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Abstract

Suicide attempts (SA) among African Americans have increased at a greater rate than any
other racial/ethnic group. Research in European ancestry populations has indicated that SA are
genetically influenced; however, less is known about the genetic contributors that underpin SA
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among African Americans. We examined whether genetic propensity for depression and risky
behaviors (assessed via polygenic risk scores; PRS) independently and jointly are associated
with SA among urban, African Americans and whether sex differences exist in these relations.
Participants (V= 1,157, 45.0% male) were originally recruited as part of two first grade universal
school-based prevention trials. Participants reported in adolescence and young adulthood on
whether they ever attempted suicide in their life. Depression and risky behaviors PRS were created
based on large-scale genome-wide association studies conducted by Howard et al. (2019) and
Karlson Linner et al. (2019), respectively. There was a significant interaction between the risky
behavior PRS and depression PRS such that the combination of high risky behavior polygenic
risk and low/moderate polygenic risk for depression was associated with greater risk for lifetime
SA among the whole sample and African American males specifically. In addition, the risky
behavior PRS was significantly positively associated with lifetime SA among African American
males. These findings provide preliminary evidence regarding the importance of examining risky
behavior and depression polygenic risk in relation to SA among African Americans, though
replication of our findings in other African American samples is needed.
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INTRODUCTION

Suicide attempt is a robust risk factor for suicide death, with some studies indicating that
close to 9% of individuals who attempt suicide will eventually die by suicide (Bostwick

& Pankratz, 2000) and other work indicating that over 80% of deaths by suicide occur
within a year of the first suicide attempt (Bostwick, Pabbati, Geske, & McKean, 2016). The
epidemiology of suicide and suicide attempts in the United States has shifted over time and
an emerging risk group is urban, African American young people (Price & Khubchandani,
2019). Estimates of lifetime suicide attempts among African American youth have ranged
from 4.1% to 11% (Nock et al., 2013; Tomek et al., 2015). From 1991 to 2017, suicide
attempts increased by over 70% among African American male and female adolescents and
attempts requiring medical attention increased by 122% among African American males
(Lindsey, Sheftall, Xiao, & Joe, 2019). Given the dramatic increase in suicide attempts
among African Americans, an examination into individual-specific risk factors that may
explain this increase, such as genetic predispositions, is warranted.

Most research that has examined the impact of genetic variation on suicide attempt

has been limited to exclusively European American samples, with African Americans
largely underrepresented in this research. The lack of inclusion of diverse ancestral
populations, such as African Americans, in genomics research poses a significant problem
given differences in linkage disequilibrium (LD), allele frequencies, and environmental/
contextual experiences across ancestral populations. Each of these differences may reduce
the generalizability of findings observed in European ancestry samples to other ancestral
groups (Marnetto et al., 2020; Martin et al., 2017) such as African Americans. For example,
several studies have revealed a net attenuation in the variance accounted for in a number
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of phenotypes (e.g., educational attainment; Rabinowitz et al., 2019) when the ancestry of
genetic discovery samples does not reflect the population under study (Martin et al., 2019).
The current study aims to examine whether polygenic risk scores for depression and risky
behaviors derived from European ancestry discovery samples (Howard et al., 2019; Karlson
Linner et al., 2019) independently and jointly are associated with lifetime suicide attempt

in an urban, African American sample. This study is a first step in determining whether
conclusions drawn from genomics research on suicidal behaviors among European ancestral
populations are applicable to urban, African Americans.

1.1 | Genetics and suicide attempt

Genetic variation is one factor that may influence susceptibility to attempting suicide. For
example, a number of studies have indicated that suicidal behavior is moderately heritable
(/2 = .30-.50) (Baldessarini & Hennen, 2004; Pedersen & Fiske, 2010; Voracek & Loibl,
2007), with twin and family studies documenting a higher concordance rate for suicide
attempt among monozygotic (MZ) (concordance rate range = 0.12-0.47) compared with
dizygotic (DZ) twins (concordance rate range = 0.00-0.25) (Pedersen & Fiske, 2010). Other
work has indicated that offspring of probands who have attempted suicide are close to five
times more likely to attempt suicide themselves (Brent et al., 2015; Lutz, Mechawar, &
Turecki, 2017).

Within the last several years, a number of genome-wide association studies (GWAS) have
been conducted to identify genetic liabilities associated with suicidal behaviors (Docherty
et al., 2020). Based on discovery results from GWAS, polygenic risk scores (PRS) can

be generated which are weighted summed scores that often include hundreds of thousands
of single nucleotide polymorphisms (SNPs) of very small effect size that represent an
individual’s cumulative genetic risk for a specific phenotype (Maher, 2015). Ideally, the use
of a PRS approach in relation to suicide attempt may help reveal key etiological factors
related to suicide attempts, improve the accuracy of suicidal risk models, and inform more
tailored suicide prevention approaches.

1.2 | Depression genetics and suicide attempt

Polygenic risk for depressive symptoms may play a significant role in suicide attempt
manifestation (Lim et al., 2020; Mullins et al., 2014). Research examining the genetic
relations between depression and suicide attempt has revealed positive genetic correlations
between suicide attempt, major depression, and depressive symptoms (rrange = .40-.50)
(Ruderfer et al., 2020). Most of the work that has examined whether depressive symptoms
PRS are associated with suicide attempt has been conducted in predominantly European
ancestry samples. For example, using a twin sample of European ancestry, depression
PRS were significantly associated with suicide attempt with a small amount of variance
accounted for (R2 range = 0.12%-0.30%) (Maciejewski et al., 2017; Mullins et al., 2014).
Other work has indicated that depression PRS were associated with suicide attempt among
individuals of European ancestry that met diagnostic criteria for psychiatric disorders (#2
range = 0.25%-0.70%) (Mullins et al., 2014).
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To our knowledge, only one study has examined links between genetic liability for
depression and phenotypic suicide attempt among African Americans. In particular, Levey
et al. (2019) observed that higher levels of depression PRS were tied to greater lethality

of suicide attempt (A2 = 0.70%) with a small fraction of the variance explained in a
predominantly African American cohort that met diagnostic criteria for substance use
disorders. Based on findings from Levey et al. (2019) and work conducted in European
American samples (Mullins et al., 2014), it is possible that higher depression polygenic
risk may similarly exacerbate risk for attempting suicide in a community sample of urban
African Americans, although whether this is the case remains unknown.

1.3 | Risky behavior genetics and suicide attempt

In addition to the potential association between polygenic risk for depression and phenotypic
suicide attempt, genetic propensity for engaging in risky behaviors may also influence
liability for attempting suicide; however, there is a dearth of research in this area. Many
suicide attempts, particularly those carried out by adolescents and young adults, are
impulsive, relatively unplanned events, making impulsivity and risk taking potentially
important factors to consider in relation to suicide attempts in this population (Bridge,
Goldstein, & Brent, 2006; McHugh et al., 2019). At the phenotypic level, higher levels of
impulsivity may reflect difficulties in inhibiting responses, preferences for immediate versus
delayed rewards, self-regulation deficits, and may manifest in higher levels of risk taking
behaviors specifically (Gvion, Levi-Belz, Hadlaczky, & Apter, 2015). A robust literature
base has indicated that greater engagement in risky behavior has been strongly tied to
suicide attempts in young people (McHugh et al., 2019). For example, one study found that
adolescents who engaged in impulsive, risky behaviors, including greater drug use, drinking,
risky sexual behavior, or/and violence, reported more frequent suicide attempts (Thullen,
Taliaferro, & Muehlenkamp, 2016). Other work has shown that higher levels of sexual risk
taking, tobacco/alcohol use, illicit drug use, and delinquent acts among adolescents were
positively associated with suicide attempt when each of these variables was examined in
separate models (Ammerman, Steinberg, & McCloskey, 2018).

There is also some evidence that genetic liability for engaging in risky behaviors may

be associated with increased risk for suicide attempt. Like suicide behaviors, individual
variation in risky behavior engagement is heritable and has distinct genetic underpinnings
(Nicolaou & Shane, 2020). Indeed, a recent GWAS conducted in European ancestry samples
identified numerous genetic loci implicated in four risky behaviors, including number of
sexual partners, drinks per week, lifetime history of smoking, and automobile speeding
propensity (Karlson Linner et al., 2019). In terms of the genetic association between risky
behaviors and suicide attempt, research has observed moderate positive genetic correlations
between risk tolerance (i.e., one’s preference for taking risks) and suicide attempts (/g =
0.33) (Colbert et al., 2021). Similarly, using a twin design, other research has indicated

that close to 40% of the genetic variation in suicidal behaviors was shared with impulsive-
aggressive behaviors (Orri et al., 2020). To our knowledge, no research has examined
whether genetic propensity for engaging in risky behaviors is associated with suicide
attempt, something the current study sought to examine.
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1.4| Sex differences

It is likely that sex differences exist in the association between depression and risky behavior
polygenic risk and phenotypic suicide attempt. For example, a number of studies have
indicated differences in the base rates of suicide attempt based on sex (Lewinsohn, Rohde,
Seeley, & Baldwin, 2001). Genetic risk for suicidal behavior has also been observed to differ
depending on participant sex, with research demonstrating higher heritability estimates (/, =
.74) for self-reported thoughts of harm and suicide among females compared with males (/
= .45) (Althoff et al., 2012). Similarly, twin studies have indicated greater differences in the
concordance rates of suicide between MZ and DZ twins among females (MZ concordance
rate = 11%, DZ concordance rate = 0%) compared with males (MZ concordance rate = 3%,
DZ concordance rate = 2%), suggesting greater genetic effects among women (Pedersen &
Fiske, 2010).

15| Current study

In the current study, we examine whether depression and risky behavior genetic
predispositions (assessed via PRS) are associated independently with reported lifetime
suicide attempt from adolescence into young adulthood among African Americans. In
addition, we examine whether the relations between risky behavior genetic propensity
and lifetime suicide attempt differ based on levels of depression polygenic risk and vice
versa, consistent with research indicating that the combination of phenotypic depression
and risky behavior influences suicide attempt risk (Hart et al., 2017). Determining whether
depression and risky behavior polygenic risk scores (derived from European ancestry
discovery samples) are associated with suicide attempt may inform etiological models of
suicidal behaviors and eventually result in more effective screening for and prevention of
suicide attempts among African American adolescents and young adults.

2| METHOD

2.1| Participants

The study’s analytic sample was drawn from three cohorts of participants in a series of
randomized controlled trials of elementary school-based universal preventive interventions
targeting early aggression and academic achievement. The trials were carried out within a
single urban school district in a Mid-Atlantic region of the United States when children were
in first grade. In terms of inclusion criteria, children had to attend one of the participating
schools, be in first grade, and be in a mainstream as opposed to a self-contained special
education classroom. The interventions employed in the first two cohorts (first trial) are
detailed in Dolan et al. (1993) whereas lalongo et al. (1999) describes the interventions
employed in the third cohort (second trial). Although the targets of the interventions were
the same in the first and second trials, the nature of the interventions varied. Across all three
cohorts, the interventions were administered universally, or classroom-wide, and participants
were followed from first grade to young adulthood (~age 30). The trials and follow-up
studies were approved by a University Institutional Review Board. Participants provided
written informed consent upon reaching age 18, whereas prior to age 18, parents provided
written consent and participants gave verbal assent.
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Three-thousand one-hundred and ten first graders were available for recruitment across the
three cohorts, of which 2,194 were African American. Of the 2,194 African Americans,
1,157 comprised the analytic sample for this study, given that they had successful genome-
wide assays and were asked at least once in a follow-up interview in adolescence or young
adulthood whether they had ever attempted suicide in their lifetime. Participant demographic
information for the analytic sample is outlined in Table 1. Details regarding DNA collection
and processing can be found in the Appnedix S1.

With respect to differences in first grade demographic characteristics (sex and free/reduced
priced lunch status [a proxy for family income]) between the analytic sample (i.e., 1,157
participants in cohorts 1, 2, and 3) and those who did not provide DNA and/or were not
interviewed in adolescence or young adulthood, there was a greater proportion of females
in the analytic sample (analytic sample, 55%, vs. non-analytic sample, 45%, p < .001).

In addition, although there was a greater percentage of those assigned to one of the two
intervention conditions in the analytic sample as compared with the control condition, the
difference was not statistically significant at the p < .05 level (analytic sample, 52% vs.
non-analytic sample, 48%).

2.2 | Measures

2.2.1| Lifetime suicide attempt—Participants were interviewed periodically in
adolescence and young adulthood and were asked if they had ever attempted suicide in
their lifetime. We created a binary variable that reflected ever attempting suicide in one’s
lifetime (0 = no lifetime attempt of suicide 1; 1 = lifetime attempt of suicide).

2.2.2| Risky behavior GWAS discovery sample—\We generated a risky behavior
PRS based on a GWAS (N = 315,894) conducted by Karlson Linner et al. (2019). Using
data drawn from the UK Biobank, an adult European ancestry sample, Karlson Linner et

al. (2019) conducted a principal component analysis (PCA) involving four risky behaviors,
namely drinks per week, automobile speeding propensity, ever been a smoker, and number
of sexual partners. The GWAS was conducted on the first PC which accounted for the most
variability in the four risky behaviors; summary statistics derived from this GWAS served as
the basis from which the risky behavior PRS was generated in the present sample.

2.2.3| Depression GWAS discovery sample—Depression PRS were created based
on the largest GWAS meta-analysis of depression to date. This meta-analysis GWAS
included 807,553 individuals (246,363 cases and 561,190 controls) of European ancestry
across several samples (Howard et al., 2019). Summary statistics for the UK Biobank

and Psychiatric Genomics Consortium (PGC) cohorts were obtained from the online
repository (https://datashare.is.ed.ac.uk/handle/10283/3203). Summary statistics for the
23andMe cohort were obtained under an agreement with 23andMe that protects the privacy
of the 23andMe participants (see http://research.23andme.com/collaborate/#dataset-access
for more information).

2.2.4| Coronary artery disease GWAS discovery sample—To demonstrate
specificity of results, we created a “control” PRS based on a GWAS conducted on coronary
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artery disease (van der Harst & Verweij, 2018). This GWAS included 34,541 cases with
coronary artery disease and 261,984 controls drawn from UK Biobank. Results from these
analyses are presented in the Appnedix S1.

2.3 | Polygenic risk scores generation

PRS were generated using LDpred, a recently developed and commonly implemented
method that obtains posterior estimates of joint effect sizes of the SNPs by incorporating LD
patterns and assumes a spike and slab prior on the effect sizes (Vilhjalmsson et al., 2015).

To ensure matched ancestry between the LD reference panel and the GWAS, we used the
hg38 conversions genotype data from 1,000 Genomes Phase 3 Reference Panel that includes
498 unrelated European ancestry individuals. As suggested by Vilhjalmsson et al. (2015), we
selected the 1,111,236 HapMap3 SNPs with minor allele frequency (MAF) greater than 0.01
that were also available in the 1,000 Genomes Phase 3 Reference Panel and the genotype
data of the target participants. We set the LD radius (i.e., the number of SNPs for which we
adjusted LD on each side of a given SNP) to 400 (approximately the total number of SNPs
divided by 3,000) as suggested by Vilhjalmsson et al. (2015), and considered ps= 1, 0.3,
0.1, 0.03, 0.01, 0.003, 0.001, 0.0003, and 0.0001 as the candidates for the fraction of causal
variants.

Our cohort was split into two groups: a test dataset of European American ancestry (V=
337; 62 of whom reported a lifetime suicide attempt), which was used to select the causal
SNP fraction parameter pz and a validation dataset (i.e., our target sample), which included
only the African American participants comprising the analytic sample in the present study
(V= 1,157; see Table 1 for lifetime suicide attempt frequency in our analytic sample). To
tune the PRS threshold py we calculated various PRS for the individuals in the test dataset
under different values of ps and selected the value of prthat led to the highest squared
correlation (/2) between the corresponding PRS and the phenotype. The proportion of causal
SNPs for each PRS that was most predictive of lifetime suicide attempt in the test dataset
is as follows: risky behavior PRS at pr=0.01, depression PRS at ps= 0.0001, and coronary
artery disease PRS at ps= 0.03. We examined the performance of these PRS thresholds in
the validation dataset (i.e., our African American target analytic sample).

2.4 | Population stratification

To reduce population stratification, we used principal component analysis to create the
population stratification control variables in PLINK 2.0 (Chang et al., 2015). The first 10
genetic ancestry principal components (PCs) were included as covariates in our analyses in
an attempt to control for population stratification.

3| STATISTICAL ANALYSES

The primary analyses were conducted in R version 4.0.2 (R Core Team, 2020). Logistic
regression models were conducted in the whole sample to examine (a) the main effect of
the covariates (intervention status, free/reduced priced lunch status and the top 10 genetic
ancestry PCs), (b) the main effects of the risky behavior PRS and depression PRS adjusted
for the covariates referenced above, and (c) the interaction between the risky behavior PRS
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and depression PRS in relation to lifetime suicide attempt controlling for the main effects

of the risky behavior PRS, depression PRS, and covariates referenced above. To further
characterize the relationship between phenotypic lifetime suicide attempt and risky behavior
PRS and depression PRS levels, we plotted the percentage of individuals who endorsed a
lifetime suicide attempt across deciles of the polygenic risk scores.

Given sex differences in heritability of suicide attempt observed among males and females
(Althoff et al., 2012; Pedersen & Fiske, 2010), we conducted interaction analyses involving
participant sex and the PRS. A model including two, 2-way interactions (i.e., participant
sex x risky behavior PRS and participant sex x depression PRS interaction) was conducted;
this model controlled for the covariates referenced above and the main effects of the risky
behavior PRS and depression PRS. An additional model was run including an interaction
between participant sex, the risky behavior PRS, and depression PRS, which adjusted for
the covariates, main effects of both PRS, as well as three, two-way interactions (i.e., sex x
risky behavior PRS; sex x depression PRS; risky behavior PRS x depression PRS). Given
the possibility we may have been underpowered to detect sex differences, we also conducted
a series of analyses stratified by participant sex to further examine whether different results
patterns emerged based on participant sex. Across models, we report area under the ROC
curve (AUC) which is a metric ranging from 0.5 (poor separation) to 1 (perfect separation)
and indicates the probability that the model will correctly categorize individuals (Streiner &
Cairney, 2007).

In the presence of a significant interaction, the probability of a lifetime suicide attempt at
different values of the depression and risky behavior PRS were plotted, holding all other
covariates constant at their sample means. Model coefficients were extracted and multiplied
by the sample mean for covariates and by a range of values from -3 to 3 in 0.1 increments
for the PRS variables; these values were summed to obtain logit values for lifetime suicide
attempt and then converted to the probability scale and plotted. Three lines were plotted
including (a) one corresponding to possible depression PRS values while holding the risky
behavior PRS constant at 0 (the sample mean after standardization), (b) one corresponding
to possible risky behavior PRS values while holding the depression PRS constant at 0, and
(c) one corresponding to simultaneous changes in both the depression and risky behavior
PRS. For significant interactions, confidence and prediction intervals were plotted to aid in
interpretation of the interaction effects.

4| RESULTS

One hundred and seventy-eight individuals (15.4% of the sample) reported a lifetime suicide
attempt by their young adult years. Approximately 13% of African American males (/7=

67) reported attempting suicide in their lifetime, whereas close to 18% of African American
females endorsed attempting suicide in their lifetime (7= 111). Results from the primary
analyses are presented below.

4.1| Whole sample

The initial covariates-only model had an AUC of 0.59 (95% CI: 0.55, 0.64). There was a
main effect of participant sex such that males were less likely to attempt suicide relative
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to females (aOR = 0.67, 95% CI: 0.48, 0.95, p=.024). The second model added main
effects for the risky behavior PRS and depression PRS to the model which increased the
AUC to 0.60 (95% ClI: 0.55, 0.65). Main effects of the risky behavior PRS (aOR = 1.06,
95% CI: 0.88, 1.28, p=.556) and depression PRS (aOR = 1.11, 95% CI: 0.94, 1.32, p=
.232) with suicide attempt were not significant (Table 2). Distributions are shown in Figure
1 for descriptive purposes only. A greater percentage of individuals with a lifetime history
of suicide attempt were in the top decile of depression polygenic risk. With regards to risky
behavior polygenic risk, the percentage of individuals with a lifetime history of suicide
attempt was higher among individuals in the lowest decile of risky behavior PRS, as well as
higher deciles of risky behavior PRS (Figure 1).

The addition of the risky behavior x depression PRS interaction term to the model increased
the AUC to 0.61 (95 CI: 0.57, 0.66). There was a statistically significant interaction between
the risky behavior PRS and depression PRS in relation to lifetime suicide attempt (p = .034,
Table 2). As illustrated in Figure 2, when depression PRS was low (=1), the aOR associated
with risky behavior PRS was 1.31 (95% CI: 1.04, 1.64); when depression PRS was average
(0), the aOR was 1.11 (95% CI: 0.93, 1.31); and when depression PRS was high (1), the
aOR was 0.94 (95% CI: 0.74, 1.18). These findings are further supported in Figure 3a,b
which display the confidence intervals and prediction intervals for this interaction.

Next, two-way interactions involving participant sex and the risky behavior PRS and
depression PRS were added to the model. There was a marginally significant interaction
between participant sex and the risky behavior PRS (aOR = 1.39, 95% CI: 0.98, 1.97, p
=.063) such that males with a higher risky behavior PRS were more likely to report a
lifetime suicide attempt relative to females (Table 2). There was no evidence of a statistically
significant interaction between participant sex and the depression PRS in relation to lifetime
suicide attempt (aOR = 0.87, 95% CI: 0.62, 1.24, p = .444). The addition of the sex and PRS
interactions did not result in an AUC improvement.

Finally, the three-way interaction between participant sex, the risky behavior PRS, and
depression PRS was not statistically significant (o= .159). The addition of this interaction
increased the AUC to 0.62 (95% CI: 0.57, 0.67).

4.2 | Analyses stratified by sex

4.2.1| African American males—The model that only included the covariates had an
AUC of 0.64 (95 CI: 0.57, 0.71). The AUC of the model increased to 0.66 (95% CI: 0.59,
0.72) after including the risky behavior PRS and depression PRS. As shown in Figure 4,

a greater percentage of males who attempted suicide in their lifetime was in the top decile
of risky behavior polygenic risk, whereas the percentage of males who attempted suicide

in their lifetime was relatively similar regardless of their depression PRS levels. The risky
behavior PRS was significantly associated with suicide attempt such that males with a higher
risky behavior PRS were more likely to report a lifetime suicide attempt (aOR = 1.43, 95%
Cl: 1.07, 1.91, p=.016; Table 3). There was no statistically significant evidence that the
depression PRS was associated with a lifetime suicide attempt (aOR = 0.94, 95% CI: 0.68,
1.30, p=.728).
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The AUC of the model with the addition of the risky behavior PRS x depression PRS
interaction term was 0.68 (95% CI: 0.61, 0.74). There was evidence of a statistically
significant interaction between the risky behavior PRS and the depression PRS (p=.023,
Table 3). As shown in Figure 5, the risky behavior PRS was associated with an increased
risk of suicide attempt when the depression PRS was low to moderate; however, this
association disappeared and appeared to invert at higher levels of depression PRS. When
depression PRS was low (-1), the aOR associated with risky behavior PRS was 1.98 (95%
Cl: 1.30, 2.99); when depression PRS was average (0), the aOR was 1.38 (95% CI: 1.03,
1.86); and when depression PRS was high (1), the aOR was 0.97 (95% CI: 0.63, 1.49).
These findings are further supported in Figure 6a,b which display the confidence intervals
and prediction intervals of this interaction.

4.2.2| African American females—The model that only included the covariates had
an AUC of 0.61 (95% ClI: 0.55, 0.67). The model had an increased AUC of 0.62 (95% CI:
0.56, 0.68) after further including the risky behavior PRS and depression PRS. As shown in
Figure 4b, a greater percentage of females who attempted suicide was in the lowest decile of
risky behavior polygenic risk; the percentage of females who attempted suicide was greatest
in the highest decile of depression PRS. As shown in Table 3, there was no statistically
significant evidence that the (a) risky behavior PRS (aOR = 0.98, 95% CI: 0.79, 1.21, p=
.883), (b) depression PRS (aOR = 1.15, 95% CI: 0.90, 1.47, p=.251), or (c) interaction
between the risky behavior PRS and depression PRS was associated with lifetime suicide
attempt (aOR = 0.93, 95% CI: 0.77, 1.14, p = .478); the AUC for the model involving the
interaction term was 0.62 (95% CI: 0.57, 0.68).

5| DISCUSSION

Substantial progress in genomic discoveries has resulted in the uncovering of genetic loci
implicated in suicide attempt and related phenotypes (Docherty et al., 2020; Mullins et

al., 2014). However, African Americans have been vastly underrepresented in this work
with genetic advances mostly benefiting individuals of European ancestry (Sirugo, Williams,
& Tishkoff, 2019). This fact, along with the increasing rate of suicidal behaviors among
young African Americans (Lindsey et al., 2019), prompted us to investigate whether genetic
propensity for depressive symptoms and risky behavior independently and jointly were
associated with a lifetime report of a suicide attempt in an urban, African American young
adult sample.

There was a significant interaction between the depression PRS and risky behavior PRS in
relation to a lifetime suicide attempt among the whole sample and among males (observed
in stratified analyses). Notably, the inclusion of the interaction term in the analytic models
involving the whole sample and males improved prediction, as evidenced by a higher

AUC, compared with examining the risky behavior PRS and depression PRS in isolation,
highlighting the importance of considering polygenic risk for depression and risky behavior
together. These findings are consistent with some work indicating that at low levels of
phenotypic depression, engagement in risky behaviors (i.e., more frequent alcohol use)

was associated with augmented risk for suicide attempt (McManama O’Brien, Becker,
Spirito, Simon, & Prinstein, 2014). Individuals with lower depression polygenic risk and
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higher risky behavior polygenic risk may manifest lower levels of phenotypic depressive
symptoms (e.g., sadness, anhedonia, and lethargy); as such, these individuals may possess
the motivation to engage in risk taking behaviors that confer risk for attempting suicide.
The current findings may also capture a distinct subgroup of individuals, impulsive suicide
attempters, that has been previously identified in the literature (Brown, Overholser, Spirito,
& Fritz, 1991; Simon et al., 2001). Previous work has shown that impulsive suicide
attempters often attempt suicide within a relatively short period of time of experiencing

an internal or external stressor without having made a plan and generally report lower
levels of depressive symptoms (Simon et al., 2001; Wyder & De Leo, 2007). Future

work should consider investigating pathways through which the combination of low to
moderate depression polygenic risk and higher risky behavior polygenic risk amplify risk for
attempting suicide among African American young adults generally and males specifically.

We found statistically significant evidence that the risky behavior PRS was associated with

a lifetime suicide attempt among African American males (in stratified analyses), but not
African American females. These findings are consistent with the literature suggesting

that greater behavioral engagement in risky behaviors (e.g., heavier substance use, greater
number of sexual partners) is associated with heightened risk for attempting suicide
(Ammerman et al., 2018; King et al., 2001; Thullen et al., 2016). There are a number of
explanations regarding the fact that greater genetic propensity for risky behavior exacerbated
risk for suicide attempt among males, but not females, including differences in heritability of
complex traits and environmental exposures. In terms of the former, research has shown that
as individuals age from adolescence to young adulthood, heritability of risk taking increases
by over 55% among males, but not females (Anokhin, Golosheykin, Grant, & Heath, 2012).
In terms of the latter, males and females are typically socialized differently with males often
encouraged to be more autonomous and it is more socially sanctioned for males to engage

in risk taking practices during adolescence and young adulthood (Pawlowski & Atwal, 2008;
Shulman, Harden, Chein, & Steinberg, 2015). In these contexts, it is possible that greater
genetic propensity for risky behavior serves as a diathesis among males that has downstream
consequences for adverse health outcomes, such as attempting suicide (Mann, Waternaux,
Haas, & Malone, 1999). For example, individuals with heightened genetic propensity to
engage in risky behaviors may be more likely to act impulsively with little reflection on the
consequences of their behavior, which may exacerbate risk for attempting suicide (Turecki
& Brent, 2016).

It is notable that there was no statistically significant evidence that the depression PRS
was associated with a lifetime suicide attempt. There are several explanations to account
for these null findings. It is possible that individuals with higher depression PRS manifest
higher levels of amotivation or fatigue that may impede the carrying out of a suicide
attempt, in line with some research indicating that recovery from major depression is
associated with increased risk for suicide attempt (Mittal, Brown, & Shorter, 2009). Another
potential explanation might be the nature of the sample studied; indeed, the current study
sample is a low-income, urban population who experience numerous stressors including
exposure to stressful life events, violence, and racial discrimination, which have been
shown to independently predict suicide behavior manifestation (Kaslow et al., 2005). The
diathesis-stress model suggests that outcomes like depression and suicidal behavior are
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the result of the intersection of internal vulnerabilities and external stressors, but in the
presence of extremely high stressors, even people with minimal vulnerabilities may become
depressed. Stated another way, genetic vulnerability to depression may not be a strong
predictor of phenotypic depression in a population that universally experiences high levels of
environmental stressors, and thus, the association between the depression PRS and suicidal
behavior may become attenuated. Last, previous studies have indicated that depression

PRS often account for a very small percentage of the variance in suicide attempt (<1%)
(Maciejewski et al., 2017; Mullins et al., 2014), which coupled with the ancestry mismatch
between the target and discovery samples, may have resulted in statistically null main
associations between the depression PRS and suicide attempt that we observed.

Findings should be interpreted in the context of some limitations. Although the current
study is one of very few to examine genetic correlates of suicide attempt in an African
American sample, we did not consider contextual influences that may affect suicidal
behavior manifestation. Of course, genetics alone is not sufficient in explaining phenomena
as complex as suicide attempts and should be considered in concert with a host of other
risk factors such as family history, stressful live events, exposure to racial and community
trauma, and so on (Zalsman, 2010). Another limitation is that the depression and risky
behavior PRS were constructed from summary statistics derived from European ancestry
GWAS in the absence of African American GWAS. It is well established that allele
frequencies can differ across ancestral groups due to differences in population demographic
history (i.e., migration, isolation) (De La Vega & Bustamante, 2018; Marnetto et al., 2020).
Consequently, genetic loci implicated in a given phenotype in one population may not be
relevant to another population particularly when genetic divergence between populations
increases, which may reduce the portability and predictive utility of PRS to other ancestral
groups (Martin et al., 2019). This strategy can also suffer from low predictive power due to
heterogeneity in LD structure and effect size distribution of genetic variants across ancestries
(Martin et al., 2019). For these reasons, caution should be taken regarding the interpretation
of our results and the implications of our work for suicide prevention efforts. Moreover, the
inclusion of more diverse ancestral populations in GWAS, and work such as that presented
here that examines the transferability of PRS derived from primarily European ancestry
samples, is crucial to ensuring equity in the application of precision medicine initiatives.

Advances in statistical and genomic methodologies offer the promise of creating more
accurate evidence-based risk prediction models of suicide and may ideally help clinicians
in the identification of subgroups of individuals at heightened risk for attempting suicide.
However, before this happens, substantial research is needed to determine how to best
integrate genomic information into clinical care, and efforts aimed at prioritizing the
inclusion of diverse populations in genomics research are surely needed.
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FIGURE 1.
Prevalence of suicide attempt based on deciles of the risky behavior PRS and depression
PRS among the whole sample
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Relation between risky behavior PRS and depression PRS in relation to suicide attempt
among the whole sample. *All lines plot the model estimated probability of suicide attempt
while varying the indicated PRS—either depression only, risky behavior only, or both
simultaneously—and holding all other covariates constant at their sample means
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(a) Predicted probability of suicide attempt (with 95% confidence intervals) as a function of
depression PRS with risky behavior PRS fixed at the 25th and 75th quartiles, and vice versa.
(b) Predicted probability of suicide attempt (with 95% prediction intervals) as a function of
depression PRS with risky behavior PRS fixed at 1 SD below the mean, the sample mean,
and 1 SD above the mean, and vice versa
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(a) Prevalence of suicide attempt based on deciles of the risky behavior PRS and depression
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PRS
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mmmm— cpression and risky behavior

Relation between depression PRS and risky behavior PRS in relation to suicide attempt
among African American males based on stratified analyses. *All lines plot the model
estimated probability of suicide attempt while varying the indicated PRS—either depression
only, risky behavior only, or both simultaneously—and holding all other covariates constant

at their sample means
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(a) Predicted probability of suicide attempt (with 95% confidence intervals) as a function of
depression PRS with risky behavior PRS fixed at the 25th and 75th quartiles, and vice versa.
(b) Predicted probability of suicide attempt (with 95% prediction intervals) as a function of
depression PRS with risky behavior PRS fixed at 1 SD below the mean, the sample mean,
and 1 SD above the mean, and vice versa
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Sample characteristics (V= 1,157)

Characteristic
Sex
Male

Female

Free/reduced-priced lunch?
Yes
No
Intervention
Yes
No
Cohort identification
Cohort 1
Cohort 2
Cohort 3
Suicide attempt
Whole sample
Yes
No
Male
Yes
No
Female
Yes
No

527
630

223
881

600
557

361
315
481

178

979

67
460

111
519

a . . -
Free/reduced priced lunch was assessed when participants were in first grade.
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TABLE 2

Summary of associations between the risky behavior PRS and depression PRS with suicide attempt among the

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

whole sample

aOR (95% CI)  p-value

PRS main effects

Risky behavior PRS 1.06 (0.88,1.28) .556

Depression PRS 1.11(0.94,1.32) 232
PRS interaction

Risky behavior PRS x depression PRS 0.85(0.72,0.99) .034
2-way sex x single PRS interactions

Sex x risky behavior PRS 1.39(0.98,1.97) .063

Sex x depression PRS 0.87 (0.62,1.24) .444
3-way sex x PRS interaction

Sex x risky behavior PRS x depression PRS  0.78 (0.54, 1.10) .159
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TABLE 3

Stratified analyses involving associations between the risky behavior PRS and depression PRS with suicide

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

attempt among males and females

aOR (95% CI)  p-value
Males
PRS main effects
Risky behavior PRS 1.43(1.07,1.91) .016
Depression PRS 0.94 (0.68,1.30) .728
PRS interaction
Risky behavior PRS x depression PRS  0.70 (0.51, 0.95) .023
Females
PRS main effects
Risky behavior PRS 0.98(0.79,1.23) .883
Depression PRS 1.15(0.90,1.47) .251
PRS interaction
Risky behavior PRS x depression PRS  0.93 (0.77,1.14)  .478
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