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Abstract
Personality traits influence risk for suicidal behavior. We examined phenotype- and genotype-level associations between 
the Big Five personality traits and suicidal ideation and attempt in major depressive, bipolar and schizoaffective disorder, 
and schizophrenia patients (N = 3012) using fixed- and random-effects inverse variance-weighted meta-analyses. Suicidal 
ideations were more likely to be reported by patients with higher neuroticism and lower extraversion phenotypic scores, but 
showed no significant association with polygenic load for these personality traits. Our findings provide new insights into 
the association between personality and suicidal behavior across mental illnesses and suggest that the genetic component of 
personality traits is unlikely to have strong causal effects on suicidal behavior.
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Introduction

Suicide is a leading cause of mortality [1], and most indi-
viduals with suicidal behavior, which includes suicidal idea-
tion (SI), suicide attempt (SA), and completed suicide, have 

a diagnosed mental health disorder [2].
Suicidal behavior has a complex, heterogenous etiology. 

Its risk factors include genetics, personality characteristics, 
and adverse life events [3]. Twin and family studies showed 
that suicidal behavior is heritable and that 30–55% of its 
phenotypic variance is explained by genetic risk factors that 
only partially overlap with those for mental disease [4–7]. 
Although individual predictors explain only a fraction of the 
phenotypic variability, studying them is useful to enhance 
our understanding of disease pathophysiology and inform 
the development of diagnostic and preventive measures [8].

Personality characteristics, like the Big Five personal-
ity traits (neuroticism, agreeableness, conscientiousness, 
extraversion, openness), or TEMPS-A temperaments are 
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relatively stable throughout life [9, 10]. They influence 
the perception of and exposure and response to life events 
and thus mediate susceptibility and/or resilience to envi-
ronmental risk factors. For example, individuals with 
higher neuroticism show high emotional arousal, experi-
ence more negative emotions and are more sensitive to 
negative emotional stimuli and potential loss [10, 11]. 
In contrast, high extraversion is associated with higher 
levels of energy and sociability and more positive affect 
[12]. Hence, multiple studies have provided compelling 
evidence that high neuroticism and low extraversion are 
important risk factors for suicidal behavior [13–15]. A 
substantial amount of the phenotypic variance of these 
personality traits is explained by common genetic vari-
ants: single-nucleotide polymorphism (SNP)-based herit-
ability estimates range from 6 to 15% for neuroticism and 
5% to 18% for extraversion [11, 12, 16, 17].

The polygenic makeup of personality traits is one of the 
few quantifiable biological factors that likely influences 
suicidal behavior [11, 12, 18], so it is relevant to investi-
gate how much phenotypic variance in suicidal behavior is 
explained by the polygenic load for personality traits [19]. 
Furthermore, it would be important to understand whether 
personality traits have a disease-specific or cross-diagnostic 
influence on suicidal behavior risk in mental illness. There-
fore, we investigated a) the association between personality 
traits and SI and SA across the affective-psychotic diagnosis 
spectrum, b) whether associations differ between diagnostic 
groups, and c) what percentage of phenotypic variation in 
suicidal behavior is attributable to polygenic scores (PGS) 
for personality traits.

Patients and methods

Sample description

Participants with DSM-IV diagnosis of major depressive 
disorder (MDD), bipolar disorder (BD), schizoaffective 
disorder (SCZA), or schizophrenia (SCZ) and available 
information on lifetime SI or SA (presence/absence) and 
genetic data were selected from nine independent datasets 
of European-ancestry cases (N = 3012). Sample details, 
including the definitions of suicidal behavior, are described 
in the Supplementary Information, including Supplemen-
tary Table S4.

The Big Five model is the most widely accepted personal-
ity theory, and it is extensively used in research. Two sam-
ples (PsyCourse and FOR2107) included individual-level 
information on the Big Five personality traits, assessed 
with either the short version of the Big Five Inventory (Psy-
Course) or the NEO Five Factor Inventory (FOR2107; Sup-
plementary  Table S6) [20, 21].

Genetic analyses

The cohorts were genotyped by different microarray types in 
accordance with local protocols. Quality control and popu-
lation substructure analyses were performed with PLINK 
v1.9 and either R (for the PsyCourse and FOR2107 cohorts) 
or the RICOPILI pipeline (for the other seven cohorts), as 
described previously [22–24] (Supplementary Methods and 
Supplementary Tables S1-S2). Imputation was performed 
with SHAPEIT and IMPUTE2 with the 1000 Genomes 
Phase 3 (for the FOR2107 and PsyCourse cohorts) or 
the Haplotype Reference Consortium v1.0 (for the other 
cohorts) reference panels. For our analyses, we selected vari-
ants present in the PRS-CS 1000 Genomes Phase 3 EUR 
reference dataset.

PRS-CS was used to calculate PGS for personality traits 
with significant effects at the phenotype level by using sum-
mary statistics from genome-wide association studies as 
training datasets (Supplementary Table S3) [11, 12, 25].

Statistical analyses

In the primary phenotype-level analyses, we analyzed the 
association of personality traits with SI and SA within the 
PsyCourse and FOR2017 samples by logistic regression, 
with sex, age, and BD subtype as covariates. Results of 
these analyses were meta-analyzed using fixed- and random-
effects inverse variance-weighted meta-analyses. Potential 
subgroup effects specific for DSM categories were investi-
gated with diagnosis-specific meta-analyses. To investigate 
associations of extraversion and neuroticism PGS with SI 
and SA, we used the same analysis models as for the pheno-
type-level analyses. Genotyping batch (for the Romania1 and 
euoR samples) and the first eight multidimensional scaling 
ancestry components were used as additional covariates. The 
statistical power of our sample was estimated with G*Power 
3.1 and the avengeme R package [26, 27]. The significance 
threshold was corrected for 14 tests by Bonferroni’s method 
(α = 0.05/[5 personality traits × 2 phenotypes and 2 PGS × 2 
phenotypes] = 3.57 × 10–3).

Results

The frequency of SI and SA in our study was 61.16% and 
31.28%, respectively.

Personality and suicidal behavior

Our study had 80% power (α = 0.05) to detect effects of 
personality traits with odds ratio (OR) ≥ 1.15 on SI and 
OR ≥ 1.23 on SA.
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In the fixed-effects meta-analysis of the FOR2107 and 
PsyCourse samples, neuroticism was significantly associ-
ated with an increased likelihood of SI (OR = 1.37, 95% 
CI [1.23–1.54], p = 2.11 × 10−8, Cochran’s Q p = 0.02, 
I2 = 57.9%), and extraversion, with a decreased likelihood 
(OR = 0.78, 95% CI [0.70–0.87], p = 1.01 × 10−5, Cochran’s 
Q p = 0.06, I2 = 48.3%) (Table  1, Fig.  1). The random-
effects meta-analysis results were not substantially different 
(Table 1). In the secondary, diagnosis-specific meta-anal-
yses, the effect direction was consistent across diagnostic 
groups, although a high level of heterogeneity (Cochran’s 
Q p < 0.05) was observed in all diagnoses except MDD and 
partially SCZA (Supplementary Table S7). After correc-
tion for multiple testing, none of the other personality traits 
showed significant associations (Table 1). 

None of the personality traits was significantly associated 
with SA, although the direction of the effects was the same 
as with SI (Table 1).

PGS for personality traits and suicidal behavior

No significant association was found between neuroti-
cism and extraversion PGS and SI or SA (Table 1). Post 
hoc power analyses indicated that none of the PGS analyses 
in our sample had 80% power to identify PGS effects with 
p < 0.05.

Discussion

To our knowledge, this study is the first attempt to dissect 
the phenotypic and genetic relationship between personality 
traits and suicidal behavior across the affective-psychotic 
diagnostic spectrum. We found significant phenotype-level 
associations of both neuroticism and extraversion—two per-
sonality traits known to influence affect processing—with SI 
across diagnostic groups but no evidence that these associa-
tions were driven by the polygenic load for these traits.

An association of neuroticism with increased suicidal 
behavior risk has already been described in population-based 
cohorts [14, 28, 29] and studies on individuals with per-
sonality [30] or affective disorders [31–33]; our secondary 
analyses confirmed these findings in patients with MDD (the 
largest diagnostic group in our study) and showed similar 
effects for BD and SCZ, suggesting that neuroticism may 
represent a transdiagnostic risk factor for SI [34].

Studies reported a protective effect of extraversion in the 
general population [15, 35] and patients with affective dis-
order [33, 35]. The diagnosis-specific results in our study 
support such a protective effect in MDD and suggest similar 
effects in BD.

Although our SA sample was sufficiently powered to 
detect effect sizes comparable to those observed for SI, we 
found no significant associations of neuroticism and extra-
version with SA, which is a more severe phenotype than SI. 
This finding suggests a lesser involvement, or a lack thereof, 
of personality traits in SA in comparison with SI.

The present study constitutes, to our knowledge, the 
first attempt to ascertain the role of a polygenic load asso-
ciated with personality traits on suicidal behavior in a 
sample exclusively composed of patients with psychiat-
ric diagnoses. Despite the phenotype-level associations, 
neuroticism and extraversion PGS were not significantly 
associated with suicide-related phenotypes, which con-
trasts with a study that detected an association between 
neuroticism PGS and SA or self-harm in a population-
based cohort of 4959 individuals [36]. However, according 
to our post-hoc analysis, our study lacked statistical power 
to replicate these findings. Furthermore, neuroticism and 
extraversion PGS explained only a small proportion of the 
phenotypic variance of the respective personality traits in 
our study (R2

neuroticism = 0.011, R2
extraversion = 0.0059).

Limitations

The heterogeneous definitions of personality, SI, and SA in 
the samples, as also implied by the heterogeneity estimates 
(I2) of our analyses, are an important limitation. SI and SA 
are broad concepts with no universally accepted definitions 
[37]. Accordingly, their prevalence might be impacted by 
cohort-specific differences, as also observed in our study 
(Supplementary Tables S4, S6). A further potential source 
of heterogeneity was the use of different questionnaires to 
assess personality traits in the various cohorts. Notably, 
these issues represent a general problem in psychiatric 
research [38]. To assess the effect of heterogeneity on our 
results, we performed random- and fixed-effects meta-anal-
yses. Another limitation is that we did not account for pos-
sible confounders by assessing environmental precipitating 
factors. Last, our sample had limited statistical power, which 
reduced the likelihood of detecting true-positive signals.

Conclusion

Our findings reinforce the notion that personality traits 
contribute to the expression of SI independently of diagno-
sis, and they provide preliminary evidence that personal-
ity trait PGS are unlikely to have strong causal effects on 
suicidal behavior. These findings need validation in larger 
clinical datasets.
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Fig. 1   Results of secondary phenotype-level analyses. For extra-
version and neuroticism, which were significantly associated with 
suicidal ideation in the primary analyses, we conducted second-
ary analyses to investigate potential differences across the diagnos-
tic spectrum. Results of the individual regression models can be 
found in Supplementary Table  S7. Inverse variance-weighted meta-
analysis p values that were significant after Bonferroni correction 

(α < 3.57 × 10–3) are indicated with an asterisk. Meta fixed, inverse 
variance-weighted fixed-effects meta-analysis; meta random, inverse 
variance-weighted random-effects meta-analysis; 95% CI, 95% confi-
dence intervals (the 95% CIs were constrained to a minimum of 0 and 
a maximum of 1); OR, odds ratio (a higher OR indicates an associa-
tion with suicidal ideation
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