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A B S T R A C T

Background: Suicidal thoughts and behaviours (STBs) have a profound impact on individuals, communities, and 
healthcare systems. A wide range of factors have been shown to be associated with STBs. Within prior research it 
is also common to distinguish between proximal and distal factors, usually by distinction of short compared to 
long-term prediction.
Objective: We aimed to learn the proximal and distal factors of suicidal ideation for young people engaged in 
mental health care using the inferred structure of probabilistic graphical models (PGMs).
Methods and materials: We used cross-sectional data from a sample of 1020 help-seeking individuals aged 12–25 
years from Australia that while engaged in mental health care, contributed data to a digital platform. The 
posterior distribution of the dependency structure assuming both undirected PGMs and Bayesian networks (BNs) 
was inferred. Causal effects were then estimated using a counterfactual query of the Bayesian networks.
Results: Depressed mood, functional impairment, poor social connection, and psychosis-like experiences were 
proximal factors. Whereas experiencing a traumatic event, anxiety, insomnia, and unrefreshed sleep were distal 
factors. Proximal factors had the greatest effect on suicidal ideation, while anxiety symptoms and experiencing a 
traumatic event were the most influential distal factors.
Conclusions: These relative timings of events and their effects on suicidal ideation could be used to understand the 
future likelihood of suicidal ideation, and aid planning of targeted interventions.

1. Introduction

Suicidal thoughts and behaviours (STBs) have a profound impact on 
individuals, communities, and healthcare systems. Suicide is the fourth 
leading cause of death globally for individuals aged 15–29 years [1], and 
the leading cause of death for individuals aged 15–24 years in Australia 
[2]. Suicidal thoughts are problematic in and of themselves and are 
prevalent [3], with a 12-month prior prevalence rate of approximately 

15 % for adolescents worldwide, with variation between 8 and 21 % 
depending on location and study [4,5]. A recent meta-analysis suggested 
that lifetime prevalence rates for suicidal ideation was 19 % for youths 
in Australia and New Zealand [6].

Due to the impact of STBs, significant resources have focused on 
understanding the associated risk factors [7–9]. These factors are varied 
and include prior STBs or self-harm [10,11], interpersonal functioning 
[12–16], personal functioning [17,18], clinical diagnoses [8,19], 
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specific psychological symptoms and states [20,21], sleep problems 
[22], and sociodemographic factors. Most of these risk factors have been 
found for adult samples, although similar risk factors are often found for 
youth [23,24]. Specific risk factors for youth include parental relation
ships [4,25], their parents’ prior history of STBs and other clinical fac
tors [26], and school connectedness [24].

Many of these risk factors have been shown to be associated with 
suicidal ideation specifically, rather than suicide attempts [27,28]. 
While suicidal ideation is a prerequisite of suicide attempts, only one 
third of people with suicidal ideation make a suicide attempt within 
their lifetime [8]. Similar rates of suicidal ideation to attempts are often 
reported in youths [29–31]. Although, Uddin et al. [5] found 12-month 
prevalence for suicidal ideation and attempts were comparable in a 
worldwide youth sample.

This wide array of associated factors raises the question around the 
relative timing and causal pathways to STBs. Hence, these factors are 
often split into proximal (i.e., recent predictors of STBs, e.g., recent 
mood) or distal factors (i.e., long-term predictors, e.g., sociodemo
graphic factors) [7,27]. This proximal-distal distinction can also be 
framed in terms of causal paths to STBs. In the causal framework, 
proximal factors are those that have direct effects on STBs. Whereas 
distal factors are further upstream and thus their effect on STBs is 
mediated by proximal factors. Understanding these causal pathways 
would help to identify appropriate intervention and preventative tar
gets, as well as their relative timings.

Probabilistic graphical models (PGMs) are an approach to gain 
insight into the dependency structure between variables within one’s 
data [37,38]. In PGMs, variables are represented as nodes and condi
tionally dependent variables are indicated by lines connecting nodes (i. 
e., edges). Undirected PGMs are a specific case of a PGM that make no 
claim about the directionality of edges between nodes, which have 
become commonplace in psychological research [39]. They have been 
used to show the dependency structure of various factors with suicidal 
ideation, including theoretically considered factors [e.g., burdensome
ness, thwarted belongingness, [40]], along with a range of psychological 
and behavioural factors [41–44].

Bayesian networks (BNs) are an alternative PGM to describe the 
dependency structure [37]. BNs represent the dependency structure 
with a directed acyclic graph (DAG), that has directed edges that if 
followed cannot result in a cycle. A potential advantage of BNs over 
undirected PGMs is that they allow for causal interpretations [45,46], 
thus providing a data-driven approach to causal hypothesis generation 
and causal effect estimation. BNs can be learnt from observed data up to 
an equivalence class even from cross-sectional data. A recent paper used 
BNs to understand the dependencies between clinical and psychosocial 
factors with suicidal ideation, where they found that suicidal ideation 
was dependent on total depressive symptoms, total anxiety symptoms, 
self-efficacy, resilience, and quality of life [47]. However, that analysis 
did not distinguish between proximal and distal factors of suicidal 
ideation.

In this paper, we use undirected PGMs and BNs to perform explor
atory analysis of the potential pathways to STBs, with a focus on dis
tinguishing between proximal and distal factors, using a range of clinical 
and psychosocial variables for young people that present to services 
across Australia.

2. Methods

This study was approved by the Northern Sydney Local Health Dis
trict Human Research Ethics Committee (HREC/17/HAWKE/480) and 
all participants gave online informed consent (via an opt-out process).

2.1. Participants

Participants were a group of young people aged 12–25 years who 
presented to headspace services in Australia [48] between November 

2018 and October 2023 and used the Innowell platform [49]. In
dividuals completed an initial questionnaire within Innowell at intake to 
headspace. The questionnaire covers a wide array of clinical, psychoso
cial, and comorbid factors that may influence an individual’s care. 
Questionnaires were primarily used for triaging purposes, thus making 
this a secondary analysis of these data. Individual’s must have 
completed all item-level questions that appear within this paper to have 
been admitted to the study.

2.2. Innowell

Innowell is a digital technology used clinically for the assessment, 
management, and monitoring of mental health and well-being. The web- 
based platform allows individuals to complete a multidimensional 
clinical assessment at entry into care and over the course of care in a self- 
directed or clinically directed way. Results are displayed on a person
alised dashboard to provide a better understanding of an individual’s 
needs, track progress, and get access to recommended self-directed or 
clinical care options. The tool is not intended as a crisis management 
tool, although a standardised notification is used for those young people 
reporting suicidal thoughts and behaviours, so that an immediate clin
ical response and protocol can be engaged by the service.

2.3. Measures

The initial questionnaire in the Innowell platform covers multiple 
domains. The domains that we use in this analysis are; 1) mental health, 
including; psychosis-like experiences using the 16-item Prodromal 
Questionnaire [PQ16; [50]]; depressed mood using the Quick Inventory 
of Depression Symptomatology [QIDS; [51]]; anxiety using the Overall 
Anxiety Severity and Impairment Scale [OASIS; [52]]; mania-like ex
periences using the Altman Self-Rating Mania Scale [ASRM; [53]], 2) 
functioning impairment due to mental health using the Work and Social 
Adjustment Scale [WSAS; [54]], 3) social connection using Schuster’s 
Social Support Scale [SSSS; [55]], 4) lifetime experience of a traumatic 
event, 5) sleep quality and timings using the BMC Sleep-Wake Cycle 
[56–59], and 6) suicidal ideation using the Suicidal Ideation Attributes 
Scale [SIDAS; [60]]. We also account for demographic variables 
including age, sex, and whether they presented to an urban or regional 
service [61]. These questions probed those domains over approximately 
the last four weeks. We also used a question regarding suicide attempts 
in the past three months from the Columbia-Suicide Severity Rating 
Scale [C-SSRS; [62]]. See Supplementary Materials 1 for further details.

3. Statistical analyses

All statistical analyses were performed in R version 4.4.1 [63].

3.1. Distinguishing between proximal and distal factors using regression 
analysis

We first attempted to distinguish between proximal and distal factors 
through regression analysis on STB outcomes. To understand this, 
consider a causal process between three variables (A,B,C) represented 
by the DAG A→B→C and linear functions relating the variables. The 
conditional independence we expect in observed data following this 
causal process is A is independent of C given B. This conditional inde
pendency can be discovered using conditional and marginal regression 
analysis. In this example, a marginal regression analysis of C on A will 
detect a non-zero association. However, in a conditional regression 
analysis where C is regressed on A and B simultaneously, the regression 
coefficient for A will be zero, reflecting that A is a distal factor, where it’s 
influence on C is mediated by B. Whereas both the marginal and con
ditional regression coefficients of B on C will be non-zero. Therefore, 
conditional and marginal regression analysis allows us to distinguish 
between proximal and distal factors along the path to STBs. A caveat is 
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that this analysis is unable to distinguish between proxies of factors 
along the paths to STBs, which will be better dealt with by learning 
Bayesian networks discussed below.

We use this understanding of conditional independence to distin
guish between the proximal and distal factors on STB outcomes. Two 
binary outcomes are considered; 1) those with or without a recent sui
cide attempt, or 2) those with or without high suicidal ideation (SIDAS 
≥20). This is estimated using Bayesian logistic regression implemented 
in the rstanarm package [64]. Marginal odds-ratios were estimated only 
including the clinical, psychosocial, and demographic factor as a pre
dictor of the STB outcome. Conditional odds-ratios were estimated by 
including all factors as predictors. We report the odds ratio posterior 
median and 95 % highest density credible interval [65].

3.2. Undirected probabilistic graphical model

We sampled from the posterior distribution for a Gaussian graphical 
model (GGM). A GGM is an undirected PGM that assumes the data 
follow a multivariate normal distribution. This inference was performed 
using BDgraph [66]. BDgraph uses a birth-death Markov chain Monte 
Carlo (MCMC) scheme with proposals that add and remove edges. The 
goal of this MCMC scheme is to sample PGMs in accordance with their 
posterior probability. The samples retained from the MCMC scheme can 
then be summarised using common statistical measures. For example, 
the posterior edge probability is equal to the frequency of that edge 
occurring in the samples. For results from an MCMC to be robust it is 
important that we run multiple chains that converge to consistent re
sults. As such, we ran four chains for five million iterations each with the 
first thousand iterations removed as burnin. As a convergence check, we 
ensured that the difference in the estimated edge probabilities across all 
chain pairs was within 10 %. Note that for all inferences for PGMs we 
removed items that were deemed to overlap with other questionnaires. 
These removed items were; 1) OASIS_3, OASIS_4, and OASIS_5 that ask 
about functioning related aspects of anxiety, 2) QIDS_12 that asks about 
suicidal ideation, 3) PQ16_1 that asks about interest, and 4) PQ16_7 that 
asks about anxiety when meeting new people.

3.3. Bayesian network

Inference for the posterior distribution of Bayesian Networks was 
then performed. Estimating the posterior distribution of BNs is difficult 
due to the large number of possible DAGs. For example, the number of 
possible DAGs for a 10-node BN is on the order of 1018. Several sim
plifications were implemented to reduce the possible number of DAGs. 
We collapsed the items into factors in accordance with prior research. 
PQ16 items were collapsed into unusual thoughts (sum of PQ16 ques
tions 2, 5, 10, 11, 14) and perceptional abnormalities (sum of PQ16 
questions 3, 4, 6, 8, 9, 12) [50]. SSSS items were collapsed into a 
perceived negative (sum of SSSS questions 1, 2, and 6) and a perceived 
lack of positive social connection (sum of SSSS questions 3–5) with 
family and friends [55]. QIDS was collapsed into insomnia (sum of 
questions 1–3), hypersomnia (question 4), motor activation (sum of 
questions 15 and 16), recent appetite and weight change (max of 
QIDS_WEIGHT and QIDS_APPETITE) with the remaining questions 
separated. This broadly follows the original aggregated items by Rush 
et al. [51], with the exception that we split out insomnia and hyper
somnia and tended to sum rather than calculate the max, so that we 
could retain information across all items. OASIS, WSAS, and SIDAS were 
considered as one factor for each questionnaire representing anxiety, 
functioning, and suicidal ideation respectively, with the total scores 
used to estimate the BN.

We also made the following assumptions with respect to the pairwise 
edges. Suicidal ideation could not be a parent of any other nodes, thus 
assuming that it is an outcome. A traumatic event could only be a child 
node of age and sex. Unrefreshed sleep could not be a parent of insomnia 
or hypersomnia nodes. As WSAS asks about functioning conditional on 

an individual’s mental health it could not be a parent of mental health 
factors. We also assume that age and sex could not be children of any 
other node.

Posterior sampling of Bayesian networks was achieved using a 
bespoke implementation of the Partition Markov chain Monte Carlo 
(PMCMC) scheme [67,68]. We started all chains from an optimised 
starting point as estimated by taking the maximum a posterior estimate 
over 104 runs of tabu search, where each run was started from a random 
location [69,70]. We ran eight chains of PMCMC for 107 iterations 
saving every 500th iteration, leading to 20,000 samples.

We checked the chains for convergence and resolution. The split-R̂ 
convergence statistic relates the ratio of the between-chain and within- 
chain variance. Perfectly converged chains have equal between-chain 
and within-chain variance, thus R̂ = 1.0. In practice R̂ < 1.01 is used 
as a threshold that suggests multiple chains have converged [71,72]. We 
estimated R̂ < 1.01 for both the log partition and DAG scores. Another 
important metric is the effective sample size (Neff) that provides an es
timate for the number of independent samples across the chains, with 
Neff > 100Nchains being a common target. We estimated Neff = 6645 
using the log partition score and Neff = 1081 for the log DAG score. We 
also checked the difference of the pairwise edge probabilities between 
chains [73], where the difference between all edge probabilities be
tween all chains was always < 20%. These statistics suggest reasonable 
convergence and resolution of the chains.

3.4. Causal effects

We estimated the average causal effects (ACE) across our sample that 
intervening to deterministically change a node would have on another 
node. The ACE can be thought of as the typical difference of the effect 
node if we changed the intervened node deterministically. Thus, ACE is a 
counterfactual query of the Bayesian network, where the posterior dis
tribution for the ACE of B on A is given by, 

p
(
ACEA,B|D

)
=

∑

N
[p(A|do(B→B+1),N ) − p(A|N) ]p(N|D).

This quantity is marginalised over the posterior distribution of the 
BNs N given the data D. As p(A|do(B→B + 1),N ) is a causal estimand due 
to an hypothesised intervention, we must correct for the confounders of 
A and B [74], which is implemented in the Bestie package [75]. Mar
ginalisation over the BNs is implemented by performing this calculation 
per iteration from our posterior sample of BNs. The ACE posterior dis
tribution is typically multimodal as when there is no path from inter
vened node B to the effect node A the effect size is zero, and non-zero 
when there is a path. As such, we chose to report the median and the 25 
% and 75 % quantiles. When zero is not within the interquartile range 
the probability of a path from A to B will be at least 50 %.

4. Results

4.1. Differential odds of suicidal thoughts and behaviours

The sample comprised of 1020 individuals (72.0 % female, 81.8 % 
urban) with a mean age of 19.6 years (SD, 2.8 years). Of these in
dividuals, 21 (2.1 %) had a suicide attempt within the last three months. 
The marginal odds of having a recent suicide attempt increased with 
experiencing a traumatic event (OR, 2.80, 95 % HDI, 1.08, 7.96), female 
sex (OR, 4.01, 95 % HDI, 1.12, 21.43), depressed mood (OR, 1.35, 95 % 
HDI, 1.19, 1.52), suicidal ideation (OR, 1.21, 95 % HDI, 1.15, 1.28), 
psychosis-like experiences (OR, 1.21, 95 % HDI, 1.09, 1.35), anxiety 
(OR, 1.16, 95 % HDI, 1.04, 1.32), functioning (OR, 1.07, 95 %, 1.01, 
1.13), and potentially social connection (OR, 1.12, 95 % HDI, 1.00, 
1.28). However, the conditional odds-ratios only increased with suicidal 
ideation (OR, 1.26, 95 % HDI, 1.18, 1.36) and potentially lowered by 
personal function (OR, 0.90, 95 % HDI, 0.82, 0.99). This result suggests 
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that suicidal ideation is the only proximal factor on a recent suicidal 
attempt. We focus our remaining analysis on suicidal ideation given this 
result. Further details are shown in Table 1 with more detail provided in 
Supplementary Tables S3-S5.

There were 321 (31.5 %) individuals within the high suicidal idea
tion category (SIDAS ≥ 20). The marginal odds of having high suicidal 
ideation increased with experiencing a traumatic event (OR, 1.49, 95 % 
HDI, 1.14, 1.97), depressed mood (OR, 1.25, 95 % HDI, 1.20, 1.31), 
sleep (OR, 1.43, 95 % HDI, 1.14, 1.76), social connection (OR, 1.14, 95 
% HDI, 1.10, 1.19), anxiety (OR, 1.14, 95 % HDI, 1.10, 1.18), psychosis- 
like experiences (OR, 1.14, 95 % HDI, 1.10, 1.18), and functioning (OR, 
1.11, 95 % HDI, 1.09, 1.14). Whereas being older tended to decrease the 
odds of having high suicidal ideation (OR, 0.93, 95 % HDI, 0.89, 0.98). 
Conditional odds ratios suggested that the proximal characteristics that 

increased the odds of high suicidal ideation were depressed mood (OR, 
1.13, 95 % HDI, 1.07, 1.21), psychosis-like experiences (OR, 1.06, 95 % 
HDI, 1.01, 1.11), functioning (OR, 1.08, 95 % HDI, 1.05, 1.11) and 
potentially social connection (OR, 1.05, 95 % HDI, 1.00, 1.10), with 
older age still reducing the odds (OR, 0.91, 95 % HDI, 0.86, 0.97). 
Further details are shown in Table 2 with further information provided 
in Supplementary Tables S6-S8. We found no association between 
mania-like experiences and being in an urban location with either a 
recent suicide attempt or being in the high suicidal ideation category, 
thus we do not consider these questions within subsequent analyses.

4.2. Undirected probabilistic graphical model

The inferred item-level undirected PGM was dense with suicidal 
ideation being directly or indirectly associated with all domains (Fig. 1). 
As would be expected, we see dependencies between items within each 
question set. Items in depressed mood, functioning, and anxiety are also 
highly dependent. Suicidal ideation is directly associated with all 

Table 1 
Sample characteristics and odds-ratios for a recent suicide attempt. Marginal 
odds-ratios estimate the unconditioned association for a recent suicide attempt 
given the sample characteristic. Conditional odds-ratio estimate the association 
between the sample characteristic and the outcome while controlling for all 
other sample characteristics. We report the median and 95 % highest density 
interval for the sample characteristic.

Total Recent 
suicide 
attempt

No 
recent 
suicide 
attempt

Marginal 
odds ratio

Conditional 
odds ratio

No. (%) 1020 21 (2.1 
%)

999 
(97.9 %)

Demographics
Female sex, 

No. (%)
734 
(72.0%)

19 (90.5 
%)

715 
(71.6 %)

4.01 
(1.12, 
21.43)

1.88 (0.39, 
9.90)

Age in years, 
mean (SD)

19.6 
(2.8)

18.9 
(2.5)

19.6 
(2.8)

0.92 
(0.78, 
1.05)

1.12 (0.88, 
1.43)

Urban, No. 
(%)

834 
(81.8 
%)

16 (76.2 
%)

818 
(81.9 %)

0.74 
(0.28, 
2.28)

0.79 (0.21, 
2.97)

Traumatic 
Event

548 
(28.0%)

16 (76.2 
%)

532 
(53.3 %)

2.80 
(1.08, 
7.96)

1.99 (0.55, 
7.38)

Total Scores, mean (SD)
Suicidal 

ideation 
(SIDAS)

15.2 
(11.2)

39.0 
(5.5)

14.7 
(10.7)

1.21 
(1.15, 
1.28)

1.26 (1.18, 
1.36)

Depressed 
mood 
(QIDS- 
adjusted)

14.6 
(3.8)

17.8 
(3.0)

14.5 
(3.7)

1.35 
(1.19, 
1.52)

1.11 (0.90, 
1.38)

Anxiety 
(OASIS)

10.4 
(4.0)

12.7 
(4.7)

10.4 
(4.0)

1.16 
(1.04, 
1.32)

0.96 (0.82, 
1.12)

Psychosis-like 
experiences 
(PQ16)

6.2 (3.9) 9.3 (4.4) 6.1 (3.8) 1.21 
(1.09, 
1.35)

1.11 (0.95, 
1.28)

Mania-like 
experiences 
(ASRM)

3.1 (2.9) 3.7 (3.2) 3.0 (2.9) 1.06 
(0.93, 
1.20)

1.11 (0.95, 
1.31)

Functioning 
(WSAS)

21.1 
(7.8)

25.2 
(7.3)

21.0 
(7.7)

1.07 
(1.01, 
1.13)

0.90 (0.82, 
0.99)

Social 
connection 
(SSSS)

8.1 (3.5) 9.6 (3.7) 8.0 (3.5) 1.12 
(1.00, 
1.28)

0.96 (0.82, 
1.10)

Sleep (BMC 
Sleep-Wake 
Scale)

2.5 (0.6) 2.6 (0.6) 2.5 (0.6) 1.40 
(0.70, 
2.95)

0.75 (0.32, 
1.89)

Note. Bold odds-ratios indicate when the 95 % highest density credible interval 
does not include 1. QIDS-adjusted is calculated as the total QIDS score with the 
value of question 12, which asks about suicidal ideation, subtracted.

Table 2 
Sample characteristics and odds-ratios for high suicidal ideation (SIDAS ≥20). 
Marginal odds-ratios estimate the unconditioned odds-ratio for high suicidal 
ideation given the sample characteristic. Conditional odds-ratio estimate the 
association between the sample characteristic and the outcome while controlling 
for all other sample characteristics. We report the median and 95 % highest 
density interval for the sample characteristic.

Total High 
suicidal 
ideation

Low 
suicidal 
ideation

Marginal 
odds ratio

Conditional 
odds ratio

No. (%) 1020 321 
(31.5 %)

699 
(68.5 %)

Demographics
Female sex at 

birth, No. 
(%)

734 
(72.0%)

242 
(75.4 %)

492 
(70.4 %)

1.29 
(0.96, 
1.78)

1.07 (0.77, 
1.52)

Age in years, 
mean (SD)

19.6 
(2.8)

19.2 
(2.7)

19.7 
(2.8)

0.93 
(0.89, 
0.98)

0.91 (0.86, 
0.97)

Urban, No. 
(%)

834 
(81.8 
%)

254 
(79.1 %)

580 
(83.0%)

0.78 
(0.55, 
1.09)

0.95 (0.64, 
1.40)

Traumatic 
Event

548 
(53.7 
%)

194 
(60.4 %)

354 
(50.6 %)

1.49 
(1.14, 
1.97)

0.97 (0.71, 
1.33)

Total Scores, mean (SD)
Depressed 

mood 
(QIDS- 
adjusted)

14.6 
(3.8)

16.5 
(3.4)

13.7 
(3.6)

1.25 
(1.20, 
1.31)

1.13 (1.07, 
1.21)

Anxiety 
(OASIS)

10.4 
(4.0)

11.7 
(4.1)

9.8 (3.8) 1.14 
(1.10, 
1.18)

0.98 (0.93, 
1.02)

Psychosis-like 
experiences 
(PQ16)

6.2 
(3.9)

7.5 (4.0) 5.6 (3.7) 1.14 
(1.10, 
1.18)

1.06 (1.01, 
1.11)

Mania-like 
experiences 
(ASRM)

3.1 
(2.9)

3.0 (3.0) 3.1 (2.8) 0.98 
(0.94, 
1.03)

0.96 (0.91, 
1.01)

Functioning 
(WSAS)

21.1 
(7.8)

25.0 
(7.1)

19.3 
(7.4)

1.11 
(1.09, 
1.14)

1.08 (1.05, 
1.11)

Social 
connection 
(SSSS)

8.1 
(3.5)

9.2 (3.7) 7.5 (3.3) 1.14 
(1.10, 
1.19)

1.05 (1.00, 
1.10)

Sleep (BMC 
Sleep-Wake 
Scale)

2.5 
(0.6)

2.6 (0.6) 2.5 (0.7) 1.43 
(1.14, 
1.76)

0.93 (0.72, 
1.19)

Note. Bold odds-ratios indicate when the 95 % highest density credible interval 
does not include 1. QIDS-adjusted is calculated as the total QIDS score with the 
value of question 12, which asks about suicidal ideation, subtracted.
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domains except anxiety and experiencing a traumatic event (PTSD5_E
VENT). Nodes that bridge the relationship between their respective 
domain and suicidal ideation are sadness (QIDS_5), self-perception 
(QIDS_11), concentration (QIDS_10), uncaring (SSSS_1) and unavai
lable (SSSS_6) friends and family, hearing voices (PQ16_13), a lack of 
control of thoughts (PQ16_11), and home management (WSAS_2). See 
further quantitative detail in Figs. S1-S3 in the Supplementary Material.

4.3. Bayesian network

We show the maximum a posteriori estimate for the subgraph that 
includes suicidal ideation along with its ancestors in Fig. 2. This result 
shares similarities with the inferred undirected PGM. Suicidal ideation 
was directly dependent on sadness, functioning, lack of positive social 
connection, and unusual thoughts. For simplicity, we will refer to nodes 
that suicidal ideation is directly dependent on as ‘proximal factors’. 
Upstream of the proximal factors we see that suicidal ideation is indi
rectly dependent on several factors. We will refer to the nodes that have 
indirect paths to suicidal ideation as ‘distal factors’. However, these 
distinctions should be considered relative rather than absolute. See 
further quantitative detail in Figs. S4-S7 in the Supplementary Material.

4.4. Causal effects

All question sets have factors with positive average causal effects 
(ACE) on suicidal ideation. The greatest ACEs on suicidal ideation are 
from sadness (ACE, 0.30, IQR, 0.28, 0.32), functioning (ACE, 0.20, IQR, 
0.18, 0.22), unusual thoughts (ACE, 0.18, IQR, 0.16, 0.20), anxiety 

(ACE, 0.16, IQR, 0.15, 0.18), perceived lack of positive interactions with 
family and friends (ACE, 0.16, IQR, 0.14, 0.19), experiencing a trau
matic event (ACE, 0.15, IQR, 0.13, 0.16), interest (ACE, 0.14, IQR, 0.12, 
0.16), and abnormal perceptions (ACE, 0.12, IQR, 0.11, 0.14).

Nodes appearing early in the topological ordering including experi
encing a traumatic event, insomnia, unrefreshed sleep, and anxiety 
symptoms have wide ranging effects. For example, experiencing a 
traumatic event has strong effects on many factors including abnormal 
perceptions (ACE, 0.50, 0.46, 0.54), anxiety (ACE, 0.39, IQR, 0.35, 
0.44), unusual thoughts (ACE, 0.37, IQR, 0.34, 0.40), insomnia (ACE, 
0.36, IQR, 0.32, 0.40), and perceived negative interactions with family 
and friends (ACE, 0.36, IQR, 0.31, 0.40). See Fig. 3 for the median values 
for cases where zero is not within the IQR. Further detail including the 
IQR along with sampling statistics for those edges with IQR inconsistent 
with zero showing reasonable convergence (max(R̂) = 1.01) and reso
lution (min

(
Neff

)
= 3219) can be found in Supplementary Table S8.

5. Discussion

This work evaluated the dependencies for a range of clinical and 
psychosocial factors on STBs for those aged 12–25 years in Australia that 
while engaged in mental health care. Our results consistently revealed 
that depressive symptoms (particularly sadness), functional impairment, 
poor social connection (particularly a perceived lack of positive sup
port), and psychosis-like experiences (particularly through hearing 
voices and a lack of control of thoughts in the unusual thoughts factor) 
were proximal factors to suicidal ideation, with most other clinical and 

Fig. 1. Item-level undirected probabilistic graphical model. Edges are shown with p ≥ 0.5.
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Suicidal
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Functioning

Energy

Unrefreshed
Sleep

Insomnia

Trauma
Event

Psychomotor

Social
Negative

Interest

Concentration

Anxiety

Social
Positive

Sadness

Unusual
Thoughts

Abnormal
Perceptions

Fig. 2. Factor-level maximum a posteriori directed acyclic subgraph. We only show suicidal ideation and its ancestor nodes. All pairwise edges within this subgraph 
have posterior probability >0.5. Edges are coloured in darker blue in accordance with the estimated value for the linear regression coefficients given the subgraph. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

M. Varidel et al.                                                                                                                                                                                                                                 Comprehensive Psychiatry 142 (2025) 152611 

6 



psychosocial factors being distal.
Clinical and psychosocial factors were only marginally associated 

with a recent suicide attempt. Previous research has also found suicide 
attempts to be associated with a wide range of factors [9,21]. These 
analyses tend to focus on marginal associations, which are closely 
related to our marginal regression analyses. In our regression analysis 
for a recent suicide attempt, we found that experiencing a traumatic 
event, female sex, increased suicidal ideation, depressed mood, 
increased anxiety symptoms, and functional impairment were associ
ated with a recent suicide attempt. However, conditional associations 
with a recent suicide attempt were primarily due to increased suicidal 
ideation. This suggests that most clinical and psychosocial factors are 
likely to influence a suicide attempt through suicidal ideation, which is 
consistent with analysis that tends to find that risk factors differ for 
suicidal ideation compared to attempts [28,76]. Thus, our focus in the 
subsequent analyses was on the paths to suicidal ideation with a primary 
focus of distinguishing between proximal and distal factors.

Distinguishing proximal and distal factors of suicidal ideation allows 
for a better understanding of the relevant information required to un
derstand, predict, and prevent STBs. Proximal factors provide the most 
information about risk of suicidal ideation, as suicidal ideation is 

conditionally independent of distal factors given knowledge about 
proximal factors. Thus, given knowledge about an individual’s proximal 
factors, there is little to no extra predictive information gained by un
derstanding the distal factors. On the other hand, understanding an in
dividual’s distal factors may provide important context about the paths 
along which an individual arrived at their current state. This provides 
important information for interventional decision-making for those with 
suicidal ideation. Similarly, understanding proximal and distal factors 
and their effects on suicidal ideation provides information for preven
tion measures and their relative timings.

For example, the influence of experiencing a traumatic event on 
lifetime [79] and youth [80,81] STBs is well known. However, the 
processes by which trauma influences STBs along with other clinical and 
psychosocial factors is still debated [82]. Our analysis shows that a 
traumatic event influences STBs indirectly through a complex array of 
clinical and psychosocial factors. It has proximal effects on insomnia, 
abnormal perceptions, perceived negative social connection, which 
further influence other factors that then effect suicidal ideation. This 
cascade of influence provides suggestions for interventional and pre
ventative targets. Preventing a traumatic event is important, but even 
with knowledge of an individual experiencing a traumatic event, the 
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next factors along the path are likely to be good interventional and 
preventative targets.

This research aligns with current thinking with respect to the 
assessment and risk management of STBs within clinical care. Recent 
recommendations for suicide risk suggest that clinicians should take a 
wide-ranging approach to assessment and risk management [83]. This 
view suggests that relevant history (e.g., trauma, prior STBs), current 
clinical and psychosocial presentation (e.g., mood, social factors), pro
tective factors (e.g., problem-solving, coping strategies), and potential 
future events should be considered during assessment and management 
of STB risk. Similarly, highly personalised youth care models that tend to 
take a holistic view of an individual’s mental health are also consistent 
with this view [77,78]. Our approach adds to this by learning the in
teractions between these multiple factors, although not all potential 
factors are considered within our analysis.

5.1. Comparisons to theoretical literature

There are several theories that aim to explain the causal pathways to 
STBs. These theories encompass the progression to suicidal ideation to 
attempts, while highlighting the distinction between risk factors for 
suicidal ideation and suicidal behaviours. For example, the interper
sonal theory of suicide (IPTS) suggests that thwarted belongingness and 
burdensomeness cause hopelessness which in turn can lead to suicidal 
thoughts [32]. Suicidal thoughts plus acquired psychological capability 
and means then lead to suicidal behaviours. The three-step theory of 
suicide suggests that the primary precursor to suicidal ideation is psy
chological pain; where low levels of suicidal ideation require a level of 
hopelessness, strong ideation requires connectedness to be over
whelmed by their pain, and suicide attempts require both practical 
means and a psychological tolerance for suicide [33], similar to those of 
IPTS. The integrated motivation-volitional model of suicidal behaviour 
includes similar progressional steps from suicidal ideation to attempts, 
but encompasses lower-level risk factors (e.g., thwarted belongingness, 
burdensomeness) into higher-level psychological theories, including the 
diathesis-stress model, theories of planned behaviour, and the differ
ential activation hypothesis [34]. Further theoretical advancements 
have developed to understand the dynamics of STBs [35,36]. All of these 
theories highlight the complex paths that can lead to STBs.

The theoretical literature on pathways to STBs suggests that other 
factors may be of importance. Factors that have been proposed include 
thwarted belongingness, burdensomeness, psychological pain, and 
hopelessness leading to suicidal ideation. A suicide attempt typically 
requires suicidal ideation along with a lowered tolerance to and a means 
of engaging in suicide attempts. We don’t probe all these factors, 
although some do relate to our factors.

Burdensomeness and thwarted belongness are considered important 
within the theoretical literature [32] and are often measured using the 
interpersonal needs questionnaire [86]. Burdensomeness is partially 
related to self-perception (although it misses the interpersonal concepts 
relating to how others view them), which was found to be a bridge node 
between depression and suicidal ideation within the undirected PGM 
analysis, but was not found to be an ancestor of suicidal ideation in the 
BN analysis. Thwarted belongingness is related to several items relating 
to social connection and interpersonal functioning, which both had 
direct influence on suicidal ideation.

Psychological pain is a broad concept that has been put forth as a key 
determinant of STBs [87–89]. Psychological pain is typically considered 
to be a construct that goes beyond depressive or clinical symptoms 
representing a longer lasting negative deficiency of self [90]. Such a 
construct may relate to self-perception within our variables, but is likely 
to go beyond our variables, and thus would be best assessed using a well- 
defined psychological pain questionnaire [89,91–93]. Thus, we suspect 
we do not appropriately probe psychological pain within this analysis.

Burdensomeness, thwarted belongingness, and psychological pain 
may be more proximal factors to suicidal ideation than the clinical and 

psychosocial variables within our data. However, our factors may in
fluence these theoretical factors. For example, depressive symptoms are 
likely to affect psychological pain, whereas burdensomeness and 
thwarted belongingness may be affected by interpersonal functioning, 
including but not limited to social connection and personal functioning, 
which we probe in this analysis.

We also show that psychosis-like experiences are a proximal factor of 
suicidal ideation. This is likely driven by hearing voices and a lack of 
control of thoughts as shown in the undirected PGM analysis. This is 
consistent with other evidence linking psychosis-like experiences to 
suicidal thoughts. It has previously been identified that STBs are higher 
in individuals with psychosis [84], however, those that exhibit suicidal 
behaviours tend to be associated with increased severity of depressive or 
anxiety symptoms [85]. Therefore, it may be unclear whether it is 
psychosis-like experiences that affects STBs. Our analysis shows that 
even after conditioning on other factors, including depressive and anx
iety symptoms, psychosis-like experiences have a direct effect on sui
cidal ideation, through unusual thoughts. This is also consistent with 
research that includes an analysis using undirected PGMs, showing 
suicidal thoughts dependent on perceptual anomalies, such as hearing 
voices and sounds, as well as bizarre experiences [43]. The dependency 
of suicidal ideation on psychosis-like experiences suggests that theo
retical models should include these factors. Those models typically cover 
depressive and social factors along with extra conditions relating to 
means and tolerance to a suicide attempt. Such models may need to be 
improved upon by including psychosis-like experiences.

Suicidal ideation was the primary proximal factor to recent suicide 
attempts. While suicidal ideation is an important outcome in and of it
self, and an important prevention target for suicide attempts [3], many 
individuals with suicidal ideation do not make a suicide attempt. Thus, 
to understand the paths to suicide attempts, we will need to include 
variables that are expected to influence the progression from suicidal 
ideation to attempts, including capability of suicide [94] along with 
relevant decision-making processes [95,96].

5.2. Future role for probabilistic graphical models

Suicidal ideation fluctuates over both long (e.g., months, years) and 
short (e.g., minutes, hours) time scales [97–100]. Also, around 20–60 % 
decide to make an attempt within short time periods (minutes to hours) 
in adult samples [94,96,101]. STBs also predict and may causally affect 
clinical and psychosocial factors [11]. This suggests that longitudinal 
short time-scale data will be important to understand the paths to and 
from STBs. Some analyses have been completed using ecological 
momentary assessment data to elucidate the short-term temporal de
pendencies of STBs [102–104], although much work is still to be done. 
Dynamic probabilistic graphical models will be an aide to unravel 
temporal dependencies, and thus longitudinal paths, in such data. Li 
et al. [41] used undirected dynamic PGMs and Iorfino et al. [105] used 
dynamic BNs to understand the temporal dependencies between multi
ple clinical and psychosocial variables with suicidal ideation. However, 
both analyses had long time periods between observations (months up to 
1 year), and thus would be improved by including shorter-term data, to 
further unravel the paths to STBs.

5.3. Limitations

Robust causal interpretations of learned BNs is only appropriate 
under very restrictive circumstances. Firstly, all possible confounders 
and colliders should be included in the analysis. Our analysis has 
included a wide array of variables to account for this assumption, but we 
cannot guarantee that all appropriate variables have been included. 
Secondly, we performed this analysis in a help-seeking population, 
which could implicitly condition on a collider, which can lead to 
inferred spurious paths. Thirdly, causal interpretations are more robust 
between time-lagged variables in longitudinal data. As such, our 
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analysis only estimates potential causal paths and effects for a help- 
seeking cohort. These interpretations should be further examined 
across different data sets within different contexts for different cohorts 
and across time.

Several choices have been made during this exploratory that could 
also affect the results. This includes the modelling approaches, selection 
of relevant questionnaires, and the choice of collapsing specific variables 
into appropriate factors. However, we show that the proximal and distal 
factors were reasonably consistent across three different modelling ap
proaches including regression analysis using total questionnaire scores, 
undirected PGMs at the item-level, and Bayesian networks at the factor- 
level. As such, we suggest that the results are reasonably robust to these 
analytical choices.

6. Conclusion

Suicidal ideation can arise from a multitude of clinical and psycho
social factors for youth engaged in mental health care. We found that 
depressed mood, personal functional impairment, poor social connec
tion, and psychosis-like experiences were proximal factors to suicidal 
ideation within our data set. Whereas experiencing a traumatic event 
and anxiety were important distal factors on suicidal ideation. This 
provides a range of potential interventional targets along with relative 
timing of events that could improve interventions.
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[16] Motillon-Toudic C, Walter M, Séguin M, et al. Social isolation and suicide risk: 
literature review and perspectives. Eur Psychiatry 2022;65. https://doi.org/ 
10.1192/j.eurpsy.2022.2320. Epub ahead of print.

[17] Skinner A, Osgood ND, Occhipinti JA, et al. Unemployment and 
underemployment are causes of suicide. Sci Adv 2023;9:eadg3758.

[18] Iorfino F, Varidel M, Marchant R, et al. The temporal dependencies between 
social, emotional and physical health factors in young people receiving mental 

M. Varidel et al.                                                                                                                                                                                                                                 Comprehensive Psychiatry 142 (2025) 152611 

9 

https://doi.org/10.1016/j.comppsych.2025.152611
https://doi.org/10.1016/j.comppsych.2025.152611
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0005
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0005
https://www.aihw.gov.au/reports/life-expectancy-deaths/deaths-in-australia/contents/leading-causes-of-death
https://www.aihw.gov.au/reports/life-expectancy-deaths/deaths-in-australia/contents/leading-causes-of-death
https://www.aihw.gov.au/reports/life-expectancy-deaths/deaths-in-australia/contents/leading-causes-of-death
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0015
https://doi.org/10.1016/j.eclinm.2020.100395
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0025
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0025
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0025
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0030
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0030
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0030
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0035
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0035
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0040
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0040
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0045
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0045
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0045
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0050
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0050
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0055
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0055
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0055
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0060
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0060
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0060
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0065
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0065
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0070
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0070
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0070
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0075
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0075
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0075
https://doi.org/10.1192/j.eurpsy.2022.2320
https://doi.org/10.1192/j.eurpsy.2022.2320
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0085
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0085
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0090
http://refhub.elsevier.com/S0010-440X(25)00039-2/rf0090


healthcare: a dynamic Bayesian network analysis. Epidemiol Psychiatr Sci 2023; 
32:e56.

[19] Xu YE, Barron DA, Sudol K, et al. Suicidal behavior across a broad range of 
psychiatric disorders. Mol Psychiatry 2023:1–47.

[20] O’connor RC, Nock MK. The psychology of suicidal behaviour. 2014. p. 73.
[21] Riera-Serra P, Navarra-Ventura G, Castro A, et al. Clinical predictors of suicidal 

ideation, suicide attempts and suicide death in depressive disorder: a systematic 
review and meta-analysis. Eur Arch Psychiatry Clin Neurosci 1 October 2023. 
https://doi.org/10.1007/s00406-023-01716-5. Epub ahead of print.

[22] Kearns JC, Coppersmith DDL, Santee AC, et al. Sleep problems and suicide risk in 
youth: a systematic review, developmental framework, and implications for 
hospital treatment. Gen Hosp Psychiatry 2020;63:141–51.

[23] Bilsen J. Suicide and youth: risk factors. Front Psych 30 October 2018;9. https:// 
doi.org/10.3389/fpsyt.2018.00540. Epub ahead of print.

[24] Bakken V, Lydersen S, Skokauskas N, et al. Protective factors for suicidal ideation 
and suicide attempts in adolescence: a longitudinal population-based cohort 
study examining sex differences. BMC Psychiatry 2025;25:106.

[25] Consoli A, Peyre H, Speranza M, et al. Suicidal behaviors in depressed 
adolescents: role of perceived relationships in the family. Child Adolesc 
Psychiatry Ment Health 16 March 2013;7. https://doi.org/10.1186/1753-2000- 
7-8. Epub ahead of print.

[26] Christiansen E, Goldney RD, Beautrai AL, et al. Youth suicide attempts and the 
dose-response relationship to parental risk factors: a population-based study. 
Psychol Med 2011;41:313–9.

[27] Klonsky ED, May AM, Saffer BY. Suicide, suicide attempts, and suicidal ideation. 
Annu Rev Clin Psychol 2016;12:307–30.

[28] May AM, Klonsky ED. What distinguishes suicide attempters from suicide 
ideators? A meta-analysis of potential factors. Clin Psychol Sci Pract 2016;23: 
5–20.

[29] Orri M, Scardera S, Perret LC, et al. Mental health problems and risk of suicidal 
ideation and attempts in adolescents. Pediatrics 2020;146(1). http://publicati 
ons.aap.org/pediatrics/article-pdf/146/1/e20193823/1079539/peds_20193823. 
pdf.

[30] Nock MK, Green JG, Hwang I, et al. Prevalence, correlates, and treatment of 
lifetime suicidal behavior among adolescents: results from the national 
comorbidity survey replication adolescent supplement. JAMA Psychiatry 2013; 
70:300–10.

[31] Han MA, Kim KS, Ryu SY, et al. Associations between smoking and alcohol 
drinking and suicidal behavior in Korean adolescents: Korea youth behavioral risk 
factor surveillance, 2006. Prev Med (Baltim) 2009;49:248–52.

[32] Van Orden KA, Witte TK, Cukrowicz KC, et al. The interpersonal theory of suicide. 
Psychol Rev 2010;117:575–600.

[33] Klonsky ED, May AM. The three-step theory (3ST): a new theory of suicide rooted 
in the ‘ideation-to-action’ framework. Int J Cogn Ther 2015;8:114–29.

[34] O’Connor RC, Kirtley OJ. The integrated motivational-volitional model of suicidal 
behaviour. Philos Trans R Soc B Biol Sci 2018;373. https://doi.org/10.1098/ 
rstb.2017.0268. Epub ahead of print.

[35] Rugo-Cook KF, Kerig PK, Crowell SE, et al. Fluid vulnerability theory as a 
framework for understanding the association between posttraumatic stress 
disorder and suicide: a narrative review. J Trauma Stress 2021;34:1080–98.

[36] Bryan CJ, Butner JE, May AM, et al. Nonlinear change processes and the 
emergence of suicidal behavior: a conceptual model based on the fluid 
vulnerability theory of suicide. New Ideas Psychol 2020;57:100758.

[37] Koller D, Friedman N. Probabilistic graphical models: principles and techniques. 
Cambridge, Massachusetts: MIT press; 2009.

[38] Maathuis M, Drton M, Lauritzen S, et al. Handbook of graphical models. Boca 
Raton, Florida: CRC Press; 2018. https://www.crcpress.com/go/handbooks.

[39] Borsboom D, Deserno MK, Rhemtulla M, et al. Network analysis of multivariate 
data in psychological science. Nat Rev Methods Primers 1 December 2021;1. 
https://doi.org/10.1038/s43586-021-00055-w. Epub ahead of print.

[40] De Beurs D, Fried EI, Wetherall K, et al. Exploring the psychology of suicidal 
ideation: a theory driven network analysis. Behav Res Ther 2019;120:103419.

[41] Li Y, Kwok SYCL. A longitudinal network analysis of the interactions of risk and 
protective factors for suicidal potential in early adolescents. J Youth Adolesc 
2023;52:306–18.

[42] Jeon ME, Rogers ML, Udupa N, et al. Suicidal ideation and attempts and 
hyperarousal in military personnel and veterans: network analysis reveals roles of 
anxiety sensitivity and insomnia. Psychol Trauma 2024. https://doi.org/ 
10.1037/tra0001685. Epub ahead of print.
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