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Suicide is a defining challenge for 21st century society, claiming over 720,000 lives annually [1], and is particularly pressing among the
young population. Suicide has been the top cause of death for youths in places like the UK [2], Hong Kong [3], and Singapore [4], and was
the third leading cause of death among 15-29-year-olds globally in 2021 [1]. Despite concerted research and prevention efforts, however,
the latest studies indicate that youth suicide rates remain persistently high and in some contexts are even on an upward trajectory [5,6].
This signals a pressing need to resume stalled progress in lowering the burden of suicide on youths.

Factors spanning biological, psychological, and social domains contribute to suicidality [7]. This notion is encapsulated in the stress-
diathesis model of suicidal behavior [8], which operationalizes one's pathway to suicidal behavior as being influenced by two sets of factors
- stressors, e.g., relationship or financial problems, major depressive episode, etc., and the individual's traits or innate vulnerability, e.g.,
predisposition to risky behaviors, pessimism, etc. The single putative factor which then differentiates suicidal behaviors from completed
suicide is only the lethality of the means chosen by a suicide attempter [9]. Therefore, better understanding whom among youths are at
greater risk of suicide attempt, in what way(s), and how to best intervene will be key in advancing youth suicide prevention efforts. A
deeper, more comprehensive understanding of the biopsychosocial etiology of suicide attempt would represent a foundational step
towards this cause.

Findings from twin and family studies have shown that individuals' suicide-related traits were heritable, with heritability estimates ranging
from 30% to 74% [10,11]. A landmark large-scale Genome-Wide Association Studies (GWAS) have identified up to 12 genome-wide
significant (GWS) loci for suicide attempt [12]. Polygenic risk scores (PRS-SA) based on these loci may thus summarize a person's genetic
predisposition to suicide attempt (SA), as validated in recent studies [13,14]. However, as heritability estimates are much less than 100%
and the variance explained by PRS is reasonably small, these findings also indicate that other factors, e.g., the aforementioned stressors,
must be involved in its etiology. Indeed, new empirical findings [15] lend support to the idea of genetic predisposition and a child's rearing
environment both playing a systematic role in influencing their liability toward suicide attempt.

Decades of research have accumulated an extensive evidence base for psychosocial determinants of youth suicide attempts, which
Carballo et al. [16] summarized into three main clusters: (i) psychological factors, particularly depression, other psychiatric disorders, risk-
taking behaviors such as substance use, and previous suicidality; (i) adverse life events, particularly family situations such as low
socioeconomic status (SES), (physical and sexual) abuse and neglect, interpersonal problems such as loneliness, bully victimization, and
exposure to suicidal behaviors; and (iii) personality traits, particularly impulsivity.

Nevertheless, a hallmark of suicidality is that it results from a complex interrelation between multiple factors [7,17]. For instance,
indications of pleiotropy between genetic correlates of SA and major depressive disorder (MDD) have been recently observed [18], as well
as pleiotropy between SA and attention-deficit hyperactivity disorder (ADHD) even after controlling for MDD [12,13]. Other determinants of
SA, particularly risk-taking behaviors [12,18] and conduct problems [13,18], have also been suggested to have genetic overlaps with SA.
Thus, the etiology of SA would likely involve a direct relationship between PRS-SA and SA that is partially mediated by risk factors such as
MDD, ADHD, risk-taking behaviors, and conduct problems. New evidence further suggests that psychiatric disorders such as MDD and
ADHD could also mediate the relationship between SA and childhood abuse and neglect [19]. Synthesizing these relationships together
would conceptually give rise to a complex web of interrelations between SA and the aforementioned determinants, with still possible
additional mediators that have been less well-documented.

An empirical map of a biopsychosocial etiology of youth SA has been elusive, however, because studies on youth populations that
comprehensively evaluate multifactorial determinants of SA have been scarce. Among studies that investigated established determinants
of youth SA, the predominant focus has been on a few determinants' relationship with SA, but not their interrelations with one another
[17]. Similarly, the newer studies that investigated links between PRS-SA and SA mostly did not consider other determinants beyond
depression and distress, as alluded by Docherty et al. [12], thereby failing to account for the inherent complexity of interrelations between
determinants that underlie incidence of youth SA.

Moreover, there may be etiological heterogeneity across subgroups [7]. For example, poor family condition is a stronger risk factor for SA
among girls [20], while risk-taking behaviors, particularly smoking, is a stronger risk factor among boys [21]. Furthermore, among those
that longitudinally increase SA risk, factors such as depression are known to be more specific to girls and conduct disorder to boys [22].
These discrepancies therefore suggest that strengths of statistical interrelations between SA and its determinants may differ between
sexes.

Advances in statistical techniques in the past decade have provided researchers with a methodology to better delineate such webs of
interrelations: psychometric network analysis (PNA) [23]. Due to its compatibility with survey and interview measurements, it has quickly
gained prominence in data-driven psychopathological research [24]. PNA allows exploration into patterns of all possible pairwise
conditional dependencies between a set of examined variables (conceptualized as nodes), in this case SA, its psychosocial determinants,
and PRS-SA. Direct associations and mediations between nodes can then be teased apart and visualized as weighted edges in a network
structure, where an edge's weight denotes the strength of statistical relationship between two connected nodes. Therefore, PNA combined
with empirical data on youth samples covering the outlined variables will altogether have strong potential to map the biopsychosocial
etiology of youth SA, providing fundamental insights to advance youth suicide prevention.

Juxtaposing findings from independent but contextually similar cohorts will add to their robustness and significance. The E-Risk and
Quebec longitudinal study of child development (QLSCD) [25] cohorts are thus ideally positioned, as both are longitudinal population-
representative cohorts with similarly aged cohort members and measures of all the aforementioned variables.




Project

1) To empirically chart a biopsychosocial etiology of youth suicide attempt; and

alrps /. 2) To elucidate possible etiological nuances across sexes
objectives
Brief H1: Variability of PRS-SA will have direct, longitudinal positive association with SA outcome and be partially mediated by psychosocial
statement | determinants, including but may not be limited to depression, ADHD, risk-taking behaviors, and conduct problems.
of your
hypothesis | H2: Statistical interrelations between SA outcome and its biopsychosocial determinants will differ between boys and girls.
PRS-SA will be computed based on summary statistics from the latest GWAS meta-analysis by Docherty et al. [12]. No significance threshold
will be applied to select single nucleotide polymorphisms (SNPs) for inclusion in PRS analyses (i.e., all matched SNPs will be included).
The primary analytical method to be used will be psychometric network analysis . Analyses are planned to be conducted in R, where
relevant packages have been established [26]. SA outcomes and psychosocial determinants at two time points - index age and outcome age
- will be accounted separately to better isolate longitudinal associations from potential cross-sectional associations. For the E-Risk cohort,
index and outcome age will be 12 and 18 years, respectively.
Choice of variables is informed by three factors: 1) identified potential mediators between PRS-SA and SA; 2) the most prominent
psychosocial determinants of SA as identified by Carballo et al. [16]; and 3) availability of measurements in both the E-Risk and QLSCD
cohorts.
The following variables will each be conceptualized as a node:
(i) PRS-SA;
(i) Exposure to psychosocial determinants of SA before study samples were at 12 years of age - SES, childhood abuse and neglect, peer
victimization, loneliness, risk-taking behaviors, conduct problems, psychiatric disorders, and family history of psychiatric disorders;
(iii) Psychosocial determinants assessed for the period between the ages of 12 to 18 - victimization, loneliness, risk-taking behaviors,
conduct problems, and psychiatric disorders; and
(iv) SA outcome assessed at study samples' ages of 12 and 18.
Due to the nodes being a mix of continuous, categorical, and binary in nature, the mixed graphical model (MGM) will be best placed to
Data . estimate their patterns of interrelations [26]. In MGM, for every possible pair of nodes, a node-wise penalized generalized linear regression
analysis will estimate their association after accounting for all other nodes in the network. Estimated regression weights are then combined and
gletho:s to averaged. In the resulting network structure, edge weights will thus denote regression coefficients. Analysis will first be conducted for the
e use
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total sample; subgroup analyses based on male and female sexes will then follow.

Recommended guidelines will be followed to obtain estimates with optimal statistical rigor [26]. Penalization will utilize the Graphical least
absolute shrinkage and selection operator (gLASSO) algorithm which will set small edge weights that are likely due to noise to exactly zero
so as to result in a sparse / high-specificity network structure. Final model selection will triangulate between two possible optimization
approaches: (i) a model that optimizes the extended Bayesian Information Criterion (EBIC); and (ii) a model that cross-validation (CV)
prediction accuracy. Tuning hyperparameter y for EBIC will be calibrated between 0.5 (resulting in estimations with maximum specificity)
and 0.25 (striking a balance between sensitivity and specificity).

Both total sample and subgroup analyses for both cohorts will follow the above procedures. In case of a relatively low ratio between any
subgroup's sample size and the number of nodes, model selection through EBIC will be preferred. Sensitivity and specificity of edges'
estimation will be balanced by calibrating the EBIC tuning hyperparameter y between 0.5 and 0 (for maximum sensitivity). Subgroups'
network estimation will adopt the same parameter choices to enable fair comparison. Finally, an established framework, the network
comparison test (NCT) [26], will compare the overall connectivity, connection strength, and specific edges of interest before a cohort's male
and female subgroup networks. In particular, statistically significant differences in the two networks' edge weights will indicate specific sex
differences in the biopsychosocial etiology of youth SA.

Further sensitivity analyses will be conducted to ascertain effects of non-independence of twin observations. Adapting prior procedures
done by Kendler et al. [27], a network structure will be estimated using a random subsample of twins from each twin pair, and using NCT,
be subsequently compared with the remaining subsample's network. Absence of statistically significant differences in the two subsample
networks' edge weights would indicate that findings from the total sample are robust enough for safe interpretation. Edges that have
significantly different weights in the two subsample networks will either be interpreted with high caution should there be plausible
explanations (e.g., potential outliers), and not interpreted otherwise.

Significance
for theory,
research
methods,
or clinical
practice

Evidence arising from this project could yield novel insights towards a more comprehensive understanding of the etiology of suicidality,
particularly by clarifying through real-world data possible direct and indirect influences of genetic vulnerability on young males' and
females' tendency to attempt suicide.

In the longer term, findings here may be a pioneering contributor to an evidence base for genetic vulnerabilities to be weighed / debated in
the (re)formulation of national suicide prevention strategies - an aspect which has been missing hitherto [28,29,30].
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SHARMSUICE12 - Self-Harm/Suicidal Behaviour - P12 - Elder
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ALCVOL20E18 - Heavy alcohol drinking (age 18) - Elder

SMKCURE18 - Smoking daily - current - P18 - Elder

SMKDLYE18 - Ever a daily smoker - P18 - Elder
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LONELYE18 - Loneliness scale - P18 - Elder
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