -0.1634 0.0213 1.61E-14 

rs4807570 A G 0.1811 0.0193 6.03E-21 

rs62126620 A G 0.144 0.0201 8.61E-13 

rs492602 G A 0.1084 0.0162 2.33E-11 

rs2476601 G A 0.2312 0.0286 6.44E-16 

rs12131079 T C -0.1088 0.0174 3.99E-10 

rs34687326 A G -0.1649 0.0288 1.06E-08 

rs114802258 T C -0.2245 0.0384 5.11E-09 

rs6704109 T C 0.1748 0.0181 5.1E-22 

rs1775448 G A -0.122 0.017 6.78E-13 

rs35730213 C G -0.1166 0.0181 1.17E-10 

rs3122605 A G -0.1748 0.0227 1.24E-14 

rs59805578 C T -0.2674 0.034 3.92E-15 

rs12041056 T C 0.1284 0.0163 3.75E-15 

rs7517847 G T -0.3447 0.0165 5.84E-97 

rs4655709 A G 0.1224 0.0183 2.46E-11 

rs3761158 A G -0.1098 0.0165 2.65E-11 

rs6062496 A G 0.1223 0.0167 2.62E-13 

rs1297264 G A -0.1769 0.0163 1.59E-27 

rs2284553 G A 0.1277 0.0165 1.14E-14 

rs2838517 C T -0.1456 0.0162 2.03E-19 

rs5754100 C T 0.1687 0.0206 3.02E-16 

rs4821544 C T 0.0966 0.0171 1.76E-08 

rs2143178 C T -0.2087 0.0223 6.84E-21 

rs62228374 A G 0.3164 0.0557 1.36E-08 

rs2110735 G A -0.1372 0.0185 1.2E-13 

rs11683692 C T -0.2144 0.038 1.75E-08 

rs151175749 G C 0.2483 0.0428 6.73E-09 

rs6740847 G A -0.104 0.0161 9.72E-11 

rs1583792 T C -0.0882 0.016 3.26E-08 

rs7563433 C T 0.1525 0.02 2.14E-14 

rs3816234 A G 0.2704 0.0162 1.51E-62 

rs4343432 G A 0.1123 0.0162 3.5E-12 

rs1260326 C T -0.1053 0.0161 6.32E-11 

rs11677002 C T -0.1124 0.0163 4.57E-12 
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Crohn’s instruments (continued) 

SNP A1 A2 logOR SE P 

rs55946629 A C 0.1755 0.0231 2.85E-14 

rs7608697 C A 0.1229 0.0163 4.03E-14 

rs6808936 G A 0.0904 0.0161 1.93E-08 

rs56116661 T C -0.1312 0.0212 5.67E-10 

rs9836291 A G 0.1722 0.017 3.77E-24 

rs2581828 G C -0.0941 0.0162 6.46E-09 

rs13107325 T C 0.2006 0.0284 1.67E-12 

rs62324212 A C 0.106 0.0163 8.02E-11 

rs73243877 G A 0.1164 0.0212 4.12E-08 

rs2188962 T C 0.2004 0.016 5.59E-36 

rs181826 A C 0.1162 0.0167 3.25E-12 

rs9637870 A G 0.2558 0.0275 1.33E-20 

rs10052709 G C -0.141 0.0242 5.76E-09 

rs1157509 G A 0.1519 0.0224 1.26E-11 

rs755374 T C 0.1969 0.0174 1.38E-29 

rs72748445 A C -0.1369 0.0181 4.31E-14 

rs6451494 C T 0.2605 0.0166 8.26E-56 

rs10055349 A G 0.1734 0.019 5.59E-20 

rs137976175 A G -0.2564 0.0372 5.59E-12 

rs6873866 C T -0.1314 0.0164 1.35E-15 

rs73516754 C A 0.1423 0.0169 4.04E-17 

rs9482770 C T 0.0987 0.0162 1.01E-09 

rs212408 T G -0.1136 0.0167 9.12E-12 

rs35171809 G A 0.1566 0.0159 9.07E-23 

rs1012636 T G 0.1291 0.0198 7.01E-11 

rs7753014 G C -0.0989 0.0163 1.39E-09 

rs2240069 G A -0.1568 0.0252 4.73E-10 

rs9264360 T A 0.1246 0.0225 3.23E-08 

rs4151651 A G 0.3682 0.0409 2.25E-19 

rs401775 C T 0.2023 0.0203 2.17E-23 

rs9469119 A C 0.1874 0.034 3.62E-08 

rs13203429 C G 0.1264 0.0169 6.74E-14 

rs4959116 T C 0.1362 0.0227 1.86E-09 

rs11965964 T C 0.3044 0.0529 8.83E-09 

rs1321859 T C -0.1049 0.0172 1.18E-09 

rs9656588 C T 0.1183 0.0173 8.73E-12 

rs4380956 A G 0.132 0.0165 1.15E-15 

rs938650 A G -0.1747 0.0247 1.65E-12 

rs10114470 C T 0.1687 0.0177 1.76E-21 

rs4077515 T C 0.1848 0.0162 3.15E-30 

rs1887428 C G -0.166 0.0169 8.54E-23 
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Appendix Table C7. Swedish cohort characteristics by exposure to maternal IBD diagnoses during index pregnancy.  
  

Unexposed Any IBD 

diagnosis 

P Crohn's disease 

diagnosis 

P Ulcerative Colitis 

diagnosis 

P 

Total 
 

2272606 51621 
 

12390 
 

17832 
 

Any autism 

diagnosis 

 
43568 (1.9%) 1361 (2.6%) <0.001 292 (2.4%) <0.001 422 (2.4%) <0.001 

Autism with ID 
 

6868 (0.3%) 198 (0.4%) <0.001 41 (0.3%) 0.54 54 (0.3%) 0.96 

Autism without 

ID 

 
36700 (1.6%) 1163 (2.3%) <0.001 251 (2.0%) <0.001 368 (2.1%) <0.001 

Any paternal IBD 

diagnosis , 

Lifetime 

 
42047 (1.9%) 1061 (2.1%) <0.001 261 (2.1%) 0.035 319 (1.8%) 0.55 

Sex Male 1166615 (51.3%) 26580 (51.5%) 0.48 6310 (50.9%) 0.37 9120 (51.1%) 0.61 

Parity 1 971026 (42.7%) 22228 (43.1%) 0.30 5456 (44.0%) <0.001 7740 (43.4%) <0.001 
 

2 826776 (36.4%) 18639 (36.1%) 
 

4544 (36.7%) 
 

6630 (37.2%) 
 

 
>=3 474804 (20.9%) 10754 (20.8%) 

 
2390 (19.3%) 

 
3462 (19.4%) 

 

Maternal Age <25 425566 (18.7%) 10783 (20.9%) <0.001 2477 (20.0%) <0.001 3155 (17.7%) 0.006 
 

25-29 773915 (34.1%) 17541 (34.0%) 
 

4313 (34.8%) 
 

6069 (34.0%) 
 

 
30-34 706661 (31.1%) 15268 (29.6%) 

 
3720 (30.0%) 

 
5673 (31.8%) 

 

 
35-39 307101 (13.5%) 6710 (13.0%) 

 
1583 (12.8%) 

 
2455 (13.8%) 

 

 
>=40 59363 (2.6%) 1319 (2.6%) 

 
297 (2.4%) 

 
480 (2.7%) 

 

Paternal Age <25 200567 (8.8%) 5448 (10.6%) <0.001 1299 (10.5%) <0.001 1528 (8.6%) <0.001 
 

25-29 604562 (26.6%) 14730 (28.5%) 
 

3606 (29.1%) 
 

5001 (28.0%) 
 

 
30-34 754703 (33.2%) 16698 (32.3%) 

 
4032 (32.5%) 

 
6033 (33.8%) 

 

 
35-39 456579 (20.1%) 9591 (18.6%) 

 
2331 (18.8%) 

 
3478 (19.5%) 

 

 
>=40 256195 (11.3%) 5154 (10.0%) 

 
1122 (9.1%) 

 
1792 (10.0%) 

 

Maternal Birth 

Country Region 

Nordic 1963705 (86.4%) 47168 (91.4%) <0.001 11427 (92.2%) <0.001 16701 (93.7%) <0.001 

 
Europe 94770 (4.2%) 1225 (2.4%) 

 
285 (2.3%) 

 
334 (1.9%) 

 

 
Africa 38988 (1.7%) 471 (0.9%) 

 
66 (0.5%) 

 
76 (0.4%) 

 

 
Asia 146293 (6.4%) 2160 (4.2%) 

 
500 (4.0%) 

 
557 (3.1%) 

 

 
Other 28850 (1.3%) 597 (1.2%) 

 
112 (0.9%) 

 
164 (0.9%) 
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Swedish cohort characteristics by exposure to maternal IBD diagnoses during index pregnancy (continued) 

  Unexposed Any IBD 

diagnosis 

P Crohn's disease 

diagnosis 

P Ulcerative Colitis 

diagnosis 

P 

Paternal Birth 

Country Region 

Nordic 1946005 (85.6%) 46236 (89.6%) <0.001 11244 (90.8%) <0.001 16430 (92.1%) <0.001 

 
Europe 102238 (4.5%) 1641 (3.2%) 

 
387 (3.1%) 

 
464 (2.6%) 

 

 
Africa 47495 (2.1%) 711 (1.4%) 

 
108 (0.9%) 

 
138 (0.8%) 

 

 
Asia 143341 (6.3%) 2364 (4.6%) 

 
537 (4.3%) 

 
617 (3.5%) 

 

 
Other 33527 (1.5%) 669 (1.3%) 

 
114 (0.9%) 

 
183 (1.0%) 

 

educational 

attainment 1990-

2015 (maternal) 

<=9 years 201674 (8.9%) 5139 (10.0%) <0.001 1214 (9.8%) <0.001 1366 (7.7%) <0.001 

 
>9-12 years 1035320 (45.6%) 25313 (49.0%) 

 
6297 (50.8%) 

 
8516 (47.8%) 

 

 
>12 years 1035612 (45.6%) 21169 (41.0%) 

 
4879 (39.4%) 

 
7950 (44.6%) 

 

educational 

attainment 1990-

2015 (paternal) 

<=9 years 314241 (13.8%) 7445 (14.4%) <0.001 1850 (14.9%) <0.001 2317 (13.0%) <0.001 

 
>9-12 years 1162231 (51.1%) 27819 (53.9%) 

 
6820 (55.0%) 

 
9418 (52.8%) 

 

 
>12 years 796134 (35.0%) 16357 (31.7%) 

 
3720 (30.0%) 

 
6097 (34.2%) 

 

Parental income 

quintile at birth 

1 312469 (13.7%) 5967 (11.6%) <0.001 1293 (10.4%) <0.001 1724 (9.7%) <0.001 

 
2 465484 (20.5%) 10927 (21.2%) 

 
2538 (20.5%) 

 
3421 (19.2%) 

 

 
3 489970 (21.6%) 11759 (22.8%) 

 
2832 (22.9%) 

 
4031 (22.6%) 

 

 
4 501710 (22.1%) 12023 (23.3%) 

 
2970 (24.0%) 

 
4461 (25.0%) 

 

 
5 502973 (22.1%) 10945 (21.2%) 

 
2757 (22.3%) 

 
4195 (23.5%) 

 

Birth place Stockholm 207400 (9.1%) 4099 (7.9%) <0.001 990 (8.0%) <0.001 1426 (8.0%) <0.001 
 

Stockholm 

Suburbs 

(Cities/Towns/Su

burbs) 

258156 (11.4%) 5634 (10.9%) 
 

1426 (11.5%) 
 

2005 (11.2%) 
 

 
Gotherburg and 

Malmö 

196307 (8.6%) 3879 (7.5%) 
 

915 (7.4%) 
 

1329 (7.5%) 
 

 
Other Sweden, 

(densely 

populated areas) 

323645 (14.2%) 7051 (13.7%) 
 

1738 (14.0%) 
 

2514 (14.1%) 
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Swedish cohort characteristics by exposure to maternal IBD diagnoses during index pregnancy (continued) 

  Unexposed Any IBD 

diagnosis 

P Crohn's disease 

diagnosis 

P Ulcerative Colitis 

diagnosis 

P 

 
Other Sweden, 

Towns and 

suburbs 

(intermediate 

density) 

620002 (27.3%) 14847 (28.8%) 
 

3464 (28.0%) 
 

5151 (28.9%) 
 

 
Rural  (thinly 

populated areas) 

665408 (29.3%) 16084 (31.2%) 
 

3849 (31.1%) 
 

5402 (30.3%) 
 

  
1688 (0.1%) 27 (0.1%) 

 
8 (0.1%) 

 
5 (<1%) 

 

Maternal 

Psychiatric 

History, Any 

0 2161554 (95.1%) 47195 (91.4%) <0.001 11505 (92.9%) <0.001 16713 (93.7%) <0.001 

 
1 111052 (4.9%) 4426 (8.6%) 

 
885 (7.1%) 

 
1119 (6.3%) 

 

Paternal 

Psychiatric 

History, Any 

0 2183183 (96.1%) 49341 (95.6%) <0.001 11847 (95.6%) 0.011 17140 (96.1%) 0.71 

 
1 89423 (3.9%) 2280 (4.4%) 

 
543 (4.4%) 

 
692 (3.9%) 

 

Maternal anemia 

in pregnancy 

None 2174734 (95.7%) 48657 (94.3%) <0.001 11531 (93.1%) <0.001 16775 (94.1%) <0.001 

 
<=30 weeks 5435 (0.2%) 312 (0.6%) 

 
121 (1.0%) 

 
130 (0.7%) 

 

 
>30 weeks 92437 (4.1%) 2652 (5.1%) 

 
738 (6.0%) 

 
927 (5.2%) 
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Appendix Table C8. Swedish cohort characteristics by exposure to paternal IBD diagnoses during index pregnancy. 
  

Unexposed Any IBD 

diagnosis 

P Crohn's disease 

diagnosis 

P Ulcerative colitis 

diagnosis 

P 

Total 
 

2281119 43108 
 

11274 
 

18290 
 

Any autism 

diagnosis 

 
43989 (1.9%) 940 (2.2%) <0.001 254 (2.3%) 0.012 346 (1.9%) 0.72 

Autism with ID 
 

6946 (0.3%) 120 (0.3%) 0.35 31 (0.3%) 0.58 33 (0.2%) 0.002 

Autism without 

ID 

 
37043 (1.6%) 820 (1.9%) <0.001 223 (2.0%) 0.003 313 (1.7%) 0.37 

Any maternal 

IBD diagnosis, 

Lifetime 

 
50560 (2.2%) 1061 (2.5%) <0.001 255 (2.3%) 0.74 392 (2.1%) 0.50 

Sex Male 1171044 (51.3%) 22151 (51.4%) 0.84 5756 (51.1%) 0.55 9405 (51.4%) 0.82 

Parity 1 974756 (42.7%) 18498 (42.9%) 0.66 4792 (42.5%) 0.86 7853 (42.9%) 0.008 
 

2 829823 (36.4%) 15592 (36.2%) 
 

4128 (36.6%) 
 

6781 (37.1%) 
 

 
>=3 476540 (20.9%) 9018 (20.9%) 

 
2354 (20.9%) 

 
3656 (20.0%) 

 

Maternal age <25 428105 (18.8%) 8244 (19.1%) 0.007 2134 (18.9%) 0.35 3133 (17.1%) <0.001 
 

25-29 776659 (34.0%) 14797 (34.3%) 
 

3799 (33.7%) 
 

6266 (34.3%) 
 

 
30-34 708826 (31.1%) 13103 (30.4%) 

 
3453 (30.6%) 

 
5829 (31.9%) 

 

 
35-39 308036 (13.5%) 5775 (13.4%) 

 
1592 (14.1%) 

 
2558 (14.0%) 

 

 
>=40 59493 (2.6%) 1189 (2.8%) 

 
296 (2.6%) 

 
504 (2.8%) 

 

Paternal age <25 202096 (8.9%) 3919 (9.1%) 0.002 948 (8.4%) 0.062 1377 (7.5%) <0.001 
 

25-29 607841 (26.6%) 11451 (26.6%) 
 

2982 (26.5%) 
 

4803 (26.3%) 
 

 
30-34 757307 (33.2%) 14094 (32.7%) 

 
3685 (32.7%) 

 
6219 (34.0%) 

 

 
35-39 457592 (20.1%) 8578 (19.9%) 

 
2325 (20.6%) 

 
3855 (21.1%) 

 

 
>=40 256283 (11.2%) 5066 (11.8%) 

 
1334 (11.8%) 

 
2036 (11.1%) 

 

Maternal Birth 

Country Region 

Nordic 1972730 (86.5%) 38143 (88.5%) <0.001 9966 (88.4%) <0.001 16568 (90.6%) <0.001 

 
Europe 94576 (4.1%) 1419 (3.3%) 

 
382 (3.4%) 

 
554 (3.0%) 

 

 
Africa 38886 (1.7%) 573 (1.3%) 

 
133 (1.2%) 

 
148 (0.8%) 

 

 
Asia 145948 (6.4%) 2505 (5.8%) 

 
699 (6.2%) 

 
857 (4.7%) 

 

 
Other 28979 (1.3%) 468 (1.1%) 

 
94 (0.8%) 

 
163 (0.9%) 
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Swedish cohort characteristics by exposure to paternal IBD diagnoses during index pregnancy (continued) 

  Unexposed Any IBD 

diagnosis 

P Crohn's disease 

diagnosis 

P Ulcerative colitis 

diagnosis 

P 

Paternal Birth 

Country Region 

Nordic 1953770 (85.6%) 38471 (89.2%) <0.001 10032 (89.0%) <0.001 16723 (91.4%) <0.001 

 
Europe 102608 (4.5%) 1271 (2.9%) 

 
379 (3.4%) 

 
468 (2.6%) 

 

 
Africa 47632 (2.1%) 574 (1.3%) 

 
134 (1.2%) 

 
128 (0.7%) 

 

 
Asia 143363 (6.3%) 2342 (5.4%) 

 
646 (5.7%) 

 
798 (4.4%) 

 

 
Other 33746 (1.5%) 450 (1.0%) 

 
83 (0.7%) 

 
173 (0.9%) 

 

educational 

attainment 1990-

2015 (maternal) 

<=9 years 202954 (8.9%) 3859 (9.0%) <0.001 989 (8.8%) 0.054 1365 (7.5%) <0.001 

 
>9-12 years 1040094 (45.6%) 20539 (47.6%) 

 
5268 (46.7%) 

 
8550 (46.7%) 

 

 
>12 years 1038071 (45.5%) 18710 (43.4%) 

 
5017 (44.5%) 

 
8375 (45.8%) 

 

educational 

attainment 1990-

2015 (paternal) 

<=9 years 315392 (13.8%) 6294 (14.6%) <0.001 1586 (14.1%) 0.009 2492 (13.6%) <0.001 

 
>9-12 years 1167083 (51.2%) 22967 (53.3%) 

 
5896 (52.3%) 

 
9635 (52.7%) 

 

 
>12 years 798644 (35.0%) 13847 (32.1%) 

 
3792 (33.6%) 

 
6163 (33.7%) 

 

Parental income 

quintile at birth 

1 312926 (13.7%) 5510 (12.8%) <0.001 1375 (12.2%) <0.001 2055 (11.2%) <0.001 

 
2 467284 (20.5%) 9127 (21.2%) 

 
2368 (21.0%) 

 
3664 (20.0%) 

 

 
3 492194 (21.6%) 9535 (22.1%) 

 
2438 (21.6%) 

 
4156 (22.7%) 

 

 
4 503931 (22.1%) 9802 (22.7%) 

 
2582 (22.9%) 

 
4304 (23.5%) 

 

 
5 504784 (22.1%) 9134 (21.2%) 

 
2511 (22.3%) 

 
4111 (22.5%) 

 

Birth place Stockholm 207953 (9.1%) 3546 (8.2%) <0.001 1045 (9.3%) <0.001 1512 (8.3%) <0.001 
 

Stockholm 

Suburbs 

(Cities/Towns/Su

burbs) 

259166 (11.4%) 4624 (10.7%) 
 

1448 (12.8%) 
 

1868 (10.2%) 
 

 
Gotherburg and 

Malmö 

196870 (8.6%) 3316 (7.7%) 
 

920 (8.2%) 
 

1377 (7.5%) 
 

 
Other Sweden, 

(densely 

populated areas) 

324790 (14.2%) 5906 (13.7%) 
 

1492 (13.2%) 
 

2577 (14.1%) 
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Swedish cohort characteristics by exposure to paternal IBD diagnoses during index pregnancy (continued) 

  Unexposed Any IBD 

diagnosis 

P Crohn's disease 

diagnosis 

P Ulcerative colitis 

diagnosis 

P 

 
Other Sweden, 

Towns and 

suburbs 

(intermediate 

density) 

622221 (27.3%) 12628 (29.3%) 
 

3152 (28.0%) 
 

5429 (29.7%) 
 

 
Rural  (thinly 

populated areas) 

668429 (29.3%) 13063 (30.3%) 
 

3209 (28.5%) 
 

5515 (30.2%) 
 

  
1690 (0.1%) 25 (0.1%) 

 
8 (0.1%) 

 
12 (0.1%) 

 

Maternal 

Psychiatric 

History, Any 

0 2167998 (95.0%) 40751 (94.5%) <0.001 10715 (95.0%) 1.00 17406 (95.2%) 0.44 

 
1 113121 (5.0%) 2357 (5.5%) 

 
559 (5.0%) 

 
884 (4.8%) 

 

Paternal 

Psychiatric 

History, Any 

0 2192030 (96.1%) 40494 (93.9%) <0.001 10619 (94.2%) <0.001 17446 (95.4%) <0.001 

 
1 89089 (3.9%) 2614 (6.1%) 

 
655 (5.8%) 

 
844 (4.6%) 
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Table C9. Associations between maternal and paternal diagnoses of IBD prior to index person's birth 

and offspring autism. 
  

OR 95%CIs P 

Maternal Any IBD MODEL1 1.165216 1.059561 1.281407 0.001617  
MODEL2 1.189408 1.081458 1.308132 0.000353  
MODEL3 1.196725 1.088162 1.316119 0.000215       

Paternal Any IBD MODEL1 0.983371 0.878314 1.100995 0.771136  
MODEL2 1.029532 0.919513 1.152715 0.613742  
MODEL3 1.015465 0.906744 1.137221 0.790539 

MODEL1: crude model 

MODEL2: adjusted for parental age at delivery, migrant status, education level, family income  

quintile at birth,  parents’ history of psychiatric diagnosis prior to the birth of the child and 

offspring sex, birth year and birth order.  

MODEL3: in addition to covariates, mutually adjusted for maternal and paternal IBD diagnoses.  
 

 

Table C10. Associations between lifetime maternal and paternal diagnoses of IBD and offspring 

autism with and without intellectual disabilities (ID). 
  

ASD with ID 
 

ASD without ID 
  

OR 95% CIs P 
 

OR 95% CIs P 

Maternal 

Any IBD 

MODEL1 1.281

253 

1.109

024 

1.480

23 

0.000

766 

 
1.408

721 

1.323

981 

1.498

886 

2.59E

-27  
MODEL2 1.241

848 

1.075

34 

1.434

138 

0.003

189 

 
1.338

664 

1.258

024 

1.424

473 

3.54E

-20  
MODEL3 1.263

476 

1.094

032 

1.459

164 

0.001

457 

 
1.334

084 

1.253

768 

1.419

547 

9.15E

-20            

Paternal 

Any IBD 

MODEL1 0.914

722 

0.760

663 

1.099

983 

0.343

513 

 
1.178

559 

1.095

603 

1.267

797 

1.03E

-05  
MODEL2 0.906

211 

0.754

124 

1.088

971 

0.293

416 

 
1.142

663 

1.062

167 

1.229

26 

0.000

346  
MODEL3 0.898

629 

0.748

056 

1.079

509 

0.253

322 

 
1.128

407 

1.048

925 

1.213

912 

0.001

188 

MODEL1: crude model 

MODEL2: adjusted for parental age at delivery, migrant status, education level, family income  quintile 

at birth,  parents’ history of psychiatric diagnosis prior to the birth of the child and offspring sex, birth 

year and birth order.  

MODEL3: in addition to covariates, mutually adjusted for maternal and paternal IBD diagnoses.  
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Table C11. LD-score regression correlation coefficients, standard errors, p-values, heritability 

estimates, chi-square and intercepts for the genetic correlation analyses between autism, inflammatory 

bowel disease (IBD), Crohn’s disease (Crohn’s) and ulcerative colitis (UC).  

 

Phenotype Total Observed 

Scale H2 

H2 

Zscore 

Mean 

Chi2 

Interce

pt 

Genetic 

Correlation 

SE P Rg 

Zscore          

IBD 0.3198 10.12 1.5309 1.122 
    

Autism 0.1939 11.75 1.1995 1.008 
    

     
-0.0615 0.04 0.2 -1.4119 

         

Phenotype Total Observed 

Scale H2 

H2 

Zscore 

Mean 

Chi2 

Interce

pt 

Genetic 

Correlation 

SE P Rg 

Zscore          

UC 0.2388 8.34 1.3292 1.0978 
    

Autism 0.1946 11.65 1.1998 1.008 
    

     
-0.0656 0.05 0.2 -1.2636 

         

Phenotype Total Observed 

Scale H2 

H2 

Zscore 

Mean 

Chi2 

Interce

pt 

Genetic 

Correlation 

SE P Rg 

Zscore          

Crohn’s 0.4571 8.85 1.4829 1.0891 
    

Autism 0.1944 11.71 1.1997 1.0081 
    

     
-0.0403 0.04 0.4 -0.9247 
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Table C12. Associations between maternal polygenic risk for inflammatory bowel disease (IBD), 

ulcerative colitis (UC) and Crohn’s disease (Crohn’s) at 13 p-value thresholds and offspring autism 

factor mean score in the ALSPAC cohort.   

E
x

p
o

su
re

: 
m

at
er

n
al

 p
o

ly
g

en
ic

 r
is

k
 f

o
r 

IB
D

 
p.threshold β SE P 95%CIs R 

0.5 0.021323 0.011049 0.05367 -0.00034 0.042983 0.057632 

0.4 0.020441 0.011051 0.064392 -0.00122 0.042103 0.057593 

0.3 0.020351 0.011039 0.065284 -0.00129 0.04199 0.05759 

0.2 0.020222 0.011031 0.066818 -0.0014 0.041846 0.057585 

0.1 0.020447 0.011024 0.063674 -0.00116 0.042057 0.057595 

0.05 0.01799 0.011016 0.102488 -0.0036 0.039584 0.057496 

0.01 0.022413 0.010992 0.041479 0.000866 0.04396 0.057687 

0.001 0.021447 0.010977 0.050765 -7.1E-05 0.042965 0.057644 

0.0001 0.0206 0.010994 0.060995 -0.00095 0.042151 0.057604 

0.00001 0.016674 0.010985 0.129095 -0.00486 0.038209 0.057449 

0.000001 0.013526 0.010992 0.218544 -0.00802 0.035074 0.057348 

0.0000001 0.013466 0.011001 0.22096 -0.0081 0.035032 0.057346 

0.00000005 0.014301 0.010993 0.19331 -0.00725 0.03585 0.057371 

E
x

p
o

su
re

: 
m

at
er

n
al

 p
o

ly
g

en
ic

 r
is

k
 f

o
r 

U
C

 

p.threshold β SE P 95%CIs R 

0.5 0.023051 0.011033 0.036726 0.001422 0.04468 0.057714 

0.4 0.022661 0.011028 0.039932 0.001043 0.04428 0.057696 

0.3 0.022592 0.011026 0.040494 0.000979 0.044206 0.057693 

0.2 0.027196 0.011018 0.013598 0.005597 0.048795 0.057936 

0.1 0.025956 0.011012 0.018446 0.004369 0.047544 0.057867 

0.05 0.024608 0.011005 0.025375 0.003035 0.046181 0.057796 

0.01 0.017899 0.010996 0.103619 -0.00366 0.039455 0.057494 

0.001 0.012679 0.01098 0.248211 -0.00884 0.034203 0.057325 

0.0001 0.014432 0.010996 0.189422 -0.00712 0.035987 0.057375 

0.00001 0.014549 0.010986 0.185441 -0.00699 0.036085 0.057379 

0.000001 0.008006 0.010983 0.466051 -0.01352 0.029536 0.057222 

0.0000001 0.013325 0.010963 0.224203 -0.00816 0.034815 0.057343 

0.00000005 0.010703 0.010965 0.329038 -0.01079 0.032199 0.057276 

E
x

p
o

su
re

: 
m

at
er

n
al

 p
o

ly
g

en
ic

 r
is

k
 f

o
r 

C
ro

h
n

’
s p.threshold β SE P 95%CIs R 

0.5 0.021401 0.011044 0.052687 -0.00025 0.043051 0.057636 

0.4 0.022011 0.011043 0.046268 0.000364 0.043658 0.057664 

0.3 0.021943 0.011045 0.046997 0.000291 0.043595 0.05766 

0.2 0.025082 0.01104 0.023117 0.003441 0.046722 0.057816 

0.1 0.033654 0.011035 0.002298 0.012023 0.055285 0.058347 

0.05 0.031748 0.01106 0.004108 0.010068 0.053428 0.058211 

0.01 0.031137 0.011016 0.004717 0.009543 0.05273 0.058179 

0.001 0.021468 0.011025 0.051551 -0.00014 0.043081 0.05764 

0.0001 0.015134 0.011044 0.17061 -0.00651 0.036782 0.057395 

0.00001 0.017353 0.011031 0.115719 -0.00427 0.038977 0.057471 

0.000001 0.014726 0.011023 0.181619 -0.00688 0.036334 0.057383 

0.0000001 0.015933 0.011034 0.148796 -0.0057 0.037562 0.057421 

0.00000005 0.015544 0.011042 0.159275 -0.0061 0.037189 0.057408 
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Table C13. Associations between polygenic risk for inflammatory bowel disease (IBD), ulcerative 

colitis (UC) and Crohn’s disease (Crohn’s) at 13 p-value thresholds and autism factor mean score in 

the children of the ALSPAC cohort. 

E
x

p
o

su
re

: 
p

o
ly

g
en

ic
 r

is
k

 f
o

r 
IB

D
 

p.threshold β SE P 95%CIs R 

0.5 0.010364 0.010678 0.331772 -0.01057 0.031295 0.051926 

0.4 0.009283 0.010678 0.384711 -0.01165 0.030215 0.051902 

0.3 0.008087 0.010678 0.448881 -0.01285 0.029019 0.051879 

0.2 0.008476 0.010676 0.427248 -0.01245 0.029404 0.051886 

0.1 0.006291 0.010679 0.555808 -0.01464 0.027224 0.051851 

0.05 0.002807 0.010676 0.792598 -0.01812 0.023735 0.051815 

0.01 -0.00464 0.010656 0.662968 -0.02553 0.016245 0.051831 

0.001 -0.0097 0.010686 0.36401 -0.03065 0.011246 0.051911 

0.0001 -0.00798 0.010691 0.455572 -0.02894 0.01298 0.051877 

0.00001 -0.00699 0.010712 0.513811 -0.02799 0.014004 0.051861 

0.000001 -0.00605 0.010709 0.572377 -0.02704 0.014946 0.051847 

0.0000001 -0.00422 0.010711 0.693787 -0.02521 0.01678 0.051826 

0.00000005 -0.00259 0.010707 0.80905 -0.02358 0.018401 0.051814 

E
x

p
o

su
re

: 
p

o
ly

g
en

ic
 r

is
k

 f
o

r 
U

C
 

p.threshold β SE P 95%CIs R 

0.5 0.010208 0.010678 0.339121 -0.01072 0.031139 0.051922 

0.4 0.008241 0.010677 0.440246 -0.01269 0.029171 0.051882 

0.3 0.006029 0.010675 0.572275 -0.0149 0.026955 0.051847 

0.2 0.009784 0.010684 0.359836 -0.01116 0.030728 0.051913 

0.1 0.007065 0.010685 0.508514 -0.01388 0.02801 0.051862 

0.05 0.001474 0.010681 0.890262 -0.01946 0.022411 0.051809 

0.01 -0.00485 0.01069 0.649892 -0.02581 0.016103 0.051833 

0.001 -0.00619 0.010708 0.562924 -0.02719 0.014796 0.051849 

0.0001 -0.0141 0.01072 0.188299 -0.03512 0.006909 0.052026 

0.00001 -0.01702 0.010737 0.113069 -0.03806 0.004032 0.052124 

0.000001 -0.0181 0.010743 0.092138 -0.03915 0.002963 0.052166 

0.0000001 -0.01437 0.010734 0.18055 -0.03542 0.006667 0.052034 

0.00000005 -0.00927 0.010739 0.388117 -0.03032 0.011782 0.051901 

E
x

p
o

su
re

: 
p

o
ly

g
en

ic
 r

is
k

 f
o

r 
C

ro
h

n
’

s 

p.threshold β SE P 95%CIs R 

0.5 0.010169 0.010687 0.341357 -0.01078 0.031119 0.051921 

0.4 0.009018 0.010686 0.398779 -0.01193 0.029966 0.051897 

0.3 0.007903 0.010689 0.459719 -0.01305 0.028856 0.051876 

0.2 0.007752 0.01069 0.468353 -0.0132 0.028708 0.051873 

0.1 0.007849 0.010688 0.462748 -0.0131 0.028801 0.051875 

0.05 0.00737 0.010703 0.491117 -0.01361 0.02835 0.051867 

0.01 -0.00069 0.0107 0.948589 -0.02166 0.020285 0.051807 

0.001 -0.00453 0.010699 0.67178 -0.02551 0.01644 0.051829 

0.0001 -0.00572 0.010715 0.593328 -0.02673 0.015283 0.051843 

0.00001 0.001867 0.010711 0.861597 -0.01913 0.022865 0.05181 

0.000001 -0.00031 0.010717 0.97699 -0.02132 0.0207 0.051807 

0.0000001 0.001982 0.010729 0.853444 -0.01905 0.023015 0.051811 

0.00000005 0.002123 0.010729 0.843177 -0.01891 0.023155 0.051812 
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Table C14. Two-sample Mendelian randomization (MR) causal effect estimates, standard errors, 95% 

confidence intervals, and p-values for the analyses investigating the effects of common variant genetic 

liability to inflammatory bowel disease (IBD), ulcerative colitis (UC), Crohn’s disease (Crohn’s) on 

autism.  

Exposure: common variant genetic liability to IBD 

METHOD NSNP OR SE P 95% CIs 

Inverse variance weighted 128 1.021793 0.012921 0.0952 0.996242 1.048 

MR Egger 128 1.056921 0.032187 0.087895 0.992304 1.125747 

SIMEX corrected MR 

Egger 

128 1.074197 0.035157 0.0437 1.002669 1.150827 

Weighted median 128 1.028398 0.019603 0.153158 0.989634 1.06868 

Weighted mode 128 1.050034 0.03337 0.145927 0.983553 1.121008 

I2GX= 0.9; suggesting a 10% attenuation of the MR Egger estimate towards zero.  

MR Egger Intercept= -0.005; p-value= 0.25 
    

Exposure: common variant genetic liability to UC 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 67 1.039546 0.014054 0.005785 1.011302 1.068579 

MR Egger 67 1.095591 0.037923 0.018917 1.01711 1.180129 

SIMEX corrected MR 

Egger 

67 1.09008 0.041253 0.04 1.00541 1.181881 

Weighted median 67 1.048284 0.019926 0.01796 1.008132 1.090035 

Weighted mode 67 1.031864 0.029383 0.289633 0.974116 1.093035 

I2GX= 0.88; suggesting a 12% attenuation of the MR Egger estimate towards zero.   

MR Egger Intercept= -0.009; p-value= 0.14 
    

Exposure: common variant genetic liability to Crohn’s 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 100 1.014962 0.01095 0.17502 0.993411 1.036981 

MR Egger 100 0.997784 0.029743 0.940694 0.94128 1.05768 

SIMEX Corrected MR 

Egger 

100 0.988901 0.031849 0.727 0.929057 1.0526 

Weighted median 100 1.014415 0.01632 0.380508 0.98248 1.047387 

Weighted mode 100 0.992853 0.038945 0.85426 0.919887 1.071607 

I2GX= 0.9; suggesting a 10% attenuation of the MR Egger estimate towards zero.   

MR Egger intercept= 0.003; 0.54 
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Table C15. Two-sample Mendelian randomization (MR) causal effect estimates, standard errors, 95% 

confidence intervals, and p-values for the analyses investigating the effects of common variant genetic 

liability to inflammatory bowel disease (IBD), ulcerative colitis (UC), Crohn’s disease (Crohn’s) on 

autism without intellectual disabilities (ID). 

Exposure: common variant genetic liability to IBD 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 126 1.046672 0.015862 0.004031 1.014632 1.079725 

MR Egger 126 1.082502 0.039777 0.04846 1.001313 1.170274 

SIMEX corrected MR Egger 126 1.106167 0.044693 0.0255 1.013392 1.207436 

Weighted median 126 1.036236 0.023755 0.134022 0.989095 1.085623 

Weighted mode 126 1.02914 0.039976 0.473781 0.951581 1.113021 

I2GX= 0.9; suggesting a 10% attenuation of the MR Egger estimate towards zero. 

MR Egger Intercept= -0.004; p-value= 0.36 
    

Exposure: common variant genetic liability to UC  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 67 1.075161 0.017022 2.07E-05 1.039882 1.111637 

MR Egger 67 1.134762 0.046297 0.008126 1.036325 1.242549 

SIMEX corrected MR Egger 67 1.131822 0.051004 0.0176 1.024148 1.250817 

Weighted median 67 1.05997 0.023766 0.014261 1.011728 1.110512 

Weighted mode 67 1.06105 0.037576 0.11956 0.985714 1.142144 

I2GX= 0.88; suggesting a 12% attenuation of the MR Egger estimate towards zero. 

MR Egger Intercept= -0.009; p-value= 0.21 
    

Exposure: common variant genetic liability to Crohn’s  

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 99 1.014389 0.013965 0.306304 0.987 1.042537 

MR Egger 99 1.019405 0.038566 0.619372 0.945189 1.099449 

SIMEX corrected MR Egger 99 1.006489 0.042215 0.879 0.926563 1.09331 

Weighted median 99 1.009856 0.020174 0.626869 0.970704 1.050586 

Weighted mode 99 0.987501 0.051873 0.808917 0.892036 1.093182 

I2GX= 0.9; suggesting a 10% attenuation of the MR Egger estimate towards zero. 

MR Egger Intercept= -0.001; p-value= 0.89 
    



 Appendix C 

288 
 

Table C16. Two-sample Mendelian randomization (MR) causal effect estimates, standard errors, 95% 

confidence intervals, and p-values for the analyses investigating the effects of common variant genetic 

liability to autism on inflammatory bowel disease (IBD), ulcerative colitis (UC), and Crohn’s disease 

(Crohn’s). 

Outcome: IBD 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 8 0.899 0.10821 0.32489 0.72716 1.11133 

MR Egger 8 1.7405 0.37085 0.18572 0.84137 3.6004 

SIMEX corrected MR Egger 8 2.2237 0.47037 0.1331 0.8845 5.59076 

Weighted median 8 0.83 0.08993 0.03825 0.69584 0.98996 

Weighted mode 8 0.8458 0.1294 0.23658 0.65632 1.08994 

I2GX= 0.53; suggesting a 47% attenuation of the MR Egger estimate towards zero.  

MR Egger Intercept= 0.06; p-value= 0.12 
     

Outcome: UC  
 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 8 0.9514 0.1081 0.64512 0.76978 1.17596 

MR Egger 8 2.0143 0.34093 0.08577 1.03255 3.92941 

SIMEX corrected MR Egger 8 2.9263 0.50045 0.0691 1.09728 7.80373 

Weighted median 8 0.9251 0.10355 0.45198 0.75514 1.13324 

Weighted mode 8 0.9042 0.1423 0.50206 0.68415 1.19508 

I2GX= 0.53; suggesting a 47% attenuation of the MR Egger estimate towards zero.  

MR Egger Intercept= -0.07; p-value= 0.06 
     

Outcome: Crohn’s 
 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 8 0.8493 0.1543 0.2897 0.62764 1.14919 

MR Egger 8 1.5917 0.60407 0.47073 0.48721 5.20116 

SIMEX corrected MR Egger 8 1.9741 0.7485 0.394 0.45524 8.56077 

Weighted median 8 0.9374 0.13468 0.63146 0.71994 1.22064 

Weighted mode 8 0.9247 0.217135 0.728998 0.604173 1.415206 

I2GX= 0.53; suggesting a 47% attenuation of the MR Egger estimate towards zero.  

MR Egger Intercept= -0.05; p-value= 0.32 
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Table C17. Two-sample Mendelian randomization (MR) causal effect estimates, standard errors, 95% 

confidence intervals, and p-values for the analyses investigating the effects of common variant genetic 

liability to autism without intellectual disabilities (ID) on inflammatory bowel disease (IBD), 

ulcerative colitis (UC), and Crohn’s disease (Crohn’s). 

Outcome: IBD 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 7 0.942213 0.051555 0.248268 0.851657 1.042398 

MR Egger 7 1.07521 0.244751 0.778924 0.665514 1.73712 

SIMEX corrected MR Egger 7 1.104707 0.22539 0.677 0.710217 1.718315 

Weighted median 7 0.959121 0.067025 0.533462 0.841048 1.093769 

Weighted mode 7 1.00791 0.09822 0.938676 0.83141 1.221879 

I2GX= 0.37; suggesting a 63% attenuation of the MR Egger estimate towards zero.  

MR Egger Intercept= -0.01; p-value= 0.6 
    

Outcome: UC 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 7 0.946301 0.065894 0.40224 0.831648 1.076761 

MR Egger 7 0.904261 0.313971 0.761528 0.488693 1.673211 

SIMEX corrected MR Egger 7 0.850935 0.31603 0.631 0.458022 1.580907 

Weighted median 7 0.924646 0.088291 0.374898 0.777715 1.099336 

Weighted mode 7 0.888475 0.118178 0.355653 0.704774 1.120058 

I2GX= 0.37; suggesting a 63% attenuation of the MR Egger estimate towards zero.  

MR Egger Intercept= 0.005; p-value= 0.89 
    

Outcome: Crohn’s 

METHOD NSNP OR SE P 95%CIs 

Inverse variance weighted 7 0.97043 0.082921 0.717361 0.82486 1.141689 

MR Egger 7 1.359954 0.399214 0.476009 0.62188 2.974008 

SIMEX corrected MR Egger 7 1.592189 0.56498 0.448 0.526107 4.818539 

Weighted median 7 0.940425 0.094064 0.51376 0.782088 1.130819 

Weighted mode 7 0.892806 0.172435 0.535219 0.636762 1.251805 

I2GX= 0.37; suggesting a 63% attenuation of the MR Egger estimate towards zero.  

MR Egger Intercept= -0.04; p-value= 0.43 
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Appendix D 

 

Table D1. Genetic instruments used in the Mendelian randomization (MR) analyses investigating the 

causal effects of common variant genetic liability to schizophrenia on levels of plasma cytokines.  

SNP A1 A2 EAF SE P logOR 

rs7002992 T C 0.669 0.0083 4.48E-09 0.0484 

rs6715366 G A 0.766 0.0094 4.23E-09 -0.0551 

rs77463171 C T 0.975 0.0263 2.41E-08 -0.1465 

rs113113059 T C 0.761 0.0092 2.29E-11 0.061396 

rs10873538 T G 0.657 0.0082 9.59E-15 -0.0632 

rs61920311 A C 0.596 0.0082 1.75E-08 0.046101 

rs2532240 C T 0.598 0.0083 2.72E-10 0.052099 

rs55938136 A G 0.799 0.0108 1.23E-08 0.0615 

rs6588168 C T 0.475 0.0079 5.94E-10 -0.0489 

rs12126806 C T 0.757 0.009 2.89E-08 0.049904 

rs4915203 A G 0.329 0.0085 3.30E-09 0.050398 

rs1658810 C T 0.211 0.0096 3.54E-17 0.080704 

rs140001745 T C 0.934 0.0155 5.13E-12 0.106996 

rs56335113 A G 0.313 0.0084 3.15E-15 0.066602 

rs581459 C T 0.808 0.0123 1.32E-09 0.0743 

rs1915019 A G 0.238 0.0092 3.43E-10 0.057599 

rs308697 C A 0.606 0.0079 3.35E-09 0.046903 

rs13090130 G A 0.609 0.0079 9.92E-11 0.051396 

rs2102949 G A 0.278 0.0087 3.18E-23 0.086003 

rs75482067 G A 0.908 0.0148 3.06E-09 -0.0876 

rs2649999 T C 0.386 0.0082 1.28E-09 0.049504 

rs12311848 A G 0.702 0.0087 1.65E-08 -0.049 

rs2686386 C T 0.214 0.0096 1.26E-08 0.054801 

rs167924 A G 0.303 0.0089 1.33E-08 -0.0506 

rs72943392 G C 0.759 0.0094 1.44E-08 -0.0532 

rs9975024 A G 0.529 0.008 1.78E-09 -0.0483 

rs75968099 C T 0.705 0.0089 5.16E-11 -0.0582 

rs1506297 T C 0.744 0.0091 1.98E-08 0.051102 

rs6538539 G T 0.48 0.0077 5.63E-10 0.047704 

rs7953300 G T 0.344 0.0082 3.94E-08 -0.0449 

rs7575796 A G 0.925 0.0171 1.57E-08 0.0969 

rs7312697 T C 0.347 0.0081 4.85E-11 -0.0533 

rs28454198 G C 0.569 0.0081 1.88E-09 0.0486 

rs10086619 A G 0.834 0.0104 3.30E-11 -0.0691 

rs4702 G A 0.465 0.0081 2.15E-23 0.080298 

rs11210892 G A 0.339 0.0081 1.18E-16 0.0675 

rs11136325 G A 0.531 0.009 3.30E-09 0.053 

rs13262595 A G 0.421 0.0079 2.21E-18 0.069097 

rs12301769 A C 0.911 0.014 1.93E-09 -0.08379 
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Schizophrenia instruments (continued) 

SNP A1 A2 EAF SE P logOR 

rs2022265 A G 0.534 0.0077 3.74E-10 0.048504 

rs10985811 T C 0.789 0.0098 2.53E-08 -0.0545 

rs4793888 G A 0.783 0.0097 3.63E-10 -0.0609 

rs2381411 T C 0.565 0.0079 1.28E-08 -0.045 

rs39967 T C 0.15 0.0107 1.87E-08 -0.0604 

rs12943566 A G 0.314 0.0083 2.29E-10 -0.0525 

rs3752827 T A 0.669 0.0084 6.33E-10 0.052203 

rs77502336 G C 0.651 0.0082 3.45E-11 -0.0545 

rs1940171 A G 0.813 0.0099 8.87E-14 0.073501 

rs10515678 C T 0.775 0.0095 4.46E-12 0.065703 

rs11740474 A T 0.65 0.0086 4.46E-09 -0.0504 

rs12652777 T C 0.436 0.0079 1.06E-08 0.045403 

rs154433 G A 0.643 0.0084 2.38E-08 0.047198 

rs10957321 G A 0.491 0.0077 4.18E-10 -0.0482 

rs298216 C G 0.113 0.0123 3.45E-09 -0.0727 

rs6984242 G A 0.41 0.0078 1.50E-11 0.052697 

rs1454606 C T 0.822 0.0108 2.90E-11 -0.0716 

rs58120505 T C 0.569 0.0078 1.80E-26 0.083302 

rs11972718 C G 0.724 0.0088 1.57E-08 -0.04949 

rs17731 G A 0.592 0.0079 3.76E-13 -0.0575 

rs4766428 C T 0.456 0.0085 2.61E-17 -0.0721 

rs2387414 G C 0.438 0.0084 8.01E-10 -0.0515 

rs2304205 A C 0.764 0.0092 2.38E-14 0.070403 

rs758749 C T 0.853 0.0112 4.66E-08 -0.0615 

rs9312586 A G 0.914 0.014 8.14E-11 -0.0908 

rs41533650 G A 0.798 0.0097 8.69E-14 -0.0724 

rs61405217 C T 0.431 0.0079 5.39E-11 0.052004 

rs459391 T C 0.187 0.01 1.54E-08 0.056598 

rs6943762 T C 0.894 0.0124 6.30E-17 0.103296 

rs2252074 T G 0.577 0.0078 1.27E-14 -0.0603 

rs1510136 A G 0.779 0.0093 1.39E-08 0.052602 

rs61828917 C T 0.853 0.011 7.95E-10 0.067603 

rs16851048 T C 0.798 0.0097 3.06E-12 -0.0676 

rs12363019 T A 0.558 0.0082 2.58E-10 -0.0516 

rs10767734 C T 0.567 0.0082 5.62E-10 0.050902 

rs778371 A G 0.738 0.0089 1.10E-16 -0.0741 

rs11647188 A G 0.538 0.0081 3.75E-08 0.044495 

rs11076631 A G 0.504 0.0088 2.59E-09 0.052203 

rs6919146 T G 0.306 0.0085 8.42E-09 -0.0488 

rs2456020 C T 0.711 0.0088 5.35E-15 0.068499 

rs28521069 C T 0.684 0.0083 3.78E-08 -0.0457 

rs10117 G A 0.534 0.0082 9.54E-12 0.055501 

rs9687282 T G 0.697 0.0086 1.66E-08 -0.0486 

rs28490262 G C 0.721 0.0086 6.68E-10 0.053199 
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Schizophrenia instruments (continued) 

SNP A1 A2 EAF SE P logOR 

rs13195636 A C 0.926 0.0159 6.55E-40 0.210504 

rs356183 G C 0.487 0.008 3.37E-08 0.044304 

rs13230189 C T 0.669 0.0081 1.04E-18 0.071902 

rs35792732 C T 0.829 0.0106 1.08E-08 0.060399 

rs1593304 A G 0.183 0.0101 2.37E-10 -0.0642 

rs10947452 T C 0.398 0.0081 3.69E-08 -0.0448 

rs9461856 G A 0.506 0.0078 3.23E-16 -0.0639 

rs3131295 G A 0.538 0.008 9.97E-14 0.0599 

rs11693094 C T 0.543 0.0078 2.20E-13 0.057297 

rs12129573 C A 0.653 0.0082 1.42E-16 -0.0681 

rs1121296 T C 0.588 0.008 3.74E-09 0.047303 

rs11619756 G A 0.531 0.0082 7.97E-09 0.047103 

rs215483 G A 0.685 0.0084 1.59E-09 -0.0507 

rs4697446 G T 0.549 0.0079 1.67E-08 -0.0446 

rs7647398 C T 0.824 0.01 2.21E-17 0.085003 

rs9882532 T C 0.69 0.0087 8.57E-10 -0.05309 

rs6577597 A G 0.412 0.0085 5.52E-10 -0.0526 

rs3739554 A G 0.825 0.0103 2.26E-08 -0.0576 

rs5995756 T C 0.553 0.0084 2.38E-11 0.056399 

rs9607782 T A 0.781 0.0097 7.10E-14 -0.0725 

rs4822076 C T 0.255 0.0089 1.94E-11 -0.0597 

rs1451488 A G 0.483 0.0079 6.72E-17 -0.066 

rs13032111 T G 0.476 0.0077 2.15E-08 0.043203 

rs2914983 A G 0.361 0.0081 1.10E-14 0.062796 

rs10190027 C T 0.684 0.0089 2.57E-08 -0.04971 

rs3770752 A G 0.698 0.0086 2.86E-11 0.057401 

rs6925079 T C 0.63 0.0081 3.58E-08 -0.0448 

rs6065094 A G 0.311 0.0082 1.41E-14 -0.0634 

rs13219424 C T 0.678 0.0084 4.52E-08 0.045996 

rs60135207 G T 0.607 0.0087 1.27E-08 0.049599 

rs12991836 A C 0.594 0.008 2.72E-13 -0.0584 

rs16825349 A G 0.83 0.0104 1.32E-11 -0.0704 

rs10777187 T C 0.248 0.0092 2.82E-08 0.050902 

rs12713008 G A 0.557 0.0078 3.05E-08 0.043002 

rs500102 T C 0.438 0.0079 4.15E-08 0.043299 

rs72761691 A C 0.858 0.0116 1.07E-08 -0.0664 

rs2078266 A G 0.175 0.0113 4.86E-08 0.0618 

rs79668541 C T 0.885 0.0121 2.11E-23 0.120703 

rs79780963 C T 0.884 0.0122 2.53E-22 0.118396 

rs1856507 C A 0.627 0.008 3.00E-10 0.050398 

rs9454727 A G 0.781 0.0098 1.93E-08 0.054801 

rs578470 T C 0.621 0.0083 2.33E-08 -0.0462 

rs61937595 C T 0.922 0.0158 1.32E-14 0.121996 

rs73292401 T A 0.823 0.0103 1.82E-10 -0.0659 
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Schizophrenia instruments (continued) 

SNP A1 A2 EAF SE P logOR 

rs9891739 C T 0.539 0.008 2.18E-08 -0.045 

rs4073003 A G 0.73 0.0116 4.20E-12 0.080603 

rs8055219 G A 0.785 0.0095 1.57E-12 -0.0672 

rs252812 A G 0.25 0.0093 1.30E-08 0.053 

rs35164357 C T 0.725 0.0096 2.59E-10 -0.0605 

rs10861176 G A 0.271 0.0086 5.23E-09 -0.0504 

rs3764002 C T 0.668 0.0086 1.65E-09 -0.0517 

rs2455415 C T 0.614 0.0081 3.43E-09 -0.04759 

rs1924377 G C 0.492 0.0082 8.71E-09 0.046903 

rs55929115 T A 0.904 0.013 3.21E-08 0.072004 

rs10035564 A G 0.616 0.0081 1.65E-15 -0.06481 

rs1540840 G C 0.614 0.009 1.04E-09 0.054999 

rs17194490 G T 0.832 0.0116 1.85E-11 -0.0781 

rs61857878 A T 0.796 0.0099 1.46E-09 0.0599 

rs2514218 C T 0.727 0.009 6.46E-15 0.069899 

rs17644050 G C 0.8 0.0098 4.02E-08 -0.0538 

rs79210963 T C 0.897 0.0129 2.58E-11 -0.0863 

rs7811417 T C 0.361 0.0081 2.17E-09 0.048304 

rs12285419 C A 0.809 0.01 3.73E-16 -0.0812 

rs634940 G T 0.786 0.0098 2.88E-11 -0.0649 

rs6925964 A T 0.939 0.0176 3.19E-08 0.097499 

rs9304548 C A 0.265 0.0089 1.90E-11 0.060003 

rs2710323 T C 0.545 0.0077 5.92E-22 0.074597 

rs11917680 G T 0.751 0.0091 4.17E-10 0.056702 

rs7432375 G A 0.521 0.0082 5.32E-15 0.063801 

rs2238304 A T 0.546 0.0078 1.73E-10 0.049599 

rs4779050 T G 0.401 0.0079 4.18E-10 0.049304 

rs11638554 T G 0.745 0.0089 3.62E-13 0.064504 

rs6673880 A G 0.427 0.0086 1.32E-12 -0.061 

rs11121172 C A 0.289 0.0089 7.15E-10 0.054602 

rs11122119 C A 0.641 0.0081 2.31E-08 -0.0453 

rs9597388 G A 0.823 0.0101 3.24E-11 0.066798 

rs9569820 G T 0.831 0.0109 6.56E-10 -0.0676 

rs7938083 C A 0.71 0.0087 1.60E-09 -0.0524 

rs10069930 T A 0.506 0.0079 9.43E-10 0.048304 

rs6479487 T G 0.832 0.0103 1.37E-08 -0.0587 

rs7609876 T C 0.716 0.0089 9.40E-09 -0.0512 

rs2224086 C A 0.19 0.0103 2.09E-08 -0.0577 

rs144821294 C T 0.961 0.0242 1.22E-08 -0.138 

rs72974269 C T 0.687 0.0083 2.76E-10 0.052099 

rs35351411 A C 0.491 0.0079 3.13E-13 -0.0573 

rs3814883 C T 0.551 0.0079 8.82E-15 0.060898 

rs72723227 G A 0.66 0.0082 4.58E-09 0.047999 

rs1463209 C T 0.518 0.0081 3.34E-09 0.047704 
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Schizophrenia instruments (continued) 

SNP A1 A2 EAF SE P logOR 

rs2190864 T C 0.392 0.008 1.12E-16 0.066097 

rs2206956 G A 0.457 0.0078 2.51E-09 -0.0462 

rs9390083 C G 0.825 0.0103 2.95E-08 -0.05719 

rs1858999 C G 0.356 0.0081 7.97E-14 0.060502 

rs72986630 C T 0.935 0.0177 3.07E-10 -0.1117 

rs322128 C T 0.779 0.0095 2.08E-09 -0.0567 

rs12431743 G A 0.364 0.008 1.26E-08 -0.0456 

rs9926049 C A 0.729 0.0088 3.16E-10 -0.0556 

rs8048039 A T 0.347 0.0083 4.35E-09 0.049 

rs10127983 C T 0.69 0.0084 3.11E-08 -0.0463 

rs12138231 T A 0.157 0.0116 7.21E-09 -0.0671 

rs7915131 C T 0.425 0.0078 4.94E-08 0.042695 

rs13107325 C T 0.919 0.0168 2.90E-21 -0.1587 

rs6839635 C A 0.49 0.0079 3.87E-08 -0.0432 

rs2153960 G A 0.305 0.0084 9.22E-10 0.051396 

rs117799466 G C 0.663 0.0087 3.86E-08 -0.0481 

rs6504163 C T 0.364 0.0082 1.87E-09 -0.0492 

rs6732355 C A 0.771 0.0094 4.36E-10 -0.0587 

rs2119242 G A 0.829 0.0106 1.34E-08 -0.0602 

rs11807834 G A 0.758 0.0093 1.12E-08 -0.053 

rs11587347 C G 0.905 0.0139 1.50E-13 -0.1028 

rs61833239 T G 0.829 0.0122 5.22E-12 -0.0843 

rs10148671 T C 0.419 0.0083 6.82E-09 -0.0479 

rs6482437 A C 0.0869 0.0135 1.05E-14 -0.10471 

rs115325222 A G 0.911 0.0151 1.93E-09 0.090398 

rs6969410 T G 0.673 0.0083 1.90E-11 0.055501 

rs38752 T G 0.608 0.0081 1.08E-13 0.060003 

rs1589726 C T 0.0915 0.0137 1.20E-08 0.077896 

rs10238960 C T 0.312 0.0084 7.65E-09 -0.0482 

rs2944821 G C 0.612 0.008 1.90E-09 0.047799 

rs7701440 T C 0.557 0.008 1.86E-15 -0.0638 

rs73229090 C A 0.897 0.0142 4.34E-13 0.102602 

rs3808581 G A 0.778 0.0097 3.82E-12 -0.06699 

rs2717003 A G 0.367 0.008 2.76E-21 -0.07529 

rs12969453 A G 0.564 0.0078 3.53E-12 0.054299 

rs715170 C T 0.758 0.009 7.40E-13 0.064701 

rs4632195 C T 0.566 0.0084 2.73E-09 -0.0498 

rs9636107 A G 0.433 0.0081 5.72E-14 -0.0609 

rs17571951 T C 0.782 0.0105 7.89E-10 -0.0645 

rs12883788 C T 0.563 0.0079 8.43E-12 -0.0543 

rs8104557 T C 0.814 0.011 3.76E-08 -0.0604 

rs3810450 T C 0.932 0.016 8.27E-09 0.092497 

rs505061 C A 0.505 0.0077 1.03E-10 -0.0499 

rs9545047 A C 0.642 0.0081 3.05E-11 0.053797 
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Schizophrenia instruments (continued) 

SNP A1 A2 EAF SE P logOR 

rs58950470 G T 0.703 0.0086 1.10E-08 -0.0493 

rs6546857 A G 0.778 0.0101 2.80E-09 -0.0603 

rs11897811 C T 0.814 0.0102 1.49E-08 -0.0575 

rs999494 C T 0.824 0.0101 1.04E-08 0.057599 

rs1198588 A T 0.167 0.0103 7.88E-21 -0.0964 

rs59519965 G T 0.808 0.0098 3.36E-09 -0.0582 

rs72728416 A G 0.717 0.0087 4.99E-12 -0.0598 

rs337718 T C 0.305 0.0084 4.39E-09 0.0492 

rs6588355 T C 0.265 0.009 3.65E-08 0.049504 

rs56205728 G A 0.739 0.0093 5.43E-10 -0.0575 

rs2929278 C T 0.748 0.0091 8.50E-12 0.061904 

rs9287971 G A 0.587 0.0083 3.82E-08 -0.0458 

rs62184960 C T 0.882 0.0122 1.08E-08 0.069797 

rs6430492 G A 0.772 0.0094 6.72E-10 0.057703 

rs331395 C G 0.747 0.009 1.27E-09 -0.0549 

rs4672366 A T 0.686 0.0087 1.07E-08 0.049799 

rs10503253 C A 0.761 0.0091 4.37E-11 -0.0602 

rs72980087 G A 0.607 0.0079 4.06E-16 -0.0644 

rs7238071 A G 0.684 0.0084 9.29E-14 -0.0629 

rs4937935 A T 0.497 0.0081 2.30E-11 -0.0539 

rs1440480 A G 0.337 0.0086 2.52E-11 0.057504 

rs10894308 G A 0.549 0.0079 1.36E-09 0.047704 

rs4936215 A G 0.821 0.0104 1.86E-15 0.082796 

rs1939514 T C 0.526 0.0077 1.06E-12 0.055198 

rs79445414 T C 0.956 0.0222 2.63E-08 -0.1235 

rs7816998 G A 0.775 0.0092 3.11E-10 0.057797 

rs35045093 A C 0.827 0.0103 3.36E-08 0.056598 

rs61786047 G A 0.892 0.0135 4.91E-09 0.078802 

rs6010045 T C 0.321 0.0085 1.82E-08 -0.0477 

rs704364 A G 0.357 0.0082 8.41E-10 0.050303 

rs9813516 G A 0.556 0.0084 1.25E-09 -0.0513 

rs498591 A T 0.856 0.0111 9.59E-10 -0.0679 

rs2890914 A G 0.474 0.0077 2.31E-08 -0.0432 

rs10774034 C T 0.656 0.0085 7.10E-23 -0.08329 

rs12712510 T C 0.572 0.0084 9.34E-10 0.051501 

rs141216273 C A 0.959 0.0228 4.49E-08 -0.1247 

rs12474906 A C 0.725 0.0095 2.20E-09 0.056796 

rs2909457 G A 0.382 0.0083 3.09E-08 0.045805 

rs35734242 T C 0.558 0.008 3.93E-10 -0.0499 

rs11696755 T C 0.827 0.0104 2.99E-10 -0.0653 
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Table D2. Genetic instruments used for the Mendelian randomization analyses (MR) investigating the 

causal effects of genetic liability to autism on levels of plasma cytokines.  

SNP CHR BP A1 A2 logOR SE P EAF 

rs10099100 8 10576775 C G 0.084304 0.0147 1.07E-08 0.348 

rs111931861 7 1.05E+08 G A 0.216901 0.0409 1.12E-07 0.96 

rs112635299 14 94838142 T G 0.220997 0.0432 3.04E-07 0.03 

rs1452075 3 62481063 T C 0.080704 0.0155 2.07E-07 0.738 

rs2224274 20 14760747 T C 0.070999 0.0138 2.86E-07 0.508 

rs2391769 1 96978961 G A 0.076903 0.0145 1.14E-07 0.348 

rs325485 5 1.04E+08 G A -0.0728 0.0143 3.25E-07 0.396 

rs45595836 10 16691399 T C 0.138996 0.0272 3.13E-07 0.0783 

rs6701243 1 99092784 C A -0.0735 0.0144 3.07E-07 0.626 

rs910805 20 21248116 A G -0.0957 0.016 2.04E-09 0.745 
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Table D3. Results of the two-sample Mendelian randomization (MR) analyses investigating the causal effects of genetically proxied plasma cytokines on autism.  

EXPOSURE METHOD NSNP OR SE P 95%CIs snp_r2.exposure snp_r2.outcome F Steiger p-value Steiger direction of effects 

IFNGR1 Wald ratio 1 1.15 0.06 0.02 1.03 1.29 0.0307184115135297 0.000134716836686725 103 4.20899326738702e-20 Correct 

IL10RB Wald ratio 1 0.99 0.1 0.9 0.81 1.2 0.00985139146673176 3.64398633172044e-07 32.65 3.97172665633152e-08 Correct 

IL12B Wald ratio 1 0.98 0.07 0.77 0.85 1.13 0.0180762550712615 1.91273056977207e-06 60.02 1.09470484005069e-13 Correct 

IL12RB1 Wald ratio 1 1.03 0.02 0.12 0.99 1.07 0.0891185345148932 5.31278135213319e-05 361.43 1.82034086821381e-62 Correct 

IL12RB2 Wald ratio 1 0.98 0.06 0.66 0.87 1.09 0.027720562653705 4.12586249342527e-06 92.51 3.18433974672743e-20 Correct 

IL13RA1 Wald ratio 1 1.16 0.07 0.04 1 1.34 0.0183891838995712 9.44616142544894e-05 61.17 2.03796081556582e-12 Correct 

IL17F Wald ratio 1 0.98 0.09 0.86 0.83 1.17 0.0093963939160747 6.69250671784797e-07 31.25 8.78232419315142e-08 Correct 

IL17RA Wald ratio 1 0.99 0.02 0.55 0.96 1.02 0.241954663085938 7.82995112134881e-06 2190.72 3.36881417169215e-194 Correct 

IL21 Wald ratio 1 0.98 0.05 0.67 0.88 1.09 0.0310441548191304 3.90062144736067e-06 103.79 1.51276304788253e-22 Correct 

IL22RA1 Wald ratio 1 1.03 0.07 0.64 0.9 1.19 0.0173130875580133 4.81328061952764e-06 57.58 5.12672942023646e-13 Correct 

IL23R Wald ratio 1 1.1 0.07 0.18 0.96 1.27 0.0219333584828941 4.00794110815485e-05 73.17 2.2394856401165e-15 Correct 

IL2 Wald ratio 1 1.14 0.07 0.07 0.99 1.32 0.0181953322609824 7.56062270312749e-05 60.36 1.81277099024687e-12 Correct 

IL4RA Wald ratio 1 0.81 0.11 0.04 0.65 0.99 0.00971893505319867 9.99958374255671e-05 32.31 8.0894664934599e-07 Correct 

IL5RA Wald ratio 1 0.91 0.05 0.05 0.83 1 0.0581608917497482 8.73559175394038e-05 198.17 2.15791295345857e-39 Correct 

IL5 Wald ratio 1 1.01 0.05 0.91 0.92 1.1 0.0423339988082879 2.78160253849368e-07 142.32 7.14329893555498e-31 Correct 

IL6R Wald ratio 1 1.02 0.02 0.34 0.98 1.05 0.307652392578125 1.93927393733216e-05 1211.43 6.19237496937966e-260 Correct 

TGFB1 Wald ratio 1 0.96 0.06 0.5 0.86 1.07 0.0332506413362943 9.94918515294017e-06 116.46 8.51323233121806e-24 Correct 
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Table D4. Results summary of the two-sample Mendelian randomization (MR) analyses investigating the causal effects of genetically proxied plasma cytokines on autism 

without intellectual disabilities. 

EXPOSURE METHOD NSNP OR SE P 95%CIs snp_r2.exposure snp_r2.outcome F Steiger p-value Steiger direction of effects 

IFNGR1 Wald ratio 1 1.18 0.07 0.02 1.03 1.35 0.0307184115135297 0.000178453609162513 103 2.8379833670459e-19 Correct 

IL10RB Wald ratio 1 0.94 0.12 0.59 0.74 1.19 0.00985139146673176 8.58748234669395e-06 32.65 1.17236204485619e-07 Correct 

IL12B Wald ratio 1 1.01 0.09 0.89 0.85 1.21 0.0180762550712615 6.24068284931241e-07 60.02 1.69260922658346e-13 Correct 

IL12RB1 Wald ratio 1 1.06 0.02 0.02 1.01 1.11 0.0891185345148932 0.000151066151207387 361.43 4.78191500989267e-59 Correct 

IL12RB2 Wald ratio 1 1 0.07 0.97 0.87 1.14 0.027720562653705 4.13437497720941e-08 92.51 3.55689621936439e-20 Correct 

IL13RA1 Wald ratio 1 1.13 0.09 0.17 0.95 1.34 0.0183891838995712 5.68395032481694e-05 61.17 1.59676029607448e-12 Correct 

IL17F Wald ratio 1 0.9 0.11 0.32 0.72 1.11 0.0093963939160747 3.0281729931363e-05 31.25 4.94610766998902e-07 Correct 

IL17RA Wald ratio 1 1.01 0.02 0.53 0.97 1.05 0.241954663085938 1.17235103040758e-05 2190.72 4.08420470845155e-189 Correct 

IL21 Wald ratio 1 0.95 0.07 0.48 0.84 1.09 0.0310441548191304 1.49001420890465e-05 103.79 1.32307265659978e-21 Correct 

IL22RA1 Wald ratio 1 1.04 0.09 0.66 0.88 1.23 0.0173130875580133 5.78721241445153e-06 57.58 1.06037005841878e-12 Correct 

IL23R Wald ratio 1 1.03 0.09 0.7 0.87 1.23 0.0219333584828941 4.37075371764115e-06 73.17 7.42670190950311e-16 Correct 

IL2 Wald ratio 1 1.12 0.09 0.21 0.94 1.33 0.0181953322609824 4.7420140714003e-05 60.36 1.6460287296019e-12 Correct 

IL4RA Wald ratio 1 0.77 0.13 0.04 0.6 0.99 0.00971893505319867 0.000146028589432799 32.31 1.94636225633233e-06 Correct 

IL5 Wald ratio 1 1.01 0.06 0.91 0.9 1.13 0.0423339988082879 4.14860816911602e-07 142.32 3.90776011185192e-30 Correct 

IL6R Wald ratio 1 1 0.02 0.91 0.96 1.04 0.307652392578125 3.9217591073621e-07 1211.43 9.0076328979132e-257 Correct 

TGFB1 Wald ratio 1 1 0.07 0.96 0.87 1.14 0.0332506413362943 7.26648755856318e-08 116.46 5.91672948080351e-24 Correct 
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Table D5. Results summary of the two-sample Mendelian randomization (MR) analyses investigating the causal effects of genetically proxied plasma cytokines on 

schizophrenia. 

EXPOSURE METHOD NSNP OR SE P 95%CIs snp_r2.exposure snp_r2.outcome F Steiger p-value Steiger direction of effects 

IFNGR1 Wald ratio 1 0.99 0.04 0.79 0.92 1.06 0.0307184115135297 2.37679065217743e-07 103 6.24002273587232e-24 Correct 

IL10RB Wald ratio 1 1.05 0.05 0.33 0.95 1.17 0.00985139146673176 3.12534118209722e-06 32.65 2.30671904855814e-08 Correct 

IL12B (cis) Wald ratio 1 0.99 0.03 0.61 0.93 1.04 0.0423094555815861 8.36491159126027e-07 142.08 1.75205010506481e-32 Correct 

IL12B (trans) Wald ratio 1 1.07 0.04 0.12 0.98 1.16 0.0180762550712615 8.18989315443197e-06 60.02 3.93436481574988e-14 Correct 

IL12RB1 Wald ratio 1 1.01 0.01 0.64 0.98 1.03 0.0891185345148932 6.96168735095266e-07 361.43 7.08261743972008e-69 Correct 

IL12RB2 Wald ratio 1 1.06 0.03 0.08 0.99 1.13 0.027720562653705 1.03380066754519e-05 92.51 4.68140961973256e-21 Correct 

IL13RA1 Wald ratio 1 0.99 0.04 0.73 0.91 1.07 0.0183891838995712 4.0594211818135e-07 61.17 8.65238664558757e-15 Correct 

IL17RA Wald ratio 1 1.01 0.01 0.15 1 1.03 0.241954663085938 6.91711051844729e-06 2190.72 8.38296128395377e-206 Correct 

IL21 Wald ratio 1 0.99 0.03 0.86 0.94 1.06 0.0310441548191304 9.61594625152047e-08 103.79 3.21964165250939e-24 Correct 

IL23R Wald ratio 1 1.02 0.04 0.72 0.93 1.1 0.0219333584828941 4.17710507676201e-07 73.17 2.1504476166169e-17 Correct 

IL4RA Wald ratio 1 1.01 0.06 0.87 0.9 1.14 0.00971893505319867 9.23489986054058e-08 32.31 1.77854172356326e-08 Correct 

IL5RA Wald ratio 1 1.04 0.02 0.09 0.99 1.09 0.0581608917497482 9.5577398350554e-06 198.17 8.86971016447402e-44 Correct 

IL5 Wald ratio 1 1.01 0.03 0.63 0.96 1.07 0.0423339988082879 7.65903727570493e-07 142.32 1.63448726871984e-32 Correct 

IL6R Wald ratio 1 1.03 0.01 0.01 1.01 1.05 0.307652392578125 2.19378240072056e-05 1211.43 4.35503734608149e-275 Correct 

TGFB1 Wald ratio 1 1.01 0.03 0.73 0.95 1.07 0.0332506413362943 3.79707256725313e-07 116.46 8.77408952940624e-26 Correct 
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Table D6. Results summary of the two-sample Mendelian randomization (MR) analyses investigating the causal effects of brain-expressed cytokine genes on autism. 

EXPOSURE METHOD NSNP OR SE P 95%CIs snp_r2.exposure snp_r2.outcome F Steiger p-value Steiger direction of effects 

IFNGR1 Wald ratio 1 1.22 0.08 0.01 1.05 1.42 0.00791979536560138 0.000174404323439125 52.47 7.57854987144792e-09 Correct 

IFNGR2 Wald ratio 1 0.85 0.12 0.19 0.67 1.08 0.00332398354893073 3.95984163953393e-05 21.97 9.29736083134548e-05 Correct 

IL10RB Wald ratio 1 1 0.02 0.9 0.96 1.05 0.105644876098633 3.64398633172044e-07 736.74 2.21358919702339e-144 Correct 

IL12A Wald ratio 1 1.06 0.06 0.4 0.93 1.2 0.0104892530515436 1.54326332500579e-05 69.58 5.80692917344147e-14 Correct 

IL12B Wald ratio 1 1.24 0.12 0.08 0.97 1.57 0.00290369360559042 7.78263514962334e-05 19.19 0.000606376552846105 Correct 

IL12RB1 Wald ratio 1 1.1 0.06 0.11 0.98 1.23 0.0133044578830802 5.64386097721105e-05 88.38 1.80658626699463e-16 Correct 

IL12RB2 Wald ratio 1 0.98 0.07 0.74 0.85 1.12 0.00934400811940007 2.31024539290677e-06 61.95 4.05124660317811e-13 Correct 

IL13 Wald ratio 1 1.04 0.09 0.67 0.87 1.25 0.00471432664114052 3.91574127362146e-06 31.18 3.85546754852289e-07 Correct 

IL17RA Wald ratio 1 0.99 0.03 0.75 0.94 1.05 0.0547319820658846 2.18339971800338e-06 371.41 1.84915829159208e-72 Correct 

IL21 Wald ratio 1 0.96 0.03 0.17 0.9 1.02 0.0486811984362172 4.11442426525068e-05 329.31 1.33375577304472e-61 Correct 

IL23A Wald ratio 1 0.88 0.06 0.04 0.77 1 0.0110924642151617 9.30362845012834e-05 73.6 2.85770739281018e-13 Correct 

IL2RA Wald ratio 1 0.96 0.07 0.56 0.84 1.1 0.0107540601892469 7.22537573045284e-06 71.35 1.30514699743724e-14 Correct 

IL4R Wald ratio 1 1.09 0.08 0.28 0.93 1.28 0.00608724971643971 2.59582344874258e-05 40.29 2.78686692678534e-08 Correct 

IL4 Wald ratio 1 0.95 0.05 0.33 0.86 1.05 0.0179393215228082 2.01623901057362e-05 119.45 4.19058335713833e-23 Correct 

IL5 Wald ratio 1 1.02 0.05 0.71 0.92 1.13 0.015688010250886 2.87682792042016e-06 104.34 3.7176560863505e-21 Correct 

IL6 Wald ratio 1 1.07 0.12 0.58 0.85 1.34 0.00301487724144323 6.7939045249712e-06 19.92 6.9199103275421e-05 Correct 

IL9 Wald ratio 1 1.07 0.08 0.4 0.92 1.24 0.00681915514543759 1.56365365480526e-05 45.15 2.10343213852538e-09 Correct 

TGFB1 Wald ratio 1 0.89 0.14 0.41 0.67 1.18 0.00292172599094145 1.54130224601197e-05 19.31 0.000136966911449788 Correct 
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Table D7. Results summary of the two-sample Mendelian randomization (MR) analyses investigating the causal effects of brain-expressed cytokine genes on autism without 

intellectual disabilities. 

EXPOSURE METHOD NSNP OR SE P 95%CIs snp_r2.exposure snp_r2.outcome F Steiger p-value Steiger direction of effects 

IFNGR1 Wald ratio 1 1.04 0.09 0.62 0.88 1.23 0.00791979536560138 7.16774689853082e-06 52.47 1.2756005463587e-10 Correct 

IFNGR2 Wald ratio 1 0.83 0.15 0.2 0.62 1.11 0.00332398354893073 5.20018628492837e-05 21.97 0.000175290249912308 Correct 

IL10RB Wald ratio 1 1.01 0.03 0.59 0.96 1.07 0.105644876098633 8.58748234669395e-06 736.74 3.49730482590905e-

136 

Correct 

IL12A Wald ratio 1 1.01 0.08 0.87 0.87 1.18 0.0104892530515436 7.44990336624014e-07 69.58 3.69412170999088e-14 Correct 

IL12B Wald ratio 1 1.36 0.15 0.04 1.01 1.83 0.00290369360559042 0.000157084900906989 19.19 0.00209822479154023 Correct 

IL12RB1 Wald ratio 1 1.16 0.07 0.04 1.01 1.34 0.0133044578830802 0.00013554266207408 88.38 9.75081427151705e-15 Correct 

IL12RB2 Wald ratio 1 0.99 0.09 0.92 0.83 1.18 0.00934400811940007 3.07886610642968e-07 61.95 7.91697088947703e-13 Correct 

IL13 Wald ratio 1 1.08 0.12 0.51 0.86 1.35 0.00471432664114052 1.29565846275056e-05 31.18 1.2884442481768e-06 Correct 

IL17RA Wald ratio 1 0.96 0.03 0.21 0.89 1.02 0.0547319820658846 4.67774532434143e-05 371.41 2.64918398089192e-66 Correct 

IL21 Wald ratio 1 0.98 0.04 0.66 0.91 1.06 0.0486811984362172 5.80169863058786e-06 329.31 4.58288728405345e-61 Correct 

IL23A Wald ratio 1 0.95 0.07 0.45 0.82 1.09 0.0110924642151617 1.68233827335859e-05 73.6 4.39243581833603e-14 Correct 

IL2RA Wald ratio 1 0.96 0.09 0.67 0.82 1.14 0.0107540601892469 5.30743200782619e-06 71.35 4.00678397477379e-14 Correct 

IL4R Wald ratio 1 1.09 0.1 0.38 0.9 1.32 0.00608724971643971 2.32275778073283e-05 40.29 5.03655454669623e-08 Correct 

IL4 Wald ratio 1 0.93 0.06 0.25 0.83 1.05 0.0179393215228082 3.97862613226678e-05 119.45 1.40189583911848e-21 Correct 

IL5 Wald ratio 1 1.02 0.06 0.8 0.9 1.15 0.015688010250886 1.91118536377766e-06 104.34 2.21317740873355e-20 Correct 

IL6 Wald ratio 1 1.15 0.15 0.35 0.86 1.53 0.00301487724144323 2.66047635207761e-05 19.92 0.00021552824622655 Correct 

IL9 Wald ratio 1 1.1 0.1 0.32 0.91 1.32 0.00681915514543759 2.95767167554883e-05 45.15 9.20296411355408e-09 Correct 

TGFB1 Wald ratio 1 0.96 0.18 0.83 0.68 1.36 0.00292172599094145 1.40505666749897e-06 19.31 8.44113265094053e-05 Correct 
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Table D8. Results summary of the two-sample Mendelian randomization (MR) analyses investigating the causal effects of brain-expressed cytokine genes on schizophrenia. 

EXPOSURE METHOD NSNP OR SE P 95%CIs snp_r2.exposure snp_r2.outcome F Steiger p-value Steiger direction of effects 

IFNGR1 Wald ratio 1 0.98 0.04 0.54 0.91 1.05 0.00791979536560138 1.25899327570612e-06 52.47 1.43271192665777e-12 Correct 

IFNGR2 Wald ratio 1 1.04 0.07 0.54 0.92 1.18 0.00332398354893073 1.26084354724949e-06 21.97 5.40705793376935e-06 Correct 

IL10RB Wald ratio 1 0.99 0.01 0.32 0.97 1.01 0.105644876098633 3.12534118209722e-06 736.74 4.08231466730266e-160 Correct 

IL12A Wald ratio 1 1 0.04 0.99 0.93 1.07 0.0104892530515436 2.44396857542706e-10 69.58 1.47412135434938e-16 Correct 

IL12B Wald ratio 1 0.99 0.07 0.93 0.87 1.14 0.00290369360559042 2.7280792767963e-08 19.19 1.54946067240829e-05 Correct 

IL12RB1 Wald ratio 1 0.99 0.03 0.77 0.93 1.05 0.0133044578830802 2.72397498058078e-07 88.38 1.87297638884038e-20 Correct 

IL12RB2 Wald ratio 1 0.96 0.04 0.3 0.88 1.04 0.00934400811940007 3.5074307848821e-06 61.95 2.13240588157958e-14 Correct 

IL13 Wald ratio 1 1.07 0.06 0.25 0.96 1.19 0.00471432664114052 4.52699634690615e-06 31.18 8.52125440467961e-08 Correct 

IL21 Wald ratio 1 0.97 0.02 0.16 0.94 1.01 0.0486811984362172 6.38105936808324e-06 329.31 4.49656622080333e-71 Correct 

IL23A Wald ratio 1 0.95 0.04 0.16 0.88 1.02 0.0110924642151617 6.45770065927806e-06 73.6 1.11812282358731e-16 Correct 

IL2RA Wald ratio 1 1.08 0.04 0.07 0.99 1.17 0.0107540601892469 1.10211256096467e-05 71.35 5.61485130906492e-16 Correct 

IL4R Wald ratio 1 0.99 0.04 0.85 0.91 1.08 0.00608724971643971 1.25392006912032e-07 40.29 3.98650050255397e-10 Correct 

IL4 Wald ratio 1 0.94 0.03 0.04 0.89 1 0.0179393215228082 1.4037581617751e-05 119.45 6.4156212337664e-26 Correct 

IL5 Wald ratio 1 1.01 0.03 0.71 0.95 1.07 0.015688010250886 4.45695293285037e-07 104.34 7.84814042605439e-24 Correct 

IL6 Wald ratio 1 0.87 0.07 0.06 0.76 1 0.00301487724144323 1.45421733308495e-05 19.92 3.94436642122116e-05 Correct 

IL9 Wald ratio 1 1.15 0.05 0.01 1.04 1.28 0.00681915514543759 2.89548173145669e-05 45.15 4.9970960016703e-10 Correct 

TGFB1 Wald ratio 1 1.04 0.08 0.59 0.89 1.22 0.00292172599094145 9.78709914216256e-07 19.31 1.96553723154246e-05 Correct 
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Table D9.  Detailed results of the colocalisation analyses for each exposure with MR evidence of causal effects on autism and schizophrenia. 

       
 Colocalization Analyses LD Checka 

EXPOSURE TISSUE ENSEMBL_ID LEAD_VARIANT CHR BPb Exposure Data Outcome data NSNPs H0c H1 H2 H3 H4d Top Autism SNP LD R2 

IL12RB1 Blood ENSG00000096996 rs376008 19 18189568 Suhre et ale Autism No region data available rs273506 0.55 

IFNGR1 Blood ENSG00000027697 rs7080536 10 115348046 Sun et al. Autism 2494 0% 60% 0% 18% 22% rs2302373 0.22 

IL4RA Blood ENSG00000077238 rs10418046 19 54327869 Sun et al. Autism 3653 1% 83% 0% 9% 7% rs11671984 0.77 

IL5RA Blood ENSG00000091181 rs77400868 3 3150964 Sun et al. Autism 4007 0% 89% 0% 10% 1% rs4498029 0.06 

IL13RA1 Blood ENSG00000131724 rs4241818 4 187153786 Sun et al. Autism 3409 0% 84% 0% 11% 5% rs1039243 0.06 

IL12B Cortex ENSG00000113302.4 rs75259819 5 158401932 Klein et al. Autism 2204 46% 38% 5% 4% 6% rs62378719 0.002 

IL12RB1 Cortex ENSG00000096996.16 rs2644777 19 18178616 Klein et al. Autism 2394 0% 86% 0% 6% 8% rs112461998 0.43 

IFNGR1 Cortex ENSG00000027697.14 rs4896249 6 137594069 Klein et al. Autism 2645 0% 59% 0% 4% 37% rs56061112 1 

IL23A Cortex ENSG00000110944.9 rs59917308 12 56658708 Klein et al. Autism 960 0% 88% 0% 2% 10% rs75754909 1 

IL6R Blood ENSG00000160712 rs4129267 1 154426264 Folkersen et al Schizophrenia 1548 0% 5% 0% 94% 1%  

 

 
IL9 Cortex ENSG00000145839.2 rs4487482 5 135201771 Klein et al. Schizophrenia 2849 0% 27% 0% 61% 12% 

IL4 Cortex ENSG00000113520.11 rs6879672 5 132025947  Klein et al. Schizophrenia 1889 0% 93% 0% 4% 4% 

IL6 Cortex ENSG00000136244.12 rs2905346 7 22618248  Klein et al. Schizophrenia 3116 22% 56% 6% 15% 1% 

a: LDcheck analyses were performed only for colocalisation analyses using autism GWAS data. 

b: Coordinates in GRCh37 

c: Probability that there is no causal variant in neither exposure nor outcome datasets. 

d: Probability that the independent signals in the exposure and outcome regions are consistent with a shared causal variant. 

e: No region data were available and therefore colocalisation analyses could not be performed. 

ENSEMBL_ID: gene id in Ensembl; CHR: chromosome; BP: position; LD: linkage disequilibrium. 

 

 

 

https://www.ensembl.org/Homo_sapiens/geneview?gene=ENSG00000160712
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Table D10. Causal effect estimates, standard errors and 95% confidence intervals of the Mendelian 

randomization (MR) analyses investigating the causal effects of common variant genetic liability to 

autism on levels of plasma cytokines.  

Outcome: Inteleukin-2.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.29709 0.34443 0.413488 -0.97217 0.377992 

Weighted median 10 -0.15911 0.138118 0.249323 -0.42982 0.1116 

Inverse variance weighted 10 -0.11494 0.106481 0.280401 -0.32364 0.093765 

Weighted mode 10 -0.19633 0.228223 0.411984 -0.64364 0.25099 

Outcome: Inteleukin-12.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.059853 0.492475 0.906264 -0.9054 1.025103 

Weighted median 10 0.074189 0.157589 0.637801 -0.23468 0.383063 

Inverse variance weighted 10 0.019073 0.143609 0.894345 -0.2624 0.300547 

Weighted mode 10 0.126872 0.270323 0.649991 -0.40296 0.656705 

Outcome: Inteleukin-12 receptor subunit beta-1.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.1854 0.462703 0.699143 -1.09229 0.721502 

Weighted median 10 0.003797 0.14691 0.979382 -0.28415 0.29174 

Inverse variance weighted 10 -0.08806 0.135357 0.515317 -0.35336 0.177239 

Weighted mode 10 0.025661 0.253575 0.921613 -0.47135 0.522669 

Outcome: Inteleukin-12 receptor subunit beta-2.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.476211 0.34443 0.204153 -0.19887 1.151294 

Weighted median 10 -0.04471 0.139286 0.748239 -0.31771 0.228296 

Inverse variance weighted 10 -0.05028 0.106481 0.636771 -0.25898 0.15842 

Weighted mode 10 -0.02204 0.224264 0.923869 -0.4616 0.417519 

Outcome: Interferon gamma.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.338561 0.34431 0.354257 -0.33629 1.013408 

Weighted median 10 -0.1055 0.13485 0.434029 -0.3698 0.158811 

Inverse variance weighted 10 -0.05389 0.106507 0.612872 -0.26264 0.154864 

Weighted mode 10 -0.09724 0.173779 0.58944 -0.43784 0.243369 

Outcome: Interferon gamma receptor-1.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.237022 0.34443 0.510812 -0.43806 0.912105 

Weighted median 10 -0.05732 0.139015 0.680089 -0.32979 0.215148 

Inverse variance weighted 10 -0.1035 0.106481 0.331041 -0.3122 0.105201 

Weighted mode 10 -0.06988 0.213386 0.75079 -0.48812 0.348356 

Outcome: Interferon gamma receptor-2.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.22113 0.400266 0.595727 -1.00565 0.563391 

Weighted median 10 0.084868 0.13764 0.537502 -0.18491 0.354641 

Inverse variance weighted 10 -0.01946 0.11865 0.869715 -0.25202 0.213093 

Weighted mode 10 0.120615 0.223098 0.601877 -0.31666 0.557887        
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Outcome: Interleukin-4 receptor subunit alpha.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.15147 0.34443 0.671739 -0.82655 0.523612 

Weighted median 10 0.058953 0.12958 0.64914 -0.19502 0.31293 

Inverse variance weighted 10 0.031789 0.106481 0.765288 -0.17691 0.240491 

Weighted mode 10 0.017623 0.196037 0.930338 -0.36661 0.401856 

Outcome:  Interleukin-5.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.010797 0.567211 0.985279 -1.10094 1.122531 

Weighted median 10 0.178406 0.156262 0.253573 -0.12787 0.484679 

Inverse variance weighted 10 0.216114 0.166879 0.195308 -0.11097 0.543197 

Weighted mode 10 0.109196 0.255116 0.678694 -0.39083 0.609223 

Outcome: Interleukin-5 receptor subunit alpha.  

method NSNP B SE P LCI UCI 

MR Egger 10 1.010261 0.35692 0.022133 0.310697 1.709825 

Weighted median 10 -0.0292 0.152727 0.84839 -0.32854 0.270147 

Inverse variance weighted 10 0.070928 0.145542 0.626021 -0.21433 0.356191 

Weighted mode 10 -0.0444 0.218247 0.843311 -0.47217 0.383362 

Outcome: Interleukin-13.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.55286 0.344305 0.147002 -1.2277 0.121979 

Weighted median 10 0.062461 0.142727 0.661657 -0.21728 0.342205 

Inverse variance weighted 10 0.048839 0.106471 0.646441 -0.15984 0.257522 

Weighted mode 10 0.144297 0.242574 0.566591 -0.33115 0.619742 

Outcome: Interleukin-13 receptor subunit alpha.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.1549 0.433432 0.730055 -1.00442 0.694628 

Weighted median 10 0.040946 0.153094 0.789118 -0.25912 0.34101 

Inverse variance weighted 10 -0.03081 0.127087 0.808476 -0.2799 0.218286 

Weighted mode 10 0.103669 0.28297 0.722561 -0.45095 0.65829 

Outcome: Interleukin-21.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.449219 0.431818 0.328619 -0.39715 1.295583 

Weighted median 10 -0.15424 0.161243 0.338776 -0.47028 0.161793 

Inverse variance weighted 10 -0.03282 0.136315 0.80972 -0.3 0.234355 

Weighted mode 10 -0.29829 0.263239 0.286428 -0.81424 0.217656 

Outcome: Interleukin-6 receptor subunit alpha.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.55233 0.344305 0.147338 -1.22717 0.122504 

Weighted median 10 -0.16093 0.134104 0.230132 -0.42377 0.101917 

Inverse variance weighted 10 -0.08293 0.106471 0.436035 -0.29161 0.125752 

Weighted mode 10 -0.19691 0.215695 0.385099 -0.61967 0.225855 

Outcome: Interleukin-23.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.364374 0.344305 0.32083 -0.31046 1.039212 

Weighted median 10 -0.16911 0.140642 0.229203 -0.44477 0.106548 
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Outcome: Interleukin-23 (continued) 

Inverse variance weighted 10 -0.12056 0.106471 0.257507 -0.32924 0.088125 

Weighted mode 10 -0.1094 0.210726 0.616163 -0.52243 0.30362 

Outcome: Interleukin-23 receptor.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.35875 0.34443 0.328063 -1.03383 0.316336 

Weighted median 10 -0.09628 0.138405 0.486649 -0.36756 0.174993 

Inverse variance weighted 10 -0.08054 0.106481 0.449425 -0.28924 0.128163 

Weighted mode 10 -0.10085 0.224408 0.663761 -0.54069 0.338988 

Outcome:  Interleukin-17 A.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.45239 0.394178 0.28426 -1.22498 0.320198 

Weighted median 10 -0.25139 0.145445 0.083909 -0.53647 0.033679 

Inverse variance weighted 10 -0.20658 0.117894 0.079734 -0.43765 0.024495 

Weighted mode 10 -0.32574 0.224896 0.181433 -0.76654 0.115059 

Outcome: Interleukin-17 A receptor.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.39092 0.34443 0.289248 -1.066 0.284167 

Weighted median 10 0.054294 0.136259 0.690287 -0.21277 0.321362 

Inverse variance weighted 10 -0.01382 0.106481 0.896713 -0.22252 0.194879 

Weighted mode 10 0.156132 0.219553 0.495016 -0.27419 0.586457 

Outcome: Interleukin-17 F.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.00101 0.34443 0.997729 -0.67609 0.674072 

Weighted median 10 0.09998 0.125761 0.426614 -0.14651 0.34647 

Inverse variance weighted 10 0.031133 0.106481 0.769992 -0.17757 0.239835 

Weighted mode 10 0.136361 0.201872 0.516346 -0.25931 0.53203 

Outcome: Interleukin-22.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.078492 0.344305 0.825387 -0.59635 0.75333 

Weighted median 10 -0.05715 0.142948 0.689298 -0.33733 0.223026 

Inverse variance weighted 10 0.009277 0.106471 0.930568 -0.19941 0.217959 

Weighted mode 10 -0.11772 0.240443 0.636135 -0.58899 0.35355 

Outcome: Interleukin-22 receptor subunit alpha-1.  

method NSNP B SE P LCI UCI 

MR Egger 10 -0.11235 0.344435 0.752643 -0.78745 0.562737 

Weighted median 10 -0.07446 0.12803 0.560851 -0.3254 0.17648 

Inverse variance weighted 10 -0.04692 0.106517 0.659568 -0.25569 0.161851 

Weighted mode 10 -0.09251 0.18334 0.625978 -0.45186 0.266838 

Outcome:  Interleukin-22 receptor subunit alpha-2.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.106119 0.344435 0.765878 -0.56897 0.781211 

Weighted median 10 -0.04815 0.131193 0.71359 -0.30529 0.208986 

Inverse variance weighted 10 -0.0649 0.106517 0.542315 -0.27368 0.143871 

Weighted mode 10 -0.01882 0.217631 0.932985 -0.44538 0.407739        
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Outcome: Interleukin-10.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.146076 0.428017 0.74168 -0.69284 0.984988 

Weighted median 10 -0.10869 0.14752 0.461238 -0.39783 0.180445 

Inverse variance weighted 10 -0.13662 0.128459 0.28753 -0.3884 0.115157 

Weighted mode 10 -0.13971 0.260902 0.605288 -0.65108 0.371657 

Outcome: Interleukin-10 receptor subunit beta.  

method NSNP B SE P LCI UCI 

MR Egger 10 0.0395 0.344435 0.911525 -0.63559 0.714591 

Weighted median 10 0.011946 0.133676 0.928793 -0.25006 0.27395 

Inverse variance weighted 10 -0.01705 0.106517 0.872826 -0.22582 0.191723 

Weighted mode 10 0.012417 0.190229 0.949385 -0.36043 0.385265        

 

Table D11. Causal effect estimates, standard errors and 95% confidence intervals of the Mendelian 

randomization (MR) analyses investigating the causal effects of common variant genetic liability to 

schizophrenia on levels of plasma cytokines. 

Outcome: Interferon gamma 

method NSNP B SE P LCI UCI 

MR Egger 242 0.3 0.13 0.03 0.04 0.56 

Weighted median 242 0.06 0.04 0.16 -0.02 0.14 

Inverse variance weighted 242 0.04 0.03 0.27 -0.03 0.1 

Weighted mode 242 0.12 0.12 0.31 -0.11 0.35 

Outcome: Interferon gamma receptor 

method NSNP B SE P LCI UCI 

MR Egger 242 0.09 0.12 0.45 -0.14 0.33 

Weighted median 242 0.02 0.05 0.67 -0.07 0.11 

Inverse variance weighted 242 -0.02 0.03 0.55 -0.08 0.04 

Weighted mode 242 0.04 0.12 0.74 -0.2 0.28 

Outcome: Interferon gamma receptor 2 

method NSNP B SE P LCI UCI 

MR Egger 242 0.18 0.12 0.16 -0.07 0.42 

Weighted median 242 0.06 0.05 0.25 -0.04 0.15 

Inverse variance weighted 242 0.05 0.03 0.13 -0.01 0.11 

Weighted mode 242 0.02 0.13 0.85 -0.22 0.27 

Outcome: Interleukin 10 

method NSNP B SE P LCI UCI 

MR Egger 242 0.08 0.13 0.55 -0.17 0.32 

Weighted median 242 0.02 0.05 0.61 -0.07 0.11 

Inverse variance weighted 242 0 0.03 0.95 -0.06 0.06 

Weighted mode 242 0.06 0.12 0.64 -0.19 0.3 

Outcome: Interleukin 10 receptor subunit beta 

method NSNP B SE P LCI UCI 

MR Egger 242 0.11 0.12 0.35 -0.12 0.35 

Weighted median 242 0.01 0.05 0.78 -0.08 0.1 
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Outcome: Interleukin 10 receptor subunit beta (continued) 

Inverse variance weighted 242 0.01 0.03 0.83 -0.05 0.07 

Weighted mode 242 0 0.12 1 -0.23 0.23 

Outcome: Interleukin 12 

method NSNP B SE P LCI UCI 

MR Egger 242 0.09 0.12 0.45 -0.14 0.33 

Weighted median 242 -0.03 0.04 0.55 -0.11 0.06 

Inverse variance weighted 242 -0.02 0.03 0.46 -0.08 0.04 

Weighted mode 242 -0.01 0.13 0.95 -0.27 0.25 

Outcome: Interleukin 23 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.03 0.13 0.83 -0.27 0.22 

Weighted median 242 -0.03 0.04 0.45 -0.12 0.05 

Inverse variance weighted 242 -0.01 0.03 0.74 -0.07 0.05 

Weighted mode 242 -0.15 0.14 0.31 -0.43 0.14 

Outcome: Interleukin 12 receptor subunit beta 1 

method NSNP B SE P LCI UCI 

MR Egger 242 0.04 0.12 0.75 -0.2 0.28 

Weighted median 242 -0.03 0.04 0.57 -0.11 0.06 

Inverse variance weighted 242 0.01 0.03 0.64 -0.05 0.08 

Weighted mode 242 -0.06 0.11 0.57 -0.29 0.16 

Outcome: Interleukin 12 receptor subunit beta 2 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.13 0.12 0.27 -0.37 0.1 

Weighted median 242 -0.04 0.05 0.36 -0.13 0.05 

Inverse variance weighted 242 -0.02 0.03 0.56 -0.08 0.04 

Weighted mode 242 -0.21 0.13 0.12 -0.47 0.05 

Outcome: Interleukin 13 

method NSNP B SE P LCI UCI 

MR Egger 242 0.09 0.13 0.48 -0.16 0.34 

Weighted median 242 0.06 0.05 0.17 -0.03 0.15 

Inverse variance weighted 242 0.01 0.03 0.75 -0.05 0.07 

Weighted mode 242 0.16 0.13 0.21 -0.09 0.41 

Outcome: Interleukin 13 receptor subunit alpha 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.08 0.12 0.54 -0.32 0.17 

Weighted median 242 0.04 0.05 0.37 -0.05 0.13 

Inverse variance weighted 242 0.05 0.03 0.14 -0.01 0.11 

Weighted mode 242 0.04 0.12 0.75 -0.19 0.26 

Outcome: Interleukin 17A 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.01 0.12 0.91 -0.25 0.22 

Weighted median 242 0 0.04 0.92 -0.08 0.09 

Inverse variance weighted 242 0 0.03 0.94 -0.06 0.06 

Weighted mode 242 -0.03 0.14 0.8 -0.3 0.23 

Outcome: Interleukin 17F 



  

  Appendix D 

309 
 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.05 0.12 0.65 -0.29 0.18 

Weighted median 242 -0.01 0.05 0.87 -0.1 0.08 

Inverse variance weighted 242 0.02 0.03 0.46 -0.04 0.08 

Weighted mode 242 -0.05 0.11 0.68 -0.26 0.17 

Outcome: Interleukin 17 receptor A 

method NSNP B SE P LCI UCI 

MR Egger 242 0.13 0.12 0.31 -0.12 0.37 

Weighted median 242 0.05 0.05 0.26 -0.04 0.14 

Inverse variance weighted 242 0.01 0.03 0.86 -0.06 0.07 

Weighted mode 242 0.15 0.14 0.27 -0.12 0.42 

Outcome: Interleukin 21 

method NSNP B SE P LCI UCI 

MR Egger 242 0.21 0.13 0.11 -0.05 0.48 

Weighted median 242 0.04 0.05 0.41 -0.05 0.13 

Inverse variance weighted 242 0.08 0.03 0.01 0.02 0.15 

Weighted mode 242 -0.05 0.15 0.76 -0.34 0.25 

Outcome: Interleukin 22 

method NSNP B SE P LCI UCI 

MR Egger 242 0.17 0.12 0.16 -0.07 0.4 

Weighted median 242 0.02 0.04 0.63 -0.06 0.11 

Inverse variance weighted 242 0.02 0.03 0.58 -0.04 0.08 

Weighted mode 242 0.06 0.11 0.56 -0.15 0.28 

Outcome: Interleukin 22 receptor subunit alpha 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.16 0.13 0.2 -0.41 0.08 

Weighted median 242 -0.07 0.05 0.15 -0.15 0.02 

Inverse variance weighted 242 -0.01 0.03 0.82 -0.07 0.05 

Weighted mode 242 -0.14 0.12 0.25 -0.37 0.09 

Outcome: Interleukin 22 receptor subunit alpha 2 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.02 0.13 0.85 -0.27 0.23 

Weighted median 242 -0.05 0.05 0.28 -0.14 0.04 

Inverse variance weighted 242 0.02 0.03 0.55 -0.04 0.08 

Weighted mode 242 -0.15 0.13 0.26 -0.41 0.11 

Outcome: Interleukin 2 

method NSNP B SE P LCI UCI 

MR Egger 242 0.17 0.12 0.17 -0.07 0.4 

Weighted median 242 0.01 0.05 0.81 -0.08 0.1 

Inverse variance weighted 242 0.03 0.03 0.29 -0.03 0.09 

Weighted mode 242 0 0.13 0.98 -0.27 0.26 

Outcome: Interleukin 23 receptor 

method NSNP B SE P LCI UCI 

MR Egger 242 -0.16 0.13 0.22 -0.42 0.1 

Weighted median 242 -0.02 0.05 0.65 -0.11 0.07 

Inverse variance weighted 242 -0.02 0.03 0.52 -0.09 0.04 
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Outcome: Interleukin 23 receptor (continued) 

Weighted mode 242 0.01 0.14 0.93 -0.26 0.28 

Outcome: Interleukin 4 receptor 

method NSNP B SE P LCI UCI 

MR Egger 242 0.01 0.13 0.94 -0.25 0.27 

Weighted median 242 0.03 0.05 0.55 -0.06 0.12 

Inverse variance weighted 242 0.02 0.03 0.55 -0.05 0.08 

Weighted mode 242 0.01 0.13 0.94 -0.25 0.27 

Outcome: Interleukin 5 

method NSNP B SE P LCI UCI 

MR Egger 242 0.04 0.12 0.72 -0.19 0.28 

Weighted median 242 0.02 0.04 0.65 -0.07 0.11 

Inverse variance weighted 242 -0.03 0.03 0.4 -0.08 0.03 

Weighted mode 242 0.16 0.15 0.28 -0.13 0.45 

Outcome: Interleukin 5 receptor subunit alpha 

method NSNP B SE P LCI UCI 

MR Egger 242 0.28 0.12 0.02 0.04 0.51 

Weighted median 242 0.07 0.04 0.12 -0.02 0.15 

Inverse variance weighted 242 0.01 0.03 0.72 -0.05 0.07 

Weighted mode 242 0.19 0.14 0.18 -0.09 0.46 

Outcome: Interleukin 6 receptor subunit alpha 

method NSNP B SE P LCI UCI 

MR Egger 242 0.1 0.12 0.39 -0.13 0.34 

Weighted median 242 0.04 0.04 0.38 -0.05 0.13 

Inverse variance weighted 242 0.03 0.03 0.29 -0.03 0.09 

Weighted mode 242 0.03 0.15 0.83 -0.27 0.34 

Outcome: Interleukin 9 

method NSNP B SE P LCI UCI 

MR Egger 242 0.13 0.12 0.29 -0.11 0.37 

Weighted median 242 0.04 0.04 0.36 -0.05 0.13 

Inverse variance weighted 242 0.05 0.03 0.1 -0.01 0.11 

Weighted mode 242 -0.08 0.13 0.57 -0.34 0.19 

Outcome: Transforming growth factor beta-1 

method NSNP B SE P LCI UCI 

MR Egger 242 0 0.12 0.98 -0.24 0.24 

Weighted median 242 -0.02 0.04 0.68 -0.1 0.07 

Inverse variance weighted 242 0 0.03 0.95 -0.06 0.06 

Weighted mode 242 -0.05 0.12 0.64 -0.28 0.17 
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