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Abstract

Background and Aims: Substance use disorder (SUD) is related to widespread adverse
consequences, including higher suicidality. Shared genetic liability has been demon-
strated between SUD and suicidality. Here, we measured the factors that contribute to
increased risk of non-fatal suicide attempt among individuals with SUD by focusing upon
aggregate genetic risks and both childhood and past-year environmental factors.

Design: Longitudinal study. Family genetic risk scores and environmental factors (child-
hood, aged from O to 15 years, and the year preceding SUD registration) were used to
predict the relative risk of non-fatal suicide attempt using Cox proportional hazards
models. Additional analyses employed a co-relative design, accounting for genetic fac-
tors and shared familial environment, to test for potential causality.

Setting and participants: Based on longitudinal Swedish registry data, 228 617 individ-
uals with SUD registrations from 1991 to 2015 were included.

Measurements: SUD and suicide attempts were identified using medical records
(International Classification of Diseases codes). SUD was also identified using pharmacy
and criminal registries.

Findings: In multivariable analyses that jointly accounted for all the selected potential
predictors, individuals with SUD were at higher risk for non-fatal suicide attempt if they
had experienced a parental death [hazard ratio (HR) = 1.58; 95% confidence interval
(Cl) = 1.30, 1.93], were female (HR = 1.53, 95% Cl = 1.49, 1.57), had low educational
attainment (HR = 1.50, 95% CIl = 1.46, 1.55), received social welfare (HR = 1.21, 95%
Cl = 1.17, 1.25) or had lived in a non-intact family (HR = 1.11, 95% CI = 1.08, 1.14). In
co-relative analyses, low education was supported as a possible causal factor for suicide
attempt. Aggregate genetic risks interacted with low education and being raised in a
non-intact family, with increased prevalence of suicide attempt in people with high

genetic risks and unfavorable environmental exposures.
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INTRODUCTION

Substance use disorder (SUD) refers to the continuous use of sub-
stances (alcohol or drugs) despite significant impairments [1]. Exces-
sive substance use is widespread, with SUD impacting more than
35 million individuals world-wide [2]. SUD increases the risk of severe
psychopathology, including a 10-fold increase in the risk of suicide
death [3]. Among individuals with SUD, up to 40% also reported a his-
tory of suicide attempts [4]. Suicidal behaviors are an important public
health issue [5], particularly prevalent among individuals with SUD [6].
In line with previous studies [6, 7] showing significant risk of suicidal
behaviors in both alcohol use disorder (AUD) and drug use disorder
(DUD), we focused upon SUD to elucidate predictors of the first sui-
cide attempt in this high-risk population.

The association between SUD and suicidal behaviors has been
widely reported [6,8-10] and may be explained by shared genetic and
environmental liability [11] and/or by a causal relationship [12]. We
have previously reported evidence of a probable causal association
between AUD and subsequent suicide attempt, even after accounting
for the contribution of genetic and familial environmental influences
[12]. This supports the hypothesis that AUD-related stress would
increase the risk of suicide attempts [4]. However, the specific stressors
that may generate or precipitate suicide attempts within the SUD pop-
ulation remain to be investigated and their causality supported.

Various environmental stressors have been documented in asso-
ciation to SUD and suicide attempts, and they can be broadly sepa-
rated into two categories: childhood factors, referring to family
history and early-life adversity; and proximal factors, referring to life
events and behaviors temporally associated with suicide risk. As child-
hood factors, parental divorce, parental substance use and history of
childhood adversities increase the risk of suicide attempt among SUD
individuals [13-16]. With respect to environmental exposures during
adulthood, prior works underscore the role of disruption in marital
and interpersonal relationships, occupational and financial stressors
and psychiatric disorders [4, 17]. Altogether, these studies offer
important insights for the identification of risk factors among individ-
uals with SUD. Nevertheless, relatively few studies have considered
both childhood and proximal environmental exposures together with
familial-genetic risk to predict suicide attempt. The possible causal
role of environmental stressors, specifically among individuals with
SUD, also remains to be investigated. In view of the strong genetic
and familial influences in SUD and suicidality, causal associations can
be evaluated using a co-relative design [18] which accounts for the
contributions of familial confounding factors. Causality may be

inferred if the association between a putative risk factor and an

Conclusions: Aggregate genetic liability, childhood environmental experiences and spe-
cific socio-economic indicators are important risk factors for non-fatal suicide attempt

among individuals with substance use disorder.
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outcome remains significant in pair groups of increasing genetic corre-
lation (full siblings) that are discordant for the risk factor, while non-
significant associations would suggest that the relation between the
risk and outcome is mainly explained by familial factors.

In view of the genetic liability, understanding how genetic risks
moderate the role of environmental stressors is also critical. Interac-
tions between genetic loci and SUD-related environment have been
associated with suicidal ideations [19]. A recent well-powered
genome-wide association study has also supported the existence of
gene-environment interactions in self-harm risk [20]; this study indi-
cates interactions between specific single nucleotide polymorphisms
and socio-economic deprivation. However, much remains unknown
about interactions between aggregate genetic risk for suicide attempt
and environmental factors in the context of SUD.

In this study, we relied on large, representative and longitudinally
available Swedish registries. We used familial genetic risk scores
(FGRS), which have shown robust associations with psychiatric disor-
ders and clinical features [21, 22], to quantify individual-level aggre-
gate genetic liability. FGRS are calculated from the weighted rates of
a disorder (e.g. AUD) in first- to fifth-degree relatives. FGRS are com-
plementary to polygenic scores, but computed from the phenotypes
of an individual’s family. Calculated in the entire Swedish population,
FGRS provide substantial information about genetic risk. We had four
specific aims: (1) Evaluate the impact of aggregate genetic factors on
risk for suicide attempt within individuals with SUD; (2) evaluate the
impact of wide-ranging environmental factors on risk for suicide
attempt in SUD; (3) account for familial confounding (genetic and
environmental) to test whether the association between environmen-
tal risk factors and suicide attempt among those with SUD is poten-
tially causal; and (4) determine whether genetic and environmental

risks interact in the context of SUD.

MATERIALS AND METHODS
Participants

In Swedish population-based registers we selected all individuals born
in Sweden between 1960 and 1995 to Swedish-born parents; individ-
uals had been registered for SUD between 1991 and 2015
(n = 228 617). SUD was identified via medical, pharmacy and criminal
records and included both AUD and DUD. We used the first registra-
tion of either AUD or DUD. We did not include tobacco use disorder
from the registry data because of the inconsistency across clinical

treatments, probably leading to false negatives. The outcome variable



SUICIDE ATTEMPT IN SUD

SSA | »+

was the first registration for non-fatal suicide attempt (as defined by
the National Institute of Mental Health?), included from medical regis-
tries. In view of their distinct genetic and environmental etiologies
[23], we excluded fatal suicide attempts that occurred within 14 days
of the first attempt. Ethical approval was secured from the Regional
Ethical Review Board in Lund and participant consent was not
required. For more details, including ICD codes and registries used,

see Supporting information.

Predictors

To investigate the risk of first suicide attempt among individuals with
SUD, we selected several environmental variables according to prior
results described in SUD populations. We evaluated the role of child-
hood environmental exposures considering parental divorce, number
of parental hospitalizations and parental death before age 15 years.
We also assessed whether an individual lived with an intact family
(i.e. residing in the same household as both biological parents for more
than 14 years) to account for separation, single-parent households or
other non-documented familial settings. Additional factors were
evaluated in the year preceding SUD registration and represented by
marital and parenthood status, low educational attainment, unemploy-
ment, low income, social welfare and neighborhood deprivation. Low
education was defined as fewer than 9 years of education, which cor-
responds to the minimum mandatory education in Sweden. These pre-
dictors were measured the year before SUD registration to infer their
potential causal effect on suicide attempt risk. Furthermore, it was
necessary to select a time-frame that could be equivalently applied
among all members of the sample. This precluded focusing upon, for
example, the year prior to suicide attempt, which would not apply to
non-attempters. FGRS for suicide attempt (FGRSsa), AUD (FGRSauD)
and DUD (FGRSpp) were also included. The FGRS were derived from
phenotypes of the individuals’ families, from first- to fifth-degree rela-
tives [18]. The risk for the phenotype was controlled for association
with cohabitation for first-degree relatives and the total score was
weighted by the number of relatives. FGRS are standardized Z-scores
representing the level of genetic risk, with a mean score of O (i.e. a
positive score indicates a genetic risk greater than the general popula-
tion). According to previous studies [24] indicating unique genetic
influences across AUD and DUD, we used separate FGRS for these
phenotypes. We also controlled for the risk associated with AUD ver-
sus DUD in our models, as these may slightly differ in their association
with suicidal behavior [7]. However, sensitivity analysis supported
their inclusion in the same model. Finally, we included age at registra-
tion as an indicator of SUD severity [25]. For a detailed definition of
all variables, see Supporting information.

A small amount of missing data was found for five of the proximal
environmental risk factors (Supporting information). The predicted
regression imputation method was used to predict missing values

based on the other covariates. This single imputation approach was

Lhttps://www.nimh.nih.gov/health/statistics/suicide

identified as reliable in previous studies with a low level of missing
data [26].

Statistical analyses

To examine the association between the familial-genetic and environ-
mental predictors and the first suicide attempt among individuals with
SUD, we performed a series of univariable Cox proportional hazards
models. Follow-up time in months was measured from date of SUD
registration until time of first registration for suicide attempt, emigra-
tion, death or end of follow-up (31 December 2015). Individuals were
followed for a mean of 9.2 years [standard deviation (SD) = 8.0] after
their SUD registration. We tested the proportionality assumption and
confirmed that results remained consistent over time (Supporting
information). In Cox regression models, we included both cases (indi-
viduals with SUD who attempted suicide) and controls (individuals
with SUD who did not attempt suicide) and evaluated the role of the
predictors measured the year before SUD registration. We used haz-
ard ratios (HR) to evaluate the likelihood of risk (HR > 1 as increased
risk and HR < 1 as decreased risk, possibly protective) and 95% confi-
dence intervals (Cl) for significance. Together with the HR, we used
the Akaike information criterion (AIC) to evaluate the strength of the
included variables and model fit. For the univariable analyses, we
observed how AIC decreased (improved balance of model fit and par-
simony) when we included the predictor. Then, we ran a multivariable
analysis with all variables included in the same model. Here we evalu-
ated the effects of each variable by comparing the AIC from the full
model with a model without the variable of interest. We thus
observed how the AIC increased (poorer balance of model fit and par-
simony) when we excluded the predictor. However, none of the vari-
ables were excluded based on the AIC. The use of AIC allowed us to
complement the interpretation of the HR with a measure that can be
compared across all the predictors (binary and continuous). All ana-
lyses were controlled for sex.

Next, we sought to assess the degree to which the association
between the environmental predictors and suicide attempt reflect
confounding by shared familial factors (genetic and/or environmental)
using a co-relative design. From the Swedish Multi-Generation Regis-
ter, we identified all full-sibling and first-cousin pairs where both in
the pair were registered for SUD. Using a stratified Cox regression
model with a separate stratum for each sibling/cousin pair, we refitted
the univariable models. All environmental predictors were included in
these analyses but comparisons between siblings were only per-
formed for variables that vary between them (e.g. parental death was
not included). FGRS were also excluded as their inclusion would be
redundant with the co-relative design. Thereafter, we fitted a multi-
variable logistic model including all the factors that differ between sib-
lings to the subset of the sample without any siblings (n = 194 468) as
a training sample. Results from that model were applied to the second
subset of the population (i.e. that which contained all siblings) and
were evaluated using the receiver operating characteristic curve

(ROC). From the logistic regression model, we created a risk score
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based on the deciles of the predicted probabilities and used it as a
predictor in the next model [27]. The next model was a Cox regres-
sion model and we assessed the degree to which the association
between the risk score and suicide attempt reflect confounding by
familial risk factors using siblings that were discordant for the risk
score (i.e. in different deciles). This approach was an additional effort
to investigate the causality of the variables we had included in the
models.

Finally, we investigated if familial-genetic risks for suicide attempt
(FGRSsa) moderate the impact of environmental factors. To inform
public health perspectives, we used an Aalen’s linear hazards model
[28] and evaluated the interaction on an additive scale. Beyond the
impact of the risk factors on their own, we sought to estimate the
number of new suicide attempts that would occur if individuals were
exposed to two of those risk factors [29]. The results from these
models are presented as the excess number of cases per 10 000
person-years. We computed separate models (i.e. one for each envi-
ronmental predictor), including FGRSsp, the environmental risk factor
and the interaction term. Beta () and 95% Cl are presented; here, sig-
nificance was determined when 95% Cl did not overlap with O.

Statistical analyses were performed using SAS version 9.4 [30]

and the R-package Timereg [31, 32]. The code used in this study can

be requested from the authors. This study was pre-registered through
the Open Science Framework (https://osf.io/yt4ap).

RESULTS
Descriptive analyses

We identified 228 617 individuals with SUD registrations from 1991
to 2015. At their first SUD registration, the sample included 55.6% of
individuals with DUD and 44.4% of individuals with AUD. At the end
of the follow-up, the mean number of registrations was 13.1
(SD = 40.6) and 22.85% of the sample had both AUD and DUD regis-
trations. The mean age for the first SUD registration was 26.2 years
and 10.0% (n = 22 902) of individuals attempted suicide during the
follow-up period. Suicide attempt risk over time was reported in
Supporting information, Figure S1. Descriptive statistics for the pre-
dictors are provided in Table 1 and the distribution of the FGRS is
reported in the Supporting information.

FGRSsa was correlated with both FGRSpyp (r=0.41) and
FGRSpyp (r = 0.38). FGRS for AUD and DUD were also correlated
(r = 0.46).

TABLE 1 Univariable and multivariable models explaining risk for suicide attempt among SUD

Univariable model

Multivariable model

% or mean (SD) HR (95% Cl) AIC? HR (95% Cl) Alc®
Female 26.4% 1.57 (1.53, 1.61) 955.03 1.53(1.49, 1.57) 817.44
Age at SUD registration 26.2(9.4) 1.01 (1.01, 1.01) 92.7 1.01(1.01, 1.02) 190.1
DUD versus AUD 55.6% 1.23(1.19, 1.26) 216.6 1.14(1.11,1.17) 83.9
Familial-genetic factors
FGRS AUD 0.51(1.3) 1.15(1.14, 1.16) 1042.1 1.05 (1.04, 1.06) 94.5
FGRS DUD 0.52(1.5) 1.11(1.11, 1.12) 817.1 1.01(1.00, 1.02) 1.0
FGRS SA 0.32(1.3) 1.16 (1.16, 1.17) 12443 1.09 (1.08, 1.10) 316.8
Childhood environmental factors
Divorce in childhood 1.8% 1.40(1.31,1.51) 73.3 0.91(0.84, 0.99) 3.8
Parental death in childhood 0.2% 2.52(2.10, 3.03) 64.2 1.58(1.30, 1.93) 16.4
Parental hospitalization in childhood 0.30 (1.6) 1.02 (1.01, 1.02) 314.9 1.01(1.01, 1.01) 75.2
Non-intact family in childhood 51.9% 1.35(1.32,1.39) 509.7 1.11(1.08, 1.14) 48.0
Proximal environmental factors
Married 5.7% 1.17 (1.10, 1.24) 240 1.24(1.16, 1.32) 40.9
Child 26.6% 1.33(1.30,1.37) 385.8 1.32(1.28,1.37) 2447
Neighborhood deprivation 0.29 (1.6) 1.04 (1.03, 1.05) 75.9 0.99 (0.98, 1.00) 2.8
Low education 27.6% 1.68 (1.64, 1.73) 1414.5 1.50 (1.46, 1.55) 791.7
Unemployed 27.4% 1.14(1.11,1.17) 83.7 1.05(1.02, 1.08) 7.0
Social welfare 19.5% 1.55(1.51, 1.59) 867.1 1.21(1.17,1.25) 135.3
Low income 25.0% 1.10(1.07, 1.14) 433 0.94 (0.91, 0.97) 16.7

Note: Proximal environmental factors have been measured the year before SUD registration. FGRS are standardized values, with a mean of O (a positive

score indicates a genetic risk greater than the general population).

Abbreviations: AIC, Akaike's information criterion; AUD, alcohol use disorder; DUD, drug use disorder; FGRS, family genetic risk scores; HR, hazard ratio;
SA, suicide attempt; SD, standard deviation; SUD, substance use disorder.
?Decrease in AIC when predictor is added to the null model;
bincrease in AIC when predictor is excluded from the full multivariable model.
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Cox proportional hazards models

In univariable models (Table 1), every predictor was associated with
increased risk of suicide attempt. Among the predictors included in
our analyses, the strongest effect sizes were observed for parental
death (HR = 2.52), low education (HR = 1.68), being a female
(HR = 1.57) and social welfare (HR = 1.55). The decrease in AIC when
each predictor was added to the model also highlighted the role of
low education, FGRSsa, FGRSaup, being a female, receiving social
welfare and FGRSpp in suicide attempt risk.

Sensitivity analyses were performed in AUD and DUD separately,
as well as for a subset of individuals with no missing data (Supporting
information); the results led to the same conclusions as those
reported here.

We then performed multivariable analysis (Table 1) to consider all
the predictors in a single model. Results indicated that sex
(HR = 1.53), FGRSaup (HR = 1.05) and FGRSsa (HR = 1.09) remained
significant. Among childhood factors, divorce was no longer associ-
ated with suicide attempt, while other factors showed attenuated HR
that remained > 1. Regarding the variables measured the year before
SUD registration, having a child (HR = 1.32) and being married
(HR = 1.24) were associated with higher risk for suicide attempt
together with specific socio-economic variables, i.e. low education,
social welfare and unemployment (HR = 1.50, 1.21 and 1.05). In the
multivariable model, the increase in AIC when dropping a variable
from the model supported the role of low education, FGRSsa, having
a child, receiving social welfare and FGRSayp.

Results from both univariable and multivariable models under-
scored marital and parenthood status as risk factors, such that being
married and being a parent were associated with increased risk of sui-
cide attempt. This is unexpected, and discrepant from previous litera-
ture. As these factors were measured in the year before SUD
registration in our Cox models, we considered whether age might be
an effect modifier. We conducted follow-up analyses to investigate
the interaction between these predictors and age at SUD registration
in risk for suicide attempt. Results are described in the Supporting
information and showed that being married and having a child were
associated with increased risk for those with younger ages at SUD
registration but became associated with decreased risk (protective)
for those whose SUD registration occurred after approximately ages

34 (marital status) and 35 (parenthood status).

Co-relative models

Co-relative analyses supported the role of familial factors in the asso-
ciation between risk for suicide attempt among SUD and having a
child, a low education, being unemployed, receiving social welfare and
neighborhood deprivation, as demonstrated by decreasing HR in
groups of increased genetic closeness (cousins, siblings; Table 2).
Regarding the evaluation of possible causal associations (HR > 1 in all
groups), we found support for low education and possibly for marital

and parenthood status as well as social welfare.

We then fitted our multivariable logistic regression model to the
part of the cohort without siblings. We applied these results to the
part of the population with siblings using a risk score based on the
deciles of the predicted probabilities from the logistic model
(Figure 1). The ROC value was 0.65, suggesting acceptable discrimina-
tion. The HR for suicide attempt per decile were 1.12 (95% CI = 1.11,
1.13) in the first population model and 1.08 (95% CI = 1.06, 1.09) in
the second model accounting for sibling relatedness. While the co-
sibling analysis led to an attenuated HR, the HR of 1.08 suggested
that part of the association between the risk score (accounting for
putative risk factors that differ between siblings) and suicide attempt
was not confounded by familial factors and was potentially causal.

Interactions between aggregate genetic risk and
environment

To examine the additive interactions between FGRSsa and environ-
mental stressors, we used Aalen’s linear hazard models. We targeted
the most prominently implicated environmental factors, according to
the literature [20, 33] and previous analyses (Table 3). We identified
significant interactions between FGRSspn and non-intact family
(B = 3.65; 95% Cl = 0.95, 6.35) as well as low education (p = 8.80,
95% Cl = 5.68, 11.9). For low education, results showed that one SD
increase in the FGRSs, (i.e. higher family-genetic risk) led to 8.80
more cases per 10 000 person-years among individuals with low ver-
sus high education. That is, in people who did not have low education,
one SD increase in FGRSsa led to 20.032 new cases while in people
with low education, one SD FGRSsx increase led to 28.83° new cases.
For an intact family, results indicated that one SD increase in FGRSsa
led to 21.01% new cases while in people with a non-intact family, one
FGRSs, increase led to 24.66° new cases (Table 3; Figure 2).

DISCUSSION

The analyses presented in this study evaluated predictors of the first
suicide attempt among individuals with SUD, as they represent a pop-
ulation at especially high risk. The rate of suicide attempts in this pop-
ulation was 10%, a far higher prevalence than observed among
population-based Swedish cohorts [12]. We examined the predictive
role of aggregate genetic risks, childhood and proximal environmental
factors, potential causality and the interaction between genetic and
environmental risks. Our results underscore the important role of
genetic risks together with specific childhood (non-intact family,

parental death) and proximal (low education, social welfare)

2The p of the linear term plus the p of the quadratic term for low

education = [21.1 + (-1.07)].

3The number of new cases for individuals who did not have a low education plus the
interaction term = 20.03 + 8.80.

“The p of the linear term plus the p of the quadratic term for non-intact

family = [22.0 + (-0.99)].

5The number of new cases for individuals with an intact family plus the interaction
term = 21.01 + 3.65.
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Population, n = 228 617
HR (95% Cl)

Cousin, n = 24 309
HR (95% Cl)

Sibling, n = 19 558
HR (95% ClI)

Female
Age at SUD registration
DUD versus AUD
Childhood environmental factors
Divorce in childhood
Parental death in childhood
Parental hospitalization in childhood
Non-intact family in childhood
Proximal environmental factors
Married
Child
Neighborhood deprivation
Low education
Unemployed
Social welfare

Low income

1.57(1.53,1.61)
1.01(1.01, 1.01)
1.23(1.19, 1.26)

1.40(1.31,1.51)
2.52(2.10, 3.03)
1.02 (1.01, 1.02)
1.35(1.32,1.39)

1.17 (1.10, 1.24)
1.33(1.30, 1.37)
1.04 (1.03, 1.05)
1.68 (1.64, 1.73)
1.14(1.11,1.17)
1.55(1.51, 1.59)
1.10(1.07, 1.14)

1.54 (1.43, 1.66)
1.01 (1.00, 1.01)
1.29 (1.20, 1.53)

1.26 (1.02, 1.54)
1.93(1.22,3.07)
1.03 (1.01, 1.04)
1.22(1.14,1.32)
1.18 (1.00, 1.39)
1.20(1.12,1.29)
1.03 (1.01, 1.05)
1.62 (1.51, 1.74)
1.09 (1.02,1.17)
1.21(1.13, 1.30)
0.96 (0.89, 1.03)

1.08(0.99, 1.17)
1.01(1.01, 1.02)
1.08 (0.99, 1.17)

1.59 (1.34, 1.88)
1.13(1.04,1.23)
0.99 (0.96, 1.01)
1.35(1.25, 1.45)
1.01(0.94, 1.09)
1.09 (1.01, 1.18)
1.06 (0.99, 1.15)

Abbreviations: AUD, alcohol use disorder; Cl, confidence interval; DUD, drug use disorder; HR, hazard ratio; SUD, substance use disorder.
#Comparisons between siblings have not been performed because these factors did not differ among siblings.
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FIGURE 1 Multivariable regression model of
risk for suicide attempt (SA). This figure illustrates
results from our multivariable regression model,
which has been fitted to the part of our cohort
with no siblings, and then applied to the sibling
sample: (1) without accounting for their
relatedness (grey bars) and (2) co-sibling analysis
(black bars). We divided the test sample into

10 risk groups, as shown in the x-axis. The y-axes
represent hazard ratio (HR, left) and rates of
suicide attempts (right) in the 10 groups. The
receiver operating characteristic (ROC) curve was
0.65

TABLE 3 Results from Aalen’s linear hazard models, illustrating the interaction between FGRS for suicide attempt and environmental predictors

FGRS for suicide

Models attempt

FGRS for suicide
attempt (quadratic)

Interaction between
environment and FGRSsa

Environmental
factors

Childhood environmental factors

1 Parental death
2 Non-intact family

Proximal environmental factors

3 Low education
4 Low income
5 Social welfare

26.2(24.4,28.2)
22.0(19.5, 24-5)

21.1(18.9,23.3)
26.1(23.9,28.3)
23.3(21.2,25.4)

-1.21(-1.71,-0.71)
-0.99 (-1.49, -0.48)

-1.07 (-1.57,-0.57)
-1.22(-1.72,-0.72)
-1.11 (-1.62, -0.60)

145.0 (84.4, 206.0)
22.7 (19.9, 25.0)

52.6 (49.0,56.2)
6.50 (3.34, 9.66)
41.6(37.8,45.4)

3.64(-31.8,39.1)
3.65(0.95, 6.35)

8.80(5.68, 11.9)
0.50 (-2.40, 3.40)
2.13(-0.99, 5.25)

Table 3 includes both the linear and quadratic terms for family genetic risk scores for suicide attempt (FGRSs,), the linear terms for environmental factors
and the interaction terms. Interaction is measured with the linear term. A quadratic term has been added to account for potential extreme (FGRS) values.



SUICIDE ATTEMPT IN SUD

SSA | »¥

Number of new cases per 10,000 person
years

SAFGRS

Not low education

FIGURE 2

Number of new cases per 10,000 person

Low education

years

-1 0 1 2
SAFGRS

Non-intact family

Intact family

Interactions between family genetic risk scores for suicide attempt (FGRSs,) and environmental stressors within individuals with

substance use disorder (SUD). This figure illustrates interactions between family-genetic risk for suicide attempts and (A, left) educational
attainment (> 9 years of education versus < 9 years) and (B, right) intact versus non-intact families. The x-axes indicate the standardized FGRS
score (reference group = 0) and the y-axes represent the number of new cases of suicide attempt per 10 000 person-year. Negative values
suggest that the effect of -1 FGRS [1 standard deviation (SD) below the mean] will lead to fewer cases per 10 000 compared to the mean FGRS

environmental factors. Findings indicate a possible causal role of low
education and interactions between the overall genetic risk for suicide
attempts with both non-intact family and low education.

First, we found that all FGRS were related to suicide attempt in
univariable analyses. The association with FGRS for AUD and DUD is
in line with previous molecular genetic studies showing that SUD and
suicidal behaviors share some genetic liability [11, 19, 34], while we
used a measure of aggregate genetic risks derived from family history
and controlled for family environmental influences [21]. HR for FGRS
as well as differences in AIC between models indicate that they were
among the strongest predictors, emphasizing the usefulness of mea-
sures based on family history to predict clinical features [35].

Then, we assessed the impact of environmental factors in a model
accounting for aggregate genetic risks, age and type of SUD at regis-
tration and sex. Consistent with prior studies [6, 13], we found that
females and those with DUD were at higher risk for suicide attempts.
Regarding childhood environmental exposures, our results show that
parental death and the lack of an intact family during childhood are
important predictors of suicide attempt risk. However, the number of
parental hospitalizations was only weakly associated with later suicide
attempt, and parental divorce slightly shifted (HR < 1) when account-
ing for other familial variables. This observation is surprising, but could
be explained by the emotional context related to divorce. Indeed,
divorce not only accounts for parental separation (as does non-intact
family) and may also reflect the end of a conflicting relationship
between parents [36]. This should, however, be interpreted with cau-
tion given the low prevalence of divorce in this sample. Overall, this
suggests that among a high-risk population, early-life adversity is
rather reflected by a lack of stability [37], including parental separa-
tion, being raised by a single parent and parental death. Experiences
related to parental death also indicate the adverse role of unfavorable
emotional experiences during upbringing. Parental death is recognized
as an important risk factor for suicidal behaviors [38]; here, we show
the significance of this event among those with SUD, even when

accounting for a wide range of other risk factors. Moreover, while

previous studies implicated 1-2 years after parental death as the most
critical window for suicide risk [39], our analysis indicated that the risk
may last considerably longer.

Concerning proximal environmental factors, our study reinforced
the role of financial stressors [17], by specifically showing that being
unemployed, receiving social welfare and having a low education the
year before SUD registration were associated with the first suicide
attempt among individuals with SUD. These variables are indicators of
the economic situation, whereas low education might also be related
to cognitive performance and personality traits [40]. Low education
was significant in all models, with an effect size comparable to paren-
tal death. The role of low education has long been shown in both SUD
and suicidal behaviors [41, 42], although sometimes confounded with
other socio-economic variables. Our findings expand upon prior work,
demonstrating that economic situation and low education are impor-
tant predictors of suicide attempt in individuals with SUD, even after
accounting for aggregate genetic risk, childhood factors and neighbor-
hood deprivation.

Surprisingly, we found that being married and having a child were
positively associated with suicide attempts. Our post-hoc analyses
demonstrated the moderating role of age at SUD registration, empha-
sizing that these variables were risk factors with a younger age of
SUD onset, but became protective among those with later onset of
SUD. The protective effect is consistent with previous studies [17],
while its inverse effect might be related to early age of onset, a mea-
sure of SUD severity [25]. Early age at sexual intercourse or marriage
could also be indicators of externalizing behaviors and possible SUD
severity [43, 44], suggesting that this population could be at higher
risk for suicide attempts.

To test causality, we compared results from the population to
groups of cousins and full siblings who were concordant for SUD and
discordant in their exposure to risk factors. The attenuation of HR in
cousin and sibling pairs, relative to the overall population, provides
evidence that familial confounding contributes to the association

between several putative risk factors and suicide attempt. Regarding
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potential causality, low education was supported as being probably
causally associated with suicide attempts in the SUD population. This
result is in line with the study of Rosoff and colleagues [41] and fur-
ther demonstrates that education is an important predictor, even
among a group already at high risk for suicide. However, additional
studies are needed to determine the factors underlying this associa-
tion (e.g. economic factors, cognitive abilities, personality traits) and
develop targeted suicide prevention. Similarly, co-relative analyses
supported marital and parenthood status as possible causal predictors
for suicide attempts, although this association shifts as a function of
age at SUD onset. Nevertheless, the possible causal effect of risk
factors shared among siblings still needs to be determined using
complementary methods that enable causal inference, especially for
parental death, which has the strongest effect size in the multivariable
analysis.

The role of aggregate genetic risk is reinforced by significant
interactions with environmental factors. Results indicated that individ-
uals with SUD who had high FGRSsa and low education had an
increased risk of suicide attempt compared to individuals with low
education and low FGRSsh. We also detected an interaction with
non-intact family during childhood, showing that individuals with high
FGRSsa who had lived in a non-intact family (less stable environment)
and later developed SUD were at higher risks for suicide attempt than
their peers with lower genetic liability. Our results suggest that
genetic factors may partially explain the ways in which people
respond to the environment [45] and strongly encourage the consid-
eration of both genetic and environmental effects in future research
and clinical efforts.

Some limitations must be noted to guide future research per-
spectives. In line with Rosoff et al. [41], we identified educational
attainment as a predictor of suicide attempts. Future research, how-
ever, needs to evaluate the mechanisms involved in this association
(e.g. cognitive abilities). Regarding childhood stressors, we have
identified the role of parental hospitalizations, but did not examine
the nature of these hospitalizations in detail. Limiting hospitaliza-
tions for life-threatening or psychiatric conditions could improve our
understanding of this exposure, whose effect size was quite low.
Beyond genetic and environmental risk factors, this study has not
considered the role of psychiatric disorders that may also influence
suicide attempt risk in SUD. Future studies should extend this ques-
tion. In addition, our study design precluded investigating the
effects of environmental exposures that occurred after an individ-
ual's SUD registration, which might have been differentially associ-
ated with suicide attempt. As our research relied upon registry data,
we probably identified more severe cases of SUD and suicide
attempts. Replications in other populations including less severe
SUD and suicide attempts (e.g. those that may not have come to
the attention of health-care providers) would reinforce our results
and their generalizability.

To conclude, we considered both genetic and environmental fac-
tors and investigated their interaction in risk for the first suicide
attempt among individuals with SUD. Genetic and socio-economic

factors appear the most important, while childhood experiences

continue to play a modest role later in life. After accounting for risk
factors specifically related to SUD (age at registration, FGRS for AUD
and DUD), we expand upon the literature by demonstrating that spe-
cific environmental variables previously implicated in suicide attempt
risk in general samples are also important in individuals with SUD—a
group already vulnerable to suicide. Altogether, these findings clarify
our understanding of at-risk individuals and may be useful in clinical
settings to evaluate suicide risk in SUD patients. Particular attention
should be given to people with a family history of SUD or suicidal
behaviors and low education. Additional risks can be expected when
people are in financial difficulties and have experienced childhood
instability. We also strongly encourage consideration of whether
being married and having children are perceived as protective or addi-
tional stressors beyond SUD itself, as our findings showed their dis-
tinct roles as a function of SUD age of onset and support their

potential causal influence in suicide attempt risk.

ACKNOWLEDGEMENTS

This study has been supported by the National Institutes of Health
(National Institute on Alcohol Abuse and Alcoholism: grant numbers
AA027522, AA023534; National Institute of Mental Health: grant
number MH129356; and National Institute on Drug Abuse: grant
number DAO30005) and by the Swedish Research Council to J.S.

DECLARATION OF INTERESTS

None.

AUTHOR CONTRIBUTIONS

Séverine Lannoy: Conceptualization; writing - original draft
presentation. Henrik Ohlsson: Conceptualization; formal analysis.
Mallory Stephenson: Conceptualization. Kenneth Kendler: Funding
acquisition. Jan Sundquist: Funding aqcuisition; resources. Kristina
Sundquist: Funding acquisition; resources. Alexis Edwards: Conceptu-
alization; funding acquisition; supervision; writing - original draft pre-

sentation. All authors: Writing - review & editing.

ORCID

Séverine Lannoy
Kenneth S. Kendler
Alexis C. Edwards

https://orcid.org/0000-0001-7773-4553
https://orcid.org/0000-0001-8689-6570
https://orcid.org/0000-0002-4006-9710

REFERENCES

1. American Psychiatric Association (APA). DSM-5. Diagnostic and Sta-
tistical Manual of Mental Disorders 5th ed. Washington, DC:
American Psychiatric Association; 2013.

2. World Health Organization. Drugs 2019. Available at: https://www.
who.int/health-topics/drugs-psychoactive#tab=tab_2 (accessed 10
April 2022).

3. Substance Abuse and Mental Health Services Administration
(SAMHSA). National Survey of Substance Abuse Treatment Services
(N-SSATS): 2009. Rockville, MD: SAMHSA,; 2010.

4. Yuodelis-Flores C, Ries RK. Addiction and suicide: a review.
Am J Addict. 2015;24:98-104.

5. Centers for Disease Control and Prevention. Web-based Injury Sta-
tistics Query and Reporting System (WISQARS) [online] National


https://orcid.org/0000-0001-7773-4553
https://orcid.org/0000-0001-7773-4553
https://orcid.org/0000-0001-8689-6570
https://orcid.org/0000-0001-8689-6570
https://orcid.org/0000-0002-4006-9710
https://orcid.org/0000-0002-4006-9710
https://www.who.int/health-topics/drugs-psychoactive#tab=tab_2
https://www.who.int/health-topics/drugs-psychoactive#tab=tab_2

SUICIDE ATTEMPT IN SUD

SSA 2951

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Center for Injury Prevention and Control. Available at: www.cdc.
gov/suicide (accessed 10 April 2022).

Lynch FL, Peterson EL, Lu CY, Hu Y, Rossom RC, Waitzfelder BE,
et al. Substance use disorders and risk of suicide in a general US pop-
ulation: a case control study. Addict Sci Clin Pract. 2020;15:1-9.
Crump C, Sundquist J, Kendler KS, Edwards AC, Sundquist K. Com-
parative risk of suicide by specific substance use disorders: a national
cohort study. J Psychiatr Res. 2021;144:247-54.

Vijayakumar L, Kumar MS, Vijayakumar V. Substance use and suicide.
Curr Opin Psychiatry. 2011;24:197-202.

Hesse M, Thylstrup B, Seid AK, Skogen JC. Suicide among people
treated for drug use disorders: a Danish national record-linkage
study. BMC Public Health. 2020;20:1-9.

Bohnert KM, ligen MA, Louzon S, McCarthy JF, Katz IR. Substance
use disorders and the risk of suicide mortality among men and
women in the US Veterans Health Administration. Addiction. 2017;
112:1193-201.

Colbert SMC, Hatoum AS, Shabalin A, Coon H, Nelson EC,
Agrawal A, et al. Exploring the genetic overlap of suicide-related
behaviors and substance use disorders. Am J Med Genet B
Neuropsychiatr Genet. 2021;186:445-55.

Edwards AC, Ohlsson H, Moscicki E, Crump C, Sundquist J,
Kendler KS, et al. Alcohol use disorder and non-fatal suicide attempt:
findings from a Swedish National Cohort Study. Addiction. 2022;
117:96-105.

Armoon B, SoleimanvandiAzar N, Fleury MJ, Noroozi A, Bayat AH,
Mohammadi R, et al. Prevalence, sociodemographic variables, mental
health condition, and type of drug use associated with suicide behav-
iors among people with substance use disorders: a systematic review
and meta-analysis. J Addict Dis. 2021;39:550-79.

Thompson RG Jr, Alonzo D, Hu MC, Hasin DS. The influences
of parental divorce and maternal-versus-paternal alcohol abuse on
offspring lifetime suicide attempt. Drug Alcohol Rev. 2017;36:
408-14.

Guvendeger Doksat N, Zahmacioglu O, Ciftci Demirci A,
Kocaman GM, Erdogan A. Association of suicide attempts and non-
suicidal self-injury behaviors with substance use and family charac-
teristics among children and adolescents seeking treatment for sub-
stance use disorder. Subst Use Misuse. 2017;52:604-13.

Hung GC-L, Huang M-C, Yip PSF, Fan H-F. Chen Y-Y. Association
between childhood adversities and suicide attempts among alcoholic
inpatients in Taiwan. J Stud Alcohol Drugs. 2013;74:559-64.

Hung GC, Cheng CT, Jhong JR, Tsai SY, Chen CC, Kuo CJ. Risk and
protective factors for suicide mortality among patients with alcohol
dependence. J Clin Psychiatry. 2015;76:1687-93.

Kendler KS, Ohlsson H, Sundquist K, Sundquist J. The causal nature
of the association between neighborhood deprivation and drug
abuse: a prospective national Swedish co-relative control study.
Psychol Med. 2014;44:2537-46.

Polimanti R, Levey DF, Pathak GA, Wendt FR, Nunez YZ, Ursano RJ,
et al. Multi-environment gene interactions linked to the interplay
between polysubstance dependence and suicidality. Transl Psychia-
try. 2021;11:1-11.

Ye J, Wen Y, Sun X, Chu X, Li P, Cheng B, et al. Socioeconomic depri-
vation index is associated with psychiatric disorders: an observa-
tional and genome-wide gene-by-environment interaction analysis in
the UK biobank cohort. Biol Psychiatry. 2021;89:888-95.

Kendler KS, Ohlsson H, Sundquist J, Sundquist K. The patterns of
family genetic risk scores for eleven major psychiatric and substance
use disorders in a Swedish national sample. Transl Psychiatry. 2021;
11:1-8.

Kendler K, Ohlsson H, Moscicki E, Sundquist J, Edwards A,
Sundquist K. Genetic liability to suicide attempt, suicide death, and
psychiatric and substance use disorders on the risk for suicide

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

attempt and suicide death: a Swedish national study. Psychol Med.
2021;1-10. https://doi.org/10.1017/50033291721003354
Edwards AC, Ohlsson H, Moscicki E, Crump C, Sundquist J,
Lichtenstein P, et al. On the genetic and environmental relationship
between suicide attempt and death by suicide. Am J Psychiatry.
2021;178:1060-9.

Kendler KS, Lonn SL, Maes HH, Lichtenstein P, Sundquist J,
Sundquist K. A Swedish population-based multivariate twin study of
externalizing disorders. Behav Genet. 2016;46:183-92.

Hingson RW, Heeren T, Winter MR. Age at drinking onset and alco-
hol dependence. JAMA Pediatr. 2006;160:739-46.

Javanbakht M, Lin J, Ragsdale A, Kim S, Siminski S, Gorbach P. Com-
paring single and multiple imputation strategies for harmonizing sub-
stance use data across HIV-related cohort studies. BMC Med Res
Methodol. 2022;22:1-11.

Downer RG. Evaluate your SCORE: Logistic Regression Prediction
Comparison using the SCORE Statement. 2019. Available at: https://
www.mwsug.org/proceedings/2019/RF/MWSUG-2019-RF-038.pdf
(accessed 10 April 2022).

Aalen OO. A linear regression model for the analysis of life times.
Stat Med. 1989;8:907-25.

Kendler KS, Gardner CO. Interpretation of interactions: guide for the
perplexed. Br J Psychiatry 2010;197:170-171.

SAS/STAT®. Online Documentation, version 9.4. Cary, NC: SAS/-
STAT; 2020.

Scheike TH, Zhang M-J. Analyzing competing risk data using the R
timereg package. J Stat Softw. 2011;38:1-15.

Martinussen TST. Dynamic Regression Models for Survival Data
New York, NY: Springer; 2006.

Wendt FR, Pathak GA, Levey DF, Nunez YZ, Overstreet C, Tyrrell C,
et al. Sex-stratified gene-by-environment genome-wide interaction
study of trauma, posttraumatic-stress, and suicidality. Neurobiol
Stress. 2021;14:100309.

Mullins N, Kang J, Campos Al, Coleman JRI, Edwards AC, Galfalvy H,
et al. Dissecting the shared genetic architecture of suicide attempt,
psychiatric disorders and known risk factors. Biol Psychiatry. 2021;
91:313-27.

Fullerton JM, Nurnberger JI. Polygenic risk scores in psychiatry: will
they be useful for clinicians? F1000Res. 2019;8:1-11. PMID: F1000
Faculty Rev-1293:1-11.

O’Hara KL, Sandler IN, Wolchik SA, Tein JY. Coping in context: the
effects of long-term relations between interparental conflict and
coping on the development of child psychopathology following
parental divorce. Dev Psychopathol 2019;31:1695-1713.
Bjorkenstam C, Kosidou K, Bjorkenstam E. Childhood adversity and
risk of suicide: cohort study of 548 721 adolescents and young
adults in Sweden. BMJ. 2017;357:j1334.

Hua P, Bugeja L, Maple M. A systematic review on the relationship
between childhood exposure to external cause parental death,
including suicide, on subsequent suicidal behaviour. J Affect Disord.
2019;257:723-34.

Kuramoto SJ, Runeson B, Stuart EA, Lichtenstein P, Wilcox HC. Time
to hospitalization for suicide attempt by the timing of parental sui-
cide during offspring early development. JAMA Psychiatry. 2013;70:
149-57.

Lannoy S, Ohlsson H, Kendler KS, Sundquist J, Sundquist K,
Edwards AC. The causal effect of education and cognitive perfor-
mance on risk for suicide attempt: a combined instrumental variable
and co-relative approach in a Swedish national cohort. J Affect Dis-
ord. 2022;305:115-21.

Rosoff DB, Kaminsky ZA, McIntosh AM, Davey Smith G, Lohoff FW.
Educational attainment reduces the risk of suicide attempt among
individuals with and without psychiatric disorders independent of
cognition: a bidirectional and multivariable Mendelian randomization


http://www.cdc.gov/suicide
http://www.cdc.gov/suicide
https://doi.org/10.1017/S0033291721003354
https://www.mwsug.org/proceedings/2019/RF/MWSUG-2019-RF-038.pdf
https://www.mwsug.org/proceedings/2019/RF/MWSUG-2019-RF-038.pdf

2952 | SSA

42.
43.

44,

45.

LANNOY ET AL.

study with more than 815,000 participants. Transl Psychiatry. 2020;
10:1-15.

Schepis TS, Teter CJ, McCabe SE. Prescription drug use, misuse and
related substance use disorder symptoms vary by educational status
and attainment in U.S. adolescents and young adults. Drug Alcohol
Depend. 2018;189:172-7.

Karlsson Linner R, Mallard TT, Barr PB, Sanchez-Roige S, Madole JW,
Driver MN, et al. Multivariate analysis of 1.5 million people identifies
genetic associations with traits related to self-regulation and addic-
tion. Nat Neurosci. 2021;24:1367-76.

Salvatore JE, Larsson Lonn S, Long EC, Sundquist J, Kendler KS,
Sundquist K, et al. Parental alcohol use disorder and offspring marital
outcomes. Addiction. 2019;114:81-91.

Rutter M, Dunn J, Plomin R, Simonoff E, Pickles A, Maughan B, et al.
Integrating nature and nurture: implications of person-environment
correlations and interactions for developmental psychopathology.
Dev Psychopathol. 1997;9:335-64.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Lannoy S, Ohlsson H, Stephenson M,
Kendler KS, Sundquist J, Sundquist K, et al. Risk of non-fatal
suicide attempt in individuals with substance use disorder: the
roles of aggregate genetic liability and environmental
exposures in a Swedish population-based cohort. Addiction.
2022;117(11):2943-52. https://doi.org/10.1111/add.15965



https://doi.org/10.1111/add.15965

	Risk of non-fatal suicide attempt in individuals with substance use disorder: the roles of aggregate genetic liability and ...
	INTRODUCTION
	MATERIALS AND METHODS
	Participants
	Predictors
	Statistical analyses

	RESULTS
	Descriptive analyses
	Cox proportional hazards models
	Co-relative models
	Interactions between aggregate genetic risk and environment

	DISCUSSION
	ACKNOWLEDGEMENTS
	DECLARATION OF INTERESTS
	AUTHOR CONTRIBUTIONS
	REFERENCES


