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Abstract  

Background: Suicide attempt (SA) is prevalent among individuals with 

neurodevelopmental and psychiatric conditions, yet similarities and differences in the 

genetic architecture of SA across these conditions remain unclear.  

Methods: In the iPSYCH cohort (N=98,069), SA was identified using ICD-10 codes 

among individuals diagnosed with attention-deficit hyperactivity disorder (ADHD) 

(N=22,962), autism (N=17,670), schizophrenia (N=5,974), bipolar disorder (N=3,028), 

depression (N=28,844), and controls (N=34,049). We evaluated 21 polygenic scores 

(PGSs) in individuals with and without SA within each diagnosis, stratified individuals 

into PGS quantiles, estimated absolute SA risk, and conducted sex-stratified analyses.  

Results: SA was 1% among controls but ranged from 5% in autism to 31% in 

schizophrenia. Several PGSs were increased in individuals with SA across diagnoses, 

including PGS for ADHD, depression, and substance use disorders (SUD). SA-PGS 

stratification showed marked SA absolute risk differences, e.g., 40% in the top PGS 

tertile vs 29% in the lowest tertile in schizophrenia. PGS-loads did not differ between 

females and males with SA across diagnoses. However, absolute SA risk differed 

substantially. In the highest SA-PGS tertile in ADHD, the absolute SA risk reached 

36% for females and 22% for males and was further increased to 48% in those with 

comorbid SUD.  

Conclusions: SA genetic architecture is similar across neurodevelopmental and 

psychiatric conditions and individuals can be stratified into SA risk groups based on 

PGSs, and co-occuring SUD. Being a female or having comorbid SUD are strong risk 

factors for SA, however SA common variants, still affect SA risk in the presence of 

those factors.  
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Introduction 

Suicide attempt (SA) refers to a range of behaviors that involve self-harm or self-

injuries with the intent to die(1) and is estimated to account for ~34 million disability-

adjusted life years globally in 2019.(2)  

SA has a considerable genetic risk component; a large Swedish register study estimated 

the overall twin-based heritability to 41-50%.(3) Common genetic risk variants for SA 

have been identified in the largest genome-wide association study (GWAS) of SA(4) 

to date, which included 43,871 individuals with SA and 915,025 controls. This study 

identified 12 genome-wide significant loci(4) and established that common genetic 

variants contribute substantially to SA risk, with an estimated single nucleotide 

polymorphism (SNP)-based heritability of 7.0% (SE=0.4%) in the European 

population.  

It is well established that SA rates are significantly higher among individuals diagnosed 

with neurodevelopmental and psychiatric conditions, including major depressive 

disorder (MDD), schizophrenia (SCZ), bipolar disorder (BPD), substance use disorders 

(SUD), eating disorders, and personality disorders, in comparison to the general 

population.(5,6) Studies based on Danish individuals have reported increased risk of 

SA among individuals with depression,(7,8) and a large Danish register study based on 

more than 7 million people demonstrated death by suicide to be significantly increased 

across all examined major neurodevelopmental and psychiatric diagnoses.(9)   

SA and some neurodevelopmental and psychiatric conditions might have a shared 

genetic component. For example, a study using structural equation modeling 

incorporating genetics found a strong loading of SA, MDD, attention-deficit 

hyperactivity disorder (ADHD), and alcohol use disorder (AUD) on a shared latent 

genetic factor.(10) Furthermore, a high genetic liability for MDD, captured by 
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polygenic scores (PGS), was associated with an increased risk of SA in individuals 

severely affected by psychiatric conditions.(11,12) The role of depression in SA risk 

was also reinforced by drug target enrichment analyses that have revealed a significant 

overlap between SA risk loci and molecular targets of antipsychotic and antidepressant 

drug classes, underscoring that treatment of depression could decrease suicidal 

behavior.(4)  

In this study we evaluate potential variation in the genetic architecture of SA across 

neurodevelopmental and psychiatric conditions. This information is highly needed for 

understanding if the biological factors underlying SA risk in one diagnosis are similar 

to the biological factors underlying SA in other diagnoses.  

 

Methods 

Cohort description and phenotype definition 

This study was performed in the Danish case-control cohort iPSYCH.(13) Individuals 

diagnosed with one or more of the five common neurodevelopmental and psychiatric 

diagnoses (ADHD, ASD, MDD, BPD, and SCZ) and individuals with at least one SA 

were identified using ICD-10 codes obtained from the Danish registries (See 

Supplementary Information for information about cohort design and ICD10 codes). 

Additionally, a random sample of population-based controls was included. Information 

on genotyping of the included individuals, quality control, and imputation is available 

in the Supplementary Information.  

 

Polygenicity of SA and genetic correlations with neurodevelopmental and psychiatric 

conditions 
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To evaluate the polygenicity of the genetic risk component of SA, the number of 

common variants influencing SA was estimated using univariate mixture modeling 

implemented in MiXeR.(14) Genetic correlations between SA and the five 

neurodevelopmental and psychiatric conditions were estimated with LDSC(15) using 

summary statistics from the largest available GWAS of ADHD,(16) ASD,(17) 

MDD,(18) BPD,(19) and SCZ(20) (Supplementary Information).  

 

GWAS of SA corrected for neurodevelopmental and psychiatric conditions and SNP 

heritability 

We performed a GWAS of SA in the iPSYCH cohort and accounted for 

neurodevelopmental and psychiatric diagnoses among the individuals. The GWAS was 

performed using additive logistic regression, with SA as the outcome variable, imputed 

dosage genotypes as predictive variable, and covarying for the five neurodevelopmental 

and psychiatric diagnoses (ADHD, MDD, ASD, BPD, and SCZ), the first ten ancestral 

principal components, age, and sex. The genome-wide significant locus was linked to 

potentially affected genes using the OPERA(21) and FLAMES(22) (Supplementary 

Information, Supplementary Table 1). 

We also estimated the proportion of phenotypic variance explained by the genotyped 

common variants, referred to as the single nucleotide polymorphism heritability (h²SNP). 

SA h²SNP within each of the five neurodevelopmental and psychiatric conditions was 

estimated using GREML(23) (Supplementary Information).  

 

PGS analyses  

We performed PGS analyses to identify potential similarities or differences in the 

genetic architecture underlying SA across the five neurodevelopmental and psychiatric 
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conditions. Using LDpred2-auto(24) we generated PGSs that represent an individual’s 

genetic predisposition to 21 phenotypes grouped into five domains (1) suicide-related 

phenotypes (SA,(4) suicidal thoughts and behaviors [SITB](25)), (2) 

neurodevelopmental and psychiatric conditions (ADHD,(16) ASD,(17) BPD,(19) 

MDD,(18) and SCZ(20)), (3) personality characteristics or behaviors (fed up 

feelings(26) [Fed], guilty feelings(26) [Guil], risk taking(27) [Risk], nervous 

feelings(26) [Nerv], loneliness(28) [Lone], miserableness(26) [Mise], sociability(29) 

[Socia], subjective well-being(30) [SWB]), (4) life outcomes and adverse life 

experience (educational attainment(31) [EA], childhood maltreatment(32) [CM]), and 

(5) substance- use and use disorders (smoking initiation(33) [SmoIni], alcohol-(34) 

[AUD], cannabis-(35) [CUD], opioid use disorder(36) [OUD]), details in 

Supplementary Information. For phenotypes for which the published GWAS included 

iPSYCH data, we used GWAS summary statistics for SA, CUD, BPD, MDD, and SCZ 

without iPSYCH data as the basis for generating PGSs. See the Supplementary 

Information for details on the partly internally derived PGSs for ADHD and ASD. 

We applied multivariate multivariable regression to evaluate the PGS load in 

individuals with and without SA within each subgroup (Supplementary Information), 

benchmarked against a population-based control group from which individuals with a 

diagnosis of any of the five conditions or a history of SA were excluded. A sensitivity 

analysis was conducted for the MDD PGS to determine if the observed effects across 

neurodevelopmental and psychiatric conditions were still present after removing 

individuals with comorbid MDD from each subgroup. Individuals with MDD were 

retained in the sensitivity analysis for comparative purposes. It should be noted that 

excluding individuals with an MDD diagnosis from the BPD group does not eliminate 

depressive symptoms associated with BPD. 
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Sex-specific PGS analyses 

We performed sex-specific analyses to test for PGS differences between females and 

males with a history of SA within each diagnosis (SCZ+SA [females vs males], 

BPD+SA [females vs males], ASD+SA [females vs males], ADHD+SA [females vs 

males], MDD+SA [females vs males]), following the same approach and using the 

same covariates as described above.  

 

Hazard rate ratio and absolute risk of SA across neurodevelopmental and psychiatric 

conditions  

We estimated the relative hazard rate ratio (HRR) and the absolute risk of SA among 

individuals with neurodevelopmental and psychiatric diagnoses (SCZ, BPD ADHD, 

ASD, and MDD) stratified into tertials based on their PGS for SA, MDD, and ADHD 

using Cox regression (Supplementary Information). For the two phenotypes with the 

largest sample size of individuals with SA (ADHD and MDD), we also explored the 

absolute risk among individuals with particularly high and low PGSs, i.e., those in the 

10% highest and 10% lowest PGS groups, respectively. 

For comparison, we assessed the relative and absolute risk of SA in the general 

population stratified into PGS tertiles by running a Cox model on the population-based 

controls. This analysis was also conducted separately for males and females to match 

the sex-stratified analyses. 

 

Impact of sex and comorbid substance use disorder on absolute SA risk 
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Since sex and substance use are well-established risk factors for SA, we estimated the 

relative and absolute risk of SA within ADHD and MDD for males and females 

separately, and for individuals with comorbid SUD (ICD-10: F10-F19). 

 

Results 

After QC 98,069 unrelated individuals of European ancestry in the iPSYCH cohort 

were available for further analyses. Among these we identified 9,854 individuals with 

a history of SA (Supplementary Table 2). SA was overrepresented among individuals 

with neurodevelopmental and psychiatric diagnoses and especially among those with 

SCZ (30.9%) and BPD (24.9%). For all diagnoses SA was more prevalent among 

females than males (Supplementary Table 2), e.g. SA was over four times more 

prevalent among females (12.10%) than among males (2.87%) with ASD and nearly 

twice as prevalent among females (39.70%) than males with SCZ (23.18%).  

 

We found SA to be highly polygenic, with an estimated 6,359 (s.e. = 469) common 

variants explaining 90% of the SNP-heritability (Supplementary Table 3). The genetic 

overlap of SA and the five neurodevelopmental and psychiatric conditions was 

substantial with significant positive genetic correlations (rg)  (Supplementary Table 4) 

ranging from rg=0.28 (s.e.=0.055, P=3.4710-7) for SA vs ASD to rg=0.73 (s.e.=0.025, 

P=7.0310-190) for SA vs MDD in line with what has been reported previously.1  

 

To identify common genetic variants associated with SA independent of 

neurodevelopmental and psychiatric conditions we conducted GWAS of SA adjusted 

for the five diagnoses. We identified one genome-wide significant locus, on 

chromosome 4, with the index variant rs11728027 demonstrating an odds ratio=1.099, 
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P-value=1.410−8 (Supplementary Figure 1.A and 1.B, Supplementary Table 5). The 

locus is located downstream PDGFRA and in the long non-coding RNA LINC02283 

(Supplementary Figure 1).  

 

Using OPERA, we found that variants in the genome-wide significant locus influenced 

both DNA methylation and gene expression in blood and brain tissues (Supplementary 

Table 6). The results highlighted also genotype-driven changes in LINC02283 

expression in several brain regions, including cerebral and prefrontal cortex, 

hypothalamus, hippocampus and fetal brain, as well as DNA methylation changes in 

blood and brain (frontal cortex and bulk brain) affecting both LINC02283 and PDGFRA 

expression (Supplementary Table 6, Supplementary Figure 2).  

When using FLAMES to link credible variants in the SA risk locus to genes, PDGFRA 

was highlighted as risk gene (estimated cumulative precision = 0.84; Supplementary 

Table 7).   

 

Common genetic variants did explain a small, but significant part of SA risk within 

ADHD, ASD and MDD in iPSYCH, with h²SNP estimates on the liability scale ranging 

from 0.09 (s.e.=0.02; P-value=3.8110-6) in MDD to 0.18 (s.e.=0.04; P-value=3.0410-

8) in ADHD (Supplementary Table 8). The h²SNP of SA within SCZ was practically 

zero.  

 

When evaluating the polygenic architecture of SA across the five neurodevelopmental 

and psychiatric conditions we identified significantly increased SA- and SITB-PGS in 

all groups both with and without SA compared to the population-based controls 

reflecting the genetic overlap between SA and neurodevelopmental and psychiatric 
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conditions in general (Figure 1.A). We identified a further and significant increase of 

theses PGSs in individuals with SA compared to those without SA within all diagnoses 

(although only nominally significant within BPD; Figure 1.A) suggesting that the SA- 

and SITB PGSs contribute to SA risk in individuals with neurodevelopmental and 

psychiatric conditions beyond their contribution to being diagnosed (Supplementary 

Table 9).  

When evaluating the PGSs for neurodevelopmental and psychiatric conditions, we 

observed a significantly increased ADHD- and MDD-PGS among individuals with SA 

compared to those without SA within all diagnoses (Figure 1.B). The MDD-PGS 

remained significantly increased across all the neurodevelopmental and psychiatric 

conditions also when individuals with comorbid MDD were removed, solidifying the 

role of MDD associated variants in SA risk across all five diagnoses (Supplementary 

Figure 3, Supplementary Table 10). The PGSs for BPD and SCZ were not associated 

with SA except from among individuals diagnosed with ADHD (Figure 1.B; 

Supplementary Table 9). Overall, these results indicate that genetics of ADHD and 

MDD associates with SA not only in individuals with ADHD and MDD but across all 

the analyzed neurodevelopmental and psychiatric conditions. 

 

Regarding adverse life experiences and life outcomes, the CM-PGS, representing 

genetics associated with exposure to CM, was significantly higher in individuals with 

SA compared to individuals without SA within ASD, ADHD and MDD. Conversely, 

the EA-PGS was lower in individuals with SA than in those without SA across all 

neurodevelopmental and psychiatric conditions (however only nominally significant in 

ASD) (Figure 1.C; Supplementary Table 9). These findings suggest that genetics 

associated with decreased EA/cognitive ability and increased risk of maltreatment in 
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childhood are associated with SA across all analyzed neurodevelopmental and 

psychiatric conditions. 

Seven PGSs representing personality and behavioral phenotypes (fed up, guilty 

feelings, loneliness, miserableness, risk taking behavior, sociability, and subjective 

well-being) were significantly increased in individuals with ADHD and SA compared 

to ADHD without SA (Supplementary Figure 4, Supplementary Table 9). Four of them 

(feeling fed up, loneliness, miserableness, and risk-taking) were significantly increased 

in individuals with MDD and SA compared to MDD without SA (Supplementary 

Figure 4, Supplementary Table 9). None of the personality-related PGSs were 

associated with SA in SCZ, BPD and ASD suggesting that genetics related to general 

emotions and personality contributes more to SA risk in ADHD and MDD than in SCZ, 

BPD and ASD.  

 

We further explored the absolute risk of SA within individuals with the five 

neurodevelopmental and psychiatric diagnoses stratified into SA, MDD- and ADHD-

PGS tertiles. In general, SA risk increased across all neurodevelopmental and 

psychiatric diagnoses with increasing PGS-loads and the PGSs could be used to stratify 

individuals into different risk groups (Supplementary Figure 6, Supplementary Table 

11). The SA-PGS demonstrated the highest HRR for SA among individuals with 

neurodevelopmental and psychiatric conditions. When comparing individuals in the 3rd 

SA-PGS tertial to those in tertile one, risk was similar across the neurodevelopmental 

and psychiatric conditions and ranged from HRR=1.42 (s.e.=0.032, P-value=1.6710-

28) in MDD to 1.65 (s.e.=0.05, P-value=1.19×10⁻²⁴) in ADHD (Supplementary Table 

11). The highest absolute risk for SA at age 30 was 40% for individuals diagnosed with 

SCZ in the highest SA-PGS tertile while it was 29% in the lowest SA-PGS tertile. The 
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lowest risks were observed for ASD with an absolute risk of 12% in the highest PGS-

tertile (Figure 2, Supplementary Table 11). The SA-, MDD-, and ADHD-PGSs were 

also able to stratify population-based controls into SA risk groups (Figure 2, 

Supplementary Figure 6), with the highest absolute risk for SA at age 30 reaching 5.3-

5.4% in the highest PGS tertile (Supplementary Table 11). In the two phenotypes 

(ADHD and MDD) with sufficient sample sizes to stratify individuals into smaller 

groups, the absolute risk of SA at age 30 increased only slightly when restricting the 

analysis to those with the 10% highest SA-PGS, reaching 0.31 in MDD and 0.28 in 

ADHD (Supplementary Figure 7, Supplementary Table 11). 

 

In the sex-specific analyses no significant differences in the loads of the 21 PGSs were 

observed between males and females with SA within each of the conditions, except for 

a significant decreased EA-PGS within ADHD for males with SA compared to females 

with SA (P-value=1.7610-5; Supplementary Figure 8, Supplementary Table 12). 

However, when investigating the relative and absolute risk of SA within ADHD and 

MDD separately for males and females, striking differences were observed.  

The absolute SA risk for females with ADHD in the highest SA-PGS tertile reached 

36% at age 30, which was considerably higher than the absolute risk observed for males 

in the highest SA-PGS tertile which reached 22% (Figure 3; Supplementary Table 13). 

In fact, the highest absolute risk observed for the males corresponded to what was 

observed for females with ADHD in the lowest SA-PGS tertile, where the absolute risk 

reached 25% at the age of 30. The same pattern was observed for MDD, where absolute 

risk of SA at age 30 for females in the highest tertial reached 32% while it was 24% for 

males (Figure 3, Supplementary Table 13).  
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Finally, we explored the impact of SUD associated genetics on SA risk. The PGSs for 

substance use (smoking initiation) and SUD (alcohol-, cannabis-, opioid use disorder) 

were all significantly increased in individuals with SA compared to those without SA 

across all the neurodevelopmental and psychiatric diganoses (Figure 4.A, 

Supplementary Table 9), except from the OUD-PGS among individuals with ASD. 

These results suggest a general association of SUD related genetics with SA risk.  

Moreover, when exploring the impact of comorbid SUD in individuals with ADHD 

(N=3,488) or MDD (N= 4,408) on SA risk we identified a large impact on the absolute 

risk, which reached 49% for individuals with MDD+SUD the highest SA-PGS tertile 

at age 30, and 48% for individuals with ADHD+SUD (Figure 4, B-C, Supplementary 

Table 14). This was strikingly higher in comparison to the general risk of 3.7% at age 

30, observed for the population-based controls in the middle SA-PGS tertile. 

 

Discussion  

Suicidal behaviors, including SA, represent a serious public health problem, rooted in 

a complex interplay of genetic and environmental factors. SA is particularly prevalent 

among individuals with neurodevelopmental and psychiatric conditions,(5,6) 

underscoring the urgent need for a better understanding of the biological mechanisms 

involved in SA in people with these diagnoses. In this study we performed 

comprehensive analyses of the polygenic architecture underlying SA across five 

neurodevelopmental and psychiatric conditions. 

First, we identified a novel genome-wide significant locus associated with SA 

independent of neurodevelopmental and psychiatric diagnoses.(4,26) Linking credible 

variants to functional genomics data suggested risk variants to impact regulation of 

LINC02283 and PDGFRA. This finding is consistent with recent evidence implicating 
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dysregulation of the PDGF-PDGFR signalling, which regulates a range of functions in 

the central nervous system, at both receptor and ligand levels in suicide 

vulnerability.(37) 

We further provide evidence that SA is a highly polygenic condition, with around 6.3K 

common influencing variants, comparable in magnitude to estimates reported for 

ADHD (7.3K variants), SCZ (8.3K variants), and BPD (6.4K variants)16,14, and that it 

has a substantial genetic overlap with neurodevelopmental and psychiatric conditions 

in line with previous findings.(4,10) We found that the h2
SNP of SA within the 

neurodevelopmental and psychiatric conditions was significantly different from zero 

within ADHD, ASD, and MDD, supporting that genetic variance explain a part of the 

liability to SA within these diagnoses. The h2
SNP of SA within SCZ was zero, despite 

30.9% of individuals with SCZ having SA in our cohort. Although this contradicts with 

PGS results showing significant differences between individuals with and without SA, 

it may reflect heterogeneity in SA, with individuals reaching SA through different 

causal pathways. 

We demonstrated that the PGSs for SA and SIBT are associated with SA in individuals 

with neurodelopmental and psychiatric conditions, suggesting that SA within those 

those conditions is influced by genetics beyond what is associated with the diagnosis. 

When evaluating the PGSs for neurodevelopmental and psychiatric conditions, the 

ADHD- and MDD-PGSs showed significant and consistent associations with SA risk 

across all five diagnostic groups, which was not observed for the SCZ-, BPD-, ASD-

PGSs. In other words, the polygenic risk for SA within e.g. SCZ seems to be driven, 

not by an additional load of SCZ associated variants but by increased load of variants 

more strongly associated with ADHD and MDD. The association between MDD-PGS 

and SA was not driven by comorbid MDD, as it remained significant after excluding 
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individuals with MDD. It could be speculated that increased ADHD- and MDD-related 

genetic load may elevate SA risk by affecting behaviors or mood states related to 

impulsivity/self-control(38–40) and depressive symptoms(41) across conditions.  

Within each of the five neurodevelopmental and psychiatric conditions, we were able 

to stratify individuals into SA risk groups based on their SA, ADHD, and MDD PGSs. 

Individuals in the highest PGS tertiles had markedly increased relative and absolute SA 

risk at age 30 compared with those in the lowest tertiles and population-based controls. 

These findings may inform clinical practice by helping identify patients at elevated SA 

risk through inclusion of PGSs in risk assessment. 

Besides neurodevelopmental and psychiatric diagnoses, exposure to maltreatment in 

childhood, level of educational attainment and substance use, have also been reported 

to modulate risk of suicidal behaviors.(42–45) Our study suggests that genetics 

associated with these factors also contributes significantly to SA risk within conditions, 

observed as an association of the CM-, EA-, and SUD-PGSs with SA across the five 

diagnostic groups. Higher EA-PGS was associated with lower SA risk across all five 

conditions, consistent with previous reports showing educational attainment, but not 

cognitive performance, protective against SA.(44,46) Among individuals with ADHD 

and SA, males had lower EA-PGS than females, aligning with reports of sex-specific 

protective effects of high EA on SA risk in males.(43)  

No sex-specific genetic differences in SA were observed across the remaining 20 PGSs. 

However, females with MDD or ADHD showed ~8-14% higher absolute SA risk than 

males by age 30. The absolute SA risk for females in the lowest SA-PGS tertile, was at 

the same level as observed for males in the highest SA-PGS tertile. The fact that we 

observed substantially different absolute SA risks for males and females with MDD or 

ADHD, coupled with the absence of strong genetic differences between males and 
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females with SA, suggests strong contribution of other genetic factors or female 

specific risk factors, such as being victim of dating violence and previous abortion, to 

SA in females.(47)  

We also report a consistent association of of SUD-related PGSs with SA risk across all 

diagnoses in one homogenous large cohort suggesting a general role of SUD genetics 

in SA independent of diagnosis. The absolute risk of SA was high among individuals 

with comorbid SUD in line with other studies finding increased SA rates within 

SUD.(48)  The risk decreased 8-10% from the highest SA-PGS tertile to the lowest, 

suggesting that genetics do modulate the risk slightly.  

These findings altogether shed light on the genetic architecture of SA across 

neurodevelopmental and psychiatric conditions and demonstrate how the polygenic 

profile of an individual can modulate SA risk even in the presence of known strong risk 

factors, such as being a female or comorbid SUD. As larger and better-powered 

GWASs of suicide-related phenotypes are on the way, the variance in SA explained by 

common variants, and consequently the discriminative power of PGSs, is expected to 

keep improving.(49) This brings further promise for refining our understanding of the 

genetic architecture underlying SA risk in the context of neurodevelopmental and 

psychiatric disorders. 

While this study provides valuable insights into the genetic architecture of SA, it is 

important to acknowledge both strengths and possible limitations. The iPSYCH cohort, 

which is a population-based case-cohort, provided a unique opportunity to investigate 

the genetic architecture of SA in a large and representative sample.(13,50) SA data were 

obtained from national registers, providing objective ascertainment and reducing 

reporting bias, and longitudinal data enabled estimation of absolute SA risk across 

conditions. However, some SA events may not be captured in the registers, potentially 
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underestimating its true prevalence. Additionally, the iPSYCH cohort is drawn from a 

relatively genetically homogeneous Danish population, which may limit 

generalizability of our findings to populations with different ancestral backgrounds.  

In summary, we conducted a comprehensive investigation of the genetic architecture 

of SA across five major neurodevelopmental and psychiatric conditions and identified 

similarities in the genetic architecture of SA across the conditions. We also 

demonstrated how PGSs can be used to stratify individuals with these conditions, or 

even population-based controls, into different SA risk groups. We also elucidated the 

impact of sex and comorbid SUD on SA risk and how the risk is modulated by genetics. 

Our findings highlight how genetics can contribute to identifying high-risk individuals 

and informing personalized approaches for SA prevention and intervention, thereby 

advancing efforts to lower SA rates globally. 

 

Patients’ consent and permission to publish 

The iPSYCH study was approved by the Scientific Ethics Committee in the Central 

Denmark Region (Case No 1-10-72-287-12) and the Danish Data Protection Agency. 

In accordance with Danish legislation, the Ethics Committee waived the need for 

specific informed consent in biomedical research based on existing biobanks, and was 

approved by the Ethics Committee in 2012, with subsequent amendments in 2013, 

2015, and 2018. New Danish legislation (effective from January 2024) introduced the 

possibility for participants to opt out of studies that are exempted from active informed 

consent. After consulting with the Ethics Committees and patient organizations, 

iPSYCH contacted all ~140,000 participants in the iPSYCH cohort in June 2025 and 

offered the possibility to opt out of new genetic studies initiated henceforth. Overall, 

1.8% of the iPSYCH participants chose to opt out, and their data will be deleted from 

Jo
urn

al 
Pre-

pro
of



 19 

the active research database. Data included in finalized and ongoing studies, like the 

present, will not be removed.  
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Figure 1. PGS load across individuals with and without SA with 

neurodevelopmental and psychiatric conditions. PGS loads across the five 

neurodevelopmental and psychiatric conditions with a history of SA and no SA (on the 

x-axis). On the y-axis the beta-coefficient from the multivariate regression (and the 

corresponding 95% confidence intervals shown as vertical lines) indicating differences 

from the population-based controls. Significant difference between the betas observed 

for individuals with SA compared to the betas observed for individuals with no SA 

within each neurodevelopmental and psychiatric condition is indicated with a 

horizontal line with the P-value above (result from the Wald test of equal group effect). 

Results shown the following PGSs (listed above each plot) (A) suicide attempt (SA), 

Suicidal thoughts and behavior (SITB) (B) attention deficit hyperactivity disorder 

(ADHD), autism spectrum diagnosis (ASD), bipolar disorder (BPD), major depressive 

disorder (MDD), schizophrenia (SCZ) (C) childhood maltreatment (CM), educational 

attainment (EA). See also Supplementary Table 9. 

 

Figure 2. Absolute SA risk in individuals stratified by their SA-PGS within 

neurodevelopmental and psychiatric conditions. Absolute risk (with 95% CI) for SA 

(y-axis) over time (x-axis) in individuals stratified into tertiles by their SA-PGS and 

diagnosed with MDD (A), ADHD (B), ASD (C), BPD (D), SCZ (E).  Curve colors 

indicate PGS strata: 1st tertile in yellow, 2nd in orange, and 3rd in dark red. Absolute risk 

(95% CI) of SA in the population-based controls stratified into tertials based on their 

SA-PGS is shown in light blue. The number at the right indicate the absolute SA risk 

at 30 years of age. See also Supplementary Table 11. 

 

Figure 3. Absolute SA risk among males and females stratified by their PGS within 

neurodevelopmental and psychiatric conditions. Absolute risk (with 95% CI) for SA 

(y-axis) over time (x-axis) in males (A-C) or females (B-D) stratified into tertiles by 

their SA-PGS and diagnosed with MDD (a-b) or ADHD (c-d).  Curve colors indicate 

PGS strata: 1st tertile in yellow, 2nd in orange, and 3rd in dark red. Absolute risk (95% 

CI) of SA in the population-based controls stratified into tertials based on their SA-PGS 

is shown in light blue. The number at the right indicate the absolute SA risk at 30 years 

of age. See also Supplementary Table 13. 
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Figure 4. Impact of SUD-PGSs and comorbid SUD on SA risk. (A) PGS load across 

the five neurodevelopmental and psychiatric conditions with a history of SA and no SA 

(on the x-axis). On the y-axis the beta-coefficient from the multivariate regression (and 

the corresponding 95% confidence intervals, vertical lines) against population-based 

controls. Significant difference between the betas for individuals with SA compared to 

betas for no SA within each neurodevelopmental and psychiatric condition is indicated 

with a horizontal line with the P-value above. PGSs (listed above each plot): alcohol 

use disorder (AUD), cannabis use disorder (CUD), opioid use disorder (OUD), 

smoking initiation (SmoIni). (B) Absolute risk (with 95% CI) for SA (y-axis) over time 

(x-axis) in MDD comorbid with SUD or ADHD comorbid with SUD (C) stratified into 

tertiles by their SA-PGS.  Curve colors indicate PGS strata: 1st tertile in yellow, 2nd in 

orange, and 3rd in dark red. Absolute risk (95% CI) of SA in the population-based 

controls stratified into tertials based on their SA-PGS is shown in light blue. The 

number at the right indicate the absolute SA risk at 30 years of age. See also 

Supplementary Table 9 and 14). 

 

  

 

  

Jo
urn

al 
Pre-

pro
of



 26 

References 

1. World Health Organization (2014): Preventing suicide: a global imperative. 

Retrieved November 19, 2024, from https://iris.who.int/handle/10665/131056 

2. Abbafati C, Abbas KM, Abbasi M, Abbasifard M, Abbasi-Kangevari M, 

Abbastabar H, et al. (2020): Global burden of 369 diseases and injuries in 204 

countries and territories, 1990–2019: a systematic analysis for the Global Burden 

of Disease Study 2019. The Lancet 396: 1204–1222. 

3. Edwards AC, Ohlsson H, Mościcki E, Crump C, Sundquist J, Lichtenstein P, et al. 

(2021): On the Genetic and Environmental Relationship Between Suicide 

Attempt and Death by Suicide. https://doi.org/101176/appi.ajp202020121705 

178: 1060–1069. 

4. Docherty AR, Mullins N, Ashley-Koch AE, Qin X, Coleman JRI, Shabalin A, et al. 

(2023): GWAS Meta-Analysis of Suicide Attempt: Identification of 12 Genome-

Wide Significant Loci and Implication of Genetic Risks for Specific Health 

Factors. Am J Psychiatry 180: 723–738. 

5. Fu XL, Qian Y, Jin XH, Yu HR, Wu H, Du L, et al. (2023): Suicide rates among 

people with serious mental illness: a systematic review and meta-analysis. 

Psychol Med 53: 351–361. 

6. Oxford Textbook of Suicidology and Suicide Prevention (2021): Oxford Textbook 

of Suicidology and Suicide Prevention. 

https://doi.org/10.1093/MED/9780198834441.001.0001 

7. Jensen KJ, Osler M, Bødker N, Riise J, Petersen J (2023): Healthcare resource 

utilization prior to suicide death or suicide attempt in patients with major 

depressive disorder-A Danish registry-based cohort study. Suicide Life Threat 

Behav 53: 399–414. 

8. Gronemann FH, Jørgensen MB, Nordentoft M, Andersen PK, Osler M (2021): 

Treatment-resistant depression and risk of all-cause mortality and suicidality in 

Danish patients with major depression. J Psychiatr Res 135: 197–202. 

9. Plana-Ripoll O, Pedersen CB, Agerbo E, Holtz Y, Erlangsen A, Canudas-Romo V, 

et al. (2019): A comprehensive analysis of mortality-related health metrics 

associated with mental disorders: a nationwide, register-based cohort study. The 

Lancet 394: 1827–1835. 

Jo
urn

al 
Pre-

pro
of



 27 

10. Kootbodien T, London L, Martin LJ, Defo J, Ramesar R (2023): The shared 

genetic architecture of suicidal behaviour and psychiatric disorders: A genomic 

structural equation modelling study. Front Genet 14: 1083969. 

11. Stein MB, Jain S, Campbell-Sills L, Ware EB, Choi KW, He F, et al. (2021): 

Polygenic Risk for Major Depression is Associated with Lifetime Suicide 

Attempt in US Soldiers Independent of Personal and Parental History of Major 

Depression. Am J Med Genet B Neuropsychiatr Genet 186: 469. 

12. Fanelli G, Sokolowski M, Wasserman D, Kasper S, Zohar J, Souery D, et al. 

(2022): Polygenic risk scores for neuropsychiatric, inflammatory, and cardio-

metabolic traits highlight possible genetic overlap with suicide attempt and 

treatment-emergent suicidal ideation. American Journal of Medical Genetics, 

Part B: Neuropsychiatric Genetics 189: 74–85. 

13. Pedersen CB, Bybjerg-Grauholm J, Pedersen MG, Grove J, Agerbo E, Bækvad-

Hansen M, et al. (2018): The iPSYCH2012 case-cohort sample: new directions 

for unravelling genetic and environmental architectures of severe mental 

disorders. Mol Psychiatry 23: 6–14. 

14. Frei O, Holland D, Smeland OB, Shadrin AA, Fan CC, Maeland S, et al. (2019): 

Bivariate causal mixture model quantifies polygenic overlap between complex 

traits beyond genetic correlation. Nature Communications 2019 10:1 10: 1–11. 

15. Bulik-Sullivan BK, Loh P-R, Finucane HK, Ripke S, Yang J, Patterson N, et al. 

(2015): LD Score regression distinguishes confounding from polygenicity in 

genome-wide association studies. Nat Genet 47: 291–295. 

16. Demontis D, Walters GB, Athanasiadis G, Walters R, Therrien K, Nielsen TT, et 

al. (2023): Genome-wide analyses of ADHD identify 27 risk loci, refine the 

genetic architecture and implicate several cognitive domains. Nature Genetics 

2023 55:2 55: 198–208. 

17. Grove J, Ripke S, Als TD, Mattheisen M, Walters RK, Won H, et al. (2019): 

Identification of common genetic risk variants for autism spectrum disorder. Nat 

Genet 51: 431–444. 

18. Als TD, Kurki MI, Grove J, Voloudakis G, Therrien K, Tasanko E, et al. (2023): 

Depression pathophysiology, risk prediction of recurrence and comorbid 

psychiatric disorders using genome-wide analyses. Nature Medicine 2023 29:7 

29: 1832–1844. 

Jo
urn

al 
Pre-

pro
of



 28 

19. Mullins N, Forstner AJ, O’Connell KS, Coombes B, Coleman JRI, Qiao Z, et al. 

(2021): Genome-wide association study of more than 40,000 bipolar disorder 

cases provides new insights into the underlying biology. Nature Genetics 2021 

53:6 53: 817–829. 

20. Trubetskoy V, Pardiñas AF, Qi T, Panagiotaropoulou G, Awasthi S, Bigdeli TB, 

et al. (2022): Mapping genomic loci implicates genes and synaptic biology in 

schizophrenia. Nature 2022 604:7906 604: 502–508. 

21. Wu Y, Qi T, Wray NR, Visscher PM, Zeng J, Yang J (2023): Joint analysis of 

GWAS and multi-omics QTL summary statistics reveals a large fraction of 

GWAS signals shared with molecular phenotypes. Cell genomics 3: 100344. 

22. Schipper M, de Leeuw CA, Maciel BAPC, Wightman DP, Hubers N, Boomsma 

DI, et al. (2025): Prioritizing effector genes at trait-associated loci using 

multimodal evidence. Nature Genetics 2025 57:2 57: 323–333. 

23. Yanga J, Leec SH, Wraya NR, Goddardd ME, Visscher PM (2016): GCTA-

GREML accounts for linkage disequilibrium when estimating genetic variance 

from genome-wide SNPs. Proceedings of the National Academy of Sciences 113: 

E4579–E4580. 

24. Privé F, Arbel J, Vilhjálmsson BJ (2021): LDpred2: better, faster, stronger. 

Bioinformatics 36: 5424–5431. 

25. Kimbrel NA, Ashley-Koch AE, Qin XJ, Lindquist JH, Garrett ME, Dennis MF, et 

al. (2023): Identification of Novel, Replicable Genetic Risk Loci for Suicidal 

Thoughts and Behaviors Among US Military Veterans. JAMA Psychiatry 80: 

135–145. 

26. Watanabe K, Stringer S, Frei O, Umićević Mirkov M, de Leeuw C, Polderman 

TJC, et al. (2019): A global overview of pleiotropy and genetic architecture in 

complex traits. Nat Genet 51: 1339–1348. 

27. Karlsson Linnér R, Biroli P, Kong E, Meddens SFW, Wedow R, Fontana MA, et 

al. (2019): Genome-wide association analyses of risk tolerance and risky 

behaviors in over 1 million individuals identify hundreds of loci and shared 

genetic influences. Nat Genet 51: 245–257. 

28. Day FR, Ong KK, Perry JRB (2018): Elucidating the genetic basis of social 

interaction and isolation. Nature Communications 2018 9:1 9: 1–6. 

Jo
urn

al 
Pre-

pro
of



 29 

29. Bralten J, Mota NR, Klemann CJHM, De Witte W, Laing E, Collier DA, et al. 

(2021): Genetic underpinnings of sociability in the general population. 

Neuropsychopharmacology 2021 46:9 46: 1627–1634. 

30. Okbay A, Baselmans BML, De Neve JE, Turley P, Nivard MG, Fontana MA, et 

al. (2016): Genetic variants associated with subjective well-being, depressive 

symptoms, and neuroticism identified through genome-wide analyses. Nat Genet 

48: 624–633. 

31. Okbay A, Wu Y, Wang N, Jayashankar H, Bennett M, Nehzati SM, et al. (2022): 

Polygenic prediction of educational attainment within and between families from 

genome-wide association analyses in 3 million individuals. Nature Genetics 

2022 54:4 54: 437–449. 

32. Warrier V, Kwong ASF, Luo M, Dalvie S, Croft J, Sallis HM, et al. (2021): 

Gene–environment correlations and causal effects of childhood maltreatment on 

physical and mental health: a genetically informed approach. Lancet Psychiatry 

8: 373–386. 

33. Liu M, Jiang Y, Wedow R, Li Y, Brazel DM, Chen F, et al. (2019): Association 

studies of up to 1.2 million individuals yield new insights into the genetic 

etiology of tobacco and alcohol use. Nat Genet 51: 237–244. 

34. Zhou H, Sealock JM, Sanchez-Roige S, Clarke TK, Levey DF, Cheng Z, et al. 

(2020): Genome-wide meta-analysis of problematic alcohol use in 435,563 

individuals yields insights into biology and relationships with other traits. Nature 

Neuroscience 2020 23:7 23: 809–818. 

35. Levey DF, Galimberti M, Deak JD, Wendt FR, Bhattacharya A, Koller D, et al. 

(2023): Multi-ancestry genome-wide association study of cannabis use disorder 

yields insight into disease biology and public health implications. Nat Genet 55: 

2094–2103. 

36. Kember RL, Vickers-Smith R, Xu H, Toikumo S, Niarchou M, Zhou H, et al. 

(2022): Cross-ancestry meta-analysis of opioid use disorder uncovers novel loci 

with predominant effects in brain regions associated with addiction. Nature 

Neuroscience 2022 25:10 25: 1279–1287. 

37. Lengvenyte A, Belzeaux R, Olié E, Hamzeh-Cognasse H, Sénèque M, Strumila R, 

et al. (2023): Associations of potential plasma biomarkers with suicide attempt 

history, current suicidal ideation and subsequent suicidal events in patients with 

depression: A discovery study. Brain Behav Immun 114: 242–254. 

Jo
urn

al 
Pre-

pro
of



 30 

38. Brüdern J, Spangenberg L, Stein M, Forkmann T, Schreiber D, Stengler K, et al. 

(2024): Implicit measures of suicide vulnerability: Investigating suicide-related 

information-processing biases and a deficit in behavioral impulse control in a 

high-risk sample and healthy controls. Behaviour Research and Therapy 180: 

104601. 

39. Martin A, Oehlman M, Hawgood J, O’Gorman J (2023): The Role of Impulsivity 

and Self-Control in Suicidal Ideation and Suicide Attempt. Int J Environ Res 

Public Health 20. https://doi.org/10.3390/IJERPH20065012 

40. Bhatt M, Perera S, Zielinski L, Eisen RB, Yeung S, ElSheikh W, et al. (2018): 

Profile of suicide attempts and risk factors among psychiatric patients: A case-

control study. PLoS One 13: e0192998. 

41. Melhem NM, Porta G, Oquendo MA, Zelazny J, Keilp JG, Iyengar S, et al. 

(2019): Severity and Variability of Depression Symptoms Predicting Suicide 

Attempt in High-Risk Individuals. JAMA Psychiatry 76: 603–612. 

42. Huang M, Hou J (2023): Childhood maltreatment and suicide risk: The mediating 

role of self-compassion, mentalization, depression. J Affect Disord 341: 52–61. 

43. Øien-Ødegaard C, Hauge LJ, Reneflot A (2021): Marital status, educational 

attainment, and suicide risk: a Norwegian register-based population study. Popul 

Health Metr 19: 1–11. 

44. Lannoy S, Ohlsson H, Kendler KS, Sundquist J, Sundquist K, Edwards AC 

(2022): The causal effect of education and cognitive performance on risk for 

suicide attempt: A combined instrumental variable and co-relative approach in a 

Swedish national cohort. J Affect Disord 305: 115–121. 

45. Leza L, Haro B, López-Goñi JJ, Fernández-Montalvo J (2024): Substance use 

disorder and lifetime suicidal behaviour: A scoping review. Psychiatry Res 334: 

115830. 

46. Rosoff DB, Kaminsky ZA, McIntosh AM, Davey Smith G, Lohoff FW (2020): 

Educational attainment reduces the risk of suicide attempt among individuals 

with and without psychiatric disorders independent of cognition: a bidirectional 

and multivariable Mendelian randomization study with more than 815,000 

participants. Translational Psychiatry 2020 10:1 10: 1–15. 

47. Miranda-Mendizabal A, Castellví P, Parés-Badell O, Alayo I, Almenara J, Alonso 

I, et al. (2019): Gender differences in suicidal behavior in adolescents and young 

Jo
urn

al 
Pre-

pro
of



 31 

adults: systematic review and meta-analysis of longitudinal studies. Int J Public 

Health 64: 265–283. 

48. Poorolajal J, Haghtalab T, Farhadi M, Darvishi N (2016): Substance use disorder 

and risk of suicidal ideation, suicide attempt and suicide death: a meta-analysis. J 

Public Health (Oxf) 38: e282–e291. 

49. Colbert SM, Koromina M, Hatoum AS, Stephenson M, Edwards AC, Johnson EC, 

et al. (2026): Genome-wide association studies identify 77 loci for suicidality 

and provide novel biological insights. medRxiv 15: 2025.10.22.25338076. 

50. Bybjerg-Grauholm J, Pedersen CB, Bækvad-Hansen M, Pedersen MG, Adamsen 

D, Hansen CS, et al. (2020): The iPSYCH2015 Case-Cohort sample: updated 

directions for unravelling genetic and environmental architectures of severe 

mental disorders. medRxiv 2020.11.30.20237768. 

  

Jo
urn

al 
Pre-

pro
of



P=5.8e−12
P=0.00029

P=2.1e−13
P=2.5e−25

P=1.9e−19 P=9.3e−05 P=0.0028

P=2e−06

P=7.9e−19

P=4.4e−13

SA SITB

S
C

Z
+

S
A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

S
C

Z
+

S
A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

0.00

0.25

0.50

0.75

1.00

B
et

a 
(9

5%
−

C
I)

P=0.00075

P=0.34

P=7e−06 P=3e−09

P=1.1e−11

P=2.1e−09 P=4.4e−05 P=0.00063 P=2.4e−10 P=2.4e−20

CM EA

S
C

Z
+

S
A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

S
C

Z
+

S
A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

−0.5

0.0

0.5

1.0

B
et

a 
(9

5%
−

C
I)

P=4.8e−06
P=0.00014 P=0.00036

P=2.2e−06

P=1.5e−18

P=0.067

P=0.51

P=0.0028
P=0.00012 P=0.051

P=0.33 P=0.89

P=0.075
P=3e−05 P=0.016

P=0.87
P=0.23

P=0.032

P=0.77 P=0.83

P=8.9e−05
P=0.0024

P=3.4e−06

P=1.8e−28

P=1.3e−13

SCZ

BPD MDD

ADHD ASD

S
C

Z
+

S
A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

S
C

Z
+

S
A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

B
et

a 
(9

5%
−

C
I)

A.

C.

B.

Jo
urn

al 
Pre-

pro
of

annastarnawska
Cross-Out



0.221
0.259

0.298

0.023
0.037
0.053

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

MDD
(SA−PGS)

A.

0.169

0.211
0.261

0.023
0.037
0.053

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

ADHD
(SA−PGS)

B.

0.075
0.082
0.119

0.023
0.037
0.053

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

ASD
(SA−PGS)

C.

0.237
0.266

0.328

0.023
0.037
0.053

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

BPD
(SA−PGS)

D.

0.292

0.35

0.402

0.023
0.037
0.053

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

SCZ
(SA−PGS)

E.

Jo
urn

al 
Pre-

pro
of



0.181

0.198
0.242

0.016
0.027
0.037

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

MDD (males)
(SA−PGS)

A.

0.238
0.289
0.323

0.03

0.047
0.07

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

MDD (females)
(SA−PGS)

B.

0.137

0.156
0.217

0.016
0.027
0.037

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

ADHD (males)
(SA−PGS)

C.

0.251

0.327
0.362

0.03

0.047
0.07

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

ADHD (females)
(SA−PGS)

D.

Jo
urn

al 
Pre-

pro
of



P=9.5e−07 P=0.025

P=3.8e−07

P=7.8e−11

P=4.1e−15

P=2.6e−05
P=0.067

P=0.0077

P=6.5e−07

P=5.6e−08

P=0.0034 P=0.024
P=1.8e−06

P=1.4e−11

P=2e−15

P=3.6e−06 P=4e−05

P=2.7e−05

P=6.2e−13

P=1.2e−22

OUD SmoIni

AUD CUD
S

C
Z

+
S

A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

S
C

Z
+

S
A

S
C

Z

B
P

D
+

S
A

B
P

D

A
S

D
+

S
A

A
S

D

A
D

H
D

+
S

A

A
D

H
D

M
D

D
+

S
A

M
D

D

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

B
et

a 
(9

5%
−

C
I)

0.421
0.449
0.487

0.023
0.037
0.053

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

MDD+SUD
(SA−PGS)

B.

0.383
0.432

0.483

0.023
0.037
0.053

0.0

0.2

0.4

10 15 20 25 30
Age of the individual (Years)

A
bs

ol
ut

e 
ris

k

a
a
a
a

1. tertile
2. tertile
3. tertile
Controls

ADHD+SUD
(SA−PGS)

C.

A.

Jo
urn

al 
Pre-

pro
of


