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Abstract

Autistic individuals experience significantly elevated rates of childhood trauma, self-harm and 

suicidal behaviour and ideation (SSBI). Is this purely the result of negative environmental 

experiences, or does this interact with genetic predisposition? In this study we investigated if there 

is shared genetics between autism and childhood trauma using polygenic scores (PGS) and genetic 

correlations in the UK Biobank (105,222 < N < 105,638), and tested potential mediators and 

moderators of the association between autism, childhood trauma and SSBI. Autism PGS were 

significantly associated with childhood trauma (max R2 = 0.096%, P < 2x10-16), self-harm 

ideation (max R2 = 0.108%, P < 2x10-16), and self-harm (max R2 = 0.13%, P < 2x10-16). 

Supporting this, we identified significant genetic correlations between autism and childhood 

trauma (rg = 0.36±0.05, P = 8.13x10-11), self-harm ideation (rg = 0.49±0.05, P = 4.17x10-21) and 

self-harm (rg = 0.48±0.05, P = 4.58x10-21), and an over-transmission of PGS for the two SSBI 

phenotypes from parents to autistic probands. Male sex negatively moderated the effect of autism 

PGS on childhood trauma (Beta = -0.023±0.005, P = 6.74x10-5). Further, childhood trauma 

positively moderated the effect of autism PGS on self-harm score (Beta =8.37x10-3±2.76x10-3, P 

= 2.42x10-3) and self-harm ideation (Beta =7.47x10-3±2.76x10-3, P = 6.71x10-3). Finally, 

depressive symptoms, quality and frequency of social interactions, and educational attainment 

were significant mediators of the effect of autism PGS on SSBI, with the proportion of effect 

mediated ranging from 0.23 (95% CI: 0.09 – 0.32) for depression to 0.008 (95% CI: 0.004 – 0.01) 

for educational attainment. Our findings identify significant shared genetics between adverse life-

time outcomes and autism, which represent complex gene-environment interactions, and 

prioritizes potential mediators and moderators of this shared biology. It is important to identify 

sources of trauma for autistic individuals in order to reduce their occurrence and impact.

Introduction

Autistic individuals have elevated rates of self-harm (with or without suicidal intent) and 

suicidal behaviour and ideation (SSBI)1–6. In addition, there is a positive association 

between autistic traits (subclinical manifestation of autism features) and SSBI3,7. Suicide is 

one of the leading causes of mortality in autistic individuals, with the relative risk being 
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higher for autistic women than autistic men1 (a reversal of the sex ratio in the general 

population)8. There is thus an urgent need to understand and address SSBI in autistic 

individuals. Despite this, only a handful of studies have investigated variables that contribute 

to and mediate this3,9,10. These studies have identified variables such as the stress of 

camouflaging in autism, depression, lack of social support, and unmet support needs as 

contributing to SSBI in autistic individuals3,9,10.

A separate line of research has identified that autistic individuals are more prone to 

childhood trauma11–16. Autistic traits in the general population are positively correlated with 

childhood truama13,17. Childhood trauma and the related sequelae are associated with poor 

mental and physical health in later life18–21, and with increased mortality22–24. Specifically, 

childhood trauma is a significant risk factor for SSBI19,25–27. In the general population, 

childhood trauma accounts for 16-50%28 of the variance in suicidal ideation, and 64-80%29 

of the variance in suicide attempts, although these studies were conducted in relatively 

modest sample sizes. In a larger nation-wide registry study of Danish children born in 1966, 

childhood abuse had the second largest effect on suicide attempt, after a history of 

psychiatric illness26. Thus, childhood trauma is both elevated in autism and, in the general 

population, is an important risk factor for SSBI. However, it is unclear if elevated childhood 

trauma interacts with the genetic propensity for autism to increase the risk for SSBI i.e. a 

diathesis-stress model for SSBI30.

Autism is highly heritable, with twin and family-based heritability estimates of 

60-90%31–34. There is also compelling evidence that autism can be modelled as the extreme 

end of subclinical manifestations of autism, termed autistic traits, which are typically 

normally distributed in the general population35–38. While de novo protein truncating 

variants in specific genes and CNVs are robustly associated with autism39–42, 11-49%43–45 

of the variance in autism is attributable to common genetic variants (minor allele frequency 

> 1%). Polygenic scores (PGS) derived from genome-wide association studies (GWAS) of 

autism, which represent the underlying genetic propensity for autism, currently explain a 

small proportion of the variance in autism (2.5% of the total variance compared to a SNP 

heritability (h2 SNP) of 11%). However, they are a useful index of the genetic propensity for 

autism and have been associated with a number of traits in the general population: social and 

communication difficulties in childhood46, autistic traits47, and cognitive aptitude48. 

Importantly, they can be measured in a cohort with genetic data but limited phenotypic data 

on autism or autistic traits, such as the UK Biobank, and can be used to identify life-term 

outcomes associated with the genetic propensity for complex conditions like autism, which 

may be difficult to investigate in existing autism cohorts. In parallel, recent advances in 

genetic methods such as genetic correlation49 and genomic structural equation modelling50, 

allow us to understand the shared genetics between various complex traits while accounting 

for the genetic effects of a third trait. These methods have the added advantage of accounting 

for greater variance in the genetic propensity for a complex trait compared to currently 

available PGS.

Both trauma51,52 and SSBI53,54 are modestly heritable. Specifically, for the childhood 

trauma phenotypes included in this study, the twin heritability ranged from 0.47 to 0.64 

across the different factors included in the childhood trauma questionnaire55. Similarly, 
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suicidal ideation has twin heritability ranging from 43%56 to 57%57. A recent GWAS of 

suicidal attempt in individuals with and without mental health conditions identified a SNP 

heritability (h2 SNP) of 4.6% (95% CI: 2.9–6.3%)58. Specifically, the h2 SNP for suicidal 

attempt for individuals with an autism diagnosis was 9.6% (95% CI: 1.1–18.1%)58, 

suggesting a small but significant common genetic component for suicide attempt in autistic 

individuals. The heritability of both childhood trauma and SSBI represent complex gene-

environment effects. For instance, the heritability of childhood trauma may be due to 

heritable personality traits such as social naivete59 or risk-taking behaviour60 which may 

increase the probability of traumatic experiences in childhood (active gene-environment 

effect), or where specific personality traits may elicit specific behaviour from family or 

friends (for example, introverted children are more likely to be bullied, an example of 

evocative gene-environment effect)61, or equally where parents have elevated genetic risk for 

abusive behaviour (passive gene-environment effect). However, while there is a small 

heritable component to these phenotypes, the importance of the environment cannot be 

overstated in modifying this genetic propensity. For instance, an individual with higher 

genetic predisposition for social naivete or risk-taking behaviour will not experience a 

traumatic event if they are in a supportive and friendly social environment. In other words, 

the modest heritability for these phenotypes should not amount to ‘victim-blaming’ as 

different environments may result in very different outcomes.

While previous studies have considerably advanced our understanding of the association 

between autism and both childhood trauma and SSBI, these studies have almost entirely 

investigated these associations separately, despite considerable evidence that childhood 

trauma is a significant risk factor for SSBI. None of these studies have investigated if 

childhood trauma interacts with autism or autistic traits to increase SSBI. Further, to our 

knowledge, no study has investigated if the genetic propensity for autism is associated with 

either childhood trauma or SSBI. As genetic propensity for autism is fixed at birth, they are 

less likely to be confounded by reverse association. For instance, it is likely that autistic 

traits measured later in life may be influenced by childhood trauma, SSBI, or related 

sequalae which may confound association analyses between autistic traits and these 

measures62. Recently developed statistical methods also allow us to account for the genetic 

propensity for other comorbid conditions such as ADHD, depression, and schizophrenia 

while investigating the association between the genetic propensity for autism and both 

childhood trauma and SSBI. This is difficult but not impossible in epidemiological studies as 

autism is typically diagnosed in childhood and conditions like schizophrenia and depression 

are typically diagnosed in adults and adolescents. Accounting for the genetic propensity for 

other, unmeasured conditions such as ADHD and schizophrenia, will allow to better 

delineate the association between the genetic propensity for autism and childhood trauma 

and SSBIs.

The availability of a large, ageing cohort such as the UK Biobank with rich phenotypic data 

allows to address these questions. Specifically, in this study, we investigate (Figure 1): 1. 

Are childhood trauma and life-time SSBI associated with the genetic propensity for autism? 

2. Does the genetic propensity for co-morbid conditions such as ADHD, schizophrenia, and 

depression affect the association between the genetic propensity for autism and childhood 

trauma and SSBI? 3. Do sex and childhood trauma moderate the effect of autism PGS on 
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SSBI? 4. Do social, occupational, educational, and neuropsychiatric variables mediate the 

effects of autism PGS on SSBI?

Methods

Participants

Participants were unrelated individuals from the UK Biobank63 (Year of birth: 1936 to 1970) 

of European ancestries64 as identified using multidimensional scaling and self-report (UK 

Biobank data field 22006). We restricted our analyses to this group of participants as GWAS 

for autism has been conducted in individuals of European ancestries and may not be accurate 

in individuals of other ancesitries65. We excluded participants whose genetic sex did not 

match their reported sex (sex is used as a covariate in the analyses and we may not be able to 

covary this correctly in the analysis without this restriction), who were outliers for genetic 

heterozygosity, and who did not complete the mental health questionnaire66 (final N = 

105,638 participants; 44% males). We identified 150 autistic individuals using the UK 

Biobank data field 20544 (“Mental Health problems ever diagnosed by a professional”).

Primary phenotypes

The primary phenotypes used in the study are cumulative scores on measures of childhood 

trauma and life-time SSBI66 (Histograms in Supplementary Figures 1 – 3):

1. Childhood trauma (N = 105,638): Trauma (adult and childhood) was measured 

using 21 questions, which included five questions for childhood trauma. The five 

questions were from the Childhood Trauma Screener (CTS), a retrospective 

measure of trauma designed for adults and adolescents67. The CTS has good 

internal consistency [α = 0.757]67, correlates well with the scales of the longer 

Childhood Trauma Questionnaire68, and covers physical, emotional, and sexual 

abuse, and physical and emotional neglect. Questions were scored from 0 to 4, 

with options ranging from ‘never true’ to ‘very often true’. We excluded 

participants who reported ‘prefer not to answer’. For two of the positive items, 

we inverse scored it to capture trauma. Total scores ranged from 0 to 20, with 

higher scores representing higher trauma. We used total score as there is 

evidence to suggest that the total sum of childhood trauma is a better marker of 

risk for adverse outcomes than individual items69. We refer to this phenotype as 

‘childhood trauma score’ throughout the results. The items included are:

a. Felt loved as a child (inverse scored) (emotional neglect)

b. Someone to take me to the doctor as a child (inverse scored) (physical 

neglect)

c. Sexually molested as a child (sexual abuse)

d. Physically abused by family as a child (physical abuse)

e. Felt hated by family member as a child (emotional abuse)

2. SSBI (N = 105,222): In contrast to childhood trauma, the UK Biobank mental 

working group did not identify an adequate previously-published instrument to 
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measure SSBI66. Self-harm was thus measured using 10 questions in the UK 

Biobank (UK Biobank data showcase category 146). Three of these questions 

asked about SSBI in the past year, and we excluded this to focus on life-time 

self-harm behaviours. We further excluded two questions: ‘Methods of self-

harm’, and ‘Action taken following self-harm’, as these cannot be easily included 

in a scale of SSBI. Finally, we excluded two additional questions: ‘Number of 

times self-harmed’ and ‘Ever attempted suicide’ as these were completed by only 

6,872 participants. Thus, we used four questions of SSBI which were measured 

on different scales. The first two items had three options: ‘No’, ‘Yes, Once’, 

‘Yes, more than once’. The third item had four options: ‘Not at all’, ‘Several 

days’, ‘More than half the days’, ‘Nearly every day’.

a. Ever thought life was not worth living (range: 0 – 2)

b. Ever contemplated self-harm (range: 0 – 2)

c. Recent thoughts of suicide or self-harm (range: 0 – 3)

d. Ever attempted self-harm (binarized: 1 = yes, 0 = no)

Given the range in scores, we constructed two scales, the first being the self-harm ideation 

scale, which was created by summing up the scores for the first three items. The total score 

on the self-harm ideation scale ranged from 0 to 7. We refer to this phenotype as ‘self-harm 

ideation score’. We created a second scale by including all items. For this, we binarized 

scores for all four items with 1 representing ‘yes’ and 0 representing ‘no’. Thus, the total 

score on the self-harm scale ranged from 0 to 4. We refer to this phenotype as ‘self-harm 

score’. For both measures, we excluded participants who chose ‘Prefer not to answer’. Total 

scores were created only for participants who responded to all the items included in the 

scores.

Mediators and moderators of self-harm

We considered the effects of 9 measures as mediators of autism PGS and self-harm:

1. Depressive symptoms (39,479 < N < 39,551)

2. Anxiety symptoms (28,177 < N < 28,231)

3. Friendship dissatisfaction (56,704 < N < 56,842)

4. Family relationship dissatisfaction (56,704 < N < 56,842)

5. Job dissatisfaction (30,533 < N < 30,575)

6. Frequency of friendship/family visits (117,616 < N < 117,772

7. Confiding relationship (115,402 < N < 115,553)

8. Cognitive aptitude (93,811 < N < 93935)

9. Educational attainment (103,279 < N < 103,417)

Further details of how these phenotypes were constructed and methods used in mediation 

analyses are provided in Supplementary Note Section 1. Previous research has provided 
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support for all these variables influencing SSBI, which is provided in Supplementary Note 

Section 2. Histograms are provided in Supplementary Figure 4. Prior to mediation, we 

investigated if the autism PGS are associated with the mediators, and included only those 

variables that were associated with autism PGS. We tested each mediator independently 

rather than in parallel or serially as: 1. We are unable to provide causal relationship between 

the mediators; 2. It is impossible to provide temporal ordering in this cross-sectional dataset; 

and 3. Several of these variables are moderately correlated with each other (Supplementary 

Table 1).

We considered two variables as moderators of the effect of PGS on SSBI: sex and childhood 

trauma score. We draw a distinction between moderators and interaction based on Baron and 

Kenny, 198670. In this framework, a mediator is a variable that represents a mechanism 

through which the independent variable influences the dependent variable (an intermediary 

variable). In contrast, a moderator is a variable that affects the strength of the relationship 

between the independent and the dependent variable (effect modifier), and is equivalent to 

testing an interaction effect. In this framework, we interpret childhood trauma score and sex 

as moderators rather than a mediator, as any mediating effect is likely due to downstream 

effects of trauma such as depression and anxiety in line with the diathesis-stress hypothesis. 

We note that it is not uncommon to test a variable as both mediator and moderator71–73.

Statistical analyses

Genotype quality control—We used genotype and imputed SNPs from the UK 

Biobank64. Imputed dosages converted to hard-calls using Plink74. Calls with uncertainty 

greater than 0.1 were treated as missing. We restricted our analyses to SNPs with minor 

allele frequency > 1%, with an imputation r2 > 0.6, with a per-SNP genotyping rate > 90%, 

and did not have significant deviations from the Hardy-Weinberg Equilibrium (P < 1 x10-6). 

We excluded individuals who were genetically related (KING-estimated kinship > 0.088, 

equivalent to third-degree relatives), were not of ‘White British’ ethnicity determined by 

genetic grouping (UKB Data-field 22006), who had discordant reported and genetic sex, 

who were outliers for genetic heterozygosity, and who had genotyping rate < 90%.

Polygenic score generation and regression analyses—PGS were constructed 

using a clumping and thresholding algorithm in PRSice 275. While there are a few methods 

that improve the variance explained of the PGS compared to clumping and 

thresholding76–79, we decided not to use these as: 1. The increase in variance explained is 

minimal compared to clumping and thresholding, with one study showing no statistically 

significant difference in variance explained80; 2. The current study investigates covariance 

rather than variance (i.e. a function of genetic correlation rather than a function of h2 SNP), 

and it is unclear if other methods improve the covariance explained; 3. The large sample size 

of the testing dataset (UK Biobank) used in the current study makes using methods such as 

LDPred76 computationally inefficient and impractical; and 4. We were specifically 

investigating the shared genetics between autism and childhood trauma and SSBI, making 

multi-phenotype polygenic scoring methods78,79 unsuitable for this study.
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PGS are weighted averages of common risk polymorphisms that represent an individual’s 

inherited propensity for a condition. Weights are assigned for each allele based on the 

regression Beta value of the GWAS (base dataset), and individuals are scored according to 

the number of trait-increasing alleles they have (0, 1, or 2). The base dataset was the largest 

autism GWAS meta-analysis based on 18,381 autistic individuals and 27,969 neurotypical 

individuals81. As a negative control, we used a second base dataset: a GWAS meta-analysis 

of Alzheimer’s Disease (17,008 cases and 37,154 controls)82. We choose this dataset as a 

negative control as there is no significant genetic correlation with the autism GWAS (rg = 

0.04±0.10; P = 0.102), the two GWAS have similar sample sizes and statistical power (Mean 

chi-square: Alzheimer’s = 1.114, Autism = 1.2), and Alzheimer’s Disease is a neurological 

condition with typical onset late in life. Both GWAS datasets are independent of the 

participants from the UK Biobank in this study.

We clumped SNPs using an LD-based r2 of 0.2 and a genomic distance of 250 kb, based on 

current guidelines83. PGS were constructed for 7 P-value thresholds (P = 1, 0.75, 0.5, 0.25, 

0.1, 0.01, and 0.001, histograms in Supplementary Figure 5). These thresholds were chosen 

to balance the signal-to-noise ratio as autism is highly polygenic43. The number of SNPs at 

each threshold is provided in Supplementary Table 2. Additionally, for each item in the three 

primary phenotypes, we conducted individual PGS-based regression analysis using the P-

value threshold that explained the maximum variance for the primary phenotype that 

included the item. We conducted regression analyses using standardized PGS as the 

independent variable, the first 20 genetic principle components, year of birth, sex, and 

genotyping batch as covariates in the model, all of which were standardized. Linear 

regression analyses were conducted for all analyses except for the individual items in the 

SSBI measures as these were binarized, and thus suitable for a logistic regression. For the 

variables that were significantly associated with autism PGS, we also investigated the 

average scores of the variables in the top and the bottom centiles of the PGS uncorrected for 

any covariates.

The UK Biobank has a healthy volunteer bias and participants were born before 1970. As 

such only 223 out of 50,099 individuals in the UK Biobank reported a diagnosis of autism, 

when asked as a part of the mental health questionnaire. This (0.4%) is lower than the 

reported prevalence of autism in the UK and the US (1 – 2%). The lower prevalence in this 

cohort may be attributed to both a healthy volunteer bias, and the fact that this is an older 

cohort, resulting in an underdiagnosis of autism, though empirical evidence suggests that the 

estimated prevalence of autism (diagnosed and undiagnosed combined), does not vary with 

age84. Given the small number of individuals with an autism diagnosis in the UK Biobank, 

power calculations indicate that we had only 50% statistical power, and thus are 

underpowered to investigate if PGS for autism is associated with case-control status in the 

UK Biobank. We were, thus, unable to test within the UK Biobank if autistic individuals 

have higher autism PGS. However, studies have tested the association of PGS from the latest 

iPSYCH-PGC autism GWAS43, which we use in the current study, and identified a variance 

explained of 2.45%43. In the typical population, autism PGS from the same GWAS, 

explained 0.13% of variance in social and communication difficulties in children at age 846.
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Polygenic Transmission Disequilibrium Test—We conducted polygenic 

Transmission Disequilibrium Test (pTDT)85 in N = 2,234 families from the Simons Simplex 

Collection (SSC)86, of primarily European Ancestry (identified by multidimensional 

scaling) to investigate if PGS for the three primary phenotypes are over-transmitted from 

parents to autistic probands compared to sibling controls. pTDT is a modified t-test which 

comparing the mean PGS in autistic individuals compared to the mean midparent PGS. 

pTDT is a within-family statistical test, and is less confounded by factors such as population 

stratification and assortative mating. Details of QC in the SSC are provided in the 

Supplementary Note section 3. We constructed polygenic scores at P = 1 as these 

phenotypes are highly polygenic. PGS were constructed using PRSice as outlined earlier.

GWAS, genetic correlation analyses, and genomic SEM—To provide further 

support to the results of the PGS analyses we conducted GWAS of the three primary 

phenotypes, details of which are provided in the Supplementary Note section 4. We 

conducted genetic correlation between autism and the three primary phenotypes using 

LDSC49,87. LD scores were generated using a north-west European population. To better 

understand the shared genetics between autism and the three primary phenotypes after 

accounting for the common genetic effects of various co-morbid conditions, we conducted 

genomic structural equation modelling (SEM) analyses50. We used genome-wide summary 

statistics for:

1. ADHD88: N = 20183 cases and 35,191 controls

2. Major Depressive Disorder89: N = 59,851 cases and 113154 controls (excluding 

23andMe)

3. Schizophrenia90: N = 40,675 cases and 64,643 controls

4. Cognitive aptitude91: N = 257,828

5. Educational attainment91: N = 766,345 (sample size after excluding data from 

23andMe)

These GWAS summary statistics were chosen keeping in mind their modest/high genetic 

correlation with autism, and the mean sample size.

Mediation and moderation analyses—We modelled interaction between sex and PGS, 

and childhood trauma scores and PGS. We further conducted a series of mediation analyses 

to identify potential variables that mediate the association between autism PGS and SSBI. 

All variables were standardized for both the moderation and the mediation analyses. For the 

moderation analysis with SSBI as the dependent variable, and for all mediation analyses, we 

restricted our investigations to a PGS P-value threshold of 0.75 as this explained the 

maximum variance in SSBI. For the moderation analysis with childhood trauma as the 

dependent variable, we used a P-value threshold of 1 as this explained the maximum 

variance in childhood trauma.

Multiple testing correction—For each analysis conducted, we corrected for the multiple 

tests conducted using Bonferroni correction.
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1. Regression analyses for the primary outcome variables: P = 2x10-3 (7 P-value 

thresholds for 3 primary phenotypes).

2. Item-level analysis: P = 5.5x10-3 (9 individual items investigated).

3. pTDT: P = 0.0167 (3 tests conducted).

4. Genetic correlation: P = 0.0167 (3 tests conducted).

5. Genomic SEM: P = 0.0034 (5*3 tests conducted).

6. Interaction analyses: P = 0.01 (3 sex*PGS interaction tests conducted, and 2 

childhood trauma score*PGS interaction tests).

7. Mediation analyses: Only 5 variables of the 9 tested were associated with autism 

PGS. Thus, we identify significant results at a Bonferroni corrected alpha of P = 

5x10-3.

This study received ethical approval to access and work with de-identified data from the UK 

Biobank from the Cambridge Human Biology Research Ethics Committee.

Data and code availability—All code used in this analysis are available here: https://

github.com/autism-research-centre/Autism_vulnerability_UKB. Data is available from the 

UK Biobank to approved researchers.

Results

Autistic individuals in the UK Biobank have elevated rates of all three phenotypes

We first investigated if autistic individuals (N = 150, Methods) identified in the UK Biobank 

have elevated rates of childhood trauma and the two SSBI phenotype, after covarying the 

effects of age and sex. We identified substantially elevated mean scores for childhood trauma 

(Beta = 0.98±0.08, P < 2x10-16), self-harm ideation (Beta = 1.18±0.08, P < 2x10-16), and 

self-harm scores (Beta = 1.05±0.08, P < 2x10-16), confirming, in the UK Biobank, previous 

findings.

Autism PGS are associated with childhood trauma

We investigated if autism PGS are associated with childhood trauma. PGS at all 7 P-value 

thresholds were significantly associated with childhood trauma score (Supplementary Figure 

2), with highest variance at P = 1 (300,133 SNPs, R2 = 0.096%, P < 2x10-16) (Table 1). In 

contrast, across the 7 P-value thresholds, PGS for Alzheimer’s was not significantly 

associated with childhood trauma scores (Supplementary Table 3). Dividing the cohort into 

centiles based on autism PGS (P = 1), the top 1% had, on average, an 28% increase in 

childhood trauma scores compared to the bottom 1% (Figure 2).

To better understand which individual items contribute to the association between autism 

PGS and childhood trauma, we investigated the association between autism PGS (P = 1) and 

each of the 5 individual trauma items (Supplementary Figure 2). For four of the five 

measures (inverse-scored ‘felt loved as a child’, ‘felt hated as a child’, ‘physically abused’, 

and ‘sexually molested’), PGS were significantly and positively associated with the 
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traumatic event (Table 2), with the highest variance explained for the inverse-scored item 

‘felt loved as child’ (R2 = 0.093%, P < 2x10-16) and the lowest for ‘sexually molested’ (R2 = 

0.01%, P = 9.8x10-5). Compared to the bottom 1%, the top 1% reported a 77%, 24%, 34%, 

and 45% increase in scores for the items ‘felt hated as a child’, ‘felt loved as a child’ 

(inverse scored), ‘physically abused’, and ‘sexually molested’ respectively (Supplementary 

Figure 6).

Autism PGS are associated with SSBI

Autism PGS were also significantly and positively associated with both self-harm ideation 

and self-harm scores (Table 1 and Supplementary Figure 1). The variance explained for self-

harm ideation was highest at P = 0.75 (261,065 SNPs, R2 = 0.108%, P < 2x10-16). Similarly, 

for total self-harm scores, the variance explained was highest at P = 0.75 (261,065 SNPs, R2 

= 0.13%, P < 2x10-16). In contrast, Alzheimer’s PGS were not associated with either self-

harm ideation or self-harm scores at any of the 7 thresholds tested (Supplementary Table 3). 

Individuals in the top 1% of the autism PGS reported a 34% increase in self-harm scores and 

a 32% increase in self-harm ideation compared to the bottom 1% (Supplementary Figure 7).

At an item level (Supplementary Figure 3), autism PGS (P = 0.75) were significantly 

associated with three of the four items (‘thought life not worth living’, ‘contemplated self-

harm’, and ‘attempted self-harm’) (Table 2), with the highest variance explained for ‘thought 

life not worth living’ (Nagelkerke’s pseudo R2 = 0.15%, P < 2x10-16). Autism PGS were 

only nominally associated with the item ‘recent thoughts of suicide or self-harm’ 

(Nagelkerke’s pseudo R2 = 0.007%, P = 0.017). Compared to the bottom 1%, the top 1% 

reported a 41%, 95%, and 30% increase in scores on the items ‘contemplated self-harm’, 

‘attempted self-harm’, and ‘thought life was not worth living’ respectively (Supplementary 

Figure 7).

We repeated the associations between autism PGS and the three primary phenotypes and 

items after excluding autistic individuals. The results were similar and remained significant 

(Supplementary Table 4).

Genetic correlation confirms shared heritability between autism, childhood trauma and 
SSBI

To validate the results identified from the PGS analysis, we conducted GWAS of the three 

primary phenotypes (Methods), and investigated genetic correlations. We conducted GWAS 

for all three primary phenotypes (Methods). Both SSBI and childhood trauma had a modest 

SNP heritability (0.071 < h2 SNP < 0.083). Manhattan and QQ plots are provided in 

Supplementary Figure 8 – 10. We identified significant genetic correlations between autism 

and self-harm ideation (rg = 0.49±0.05, P = 4.17x10-21), and self-harm scores (rg = 

0.48±0.05, P = 4.58x10-21) (Figure 3A). The genetic correlation between autism and 

childhood trauma was lower but still statistically significant (rg = 0.36±0.05, P = 8.13x10-11) 

(Figure 3A). Comparing these with previously reported genetic correlations with autism, we 

note that the absolute magnitude of genetic correlation between autism and the two SSBI 

phenotypes is among the highest observed, comparable to that between autism and 

depression (rg = 0.41±0.04, P = 1.40x10-25), and higher than the genetic correlation between 
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autism and schizophrenia (rg = 0.21±0.04, P = 1.03x10-5), educational attainment (rg = 

0.19±0.03, P = 2.56x10-9), and ADHD (rg = 0.36±0.05, P = 1.24x10-12)81.

PGS for SSBI phenotypes are over-transmitted to autistic probands

While these analyses point to the shared genetics between autism and SSBI and childhood 

trauma, the results are not immune to confounding due to ascertainment issues or 

heterogeneity. We thus conducted family-based pTDT in 2,234 autism families to investigate 

if PGS for childhood trauma, and the two SSBI phenotypes are overtransmitted from parents 

to autistic probands compared to their non-autistic siblings (PGS P-value threshold = 1). We 

identified a significant over-transmission of PGS for self-harm ideation (P = 2.2x10-3) and 

self-harm scores (P = 2.6x10-3) from parents to their autistic children. For childhood trauma, 

there was a nominal overtransmission though this was not statistically significant after 

correcting for the three tests (P = 0.022). In contrast, we did not identify a significant over-

transmission of PGS for childhood trauma (P = 0.45), self-harm ideation (P = 0.20), and 

self-harm score PGS (P = 0.14) from parents to non-autistic sibling controls (N = 1,829 

unrelated sibling controls) (Figure 3B and Supplementary Table 5).

Genomic SEM delineates provides further insights into the shared genetics autism and the 
three primary phenotypes

Given the modest to high shared genetics between autism and multiple other co-morbid 

conditions and measures of intelligence, we next conducted genomic structural equation 

modelling (Supplementary Figure 11) to investigate the genetic correlations between autism 

and the three primary phenotypes after accounting for the genetic effects of other variables 

(Methods). For childhood trauma, the genetic correlation with autism was substantially 

attenuated after accounting for the genetic effects of ADHD (rg = 0.14±0.05, P = 3.64x10-3) 

and depression (rg = 0.09±0.06, P = 0.10). The genetic correlation attenuated modestly after 

accounting for the genetic effects of schizophrenia (rg = 0.25±0.05, P = 2.45x10-6), and there 

was minimal attenuation after accounting for the genetic effects of either cognitive aptitude 

(rg = 0.36±0.06, P = 1.65x10-10) or educational attainment (rg = 0.36±0.06, P = 4.59x10-10).

For the two SSBI phenotypes, accounting for the genetic effects of depression substantially 

attenuated the genetic correlation with autism (self-harm ideation: rg = 0.14±0.05, P = 

7.26x10-3; self-harm score: rg = 0.14±0.05, P = 0.01). Accounting for the genetic effects of 

none of the other phenotypes substantially attenuated the genetic correlation between autism 

and the two SSBI variables (Supplementary Table 6).

Social variables and depression mediate the effect of PGS on SSBI

We investigated if nine different variables (Supplementary Figure 5) mediate the relationship 

between PGS for autism and SSBI. Autism PGS were significantly associated with 

friendship dissatisfaction, family relationship dissatisfaction, depressive symptoms, 

frequency of social interactions, cognitive aptitude and educational attainment 

(Supplementary Table 7, alpha = 0.007). Additionally, with the exception of cognitive 

aptitude, all mediating variables were significantly associated with both the SSBI 

phenotypes (Supplementary Table 8), and thus were taken forward for mediation analyses. 

All five variables significantly mediated the relationship between autism PGS and the two 
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SSBI phenotypes (Supplementary Table 9). The proportion of mediated effect was highest 

for depressive symptoms (23%, Average Causal Mediated Effect or ACME = 

8.9x10-3±2.57x10-3) and lowest for educational attainment (0.8%, ACME = 

3.05x10-4±7.55x10-5).

Sex and childhood trauma moderate the effect of PGS on SSBI

Finally, we investigated if sex moderates the effect of autism PGS on childhood trauma 

scores and SSBI. Across all three measures, the main effects of sex and PGS were 

significant (Supplementary Table 10). Female sex was significantly and positively associated 

with higher childhood trauma and SSBI. Sex significantly interacted with PGS to predict 

childhood trauma score (BetaMales = -0.023±0.005, P = 6.74x10-5), but not self-harm score 

(BetaMales = -0.014±0.006, P = 0.013) or self-harm ideation (BetaMales = -0.012±0.006, P = 

0.02). To test the diathesis-stress model, we investigated if childhood trauma score 

significantly interacted with autism PGS. Childhood trauma scores significantly moderated 

the effects of autism PGS on both self-harm score (Beta =8.37x10-3±2.76x10-3, P = 

2.42x10-3) and self-harm ideation (Beta =7.47x10-3±2.76x10-3, P = 6.71x10-3) 

(Supplementary Table 10).

Discussion

While autism is often and should be diagnosed in childhood, increasing research has 

focussed on the long-term mental and physical health of autistic individuals throughout 

adulthood. Specifically, a growing body of research has identified that autistic adults are at 

higher risk for SSBI1–6 and lifelong vulnerability92. These studies are all limited in that they 

have tested relatively small cohorts, and have typically relied on clinical groups. We extend 

these results by modelling the underlying genetic propensity for autism using PGS in more 

than 100,000 individuals from the UK Biobank.

We find that PGS for autism are significantly associated with both childhood trauma and 

SSBI and several individual items contributing to these measures, which increase 

continuously along a gradient of increasing PGS for autism. In contrast, we do not observe 

an association between PGS for Alzheimer’s and the three primary phenotypes, suggesting 

that the observed results are not just a function of the large sample size in the UK Biobank. 

Dividing the cohort into centiles of PGS demonstrates a sharp increase in SSBI and 

childhood trauma between the top and bottom 1%. These results are supported by substantial 

genetic correlation between autism and the three primary phenotypes. Notably, the genetic 

correlation between autism and the two SSBI phenotypes is higher than the genetic 

correlation between autism and ADHD, major depression, and schizophrenia81.

These results are not immune to confounding due to multiple factors. For instance, fine-scale 

population stratification cannot be completely accounted for using current methods93. 

Further, there may be systematic differences between autistic individuals and non-autistic 

individuals that may be unrelated to an autism diagnosis, though this is minimized by the 

iPSYCH study design which should not have a recruitment bias94. However, using a family-

based association technique we confirm the robustness of the results – we identify a 

significant over-transmission of PGS for the two SSBI phenotypes from parents to autistic 
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children but not to their non-autistic siblings. The results for childhood trauma were 

nominally significant but did not remain significant after correcting for multiple testing, 

possibly due to the small sample size used to conduct the pTDT and the smaller genetic 

correlation with autism compared to the two SSBI phenotypes. A potential confounding 

factor that we could not test in this study is age of diagnosis of autism, since it might be the 

case that late diagnosis might increase the risk of SSBI, if those diagnosed late had a longer 

period of their life with no support.

While trauma is thought to be a largely environmental factor, we propose three potential 

mechanisms by which PGS for autism may be associated with childhood abuse. First, 

elevated PGS for autism may lead to difficulties in social interaction, communication, and 

socially inappropriate behaviour47,95, which may, in turn, evoke abusive or neglectful 

behaviours from parents, caregivers, and peers, leading to greater childhood trauma. Second, 

social naivete among autistic children may contribute to higher exposure to potentially 

dangerous situations which may lead to greater incidence of trauma. Finally, evaluating an 

event as being traumatic depends on an individual’s assessment of the event. This may be 

particularly pertinent for this study, as childhood trauma was measured retrospectively using 

a self-report measure and retrospective and prospectively measured trauma are only partly 

correlated96. Some autistic individuals may be sensitive to perceiving an event as traumatic. 

This does not in any way question the validity of the trauma experienced by autistic 

individuals, as trauma is not just an event but also how we perceive an event. The risk of 

SSBI in autistic teenagers and adults may be because they have experienced exclusion by 

society, bullying by their peers, ridicule by their teachers, late diagnosis and therefore an 

absence of early support for autism, and a lack of life-long support, given that autism is a 

life-long condition. Each of these possible mediating factors must be formally tested.

It is vital to interpret these results correctly. These phenotypes are results of gene-

environment interactions. Modifying the environment without may alter the outcome (self-

harm or childhood trauma). For instance, providing a supportive and inclusive environment 

to autistic individuals early on may reduce both childhood trauma and SSBI. In other words, 

the shared genetics between autism and the three primary phenotypes should not amount to 

victim blaming as modifying the environment can modify the outcomes. We have included 

as a Supplementary Text to provide further clarity to our findings.

Given the substantial comorbidity and shared genetics between autism and conditions like 

ADHD, depression, and schizophrenia, and the modest shared genetics between measures of 

intelligence, we used genomic structural equation modelling to better understand how 

pleiotropy affects the shared genetics between autism and the three primary phenotypes. 

Across all three phenotypes, accounting for the genetic effects of depression rendered the 

genetic correlation with autism statistically non-significant. Further, for childhood trauma, 

accounting for ADHD substantially attenuated the genetic correlation with autism, and the 

genetic correlation was no longer statistically significant. These results suggest that the 

shared genetic component between autism and depression underlies the shared genetics 

between autism and the three primary phenotypes. We caution that there may be a recall bias 

that may confound these analyses as depressed individuals may be more likely to recall 

traumatic events, and these results must be interpreted bearing this caveat97.
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While it is well established that childhood trauma contributes to SSBI in later life in the 

typical population, it is unclear how this interacts with autism or autistic traits. Our results 

suggest that there is a significant interaction between PGS for autism and childhood trauma 

to contribute to increased SSBI, providing evidence for a gene-by-environment interaction. 

These results must be replicated in a large, independent cohort and using PGS derived from 

an independent GWAS of autism when available. Thus, for individuals with high PGS for 

autism, this represents a ‘double hit’. Not only are high PGS for autism associated with 

higher SSBI in adulthood, these scores are also associated with higher childhood trauma 

which also increases the risk for SSBI.

Finally, we identify that depressive symptoms, quality of social relationships (friendship 

satisfaction and family relationship satisfaction), frequency of social interactions, cognitive 

aptitude and educational attainment significantly mediate a small proportion of the 

association between autism PGS and SSBI. While these provide a model for further 

investigation, we caution careful interpretation of these results. Mediators must typically 

have temporal precedence over the dependent variable, which we were unable to clearly 

establish in this study and needs to be investigated using longitudinal models.

While directional correlation is of interest to better understand causality, this study did not 

test this as the current GWAS of autism is underpowered to develop a genetic instrumental 

variable for Mendelian Randomization methods, given the number of statistically significant 

loci identified for autism, childhood trauma, and SSBI. As such, we caution against 

interpreting these results using a causal framework. The current research only strengthens 

the epidemiologically identified correlation between autism and both SSBI and childhood 

trauma, and does not imply causality.

This study has a few limitations, which we have tried to partially address using multiple 

methods. First, UK Biobank participants are likely to be healthier, better educated and more 

affluent than the general population98, suggesting that the rates of self-harm behaviour and 

childhood trauma may be lower than that in the general population. It is, however, 

encouraging to observe statistically significant results for the two SSBI PGS using pTDT, as 

the within-family analyses accounts for some potential confounds. Second, while the GWAS 

used to construct PGS for autism is the largest to date, it still captures only 2.5% of the total 

variance compared to a SNP heritability of 11%43. In turn, the percentage of variance 

explained by the regressions, mediation and moderation analyses are also small. However, to 

remediate this, we additionally conducted statistical analyses using summary GWAS data, 

which captures a greater proportion of the variance. Third, this study focusses only on 

common variants even though rare variants and CNVs contribute to a fraction of the variance 

in autism. Fourth, childhood trauma has been measured retrospectively and this could 

introduce bias in the measurement of childhood trauma. Recent evidence points to only 

modest agreement between prospective and retrospective measures of trauma96, suggesting 

that the results may not be applicable to prospective measures of trauma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Warrier and Baron-Cohen Page 14

Mol Psychiatry. Author manuscript; available in PMC 2021 June 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Acknowledgements

This study was funded by grants from the Medical Research Council, the Wellcome Trust, the Autism Research 
Trust, and the Templeton World Charity Foundation. The research was conducted in association with the National 
Institute for Health Research (NIHR) Cambridge Biomedical Research Centre, and the NIHR Collaboration for 
Leadership in Applied Health Research and Care East of England at Cambridgeshire and Peterborough NHS 
Foundation Trust. The views expressed are those of the author(s) and not necessarily those of the National Health 
Service, the NIHR, or the Department of Health and Social Care. This research was possible due to two applications 
to the UK Biobank: Projects 20904 and 23787. The project leading to this application has received funding from the 
Innovative Medicines Initiative 2 Joint Undertaking (JU) under grant agreement No 777394. The JU receives 
support from the European Union’s Horizon 2020 research and innovation programme and EFPIA and AUTISM 
SPEAKS, Autistica, SFARI.

References

1. Hirvikoski T, Mittendorfer-Rutz E, Boman M, Larsson H, Lichtenstein P, Bölte S. Premature 
mortality in autism spectrum disorder. Br J Psychiatry. 2016; 208:232–8. [PubMed: 26541693] 

2. Cassidy S, Bradley P, Robinson J, Allison C, McHugh M, Baron-Cohen S. Suicidal ideation and 
suicide plans or attempts in adults with Asperger’s syndrome attending a specialist diagnostic clinic: 
a clinical cohort study. The Lancet Psychiatry. 2014; 1:142–147. [PubMed: 26360578] 

3. Culpin I, Mars B, Pearson RM, Golding J, Heron J, Bubak I, et al. Autistic Traits and Suicidal 
Thoughts, Plans, and Self-Harm in Late Adolescence: Population-Based Cohort Study. J Am Acad 
Child Adolesc Psychiatry. 2018; 57:313–320.e6. [PubMed: 29706160] 

4. Chen M-H, Pan T-L, Lan W-H, Hsu J-W, Huang K-L, Su T-P, et al. Risk of Suicide Attempts 
Among Adolescents and Young Adults With Autism Spectrum Disorder. J Clin Psychiatry. 2017; 
78:e1174–e1179. [PubMed: 28872268] 

5. Segers M, Rawana J. What Do We Know About Suicidality in Autism Spectrum Disorders? A 
Systematic Review. Autism Res. 2014; 7:507–521. [PubMed: 24798640] 

6. Karakoç Demirkaya S, Tutkunkardas MD, Mukaddes NM. Assessment of suicidality in children and 
adolescents with diagnosis of high functioning autism spectrum disorder in a Turkish clinical 
sample. Neuropsychiatr Dis Treat. 2016; 12:2921–2926. [PubMed: 27956832] 

7. Pelton MK, Cassidy SA. Are autistic traits associated with suicidality? A test of the interpersonal-
psychological theory of suicide in a non-clinical young adult sample. Autism Res. 2017; 10:1891–
1904. [PubMed: 28685996] 

8. Värnik P. Suicide in the World. Int J Environ Res Public Health. 2012; 9:760–771. [PubMed: 
22690161] 

9. Cassidy S, Bradley L, Shaw R, Baron-Cohen S. Risk markers for suicidality in autistic adults. Mol 
Autism. 2018; 9:42. [PubMed: 30083306] 

10. Hedley D, Uljarević M, Foley K-R, Richdale A, Trollor J. Risk and protective factors underlying 
depression and suicidal ideation in Autism Spectrum Disorder. Depress Anxiety. 2018; 35:648–
657. [PubMed: 29659141] 

11. Kerns CM, Newschaffer CJ, Berkowitz SJ. Traumatic Childhood Events and Autism Spectrum 
Disorder. J Autism Dev Disord. 2015; 45:3475–3486. [PubMed: 25711547] 

12. Berg KL, Shiu C-S, Acharya K, Stolbach BC, Msall ME. Disparities in adversity among children 
with autism spectrum disorder: a population-based study. Dev Med Child Neurol. 2016; 58:1124–
1131. [PubMed: 27251442] 

13. Ohlsson Gotby V, Lichtenstein P, Långström N, Pettersson E. Childhood neurodevelopmental 
disorders and risk of coercive sexual victimization in childhood and adolescence - a population-
based prospective twin study. J Child Psychol Psychiatry. 2018; 59:957–965. [PubMed: 29570782] 

14. Brown-Lavoie SM, Viecili MA, Weiss JA. Sexual Knowledge and Victimization in Adults with 
Autism Spectrum Disorders. J Autism Dev Disord. 2014; 44:2185–2196. [PubMed: 24664634] 

15. Sreckovic MA, Brunsting NC, Able H. Victimization of students with autism spectrum disorder: A 
review of prevalence and risk factors. Res Autism Spectr Disord. 2014; 8:1155–1172.

Warrier and Baron-Cohen Page 15

Mol Psychiatry. Author manuscript; available in PMC 2021 June 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



16. Mandell DS, Walrath CM, Manteuffel B, Sgro G, Pinto-Martin JA. The prevalence and correlates 
of abuse among children with autism served in comprehensive community-based mental health 
settings. Child Abuse Negl. 2005; 29:1359–1372. [PubMed: 16293306] 

17. Roberts AL, Koenen KC, Lyall K, Robinson EB, Weisskopf MG. Association of autistic traits in 
adulthood with childhood abuse, interpersonal victimization, and posttraumatic stress. Child Abuse 
Negl. 2015; 45:135–142. [PubMed: 25957197] 

18. Schilling EA, Aseltine RH, Gore S. Adverse childhood experiences and mental health in young 
adults: a longitudinal survey. BMC Public Health. 2007; 7:30. [PubMed: 17343754] 

19. O’Brien BS, Sher L. Child sexual abuse and the pathophysiology of suicide in adolescents and 
adults. Int J Adolesc Med Health. 2013; 25:201–5. [PubMed: 23843572] 

20. Greenfield EA, Marks NF. Profiles of Physical and Psychological Violence in Childhood as a Risk 
Factor for Poorer Adult Health: Evidence From the 1995-2005 National Survey of Midlife in the 
United States. J Aging Health. 2009; 21:943–966. [PubMed: 19773595] 

21. Mock SE, Arai SM. Childhood trauma and chronic illness in adulthood: mental health and 
socioeconomic status as explanatory factors and buffers. Front Psychol. 2010; 1:246. [PubMed: 
21833299] 

22. Kelly-Irving M, Lepage B, Dedieu D, Bartley M, Blane D, Grosclaude P, et al. Adverse childhood 
experiences and premature all-cause mortality. Eur J Epidemiol. 2013; 28:721–734. [PubMed: 
23887883] 

23. Brown DW, Anda RF, Tiemeier H, Felitti VJ, Edwards VJ, Croft JB, et al. Adverse Childhood 
Experiences and the Risk of Premature Mortality. Am J Prev Med. 2009; 37:389–396. [PubMed: 
19840693] 

24. Chen E, Turiano NA, Mroczek DK, Miller GE. Association of Reports of Childhood Abuse and 
All-Cause Mortality Rates in Women. JAMA psychiatry. 2016; 73:920–7. [PubMed: 27540997] 

25. Sachs-Ericsson NJ, Rushing NC, Stanley IH, Sheffler J. In my end is my beginning: developmental 
trajectories of adverse childhood experiences to late-life suicide. Aging Ment Health. 2016; 
20:139–165. [PubMed: 26264208] 

26. Christoffersen MN, Poulsen HD, Nielsen A. Attempted suicide among young people: risk factors 
in a prospective register based study of Danish children born in 1966. Acta Psychiatr Scand. 2003; 
108:350–358. [PubMed: 14531755] 

27. Bahk Y-C, Jang S-K, Choi K-H, Lee S-H. The Relationship between Childhood Trauma and 
Suicidal Ideation: Role of Maltreatment and Potential Mediators. Psychiatry Investig. 2017; 
14:37–43.

28. Afifi TO, Enns MW, Cox BJ, Asmundson GJG, Stein MB, Sareen J. Population attributable 
fractions of psychiatric disorders and suicide ideation and attempts associated with adverse 
childhood experiences. Am J Public Health. 2008; 98:946–52. [PubMed: 18381992] 

29. Dube SR, Anda RF, Felitti VJ, Chapman DP, Williamson DF, Giles WH. Childhood Abuse, 
Household Dysfunction, and the Risk of Attempted Suicide Throughout the Life Span. JAMA. 
2001; 286:3089. [PubMed: 11754674] 

30. van Heeringen, K. Stress–Diathesis Model of Suicidal Behavior. CRC Press/Taylor & Francis; 
2012. [accessed 29 Oct2018]

31. Colvert E, Tick B, McEwen F, Stewart C, Curran SR, Woodhouse E, et al. Heritability of autism 
spectrum disorder in a UK population-based twin sample. JAMA Psychiatry. 2015; 72:415–23. 
[PubMed: 25738232] 

32. Tick B, Bolton PF, Happé F, Rutter M, Rijsdijk F. Heritability of autism spectrum disorders: A 
meta-analysis of twin studies. J Child Psychol Psychiatry Allied Discip. 2016; 57:585–595.

33. Sandin S, Lichtenstein P, Kuja-Halkola R, Hultman C, Larsson H, Reichenberg A. The Heritability 
of Autism Spectrum Disorder. JAMA. 2017; 318:1182. [PubMed: 28973605] 

34. Wang K, Gaitsch H, Poon H, Cox NJ, Rzhetsky A. Classification of common human diseases 
derived from shared genetic and environmental determinants. Nat Genet. 2017; 49:1319–1325. 
[PubMed: 28783162] 

35. Ruzich E, Allison C, Smith P, Watson P, Auyeung B, Ring H, et al. Measuring autistic traits in the 
general population: a systematic review of the Autism-Spectrum Quotient (AQ) in a nonclinical 

Warrier and Baron-Cohen Page 16

Mol Psychiatry. Author manuscript; available in PMC 2021 June 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



population sample of 6,900 typical adult males and females. Mol Autism. 2015; 6:2. [PubMed: 
25874074] 

36. Baron-Cohen S, Wheelwright SJ, Skinner R, Martin J, Clubley E. The autism-spectrum quotient 
(AQ): evidence from Asperger syndrome/high-functioning autism, males and females, scientists 
and mathematicians. J Autism Dev Disord. 2001; 31:5–17. [PubMed: 11439754] 

37. Posserud M-B, Lundervold AJ, 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. 2006; 47:167–175. [PubMed: 16423148] 

38. Constantino JN, Todd RD. Autistic Traits in the General Population. Arch Gen Psychiatry. 2003; 
60:524. [PubMed: 12742874] 

39. Sebat J, Lakshmi B, Malhotra D, Troge J, Lese-Martin C, Walsh T, et al. Strong association of de 
novo copy number mutations with autism. Science. 2007; 316:445–9. [PubMed: 17363630] 

40. Sanders SJ, He X, Willsey AJ, Ercan-Sencicek AG, Samocha KE, Cicek AE, et al. Insights into 
Autism Spectrum Disorder genomic architecture and biology from 71 risk loci. Neuron. 2015; 
87:1215–33. [PubMed: 26402605] 

41. De Rubeis S, He X, Goldberg AP, Poultney CS, Samocha K, Ercument Cicek A, et al. Synaptic, 
transcriptional and chromatin genes disrupted in autism. Nature. 2014; 515:209–15. [PubMed: 
25363760] 

42. Kosmicki JA, Samocha KE, Howrigan DP, Sanders SJ, Slowikowski K, Lek M, et al. Refining the 
role of de novo protein-truncating variants in neurodevelopmental disorders by using population 
reference samples. Nat Genet. 2017; 49:504–510. [PubMed: 28191890] 

43. Grove J, Ripke S, Als TD, Mattheisen M, Walters R, Won H, et al. Common risk variants identified 
in autism spectrum disorder. bioRxiv. 2017

44. Klei LL, Sanders SJ, Murtha MT, Hus V, Lowe JK, Willsey AJ, et al. Common genetic variants, 
acting additively, are a major source of risk for autism. Mol Autism. 2012; 3:9. [PubMed: 
23067556] 

45. Gaugler T, Klei LL, Sanders SJ, Bodea CA, Goldberg AP, Lee AB, et al. Most genetic risk for 
autism resides with common variation. Nat Genet. 2014; 46:881–5. [PubMed: 25038753] 

46. St Pourcain B, Robinson EB, Anttila V, Sullivan BB, Maller J, Golding J, et al. ASD and 
schizophrenia show distinct developmental profiles in common genetic overlap with population-
based social communication difficulties. Mol Psychiatry. 2017; doi: 10.1038/mp.2016.198

47. Bralten J, van Hulzen KJ, Martens MB, Galesloot TE, Arias Vasquez A, Kiemeney LALM, et al. 
Autism spectrum disorders and autistic traits share genetics and biology. Mol Psychiatry. 2017; 
doi: 10.1038/mp.2017.98

48. Clarke T-K, Lupton MK, Fernandez-Pujals AM, Starr J, Davies G, Cox SR, et al. Common 
polygenic risk for autism spectrum disorder (ASD) is associated with cognitive ability in the 
general population. Mol Psychiatry. 2015; 21:419–25. [PubMed: 25754080] 

49. Bulik-Sullivan BK, Finucane HK, Anttila V, Gusev A, Day FR, Loh P-R, et al. An atlas of genetic 
correlations across human diseases and traits. Nat Genet. 2015; 47:1236–41. [PubMed: 26414676] 

50. Grotzinger AD, Rhemtulla M, de Vlaming R, Ritchie SJ, Mallard TT, Hill WD, et al. Genomic 
SEM Provides Insights into the Multivariate Genetic Architecture of Complex Traits. bioRxiv. 
2018

51. Kendler KS, Baker JH. Genetic influences on measures of the environment: a systematic review. 
Psychol Med. 2007; 37:615. [PubMed: 17176502] 

52. Sartor CE, Grant JD, Lynskey MT, McCutcheon VV, Waldron M, Statham DJ, et al. Common 
heritable contributions to low-risk trauma, high-risk trauma, posttraumatic stress disorder, and 
major depression. Arch Gen Psychiatry. 2012; 69:293–9. [PubMed: 22393221] 

53. Zai, CC, de Luca, V, Strauss, J, Tong, RP, Sakinofsky, I, Kennedy, JL. Genetic Factors and Suicidal 
Behavior. CRC Press/Taylor & Francis; 2012. [accessed 26 Oct2018]

54. Pedersen NL, Fiske A. Genetic influences on suicide and nonfatal suicidal behavior: twin study 
findings. Eur Psychiatry. 2010; 25:264–7. [PubMed: 20444580] 

55. Pezzoli P, Antfolk J, Santtila P, Hatoum AS. Genetic Vulnerability to Experiencing Child 
Maltreatment. doi: 10.31234/OSF.IO/8HYMT

Warrier and Baron-Cohen Page 17

Mol Psychiatry. Author manuscript; available in PMC 2021 June 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



56. Fu Q, Heath AC, Bucholz KK, Nelson EC, Glowinski AL, Goldberg J, et al. A twin study of 
genetic and environmental influences on suicidality in men. Psychol Med. 2002; 32:11–24. 
[PubMed: 11883722] 

57. Dutta R, Ball HA, Siribaddana SH, Sumathipala A, Samaraweera S, McGuffin P, et al. Genetic and 
other risk factors for suicidal ideation and the relationship with depression. Psychol Med. 2017; 
47:2438–2449. [PubMed: 28478783] 

58. Erlangsen A, Appadurai V, Wang Y, Turecki G, Mors O, Werge T, et al. Genetics of suicide 
attempts in individuals with and without mental disorders: a population-based genome-wide 
association study. Mol Psychiatry. 2018; doi: 10.1038/s41380-018-0218-y

59. DiLalla DL, Gottesman II, Carey G, Bouchard TJ. Heritability of MMPI Harris-Lingoes and 
Subtle-Obvious Subscales in Twins Reared Apart. Assessment. 1999; 6:353–366. [PubMed: 
10539982] 

60. Anokhin AP, Golosheykin S, Grant J, Heath AC. Heritability of risk-taking in adolescence: a 
longitudinal twin study. Twin Res Hum Genet. 2009; 12:366–71. [PubMed: 19653837] 

61. Slee PT, Rigby K. The relationship of Eysenck’s personality factors and self-esteem to bully-victim 
behaviour in Australian schoolboys. Pers Individ Dif. 1993; 14:371–373.

62. Domes G, Spenthof I, Radtke M, Isaksson A, Normann C, Heinrichs M. Autistic traits and 
empathy in chronic vs. episodic depression. J Affect Disord. 2016; 195:144–147. [PubMed: 
26895092] 

63. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK Biobank: An Open Access 
Resource for Identifying the Causes of a Wide Range of Complex Diseases of Middle and Old 
Age. PLOS Med. 2015; 12:e1001779. [PubMed: 25826379] 

64. Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, et al. The UK Biobank resource 
with deep phenotyping and genomic data. Nature. 2018; 562:203–209. [PubMed: 30305743] 

65. Martin AR, Kanai M, Kamatani Y, Okada Y, Neale BM, Daly MJ. Clinical use of current polygenic 
risk scores may exacerbate health disparities. Nat Genet. 2019; 51:584–591. [PubMed: 30926966] 

66. Davis KAS, Coleman JRI, Adams M, Allen N, Breen G, Cullen B, et al. Mental health in UK 
Biobank: development, implementation and results from an online questionnaire completed by 157 
366 participants. BJPsych Open. 2018; 4:83–90. [PubMed: 29971151] 

67. Glaesmer H, Schulz A, Häuser W, Freyberger H, Brähler E, Grabe H-J. Der Childhood Trauma 
Screener (CTS) - Entwicklung und Validierung von Schwellenwerten zur Klassifikation. Psychiatr 
Prax. 2013; 40:220–226. [PubMed: 23564353] 

68. Beutel ME, Tibubos AN, Klein EM, Schmutzer G, Reiner I, Kocalevent R-D, et al. Childhood 
adversities and distress - The role of resilience in a representative sample. PLoS One. 2017; 
12:e0173826. [PubMed: 28296938] 

69. Hughes K, Bellis MA, Hardcastle KA, Sethi D, Butchart A, Mikton C, et al. The effect of multiple 
adverse childhood experiences on health: a systematic review and meta-analysis. Lancet Public 
Heal. 2017; 2:e356–e366.

70. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological 
research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986; 51:1173–
82. [PubMed: 3806354] 

71. Wei M, Mallinckrodt B, Russell DW, Abraham WT. Maladaptive Perfectionism as a Mediator and 
Moderator Between Adult Attachment and Depressive Mood. J Couns Psychol. 2004; 51:201–212.

72. Dakanalis A, Timko CA, Zanetti MA, Rinaldi L, Prunas A, Carrà G, et al. Attachment insecurities, 
maladaptive perfectionism, and eating disorder symptoms: A latent mediated and moderated 
structural equation modeling analysis across diagnostic groups. Psychiatry Res. 2014; 215:176–
184. [PubMed: 24295762] 

73. Eertmans A, Victoir A, Vansant G, Van den Bergh O. Food-related personality traits, food choice 
motives and food intake: Mediator and moderator relationships. Food Qual Prefer. 2005; 16:714–
726.

74. Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MAR, Bender D, et al. PLINK: a tool set 
for whole-genome association and population-based linkage analyses. Am J Hum Genet. 2007; 
81:559–75. [PubMed: 17701901] 

Warrier and Baron-Cohen Page 18

Mol Psychiatry. Author manuscript; available in PMC 2021 June 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



75. Euesden J, Lewis CM, O’Reilly PF. PRSice: Polygenic Risk Score software. Bioinformatics. 2015; 
31:1466–1468. [PubMed: 25550326] 

76. Vilhjálmsson BJ, Yang J, Finucane HK, Gusev A, Lindström S, Ripke S, et al. Modeling Linkage 
Disequilibrium Increases Accuracy of Polygenic Risk Scores. Am J Hum Genet. 2015; 97:576–
592. [PubMed: 26430803] 

77. Mak TSH, Porsch RM, Choi SW, Zhou X, Sham PC. Polygenic scores via penalized regression on 
summary statistics. Genet Epidemiol. 2017; 41:469–480. [PubMed: 28480976] 

78. Maier RM, Zhu Z, Lee SH, Trzaskowski M, Ruderfer DM, Stahl EA, et al. Improving genetic 
prediction by leveraging genetic correlations among human diseases and traits. Nat Commun. 
2018; 9:989. [PubMed: 29515099] 

79. Krapohl E, Patel H, Newhouse S, Curtis CJ, von Stumm S, Dale PS, et al. Multi-polygenic score 
approach to trait prediction. Mol Psychiatry. 2018; 23:1368–1374. [PubMed: 28785111] 

80. Allegrini A, Selzam S, Rimfeld K, von Stumm S, Pingault J-B, Plomin R. Genomic prediction of 
cognitive traits in childhood and adolescence. bioRxiv. 2018

81. Grove J, Ripke S, Als TD, Mattheisen M, Walters RK, Won H, et al. Identification of common 
genetic risk variants for autism spectrum disorder. Nat Genet. 2019; 51:431–444. [PubMed: 
30804558] 

82. Lambert J-C, Ibrahim-Verbaas CA, Harold D, Naj AC, Sims R, Bellenguez C, et al. Meta-analysis 
of 74,046 individuals identifies 11 new susceptibility loci for Alzheimer’s disease. Nat Genet. 
2013; 45:1452–1458. [PubMed: 24162737] 

83. Wray NR, Lee SH, Mehta D, Vinkhuyzen AAE, Dudbridge F, Middeldorp CM. Research Review: 
Polygenic methods and their application to psychiatric traits. J Child Psychol Psychiatry. 2014; 
55:1068–1087. [PubMed: 25132410] 

84. Brugha TS, McManus S, Bankart J, Scott F, Purdon S, Smith J, et al. Epidemiology of Autism 
Spectrum Disorders in Adults in the Community in England. Arch Gen Psychiatry. 2011; 68:459. 
[PubMed: 21536975] 

85. Weiner DJ, Wigdor EM, Ripke S, Walters RK, Kosmicki JA, Grove J, et al. Polygenic transmission 
disequilibrium confirms that common and rare variation act additively to create risk for autism 
spectrum disorders. Nat Genet. 2017; doi: 10.1038/ng.3863

86. Fischbach GD, Lord C. The Simons Simplex Collection: A Resource for Identification of Autism 
Genetic Risk Factors. Neuron. 2010; 68:192–195. [PubMed: 20955926] 

87. Bulik-Sullivan BK, Loh P-R, Finucane HK, Ripke S, Yang J, Patterson N, et al. LD Score 
regression distinguishes confounding from polygenicity in genome-wide association studies. Nat 
Genet. 2015; 47:291–295. [PubMed: 25642630] 

88. Demontis D, Walters RK, Martin J, Mattheisen M, Als TD, Agerbo E, et al. Discovery of the first 
genome-wide significant risk loci for attention deficit/hyperactivity disorder. Nat Genet. 2019; 
51:63–75. [PubMed: 30478444] 

89. Wray NR, Ripke S, Mattheisen M, Trzaskowski M, Byrne EM, Abdellaoui A, et al. Genome-wide 
association analyses identify 44 risk variants and refine the genetic architecture of major 
depression. Nat Genet. 2018; 50:668–681. [PubMed: 29700475] 

90. Pardiñas AF, Holmans P, Pocklington AJ, Escott-Price V, Ripke S, Carrera N, et al. Common 
schizophrenia alleles are enriched in mutation-intolerant genes and in regions under strong 
background selection. Nat Genet. 2018:1. [PubMed: 29273803] 

91. Lee JJ, Wedow R, Okbay A, Kong E, Maghzian O, Zacher M, et al. Gene discovery and polygenic 
prediction from a genome-wide association study of educational attainment in 1.1 million 
individuals. Nat Genet. 2018; 50:1112–1121. [PubMed: 30038396] 

92. Griffiths S, Allison C, Kenny R, Holt R, Smith P, Baron-Cohen S. The Vulnerability Experiences 
Quotient (VEQ): A Study of Vulnerability, Mental Health and Life Satisfaction in Autistic Adults. 
Autism Res. 2019

93. Haworth S, Mitchell R, Corbin L, Wade KH, Dudding T, Budu-Aggrey A, et al. Apparent latent 
structure within the UK Biobank sample has implications for epidemiological analysis. Nat 
Commun. 2019; 10:333. [PubMed: 30659178] 

Warrier and Baron-Cohen Page 19

Mol Psychiatry. Author manuscript; available in PMC 2021 June 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



94. Pedersen CB, Bybjerg-Grauholm J, Pedersen MG, Grove J, Agerbo E, Bækved-Hansen M, et al. 
The iPSYCH2012 case–cohort sample: new directions for unravelling genetic and environmental 
architectures of severe mental disorders. Mol Psychiatry. 2017; doi: 10.1038/mp.2017.196

95. Robinson EB, St Pourcain B, Anttila V, Kosmicki JA, Bulik-Sullivan BK, Grove J, et al. Genetic 
risk for autism spectrum disorders and neuropsychiatric variation in the general population. Nat 
Genet. 2016; 48:552–5. [PubMed: 26998691] 

96. Baldwin JR, Reuben A, Newbury JB, Danese A. Agreement Between Prospective and 
Retrospective Measures of Childhood Maltreatment. JAMA Psychiatry. 2019; doi: 10.1001/
jamapsychiatry.2019.0097

97. Dalgleish T, Werner-Seidler A. Disruptions in autobiographical memory processing in depression 
and the emergence of memory therapeutics. Trends Cogn Sci. 2014; 18:596–604. [PubMed: 
25060510] 

98. Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al. Comparison of 
Sociodemographic and Health-Related Characteristics of UK Biobank Participants With Those of 
the General Population. Am J Epidemiol. 2017; 186:1026–1034. [PubMed: 28641372] 

Warrier and Baron-Cohen Page 20

Mol Psychiatry. Author manuscript; available in PMC 2021 June 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 1. Schematic diagram of the study design
1A: Schematic diagram illustrating the polygenic score association analyses. We generated 

polygenic scores in the UK Biobank for autism and tested the association between the 

polygenic scores and childhood trauma scores and SSBI scores. Additionally, to gain deeper 

insights, we also tested association for individual trauma and SSBI items. As a negative 

control, we tested for association between Alzheimer’s polygenic scores and both childhood 

trauma and SSBI scores. We did not test for association between individual items and 

Alzheimer’s polygenic scores as they were not significantly associated with childhood 

trauma and SSBI scores. 1B: Schematic diagram illustrating the mediation analyses and 

moderation analyses conducted. Mediation analyses were conducted to investigate if 

depression and 3 social factors mediate the association between autism polygenic scores and 

SSBI scores. Moderation (interaction) analyses were conducted to investigate if sex and 

childhood trauma influenced the strength of the relationship between autism polygenic 

scores and SSBI scores.
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Figure 2. Scores on childhood trauma and SSBI based on centiles of PGS
This figure provides the scores of three primary phenotypes against the percentile of PGS 

after the cohort was divided into 100 groups based on PGS. Each dot in the plot represents 

an average phenotypic score for that group. Colours indicate the gradient of percentile, with 

lighter blue representing the highest percentile and darker blue representing the lowest 

percentile.
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Figure 3. Genetic correlation and pTDT analysis of the three primary phenotypes and autism
A. This figure provides the results of the genetic correlation analyses between the GWAS for 

autism and the GWAS for the three primary phenotypes. The dot provides the estimate 

(genetic correlation), and the lines represent the 95% confidence intervals. The P-values are 

indicated on top of each line.

B. This figure provides the results of the pTDT analyses. The y-axis provides the mean 

pTDT deviation in standard deviations of the mid-parent polygenic scores. Red dot and lines 

represent the estimate and the 95% CI respectively for the proband (autistic individuals), and 

the blue dot and lines represent the estimate and the 95% CI respectively for the non-autistic 

sibling control.
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Table 1
Effect of PGS for autism across the three primary phenotypes

Beta SE Z P P-threshold R2 Phenotype

3.11E-02 2.88E-03 10.784 <2.2E-16 1 0.0958 Childhood trauma

3.11E-02 2.88E-03 10.769 <2.2E-16 0.75 0.0955 Childhood trauma

3.07E-02 2.88E-03 1.06E+01 <2.2E-16 0.5 0.0932 Childhood trauma

3.06E-02 2.88E-03 1.06E+01 <2.2E-16 0.25 0.0926 Childhood trauma

2.82E-02 2.88E-03 9.79E+00 <2.2E-16 0.1 0.0787 Childhood trauma

2.23E-02 2.88E-03 7.72E+00 1.22E-14 0.01 0.0486 Childhood trauma

1.24E-02 2.88E-03 4.287 1.82E-05 0.001 0.0144 Childhood trauma

3.28E-02 2.86E-03 1.14E+01 <2.2E-16 1 0.106 self-harm ideation

3.31E-02 2.86E-03 1.16E+01 <2.2E-16 0.75 0.108 self-harm ideation

3.28E-02 2.86E-03 1.15E+01 <2.2E-16 0.5 0.107 self-harm ideation

3.12E-02 2.86E-03 1.09E+01 <2.2E-16 0.25 0.096 self-harm ideation

2.98E-02 2.86E-03 1.04E+01 <2.2E-16 0.1 0.088 self-harm ideation

2.58E-02 2.86E-03 9.01E+00 <2.2E-16 0.01 0.066 self-harm ideation

1.53E-02 2.86E-03 5.32E+00 1.00E-07 0.001 0.023 self-harm ideation

3.61E-02 2.86E-03 1.26E+01 <2e-16 1 0.129 self-harm score

3.63E-02 2.86E-03 1.27E+01 <2e-16 0.75 0.13 self-harm score

3.61E-02 2.86E-03 1.26E+01 <2e-16 0.5 0.129 self-harm score

3.48E-02 2.86E-03 1.21E+01 <2e-16 0.25 0.12 self-harm score

3.31E-02 2.86E-03 1.16E+01 <2e-16 0.1 0.108 self-harm score

2.77E-02 2.86E-03 9.66E+00 <2e-16 0.01 0.075 self-harm score

1.74E-02 2.86E-03 6.08E+00 1.22E-09 0.001 0.029 self-harm score

This table provides the result of the polygenic score analyses for the three primary phenotypes at various 7 different P-value thresholds. For each 
analysis we report the regression coefficient (Beta) and the accompanying standard errors (SE), Z-score (Z) and P-value of the Z-score (P). 

Variance explained (R2) is provided in percentages.
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