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Abstract 

Background: Bipolar disorder (BD) has the greatest suicide risk among mental and physical disorders. A recent 
genome‑wide association study (GWAS) of European ancestry (EUR) samples revealed that the genetic etiology of sui‑
cide attempt (SA) was not only polygenic but also, in part, diagnosis‑specific. The authors aimed to examine whether 
the polygenic risk score (PRS) for SA derived from that study is associated with SA or repeated attempts in Korean 
patients with BD. This study also investigated the shared heritability of SA and mental disorders which showed an 
increased risk of SA and a high genetic correlation with BD.

Methods: The study participants were 383 patients with BD. The history of SA was assessed on a lifetime basis. PRSs 
for reference disorders were calculated using the aforementioned GWAS data for SA and the Psychiatric Genomics 
Consortium data of BD, schizophrenia, major depressive disorder (MDD), and obsessive–compulsive disorder (OCD).

Results: The PRS for SA was significantly associated with lifetime SA in the current subjects (Nagelkerke’s  R2 = 2.73%, 
odds ratio [OR] = 1.36, p = 0.007). Among other PRSs, only the PRS for OCD was significantly associated with lifetime 
SA (Nagelkerke’s  R2 = 2.72%, OR = 1.36, p = 0.007). The PRS for OCD was higher in multiple attempters than in single 
attempters (Nagelkerke’s  R2 = 4.91%, OR = 1.53, p = 0.043).

Conclusion: The PRS for SA derived from EUR data was generalized to SA in Korean patients with BD. The PRS for 
OCD seemed to affect repeated attempts. Genetic studies on suicide could benefit from focusing on specific psychi‑
atric diagnoses and refined sub‑phenotypes, as well as from utilizing multiple PRSs for related disorders.
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Background
Suicide is a major global public health problem. Most 
suicide attempts (SAs) or completed suicides occur 

in persons with mental disorders (Mann et  al. 2005). 
Among them, bipolar disorder (BD) shows the highest 
suicide risk, which is 10- to 30-fold greater than that of 
the general population (Novick et al. 2010; Pompili et al. 
2013; Schaffer et al. 2015; Tondo et al. 2016). This can be 
explained by both a high rate of lifetime suicide attempt 
and a high standardized mortality ratio (SMR) for sui-
cide in patients with BD (Novick et  al. 2010; Schaffer 
et  al. 2015). Up to half of the patients with BD attempt 
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suicide at least once in their lifetime, and about one-third 
of them die by suicide (Chen and Dilsaver 1996; Gonda 
et al. 2012; Plans et al. 2019). Repeated suicide attempts 
are also most common in patients with BD among those 
with mental disorders, contributing to the high SMR 
for suicide (Jeon et  al. 2010; Papadopoulou et  al. 2020). 
However, the biological basis of suicide has been fully 
explored in neither patients with BD nor the general 
population.

The heritability estimate of suicidal behavior largely 
varies from 17 to 55% according to family and twin stud-
ies (Statham et  al. 1998; Roy and Segal 2001; Brent and 
Mann 2005; Voracek and Loibl 2007), reflecting its com-
plexity in terms of clinical manifestations (Glenn et  al. 
2018; Malhi et  al. 2018) and genetics. Genetic mecha-
nisms related to suicide might differ depending upon 
specific phenotypes such as suicidal ideation (SI) or SA 
(Brent and Mann 2005; Mann et  al. 2005; Mullins et  al. 
2014), and on underlying mental disorders. Also, multi-
ple attempters showed demographic and clinical charac-
teristics different from those of single attempters (Jeon 
et  al. 2010; Fedyszyn et  al. 2016; Arici et  al. 2018; Icick 
et  al. 2019; Papadopoulou et  al. 2020). In BD, previ-
ous studies reported multiple psychiatric comorbidities 
and substance abuse as clinical factors associated with 
repeated attempts (Arici et  al. 2018; Icick et  al. 2019). 
However, most genetic studies on SA have used a single 
phenotype defined as “at least one SA in a lifetime” (Mul-
lins et al. 2014; Mullins et al. 2019; Erlangsen et al. 2020; 
Ruderfer et al. 2020). Applying more specific sub-pheno-
types in exploring the complex genetic architecture of SA 
is needed.

Two recent large-scale genetic studies addressed the 
issue of whether the genetic susceptibility for suicide was 
shared in common or distinct between various psychiat-
ric illnesses. Erlangsen et al. (2020) calculated the single 
nucleotide polymorphism (SNP) heritability (h2) of SA 
in different diagnostic groups including major depres-
sive disorder (MDD), schizophrenia (SCZ), anorexia, 
autism, attention-deficit/hyperactivity disorder (ADHD) 
and BD. It varied greatly across diagnoses, showing the 
highest value in BD. Mullins et al. (2019) performed the 
largest genome-wide association study (GWAS) for SA 
in European ancestry (EUR) patients with MDD, SCZ, 
or BD. In this study, a significant locus in the discovery 
cohort with mixed diagnosis had the strongest effect in 
the BD subgroup, and its association was not replicated 
in another cohort with predominantly MDD diagnosis. 
Also, the polygenic risk score (PRS) for SA calculated 
from one disorder subgroup was not associated with SA 
in another disorder subgroup. This GWAS result for SA 
has not yet been utilized as reference data to calculate 
PRS for SA except in the study itself. In addition, most 

genetic studies of SA have been performed in EUR sam-
ples, with relatively few in other populations (Bondy et al. 
2006; Galfalvy et al. 2009; Rawat et al. 2019; Gupta et al. 
2020; Rao et al. 2020).

In exploring complex phenotypes like suicide, investi-
gating the shared heritability with other psychiatric traits 
is a useful way to identify the genetic architecture. Given 
that SA is prevalent in several mental disorders, and that 
it co-aggregates with those mental disorders within fami-
lies, overlapping genetic underpinning between SA and 
mental disorders are expected (Ballard et  al. 2019; Too 
et al. 2019). A previous study applied the linkage disequi-
librium score regression method using GWAS results for 
SA and other psychiatric traits to investigate the genetic 
correlation between them (Ruderfer et  al. 2020). This 
study showed significant but incomplete correlation of 
SA with insomnia and several psychiatric disorders. PRS 
analysis is another method used to investigate shared 
heritability between traits by testing if the PRS for one 
trait shows an association with another directly assessed 
trait in an independent sample. PRS also provides indi-
vidual-level risk estimates, which could potentially be 
utilized in various subsequent analyses including predic-
tion modeling (Fullerton and Nurnberger 2019; Ikeda 
et al. 2021). To investigate the shared heritability of SA in 
BD and other psychiatric traits, GWAS results of mental 
disorders with stronger genetic correlations with BD and 
higher SA risk could be considered as high priority refer-
ence data. According to a recent report by cross-disorder 
group in Psychiatric Genomic Consortium (PGC) (Cross-
Disorder Group of the Psychiatric Genomics Consortium 
2019), SCZ, MDD, and obsessive–compulsive disorder 
(OCD), in that order, showed the highest genetic corre-
lation with BD. It is also known that patients with these 
disorders are at high risk of SA (Too et al. 2019; Pellegrini 
et al. 2020).

This study aimed to explore the genetic basis of SA in 
patients with BD using polygenic risk analysis. Specifi-
cally, we examined the association between the PRS for 
SA calculated from the GWAS result of EUR patients 
with BD and lifetime SA and repeated attempts in Korean 
BD patients. In addition, the shared heritability of SA and 
four mental disorders, i.e., BD, SCZ, MDD, and OCD was 
investigated using PRS analyses.

Methods
Study participants
We recruited patients with bipolar I disorder (BD-I) or 
bipolar II disorder (BD-II) at Samsung Medical Center 
(SMC) and Seoul National University Bundang Hospi-
tal (SNUBH). The participant diagnoses and detailed 
comorbid symptoms were confirmed using DSM-IV-TR 
criteria adopted in the Korean version of the Diagnostic 
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Interview for Genetic Studies (DIGS) (Joo et al. 2004) in 
the SMC, and the Korean version of Mini-International 
Neuropsychiatric Interview (MINI) (Yoo et  al. 2006) 
in the SNUBH. The detailed evaluation process and the 
evaluated variables were described elsewhere (Baek et al. 
2019). Written informed consent was obtained from all 
participants. This study was approved by the Institutional 
Review Boards at SMC and SNUBH.

Assessment of suicidality
We assessed the lifetime SA and number of attempts 
using items from the DIGS, the MINI, and/or the suicide 
module of the Korean version of the Composite Inter-
national Diagnostic Interview (CIDI) (Cho et  al. 2002). 
Details on the specific items and the number of patients 
assessed using each tool are shown in Additional file  1: 
Tables S1 and S2.

Genotyping
We used the Korea Biobank Array (Moon et al. 2019) for 
genotyping DNA samples. This array used an Axiom™ 
KORV1.0-96 Array (Affymetrix, Santa Clara, CA, USA) 
and was designed by the Center for Genome Science 
at the Korea National Institute of Health. The array 
was optimized for the Korean population, compris-
ing > 833,000 markers including common and rare-fre-
quency variants, and functional variants estimated from 
the sequencing data of > 2500 Koreans. Quality control 
(QC) was performed according to the Korea Biobank 
Array protocol (http:// www. korea nchip. org). The qual-
ity control parameters for excluding study samples and 
variants were as follows: variants with variant call rate 
< 0.99, Hardy–Weinberg equilibrium p <  10−6, minor 
allele frequency (MAF) < 0.01, or duplicated SNPs, and 
samples with first or second degree relatedness, sample 
call rate < 0.95, excessive heterozygosity, sex discrepancy, 
or outliers in the principal component analysis. Genetic 
relatedness was inferred using KING (Manichaikul et al. 
2010). After sample QC followed by variant QC, phas-
ing and imputation were performed with Eagle v2.4 
and Minimac 4 using the Haplotype Reference Consor-
tium reference panel (Howie et al. 2012; Loh et al. 2016; 
McCarthy et  al. 2016). Variants with imputation quality 
 R2 < 0.8 or MAF < 0.01 were removed. Finally, 5,483,856 
SNPs were used for data analysis. In later multivariate 
analysis, multidimensional scaling plots were reexamined 
conservatively to remove outlier samples. The principal 
components were calculated using PLINK version 1.9 
(Purcell et  al. 2007) for use as population stratification 
covariates (Additional file 1: Fig. S1).

GWAS summary statistics
To derive PRS for SA, we used the results from only the 
BD samples in the GWAS by Mullins et  al. (2019). For 
exploratory purposes, we additionally calculated PRS for 
SA from the SCZ samples, or from the only MDD sam-
ples of the same GWAS. We also used the most recent 
GWAS summary statistics from the PGC for BD (Stahl 
et al. 2019), SCZ (Lam et al. 2019), MDD (Howard et al. 
2019), and OCD (International Obsessive Compulsive 
Disorder Foundation Genetics Collaborative (IOCDF-
GC) and OCD Collaborative Genetics Association Stud-
ies (OCGAS) 2018). Only the GWAS for SCZ included 
Asian samples. Details including sample size, population, 
and SNP heritability of the studies are summarized in 
Additional file 1: Table S3.

Data analysis
We used PRSice-2 to calculate PRSs and followed the 
standard protocol unless otherwise mentioned (Choi and 
O’Reilly 2019). We calculated the PRSs using ten differ-
ent p-value thresholds for each GWAS summary statistic, 
and the PRSs were standardized to have a mean of zero 
and a standard deviation (SD) of one. For lifetime SA as 
the dependent variable (DV), we performed univariate 
logistic regression with each calculated PRS as the inde-
pendent variable (IV). Nagelkerke’s pseudo  R2 was used 
to measure model performance to select the best-fit 
model. We then performed multivariate logistic regres-
sion adjusted for age, sex, diagnosis (BD-I vs. BD-II), 
study center and the first two principal components.

We also conducted univariate linear regression to 
explore the relationship between the number of attempts 
(including zeros from non-attempters) and PRSs and to 
select the best-fit model using  R2. Then the PRSs from 
the best-fit model between single attempters and multi-
ple attempters (number of attempts ≥ 2) were compared 
using logistic regression. We then conducted multivari-
ate logistic regression using all five PRSs as the IVs to 
account for known shared genetic architecture between 
the five traits.

We considered the difference between BD-I and BD-II 
in genetic architecture and the manifestation of suicidal 
behavior. We repeated univariate logistic regression anal-
yses in the subgroups by diagnosis using each PRS as the 
IV and lifetime SA as the DV.

We additionally compare the rate of lifetime SA 
between patients with and without comorbid OCD using 
logistic regression.

A p value of less than 0.05 was considered statistically 
significant. All statistical analyses were performed using 
R version 4.02 (R Development Core Team 2010).

http://www.koreanchip.org
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Results
Basic characteristics and suicidality of study participants
Table 1 summarizes the characteristics of the 383 patients 
with bipolar disorder. The mean age (SD) of the partici-
pants was 34.9  years (10.9). The proportion of females 
and patients with BD-I were 65%, and 59%, respectively. 
A history of lifetime SA was observed in 121 (31.6%) 
patients. Suicide attempters were more common in those 
with BD-II (41.1%) than in those with BD-I (24.9%). 
Except for the diagnosis, the basic characteristics did 
not differ between the attempters and non-attempters. 
Additional file 1: Fig. S2 illustrates the distribution of the 
number of attempts (total N = 378). Among 121 attempt-
ers, 64 (16.9%) were single attempters, 52 (13.8%) were 
multiple attempters, and five had no data on the number 
of attempts.

Association between PRS for SA (PRS‑SA) and lifetime SA
The PRS for SA (PRS-SA) showed a significant asso-
ciation with lifetime SA (Fig. 1). One SD increase in the 
best-fit PRS was associated with a 36% increase in the 
odds ratio (OR) of attempters vs. non-attempters (best-fit 
p value threshold = 1, Nagelkerke’s  R2 = 2.73%, OR = 1.36, 
95% CI = 1.09–1.70, p = 0.007). The association remained 
significant after adjusting for age, sex, diagnosis, study 
center, and the first two principal components (PRS-
SA, OR = 1.32, 95% CI = 1.05–1.66, p = 0.018) (Table  2). 
Compared with these results, the PRSs for SA calculated 
from only SCZ samples, or from only MDD samples did 
not show significant association with lifetime SA in our 
BD samples (Additional file 1: Fig. S6). Also, the Nagel-
kerke’s  R2 values were relatively lower.

Association between PRSs for four psychiatric disorders 
and lifetime SA
Neither the PRS for BD (PRS-BD), PRS for SCZ (PRS-
SCZ), nor PRS for MDD (PRS-MDD) showed a significant 
association with lifetime SA (PRS-BD, best-fit P-value 

threshold = 0.5, Nagelkerke’s  R2 = 0.68%, OR = 1.16, 
95% CI = 0.94–1.44, p = 0.173; PRS-SCZ, best-fit p value 
threshold = 1 ×  10–4, Nagelkerke’s  R2 = 1.05%, OR = 0.83, 
95% CI = 0.66–1.03, p = 0.091; PRS-MDD, best-fit p 
value threshold = 1 ×  10–4, Nagelkerke’s  R2 = 1.23%, 
OR = 1.23, 95% CI = 0.99–1.53, p = 0.068). The PRS for 
OCD (PRS-OCD) showed a significant association with 
lifetime SA (Fig. 2). One SD increase in the best-fit PRS 
was associated with a 36% increase in the OR of attempt-
ers vs. non-attempters (best-fit p value threshold = 0.001, 
Nagelkerke’s  R2 = 2.72%, OR = 1.36, 95% CI = 1.09–1.69, 
p = 0.007). The association remained significant after 
adjusting for age, sex, diagnosis, study center, and the 
first two principal components (PRS-OCD, OR = 1.32, 
95% CI = 1.05–1.66, p = 0.017) (Table 2).

Multivariate model for lifetime SA using five PRSs
We additionally put all five PRSs into a multivariate 
model (Nagelkerke’s  R2 = 8.07%). The PRS-SA and PRS-
OCD still showed significant associations with lifetime 
SA (Table 3). The multivariate model including five PRSs, 
age, sex, and diagnosis showed better performance, com-
pared to null model (including age, sex, and diagnosis) 
across multiple measures (Additional file 1: Fig. S3).

Single attempters vs. multiple attempters
Using the number of attempts as the phenotype, the best-
fit PRS-SA was derived from the model using p value 
threshold of 0.5  (R2 = 1.68%, p = 0.012), while the PRS-SA 
using a p value threshold of 1 showed a comparable result 
(Additional file 1: Fig. S4a, b). When compared between 
multiple attempters and single attempters in logistic 
regression analysis, the chosen best-fit PRS-SA was not 
significantly different (p = 0.263) (Additional file  1: Fig. 
S4c, d).

The PRS-OCD showed a significant association 
between the number of attempts in the model using a 
p value threshold of 0.001. The best-fit PRS explained 

Table 1 Basic characteristics of the study subjects and comparison between suicide attempters (N = 121) vs. non‑attempters 
(N = 262)

a Suicide attempters include single attempters (N = 64) and multiple attempters (N = 52)
b Difference was tested between suicide attempters and non-attempters using the t-test or chi-squared test

Suicide  attemptersa (N = 121) Non‑attempters (N = 262) Total (N = 383) Pb

Mean SD Mean SD Mean SD

Age 33.3 10.4 35.6 11 34.9 11 0.065

N % N % N % Pb

Sex, female 84 69.4 165 63 249 65 0.265

Diagnosis, bipolar II disorder 65 53.7 93 35.5 158 41 0.001

Study center, SNUBH 60 49.6 111 42.4 171 45 0.226
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4.50% of the variance  (R2 = 4.50%, p = 3.18 ×  10–5) 
(Fig. 3a, b). When compared between multiple attempt-
ers and single attempters, the chosen best-fit PRS-OCD 
was significantly higher in the multiple attempters. One 
SD increase in the best-fit PRS-OCD was associated 
with a 53% increase in the OR for multiple attempters vs. 
single attempters (Nagelkerke’s  R2 = 4.91%, OR = 1.53, 
95% CI = 1.01–2.30, p = 0.043) (Fig.  3d). The quan-
tile plot in Fig.  3c depicts the trend in the associations 
across five quantiles for PRS-OCD. In the higher quan-
tiles compared with the first quantile, the OR for multi-
ple attempters vs. single attempters was higher, although 
the association in each quantile did not reach statistical 
significance (quantile 2, OR = 1.20, 95% CI = 0.37–3.92; 
quantile 3, OR = 1.43, 95% CI = 0.44–4.62; quantile 4, 
OR = 2.36, 95% CI = 0.73–7.60; quantile 5, OR = 3.00, 
95% CI = 0.87–10.30). In contrast, the PRS-OCD did 
not significantly differ between non-attempters vs. sin-
gle attempters in logistic regression analysis (p = 0.325) 
(Fig. 3d).

Subgroup analysis by diagnosis
The PRS-SA and PRS-OCD, which were significantly 
associated with lifetime SA in the total sample, showed 
significant associations with lifetime SA in BD-II sub-
group (PRS-SA, OR = 1.58, 95% CI = 1.15–2.16; PRS-
OCD, OR = 1.80, 95% CI = 1.24–2.60), but not in BD-I 
subgroup (PRS-SA, OR = 1.08, 95% CI = 0.77–1.52; PRS-
OCD, OR = 1.13, 95% CI = 0.84–1.51) (Fig. 4).

Association between comorbid OCD and lifetime SA
Among 284 patients with available clinical data, 39 
(13.7%) had comorbid OCD. Comorbid OCD was not 
significantly associated with lifetime SA (OR = 0.74, 
95% CI = 0.35–1.56, p = 0.428) or repeated attempts 
(OR = 0.48, 95% CI = 0.12–2.00, p = 0.316).

Discussion
This study aimed to investigate the genetic architec-
ture of SA in Korean patients with BD using polygenic 
risk scores. We applied the PRS for SA derived from the 

Fig. 1 Association between polygenic risk scores for suicide attempt and lifetime suicide attempt. Logistic regression was performed with the PRS 
for suicide attempt as the independent variable and suicide attempters (N = 121) vs. nonattempters (N = 262) as the dependent variable. The x‑axis 
illustrates the p‑value thresholds used to filter the variants from GWAS for suicidal attempt. The y‑axis illustrates Nagelkerke’s pseudo  R2. The p values 
for the associations are shown above each bar. *Asterisk indicates nominal significance (p < 0.05). PRS polygenic risk score, GWAS genome‑wide 
association study
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GWAS result of EUR patients with BD as well as those 
for four mental disorders (BD, SCZ, MDD, and OCD) 
based on PGC data to the current phenotype of SA and 
repeated attempts. The PRS-SA calculated from the EUR 
patients was associated with lifetime SA in the current 
subjects with BD. The PRS-OCD was also associated 

with SA, and the association was specifically significant 
with repeated attempts.

Even though the predictive performance of PRS usually 
decreases when applied to different ethnic groups (Dun-
can et al. 2019; Martin et al. 2019), we obtained a signifi-
cant result, which indicated a 1.36-fold higher risk for 
suicide attempt per one SD for the PRS-SA. This signifi-
cant finding might have benefited from the homogeneity 
of the underlying diagnosis, i.e., BD in both the discovery 
(Mullins et al. 2019) and target (the current) data. Owing 
to this specificity, however, the current result cannot be 
directly compared to previous findings. In most previous 
GWAS and PRS studies for SA, the subjects were mixed 
populations in terms of psychiatric diagnoses (Mullins 
et  al. 2019; Erlangsen et  al. 2020; Ruderfer et  al. 2020). 
According to a previous study of Mullins et  al. (2019), 
the PRS for SA calculated in one disorder was not signifi-
cantly associated with SA in another disorder. Apart from 
that, only a few GWASs for suicide-related phenotypes 
have been performed in East Asian populations (Otsuka 
et  al. 2019; Rao et  al. 2020). A Japanese study (Otsuka 
et al. 2019) reported that polygenic risk for complete sui-
cide calculated from a GWAS was associated with com-
plete suicide in another cohort, showing  R2 similar to 
that of our study. In that study, both discovery and target 
samples were homogenous Japanese population, but the 
psychiatric diagnoses of the subjects were not indicated. 
A recent Chinese study performed a GWAS of SA in 
patients with MDD (Rao et al. 2020). That study did not 
identify any SNP reaching genome-wide significance, and 
did not include a PRS analysis.

In the current study, the association between PRS-
OCD and lifetime SA particularly reflected an association 

Table 2 Multivariate logistic regression analysis with lifetime 
suicide attempt as the dependent variable

PRS polygenic risk score, SNUBH Seoul National University Bundang Hospital
a Five outlier samples were removed after visual inspection of the 
multidimensional scaling plots, then the principal components were 
recalculated

Odds ratio 95% CI P

PRS for suicide attempt as the independent variable

 PRS for suicide attempt 1.32 1.05–1.66 0.018

 Age 0.97 0.95–1.00 0.026

 Sex, female 1.27 0.78–2.07 0.334

 Diagnosis, bipolar II disorder 1.96 1.22–3.16 0.006

 Study center, SNUBH 1.26 0.77–2.07 0.356

 1st principal  componenta 0.29 0.00–24.07 0.587

 2nd principal  componenta 0.80 0.01–66.14 0.920

PRS for obsessive–compulsive disorder as the independent variable

 PRS for obsessive–compulsive 
disorder

1.32 1.05–1.66 0.017

 Age 0.98 0.95–1.00 0.028

 Sex, female 1.29 0.79–2.09 0.312

 Diagnosis, bipolar II disorder 1.99 1.24–3.21 0.005

 Study center, SNUBH 1.31 0.80–2.15 0.285

 1st principal  componenta 0.18 0.00–15.05 0.448

 2nd principal  componenta 0.95 0.01–78.63 0.982

Fig. 2 Association between polygenic risk scores for four mental disorders and lifetime suicide attempt. Logistic regression was performed 
with each PRS as the independent variable and suicide attempters (N = 121) vs. nonattempters (N = 262) as the dependent variable. The x‑axis 
illustrates the P‑value thresholds used to filter the variants from each GWAS result. The y‑axis illustrates Nagelkerke’s pseudo  R2. The P values for the 
associations are shown above each bar. *Asterisk indicates nominal significance (p < 0.05). PRS polygenic risk score, GWAS genome‑wide association 
study
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with repeated attempts (Nagelkerke’s  R2 = 4.91% and 
OR = 1.53). The effect size seemed notable compared 
to that of previous studies on SA using PRSs for other 
phenotypes, e.g., MDD, schizophrenia, anxiety disor-
der, anhedonia, and low educational attainment (Mul-
lins et al. 2019; Coombes et al. 2020; Lopes et al. 2020). 
Unfortunately, no prior study has examined the associa-
tion between PRS-OCD and SA, or repeated attempts. 
According to a recent systematic review (Amerio 2019), 
whether comorbid OCD in BD was associated with an 
increased risk for SA at the clinical level has also yet to 
be confirmed. A recent study suggested comorbid OCD 
in patients with BD increased the risk for SA using vio-
lent methods rather than the risk for lifetime SA (Di 
Salvo et al. 2020). When we investigated the association 
between SA and comorbid OCD at the clinical level, 
comorbid OCD was not significantly associated with 
SA or repeated attempts. In addition, even though the 
PRS-OCD was significantly associated with both lifetime 
SA and comorbid OCD in the current subjects, models 
showing the strongest association were different between 
the two phenotypes, i.e., models using p-value thresh-
old of 0.001 (Fig.  2) and 1 ×  10–6 (Additional file  1: Fig. 
S5) respectively. Thus, the current data could not clarify 

whether the association between PRS-OCD and SA is 
mediated by the clinical manifestation of OCD.

Considering that obsessive–compulsive symptoms are 
defined as the “repetition of thought and/or behavior”, 
a genetic liability to OCD might affect the repetition or 
disinhibition of certain impulses or behaviors. According 
to a recent epidemiological study reporting the familial 
co-aggregation of OCD and suicidal behavior (Sidorchuk 
et  al. 2021), not only OCD patients but also their unaf-
fected relatives showed increased risks for suicide 
attempt or complete suicide. This implies that some traits 
other than overt obsessive–compulsive symptoms might 
mediate the association between the PRS-OCD and SA 
or repetition. Neurocognitive deficits could be a potential 
mediator given that individuals with OCD and those with 
suicidal behavior showed similar patterns of impairment 
in executive function such as response inhibition, cogni-
tive flexibility, and decision-making (Chamberlain et  al. 
2007; Menzies et al. 2007; Cavedini et al. 2010; Rajender 
et  al. 2011; Bredemeier and Miller 2015; Zhang et  al. 
2015; Ozcan et al. 2016; Harfmann et al. 2019). Moreover, 
in a recent study, PRS-OCD was associated with the per-
sonality trait of harm-avoidance (Bey et al. 2020), which 
was suggested as a risk factor for SA in patients with BD 
(Engström et al. 2004).

Recent large-scale studies (Mullins et  al. 2019; 
Coombes et  al. 2020) supported the positive associa-
tion between the PRS-MDD and SA in BD samples. In 
our study, the trend in association did not reach statis-
tical significance (OR = 1.23, 95% CI = 0.99–1.53). Simi-
larly, the negative association between the PRS-SCZ and 
SA, which was previously found in mixed sample of BD, 
MDD, and SCZ (Mullins et  al. 2019) did not reach sta-
tistical significance in our BD samples (OR = 0.83, 95% 
CI = 0.66–1.03). The present study did not show a signifi-
cant association between PRS-BD and lifetime SA, which 
is corroborating a previous finding (Mullins et al. 2019).

Subgroup analysis by diagnosis showed different pat-
terns of polygenic risks between BD-I and BD-II. The sig-
nificant association between the PRS-SA and PRS-OCD 
and lifetime SA was observed only in BD-II subgroup 
despite the smaller sample size. In our subjects, the rate 
of lifetime SA was significantly higher in BD-II than in 
BD-I (Additional file 1: Table S4). This finding was incon-
sistent with those in a previous review and meta-analysis, 
which suggested no significant differences in lifetime SA 
between patients with BD-I and BD-II. However, other 
studies suggested that the SA patterns might be differ-
ent between the two groups; several studies reported that 
patients with BD-II used more lethal methods compared 
to BD-I (Vieta et  al. 1997; Tondo et  al. 2007). Aaltonen 
et  al. (2016) also reported that repeated attempts were 
more common in patients with BD-II. Considering the 

Table 3 Multivariate logistic regression analysis using five 
polygenic risk scores

PRS polygenic risk score, SNUBH Seoul National University Bundang Hospital
a Five outlier samples were removed after visual inspection of the 
multidimensional scaling plots, then the principal components were 
recalculated

Odds ratio 95% CI P

Multivariate model using five PRSs

 PRS for suicide attempt 1.36 1.08–1.72 0.009

 PRS for bipolar disorder 1.18 0.94–1.47 0.146

 PRS for schizophrenia 0.80 0.64–1.00 0.052

 PRS for major depressive disorder 1.21 0.97–1.52 0.096

 PRS for obsessive–compulsive 
disorder

1.33 1.06–1.66 0.015

Multivariate model using five PRSs with additional adjustments

 PRS for suicide attempt 1.32 1.04–1.67 0.021

 PRS for bipolar disorder 1.21 0.96–1.52 0.106

 PRS for schizophrenia 0.82 0.64–1.04 0.097

 PRS for major depressive disorder 1.14 0.90–1.44 0.267

 PRS for obsessive–compulsive 
disorder

1.29 1.02–1.63 0.031

 Age 0.98 0.95–1.00 0.035

 Sex, female 1.29 0.79–2.12 0.315

 Diagnosis, bipolar II disorder 1.83 1.12–2.99 0.015

 Study center, SNUBH 1.26 0.76–2.08 0.374

 1st principal  componenta 0.35 0.00–32.84 0.651

 2nd principal  componenta 0.86 0.01–79.46 0.947
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Fig. 3 Higher polygenic risk scores for obsessive–compulsive disorder in multiple attempters (N = 64) compared to single attempters (N = 52). A 
Linear regression was performed with the PRS for OCD as the independent variable and the number of attempts as the dependent variable. The 
x‑axis illustrates the p value thresholds used to filter the variants from the GWAS for OCD. The y‑axis illustrates  R2, which represents the proportion 
of the variance explained. The p‑values for the associations are shown above each bar. *Asterisk indicates nominal significance (p < 0.05). Model 
using a p value threshold of 0.001 was selected as the best‑fit model. B Scatter plot illustrates the relationship between PRS for OCD and the 
number of attempts. The red line and green shading illustrate the best‑fit linear regression model and 95% confidence intervals, respectively. The 
x‑axis illustrates the PRS calculated using the best‑fit model. Since the PRS was standardized, x‑axis ticks were marked with the mean and standard 
deviation. C Quantile plot illustrates the pattern of the ORs for multiple attempters vs. single attempters across the quantiles of the PRS for OCD. The 
x‑axis illustrates the last four quantiles of all five quantiles of the PRS for OCD. The y‑axis illustrates the OR for multiple attempters (N = 64) vs single 
attempters (N = 52) in each quantile compared to the first quantile. The OR from the total sample was also shown after the dotted vertical line. The 
points and lines illustrate the ORs and 95% confidence intervals, respectively. D Density plot illustrates the distribution of the PRS for OCD across 
non‑attempters (N = 262), single attempters (N = 64), multiple attempters (N = 52), and lifetime attempters (single or multiple) (N = 121). The PRS 
for OCD was significantly different between single attempters vs multiple attempters, but not between non‑attempters vs single attempters. PRS 
polygenic risk score, OCD obsessive–compulsive disorder, GWAS genome‑wide association study, OR odds ratio
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current results and differences in the genetic architec-
ture between BD-I and BD-II reported previously (Rud-
erfer et  al. 2014; Allardyce et  al. 2018; Bipolar Disoder 
and Schizophrenia Working Group of the Psychiatric 
Genomics Consortium 2018; Stahl et  al. 2019; Gordo-
vez and McMahon 2020), genetic studies for SA need to 
be separately performed in patients with BD-I or BD-II 
using larger samples.

Since suicide is the worst outcome of mental disor-
ders, the prediction of SA is critical in clinical practice. 
Traditionally, suicide risk evaluation has largely been 
dependent upon proximal risk factors such as depressive 
mood or suicidal ideation, which can be observed dur-
ing the crisis state (Malhi et al. 2018). In contrast, poly-
genic risks can be objectively measured in the earliest 
phase of illness. Individual risk estimation using genomic 
data would improve the performance of current suicide 
risk evaluation. However, the PRS profiles in the present 
study and other genomic studies (Mullins et  al. 2019; 
Coombes et  al. 2020; Lopes et  al. 2020; Ruderfer et  al. 
2020) explained only a small portion of the variance in 
SA. Therefore, to be used as a prediction model of SA, the 

explanatory power needs to be increased by refining sui-
cide-related phenotypes and investigating more homo-
geneous populations in terms of psychiatric illnesses. In 
addition, the relationship between genetic factors and 
known clinical factors must be studied, so that they could 
be used together to generate a prediction model.

Several limitations must be considered when inter-
preting our results. First, due to the limited sample size, 
the data were underpowered to detect associations with 
relatively small effects. To validate the current data and 
identify more associations adopting the current design, 
large-scale genomic and clinical data in patients with 
BD and other psychiatric disorders should be accumu-
lated. Second, we used the reference data from other 
ethnic groups, which could decrease the explanatory 
power of PRS. This may account for our result that the 
previously reported associations between the PRS-MDD 
and PRS-SCZ and SA were not replicated. Third, we did 
not evaluate the diverse clinical correlates of SA, which 
might mediate the associations observed in our study. 
In particular, clinical symptoms, medication effects, and 
the detailed characteristics of SA such as the degree 

Fig. 4 Association between five polygenic risk scores and lifetime suicide attempt in the subgroups by diagnosis. Logistic regression was 
performed with each PRS as the independent variable and suicide attempters vs non‑attempters as the dependent variable in the subgroups by 
diagnosis (bipolar I disorder attempters, N = 56 and non‑attempters, N = 169; bipolar II disorder attempters, N = 65 and non‑attempters, N = 93). 
The points and lines illustrate the odds ratios and 95% confidence intervals, respectively. The PRS for suicide attempt and the PRS for obsessive–
compulsive disorder showed significant associations only in the bipolar II disorder subgroup
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of suicidal intent and lethality of the method were not 
investigated. Fourth, the assessment of SA was retrospec-
tive. However, a history of SA was evaluated based on a 
comprehensive information gathering process described 
elsewhere (Baek et  al. 2019). In addition, even though 
the subjects were recruited from two hospitals using 
different structured interviews (DIGS and/or CIDI in 
the SMC, MINI and/or CIDI in the SNUBH), the items 
related to SA were comparable, and the rate of SA did not 
differ between the two institutions (Table  1). Lastly, the 
observation period for lifetime SA could not be fixed, and 
the presence of false-negative cases in the non-attempter 
group could not be ruled out.

Conclusion
The present study provided additional evidence that the 
polygenic effects for specific traits contributed to the risk 
of lifetime SA in patients with BD. The PRS for SA cal-
culated using the EUR data of BD patients showed a sig-
nificant association with lifetime SAs in Korean patients 
with BD. In addition, the PRS for OCD seemed to affect 
repeated attempts. Both findings were more prominent 
in the BD-II subgroup, which showed a higher rate of SAs 
than that in the BD-I subgroup. Future genomic studies 
based on larger, ethnically diverse samples with more 
refined phenotypes are needed to identify the genetic 
architecture of suicide attempt.
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