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Abstract

Background: Suicidal behaviors are prevalent public health concerns, and we

need to improve our predictive ability to better inform prevention efforts.

Methods: Using nationwide longitudinal Swedish registers, we included

344,490 males and 323,177 females born 1982–1990 with information on

genetic liability and environmental exposures from birth to age 16: perinatal

variables, parental psychopathology (suicide attempt, substance use disorder,

major depression), family status, socioeconomic difficulties, peers' psychopa-

thology, and school grades. We conducted sex-specific analysis and developed

data-driven predictive models including risk factors that occurred between

ages 0 and 16 using structural equation modeling.

Results: In both females and males, the best-fitting models reveal a complex

risk pathway to suicide attempt. In females, the model indicates four direct

effects on suicide attempt risk: the occurrence of suicide attempt in parents

during childhood (β = 0.159, 95% CI: 0.118; 0.199) and adolescence (β = 0.115,

95% CI: 0.077; 0.153), suicide attempt in peers (β = 0.068, 95% CI: 0.057;

0.079), and low academic achievement (β = 0.166, 95% CI: 0.156; 0.175). In

males, aggregate genetic liability for suicide attempt (β = 0.130, 95% CI: 0.111;

0.148), suicide attempt in parents during adolescence (β = 0.099, 95% CI:

0.074; 0.124), suicide attempt in peers (β = 0.118, 95% CI: 0.108; 0.129), and

low academic achievement (β = 0.61, 95% CI: 0.152; 0.171) were related to

later suicide attempt. These factors also acted as mediators to explain the asso-

ciation between environmental exposures in childhood and later suicide

attempt.

Conclusions: These findings illustrate sex-specific pathways to suicide

attempt by including risk factors that occur during the development. Results

highlight the importance of genetic and family environment but also the prom-

inent role of academic achievement.
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1 | INTRODUCTION

Reducing suicidal behaviors is among the top public
health priorities of many countries,1 but current meta-
analytic findings suggest that our predictive power is only
slightly better than chance.2 This limits our ability to pre-
vent suicidal behaviors. To improve risk prediction, theo-
retical models inform about different ways to
conceptualize risk factors.3,4 Three main constructs are
described: distal/predisposing, developmental/mediating,
and precipitating factors. The two first categories broadly
reflect genetic liability and environmental exposures that
happen during development. The last category implicates
the influence of stressful life events and their possible
interactions with genetic liability, psychopathology, and
suicide capability. A crucial way to move the field for-
ward is to provide a better understanding of the complex
relationships among these risk factors using empirical
data. Prior studies also indicate that risk for non-fatal
and fatal suicide attempts only partially overlaps.5,6

Accordingly, this study focused on non-fatal suicide
attempt.

The role of genetic liability for suicide phenotypes has
been supported in many studies. First, twin research indi-
cates heritability estimates for suicidal thoughts and
behaviors between 30% and 55%.5,7 Genome-wide associ-
ation studies are currently expanding and also support
the importance of genetic factors in the etiology of sui-
cide attempt.8 Second, using family/genetic risk scores,
computed based on phenotypic occurrence in the family
and corrected for cohabitation effects, research shows the
importance of genetic risk for suicide attempt and under-
scores the additional roles of genetic liability for sub-
stance use disorder and major depression.9

Environmental risk factors include exposures as early
as during the pre- and perinatal periods.10 For example,
being small for gestational age was related to increased
risk of suicide attempt even after controlling for parental
education and psychopathology.11 Various family-related
exposures may also increase the risk of suicide attempt.
One of the strongest risk factors is parental
psychopathology,12–15 especially substance use disorder.16

This suggests that, in addition to the effect of genetic lia-
bility, the familial environment related to having parents
with substance use disorder provides additional risk for
suicide attempt. Generally, interpersonal difficulties and
family conflicts are associated with suicide attempt risk
during adolescence,16–20 while supportive and positive

family environments are important protective factors.21

Other risk factors for suicide attempt include socioeco-
nomic (i.e., living in a deprived neighborhood and receiv-
ing public assistance) and relational (i.e., separation,
divorce, and death of parents) difficulties.15,16 However,
how the timing of these exposures is related to suicide
attempt risk remains an active area of research. Though
some studies suggested greater importance of early child-
hood adversity on risk for psychopathology,22 adversity
during adolescence also plays an important role in adult
mental health.23 Additionally, it is possible that the
impact of perinatal and childhood exposures operates
through adolescent risk factors rather than directly.

Significant outcomes

• This study revealed sex-specific and complex
pathways to suicide attempt risk, with the
importance of childhood and adolescent envi-
ronmental exposures in females, and the prom-
inence of genetic risk and adolescent exposures
in males.

• Aggregate genetic liability was among the
strongest risk factors in both sexes, but in
females, the effect of aggregate genetic liability
acted through the occurrence of parental sui-
cide attempt, emphasizing the important coun-
terpart of environmental adversity.

• Academic achievement at age 16 was related to
an increased risk of later suicide attempt in
both males and females and acted as a media-
tor between socioeconomic adversity and sui-
cide attempt.

Limitations

• The use of registry data limits the study to
inclusion of suicide attempts that came to the
attention of medical workers, potentially miss-
ing attempts that did not require medical
attention.

• Though we considered a large amount of risk
factors over the childhood and adolescence
periods, the total amount of variance explain-
ing suicide attempt in these models remains
quite low, underscoring the complexity of sui-
cide etiology.
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Beyond the family, the peer environment may have
adverse effects on risky behaviors during adolescence. The
influence of peers has been strongly documented in the
substance use literature.24–26 Studies focused on suicidal
behaviors, however, have mainly indicated the adverse
role of peers' victimization and bullying.27,28 Initial evi-
dence suggested that suicide attempt in peers increased
the risk of suicide attempt in individuals from the same
sex.29 Studies in clinical populations also showed that ado-
lescents who attempted suicide were more likely to be
exposed to suicidal behaviors in friends and family.30,31

Nevertheless, it remains unclear whether suicide attempt
in peers is directly related to increased rates of suicide
attempt in youth. Finally, poor academic achievement has
been shown to be an important indicator of environmental
adversity during adolescence.32 Previous studies support
inverse associations between academic achievement and
suicide attempt,33,34 but did not consider its interrelations
with genetic and environmental risk factors. Considering
these risk factors all together in a developmental model
could improve our understanding of the complex path-
ways to non-fatal suicide attempt.

We used Swedish national registries to evaluate the
influence of genetic and various environmental factors
from birth to age 16 on later risk for suicide attempt. We
capitalized on longitudinal data to categorize risk factors
into five groups: family/genetic, perinatal, early child-
hood (ages 0–6), childhood (ages 7–12), and adolescence
(ages 13–16).35,36 To account for the complexity of sui-
cidal behavior, we used a data-driven pathway analysis.37

This approach combines risk factors from different
domains into an integrated model.

1.1 | Aims of the study

Our goal was to clarify the developmental pathways
through which risk factors lead to suicide attempt by elu-
cidating direct effects and possible mediational pathways.
Providing a better understanding of the relationships
between genetic and environmental risk factors and their
association with suicide attempt may help improve sui-
cide prevention and screening procedures.

2 | MATERIALS AND METHODS

We collected information on individuals from Swedish
population-based registers with national coverage linking
each person's unique personal identification number
which, to preserve confidentiality, was replaced with a
serial number by Statistics Sweden. The authors assert
that all procedures contributing to this work comply with

the ethical standards of the relevant national and institu-
tional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2013. All
procedures involving human subjects/patients were
approved by the Regional Ethical Review Board in Lund
and no participant consent was required (No. 2008/409
and later amendments).

We selected all individuals born from 1982 to 1990 in
Sweden, and followed them until December 2018. In the
database, we included several variables from different
registers. An extended description can be found in the
Supplement. Briefly, we included individual family
genetic risk scores (FGRS) for four different disorders:
suicide attempt, drug use disorder, alcohol use disorder,
and major depression. The FGRSs are calculated from
morbidity risks for disorders in first-degree through fifth-
degree relatives. Information on registration for specific
disorders in relatives is available in the registry data.
FGRS arise from phenotypes in extended pedigrees and
are weighted according to the numbers and type of rela-
tives (e.g., the shared additive genetic effect is 0.5 for par-
ents and 0.25 for aunts and uncles) and controlled for
cohabitation effects.38,39 To evaluate environmental expo-
sures, we first included information from the Swedish
Medical Birth register: smoking during pregnancy, paren-
tal age at birth, Apgar index, pre-term birth, birth weight,
birth length, and family status (i.e., parental co-resi-
dence) at birth. Then, we included information on envi-
ronmental exposures during three specific time periods:
early childhood (0–6 years old), childhood (7–12 years
old), and adolescence (13–16 years old). For each period,
we included information on parental psychopathology
(major depression, substance use disorder, and suicide
attempt in parents) and social welfare assistance. For the
adolescent period (age 16) we also included information
on psychopathology in peers (rates of major depression,
substance use disorder, and suicide attempt among indi-
viduals from the same school), individual school grades,
neighborhood of residence, and family status (residing
with both parents between 0 and 15 years). Overall, we
included 29 different variables that have been previously
related to suicidal behavior and underscored as important
predictors in theoretical models (Table S1). Note that
some variables are the same (e.g., social welfare) but eval-
uated at different time periods. Because we included vari-
ables from the family environment and the occurrence of
suicide attempt in parents, we also conducted a sensitiv-
ity analysis using a modified FGRS for suicide attempt
that excluded the parents' phenotypes (see Supplement).
For males we have complete information on all variables
for 344,490 of all 482,779 (71.3%) individuals, and for
females we have complete information on all variables
for 323,177 of all 456,222 (70.8%) individuals.
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2.1 | Statistical analysis

The path model consisted of path and correlation coeffi-
cients connecting the 29 observed variables of the model.

TABLE 1 Descriptive statistics.

Females Males

Family genetic risk score

FGRSSA (4 groups based on K-means
clustering)

Very low genetic risk 64% 64%

Low genetic risk 27% 27%

High genetic risk 8% 8%

Very high genetic risk 2% 2%

FGRSDUD (4 groups based on
K-means clustering)

Very low genetic risk 72% 72%

Low genetic risk 22% 22%

High genetic risk 6% 6%

High genetic risk 1% 1%

FGRSAUD (4 groups based on
K-means clustering)

Very low genetic risk 60% 60%

Low genetic risk 28% 28%

High genetic risk 9% 9%

Very high genetic risk 2% 2%

FGRSMD (4 groups based on K-means
clustering)

Very low genetic risk 37% 37%

Low genetic risk 41% 41%

High genetic risk 18% 18%

Very high genetic risk 4% 4%

Perinatal factors

Smoking during pregnancy 27.9% 28.0%

Family status at birth (not living with
father)

5.0% 5.0%

Younger age at birth (below 35) 89.1% 89.5%

Early birth (<37 weeks) – 4.9%

Birth weight (5 groups based on the
empirical distribution)

–

Very low weight 23% 24%

Low weight 22% 22%

Medium weight 21% 19%

High weight 18% 18%

Very high weight 16% 17%

Birth length (5 groups based on the
empirical distribution)

Very short length 21% 21%

Short length 16% 36%

Medium length 40% 18%

High length 12% 11%

(Continues)

TABLE 1 (Continued)

Females Males

Very high length 11% 14%

Apgar score (score between 5 and 7) 1.3% 1.7%

Early childhood factors (age 0–6)

Social welfare 15.5% –

Depression in parents 0.4% 0.4%

Substance use disorder in parents 2.6% 2.7%

Suicide attempt in parents 1.0% 1.0%

Childhood factors (ages 7–12)

Social Welfare 20.2% 20.1%

Depression in parents 1.0% 1.0%

Substance use disorder in parents 3.4% 3.4%

Suicide attempt in parents 1.1% –

Adolescence factors (ages 13–16)

Social Welfare 13.7% 13.6%

Depression in parents 2.9% 2.8%

Substance use disorder in parents 3.4% 3.4%

Suicide attempt in parents 1.0% 1.0%

Age 16 factors

Low grades (mean/SD) �0.025
(0.95)

�0.026
(0.95)

Type of neighborhood

Deprived area 27% 27%

Medium area 60% 60%

Affluent area 13% 13%

Depression in peers (3 groups based
on the empirical distribution)

Low depression 33% 33%

Medium depression 33% 33%

High depression 34% 34%

Substance use disorder in peers (3
groups based on the empirical
distribution)

Low SUD 33% 33%

Medium SUD 33% 33%

High SUD 34% 34%

Suicide attempt in peers (3 groups
based on the empirical distribution)

Low suicide attempt 33% 33%

Medium suicide attempt 33% 33%

High suicide attempt 34% 34%
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We followed a data-driven approach developed in previous
studies37,40–42: We began with a fully saturated model and
used a combination of three approaches to produce a
model with the optimal balance of explanatory power and
parsimony. In the first step, observing the significance
levels of individual paths, we fixed sets of paths to zero
when the associated z-value was <1.96. Second, we set all
path estimates with a value of <0.05 to zero, regardless of
z-value, as those paths were significant but too small to be
meaningful. Third, we added and subtracted paths that
were marginal by significance and/or magnitude to see if
we could arrive at a better overall fit and indeed produced
a modest improvement in fit and explanatory power. We
utilized two fit indices that reflect the success of the model
in balancing explanatory power and parsimony: the
Tucker–Lewis index (TLI) and the root mean square error
of approximation (RMSEA). For the TLI, values between
0.90 and 0.95 are considered acceptable and values ≥0.95
as good. For the RMSEA, good models have values ≤0.05.
This is detailed in the Appendix and based on prior litera-
ture and theoretical models. We conducted sex-specific
analyses. To evaluate the predictive power of our model
variables, we estimated the model in a random half of the
sample and then applied it on the other half of the sample.
The fit function was weighted least squares. Model fitting
was done by using Mplus, version 7.31. Results are pre-
sented as standardized partial regression coefficients and
95% Confidence Intervals (CI). Note that the 4 FGRSs are
interconnected by correlations, rather than partial regres-
sion coefficients.

3 | RESULTS

3.1 | Descriptive analyses

Table 1 reports the prevalence for the different risk fac-
tors. During the follow-up period, 5% of females and 4.5%
of males attempted suicide.

3.2 | Path model in females

3.2.1 | Model fitting

Model fitting resulted in a final model with good fit in both
the training (RMSEA = 0.013 [0.013, 0.014], TLI = 0.978)
and validation (RMSEA = 0.012 [0.011, 0.012], TLI = 0.984)
samples. The model explained 11.6% of the total variance of
suicide attempt in the training sample, and 11.7% in the vali-
dation sample. The model-fitting process led to the exclusion
of perinatal predictors (preterm birth, birth weight, birth
length, and Apgar index) and family status during

childhood. Variables included in the final model and path
estimates are reported in Table S3, whereas the description
below focuses on the most meaningful paths, that is, direct
effects and mediational pathways (Figure 1).

3.2.2 | Model description

First, the final model indicates that four risk factors were
directly related to suicide attempt in females: suicide
attempt in parents during early childhood (0–6 years;
direct effect = 0.159, 95% CI = 0.118, 0.199) and adoles-
cence (13–16 years; direct effect = 0.115, 95% CI = 0.077,
0.153), low school grades at age 16 (direct effect = 0.166,
95% CI = 0.156, 0.175), and suicide attempt in peers at age
16 (direct effect = 0.068, 95% CI = 0.057, 0.079). Though
we did not observe a direct effect of genetic risk for suicide
attempt in this model, FGRSSA was highly associated with
suicide attempts in parents at all ages (see Table S3 for all
path estimates) and was among the strongest total effects
(total effect = 0.126, 95% CI = 0.118, 0.133).

Second, we identified three risk factors that may act
as mediators—that is, variables that lie on indirect paths
between other predictors and SA: academic achievement
(low school grades), suicide attempt in parents during
adolescence, and suicide attempt in peers.

Low grades at age 16 were related to genetic as well as
perinatal and childhood factors: higher FGRS for alcohol
use disorder (0.051, 95% CI = 0.045, 0.057), having a mother
who smoked during pregnancy (0.136, 95% CI = 0.130,
0.143), being a mother who was older while pregnant (0.067,
95% CI = 0.060, 0.075), social welfare at all ages (0–
6 years = 0.087, 95% CI = 0.073, 0.101; 6–12 years = 0.090
95% CI = 0.069, 0.111; 13–16 years = 0.176, 95% CI = 0.160,
0.193), and living in a deprived neighborhood in adolescence
(0.068, 95% CI = 0.063, 0.074). These variables had indirect
effects on suicide attempt risk via their association with low
school grades.

Similarly, having parents who attempted suicide during
adolescence was related to FGRS for suicide attempt (0.323,
95% CI = 0.300, 0.346), depression in parents during child-
hood (7–12 years: 0.103, 95% CI = 0.061, 0.144) and adoles-
cence (13–16 years: 0.558, 95% CI = 0.531, 0.584). These
factors were indirectly associated with increased suicide
attempt risk through parental suicidal behavior.

Two measures of peer psychopathology at age 16 –
depression (0.131, 95% CI = 0.125, 0.137) and substance
use disorders (0.296, 95% CI = 0.291; 0.302)—were indi-
rectly associated with risk of suicide attempt: Their
effects were mediated through peers' suicide attempt.

We conducted a sensitivity analysis using a FGRS for
suicide attempt that excluded the parents' phenotypes.
Results did not differ substantially (Supplement). The most
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important difference was the increase in the variance
explained by the model (from 11.7% to 13.7%), which can
be related to the fact that after adjusting the FGRS, the
effect of parental and environmental variables increased.

3.3 | Path model in males

3.3.1 | Model fitting

Model fitting indicated a final model with good fit in
both the training (RMSEA = 0.013 [0.012, 0.014],

TLI = 0.990) and validation (RMSEA = 0.012 [0.012,
0.012], TLI = 0.991) samples. The model explained
9.8% of the total variance of suicide attempt in the
training sample, and 9.7% in the validation sample.
The model-fitting process led to the exclusion of
three potential predictors: social welfare during early
childhood (0–6 years), suicide attempt in parents dur-
ing childhood (7–12 years), and family status
between 0 and 15 years. Variables retained in the
final model are depicted in Table S5. Below, we
describe the direct effects and key mediational path-
ways (Figure 2).

FGRS Perinatal Early childhood
0-6

Childhood
7-12

Adolescence
13-16

Suicide 
attempt

FGRSSA

Low grades

SUD in 
peers

SUD in 
parents

FGRSMD

Adolescence
16

SUD in 
parents

SUD in 
parents

SA in peers

Depression 
in peers

0.068 
[0.057; 0.079]

0.115 [0.077; 0.153]

0.558 
[0.531; 0.584]

0.
22

8 
[0

.2
04

; 0
.2

52
]

0.063 
[0.055 0.071]

0.
29

6 
[0

.2
91

; 0
.3

02
]

0.131 
[0.125 0.137]

Social 
welfare

Smoking 
pregnancy

Old age at 
birth

Depression 
in parents

Depression 
in parents

SA in 
parents

Social 
welfare

0.136 [0.130; 0.143]

0.159 [0.118; 0.199]

Social 
welfare

Family 
status

SA in 
parents

FGRSDUD

FGRSAUD

Neighbor-
hood

SA in 
parents

Depression 
in parents

FIGURE 1 Path model in females.

FGRS Perinatal Early childhood
0-6

Childhood
7-12

Adolescence
13-16

Suicide 
attempt

Low grades

Social 
welfare

SA in peers

Depression 
in peers

SUD in 
peers

SUD in 
parents

FGRSAUD

FGRSMD

SUD in 
parents

SUD in 
parents

Apgar

Birth length

Depression 
in parents

Depression 
in parents

Adolescence
16

0.159 [0.153; 0.165]

0.323 [0.301; 0.344]

0.
25

0 
[0

.2
29

; 0
.2

70
]

0.611 
[0.595; 0.627]

0.
29

2 
[0

.2
86

; 0
.2

97
] 0.135 

[0.130; 0.141]

Smoking 
pregnancy

Birth 
weight

Family 
status

SA in 
parents

FGRSDUD

FGRSSA

Depression 
in parents

Neighbor-
hood

SA in 
parents

Social 
welfare

FIGURE 2 Path model in males.
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3.3.2 | Model description

There were four variables with significant direct effects
on suicide attempt: aggregate genetic risk for suicide
attempt (FGRSSA: direct effect = 0.130, 95% CI = 0.111;
0.148), suicide attempt in parents during adolescence
(13–16 years: direct effect = 0.099, 95% CI = 0.074,
0.124), suicide attempt in peers at age 16 (direct
effect = 0.118, 95% CI = 0.108, 0.129), and low school
grades at age 16 (direct effect = 0.161, 95%
CI = 0.152, 0.171).

Findings from this model highlight three central
mediators, explaining the association between
pre/perinatal variables, childhood factors, and suicide
attempt risk: academic achievement, suicide attempt in
parents during adolescence, and suicide attempt in peers.

Academic achievement was related to genetic risk for
drug use disorder (0.066, 95% CI = 0.060, 0.072), mater-
nal smoking during pregnancy (0.159, 95% CI = 0.153,
0.165), and socioeconomic difficulties such as social wel-
fare during childhood (7–12 years: 0.150, 95% CI = 0.134,
0.167) and adolescence (13–16 years: 0.149, 95%
CI = 0.132, 0.165), and living in a deprived neighborhood
(0.092, 95% CI = 0.087, 0.097). All these variables had
indirect effects on suicide attempt risk via the influence
of school grades at age 16.

Suicide attempt in parents during the proband's ado-
lescence (ages 13–16) was predicted by aggregate genetic
risk for suicide attempt (0.323, 95% CI = 0.301, 0.344)
and concurrent psychopathology in parents (depression
[0.611, 95% CI = 0.595, 0.627] and substance use disorder
[0.250, 95% CI = 0.229, 0.270]), which, therefore, had
indirect effects on suicide attempt risk in offspring.

Similarly, suicide attempt in peers was predicted by
psychopathology in peers, i.e., depression (0.135, 95%
CI = 0.130, 0.141) and substance use disorder (0.292,
95% CI = 0.286, 0.297), those variables thus had indirect
effects on proband's suicide attempt risk.

A sensitivity analysis was conducted using a FGRS
that excluded the parents' phenotypes, but results did not
differ substantially (Supplement).

4 | DISCUSSION

The current study investigated the roles of genetic liabil-
ity and several environmental exposures from early child-
hood to adolescence in risk for later suicide attempt. We
developed data-driven prediction models for suicide
attempt and showed the distinct and combined effects of
genetic and environmental exposures, providing impor-
tant insights into the pathways to non-fatal suicide
attempt.

By conducting sex-specific analyses, we found that
the best-fitting models differ in males and females.
Though the existence of two different models precluded
us from formally testing statistical differences between
males and females, two points should be highlighted.
First, we found sex-specific effects regarding the role of
genetic liability: In males, genetic liability was directly
related to suicide attempt, while in females, the effect of
genetic liability was indirect, mediated through parental
suicide attempt in childhood. As FGRS are corrected for
cohabitation effects,38 they allow us to partially distin-
guish whether part of the risk arises from genetic factors
or the environmental adversity of parental psychopathol-
ogy. Consistent with prior evidence,5,7,14,43 the current
results indicate that both genetics and the family environ-
ment play a role in suicide attempt risk. Though the
effect of genetics is complex and varies across the life
course, it suggests that in females, the family environ-
ment might moderate the effect of genetic risk and con-
stitute an interesting target for prevention.43 Second, our
results provide insights regarding the timing of risk with
distinct observations in males and females. In females,
though most of the perinatal factors could be removed
from the model, childhood adversity plays a role in later
suicide attempt. In males, both the direct and strongest
total effects reflect risk factors during adolescence, sug-
gesting that proximal risk factors are more important
than earlier ones. Although childhood is an
important developmental period where children build
their knowledge and cognitive skills,22 adolescence is a
central period of maturation that leads to the construc-
tion of identity.44 Both are strongly influenced by rela-
tionship quality and life events. In females, adversity in
childhood and adolescence matter to define the risk of
suicide attempt, but in males, difficulties experienced
during the construction of identity seem to be more
related to suicide attempt risk.

In addition to sex differences, these findings under-
score the importance of three risk factors directly associ-
ated with suicide attempt in both sexes: parental suicide
attempt during adolescence, peers' suicide attempt at age
16, and academic achievement. The role of peers' behav-
iors expands previous work suggesting an association
between suicide attempt in peers and individual suicide
attempt29–31 by showing a direct effect of peers' behaviors
in both sexes, with higher effect sizes in males. The role
of peers may be understood through the contagion/
imitation model, which is particularly prominent in ado-
lescence.45 Indeed, believing that peers endorse suicidal
thoughts/behaviors is sufficient to increase the rate of
self-reported suicidal thoughts/behaviors in adoles-
cence.46 Our results emphasized peers' psychopathology
and behaviors as important components of risk for later
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suicide attempt. This observation leads to clinical impli-
cations for the prevention of suicide attempt by encourag-
ing strong monitoring of people who have been exposed
to peers' suicidal behaviors. This could be done in school
settings for adolescents but could also be asked in consul-
tation as part of a screening for exposure to potential risk
factors.

Moreover, the effect of academic achievement on sui-
cide attempt risk was particularly salient in both sexes.
This result is in line with previous studies,33,47,48 includ-
ing one using the Swedish registry data to demonstrate
the potential causality of this association.34 By consider-
ing a wide range of risk factors, the current study further
shows how genetic liability (e.g., for substance use disor-
der) and environmental exposures (smoking during preg-
nancy, socioeconomic difficulties, deprivation in the
neighborhood) were related to low school grades32 and
involved in the pathway to suicide attempt. Academic
achievement constitutes an important direct and modifi-
able risk factor to prevent non-fatal suicide attempt. Clin-
ical trials indicate that improving academic achievement
may help to delay suicidal thoughts and behaviors in
youth, though adjustment for covariates attenuated these
effects.49 By showing the potential covariates associated
with low school grades, our results may help improve the
design of new interventions (e.g., include a component to
target environmental adversity).

Finally, considering genetic liability and a wide range
of environmental exposures did not support previous
findings showing associations between suicide attempt
and (1) familial difficulties,15,16 here measured as having
lived in a non-intact family (divorce, separation, death,
and single-parent) from birth to age 15; and (2) perinatal
factors,11 here reflected by preterm birth, birth weight,
length, and the Apgar index. This suggests that, when
including other relevant risk factors, these factors rather
have indirect effects on suicide attempt and might not be
useful targets for suicide prevention.

The current results should be considered in the con-
text of some limitations. First, we leveraged registry data
to thoroughly document the influence of environmental
exposures but other potentially important variables were
not available to us (e.g., childhood neglect/abuse). Sec-
ond, the use of registry data provides an objective mea-
sure of suicide attempt but is limited to including
attempts that came to the attention of medical workers,
either through self-disclosure or due to medical care nec-
essary in the wake of the attempt. We also included
events of undetermined intent in our definition of suicide
attempt. Though this is in line with previous
recommendations,50 this limits our information on true
suicidal intent and estimates from this study should be
considered conservative. Third, to construct our

prediction models, we had to order the inclusion of risk
factors, which assume causal rather than correlation
paths between our predictors. Finally, the total amount
of variance explaining suicide attempt in these models
remains low (9%–11%). This reinforces the complexity of
suicidal behaviors2 but should also encourage future
studies to build comprehensive prediction models
focused on proximal risk factors such as stressful life
events or psychopathology,3,4 while including the main
predisposing factors emphasized in the current study
(genetic liability, familial and peer environment, and aca-
demic achievement). Another potential way to improve
predictive power would be to increase specificity in the
outcome definition, for example, focusing on high lethal-
ity attempts.

To Conclude, this study used Swedish registry data
to explore the roles of genetic and environmental expo-
sures in suicide attempt risk. We developed data-driven
prediction models for females and males which
highlighted (i) the importance of direct risk factors (sui-
cide attempt in parents, suicide attempt in peers during
adolescence, and academic achievement; genetic liabil-
ity in males) and (ii) meaningful mediation paths articu-
lating the roles of socioeconomic difficulties and
parental psychopathology. These findings may pave the
way for future research and could inform public health
actions about which factors to include in screening and
prioritize in prevention.
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