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Abstract 
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. We frame 
the distinction between proximal and distal factors on suicidal ideation as direct or indirect 
dependencies using the inferred structure of probabilistic graphical models (PGMs). 
Methods. We used cross-sectional data from a sample of 1020 help-seeking individuals aged 
12-25 years from Australia that while engaged in a mental health care, contributed data to a 
digital platform. We inferred the posterior distribution of the dependency structure assuming 
both undirected PGMs and Bayesian networks (BNs). We then used the BN analysis to infer 
the causal effect that changing one variable has on another using a counterfactual query. 
Results. We show that factors encompassing depressed mood, functional impairment, poor 
social connection, and psychosis-like experiences are proximal. Whereas experiencing a 
traumatic event, anxiety, insomnia, and unrefreshed sleep are distal factors. Proximal factors 
tended to have 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. 
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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 (World Health Organization, 2021), and the leading cause of death for 
individuals aged 15-24 years in Australia (Australian Institute of Health and Welfare, 2024). 
Suicidal thoughts are problematic in and of themselves and are prevalent (Jobes & Joiner, 
2019), with a 12-month prior prevalence rate of approximately 15% for adolescents worldwide, 
with variation between 8-21% depending on location and study (Biswas et al., 2020; Uddin et 
al., 2019). A recent meta-analysis suggested that lifetime prevalence rates for suicidal ideation 
was 19% for youths in Australia and New Zealand (Van Meter et al., 2023). 
 
Due to the impact of STBs, significant resources have focused on understanding the associated 
risk factors (Knipe et al., 2022; Nock et al., 2008). These factors are varied and include prior 
STBs or self-harm (Iorfino et al., 2018; Moran et al., 2024), interpersonal functioning 
(Ammerman & Jacobucci, 2023; Chu et al., 2017; Franklin et al., 2017; Heapy et al., 2024), 
personal functioning (Iorfino et al., 2023a; Skinner et al., 2023), clinical diagnoses (Nock et 
al., 2008; Y. E. Xu et al., 2023), specific psychological symptoms and states (O’connor & 
Nock, 2014), sleep problems (Kearns et al., 2020), and sociodemographic factors. Most of these 
risk factors have been found for adult samples, although similar risk factors are often found for 
youth (Bakken et al., 2025; Bilsen, 2018). Specific risk factors for youth include parental 
relationships (Biswas et al., 2020; Consoli et al., 2013), their parents’ prior history of STBs 
and other clinical factors (Christiansen et al., 2011), and school connectedness (Bakken et al., 
2025). 
 
Many of these risk factors have been shown to be associated with suicidal ideation specifically, 
rather than suicide attempts (Klonsky et al., 2016; May & Klonsky, 2016). While suicidal 
ideation is a prerequisite of suicide attempts, only one third of people with suicidal ideation 
make a suicide attempt within their lifetime (Nock et al., 2008). Similar rates of suicidal 
ideation to attempts are often reported in youths (Han et al., 2009; Nock et al., 2013; Orri et 
al., 2020). Although, Uddin et al. (2019) found 12-month prevalence for suicidal ideation and 
attempts were comparable in a worldwide youth sample.  
 
There are also 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 
interpersonal theory of suicide (IPTS) suggests that thwarted belongingness and 
burdensomeness cause hopelessness which in turn can lead to suicidal thoughts (Van Orden, 
Witte, Cukrowicz, Braithwaite, Selby, Joiner, et al., 2010). 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 psychological pain; where 
low levels of suicidal ideation require a level of hopelessness, strong ideation requires 
connectedness to be overwhelmed by their pain, and suicide attempts require both practical 
means and a psychological tolerance for suicide (Klonsky & May, 2015), similar to those of 
IPTS. The integrated motivation-volitional model of suicidal behaviour includes similar 
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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 differential 
activation hypothesis (O’Connor & Kirtley, 2018). Further theoretical advancements have 
developed to understand the dynamics of STBs (Bryan et al., 2020; Rugo-Cook et al., 2021). 
All of these theories highlight the complex paths that can lead to STBs. 
 
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 that may be causally further 
upstream of proximal factors, e.g., sociodemographic factors) (Klonsky et al., 2016; Knipe et 
al., 2022). Understanding these causal pathways would help to identify appropriate intervention 
and preventative targets, 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 (Koller & Friedman, 2009; Maathuis et al., 2018). 
In PGMs, variables are represented as nodes and conditionally 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 (Borsboom et al., 2021). They have been used to show 
the dependency structure of various factors with suicidal ideation, including theoretically 
considered factors (e.g., burdensomeness, thwarted belongingness; De Beurs et al., 2019), 
along with a range of psychological and behavioural factors (Holman & Williams, 2020; Jeon 
et al., 2024; Li & Kwok, 2023; Núñez et al., 2018). 
 
Bayesian networks (BNs) are an alternative PGM to describe the dependency structure (Koller 
& Friedman, 2009). 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 (Dablander & Hinne, 
2019; Ryan et al., 2022), 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 psychosocial factors and suicidal ideation, where they found that suicidal ideation was 
dependent on total depressive symptoms, total anxiety symptoms, self-efficacy, resilience, and 
quality of life (Delgadillo et al., 2023). In this paper, we use undirected PGMs and BNs to 
further our understanding of the potential pathways to STBs using a range of clinical and 
psychosocial variables for young people that present to services across Australia. 
 
Methods 
This study was approved by the Northern Sydney Local Health District Human Research Ethics 
Committee (HREC/17/HAWKE/480) and all participants gave online informed consent (via 
an opt-out process). 
 
Participants 
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Participants were a group of young people aged 12-25 years who presented to headspace 
services in Australia (McGorry et al., 2007) between November 2018 and October 2023 and 
used the Innowell platform (Iorfino et al., 2019). Individual’s must have completed all item-
level questions that appear within this paper to have been admitted to the study.  
 
Innnowell 
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 personalised 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 clinical response and protocol can be 
engaged by the service. 
 
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; Ising et al., 2012); depressed mood using the Quick 
Inventory of Depression Symptomatology (QIDS; Rush et al., 2003); anxiety using the Overall 
Anxiety Severity and Impairment Scale (OASIS; Norman et al., 2006); mania-like experiences 
using the Altman Self-Rating Mania Scale (ASRM; Altman et al., 1997), 2) functioning 
impairment due to mental health using the Work and Social Adjustment Scale (WSAS; Mundt 
et al., 2002), 3) social connection using Schuster’s Social Support Scale (SSSS; Schuster et al., 
1990), 4) lifetime experience of a traumatic event, 5) sleep quality and timings using the BMC 
Sleep-Wake Cycle (Buysse et al., 1989; Roenneberg et al., 2003; Vernon et al., 2010; Zhang 
et al., 2013), and 6) suicidal ideation using the Suicidal Ideation Attributes Scale (SIDAS; Van 
Spijker et al., 2014). We also account for demographic variables including age, sex, and 
whether they presented to an urban or regional service (Capon et al., 2023). 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; Posner et al., 2011). See Supplementary Materials 1 for further details. 
 
Statistical analyses 
All statistical analyses were performed in R version 4.4.1 (R Core Team, 2024). 
 
Differential Odds of Suicidal Thoughts and Behaviours 
We estimated the relative change in odds of having an STB outcome conditional on a change 
in a sample characteristic. Two different binary outcomes are considered; 1) those with or 
without a recent suicide attempt, or 2) those with or without high suicidal ideation (SIDAS ³ 
20). This is estimated using Bayesian logistic regression implemented in the rstanarm package 
(Goodrich et al., 2024). Marginal odds-ratios were estimated only including the clinical, 
psychosocial, and demographic factor as a predictor of the STB outcome. Conditional odds-
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ratios were estimated by including all factors as predictors. We report the odds ratio posterior 
median and 95% highest density credible interval (Makowski et al., 2019). 
 
Undirected Probabilistic Grapical Model 
We estimated 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 (Mohammadi & Wit, 2019). BDgraph uses a birth-death 
Markov chain Monte Carlo scheme with proposals that add and remove edges. 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. 
 
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 
simplifications were implemented to reduce the possible number of DAGs. We collapsed the 
items into factors in accordance with prior research. PQ16 was collapsed into unusual thoughts 
and perceptional abnormalities (Ising et al., 2012). SSSS was collapsed into a perceived 
negative and a perceived lack of positive social connection with family and friends (Schuster 
et al., 1990). 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. (2003), with the exception that we split out 
insomnia and hypersomnia and tended to sum rather than calculate the max, so that we could 
retain information from 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. Further detail can be found in 
Supplementary Table S1. 
 
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. Also, as WSAS asks about functioning conditional on an individual’s 
mental health it also 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 was achieved using a bespoke implementation of the Partition Markov 
chain Monte Carlo (PMCMC) scheme (Kuipers & Moffa, 2017; Varidel, 2024). 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 random locations 
(Scutari, 2010; Scutari et al., 2019). We ran eight chains of PMCMC for 107 iterations saving 
every 500th iteration, leading to 20000 samples. The split-𝑅" convergence statistic was 𝑅" < 1.01 
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for the log partition score with 𝑁!"" = 6645 effective samples (Gelman et al., 2013; Vehtari et 
al., 2021). For the DAG scores, we found 𝑅" < 1.01 with 𝑁!"" = 1081. We also checked the 
concordance of the mean pairwise edge probabilities (Suter et al., 2023), where the difference 
between all edge probabilities between all chains was always < 20%. These statistics suggest 
reasonable convergence and resolution of the chains. 
 
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 distribution 
for the ACE of 𝐴 on 𝐵 is given by, 

𝑝(𝐴𝐶𝐸#,%|𝐷) =8[𝑝(𝐴|𝑑𝑜(𝐵 → 	𝐵 + 1), 𝐵) − 𝑝(𝐴|𝑁)]𝑝(𝐵|𝑁)
	

'

. 

This quantity is marginalised over the posterior distribution of the BN 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 (Pearl et al., 2016), which is implemented in the Bestie 
package (Kuipers & Moffa, 2022). Marginalisation over the BNs is implemented by 
performing this calculation per iteration from our posterior sample of BNs. The ACE posterior 
distribution is typically multimodal as when there is no path from intervened node 𝐴 to the 
effect node 𝐵 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%. 
 
Results 
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 individuals, 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 that 
suicidal ideation is the only proximal factor on a recent suicidal attempt. Further details are 
shown in Table 1 with more detail provided in Supplementary Tables S3-S5. 
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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. 

† QIDS-adjusted is calculated as the total QIDS score with the value of question 12, which asks about suicidal 
ideation, subtracted. 
Note. Bolded odds-ratios indicate when the 95% highest density credible interval does not include 1. 
 
There were 321 (31.5%) individuals within the high suicidal ideation 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 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, 1.00), 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. 
 
 
  

 
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) 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 13, 2025. ; https://doi.org/10.1101/2025.02.11.25322101doi: medRxiv preprint 

https://doi.org/10.1101/2025.02.11.25322101
http://creativecommons.org/licenses/by/4.0/


 8 

Table 2. Sample characteristics and odds-ratios for high suicidal ideation (SIDAS ³ 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. 

† QIDS-adjusted is calculated as the total QIDS score with the value of question 12, which asks about suicidal 
ideation, subtracted. 
Note. Bolded odds-ratios indicate when the 95% highest density credible interval does not include 1. 
 
Undirected probabilistic graphical model 
The inferred item-level undirected PGM is dense with suicidal ideation being directly or 
indirectly associated with all domains (Figure 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 domains except anxiety 
and experiencing a traumatic event (PTSD5_EVENT). 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 unavailable (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 Supplementary Figures S1-S3. 

 
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) 
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Figure 1. Item-level undirected probabilistic graphical model. Edges are shown with 𝑝 ≥ 0.5. 
 
Bayesian network 
We show the maximum a posteriori estimate for the subgraph that includes suicidal ideation 
along with its ancestors in Figure 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 indirectly 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 Supplementary 
Figures S4-S7. 
 
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, 0.25, 0.36), 
functioning (ACE, 0.20, IQR, 0.14, 0.26), unusual thoughts (ACE, 0.18, IQR, 0.12, 0.24), 
anxiety (ACE, 0.16, IQR, 0.11, 0.20), perceived lack of positive interactions with family and 
friends (ACE, 0.16, IQR, 0.09, 0.23), experiencing a traumatic event (ACE, 0.15, IQR, 0.09, 
0.19), interest (ACE, 0.14, IQR, 0.07, 0.19), and abnormal perceptions (ACE, 0.12, IQR, 0.08, 
0.17). 
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Figure 2. Factor-level maximum a posteriori directed acyclic subgraph, where 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. 

Suicidal
Ideation

Functioning

Energy

Unrefreshed
Sleep

Insomnia

Trauma
Event

Psychomotor

Social
Negative

Interest

Concentration

Anxiety

Social
Positive

Sadness

Unusual
Thoughts

Abnormal
Perceptions

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 13, 2025. ; https://doi.org/10.1101/2025.02.11.25322101doi: medRxiv preprint 

https://doi.org/10.1101/2025.02.11.25322101
http://creativecommons.org/licenses/by/4.0/


 11 

 
 

 
Figure 3. Factor-level average causal effects. This shows the median change in the effect nodes on a normalised 
scale given a 1-sigma change for all variables, except for experiencing a traumatic event which corresponds to a 
category change. We only show causal effects where zero is not within the IQR. 
 
Nodes appearing early in the topological ordering including experiencing 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, 0.39, 0.62), anxiety (ACE, 0.39, IQR, 0.27, 0.52), unusual thoughts 
(ACE, 0.37, IQR, 0.29, 0.49), insomnia (ACE, 0.36, IQR, 0.21, 0.48), and perceived negative 
interactions with family and friends (ACE, 0.36, IQR, 0.13, 0.49). See Figure 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 (maxF𝑅"G = 1.01) and resolution (min(𝑁!"") = 3219) can be found in 
Supplementary Table S8. 
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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 a mental health care, contributed 
data to a digital platform. Our results consistently revealed that depressive symptoms 
(particularly sadness), functional impairment, poor social connection (particularly a perceived 
lack of positive support), 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 psychosocial factors being distal. This wide array 
of influencing factors on suicidal ideation provides evidence for comprehensive youth care 
models (Hickie et al., 2019; McGorry et al., 2024), that include the consideration for a wide 
array of clinical, psychosocial, and comorbidity factors.  
 
Distinguishing proximal and distal factors on suicidal ideation allows for a better understanding 
of the relevant information required to understand, 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 understanding the distal factors.  On the other hand, understanding an 
individual’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 prevention measures and 
their relative timings.  
 
For example, the influence of experiencing a traumatic event on lifetime (Zatti et al., 2017) and 
youth (Barbosa et al., 2014; Hink et al., 2022) STBs is well known. However, the processes by 
which trauma influences STBs along with other clinical and psychosocial factors is still debated 
(Hickie et al., 2024). 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 preventative targets. Preventing a traumatic event is important, but even 
with knowledge of an individual experiencing a traumatic event, the next factors along the path 
are likely to be good interventional and preventative targets. 
 
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 to suicidal thoughts, 
which includes an analysis using undirected PGMs, that showed suicidal thoughts dependent 
on perceptual anomalies, such as hearing voices and sounds, as well as bizarre experiences 
(Núñez et al., 2018). The dependency of suicidal ideation on psychosis suggests that theoretical 
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. 
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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 (Van Orden, Witte, Cukrowicz, Braithwaite, Selby, & Joiner, 2010) and are often 
measured using the interpersonal needs questionnaire (Van Orden et al., 2008). 
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 
(Ducasse et al., 2018; Mee et al., 2006; Orbach et al., 2003). Psychological pain is typically 
considered to be a construct that goes beyond depressive or clinical symptoms representing a 
longer lasting negative deficiency of self (Meerwijk & Weiss, 2011). 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 (Blandizzi et al., 
2025; Holden et al., 2001; Mee et al., 2011; Orbach et al., 2003). 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 influence 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.  
 
Only suicidal ideation was found to be a proximal factor to recent suicide attempts. While 
suicidal ideation is an important outcome in and of itself, and an important prevention target 
for suicide attempts (Jobes & Joiner, 2019), 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 (Paashaus et al., 2019) along with relevant decision-
making processes (Galasiński & Ziółkowska, 2024; I. Xu et al., 2024). 
 
Suicidal ideation fluctuates over both long (e.g., months, years) and short (e.g., minutes, hours) 
time scales (Kleiman et al., 2018; Varidel et al., 2024; Wang et al., 2024). Also, around 20-
60% decide to make an attempt within short time periods (minutes to hours) in adult samples 
(Cáceda et al., 2020; Paashaus et al., 2019; I. Xu et al., 2024). STBs also predict and may 
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causally affect clinical and psychosocial factors (Iorfino et al., 2018). This suggests that 
longitudinal short time-scale data will be important to understand the paths to and from STBs. 
Dynamic probabilistic graphical models will be an aide to unravel temporal dependencies, and 
thus longitudinal paths, in such data. Li & Kwok (2023) used undirected dynamic PGMs and 
Iorfino et al. (2023b) used dynamic BNs to understand the temporal dependencies between 
multiple 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. 
 
In summary, suicidal ideation can arise from a multitude of mental health and behavioural 
factors for youths engaged in mental health care. We found that depressed mood, personal 
functional impairment, poor social connection, 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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