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Abstract

Autism with co-occurring exceptional cognitive ability is often accompanied by severe
internalizing symptoms and feelings of inadequacy. Whether cognitive ability also translates into
greater risk for suicidal ideation is unclear. To investigate this urgent question, we examined two
samples of high-ability autistic individuals for factors that were predictive of suicidal ideation.

In the first sample (N=1,074 individuals seen at a clinic specializing in gifted/talented youth),

we observed a striking excess of parent-reported suicidal ideation in autistic individuals with
1Q>120 (Odds Ratio=5.9, p=0.0007). In a separate sample of SPARK participants, we confirmed
higher rates of suicidal thoughts compared to non-autistic children from the ABCD cohort
(combined N=16,049, Odds Ratio=6.8, p< 2.2e— 16 ) and further that autistic children with
suicidal thoughts had significantly higher cognitive ability (p < 2.2e - 16) than those without.
Elevated polygenic scores (PGS) for cognitive performance were associated with increased
suicidal thoughts (N=1,983, Z=2.16, p=0.03), with PGS for educational attainment trending

in the same direction (Z= 1.4, p =0.17). Notably, similar results were found in parents of

these autistic youth, where higher PGS for educational attainment was associated with increasing
thoughts of suicide (N=736, Z= 2.28, p=0.02). Taken together, these results suggest that on a
phenotypic and genetic level, increasing cognitive ability is an unexpected risk factor for suicidal
ideation in individuals diagnosed with, or at risk for autism.

"Corresponding author: jacob-michaelson@uiowa.edu.

Conflict of Interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Casten et al.

Keywords

Page 2

Twice-exceptional; Autism; Suicide; Intelligence; Cognition; Mental health; Psychiatry; Genetics;
Polygenic scores

Introduction

Autism is a highly genetic neurodevelopmental condition (heritability > 80% (Bai et al.
2019)) affecting an estimated 1 in 44 children in the U.S. every year (Maenner et al. 2021).
Research into the biology underlying autism has primarily focused on the core symptoms
defined by the DSM (Association 2013): social communication challenges and restricted

or repetitive behaviors. However, less is known about the genetic factors influencing other
mental health comorbidities in autism, the most alarming being suicidal ideation, self-harm,
and death by suicide.

Previous studies of autism found profoundly increased rates of suicide and depression
(Hirvikoski et al. 2016), (Kato et al. 2013), (Hedley et al. 2018), (Hudson, Hall, and
Harkness 2019). The rate of death by suicide has been estimated to be 7.5 times higher

in autistic people than those without an autism diagnosis (Hirvikoski et al. 2016). While
rates of suicide death in autistic individuals have varied across samples (0.17 — 0.4%
(Kirby et al. 2019; Kdlves et al. 2021)) they are consistently higher than rates observed in
non-autistic individuals. The increased suicide rate in autism may be partially attributable
to a broad increase in depressive symptoms, as autistic people have been shown to have a
4-fold increase in lifetime rates of depression (Hudson, Hall, and Harkness 2019). Known
protective factors against suicide death, like education, age, and marriage, are not protective
in autistic samples (Kdlves et al. 2021). Furthermore, this mental illness burden may be
exacerbated by exceptional cognitive ability: in other work, we found that children with a
exceptional 1Q (= 120) and autism have greater feelings of inadequacy and internalizing
problems compared to autistic individuals with average 1Q (Michaelson et al. 2021). These
findings contrast with findings in non-autistic cohorts, where large population studies have
found high 1Q is a protective factor against suicide death (Batty et al. 2010; Wallin et al.
2018), suggesting that the relationship between intelligence and suicide-related traits may
vary across diagnostic boundaries.

There is evidence that suicide risk is partly genetic in nature, with heritability estimates
ranging from 17-55% (Vaquero-Lorenzo and Vasquez 2020). Some evidence for potential
mechanistic overlap between the biology of suicide and of autism comes from a study

that identified mutations in a well-known autism risk gene, NRXNJ, as increasing risk

for suicide (William et al. 2021). In a general population study (which included autistic
individuals) increased polygenic risk for autism was found to be positively associated with
suicidal thoughts. Furthermore, autistic children with suicidal thoughts inherit more genetic
risk factors for self-harm ideation than expected (Warrier and Baron-Cohen 2021), lending
further evidence to potential shared biological mechanisms between suicide and autism.
Although connected to autism through these modes of genetic risk, it is unknown what other
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factors might also contribute to the excess burden of suicidality seen in autism and how
these compare to age matched controls.

This previous work points to several key questions, which we aim to address in this

study: do autistic children show increased signs of suicidal ideation or self-harm compared
to peers? Are suicidal thoughts related to elevated cognitive ability in autistic children?
What modes of genetic risk are associated with depressive and suicidal traits in autistic
children? In seeking to answer these questions, we assembled evidence from multiple
samples: a clinical sample of high academic achievers with neurodevelopmental conditions
(Michaelson et al. 2021), the Adolescent Brain Cognitive Development study (ABCD,
(Lisdahl et al. 2018)), a general population sample, and SPARK - a nationwide study of
autism (Feliciano et al. 2018). Answering these questions will offer new insight into autism-
relevant risk factors and the interplay and trade-offs between intelligence, neurodiversity,
and mental illness, while also drawing attention to clinically meaningful subgroups most at
risk for suicide. To our knowledge, this is the first study to examine the relationship between
autism, exceptional cognitive ability, suicidal thoughts, and genetics across multiple large
samples of children.

Language choices

Methods

Many autistic self-advocates prefer identity-first language (i.e., autistic individuals), and
some autistic individuals and their families prefer person-first language (i.e., individuals
with autism). We recognize the validity of the arguments behind both of these preferences,
and have chosen to use identity-first language for this paper.

Clinical sample

Over a ten-year period (2009-2019), data from 1,254 evaluations from a university-based
clinic that specializes in the assessment and counseling of gifted and twice-exceptional
individuals were recorded (Michaelson et al. 2021). The majority of people seen at the clinic
are students from local elementary, middle, and high schools. Students referred to this clinic
typically have exceptional cognitive abilities (standardized test scores 90" percentile, or a
full-scale 1Q of = 120), and many of these students have co-occurring behavioral challenges
impacting their academic performance. Individuals are evaluated at this clinic to develop
individualized learning plans based on in-depth diagnostic and cognitive assessments.
Twice-exceptional individuals were defined as having an IQ test score of = 120 (at least 90t
percentile) and an autism diagnosis. For individuals who were evaluated more than once,
only data from their first evaluation was analyzed leading to a final N=1074. Full Scale 1Qs
from the Wechsler family of 1Q tests (Wechsler 2014) in this sample ranged as high as 158,
and small handful of the clients evaluated at the clinic had very low 1Qs (e.g., 55). The mean
1Q for the sample was 116.9 (SD of 14.5), median 1Q was 117. All participants provided
informed consent for their data to be used in research studies, and this study was approved
by the University of lowa IRB (IRB 202002251). Sample demographics are shown in Table
1.
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Data for suicidal ideation from this sample was taken from the clinical intake forms
completed by the parents of the children, then merged with data about diagnosis and clinical
1Q test scores completed by the licensed psychologist who assessed the child. This data was
used for the analyses depicted in Figure 1. A.

SPARK cohort

SPARK (Feliciano et al. 2018) is an ongoing autism study of nearly 300,000 individuals

in the United States. Parents of autistic children participating in SPARK were invited to
complete the Child Behavior Checklist (CBCL (Achenbach 2011)) online. Data was pooled
together from SPARK phenotype V7 release (data released as of December 1st 2021)

and a research match study where additional SPARK participants completed the CBCL.
The research match study was approved by the University of lowa IRB (IRB 201812788)
and SPARK is approved by the Western IRB (IRB 20151664). All participants provided
informed consent. Sample demographics are shown in Table 1.

SPARK participants were included as autism cases in analyses shown in Figures 1. B-D
(SPARK N = 4,171), Figure 2 (SPARK N=1,409), Figure 3 (SPARK N=1,409), Figure
4 (SPARK N =1,983), and Supplemental Figure 1 (SPARK N=2,162), and Supplemental
Figure 2 (SPARK parents N=736). In order to make SPARK and ABCD cohorts more
comparable, only children aged between 8 and 15 years old from SPARK with complete
data were included in the statistical analysis reported in Figures 1 and 2.

ABCD cohort

The ABCD cohort (Lisdahl et al. 2018) is an ongoing longitudinal study of 10,000
typically-developing children in the United States of America. The ABCD cohort is meant
to represent a more general population sample than case/control studies. Since this is a
longitudinal study only data from one year, “Release 3” (data released in August 2020),
were analyzed. CBCL data was available on 11,878 children in ABCD. Fully-corrected
Z-scaled NIH toolbox full composite scores(Lisdahl et al. 2018) were the proxy used for
IQ in this cohort, and these scores were available for 4,969 children who also had CBCL
data. These scores are corrected for demographic factors like age and sex by the ABCD
consortium. Briefly, the NIH Toolbox is standardized set of cognitive assessments given in
English valid for children and adults (ages 3—-85)(Weintraub et al. 2013). The NIH Toolbox
assesses processing speed, episodic memory, working memory, attention, language, and
executive functioning(Weintraub et al. 2013). NIH toolbox standard scores for this sample
ranged from 32.5-258, had a mean of 95.7, standard deviation of 16.8, and a median of
94. ABCD sample demographics are shown in Table 1. ABCD participants were utilized
in analyses depicted in Figures 1. B-D (ABCD N=11,878) and Figure 2 (ABCD N=4,969).
A total of 200 children from ABCD reported an ASD diagnosis during enrollment, these
individuals were grouped with SPARK ASD cases in analyses using both ABCD and
SPARK.

Measures of depression and suicidality in SPARK and ABCD

Data for depressive symptoms and suicidal ideation for children in the SPARK and ABCD
cohorts came from the CBCL (Achenbach 2011). The CBCL (Achenbach 2011), a parent-
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report tool for assessing emotional and behavioral problems in children ages 6-18, is a
well-validated questionnaire consisting of nearly 200 items. CBCL items can be combined
to yield Diagnostic and Statistical Manual of Mental Disorders (DSM) subscales of clinical
relevance. The DSM depressive problem scale was used as a quantitative measure of
depression and clinical threshold cutoff was set as scoring = the 95! percentile (Achenbach
2011). Suicidal ideation scores came from item #91 from the CBCL, “Talks about killing
self”. Additionally, we examined self-harm behavior using item #18 from the CBCL,
“Deliberately harms self or attempts suicide”. Due to the ambiguity of item #18 it was

not possible to parse out suicide attempts from self-injurious behaviors common in autism.
The sum of scores from items #18 and #91 was used as an overall “suicidality” score. A
subset of SPARK cohort parents filled out an adult-oriented questionnaire about themselves,
called the Adult Self-Report (ASR), which is very similar to the CBCL. Scores from the
DSM depressive problems, self-harm (question #18), and suicidal thoughts (question #91)
items were used in the analysis shown in Supplemental Figure 2 (N=736).

Behaviorally predicted IQ in SPARK

An imputed 1Q score (Shu et al. 2022) was used for the SPARK cohort due to very few
individuals with clinically-derived 1Q scores, CBCL, and genotype data. A total of 1,983
SPARK participants had complete imputed 1Q scores, CBCL, and genotype data. These
predicted full-scale 1Q scores(Shu et al. 2022), obtained from the SPARK phenotype v7
release, were used for the analyses depicted in Fig. 3. Briefly, these imputed 1Q scores

were predicted using a number of behavioral and autism diagnostic variables (e.g. language
level and repetitive behavior scores), internal validation showed these scores to be strongly
correlated with clinically measured 1Q in SPARK with clinical and predicted 1Q scores, note
this subsample had little overlap with the samples in this paper due to missing clinical 1Q
scores in our SPARK sample (Supplemental Figure 1, N = 2,162, Pearson’s r=.76, p< 2.2e
—16). Imputed 1Q scores for this sample ranged from 39-124, had a mean of 85.2, standard
deviation of 17.3, and a median of 88.

Genotype quality control and imputation

Genotype data from SPARK Version 3 Freeze (2019) and Version 4 (2020) were merged
using PLINK ((Purcell et al. 2007)). Merged genotypes were then lifted from hg38 to

hg19 using the LiftOver tool (Kuhn, Haussler, and Kent 2013). The merged genotypes
included 43,209 individuals and 616,321 variants and were then quality controlled using
the “BlGwas” quality control pipeline (K&ssens, Wienbrandt, and Ellinghaus 2021). The
default parameters were used, except for skipping Hardy-Weinberg tests due to SPARK not
a general population sample. The pre-QC annotation step removed 21 variants (N = 616,299
variants remaining). The SNP QC step removed 101,600 variants due to missingness at

a threshold of 0.02 (N = 514,699 variants remaining). The sample QC step removed

1,114 individuals due to missingness, 67 individuals due to heterozygosity, and 176 due

to duplicates (monozygotic twins). An additional 9,533 individuals were removed due to
genetic ancestry from principal component projections (N = 32,422 individuals remaining).
The QC’d set of N = 514,699 variants and N = 32,422 individuals were then imputed to

the TopMed (Taliun et al. 2021) reference panel using the Michigan Imputation Server (Das
et al. 2016) with the phasing and quality control steps included and to output variants with
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imputation quality /2 > 0.3. After the genotype imputation, the variants were filtered to

only the HapMap SNPs (N = 1,054,330 variants) with imputation quality /2 = 0.8 using
bcftools (Danecek et al. 2021). Next, they were lifted over from hg38 to hg19 using the
VCF-liftover tool (https://github.com/hmgu-itg/VVCF-liftover) and the alleles normalized to
the hg19 reference genome. Finally, the files were converted to PLINK binary files (Purcell
et al. 2007) with N = 1,018,200 final variants, these files were used for the PGS calculations
in the SPARK samples overlapping with our cohort.

PGS calculations

Polygenic scores were calculated using LDpred2 (Privé, Arbel, and Vilhjalmsson 2020) and
the “bigsnpr” package (Privé et al. 2018)) in R (Team 2013)). Because SPARK is family-
based, an external LD reference based on 362,320 European individuals of the UK Biobank
(provided by the developers of LDpred2) was used to calculate the genetic correlation
matrix, estimate heritability, and calculate the infinitesimal beta weights. Polygenic scores
were calculated from the following genome-wide association studies performed by the
Psychiatric Genomics Consortium: ADHD (2019) (Demontis et al. 2019), autism (2019)
(Grove et al. 2019), and major depression (2019) (Howard et al. 2019), bipolar disorder |
(2021) (Mullins et al. 2021), and schizophrenia (2021) (Psychiatric Genomics Consortium
et al. 2020). Polygenic scores for the cognitive ability traits: cognitive performance and
educational attainment were calculated using GWAS summary statistics provided by the
Social Science Genetic Association Consortium (Lee et al. 2018).

Statistical analysis

All statistical tests were conducted in R 4.02 (Team 2013).

Depressive phenotypes in autism vs. controls—In order to estimate rates of suicidal
ideation in autistic children compared to controls we counted the number of autism cases
with reported suicidal ideation compared to controls, and conducted Fisher’s exact tests to
determine statistical significance (Figures 1A and 1B). Next, we stratified by diagnostic
group to understand how cognitive ability is associated with suicidal thoughts in autistic
children versus controls. For this interaction analysis of cognitive ability and autism
diagnostic status, NIH toolbox scores were used to identify who scored in the top decile in
ABCD. Similarly, in SPARK imputed 1Q scores were used to identify individuals scoring the
top decile of cognitive ability. A regression model was fit predicting suicidal ideation scores
in children from the main effects and interaction between whether their cognitive ability
scores was in the top decile and autism diagnostic status (Figure 2C). Next, to determine the
extent to which cognitive ability is associated with depressive symptoms in autism, autistic
children from SPARK were grouped by binarized depressive and suicidal phenotypes (e.g.,
suicidal thoughts vs. none reported), then tested for group differences with Wilcoxon tests of
the imputed 1Q scores(Shu et al. 2022) (Figure 3).

PGS regression—To determine potential biological relationships between cognition/
psychiatric traits and phenotypes, generalized linear models were fit (Figure 4 and
Supplemental Figure 2). Polygenic score main effects were obtained by linear modeling
using PGS and covariates to predict 4 different depressive and suicide-related phenotypes
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from the CBCL. Covariates included were: age in months, designated sex at birth, and total
DSM problems from the CBCL minus the DSM depressive problems. Generalized linear
models with the ‘quasipoisson’ error distribution were used to more appropriately model the
skewed count phenotype data. The g/m function in R (Team 2013) was used for all linear
modeling. An example regression equation is shown below, where Yj is the phenotype being
tested, e.g., score count of DSM depressive problems from the CBCL.

Suicidal thoughts are associated with autism and higher intelligence

Twice-exceptional children, i.e., autistic children and at least one 1Q subscale score = the
90th percentile, showed the highest rate of suicidal thoughts, at 12.9%, compared to only
2.4% in 1Q matched controls - demonstrated in Figure 1A (odds ratio = 5.9, odds ratio 95%
Cl=1.9-18.3, p=0.0007). These results were consistent with those obtained from the Child
Behavior Checklist (CBCL) in independent large cohorts (SPARK + ABCD), where nearly
14% of the 4,371 children with an autism diagnosis were reported to express thoughts of
suicide, compared to 2% out of the 11,678 non-autistic children from ABCD (Fig. 1B, odds
ratio=6.8, odds ratio 95% CI=5.8-7.9, p< 2.2e - 16). Related problems, like depressive
symptoms (Fig. 1C, median sample difference = 4, 95% CI = 3.99-4, p< 2.2e - 16) and
self-harm were also significantly increased in autism (Fig. 1D, odds ratio=16.9, odds ratio
95% CI=13.7-20.9, p< 2.2e - 16). There was a significant positive interaction between
ASD and 1Q, suggesting the relationship between 1Q and suicidal thoughts is dependent on
whether a child has autism or not (Fig. 2, Z=3.47, FDR p = 0.002).

Taken together, these results from multiple large samples point toward elevated rates of
suicidal thoughts in autism overall, with the highest rates being found in “twice-exceptional”
or 2e individuals, i.e., those who were both autistic and had high cognitive ability.

Cognitive ability is associated with depressive phenotypes in autism

Predicted 1Q (Shu et al. 2022) was most significantly related to suicidal thoughts in autism:
children with reported suicidal thoughts (CBCL item 91), had a mean predicted 1Q score 8
points above those without reported suicidal thoughts (median sample difference = 7.2, 95%
Cl =5.1-9.4, FDR p= 7e - 11). Conversely, autistic children who were coded as engaging
in self-harm (CBCL item 18, which may be sensitive to a wide range of self-harm behaviors,
some not associated with suicidal ideation) had significantly lower predicted 1Q scores, by
an average of 5 points (median sample difference = -4.9, 95% Cl = -2.6 — 7.2, FDR p=
8e - 5). Notably, the binarized suicidal ideation trait (i.e., the sum of CBCL items 18 and
91) did not show any significant differences in predicted 1Q, presumably due to the opposing
effects of each constituent item canceling the other out. Together, these observations warrant
caution when combining items 18 and 91 of the CBCL into a “suicide score” because

they may give misleading results, especially when applied within a neurodevelopmental
sample. These findings are also our justification for considering items 18 and 91 separately
throughout our analyses. Children who scored at or above the 95th percentile for DSM
depressive problems scale (meeting the clinical problem cutoff) on the Child Behavior
Checklist (CBCL) had significantly higher predicted full-scale 1Q by an average of 2.5
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points (median sample difference = 2.4, 95% CI = 0.8-4, FDR p = 0.0035). These results

are in agreement with the other results relating to suicidal thoughts (Figure 1A), and together
demonstrate that increasing cognitive ability is linked to a broader depressive phenotype in
the context of autism. In sum, across multiple samples we find higher cognitive ability in
autism to be associated with increased suicidal thoughts (CBCL item 91), increased rates

of clinically-relevant depression (CBCL DSM depressive scale), and less self-harm behavior
(CBCL item 18).

Polygenic estimators of cognitive ability predict suicidal thoughts and depressive

symptoms

The final analysis aimed to determine if the observed relationship between cognitive ability
and suicidal thoughts had support at the biological level. Model coefficients for the PGS +
95% confidence intervals are depicted in Figure 4.

PGS for cognitive performance was positively associated with DSM depressive problems.
Higher PGS for cognitive performance (Lee et al. 2018) was associated with increased
depressive symptoms in children with ASD (Z=2.26, p= 0.02). Similarly, elevated
cognitive performance PGS was positively associated with suicidal thoughts (CBCL item
91; Z7=2.16, p=0.03). PGS for major depression was also significantly associated with
suicidal thoughts (Z=2.25, p=0.02). Notably, similar results were found in the parents

of autistic children when examining items from the Adult Self Report (ASR) (Supplemental
Fig. 2). PGS for educational attainment (Lee et al. 2018) was significantly associated with
suicidal thoughts in parents of autistic children (ASR item 91; 2= 2.28,p = 0.02). Together,
these results suggest that genetic propensity for higher cognitive ability is associated with
suicidal thoughts in both autistic probands and their parents.

Discussion

The main contribution of this study is in drawing attention to the significantly increased

risk of suicidal ideation faced by children with exceptional cognitive ability and autism. Our
analyses demonstrate that increasing 1Q switches from a protective factor in non-autistic
individuals to a risk factor for suicidal ideation in autistic youth (Fig. 2). With multiple
large cohorts and through a series of complementary analyses, we repeatedly demonstrated
a robust link between higher cognitive ability and signs of suicidal ideation, specifically in
an autistic context. There is evidence that this is at least partly genetic in nature: polygenic
scores for cognitive performance and educational attainment were positively associated with
thoughts of suicide in autistic youth and their parents, respectively.

Our analyses included multiple estimates of cognitive ability: the clinical sample included
IQ as measured by the WISC (Wechsler 2014), a gold standard measure, while the

SPARK sample used an estimate of 1Q based on a variety of behavioral items and that

was calibrated against clinically-obtained 1Q measures. Our genetically-informed sample in
SPARK included polygenic estimators of cognitive performance and educational attainment.
Regardless of how cognitive ability was estimated, we found that autistic individuals

with suicidal thoughts generally have higher estimated cognitive ability than autistic peers
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without reported suicidal thoughts. We also found that increased cognitive ability was
broadly related to increased depressive problems in autism.

Our finding that intelligence is a risk factor for suicidal ideation contrasts with previous
work on non-autistic populations, which has shown men with low cognitive ability are more
at risk for suicide death than men with high ability (Batty et al. 2010; Andersson et al.
2008). However, our findings are congruent with previous studies of mortality in autism
that showed that higher-ability autistic adults are much more likely to die of suicide than
lower-ability autistic adults (Hirvikoski et al. 2016). Further, the rate of suicidal ideation

in the SPARK sample (14%), is remarkably consistent with a previous, smaller study of
suicidal ideation in autism, which found 14.5% of autistic children had suicidal thoughts
(Mayes et al. 2013). When taken together, these studies reiterate our observation of an
interaction effect between being autistic and cognitive ability on suicidal ideation. Suicide
risk factors appear to be dependent on autism diagnostic status, and autism status needs to be
considered when evaluating mental health.

To our knowledge, this is the largest genetically-informed study of risk factors for suicidal
ideation and related depressive symptoms in autistic youth. It is also the first to show

a biological (i.e., genetic) relationship between propensity for high cognitive ability and
suicidal thoughts. We were able to directly compare suicidal ideation rates in clinical
samples of autism with exceptional ability to 1Q-matched non-autistic patients, showing
that the presence of autism is a critical factor in the relationship between cognitive ability
and suicidal thoughts. This was brought into focus by the significance (p < 0.01) of the
autism:1Q interaction term in the GLM explaining suicidal thoughts from the CBCL (see
Figure 2). In non-autistic youth from the combined SPARK+ABCD sample, exceptional
cognitive ability (estimated 1Q at or above the 90th percentile) was shown to be a protective
factor against thoughts of suicide reported via the CBCL. Strikingly, the trend was the
opposite in autistic youth: those with exceptional ability were at increased risk for suicidal
ideation (Fig. 2). Together, these results suggest that the effects of autism and increased
cognitive are not additive when predicting suicidal thoughts as an outcome. Instead, these
factors interact in a profound way that flips the effect of 1Q on risk of suicidal ideation.

Another unexpected finding that emerged from our analyses related to the summing of items
18 and 91 from the CBCL into a “suicide score”. We found that this summed score did not
demonstrate the expected relationships with other variables of interest. Our observation that
endorsement of item 18 (self harm behavior) was associated with lower indices of cognitive
ability raises the possibility that this item is sensitive to compulsive and repetitive self-harm
behaviors sometimes seen in individuals with an intellectual disability, and that are usually
not indicative of suicidal ideation. Conversely, endorsement of item 91 (talk of suicide) is
associated with higher estimated 1Q. The sum of items 18 and 91 has the apparent effect of
canceling out the overall association with estimated 1Q. This observation would suggest that
care is warranted when interpreting the meaning of item 18 with respect to suicidal intent,
especially in the context of neurodevelopmental samples like SPARK. This result is perhaps
intuitive for clinicians and researchers who work in neurodevelopmental disabilites, and are
familiar with self-harm behaviors such as banging the head against the wall or furniture, that
are associated with intellectual disabilities (ID), repetitive behaviors, and other behaviors
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that are unlikely to be related to suicidal intent(Minshawi et al. 2014). The way CBCL
item 18 is worded, “deliberately harms self or attempts suicide”, likely makes it sensitive
to endorsement based on this kind of compulsive self-harm, in addition to self-harm that is
more likely to be related to suicidal ideation.

A number of mechanisms might explain the observation of exceptional cognitive ability
transforming from a protective to a risk factor in the context of autism. A review in

this special issue has described several viable neurobiological avenues for future study of
twice-exceptionality, like disrupted neural circuits and altered neuroplasticity (Kelvington,
Nickl-Jockschat, and Abel 2022). Our other work showed a strong autism-dependent
decrease in self-worth with increasing 1Q(Michaelson et al. 2021). Low self-worth has been
linked to dysruption of the hypothalamic—pituitary—adrenal (HPA) axis(Zilioli et al. 2016),
a neuroendocrine pathway responsible for releasing the stress hormone cortisol. Autism

is strongly linked to elevated HPA axis activity and increased cortisol response(Spratt

et al. 2012). Dysfunction of the HPA axis has also been robustly linked to suicidal
behavior(O’Connor et al. 2016), providing a possible biological explanation for the elevated
rates of suicidal ideation seen in autism. In addition to excessive baseline cortisol linked to
autism, it is likely that demonstration of exceptional cognitive ability raises parent, teacher,
and peer expectations. Any inability to meet these elevated standards could result in further
activation of the HPA axis, potentially explaining the higher rates of suicidal thoughts we
observed in 2e children compared to other autistic children. Future work should examine the
relationship between cortisol and cognitive ability in children with autism, which could be a
key factor mediating suicidal behavior in twice-exceptional children.

A second potential mechanism may be found in the relationship between high cognitive
ability and “camouflaging”(Livingston et al. 2018), where individuals suppress less socially
accepted behavior to fit in. Camouflaging is a universal behavior(Jorgenson et al. 2020) that
has been studied with particular interest in autistic individuals, who engage in this behavior
more regularly(Cook et al. 2021). In studies of autism, camouflaging has been associated
with higher rates of anxiety and depression (Hull et al. 2021), perhaps due to less support
resulting from successful camouflaging, which would tend to delay diagnosis (McQuaid,
Lee, and Wallace 2021). Consequently, camouflaging in autism is correlated with increased
suicidal behavior (Cassidy et al. 2018). Increased cognitive ability may therefore be linked
to maladaptive camouflaging that further increases risk for mental health issues in autistic
people.

Limitations

Despite strongly convergent evidence that increased cognitive ability is positively associated
with reported suicidal thoughts in autistic children, there are a number of limitations that
need to be acknowledged. All data on depression and suicidal ideation in children came
from parent reports, and there are likely children in our sample with suicidal thoughts who
were reported as not having any. Recent work has shown that parents of autistic children
underreport their child’s suicidal ideation (O’Halloran, Coey, and Wilson 2022). It is likely
that in the context of internalizing and depressive symptoms, including thoughts of suicide,
the first person perspective provides a better signal to noise ratio, and future work should
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address suicidal ideation from that perspective. The current sample has several sex biases in
the data: the autistic children in our samples were predominately male, while the data for
parents was predominately from mothers. Previous work has shown higher-ability autistic
women are at the greatest risk for suicide death (Hirvikoski et al. 2016), so a future sample
where autistic females are better represented would yield key insights.

Additionally, the cognitive ability scores for each sample were derived from different
measures given in different settings. This makes it difficult to make one-to-one comparisons
between scores in each cohort, though the study of multiple large samples suggest this is

a robust finding. Sampling bias should also be considered, as the distribution on cognitive
ability scores are not the same in each sample and may not generalize to all samples of
autistic children (e.g., the clinical sample has higher than average 1Q scores). Additional
work should be done to determine whether the increased likelihood of suicidal ideation is
mitigated in autistic children with high cognitive ability if they are diagnosed earlier and
receive additional resources. Finally, we also do not know how often early suicidal thoughts
translate into greater risk for suicide attempts later in life. In the current samples, we have
no data on actual suicide attempts or suicide completion. With the current single time point
sample, we are unable to develop insight into the temporal and developmental effects that
govern suicide risk from childhood through adolescence and adulthood.

Conclusions

Across multiple estimates of intellectual capacity (clinical, behaviorally predicted, and
polygenic propensity), we found that higher cognitive ability is significantly related to more
suicidal thoughts in autistic children. Specifically, autism diagnosis and cognitive ability
were shown to have interacting effects on suicidal ideation, making twice-exceptional youth
the group at highest risk for suicidal ideation. These findings build upon previous work

that found suicidal ideation is significantly higher in autistic populations and offers clarity
into additional mental health risk factors within autism. Future work should focus on 1)
longitudinal assessment of suicide risk in autistic youth 2) self-report of risk factors among
autistic youth and 3) increasing representation of autistic females in study samples.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 3. Imputed full-scale | Q scores are related to depressive phenotypes.
Distributions of behaviorally-predicted 1Q score split by depressive phenotypes in autistic

children from SPARK. The red dashed line shows the median predicted 1Q scores for this
sample. FDR-corrected p-values from Wilcoxon tests are reported in the bottom of each

boxplot.
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Fig. 4. Polygenic scoresfor cognitive ability and depression are associated with increased suicidal

thoughts.

Results from generalized linear models predicting the depressive phenotype of interest. The
coefficient for the PGS model term + 95% confidence interval are indicated. Total DSM

problems (except DSM depressive problems), binary sex, and age in months were included
as covariates in all models.
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Asian or Other
Max Mean Pacific Native race Norace
sample age Male White Multiracial Hispanic Black Islander  American  reported  reported
Sample  size (SD) (%) (%) <%) (%) (%) (%) (%) (%) (%)
clinical 1054 10.2 68.4 79.6 33 21 0.4 3.3 0.1 NA 11.2
(37
SPARK 6766 114 78.2 70.0 8.0 15.0 3.9 15 0.1 0.8 0.7
(32
ABCD 11878 10.9 525 52.0 9.4 20.2 15.0 2.0 0.3 0.6 0.5
(0.7)
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