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Abstract

Background. Previous studies have demonstrated substantial associations between substance
use disorders (SUD) and suicidal behavior. The current study empirically assesses the extent
to which shared genetic and/or environmental factors contribute to associations between alco-
hol use disorders (AUD) or drug use disorders (DUD) and suicidal behavior, including
attempts and death.

Methods. The authors used Swedish national registry data, including medical, pharmacy,
criminal, and death registrations, for a large cohort of twins, full siblings, and half siblings
(N=1314990) born 1960-1980 and followed through 2017. They conducted twin-sibling
modeling of suicide attempt (SA) or suicide death (SD) with AUD and DUD to estimate gen-
etic and environmental correlations between outcomes. Analyses were stratified by sex.
Results. Genetic correlations between SA and SUD ranged from rA = 0.60-0.88; correspond-
ing shared environmental correlations were rC=0.42-0.89 but accounted for little overall
variance; and unique environmental correlations were rE = 0.42-0.57. When replacing attempt
with SD, genetic and shared environmental correlations with AUD and DUD were compar-
able (rA =0.48-0.72, rC =0.92-1.00), but were attenuated for unique environmental factors
(rE = —0.01 to 0.31).

Conclusions. These findings indicate that shared genetic and unique environmental factors
contribute to comorbidity of suicidal behavior and SUD, in conjunction with previously
reported causal associations. Thus, each outcome should be considered an indicator of risk
for the others. Opportunities for joint prevention and intervention, while limited by the
polygenic nature of these outcomes, may be feasible considering moderate environmental
correlations between SA and SUD.

Introduction

Alcohol and drug use disorders [AUD and DUD, respectively; substance use disorders (SUD)
collectively] are strongly associated with the risk of suicidal thoughts and behaviors (Agrawal
et al, 2017; Barak-Corren et al, 2017; Conner, Bridge, Davidson, Pilcher, & Brent, 2019;
Conner, Duberstein, & Conwell, 1999; Flensborg-Madsen et al., 2009; Hesse, Thylstrup, Seid,
& Skogen, 2020; Lynch et al, 2020; Lynskey et al, 2012; Morin et al., 2013; Ostergaard,
Nordentoft, & Hjorthoj, 2017; Polimanti et al., 2021; Westman et al., 2015). Both SUD and sui-
cidal behavior represent substantial public health concerns: AUD and DUD account for over
$500 billion in annual costs (Birnbaum et al., 2011; Florence, Zhou, Luo, & Xu, 2016;
National Drug Intelligence Center, 2011; Sacks, Gonzales, Bouchery, Tomedi, & Brewer, 2015)
and 165000 annual deaths (Centers for Disease Control and Prevention, 2020; National
Institute on Drug Abuse, 2020), while suicide was the 10th overall leading cause of death in
the USA in 2018 (Centers for Disease Control and Prevention) and suicide attempts (SA)
and suicide deaths (SD) led to an estimated $93.5 billion in annual costs (Shepard, Gurewich,
Lwin, Reed, & Silverman, 2016). Clarification of the etiology of these outcomes and the mechan-
isms underlying their association has the potential to inform treatment and intervention efforts.

The relationship between SUD and suicidal thoughts and behaviors can be due to both cau-
sal pathways and non-causal effects such as familial confounders. Using Swedish national
registry data, we have previously investigated the association between AUD and SA
(Edwards et al, 2021a, 2021b) and SD (Edwards, Ohlsson, Sundquist, Sundquist, &
Kendler, 2020). Those studies suggested that the observed association among outcomes was
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due in part to shared familial liability as well as a potentially cau-
sal pathway (i.e. AUD—SD). Unlike traditional twin-family mod-
els, the co-relative approach employed in those studies does not
result in heritability or co-heritability estimates. Instead, it extends
the cotwin control method (Kendler et al., 1993) to account for
confounding familial factors that might jointly influence the
risk of two outcomes, one of which is conceptualized as a poten-
tial risk factor for the other, thus aiding with causal inference.
Further evidence of a causal association was reported by Orri
et al. (2020), who used Mendelian randomization and found
that lifetime cannabis use may increase the risk for SA, though
it should be noted that this finding may not generalize to a clinical
outcome such as cannabis use disorder.

A non-mutually exclusive alternative to a causal model for the
SUD-suicidality association is that of shared liability: genetic and/
or environmental factors that jointly increase the risk for both
outcomes. Studies of familial aggregation of SUD and suicidality
largely support the role of familial factors in comorbidity (Bridge,
Brent, Johnson, & Connolly, 1997; Kim et al., 2005; Roy, 1983,
2000), with some exceptions (Ballard et al., 2019). However, to
our knowledge, twin-family studies have not been previously
employed to estimate the genetic and environmental correlations
between SUD and suicidal behavior. Such an approach would
complement previous efforts: (i) it provides direct estimates of
genetic and shared environmental correlations; and (ii) it enables
the examination of unique (non-shared by family members)
environmental correlations, which are not accounted for in
co-relative models, studies of familial aggregation, or molecular
genetic studies. These factors may be important predictors, as
environmental stressors such as divorce (Edwards, Larsson
Lonn, Sundquist, Kendler, & Sundquist, 2018; Fjeldsted,
Teasdale, Jensen, & Erlangsen, 2017; Kendler, Lonn, Salvatore,
Sundquist, & Sundquist, 2017; Roskar et al., 2011) or unemploy-
ment (Henkel, 2011; Nordt, Warnke, Seifritz, & Kawohl, 2015)
are associated with increased risk of both SUD and suicidality.
They could also constitute targets for prevention or intervention,
e.g. reducing environmental stressors may help to improve
SUD-related consequences and suicidality.

In the current study, we use national Swedish registry data and a
twin-family model to investigate the latent genetic and environ-
mental relationships between SUD and suicidality. We have previ-
ously reported on shared liability between AUD and DUD in twins
born 1958-1991 (Kendler et al,, 2016), and found modest but sig-
nificant outcome-specific genetic and environmental influences;
therefore, the current study does not combine these outcomes
into a single SUD variable. Similarly, we have reported that SA
and SD are etiologically different (Edwards et al., 20214, 2021b;
Kendler, Ohlsson, Sundquist, Sundquist, & Edwards, 2020) and
should not be collapsed into a single outcome. Our primary ana-
lyses focused on non-fatal SA, with additional but less well-pow-
ered analyses where SD replaced SA. Given prior evidence that
familial factors contribute to co-aggregation of SUD and suicidal
behavior, we hypothesized that we would observe moderate to sub-
stantial genetic correlations across outcomes. Although previous
studies have not directly addressed the extent to which non-familial
environmental risk factors jointly contribute to SUD and suicidal
behavior, we expected to observe environmental correlations
given the existence of plausible shared risk factors. We did not
establish hypotheses regarding how suicidal behavior would be
differentially etiologically related to AUD v. DUD, or whether we
would observe differences as a function of suicidal outcome (SA
that did not end in death v. SD).
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Methods
Sample

We collected information on individuals from Swedish
population-based registers with national coverage linking each
person’s unique personal identification number which, to pre-
serve confidentiality, was replaced with a serial number by
Statistics Sweden. We secured ethical approval for this study
from the Regional Ethical Review Board of Lund University
(No. 2008/409, 2010/476, 2012/795, and 2016/679). For the ana-
lysis, we double entered from the Swedish Twin Registry all same-
sex twin pairs with known zygosity and birth years between 1960
and 1980, and from the Swedish Multi-Generation Register all
Swedish-born same-sex full- and half-sibling pairs born between
1960 and 1980 and within 5 years of each other. An individual
could be included several times if he/she had several siblings or
different type of siblings. Zygosity was assigned using standard
self-report items, which, when validated against biological mar-
kers, were 95-99% accurate.

Using the Swedish national census and population registers,
we assessed cohabitation status for same-sex full- and half-sibling
pairs as the proportion of possible years they lived in the same
household until the oldest turned 16. Among monozygotic
(MZ) and dizygotic (DZ) twins and full siblings, we only included
pairs reared together for >80% of their possible years. For half
siblings, we included pairs reared together for >80% and pairs
reared together <20% of the possible years, classifying these as
pairs reared together or apart, respectively (see below for implica-
tions within the twin/family model).

Phenotypes

SA, SD, AUD, and DUD were defined at the individual level using
information from Swedish population-based registers. The vari-
ables were treated as binary, and the registration could occur at
any time during the follow-up period. SA were identified using
the Swedish Hospital Discharge Register (coverage 1973-2015)
and Outpatient Care Register (national coverage 2001-2015).
Consistent with NIMH terminology, ‘suicide attempt’ is used to
refer to non-fatal events (National Institutes of Mental Health,
2019). SD were determined using the Swedish Mortality
Register (coverage 1969-2016). AUD and DUD were identified
using the Swedish Hospital Discharge Register (coverage 1973-
2015); Outpatient Care Register (national coverage 2001-2015);
Primary Care Registry (partial coverage from 1999 to 2017); the
Swedish Drug Register (2005-2017); the Swedish Mortality
Register; the Swedish Criminal Register (1973-2017); and the
Swedish Suspicion Register (1998-2017). ICD and legal codes
for each phenotype are provided in the online Supplementary
material.

Statistical analyses

To investigate the latent genetic and environmental relationships
between SA, AUD and DUD, we used trivariate twin/sibling mod-
eling, which assumes three sources of liability: additive genetic
(A), shared environment (C), and unique environment (E). The
model assumes that MZ twins share 100% of their genes; DZ
twins and full siblings share, on average, 50% of their genes;
while half siblings share, on average, 25% of their genes. The
model also assumes that the shared environment, which reflects
family and community experiences, is equal between MZ twins,
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Table 1. Sample size and prevalence of each outcome by sex and sibling pair type

Sibling pair type

Monozygotic twins Dizygotic twins Full siblings Half siblings reared together Half siblings reared apart
Sample size and prevalence
Females

Number of pairs 4664 3974 348 654 12 440 28 680

Suicide attempt 3.1% 3.5% 3.4% 6.6% 6.7%

Alcohol use disorder 2.6% 2.8% 2.8% 5.9% 5.9%

Drug abuse 1.7% 1.7% 1.9% 4.4% 4.8%

Suicide death 0.2% 0.2% 0.2% 0.4% 0.4%
Males

Number of pairs 3820 3484 395308 13132 32224

Suicide attempt 2.9% 2.9% 3.2% 6.3% 6.0%

Alcohol use disorder 4.7% 5.8% 6.8% 14.1% 14.2%

Drug abuse 2.7% 2.2% 3.6% 9.0% 9.1%

Suicide death 0.3% 0.3% 0.6% 1.1% 1.0%
Mean (s.0.) age at registration

Females

Suicide attempt 26.8 (9.5) 28.4 (9.6) 25.6 (9.4) 24.8 (9.3) 25.5 (89.9)

Alcohol use disorder 31.0 (10.9) 33.7 (11.7) 29.9 (11.2) 29.0 (10.8) 30.5 (11.1)

Drug abuse 31.0 (10.0) 32.1 (10.0) 28.9 (9.5) 28.0 (9.0) 30.2 (9.8)

Suicide death 36.5 (8.6) 29.1 (11.6) 31.7 (10.1) 29.3 (9.0) 30.7 (10.3)
Males

Suicide attempt 29.5 (8.8) 30.1 (8.8) 28.1 (9.6) 27.4 (9.4) 28.5 (10.3)

Alcohol use disorder 29.9 (10.0) 31.5 (10.9) 28.6 (10.4) 26.6 (9.5) 27.6 (10.2)

Drug abuse 27.2 (7.6) 29.4 (8.3) 26.9 (8.1) 26.6 (7.9) 28.0 (8.5)

Suicide death 32.8 (8.6) 32.8 (8.7) 30.9 (9.2) 31.5 (8.7) 30.9 (9.6)

DZ twins, and full siblings, while for half siblings C equaled 1 for
pairs reared together and 0 for pairs reared apart. Finally, the
unique environment reflects experiences not shared by twins/sib-
lings, random developmental effects, and random measurement
error. The model is based on the idea of an underlying unob-
served distribution of liability to SA, AUD, and DUD, measured
as binary outcomes. The correlation within each twin/sibling pair
corresponds to the proportion of variance explained by the genes
(A) and environment (C) they share. Thus, each model yields esti-
mates of the proportion of variance in a given outcome that can
be attributed to A (i.e. heritability), C, and E. The model was built
using the Cholesky decomposition where the first factor loads on
SA, AUD, and DUD, the second loads only on AUD and DUD,
while the third only loads on DUD. We replicated the models
using SD instead of SA, as prior research indicates that these out-
comes do not represent different levels of severity on a single
liability continuum (Kendler et al., 2020). In the multivariate con-
text, these models also enable the estimation of genetic and envir-
onmental correlations and bivariate variance decomposition
between phenotypes (Roysamb & Tambs, 2016). The correlations
provide insight to the degree of shared liability between outcomes,
e.g. the extent to which a shared set of genetic factors jointly
impacts the risk of SA and AUD. The bivariate decomposition
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estimates indicate the proportion of the observed phenotypic cor-
relation accounted for by each source of variance. Note that even
where two phenotypes exhibit a high genetic correlation, if herit-
ability is low, this will be reflected in a low estimate for A in the
bivarjate variance decomposition. All analyses were stratified by
sex. The OpenMx package (Boker et al, 2020; Neale et al.,
2016) was used in R to fit the models.

Results
Descriptive statistics

Table 1 presents the number of pairs and lifetime prevalence of
AUD, DUD, and SA, by sibling type (MZ twin, DZ twin, full sib-
ling, half sibling raised together, and half sibling raised apart) and
sex. Age at first registration is also included in Table 1. Overall,
AUD and DUD were more common among males, while SA
was more common among females. The prevalence of all three
outcomes was higher among half-siblings.

Figure 1 illustrates tetrachoric correlations within individuals
across outcomes, alongside sibling correlations within and
across outcomes for each type of sibling pair (see online
Supplementary Table S1 for more details). As expected, and
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Fig. 1. Tetrachoric phenotypic correlations and 95% confidence intervals, by sex. The top panel illustrates cross-trait correlations within individuals, for each sibling
pair group. The center panel illustrates correlations across siblings, within each phenotype. The bottom panel illustrates cross-sibling, cross-trait correlations.
Females are depicted in black lines and males in grey lines. For suicide death, data were too sparse to calculate all correlations. Complete correlation results
are available in online Supplementary Table S1. SA, suicide attempt; AUD, alcohol use disorder; DUD, drug use disorder; SD, suicide death; MZ, monozygotic
twins; DZ, dizygotic twins; FS, full siblings; HS_RT, half siblings reared together; HS_RA, half siblings reared apart.

almost without exception, phenotypic correlations across sibling
pairs declined with decreasing degrees of genetic relatedness,
suggesting a genetic component to liability for SA, SD, AUD,
and DUD.

Univariate twin models

We initially fit univariate models of each outcome in order to
derive starting values for trivariate models. Complete results are
presented in online Supplementary Table S2 and Figure. Each
outcome exhibited modest to moderate heritability for both sexes
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(A=0.39-0.59 for women and A =0.36-0.65 for men). Shared
environmental influences were low to modest (C=0-0.17 for
women and C = 0.00-0.15 for men), and the balance was accounted
for by unique environmental factors (E = 0.41-0.57 for women and
E =0.20-0.56 for men).

Trivariate twin models

We focus here on trivariate models including SA; see below for
parallel analyses where SD replaces SA. We observed slight shifts
in some variance component estimates relative to the univariate
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Table 2. Variance component and 95% confidence interval estimates from
trivariate models

Females Males
95% 95%
Confidence Confidence
Estimate intervals Estimate intervals

Suicide attempt
A 0.48 0.40-0.61 0.40 0.38-0.50
C 0.04 0.00-0.23 0.11 0.04-0.15
E 0.48 0.45-0.53 0.49 0.43-0.52
Alcohol use disorder
A 0.50 0.42-0.53 0.57 0.50-0.62
C 0.03 0.00-0.07 0.06 0.03-0.09
E 0.46 0.44-0.52 0.37 0.34-0.40
Drug use disorder
A 0.51 0.15-0.59 0.67 0.61-0.72
C 0.09 0.00-0.10 0.16 0.03-0.18
E 0.40 0.19-0.44 0.17 0.17-0.18
Suicide death
A 0.38 0.09-0.52 0.41 0.23-0.48
€ 0.01 0.00-0.12 0.01 0.00-0.08
B 0.62 0.51-0.79 0.58 0.52-0.69

models, likely due to the increased power of the multivariate mod-
els. Complete estimates for each variance component are provided
in Table 2. Some estimates, particularly those related to suicidal
behavior, were imprecise. We elected to avoid subsequent model
fitting (i.e. testing whether a specific path could be dropped
from the model without a substantial decrement in fit) because
we may lack sufficient power to accurately detect important
changes. Thus, results from the full model are presented.

Genetic and environmental correlations between outcomes are
depicted in Fig. 2 and provided in online Supplementary Table S3.
Among women, SA was substantially genetically correlated with
both AUD (rA =0.72) and DUD (rA =0.88). The corresponding
estimates were more moderate among men (rA =0.60 and rA =
0.62, respectively), though confidence intervals overlapped across
sexes for AUD. Shared environmental correlations were moderate
to high (rC=0.42-0.89) and were more pronounced for attempt
and AUD than for attempt and DUD among both women and
men. However, these influences accounted for little of the total
variance for all four outcomes (C=0.03-0.16) (Table 2).
Unique environmental correlations were moderate and were
higher between attempt and AUD (rE = 0.56-0.57) than between
attempt and DUD (rE = 0.42-0.47).

We performed a parallel analysis replacing SA with SD, as pre-
vious studies have found that these outcomes are not completely
genetically correlated (Kendler et al., 2020; Mullins et al., 2021)
and other etiologic differences may exist (Beautrais, 2001).
Potentially notable differences relative to analyses including SA
were: (i) a lower rA with DUD among women (rA =0.59); (ii)
among men, a slightly higher rA with AUD (rA =0.72) and a
lower rA with DUD (rA =0.48); and (iii) within both sexes, a
markedly lower rE with both AUD and DUD (rE=-0.01 to
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0.31). However, due to the low prevalence of SD (0.2-1.1%), esti-
mates from these analyses lack precision and should be consid-
ered with caution. Complete results are available in Fig. 3,
Table 2, and online Supplementary Table S3. Online
Supplementary Table S4 provides bivariate decomposition
estimates.

Discussion

In this population-based study of suicidal behavior and SUD, we
found that SA was substantially genetically correlated with both
AUD and DUD in both sexes. Environmental factors shared by
siblings also jointly influenced liability to SUD and SA, though
overall these factors contributed little to total risk. Finally, unique
environmental factors - those that do not contribute to sibling
similarity - were moderately correlated across SA and SUD.
Findings were similar, though with some notable differences,
for analyses of SD instead of SA, where data were more sparse
and statistical power was reduced. These findings provide critical
insight to the etiology of comorbidity between SUD and suicidal
behavior.

While SUD have consistently been associated with an
increased risk of suicidal behavior (Barak-Corren et al., 2020;
Conner & Bagge, 2019; Darvishi, Farhadi, Haghtalab, &
Poorolajal, 2015; Edwards et al., 2020; Lynch et al., 2020), discern-
ing the nature of this association has proved challenging. We have
previously used co-relative models to examine the association
between AUD and SD (Edwards et al., 2020) or SA (Edwards
et al., 2021a, 2021b), reporting in both cases that familial con-
founding factors contributed to the association alongside a poten-
tially causal path from AUD to suicidal outcomes. DUD, while
not the focus of those studies, were included as covariates and
exhibited similar associations. Further evidence of a potentially
causal association has been observed using Mendelian randomiza-
tion: Orri et al. (2020) reported that lifetime cannabis use, but not
drinks per week or tobacco use, was causally associated with the
risk for SA. The subclinical nature of these predictors may
account for differences relative to SUD.

The current findings have potential clinical implications. The
first pertains to consideration of family history of psychiatric
and SUD. Family history of suicidal behavior is widely recognized
among clinicians to be an indicator of risk for one’s own suicidal
behavior (McDowell, Lineberry, & Bostwick, 2011). The current
results suggest that family history may also be informative across
outcomes - i.e. a family history of suicidal behavior should be
considered a risk indicator for SUD, even if the patient themselves
has not yet manifested suicidal behavior. We note, however, that
family history screening is not without limitations in clinical set-
tings (Khoury, Feero, & Valdez, 2010; Valdez, Yoon, Qureshi,
Green, & Khoury, 2010). Second, given the non-trivial environ-
mental correlations between SUD and SA, clinicians treating
patients for one outcome should continue to be vigilant about
the risk for the other (McDowell et al., 2011). For example, an
individual’s first SUD registration may represent a key opportun-
ity in the therapeutic process, where environmental stressors that
contributed to SUD onset may be evaluated for their potential
impact on SA risk.

Comparison to molecular genetic studies

The current study expands on prior research by providing evi-
dence of non-causal associations between SUD and suicidal
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Fig. 2. Parameter estimates (95% confidence intervals) from the correlated factors models of suicide attempt (SA), alcohol use disorder (AUD), and drug use dis-
order (DUD) in women (panel A) and men (panel B). The sources of variance are additive genetics (A), shared environment (C), and unique environment (E). To
facilitate distinction between shared and unique environmental correlation paths, we used dashed lines for the former and dotted lines for the latter. Paths or
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Fig. 3. Parameter estimates (95% confidence intervals) from the correlated factors models of suicide death (SD), alcohol use disorder (AUD), and drug use disorder
(DUD) in women (panel A) and men (panel B). The sources of variance are additive genetics (A), shared environment (C), and unique environment (E). To facilitate
distinction between shared and unique environmental correlation paths, we used dashed lines for the former and dotted lines for the latter. Paths or correlations
whose confidence intervals overlap 0 are depicted in grey.

behavior using biometrical analyses in a large, representative  similar genetic correlation (rA =0.52-0.63). Colbert et al. (2021)
Swedish cohort. Importantly, there is now convergent evidence  also reported a comparable rA between problematic alcohol use
across methods for a moderate to substantial genetic correlation  and SA (rA =0.52), but a considerably lower genetic correlation
between SA and AUD: Mullins et al. (2021), using genomewide  with SD (rA =0.34). The discrepancy with the current study’s
association study summary statistics, reported a remarkably findings for SD (rA=0.71-0.72) could be due to the
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heterogeneity of the phenotypes included in the problematic alco-
hol use discovery GWAS [i.e. 27.9% of the sample was assessed
using the AUDIT-P, which was incompletely genetically corre-
lated with AUD (rA =0.71)] (Zhou et al., 2020), sample differ-
ences (e.g. the Million Veterans Project accounted for >60% of
the discovery sample), or other factors.

With respect to DUD, Colbert et al. (2021), also using GWAS
summary statistics, reported that the genetic correlations between
SA and cannabis use disorder and opioid use disorder were
rA~0.6, similar to the male-specific genetic correlation in the cur-
rent study. As in the Swedish cohort, rA was modestly lower for
these two SUD and SD, ranging from 0.33 to 0.53. A SUD com-
mon factor, which loaded onto cannabis use disorder, problematic
alcohol use, nicotine dependence, and opioid use disorder, was
moderately correlated with SA and SD (rA =0.31-0.46). While
sex-specific rA estimates are not available in the above studies
(Colbert et al., 2021; Mullins et al., 2021), and rE estimates are
not possible using that approach, the overall similarities in genetic
findings across methods are encouraging. The current study
therefore expands our understanding of sex differences and envir-
onmental contributions to risk, yet our findings should be consid-
ered tentative until they are replicated in an independent sample.

Comparison of findings across suicide attempt and suicide
death

Our primary analyses focused on SA, with additional analyses on
SD, where data were sparse. Several differences emerged with
respect to the genetic and environmental correlations between
SUD and attempt v. death. First, while the genetic correlation
with AUD was similar for SA and SD for women (rA =0.71
and 0.72, respectively), rA was modestly higher for SD among
men (0.72 v. 0.60), though the upper confidence intervals over-
lapped. DUD was more strongly genetically correlated with SA
than SD for both women (rA=0.88 v. 0.59) and men (rA =
0.62 v. 0.48). Nevertheless, these estimates indicate that shared
genetic liability substantially contributes to comorbidity between
suicidal behavior and SUD.

Differences across SA and SD were more pronounced for
environmental correlations with SUD. For both AUD and
DUD, in both sexes, rE with SA ranged from 0.42 to 0.57 -
lower than rA in all cases, yet nontrivial. In contrast, rE with
SD ranged from —0.01 to 0.31: For men, the AUD-death rE did
not differ from 0. One implication of these findings is that,
while specific environmental exposures, such as divorce
(Edwards et al., 2018; Fjeldsted et al., 2017; Roskar et al., 2011),
unemployment (Henkel, 2011; Nordt et al.,, 2015), and trauma
(Conner et al., 2014; Hughes, McCabe, Wilsnack, West, & Boyd,
2010), have been previously associated with increased risk for
both SUD and SD, they may contribute relatively little to
comorbidity; alternatively, observed phenotypic associations
may involve causal pathways (e.g. divorce->SUD—SD). This is
less applicable to SUD and SA, suggesting that some environmen-
tal stressors may serve as useful targets for prevention or interven-
tion across SUD and attempt.

Comparison of findings across sexes

We observed both similarities and potentially important differ-
ences across women and men, though wide confidence intervals
for many correlation estimates suggest that we lack sufficient
power to formally test for quantitative sex differences. The
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following observations should therefore be considered prelimin-
ary, warranting further study in other samples. First, the genetic
correlation between DUD and SA was substantially higher
among women than men (rA =0.88 v. 0.62, respectively; confi-
dence intervals did not overlap). As we did not assess qualitative
sex differences, we cannot determine whether these disparate esti-
mates are attributable to the joint impact of different genetic var-
iants across sex (i.e. different variants contribute to comorbidity
between DUD and SA in males v. females), or whether they reflect
cross-trait differences in effect size between the sexes (i.e. a variant
has a similar effect on DUD and SA in women but only impacts
one of these behaviors in men). Second, the environmental correl-
ation between AUD and SD for women, while somewhat low, was
considerably higher than for men (rE =0.19 v. —0.01; confidence
intervals did not overlap). As noted above, this has implications
for joint prevention and intervention of AUD and SD, which
could differ in efficacy across sex. While sex differences in the
prevalence of suicidal thoughts and behaviors are well-established
(Beautrais, 2001; Nock et al.,, 2008; Schrijvers, Bollen, & Sabbe,
2012), evidence of sex differences in the association between sub-
stance misuse and suicidal behavior, i.e. a modifying effect of sex,
is inconsistent (Kittel, Bishop, & Ashrafioun, 2019; Kotila, &
Lonngqvist,1988; Oquendo et al., 2007). Our observation that gen-
etic and unique environmental correlations are modestly higher
among women suggests that stronger associations might be
expected for women than men. However, most confidence inter-
vals overlapped. The extent to which shared genetic liability
between SUD and suicidal outcomes contributes to phenotypic
sex differences warrants further study, ideally within the context
of biopsychosocial models of risk.

Limitations

The current analyses are not without limitations. First, SUD encom-
pass a wide range of drugs (e.g. opioids, stimulants, cannabis), and
while we distinguished between AUD and DUD, we did not pursue
other substance-specific analyses. Previous research indicates that,
while a substantial component of genetic risk for illicit substance
use and abuse is attributable to a common factor, substance-specific
genetic factors also play a role (Kendler, Jacobson, Prescott, & Neale,
2003) and that genetic correlations with suicidal behavior might
vary across substances (Colbert et al., 2021). Second, our use of
national registry data results in prevalences of AUD, DUD, and
SA that are lower than typically observed in studies utilizing self-
reports. We are likely to be identifying more severe cases of SUD
and primarily medically serious SA. It is possible that this impacts
variance component and correlation estimates; ideally, these models
should be replicated in a sample assessed via self-report. This con-
cern is somewhat offset by the likelihood that our findings apply to
a group of SUD cases who may interface more with health care pro-
viders due to the severity of their disorder, thereby presenting
opportunities for suicide risk assessment and intervention. Third,
SUD and suicidal behaviors are influenced by a constellation of fac-
tors that impact other psychiatric outcomes (e.g. depression). The
current analyses do not explicitly incorporate these other outcomes,
which could result in attenuated estimates of genetic and environ-
mental correlations that are specific to SUD and suicidal behavior.
Finally, while parameter estimates and 95% confidence intervals
are suggestive of sex differences, technical features of our analysis,
including the use of likelihood-based confidence intervals, make for-
mal tests difficult. However, in a multi-group modeling context,
constraining parameters to be equal across the sexes resulted in a
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detriment to model fit (LRT =66 096, df=30, p <0.0001 for the
SA-AUD-DUD model; LRT =51390, df=30, p<0.0001 for the
SD-AUD-DUD model), providing support for stratification by sex
as presented above.

Conclusions

The current study provides empirical evidence of modest to sub-
stantial genetic and environmental correlations between SUD and
suicidal behavior using a representative Swedish national cohort.
In conjunction with prior research, these findings indicate that
phenotypic associations among these outcomes are due to a com-
bination of shared liability and causal relationships. Differences in
the genetic and environmental correlations across AUD and DUD
with SA v. SD, and across sexes, underscore the complexities of
shared etiology. Awareness of the substantial common genetic
liability may be clinically useful, for example, by encouraging health
care providers to provide educational materials about the risk of
suicidal behavior to individuals seeking care for SUD or those
with a family history of SUD; however, given the highly polygenic
nature of both suicidal behaviors and SUD, opportunities for per-
sonalized genomics are not feasible. In addition, interventions pre-
dicated on perceived shared environmental risks, such as divorce,
may be more effective for SA and SUD than SD and SUD.
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