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Abstract

BACKGROUND: Suicide is among the leading causes of death in children and adolescents. 

There are well-known risk factors of suicide, including childhood abuse, family conflicts, social 

adversity, and psychopathology. While suicide risk is also known to be heritable, few studies have 

investigated genetic risk in younger individuals.

METHODS: Using polygenic risk score analysis, we examined whether genetic susceptibility to 

major psychiatric disorders is associated with suicidal behaviors among 11,878 children enrolled 

in the ABCD (Adolescent Brain Cognitive Development) Study. Suicidal ideation and suicide 

attempt data were assessed using the youth report of the Kiddie Schedule for Affective Disorders 

and Schizophrenia for DSM-5. After performing robust quality control of genotype data, unrelated 

individuals of European descent were included in analyses (n = 4344).

RESULTS: Among 8 psychiatric disorders we examined, depression polygenic risk scores were 

associated with lifetime suicide attempts both in the baseline (odds ratio = 1.55, 95% CI = 1.10–

2.18, p = 1.27 × 10−2) and in the follow-up year (odds ratio = 1.38, 95% CI = 1.08–1.77, p = 

1.05 × 10−2), after adjusting for children’s age, sex, socioeconomic backgrounds, family history 

of suicide, and psychopathology. In contrast, attention-deficit/hyperactivity disorder polygenic risk 

scores were associated with lifetime suicidal ideation (odds ratio = 1.15, 95% CI = 1.05–1.26, 

p = 3.71 × 10−3), suggesting a distinct contribution of the genetic risk underlying attention-deficit/

hyperactivity disorder and depression on suicidal behaviors of children.
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CONCLUSIONS: The largest genetic sample of suicide risk data in U.S. children suggests 

a significant genetic basis of suicide risk related to attention-deficit/hyperactivity disorder and 

depression. Further research is warranted to examine whether incorporation of genomic risk may 

facilitate more targeted screening and intervention efforts.

Suicide is the second leading cause of death in children and adolescents worldwide (1–3). 

Tragically, more than a half of adolescents who die by suicide have previous records of 

suicide attempts and self-harming behaviors (4), which start during childhood and persist 

over several years (5). Suicidality in children, here defined as an umbrella term that includes 

both suicidal ideation (SI) and suicide attempts (SAs) (6–8), is also significantly associated 

with psychiatric disorders in later life, suggesting intrinsic etiological connections between 

suicide risk and mental health that start at earlier developmental periods. Understanding the 

etiological basis of suicidality in children may facilitate prevention and early intervention 

strategies (9,10).

Twin, family, and adoption studies have consistently reported that suicidal behaviors are 

heritable (11,12). The latest population-based Swedish cohort study of more than 2.7 

million offspring reported that 70% of the correlation between maternal and offspring 

suicidal behaviors was attributed to genetic factors shared across the generations, while the 

remaining was due to adverse environmental factors specific to the exposure to maternal 

suicidal behavior (13). Deciphering specific genetic risk mechanisms underlying suicide, 

however, has met with limited success. Several genome-wide association studies (GWASs) 

(14–19) have reported significant genetic correlations of self-harm and SAs with psychiatric 

disorders, with major depression (MD) showing the most extensive genetic overlap. Yet, few 

suicide-specific risks have been identified with conclusive evidence, possibly owing to the 

extensive polygenic nature of suicidal behaviors and the challenges of identifying samples 

of adequate sizes given the relatively lower base rate of suicide compared with psychiatric 

illness.

The primary aim of this study was to examine whether genetic risk for major psychiatric 

disorders is associated with SI and/or SAs in children. Emerging evidence in psychiatric 

genomics supports genetic overlap between SAs and major psychiatric disorders in adults. 

Yet, it is unknown whether genetic risk underlying these conditions is associated with 

suicidality in children. To test this hypothesis, we investigated data from the ABCD 

(Adolescent Brain Cognitive Development) Study, a population-based longitudinal study 

of more than 11,000 U.S. children enrolled at 9 to 10 years old. A wide range of measures 

encompassing social, familial, physical, mental, and behavioral aspects have been collected 

longitudinally since 2016, along with the genome-wide genotype data of the participants. As 

of now, several reports of suicidality data have been published using the initial release of the 

ABCD cohort (6–8,20–23). These studies have confirmed distinct characteristics of children 

who reported suicidality, including child psychopathology, family conflicts, and a parental 

history of suicide. Yet, few if any studies to date have incorporated genome-wide genetic 

data of ABCD participants in suicide research.

Harnessing the power of the ABCD cohort, we specifically aimed 1) to examine the 

association of common genetic variation underlying 8 major psychiatric disorders with 
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SI and/or SAs in children; 2) to examine the association of genetic risk for psychiatric 

disorders with known sociodemographic and clinical risk factors of suicide, including 

age, sex, parental education, household income, marital status, child psychopathology, and 

family history of suicide; and 3) to examine whether genetic risk for psychiatric disorders 

improves prediction performance of SI and/or SAs in children independent of known 

suicide risk factors. To quantify the genetic liability of children to psychiatric disorders, we 

used polygenic risk scores (PRSs), which estimate the genome-wide aggregated effects of 

common genetic risk alleles in an individual based on independent genome-wide association 

studies of the target phenotype. Figure 1 summarizes the overview of our study design.

METHODS AND MATERIALS

ABCD Study Participants

Our study used ABCD Data Release 3.0, which included data collected between September 

2016 and February 2020 for 11,878 participants. The ABCD data were downloaded from the 

National Institute of Mental Health Data Archive (https://nda.nih.gov/abcd). In this study, 

we focused on the baseline and the first-year follow-up data, for which we had information 

of the full cohort. Detailed information about the selection of participants and assessment 

data has been published elsewhere (24–26).

Demographic and Family Socioeconomic Status

Demographic and family socioeconomic information was obtained from ABCD Parent 

Demographics Survey data. Indicator variables for 4 races (Asian, Black, Other, White) were 

created by combining the information from multiple race-related questions. “Other” includes 

study participants who endorsed multiple races, American Indian and Alaska Native, Native 

Hawaiian and Other Pacific Islander, or others. Ethnicity represented Hispanic and non-

Hispanic descendants. For parental education, 5 categories were defined following Huber 

et al. (6): 1) less than high school diploma or General Educational Development Test; 2) 

high school diploma or General Educational Development Test; 3) some college, including 

associate degree; 4) bachelor’s degree; and 5) postgraduate degree. Yearly household income 

was categorized into 3 groups: 1) less than $50,000, 2) between $50,000 and $100,000, and 

3) greater than $100,000.

Suicide Risk Outcome Measure

Lifetime measures of SI, SAs, and nonsuicidal self-injuries (NSSIs) were generated 

using the youth report of the computerized Kiddie Schedule for Affective Disorders and 

Schizophrenia for DSM-5 (K-SADS-5). The K-SADS-5 survey includes a suicide module, 

which consists of 35 items asking about the participants’ experiences of self-injuries, 

passive or active thoughts of suicide, or suicide attempts at present or in the past. Table 

S1 summarizes the details of the youth report–based K-SADS-5 items used for generating 

the lifetime SI, SA, and NSSI measures. The parent report of K-SADS-5 was available only 

for the baseline. For comparison, we provided the case numbers for NSSI, SI, and SA based 

on the youth and the caregiver report and their concordance in Table S1.
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Risk Factors of Suicidality

In the ABCD Study, the Child Behavior Checklist (CBCL) was used to assess dimensional 

psychopathology spectrums of children (27,28). We examined the normalized T-scores 

of 11 CBCL syndromes representing anxious/depressed, withdrawn/depressed, somatic 

complaints, social problems, thought problems, attention problems, rule-breaking behavior, 

aggressive behavior, internalizing problems, externalizing problems, and total problems 

score. We also included a family history of suicide in the analyses. The parents’ report of 

the presence or absence of a blood relative of the youth ever making an SA or dying by 

suicide was used to generate a measure of a family history of suicidality. Socioeconomic 

backgrounds of children were added using household income, parental marital status, 

poverty, and highest parental education. To assess distinct characteristics of suicide risk 

factors between different groups (e.g., full cohort vs. genetics sample), we used Welch’s 

two-sample t test for quantitative measures and proportion tests for categorial variables in R 

version 4.0.5 (R Foundation for Statistical Computing).

Genotyping, Data Quality Control, and Imputation

Genotyping of ABCD samples was performed using the Affymetrix NIDA SmokeScreen 

Array at Rutgers University Cell and DNA Repository. The array included 733,293 single 

nucleotide polymorphisms (SNPs). We applied standard quality control of genome-wide 

data as we previously described (29). The quality-controlled data contained 516,598 

genetic variants for 11,099 individuals. We excluded related individuals, retaining 9109 

independent participants. Principal component analysis with the 1000 Genomes Project 

samples identified 4344 subjects of European ancestry. Imputation was conducted using 

the Michigan Imputation Server version 1.5.7 (https://imputationserver.sph.umich.edu/

index.html#!) and minimac version 4–1.0.2 (https://genome.sph.umich.edu/wiki/Minimac) 

based on the Haplotype Reference Consortium panel (http://www.haplotype-reference-

consortium.org). Haplotype phasing was conducted using Eagle version 2.4 (https://

alkesgroup.broadinstitute.org/Eagle/) with r2 filtering of 0.8. Correlation of allele 

frequencies between the ABCD samples and the Haplotype Reference Consortium was 

0.984. Quality-controlled imputation data included 6.7 million SNPs.

Polygenic Risk Scores

We generated PRSs for 8 psychiatric disorders: MD, bipolar disorder, schizophrenia, 

attention-deficit/hyperactivity disorder (ADHD), autism spectrum disorder, posttraumatic 

stress disorder, anorexia nervosa, and anxiety disorder. Table S2 summarizes the details of 

the GWAS datasets. PRSs were calculated using PRSice-2 software (30). To the best of our 

knowledge, these summary statistics represent the largest publicly available GWAS for these 

disorders. First, linkage disequilibrium–independent SNPs were identified using clumping 

implemented in PLINK (window of 250 kb, linkage disequilibrium clump-r2 = 0.1). We used 

a standard weighted sum scoring approach, representing each child’s additive genome-wide 

genetic risk to a target phenotype. As expected, PRSs showed a normal distribution (Shapiro 

test in R p > .05) and were standardized.
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Statistical Analysis

To examine association of PRSs with lifetime suicide risk measures, we used multiple 

logistic regression glm in R. Each outcome measure was used as a binary dependent 

variable, while PRS was used as an independent variable along with 10 principal 

components of genetic ancestry as covariates. The effect of PRS on the outcome measure 

was presented using the odds ratio (OR), which was derived as the exponential of the logistic 

regression beta coefficient estimate. The OR represents the odds of inclusion in the suicidal 

group with an increase of one standard deviation change in the PRS. For multiple testing 

correction, we used the false discovery rate q value of .05, considering the number of youth 

report–based outcome measures and investigation of both the baseline and the first-year 

follow-up data for 8 PRSs. To measure the unique proportion of variance explained by PRSs, 

we calculated Nagelkerke’s pseudo-R2 (31).

To examine association of PRSs with child psychopathology, we calculated partial 

correlation between the two, adjusting for ancestry principal components, using the R ppcor 
package. Along with Pearson’s correlation estimates, t-statistics were used to represent a 

standardized relationship of the two variables. For family history of suicide, we conducted 

an unpaired t test to examine the differences of PRSs between the participants with and 

without a family history of suicide.

Lastly, we assessed predictive improvement of PRSs on each outcome measure independent 

of known risk factors using two logistic regression models in R. The first model included 

known risk factors of suicide as independent variables (i.e., base model), while the second 

model included PRS as an additional variable (i.e., genetic risk model). In all analyses, we 

included 10 genetic ancestry principal components as covariates to account for potential 

population substratification. Along with Nagelkerke’s pseudo-R2, the likelihood ratio test 

was performed to assess whether a genetic risk model significantly improves the prediction 

of suicidality compared with a base model in R version 4.0.5.

Sensitivity Analysis

For PRSs of significant association with a target outcome measure, we conducted sensitivity 

analyses to assess whether the identified association varies as the p-value threshold for 

constructing PRS changes. A total of 10 p values (p = 5 × 10−8, p = 5 × 10−6, p = 5 × 

10−4, p = 5 × 10−2, p = .1, p = .2, p = .3, p = .4, p = .5, and p = 1.0) were used in 

sensitivity analysis. We also tested a two-PRS model to examine whether association of one 

PRS remained significant when the second PRS was added to the model. Here, in addition 

to PRSs for psychiatric disorder GWASs, we also assessed the impact of a suicide PRS 

constructed based on the latest GWAS of SA (17).

Ethical Approval

All caregivers and the participants of the ABCD Study provided written informed consent 

for general research. The University of California San Diego Institutional Review Board, 

which is responsible for the oversight of the ABCD Study, noted that analyses using publicly 

released ABCD Study data are not human subject research and did not require its approval. 

Lee et al. Page 6

Biol Psychiatry. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The present study obtained approval from the Massachusetts General Hospital Institutional 

Review Board as the secondary data analysis of the publicly available ABCD Study.

RESULTS

Prevalence and Sociodemographic Characteristics of Suicidality in ABCD Children

Table 1 describes the demographic, socioeconomic, and family characteristics of ABCD 

children based on the youth report of lifetime SI and SAs in the baseline. The mean (SD) 

age of the children at the enrollment was 9.91 (0.62) years; 47.83% of participants were 

female. In the baseline, we had suicide-related survey data separately reported by children 

and caregivers (Table S1). Overall, 8.63% of children reported SI, while the incidence was 

7.5% based on caregivers. Youth-reported SAs were approximately 3 times more prevalent 

than when reported by caregivers (1.31% vs. 0.44%). Concordance between the youth and 

caregiver reports was low; approximately 25% of SI reported by youths (255/1025) was 

recognized by the caregivers, while the rate reduced to 15% (14/156) for SAs.

Principal component analyses revealed the diverse racial and ethnic backgrounds of the 

ABCD children (Figure S1). To minimize potential complications related to population 

stratification, our primary PRS analysis focused on 4344 children of European ancestry. 

Overall, the European genetics sample showed distinct socioeconomic status compared with 

the full cohort: higher parental education, higher household income, more married parents, 

and less poverty (all p < 2.2 × 10−16) (Table S3). This trend was consistent when we 

compared the European genetics sample with suicidality with the same group from the 

full cohort (Figure S2). For age, sex, family history of suicide, and child psychopathology 

measures, participants with suicidality did not differ significantly between the European 

genetics sample and the full cohort (Table S4).

Association of PRSs and Suicidality

For 4344 children with genotype data, PRSs for 8 psychiatric disorders were calculated 

using GWAS summary statistics representing the largest available sample size of the 

disorders (Table S2). We used a standard weighted sum scoring strategy, representing each 

child’s additive genome-wide genetic risk to a target phenotype. We first examined the 

association between the 8 PRSs and each lifetime suicide risk measure reported by children, 

adjusting for age, sex, and 10 principal components reflecting population substratification. 

Figure 2 summarizes the results (see Tables S5 and S6 for full results). It is notable that 

depression PRSs showed significant association with SAs both in the baseline (OR = 1.85, 

95% CI = 1.32–2.60, uncorrected p = 3.21 × 10−4, false discovery rate q = 5.14 × 10−3) and 

in the follow-up year (OR = 1.63, 95% CI = 1.28–2.08, uncorrected p = 6.95 × 10−5, q = 

1.67 × 10−3), while ADHD PRSs showed a significant association with SI in the baseline 

(OR = 1.17, 95% CI = 1.05–1.3, uncorrected p = 4.75 × 10−3, q = 3.80 × 10−2) and in the 

follow-up year (OR = 1.23, 95% CI = 1.12–1.34, uncorrected p = 1.01 × 10−5, q = 4.85 

× 10−4). In contrast to youth report data, we found no statistically significant associations 

between PRSs and caregiver-reported outcome measures (Table S7).
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Association of PRSs and Known Risk Factors of Suicide

We next examined whether the above associations of ADHD and MD PRSs with suicide 

risk measures reflect etiological relationships between genetic susceptibility of the disorders 

and known clinical risk factors for suicide, such as child psychopathology. Specifically, 

we hypothesized that depression PRSs may be associated with participants’ internalizing 

problems, while ADHD PRSs may be associated with externalizing problems. Table S8 

summarizes the association analysis results of ADHD and MD PRSs with 11 CBCL 

measures of children’s emotional and behavioral problems assessed in the ABCD Study. 

Unexpectedly, MD PRSs were significantly associated with all domains of children’s 

problematic behaviors, encompassing somatic, internalizing, and externalizing problems. 

ADHD PRSs showed an association with all examined measures except a few internalizing 

problems (false discovery rate q > .01). Overall, we found stronger correlations between 

PRSs and CBCL measures in the follow-up year compared with the baseline (one-sided 

paired t test p = 2.16 × 10−4) (Figure 3). We also found significantly higher ADHD and 

MD PRSs of the participants when stratified by family history of suicide or disadvantageous 

socioeconomic status (Figure 3).

Independent Predictive Effects of PRSs on Suicidality

Considering the significant association of ADHD and MD PRSs with child psychopathology 

and family history of suicide, we examined whether PRSs could improve prediction 

of suicidality in children, independent of known risk factors of suicide. Multiple 

logistic regression analysis confirmed that MD PRSs are independently associated with 

youth-reported lifetime SAs, after accounting for age, sex, family history of suicide, 

socioeconomic status, and child psychopathology using the CBCL total score (Table 2; Table 

S9). With the addition of MD PRSs, Nagelkerke’s R2 indicated an improvement of 1.87% 

(PRS OR = 1.55, 95% CI = 1.10–2.18, p = 1.27 × 10−2) in the baseline and 1.17% (PRS 

OR = 1.38, 95% CI = 1.08–1.77, p = 1.05 × 10−2) in the follow-up year for the prediction 

model. We also confirmed the independent contribution of ADHD PRSs with SI symptom in 

the follow-up year. In the prediction model, child psychopathology was the most significant 

predictor of SI (OR = 1.70, SE = 0.05, p < 2 × 10−16). Association of ADHD PRSs followed 

in the second place (OR = 1.15, 95% CI = 1.05–1.26, p = 3.71 × 10−3). Nagelkerke’s R2 was 

estimated as 0.39% with the addition of ADHD PRSs. Using both ADHD and MD PRSs in 

the same model yielded similar results, with little improvement in prediction performance 

(likelihood ratio test p > .05) (Table S10).

To assess the robustness of the main findings, we examined whether the independent 

predictive effects of PRSs are observed consistently as the p-value threshold for generating 

PRS changes. This sensitivity analysis tested 10 different p values (p = 5 × 10−8, p = 5 

× 10−5, p = 5 × 10−3, p = 5 × 10−2, p = .1, p = .2, p = .3, p = .4, p = .5, and p = 1.0). 

We observed significant associations of genome-wide ADHD and MD PRSs with SI and 

SAs, respectively, across multiple p-value ranges (Table S11). We also found independent 

effects of MD and ADHD PRSs when predicting new-onset cases in the follow-up year (e.g., 

participants who did not endorse SI in the baseline but did in year 1) (Table S12) or when 

suicide PRSs were added in the prediction model (Table S13).
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DISCUSSION

Despite significant heritability and familial aggregation of suicidal behaviors, defining 

features of genetic risk underlying suicide have been elusive, especially in children and 

adolescents. Recent GWASs now offer the possibility to quantify heritable risk for a range of 

phenotypes that are relevant to this construct. The potential for such information to serve as 

a tool for risk stratification is particularly important to study in relation to children, given the 

rising rates of suicide in youth and the dearth of empirical studies in this age group (32).

In the largest U.S. sample of children characterized with in-depth phenotype and genome-

wide genetic variation data, our study shows robust evidence that common genetic variants 

underlying ADHD and MD are significant predictors of suicidality in children. Importantly, 

higher genetic susceptibility to MD is associated with increased SAs in children, while 

genome-wide genetic risk to ADHD is associated with SI in children, suggesting distinctive 

contributions of these clinical conditions to children’s suicide risk. These associations 

remain significant independent of established clinical, familial, and demographic risk factors 

of suicide.

Our findings are in agreement with previous epidemiological studies that showed a 

significant association between MD and suicide (11,33). Genome-wide genetics studies have 

reported significant genetic overlap of MD PRSs with a range of suicide risk phenotypes in 

adults, including SAs (17), severity of SAs (14), and suicide death (16). Our results extend 

previous evidence showing that increased risk of SAs in children may also be driven at 

least in part by genetic susceptibility to depression. Moreover, compared with previous PRS 

studies of adults with suicidal behaviors, the variance explained for the ABCD participants 

was larger. In Mullins et al. (17), depression PRSs explained up to 0.42% of SAs in adult 

patients with psychiatric disorders. In Levey et al. (14), depression PRSs explained up to 

0.7% of phenotypic variance for the severity of SAs in adults, while our study shows the 

highest variance of 3.3%.

We also found that higher genetic risk for ADHD is specifically associated with increased 

SI in children. ADHD is one of the most common child-onset psychiatric disorders, with 

significantly increased risk of SI and SAs (34–36). There are multiple mechanisms through 

which ADHD may increase the risk of suicide. Several groups suggested a mediating role of 

depression between ADHD and suicidality based on the elevated comorbidity of MD among 

youths with ADHD (37,38). Our findings, however, suggest a potentially distinct etiological 

role of the two disorders in suicidality during development. Higher levels of impulsivity and 

irritability have also been attributed to increasing suicide risk in children with ADHD (39). 

Further studies will be essential to clarify genetic relationships between ADHD and SI and 

to identify potential environmental stressors that may trigger the transition from SI to action.

Another notable finding is that associations of ADHD and MD PRSs with suicidality in 

children were observed only for the youth report–based outcome measures. Considering the 

high level of discordance between the caregiver and the youth reports, more attention needs 

to be directed toward mental health assessments of children starting as early as elementary 

school age. Furthermore, we found no association of psychiatric disorder PRSs with NSSIs. 
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While several studies have reported a common genetic etiology between NSSIs and SI 

(40,41), our finding suggests that the genetic basis of NSSIs is distinct from that of SI and 

suicidal behaviors at least among children of this age group.

Our study has several strengths. To the best of our knowledge, this is the first genetic data 

analysis of suicidal phenotypes reported for the ABCD Study. Our conservative quality 

control and focus on the participants of European ancestry ensure that the results are 

robust to potential confounding from population genetic structure. Consistent association of 

PRSs across a range of SNP selection thresholds also substantiates that PRSs for ADHD 

and MD, one representing externalizing problems and the other representing internalizing 

psychopathology, contribute to SI and SAs in children. Our study is also based on the largest 

GWASs of ADHD and MD, each representing hundreds of thousands of cases and controls. 

Use of independent GWASs with sufficient statistical power is one of the most critical 

factors in polygenic scoring analysis (42).

The present findings should be interpreted in light of several limitations. First, although the 

addition of ADHD and MD PRSs clearly explains more variance of suicidality independent 

of other risk factors, clinical utility of the prediction model is still limited. The ORs of 

both child psychopathology and PRSs, the two strongest risk predictors, were modest, and 

overall discrimination of the prediction models remained poor. Our future research aims 

to improve the accuracy of the prediction models, which includes the investigation of 

additional predictor sets and advanced statistical analysis methods (9). Second, our PRS 

genetics data analysis is based on ABCD participants of European ancestry and thus may not 

be generalizable to other populations. Our decision to restrict genetic analyses to European 

ancestry was to ensure findings that are not confounded by population genetic structure 

(43,44). Furthermore, GWAS data of 8 psychiatric disorders were based on European 

descendants, which may bias PRS analysis when applied to non-European individuals 

owing to differences in causal variants, effect estimates, and linkage disequilibrium structure 

between populations (42,44,45). We call for more proactive efforts to create well-powered 

GWAS datasets for currently underrepresented populations in genetic studies. Third, we 

have applied p value–based selection strategies to generate PRS scores, which have room for 

improvement. While PRSs are powerful predictors over individual genome-wide significant 

variants, a considerable proportion of SNPs included in the calculation may not be related 

to a target phenotype and thus limit the statistical power. Improvement of PRS scores, for 

example, based on relevant biological knowledge or statistical techniques, merits further 

study. Fourth, we note that we controlled for child psychopathology in our analyses using 

the CBCL total score, which includes items such as “deliberately harms self or attempts 

suicide” and “talks of killing self.” Our choice to include this score in our analysis promotes 

the generalizability of our findings, given that the CBCL is commonly used in both clinical 

and research settings; however, the inclusion of suicide-related items in these scales may 

have underestimated relationships in relevant analyses and speaks to the strength of the 

associations that we found. Finally, we note that our sample targeted a relatively narrow age 

range in children. Further studies of young children and adolescents are needed to clarify the 

relevance of PRSs to predictors at different age epochs (46,47).
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Despite these issues, our data advance the sparse empirical literature on suicide risk 

in children. There is a high level of interest in identifying risk factors for suicide that 

could open the door to targeted evidence-based prevention strategies (48,49). Despite their 

modest prediction and the fact that the majority of the variance in childhood suicidality 

is yet unaccounted for, our findings show that PRSs provide independent predictive value 

relevant to other risk variables of suicidality. The rationale for studying youth samples is 

augmented by the possibility, suggested indirectly by our data, that there may be a greater 

genetic contribution to children’s risk for suicidality compared with adults. The ABCD 

Study provides a rich collection of longitudinal neuroimaging datasets. Our future research 

includes the investigation of these datasets to understand how genetic susceptibility to 

ADHD and MD leads to structural or functional changes of brain development, which may 

contribute to suicidality in youth (50,51). In conclusion, coupled with the known genetic 

basis of suicidality and the growing evidence from other fields of medicine that PRSs may 

contribute to risk stratification, our data support further research into personalized suicide 

screening that incorporates genomic information.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study outline of the polygenic risk score (PRS) analyses. Our study used ABCD 

(Adolescent Brain Cognitive Development) Study data release 3.0, which included genetics 

and phenotypic data collected in the baseline and the first follow-up year for 11,877 

participants. Suicidal data were collected using the youth version of the computerized 

Kiddie Schedule for Affective Disorders and Schizophrenia for DSM-5. Using the individual 

item data, we generated 3 lifetime suicide-related measures, encompassing nonsuicidal 

self-injury (NSSI), suicidal ideation (SI), and suicide attempt (SA). Well-known risk factors 

of suicide were included in the analysis using the ABCD Study survey data. For PRS data 

generation, 8 psychiatric disorder genome-wide association studies (GWASs) of the largest 

available sample size were applied to 4344 ABCD participants of European ancestry. SNP, 

single nucleotide polymorphism.
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Figure 2. 
Logistic regression analysis results for testing the association between 8 psychiatric 

disorder polygenic risk scores and lifetime suicide risk outcome measures. Odds ratio 

(OR) represents the exponential of the logistic regression estimates. Error bars represent 

95% confidence intervals of ORs. ADHD, attention-deficit/hyperactivity disorder; PTSD, 

posttraumatic stress disorder; NSSI, nonsuicidal self-injury; SA, suicide attempt; SI, suicidal 

ideation.
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Figure 3. 
Association analysis results of major depression (MD) and attention-deficit/hyperactivity 

disorder (ADHD) polygenic risk scores (PRSs) with known risk factors of suicide. (A) 
Partial correlations were measured between PRSs and 11 Child Behavior Checklist items, 

conditioning on age, sex, and 10 genetic principal components to control for potential 

population substratification within Europeans. The y-axis represents the t-statistics of partial 

correlation measures. (B) The t-test results for comparing ADHD and MD PRSs between 2 

groups of participants stratified by various risk factors. Participants were divided into two 

groups based on family history of suicide, parent college education, and poverty. Poverty 

was set at yes if the household income of the participants was less than $20,000 annually. 

The top panels display MD PRS scores on the y-axis, while the bottom panels show ADHD 

PRS scores. aggressive = aggressive behavior; anxdep = anxious/depressed; attention = 

attention problems; external = externalizing problems; internal = internalizing problems; 

rulebreak = rule-breaking behavior; social = social problems; somatic = somatic complaints; 

thought = thought problems; totprob = total problem score; withdep = withdrawn/depressed.
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