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Abstract
Introduction: Suicidal thoughts and behaviors have partially
distinct genetic etiologies. Methods: We used PRS-CS to
create polygenic risk scores (PRSs) from GWAS of non-
suicidal self-injury, broad-sense self-harm ideation, nonfa-
tal suicide attempt, death by suicide, and depression. Using

mixed-effect models, we estimated whether these PRSs
were associated with a range of suicidal thoughts and be-
haviors in the Collaborative Study on the Genetics of Al-
coholism (N = 7,526). Results: All PRSs were significantly
associated with suicidal ideation and suicide attempt (betas =
0.08–0.44, false discovery rate [FDR] <0.023). All PRSs except
non-suicidal self-injury PRS were associated with active sui-
cidal ideation (betas = 0.14–0.22, FDR <0.003). Several as-
sociations remained significant inmodels where all significant
PRSs were included as simultaneous predictors, and when all
PRSs predicted suicide attempt, the PRS together explained
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6.2% of the variance in suicide attempt. Significant associa-
tions were also observed between some PRSs and persistent
suicidal ideation, non-suicidal self-injury, compounded sui-
cide attempt, and desire to die. Conclusion: Our findings
suggest that PRS for depression does not explain the entirety
of the variance in suicidal thoughts and behaviors, with PRS
specifically for suicidal thoughts and behaviors making ad-
ditional and sometimes unique contributions.

© 2023 S. Karger AG, Basel

Introduction

While several risk factors for suicidality are known
[1–5], little research has identified which factors may be
particularly important to the progression from suicidal
ideation to suicide attempt to death by suicide [6–8].
Currently, the best predictors of suicide death are the
preceding stages. For example, high level of intent
(measured using Beck’s Suicidal Intention Scale [9]) at
previous attempt and having made a medically serious
previous attempt were found to be strong predictors of
suicide death [10, 11]. However, longitudinal studies
following individuals with a prior nonfatal suicide at-
tempt found that a modest proportion (1.2–6.7%) died
by suicide [12–14]. In contrast to death by suicide,
suicide attempt is well predicted by its risk factors: 29%
of those reporting suicidal ideation and 56% of those
reporting ideation and a plan, also endorse suicide
attempts [15].

Genome-wide association studies (GWASs) of broad-
sense self-harm ideation (i.e., thoughts of self-harm re-
gardless of suicidal intent) [16, 17], self-harm [16, 17],
suicide attempt [18], and death by suicide [19] have
revealed significant single nucleotide polymorphism
(SNP) heritability (the proportion of phenotypic variance
that is explained by all SNPs included in a GWAS) es-
timates (h2SNP = 0.068–0.25). Non-suicidal self-injury and
suicidal thoughts and behaviors are transdiagnostic, co-
occurring with psychiatric disorders ranging from bipolar
disorder [20] to eating disorders [21], but are most
frequently studied in the context of depression. Polygenic
risk scores (PRSs; an estimate of one’s genetic liability to a
trait of interest) for major depressive disorder, depressive
symptoms, and/or broad depression are associated with
self-reported suicidal thoughts and behaviors ranging
from self-harm (in general) to suicidal ideation, suicide
attempt, and death by suicide [19, 22–27]. However,
major depressive disorder [28] is only partially genetically
correlated with suicidal ideation (rg = 0.46) [17] and

suicide attempt (rg = 0.78) [18], and depression [29] is
also not perfectly genetically correlated with death by
suicide (rg = 0.42) [30]. Some studies have found sig-
nificant associations between observed suicidal thoughts
and behaviors and PRS of self-harm [16, 23] and suicide
attempt [18, 24, 31]. However, with the exception of a
recent study from Mullins et al. [18] which identified a
significant association between suicide attempt and a PRS
constructed from a GWAS of suicide attempt conditioned
on major depressive disorder [18], little research has
explored whether genetic liability to non-suicidal self-
injury and suicidal thoughts and behaviors that are in-
dependent from genetic liability to depression explain
variance in suicidal thoughts and behaviors. Thus, vali-
dating the transdiagnostic heritability of various aspects
of suicidal thoughts and behaviors requires that PRS
constructed from GWAS of non-suicidal self-injury and
suicidal thoughts and behaviors be examined in other
samples to estimate whether this polygenic liability is an
independent predictor of suicidal thoughts and behaviors,
beyond the genetics of depression. Such independent
effects would further solidify the need to consider the
genetics of suicidal thoughts and behaviors as trans-
diagnostic markers of liability to a broad range of psy-
chopathology with suicidal thoughts and behaviors as
components.

Non-suicidal self-injury and suicidal thoughts and
behaviors may represent a genetically heterogeneous set
of phenotypes. However, genetic research to date has
struggled to investigate this question due to the common
overlap among these phenotypes. Twin and family studies
have been best able to answer these questions using
distinct phenotypes; for example, a recent study by
Kendler et al. [32] found evidence to suggest that suicide
attempt and death by suicide are genetically distinct in
ways beyond severity. Still, some relationships between
these phenotypes are less clear, with some twin studies
having found that a large portion of the variation in
suicide attempt is explained by genetic factors shared with
non-suicidal self-injury [33] and that the two behaviors
share a genetic correlation of 0.94 [34], while a study by
Russell et al. [24] was not able to identify any genetic
correlation between non-suicidal self-injury and suicide
attempt, although in a considerably smaller sample.
Ability to explore these genetic relationships using
GWAS data has been much more limited by omnibus
phenotype definitions. For example, GWASs of suicide
attempt frequently include cases who have died by suicide
[25], and GWASs of self-harm behavior often do not
specify intent, consequently combining non-suicidal self-
injury and suicide attempt into one measure [16, 17]. The
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inconsistent findings regarding genetic similarities and
distinctions between suicidal thoughts and behaviors
necessitate further exploration using current, well-
powered GWAS data.

Using GWAS of non-suicidal self-injury, broad-sense
self-harm ideation [35], nonfatal suicide attempt [18],
death by suicide [19], and depression [29, 36], we ex-
amined whether polygenic liability to these phenotypes
was associated with 11 suicidal thoughts and behaviors in
individuals in the Collaborative Study on the Genetics of
Alcoholism (COGA). As COGA was primarily ascer-
tained for alcohol use disorders (AUDs), individuals in
the sample may have elevated risk for other mental health
conditions including suicidal thoughts and behaviors,
and its independent assessment of these suicidal thoughts
and behaviors apart from depression supports the use of
COGA to address these questions. We hypothesized that
(1) PRS for suicidal thoughts and behaviors would ex-
plain additional, unique variance in suicidal thoughts and
behaviors, beyond that explained by depression PRS and
(2) non-suicidal self-injury would be genetically distinct
from suicidal thoughts and behaviors.

Methods

Data
Target Dataset
COGA was designed to investigate the genetic underpinnings

of AUD and has collected data from extended families with an
extensive AUD history as well as comparison families from the
community [37–39]. Using the Semi-Structured Assessment for
the Genetics of Alcoholism (SSAGA) interview [40, 41], COGA
collected data from all participants on a wide variety of mental
health phenotypes, including depression and, independently,
suicidal thoughts and behaviors. Many questions about suicidal
thoughts and behaviors were nested, meaning that they were only
asked as follow-up questions to individuals endorsing a prereq-
uisite variable. For example, data for active suicidal ideation were
only collected for individuals who endorsed any suicidal ideation.
The nine mental health phenotypes used in the current study are as
follows.

• Non-suicidal self-injury: individuals were asked, “(Other than
when you tried to take your own life) did you ever hurt yourself
on purpose, for example, by cutting or burning yourself?”

• Suicidal ideation: individuals were asked, “Have you ever
thought about killing yourself?”
– Active suicidal ideation: individuals endorsing suicidal

ideation were subsequently asked, “Did you have a plan?
(Did you actually consider a way to take your life?)”

– Persistent suicidal ideation: individuals endorsing suicidal
ideation were subsequently asked, “Did those thoughts
persist for at least 7 days in a row?”

• Suicide attempt: individuals were asked, “Have you ever tried to
kill yourself?”

– More than one attempt: individuals who endorsed a suicide
attempt were asked, “How many times (did you try to kill
yourself)?” Affected individuals answered more than once.

– Medical treatment after attempt: individuals who endorsed a
suicide attempt were asked, “Did you require medical
treatment after you tried to kill yourself?”

– Substance use prior to attempt: individuals who endorsed a
suicide attempt were asked, “Did you try to kill yourself after
you had been drinking?” and “Did you try to kill yourself
after using drugs?” Affected individuals answered yes to
either one or both of these questions.

– Desire to die: individuals who endorsed a suicide attempt
were asked, “Did you really want to die?” Those responding
“yes” or “maybe” were coded as endorsing the item. We
utilized this item to further refine suicide attempts into those
where further respondent reflection suggested that the at-
tempt was indeed related to suicide and not self-injury.

A description of all phenotypes and their prevalence in the
sample can be found in Table 1. In addition to the above SSAGA-
defined phenotypes, we constructed a binary variable (“com-
pounded suicide attempt”) which compared individuals with a
suicide attempt and at least one compounding behavior (more
than one attempt, requiring medical treatment after an attempt,
substance use prior to an attempt, desire to die) to individuals
endorsing only a single suicide attempt with no co-occurring
conditions.

As discovery GWASs (see below) were only available in samples
of European ancestry, and accuracy of PRS prediction is low when
genetic ancestries of discovery and target datasets differ, our
analyses were limited to individuals of European genetic ancestry.
Genetic data and analysis covariates were available for 7,646 in-
dividuals of European ancestry. The data processing has been
described in more detail previously [42]. Because the COGA
sample was genotyped using multiple arrays, QC focused on a
common set of 47,000 high-quality variants that were genotyped in
all arrays, and duplicate individuals were removed. Briefly, variants
were imputed separately for each array using the Haplotype
Reference Consortium panel and were filtered to only include
SNPs with INFO scores >0.8, minor allele frequency >0.01 and
that passed Hardy-Weinberg equilibrium (p < 10−6).

Discovery Datasets
We used summary statistics from existing GWASs of broad-

sense self-harm ideation, nonfatal suicide attempt, death by sui-
cide, and depression and constructed our own GWAS of non-
suicidal self-injury to calculate PRS for individuals in the COGA
sample.

• Broad-sense self-harm ideation: GWAS summary statistics (N =
135,819) were derived from European individuals in the UK
Biobank who answered either “No,” “Yes, once,” or “Yes, more
than once” to “Have you contemplated harming yourself (for
example, by cutting, biting, hitting yourself or taking an over-
dose)?” (Data-Field 20485 and was analyzed as an ordinal
variable, i.e., “No” = 0, “Yes, once” = 1, and “Yes, more than
once” = 2).We refer to this form of thinking as broad-sense self-
harm ideation as suicidal intent could not be determined. The
summary statistics were downloaded from the Pan-UKB
GWAS results (https://pan.ukbb.broadinstitute.org).
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• Nonfatal suicide attempt: suicide attempt summary statistics
came from a meta-analysis of GWAS of suicide attempt by the
International Suicide Genetics Consortium (ISGC) using a
combination of clinical interviews, self-report questionnaires,
hospital records, and ICD-10 codes [18]. Suicide attempt cases
were categorized as individuals who made a nonfatal suicide
attempt (an act of self-harm performed with intent to die) or
died by suicide (~20% of cases). As there is prior evidence to
suggest partly distinct genetic etiologies of suicide attempt and
death by suicide [43], we obtained summary statistics from a
GWAS of nonfatal suicide attempt only (i.e., excluding indi-
viduals who had died by suicide) from the ISGC (N = 507,744,N
case = 23,767) in order to keep these phenotypes independent.

• Death by suicide: GWAS summary statistics (N = 18,223,N case =
3,413) were taken from data from the Utah Office of the Medical
Examiner [19].

• Non-suicidal self-injury: previous GWAS have not specifically
looked at non-suicidal self-injury, disentangling it from suicide
attempt, so we conducted our own GWAS for non-suicidal self-
injury in the UK Biobank sample using SAIGE [44]. A direct
measure of non-suicidal self-injury is not provided by the UK
Biobank; however, we derived this phenotype using information
from the UK Biobank’s online “Thoughts and Feelings” mental
health questionnaire. The questionnaire asked individuals
“Have you deliberately harmed yourself, whether or not you
meant to end your life?” (Data-Field 20480, N = 137,969), and
those who answered “Yes” (N = 5,924) were then asked in a
follow-up question, “Have you harmed yourself with the

intention to end your life?” (data-Field 20483). Individuals who
answered yes to both questions (N = 3,056), indicating self-
harm with suicidal intent, were excluded from our analyses.
After quality control (see below), we were left with a remaining
sample size of 133,620 individuals (N cases = 2,845). SAIGE
performs a GWAS in two steps: first, it uses individual-level
genotype data to fit the null logistic model, then uses imputed
dosage data to perform the association tests [44]. Step 1 of
SAIGE used genotype array data (i.e., non-imputed) which was
filtered to exclude variants with >5% missingness, Hardy-
Weinberg equilibrium p values below 1e−10, and minor al-
lele frequency <0.05. Following QC, genotype array data un-
derwent LD pruning in PLINK (using the command --indep-
pairwise 50 5 0.2). Step 2 of SAIGE was performed using
imputed dosages downloaded from the UK Biobank filtered for
INFO score >0.9, minor allele frequency >0.01, and minor allele
count >20.We limited our UK Biobank sample to individuals of
European genetic ancestry using the ancestry assignments
published by the Pan-UKB team [35]. Following the procedure
from Zhou et al. (2018), we included sex, age, and the first 10
genetic principal components (provided by the Pan-UKB team)
as covariates in the GWAS. We implemented the leave-one-
chromosome-out option in SAIGE. The GWAS produced no
genome-wide significant (p < 5e−8) results; the strongest as-
sociation (p = 9.21e−7) was at lead SNP rs72778956 on
chromosome 10.

• Depression: we used METAL [45] to meta-analyze two GWASs
of depression (N = 750,414, N case = 254,566): one from the

Table 1. Prevalence of binary suicidal thoughts and behavior variables in COGA

Suicidal thought or behavior Description N
total

N
affected

Non-suicidal self-injury Individuals were asked, “(Other than when you tried to take your own life)
did you ever hurt yourself on purpose, for example, by cutting or burning
yourself?”

6,434 571

Suicidal ideation Individuals were asked, “Have you ever thought about killing yourself?” 7,526 3,267
Active ideation Individuals endorsing suicidal ideation were subsequently asked, “Did you

have a plan? (Did you actually consider a way to take your life?)”
3,205 1,330

Persistent ideation Individuals endorsing suicidal ideation were subsequently asked, “Did those
thoughts persist for at least 7 days in a row?”

3,153 963

Suicide attempt Individuals were asked, “Have you ever tried to kill yourself?” 7,526 814
More than one attempt Individuals who endorsed a suicide attempt were asked, “How many times

(did you try to kill yourself)?” Affected individuals answered more than once
797 319

Medical treatment after attempt Individuals who endorsed a suicide attempt were asked, “Did you require
medical treatment after you tried to kill yourself?”

799 355

Substance use prior to attempt Individuals who endorsed a suicide attempt were asked, “Did you try to kill
yourself after you had been drinking?” and “Did you try to kill yourself after
using drugs?” Affected individuals answered yes to either one or both of
these questions

798 360

Desire to die Individuals who endorsed a suicide attempt were asked, “Did you really
want to die?” Affected individuals answered “maybe” or “yes” to this
question

799 576

Compounded suicide attempt Indented rows indicate nested questions, for example, data for active
ideation were only collected on individuals endorsing suicidal ideation.

798 713

Indented rows indicate nested questions, for example, data for active ideation were only collected on individuals endorsing
suicidal ideation.
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Million Veteran Program sample [36] and the other from a
previous meta-analysis of the UK Biobank and Psychiatric
Genomics Consortium [29].

Analyses

Polygenic Risk Scores
PRSs in COGA individuals were calculated with PRS-CS [46],

using effect sizes from the previously mentioned GWAS summary
statistics. For depression and nonfatal suicide attempt, we allowed
the software to learn the global shrinkage parameter from the data.
However, when calculating PRS using the non-suicidal self-injury,
broad-sense self-harm ideation, and death by suicide GWAS, for
which sample sizes were more limited, we manually set the global
shrinkage parameter phi = 1e−2 (following guidance from the
PRS-CS development team and others [46, 47]). We used PLINK’s --
score command [48] to produce individual level PRS in the COGA
sample. PRS were scaled to a standard normal distribution.

Association Models
We used logistic mixed-effect regressionmodels to formally test

for associations between non-suicidal self-injury, broad-sense self-
harm ideation, nonfatal suicide attempt, death by suicide, and
depression PRS, and suicidal thoughts and behaviors in COGA. All
models included sex, age at last interview, genotyping array, and
the first 10 genetic principal components as fixed covariates and
family ID as a random intercept. Due to the ascertainment strategy
for COGA families, we also tested whether significant associations
between the PRS and suicidal thoughts and behaviors remained
after additionally including AUD as a covariate. We used the
MuMIn [49] package in R to calculate pseudo-R2 (percent variance
explained) values.

For suicidal thoughts and behaviors that were associated with
multiple PRSs, we constructed follow-up “multi-PRS” models
which accounted for those PRSs as predictors simultaneously. For
all models, we considered false discovery rate (FDR) < 0.05 as
significant. FDR was calculated across all discovery GWASs but
separately in each set of models, i.e., across the main single PRS
models, then across the models covarying for AUD, then across the
multi-PRS models.

Average PRS Visualization
To visualize the mean PRS values for affected and unaffected

individuals, we fit a mixed effects model to get PRS residual values
by regressing the following covariates on the PRS: sex, age at last
interview, genotyping array, the first 10 genetic principal com-
ponents, and family ID (as a random effect). For each suicidal
thought or behavior, we split individuals into “affected” and
“unaffected” groups and then calculated the average PRS residuals
and standard errors in each of the groups for visualization pur-
poses (shown in Fig. 1). As this figure compares affected and
unaffected groups, only original binary phenotypes from COGA
are included in the figure (i.e., the derived compounded suicide
attempt phenotype is excluded).

Genetic Correlations
We calculated genome-wide genetic correlations (rg) among the

five GWAS using LD score regression [50].

Results

To maximize the total sample size in each model, our
analytic sample included individuals who had complete
genetic data, information for all covariates and data for at
least one suicidal thought or behavior (e.g., individuals
with suicide attempt data but not non-suicidal self-injury
data could still be included in the models with suicide
attempt as an outcome). A total of 6,434 individuals had
data on non-suicidal self-injury (prevalence = 0.09; see
Table 1). 7,526 individuals had data on suicidal ideation
(prevalence = 0.43) and suicide attempt (prevalence =
0.11). Of those self-reporting suicidal ideation, 41% in-
dicated active suicidal ideation and 31% indicated per-
sistent ideation. In the group of individuals self-reporting
suicide attempt, 40% had endorsed more than one at-
tempt. Those who self-reported a suicide attempt were
asked follow-up questions about their attempt, or if they
had endorsed multiple attempts, they were asked follow-
up questions in regards to their most serious attempt. Of
these individuals who reported at least one suicide at-
tempt, 44% required medical treatment after their at-
tempt, 45% had used a substance prior to their attempt,
and 72% had indicated a desire to die.

PRSs were correlated with each other to varying de-
grees (see online suppl. Table S1; for all online suppl.
material, see www.karger.com/doi/10.1159/000529164),
with the highest correlation between nonfatal suicide
attempt and depression (r = 0.29) and the lowest cor-
relation between non-suicidal self-injury and death by
suicide (r = 0.02). Overall, we found that average PRS
residual values were higher in individuals endorsing
suicidal thoughts or behaviors compared to their coun-
terparts who did not endorse suicidal thoughts or be-
haviors (shown in Fig. 1), although when formally testing
for associations between PRS and observed suicidal
thoughts and behaviors using logistic mixed-effect re-
gression models, not all associations were significant after
FDR corrections (shown in Table 2).

We found that all PRSs were significantly associated with
suicidal ideation (beta = 0.08–0.31, se = 0.026–0.028, FDR
<0.004, R2 = 0.002–0.025) (shown in Table 2). Given that all
PRSs were significantly associated with suicidal ideation in
separatemodels, we constructed amulti-PRSmodel in which
all five PRSs simultaneously predicted suicidal ideation. In
the multi-PRS model, the depression, nonfatal suicide at-
tempt, and broad-sense self-harm ideation PRSs remained
significantly associated with suicidal ideation (FDR
<1.10e−3), while the death by suicide PRS and non-suicidal
self-injury PRS were no longer significantly associated with
suicidal ideation (shown in online suppl. Table S2).
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Similarly, we observed that all PRSs were significantly
associated with suicide attempt (beta = 0.10–0.44, se =
0.040–0.044, FDR <0.023, R2 = 0.003–0.047), but the
strongest association was with nonfatal suicide attempt
PRS and the weakest association was with the non-
suicidal self-injury PRS. In the follow-up multi-PRS
model which included all PRSs as simultaneous predic-
tors (R2 = 0.062), associations only remained significant
between suicide attempt and the depression and nonfatal
suicide attempt PRS. Active suicidal ideation was sig-
nificantly associated with all PRSs (beta = 0.14–0.22, se =
0.039–0.043, FDR <0.003, R2 = 0.005–0.011) except for
the non-suicidal self-injury PRS, and associations with all
PRS remained significant, although they were slightly
weaker in the multi-PRS model (beta = 0.11–0.16, se =
0.041–0.045, FDR <0.024, R2 = 0.023).

Persistent suicidal ideation was significantly associ-
ated with the depression PRS (beta = 0.12, se = 0.042,
FDR = 0.016, R2 = 0.003) and nonfatal suicide attempt
PRS (beta = 0.18, se = 0.044, FDR = 2.2e−4, R2 = 0.007).
However, in the multi-PRS model, the association be-
tween persistent suicidal ideation and the depression
PRS was no longer significant, while the association with
the nonfatal suicide attempt PRS remained significant
(beta = 0.16, se = 0.05, FDR = 0.002). Desire to die was
only significantly associated with nonfatal suicide at-
tempt PRS (beta = 0.26, se = 0.098, FDR = 0.019, R2 =
0.009); similarly, compounded suicide attempt was only
associated with the nonfatal suicide attempt PRS (beta =
0.33, se = 0.15, FDR = 0.049, R2 = 0.017).

Non-suicidal self-injury was significantly associated
with all PRSs (beta = 0.16–0.24, se = 0.049–0.053, FDR
<0.0035, R2 = 0.005–0.011) except for the death by suicide
PRS. Notably, in the multi-PRS model in which non-
suicidal self-injury was predicted by all PRSs except for
the death by suicide PRS, associations with the PRS
remained significant with the exception of non-suicidal
self-injury’s association with the non-suicidal self-injury
PRS. More than one attempt, requiring medical treatment
after an attempt, and substance use prior to an attempt
were not significantly associated with any of the PRS
(shown in Table 2).

Additionally, we tested whether PRS remained sig-
nificantly associated with suicidal thoughts and behaviors

after controlling for AUD by adding it as an additional
covariate in the models. We found that all previously
significant associations (shown in Table 2) remained
significantly associated (FDR <0.05) in the models
covarying for AUD (shown in online suppl. Table S3).

Finally, we calculated significant, positive genetic
correlations among all five GWASs (rg = 0.44–0.84, all p <
6e−4; shown in online suppl. Table S4). Deaths by suicide
and suicide attempt were most strongly genetically cor-
related (rg = 0.84, se = 0.08, p = 7.1e−24), while the
weakest genetic correlation was observed between de-
pression and non-suicidal self-injury (rg = 0.44, se = 0.06,
p = 2.5e−12). In general, non-suicidal self-injury had the
weakest genetic correlations with the other traits (rg =
0.44–0.69, se = 0.06–0.16, all p < 6e−4). Genetic corre-
lations in the current study closely matched reports from
previous studies, for example, Mullins et al. (2022) found
that nonfatal suicide attempt and death by suicide share a
genetic correlation of 0.77 (se = 0.08), which is very close
to our estimate of 0.84 (se = 0.08, p = 7.08e−24), and also
estimated the genetic correlation between suicide attempt
and self-harm ideation to be 0.82 (se = 0.07), which is
identical to our estimate of 0.82 (se = 0.06, p = 1.44e−43).
We did observe a slightly weaker genetic correlation
between depression and nonfatal suicide attempt in the
current study rg = 0.70, se = 0.04, p = 5.8e−71) compared
to the genetic correlation observed between suicide at-
tempt (including death by suicide cases) and major de-
pressive disorder (rg = 0.78, se = 0.04) in the study by
Mullins et al. (2022); however, differences in the estimate
likely reflect differences in the nonfatal and broad suicide
attempt phenotypes as well as between major depressive
disorder and our broad depression phenotype.

Discussion

We characterized the associations of polygenic liability
for non-suicidal self-injury, broad-sense self-harm ide-
ation, nonfatal suicide attempt, death by suicide, and
depression with a variety of suicidal thoughts and be-
haviors observed in the COGA sample, a family based
sample that was enriched for AUD diagnoses. All PRSs
were significantly associated with suicidal ideation and

Fig. 1. Average PRS for individuals exhibiting specific suicidal
thoughts and behaviors. PRS studied were non-suicidal self-injury,
self-harm ideation, suicide attempt, death by suicide, and de-
pression. Dots represent average PRS residuals after regressing out
covariates, and bars represent standard errors. Dark blue dots
represent average PRS in the affected groups, while light blue dots

represent average PRS in the unaffected groups. Asterisks indicate
associations that are significant (see Table 2). a Average PRS
residuals for non-suicidal self-injury. b Average PRS residuals for
self-harm ideation. c Average PRS residuals for nonfatal suicide
attempt. d Average PRS residuals for death by suicide. e Average
PRS residuals depression.
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Table 2. Regression results

Suicidal thought or behavior outcome measures PRS Beta Std. error FDR q value R2 (%)

Non-suicidal self-injury Non-suicidal self-injury 0.158 0.049 3.50E−03 0.506
Non-suicidal self-injury Self-harm ideation 0.21 0.049 8.70E−05 0.822
Non-suicidal self-injury Nonfatal suicide attempt 0.238 0.053 3.20E−05 0.981
Non-suicidal self-injury Death by suicide 0.084 0.051 0.184 0.14
Non-suicidal self-injury Depression 0.241 0.051 1.20E−05 1.14
Suicidal ideation Non-suicidal self-injury 0.083 0.026 4.00E−03 0.187
Suicidal ideation Self-harm ideation 0.187 0.026 1.00E−11 0.933
Suicidal ideation Nonfatal suicide attempt 0.212 0.028 8.50E−13 1.063
Suicidal ideation Death by suicide 0.095 0.027 1.40E−03 0.226
Suicidal ideation Depression 0.309 0.027 2.40E−28 2.528
Persistent suicidal ideation Non-suicidal self-injury 0.058 0.041 0.264 0.095
Persistent suicidal ideation Self-harm ideation 0.068 0.04 0.172 0.116
Persistent suicidal ideation Nonfatal suicide attempt 0.177 0.044 2.20E−04 0.721
Persistent suicidal ideation Death by suicide 0.056 0.043 0.31 0.064
Persistent suicidal ideation Depression 0.116 0.042 0.016 0.347
Active suicidal ideation Non-suicidal self-injury 0.029 0.04 0.621 0.022
Active suicidal ideation Self-harm ideation 0.183 0.039 1.80E−05 0.909
Active suicidal ideation Nonfatal suicide attempt 0.22 0.043 2.20E−06 1.119
Active suicidal ideation Death by suicide 0.138 0.041 2.70E−03 0.474
Active suicidal ideation Depression 0.188 0.041 2.60E−05 0.9
Suicide attempt Non-suicidal self-injury 0.104 0.04 0.023 0.269
Suicide attempt Self-harm ideation 0.225 0.041 2.80E−07 1.263
Suicide attempt Nonfatal suicide attempt 0.342 0.044 2.80E−13 2.532
Suicide attempt Death by suicide 0.138 0.043 3.40E−03 0.464
Suicide attempt Depression 0.441 0.043 2.10E−23 4.67
Substance use prior to attempt Non-suicidal self-injury −0.055 0.083 0.649 0.085
Substance use prior to attempt Self-harm ideation −0.162 0.081 0.09 0.61
Substance use prior to attempt Nonfatal suicide attempt 0.082 0.087 0.502 0.143
Substance use prior to attempt Death by suicide −0.031 0.085 0.808 0.01
Substance use prior to attempt Depression −0.168 0.081 0.078 0.624
Desire to die Non-suicidal self-injury −0.065 0.091 0.621 0.276
Desire to die Self-harm ideation 0.038 0.088 0.782 −0.104
Desire to die Nonfatal suicide attempt 0.261 0.098 0.019 0.932
Desire to die Death by suicide 0.092 0.094 0.484 −0.028
Desire to die Depression −0.03 0.089 0.808 0.023
More than one attempt Non-suicidal self-injury −0.034 0.079 0.782 0.023
More than one attempt Self-harm ideation −0.002 0.077 0.979 −2.44E−04
More than one attempt Nonfatal suicide attempt 0.124 0.083 0.236 0.362
More than one attempt Death by suicide −0.026 0.082 0.808 0.012
More than one attempt Depression 0.046 0.078 0.695 0.082
Medical treatment after attempt Non-suicidal self-injury 0.06 0.079 0.621 0.094
Medical treatment after attempt Self-harm ideation 0.03 0.078 0.801 0.029
Medical treatment after attempt Nonfatal suicide attempt 0.086 0.083 0.462 0.174
Medical treatment after attempt Death by suicide −0.011 0.082 0.909 5.25E−04
Medical treatment after attempt Depression 0.033 0.078 0.782 0.031
Compounded suicide attempt Non-suicidal self-injury 0.026 0.133 0.88 0.024
Compounded suicide attempt Self-harm ideation −0.031 0.129 0.856 0.051
Compounded suicide attempt Nonfatal suicide attempt 0.328 0.145 0.049 1.747
Compounded suicide attempt Death by suicide −0.097 0.136 0.621 0.33
Compounded suicide attempt Depression 0.155 0.137 0.406 0.061

R2 represents the proportion of the variance in the suicidal thought or behavior (STB) explained by the PRS. Pseudo-R2 values are
presented on the observed scale. As an example, when converted to the liability scale, the percent variance in suicide attempt
explained by genetic liability for nonfatal suicide attempt was 4.74%. Significant associations (FDR <0.05) are highlighted in bold.
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suicide attempt, and active suicidal ideation was associ-
ated with all PRSs except for the non-suicidal self-injury
PRS. In models where depression and suicidal thoughts
and behaviors were included as simultaneous predictors,
many associations remained significant, supporting our
hypothesis that while genetic liability to suicidal thoughts
and behaviors and depression are related, they retain
some independent genetic contributions to suicidal
thoughts and behaviors. On the other hand, non-suicidal
self-injury PRS did not remain significantly associated
with any self-harm behaviors in COGA after accounting
for the depression and suicidal thoughts and behaviors
PRS, suggesting that beyond its shared genetics with the
other PRS, non-suicidal self-injury PRS is not signifi-
cantly associated with suicidal thoughts and behaviors in
this sample. Additionally, in models testing the associ-
ation between single PRS and active suicidal ideation,
non-suicidal self-injury PRS was the only PRS that was
not significantly associated, further suggesting that non-
suicidal self-injury is somewhat genetically distinct from
suicidal thoughts and behaviors. A follow-up exploratory
analysis in which we calculated genetic correlations be-
tween the non-suicidal self-injury and suicidal thoughts
and behaviors GWAS provided partial support for a
genetic distinction, as the genetic correlations between
non-suicidal self-injury and the suicidal thoughts and
behaviors GWAS (rg = 0.54–0.69) were, for the most part,
weaker than those observed among the suicidal thoughts
and behaviors themselves (rg = 0.53–0.84) (shown in
online suppl. Table S4).

While genetic liability to broad-sense self-harm ide-
ation, nonfatal suicide attempt, death by suicide, and
depression were all associated with greater likelihood of
several suicidal thoughts and behaviors, the finding that
these associations even remain significant in some multi-
PRS models indicates that genetic liabilities to depression,
broad-sense self-harm ideation, nonfatal suicide attempt,
and death by suicide independently contribute to vari-
ance in observed suicidal thoughts and behaviors in
COGA. While previous work has also shown that pre-
disposition to suicide attempt has a genetic component
independent from depression [18, 25], the current study
finds that genetic liability to other suicidal thoughts and
behaviors, specifically broad-sense self-harm ideation and
death by suicide, also make contributions that are in-
dependent from depression (i.e., both PRSs indepen-
dently contribute to active suicidal ideation and broad-
sense self-harm ideation PRS independently contributes
to suicidal ideation). These results add to evidence from
epidemiological studies that have found a family history
of suicidal thoughts and behaviors significantly increases

risk of suicidal thoughts and behaviors independently of
family history of psychiatric illness (e.g., depression) [51].
Furthermore, we find that PRS for suicidal thoughts and
behaviors, particularly nonfatal suicide attempt PRS, may
be better predictors of some suicidal thoughts and be-
haviors than PRS for depression. For example, nonfatal
suicide attempt PRS was significantly associated with
desire to die and compounded suicide attempt while
depression PRS was not, nonfatal suicide attempt PRS
showed a stronger association with active suicidal idea-
tion than depression PRS in univariate models, and
depression PRS was no longer significantly associated
with persistent suicidal ideation after accounting for
nonfatal suicide attempt PRS in amulti-PRSmodel. Thus,
studies predicting suicidal thoughts and behaviors should
not rely on depression PRS alone.

The death by suicide PRS was predictive of suicidal
ideation, active suicidal ideation, and suicide attempt in
univariable models, although only the association with
active suicidal ideation remained significant in the multi-
PRS models. The non-suicidal self-injury PRS was only
predictive of non-suicidal self-injury, suicidal ideation,
and suicide attempt, although none of these associations
remained significant after accounting for the other as-
sociated PRSs. We consider that the relatively smaller
sample sizes of the death by suicide GWAS (N = 18,223,N
cases = 3,413) and non-suicidal self-injury GWAS (N =
133,620, N cases = 2,845) may be contributing to the
differences observed in the non-suicidal self-injury and
death by suicide PRS, considering that sample size of the
discovery GWAS is an important factor in determining
accuracy and predictive power of PRS [47, 52]. We
discuss the limited power of specific GWAS further in the
limitations section.

We did not observe associations between PRS and
several suicidal thoughts and behaviors; specifically, no
PRSs were significantly associated with endorsing sub-
stance use prior to attempt, requiring medical treatment
after attempt, or reporting more than one attempt. Ad-
ditionally, several suicidal thoughts and behaviors (e.g.,
desire to die, persistent suicidal ideation) were only
significantly associated with one or two PRSs. While it is
possible that these behaviors may not have as strong of a
genetic component, we also consider that the nestedness
of these phenotypes may be contributing to these ob-
servations; these suicidal thoughts and behaviors spe-
cifically represent co-occurring behaviors, such that they
were only asked of individuals who had endorsed suicidal
ideation or suicide attempt and as such, any individual
not endorsing the prerequisite variable was not included
in the follow-up variables (e.g., for requiring medical
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treatment after an attempt, the unaffected group only
included individuals who hadmade a suicide attempt). As
a result, the “control” groups for these variables represent
an already high-risk group, and we consider that while
genetic liability contributes to suicidal thoughts and
behaviors broadly, related features of individual suicidal
thoughts and behaviors may not be influenced by the PRS
studied by us. It is also plausible that some features of
individual suicide attempts may be situational; for ex-
ample, requiring medical treatment after an attempt may
reflect lethality and mode of attempt, which may be
environmental in nature [53–55]. Furthermore, indi-
viduals with multiple suicide attempts only answered
follow-up questions in reference to their self-definedmost
serious attempt. For example, an individual may have
made a previous attempt after using substances, but if
they had made a different attempt they believed to be
more serious in which they did not use a substance before
the attempt, then they answered no to substance use prior
to attempt. As a result, some of the behaviors co-
occurring with suicide attempt that we studied may
not accurately represent an individuals’ history of these
behaviors over their lifetime.

Limitations
Based on the SNP heritability, prevalence, and sample

sizes of these traits, we estimate our power to detect an
association between the non-suicidal self-injury PRS and
non-suicidal self-injury in COGA to be only 5.6% and be-
tween the death by suicide PRS and suicide attempt in
COGA to be between 40.51% and 48.99%. Additional factors
beyond the smaller sample size of the GWAS may have
influenced our lack of findings for the death by suicide PRS.
For instance, individuals who are at the highest levels of
genetic risk for death by suicide may not be adequately
represented in a longitudinal study such as COGA. Fur-
thermore, the death by suicide GWAS included individuals
who died by varied violent and nonviolent means [19] and as
such may reflect a highly heterogeneous set of genetic lia-
bilities [56]. In addition to these trait-specific limitations, we
acknowledge various other limitations to this study overall.
First, COGA was ascertained for families with an extensive
history of AUD and as such is not representative of the
broader population. Since individuals with substance use
disorders are at higher risk for suicidal thoughts and be-
haviors [57, 58], our sample may be enriched for these
phenotypes. Second, concerns of accuracy and limited
availability relating to data on family history of suicidal
thoughts and behaviors prevented us from constructing
models in which PRS and family history simultaneously
predicted suicidal thoughts or behaviors, a method shown to

improve risk prediction for other disorders [59, 60]. Third, as
is the case for many PRSs, these PRSs may be strongly as-
sociated with suicidal thoughts and behaviors at the pop-
ulation scale but are not useful for individual-level prediction.
This is not to say PRS for suicidal thoughts and behaviors will
never be useful for classification purposes, but currently, they
are not sufficiently powered nor have important ethical
concerns been addressed [61] for prediction at the individual
or clinical level. Finally, because of the limited non-European
ancestry GWAS available for suicidal thoughts and behavior
phenotypes, we were only able to conduct these analyses in a
subset of individuals in COGA with European ancestry,
despite the diversity of the full COGA sample.

Conclusion

In conclusion, we find evidence that PRS computed from
GWAS of non-suicidal self-injury, broad-sense self-harm
ideation, nonfatal suicide attempt, death by suicide, and
depression are significantly associated with increased risk of
suicidal thoughts and behaviors in individuals in COGA.
Results further corroborate that suicidal thoughts and be-
haviors are heterogeneous and partially genetically distinct
from depression, and therefore, suicidal thoughts and be-
haviors cannot be used as substitutes for each other, nor
should depression be considered to fully account for the
genetic contributions of suicidal thoughts and behaviors. The
associations explored in the current study should be re-
examined as better powered and more diverse samples be-
come available. Furthermore, future work should explore how
polygenic liability to other related traits, like externalizing
behavior or substance use disorders, may be contributing to
suicidal thoughts and behaviors in COGA and other samples.
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