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Abstract 

 

Background: Suicide is an international health concern with immeasurable impact from the 

perspective of human and social suffering. Prior suicide attempts, anxious and depressive symptoms, 

and relatively lower health-related quality of life (HRQoL) are among the most replicated risk factors 

for suicide. Our goal was to visualize the distribution of these features and their interconnections with 

use of a network analysis approach in individuals who recently attempted suicide. 

Methods: Individuals with a recent suicide attempt were recruited from nine University Hospitals 

across Spain as part of the SURVIVE cohort study. Anxious and depressive symptoms, and perceived 

HRQoL were included in the network analysis. Network structures were estimated with the 

EBICglasso model. Centrality measures and bridge symptoms connecting communities were 

explored. Subnetworks comparing younger and older individuals, and women and men were 

analyzed. 

Results: A total of 1,106 individuals with a recent suicide attempt were included. Depressed mood 

was the symptom with the greatest influence in the overall network, followed by anxiety symptoms 

such as feeling nervous, worrying, restless, and having difficulties to relax. Perceived general health 

was associated with increased suicidal ideation in the whole sample. Older people showed a specific 

connection between perceived general health and depressed mood. 

Limitations: The cross-sectional design does not allow determination of established causality. 

Conclusions: Depressed mood was the core network’s symptom and, therefore, an important target 

in the management and prevention of suicide. HRQoL had more influence on the network of older 

populations, in which it should be a primary focus. 

 

Keywords: Suicide; Anxiety; Depression; Health-related quality of life; Prevention; Network 

analysis 

 

Highlights 

- Identifying risk factors for suicide is crucial for developing prevention programs. 

- Network analysis allows studying interrelations of symptoms in suicidal behaviors. 

- Depressed mood is the core symptom in individuals who recently attempted suicide. 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



4 

 

1. Introduction 1 

Suicide is a significant public health concern with devastating effects on individuals and society. It is 2 

one of the leading causes of death worldwide, causing approximately 700,000 lives lost each year. 3 

One of the goals of the international community is to identify populations at risk of suicide and 4 

develop prevention strategies that target suicidal behavior (World Health Organization 2021). 5 

Individuals with a history of suicide attempt (SA) represent a highly vulnerable population given that 6 

a past SA is the most robust predictor of future suicide (Coppersmith et al., 2023; de la Torre-Luque 7 

et al., 2023; Suokas et al., 2001). SA occurs much more frequently than suicide death, with a lifetime 8 

prevalence ranging from 0.5% to 5% among adults globally, yet underreporting is common (Nock et 9 

al., 2008). Although no validated biomarkers have demonstrated utility in clinical practice (Manchia 10 

and Paribello, 2023), various risk factors, including neurobiological (Erlangsen et al., 2020; Miola et 11 

al., 2021), sociodemographic (Qin et al., 2003), and clinical factors (Baldessarini, 2020; O'Connor 12 

and Nock, 2014; Qin et al., 2003) have been identified, being psychiatric diagnoses major contributors 13 

to the risk of suicidal ideation, SA, and suicide death (Chesney et al., 2014; Nock et al., 2010; Salagre 14 

et al., 2021). Major depression is the most frequent psychiatric disorder associated to suicide, 15 

accounting for half to two thirds of all suicide deaths (Dong et al., 2019; Li et al., 2022; Ribeiro et 16 

al., 2018). Even isolated depressive symptoms have been reported to be associated with SAs (Wang 17 

et al., 2020). As a result, the U.S. Preventive Services Task Force suggests suicide risk assessment 18 

should always be conducted in the context of depression screening (LeFevre, 2014). Furthermore, 19 

anxiety has been significantly associated with an increased suicide, both when occurring in the 20 

context of major depression and when considered independently (Hawton et al., 2013; Stanley et al., 21 

2018).  22 

Suicide prevention strategies can be conceptually classified as direct interventions, which 23 

involve immediate and targeted actions for individuals at imminent risk, and indirect interventions, 24 

which focus on broader strategies targeting risk factors and promoting mental well-being in the 25 

population (Torok et al., 2020). Effective indirect interventions in suicide prevention include those 26 

targeting psychiatric conditions such as depression, anxiety, as well as those aimed at improving 27 

health-related quality of life (HRQoL) (Meerwijk et al., 2016). HRQoL encompasses physical, 28 

mental, and social aspects of well-being and functioning, serving as an important indicator of disease 29 

burden (Bullinger, 2002), with a bidirectional relationship with suicide. Thus, individuals with poorer 30 

HRQoL may be prone to suicidal behaviors, particularly among young people (Le et al., 2023). 31 

Furthermore, individuals who have attempted suicide generally exhibit significantly lower HRQoL 32 

compared to those who have not, beyond what could be accounted for by anxiety and depression 33 

symptoms (Fairweather-Schmidt et al., 2016), potentially perpetuating and exacerbating the 34 
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individual's vulnerability to suicidal behaviors. Other factors related to suicide are age and sex. 1 

Generally, suicide is most common among men between the ages of 15 and 35 years (Knipe et al., 2 

2022). While death by suicide is more prevalent among males, females have a higher prevalence of 3 

SAs, which is associated with a significant health-service utilization and higher public health cost. 4 

Additionally, the risk of a SA becoming lethal increases with age (Miranda-Mendizabal et al., 2019).  5 

Given the complex nature of suicide, involving various interacting factors (e.g., 6 

sociodemographic, psychiatric, and quality-of-life-related), understanding the interactions among 7 

these aspects is crucial for developing interventions that reduce the burden of suicide on individuals 8 

and society (Oliva and De Prisco, 2022).  Network analysis is a statistical method that is based on the 9 

concept that the condition under investigation can be explained in part by the interaction of factors 10 

placed in a network (Borsboom, 2017). This analysis proved value in visualizing and understanding 11 

situations characterized by the involvement of multiple factors (Corponi et al., 2020; Scott et al., 12 

2020), although limited by the impossibility of including all relevant factors to a given condition 13 

(Neal et al., 2022). It has been previously used in the field of suicide, with clinically useful and 14 

consistent results. Shiratori et al. examined reasons for suicide and found that depression and physical 15 

illness were among the most important reasons (Shiratori et al., 2014). Gijzen et al. focused on suicide 16 

ideation in adolescents with depression, identifying loneliness as the most important factor subserving 17 

suicidal ideation in this population (Gijzen et al., 2021). Schönfelder et al. focused on traumatic 18 

aspects, finding emotional abuse as related to SA and suicidal ideation (Schönfelder et al., 2021).  19 

The aim of this study was to identify the interrelation among anxious and depressive 20 

symptoms that individuals who recently attempted suicide present after the attempt, and their 21 

connection to perceived HRQoL using a network analysis approach. Sub-analyses will also consider 22 

the impact of sex and age on the characteristics of SAs within the sample. 23 

 24 
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2. Methods 1 

2.1. Participants 2 

We analyzed baseline data from a national multisite cohort study conducted on individuals over 18 3 

years old with a recent SA (within the last 10 days, as per the study protocol). Recruitment was done 4 

across nine University Hospitals across Spain, as part of the “The Suicide Prevention and Intervention 5 

Study” (SURVIVE) project (Pérez et al., 2020). Participants were fully informed about the objectives 6 

and procedures of the study prior to providing consent. SAs were self-reported, extracted from 7 

medical records or reports of emergency responders and law enforcement agencies, depending on the 8 

individual case. Intentionality and lethality of the SAs were recorded according to the Columbia 9 

Suicide Severity Rating Scale (C-SSRS). Further details on the study are available elsewhere (Pérez 10 

et al., 2020).  11 

 12 

2.2 Variables assessment 13 

2.2.1. Sociodemographic and clinical assessment 14 

Sociodemographic variables included age, sex, working status (student, employed, unemployed, 15 

retired), and educational level (no education, elementary school, middle school, high-school, or 16 

higher).  17 

Regarding clinical variables the Mini-International Neuropsychiatric Interview (MINI) 18 

(Sheehan et al., 1998) was used by a clinicians to assess the presence of current or lifetime psychiatric 19 

disorders among the participants. Among others, patients completed three scales we used for the 20 

network analysis: a) the General Anxiety Disorder Scale (GAD-7) (Spitzer et al., 2006) that assesses 21 

the self-reported worry and anxiety symptomatology of the past two weeks. Each item considers the 22 

frequency of the anxiety symptoms on a scale ranging from 0 (not at all) to 3 (nearly every day); b) 23 

the Patient Health Questionnaire (PHQ-9) (Kroenke et al., 2001) that evaluates the self-reported 24 

depressive symptomatology experienced in the past two weeks. Each item explores the frequency of 25 

a specific depressive symptom on a scale ranging from 0 (not at all) to 3 (nearly every day);  and c) 26 

the EuroQoL-5D (Badia et al., 1999) that appraises the self-reported HRQoL organized in five 27 

dimensions. In addition, it also provides a visual analogue scale which corresponds to the current 28 

state of the overall subject’s health, ranging from 0 (worst imaginable health state) to 100 (best 29 

imaginable health). Since anxious and depressive symptoms were comprehensively screened by 30 

PHQ-9 and GAD-7, the fifth item of the EuroQoL-5D (“anxiety/depression”) was not included in our 31 

analyses. 32 

 33 

2.3 Statistical Analyses 34 
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All analyses were conducted with RStudio, R version 4.1.2 (R Core Team, 2020).  1 

 2 

2.3.1 Missing data 3 

The R package “skimr” (Elin Waring, 2021) was used to inspect missing data. Missing data were 4 

imputed by using the R package "missRanger" (Mayer and Mayer, 2019).  The parameter "num.trees" 5 

was set at 5,000, and the out-of-bag errors ranging from 0 (better performance) to 1 (worse 6 

performance) were calculated for each variable to measure accuracy, as in previous work (Fico et al., 7 

2023). 8 

 9 

2.3.2. Description of the sample and univariate analyses 10 

Normal distribution was assessed for socio-demographic and clinical variables by adopting the 11 

Shapiro-Wilk normality test (Royston, 1982). In case of normal distribution, two-sample t-test was 12 

used to study age-related and sex-group differences. In case of not-normal distribution, the Mann-13 

Whitney-Wilcoxon test was used instead. To compare categorical variables, the chi-squares test was 14 

employed. Significance was set at p<0.05 after adjusting p-values to Bonferroni correction for 15 

multiple comparisons. 16 

 17 

2.3.3 Network Analysis 18 

A network analysis was performed to explore the relationships between anxiety symptomatology 19 

(GAD-7), depressive symptomatology (PHQ-9), and HRQoL (EuroQoL-5D) in a sample of adults 20 

with a recent SA. To explore the role of age and sex on these relationships, the sample was divided 21 

according to the median-age and sex. Since data did not follow a normal distribution, a nonparanormal 22 

transformation of the data was applied before the network estimation (Epskamp et al., 2018). An 23 

optimal regularization parameter was selected to control for spurious connections in the network 24 

estimation by using graphical LASSO (Tibshirani, 1996) and extended Bayesian information criterion 25 

(EBIC) (Chen et al., 2008) to control for spurious connections in the network estimation. Network 26 

structures were estimated using Gaussian Markov random field (Costantini et al., 2015) with the 27 

EBICglasso model. A threshold was also used to remove edges not surviving p-value <0.05.  28 

In the network, each node represents a variable and each edge the bidirectional and undirected 29 

correlation between a pair of nodes. Stronger correlations are represented by thicker and more 30 

saturated edges; blue and red edges indicate positive and negative partial correlations, respectively.  31 

Network centrality measures (Bringmann et al., 2019) of expected influence, betweenness, and 32 

closeness of different nodes were calculated (Epskamp et al., 2018; Epskamp and Fried, 2018). We 33 

defined the expected influence as the sum of all edges extending from a given node while maintaining 34 
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the sign of each edge (Robinaugh et al., 2016). Betweenness is the number of times a node lies within 1 

the shortest path between two other nodes (Brandes, 2001). Closeness is the inverse of the average 2 

shortest path length between two nodes, and measures how close a symptom is linked to other 3 

symptoms (Rubinov and Sporns, 2010). One- and two-steps bridge expected influence was used to 4 

explore the connectivity between specific communities in the network; it is defined as the sum of the 5 

value of all edges between a node and all nodes that are not in the same community (Jones et al., 6 

2021). 7 

The accuracy of edge weights was measured by the 95% confidence intervals (CIs) computing 8 

by bootstrapping (Efron, 1992). The stability of centrality indices was quantified using a case-9 

dropping bootstrap procedure, and the correlation stability coefficient (CS-coefficient) between 10 

centrality indices for the full sample was calculated. CS-coefficient represents the maximum 11 

proportion of cases that can be dropped, such that with 95% probability the correlation between the 12 

original centrality indices and centrality of networks based on subsets is 0.7.  13 

To examine whether network structure changes considering age-difference and sex-groups, 14 

we separately assessed differences in network structure, global strength, and significant edges in both 15 

groups. Statistical significance was evaluated by a p-value <0.05. 16 

The “bootnet” R package (Epskamp et al., 2018) and “qgraph” R package (Epskamp et al., 17 

2012) were used to assess the network estimation and accuracy. Network comparison was conducted 18 

by “Network Comparison Test” R package (Van Borkulo et al., 2022).  19 
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3. Results 1 

3.1 Characteristics of the sample 2 

A total of 1,106 individuals with recent SA were included in the analyses. Table 1 provides 3 

information about the socio-demographic and clinical characteristics of the whole sample. The mean 4 

total score of the PHQ-9 was 17.56.2, in line with moderate to severe depression (Kroenke et al., 5 

2001); the mean GAD-7 total score was 12.45.2, in line with moderate severity of anxiety (Spitzer 6 

et al., 2006). The most prevalent psychiatric diagnoses were major depressive disorder (57.9%) and 7 

anxiety disorders (41.6%). 8 

Socio-demographic and clinical differences based on age and sex are presented in Table S1 9 

and S2 in the Supplementary material. Since the distribution of variables was not normal, the Mann-10 

Whitney-Wilcoxon test was used.  11 

 12 

3.2 Missing Data  13 

Among the variables presenting missing data, all of them presented less than 2% of missing values. 14 

Errors estimated during the imputation of missing data were less than 10%. 15 

 16 

3.3 Network structure of the total sample 17 

The network estimated using all cases (n = 1,106) and including 13 variables is presented in Figure 1 18 

and detailed in the weight matrix (Supplementary materials, Table S3). Information relative to the 19 

centrality measures is depicted in Figure 2. Specifically, the PHQ-9 item “Depressed mood” presented 20 

consistently high centrality measures.  The GAD-7 items “Feeling nervous”, “Worrying”, “Restless”, 21 

and “Trouble relaxing” followed “Depressed mood” in terms of expected influence, but not in terms 22 

of betweenness and closeness. The GAD-7 items “Worrying” and “Restless”, and the PHQ-9 items 23 

“Motor changes” and “Depressed mood”, were the variables that better connected the different 24 

communities of the network as denoted by the one- and two-steps bridge expected influence (Figure 25 

3). The HRQoL community was exclusively linked to other communities through the EuroQoL-5D 26 

item "General Health", specifically establishing a connection with the community related to 27 

depressive symptoms. This connection was characterized by a negative correlation, particularly in 28 

relation to the "Suicidal thoughts" item. Bootstrapping indicated good accuracy and stability with 29 

narrow confidence intervals for edge weights and stable centrality estimates for expected influence, 30 

while betweenness and bridge expected influence appeared unstable (CS (cor = 0.7) = 0.95) 31 

(Supplementary materials, Figure S1, S2, S3). 32 

 33 

3.4 Network comparisons 34 
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Networks comparing patients according to median age (41.5) did not differ in both network structure 1 

(p=0.69) or global strength (p=0.23). The network structures and individual edges differences are 2 

reported in Figure S4 in the Supplementary material. Mainly, the HRQoL community exhibited a 3 

correlation with the depressive symptom community only in older patients, while remaining separate 4 

in young patients. Specifically, the EuroQoL-5D item "General Health" showed a significant negative 5 

correlation with the PHQ-9 item "Depressed mood" (p=0.02). Networks comparing patients 6 

according to sex did not differ in both network structure (p=0.17) or global strength (p=0.63). The 7 

network structures and individual edges differences are reported in Figure S5 in the Supplementary 8 

material. The edge connecting the GAD-7 items “Feeling nervous” and “Restless” (p<0.001) was 9 

significantly greater in males.  10 
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4. Discussion 1 

The present study explored the interrelationship between self-reported anxious and depressive 2 

symptoms experienced by individuals with a recent SA and the interconnection with perceived 3 

HRQoL using a network analysis approach. The core symptom within the network was “Depressed 4 

mood”, followed by anxious symptoms of “Feeling nervous”, “Worrying”, “Restless”, and “Trouble 5 

relaxing”. The foregoing depression- and anxiety-related symptoms are more important than others 6 

in maintaining the structure and properties of the network. Furthermore, the study reveals a negative 7 

correlation between perceived "General health" and "Suicidal thoughts," indicating that a decline in 8 

perceived general health is associated with an increase in suicidal ideation. Only among older 9 

individuals, a worse perceived “General health” is correlated with more severe “Depressed mood”.  10 

The first community observed in the network contains depressive symptoms as measured by 11 

PHQ-9. Among all factors in the network, "Depressed mood" exhibits the highest values of both 12 

betweenness and closeness, indicating its significant influence. The centrality of this node is 13 

consistent with findings from other studies that have adopted a network approach to study depressive 14 

and anxious symptoms in populations with major depression (Kaiser et al., 2021; Shen et al., 2022) 15 

or various psychiatric diagnosis (Beard et al., 2016). It is worth noting that our population was made 16 

of individuals with at least one SA, and that more than half of the analyzed sample had a lifetime 17 

diagnosis of major depression. From a neurobiological point of view, depression and suicidal 18 

behaviors share many aspects, such as an increase in markers of inflammation, alterations in serotonin 19 

systems, as well as changes in the functioning of the hypothalamic-pituitary-adrenal axis (Erjavec et 20 

al., 2021; Wisłowska-Stanek et al., 2021). Notably, in the network, the item "Suicidal thoughts" 21 

exhibits its strongest correlation with the item "Depressed mood", underscoring the crucial 22 

relationship between suicidal ideation and depression, as depression is the psychiatric disorder most 23 

associated with suicidal ideation (Ribeiro et al., 2018). To the best of our knowledge, this study 24 

represents the first report of this association in a sample of patients who were not primarily recruited 25 

based on their diagnosis but rather based on a previous SA. This highlights the importance of 26 

intervening in depressive mood to prevent suicidal ideation. Nevertheless, existing evidence reveals 27 

that a substantial proportion of individuals with depression reported not receiving adequate forms of 28 

assistance within the preceding year (Anmella et al., 2022; Gabilondo et al., 2011). These findings 29 

underscore the need to develop suicide prevention strategies that focus on depressed mood to target 30 

suicidal ideation a part from intervention focused on anxiety and impulse-control and substance use 31 

disorder (Nock et al., 2009; Nock et al., 2010). Such strategies should encompass both public health 32 

initiatives (McLaughlin, 2011; Roberto et al., 2023) and new interventions that leverage modern 33 

technologies, which are showing effective, albeit preliminary, results in the detection of suicide risk 34 
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(Anmella et al., 2023). In addition, our findings hold significance in terms of early interventions for 1 

individuals who have recently attempted suicide. Enhancing the post-suicide attempt treatment 2 

received by individuals is a key strategy for reducing suicides and suicide attempts. In fact, the 3 

immediate period following discharge from the hospital is particularly high-risk (Demesmaeker et 4 

al., 2022). Among patients who died by suicide, 15%-20% did so on the day of discharge, and 43% 5 

of those who died by suicide post-discharge did so within the first month (Shand et al., 2018). The 6 

persistence of depressive mood makes it one of the most important therapeutic targets for indirectly 7 

reducing the early risk of further attempts. 8 

The other main community in our network is linked to anxiety symptomatology, with some 9 

GAD-7 items having a slightly lower importance than “Depressed mood” item. Anxiety disorders 10 

have been previously associated with SA (Nepon et al., 2010; Nock et al., 2009; Nock et al., 2010), 11 

and symptoms like “Feeling nervous”, “Worrying”, “Restless” and “Trouble relaxing” have been 12 

strongly correlated with both suicide planning and attempt (Heinz et al., 2020), or proposed as 13 

mediators of suicidal behavior (Kearns et al., 2022). Considering the importance of depressive and 14 

anxious domains in sustaining the overall symptomatology, the identification of nodes that act as 15 

bridges between these two dimensions becomes crucial. In our analysis, two items from the GAD-7 16 

scale, namely "Worrying" and "Restless," along with two items from the PHQ-9, namely "Motor 17 

changes" and “Depressed mood”, emerge as notable connectors between both communities. The 18 

bridging role of depressed mood (Beard et al., 2016; Cai et al., 2022), worry (Beard et al., 2016; Cai 19 

et al., 2022), and restlessness (Kaiser et al., 2021) has been previously documented in clinical and 20 

non-clinical populations, which is consistent with our findings in the current sample. It is noteworthy 21 

that all four items demonstrate a similar level of importance in connecting the two communities. 22 

Change in psychomotor function has been associated with the occurrence of SA (Rogers et al., 2016), 23 

and our study suggests that this association persists in the immediate aftermath of such events. 24 

Likewise, excessive worry may serve as a coping mechanism to mitigate or alleviate negative 25 

emotions (Schoenleber et al., 2014). However, it is important to acknowledge that our analysis did 26 

not incorporate the directionality of relationships between different nodes, rendering these 27 

speculations theoretical. Future investigations could thoroughly analyze the foregoing aspects by 28 

employing methodologies that consider the directionality of associations or by utilizing digital tools 29 

capable of capturing more precise measurements pertaining to the physical manifestations of these 30 

symptoms. The final community within our network is associated with perceived HRQoL, and 31 

among all the items, only "Suicidal thoughts" display a non-zero correlation with it. Specifically, 32 

"Suicidal thoughts" serves as a bridge between depressive symptomatology and perceived "General 33 

health". These two items are negatively correlated, a worsening in perceived general health is 34 
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associated with increased suicidal ideation. Consistently, studies conducted on both selected 1 

population samples and randomly selected community populations found that poorer HRQoL was 2 

associated with higher increased likelihood of experiencing suicidal ideation (Fairweather-Schmidt 3 

et al., 2016; Farabaugh et al., 2012). Additionally, a case–control study revealed that the HRQoL of 4 

adults who attempted suicide was significantly lower than that of matched controls (Kumar and 5 

George, 2013). Moreover, the findings from a longitudinal epidemiological study indicated that 6 

baseline self-reported life dissatisfaction among adults was linked to a higher risk of suicide death 7 

over a 20-year follow-up period (Koivumaa-Honkanen et al., 2001). Consequently, interventions 8 

targeting the HRQoL, particularly in terms of general health, may have an impact on mitigating 9 

suicidal ideation. 10 

Finally, we compared two different sub-networks based on age and sex and no statistically significant 11 

differences were found. Interestingly, the association between “Depressed mood” and “General 12 

health” appeared significant only in older people, further supporting the evidence that poor physical 13 

health is a risk factor for depression in this population (Maier et al., 2021), although the directionality 14 

of the association cannot be assumed from our model. Our results suggest that addressing general 15 

health should be one of the first targets to be considered in the management of depressive symptoms. 16 

Notably, it is worth considering the potential impact of loneliness within these contexts. Loneliness 17 

is known to be prevalent among older individuals (Domènech-Abella et al., 2017), and it has been 18 

linked to both poor physical health (Freak-Poli et al., 2021; Holt-Lunstad et al., 2015) depressive 19 

symptoms (Erzen and Çikrikci, 2018), poor clinical psychiatric outcomes (Oliva et al., 2022), reduced 20 

HRQoL (Park et al., 2020), and suicidality (McClelland et al., 2020). Therefore, addressing loneliness 21 

and fostering social connections may play a crucial role in improving general health, reducing 22 

depressive symptoms, and ultimately mitigating the risk of suicide in older individuals. Furthermore, 23 

although previous studies analyzing prevention outcomes in subgroups of patients in relation to their 24 

gender showed no differences between women and men (Krysinska et al., 2017), our analysis revealed 25 

that the association between “Feeling Nervous” and “Restless” appears to be stronger in men. 26 

Interventions for men should focus on the aspects of agitation and tension, given their higher risk of 27 

suicide death (Liotta et al., 2015). 28 

The present work presents several strengths. First, it focuses on a large national sample of 29 

adults who have recently attempted suicide; second, our model is based on a population affected by 30 

different types of psychiatric disorders, and such heterogeneity may allow us to better observe the 31 

general aspects of suicide as a transdiagnostic entity (Oliva and De Prisco, 2022). However, several 32 

limitations must be considered to better interpret the data presented. First, although the interview was 33 
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conducted shortly after the SA, the two time points differed based on the needs of each patient to 1 

assume clinical stability needed to talk about the event. Delays in data collection may have weakened 2 

the relationship between current and past symptoms, resulting in generally small associations. 3 

Second, the specific symptoms analyzed and discussed in this paper are much more complex than 4 

those that can be captured by a 4-Likert scale, and for this reason the representation in our network 5 

necessarily represents a simplification. However, both the PHQ-9 and the GAD-7 scales have been 6 

widely used in a variety of clinical and non-clinical settings and have demonstrated good 7 

psychometric properties (Kroenke et al., 2001; Löwe et al., 2008). Third, it was not possible to control 8 

for the effects of current or past medications and their doses, as in most studies of this kind (De Prisco 9 

and Oliva, 2023; Ilzarbe and Vieta, 2023; Oliva et al., 2023). However, in emergency situations, the 10 

physician is often required to make certain decisions even without complete knowledge of the 11 

patient's medical and pharmacological history, so our model represents a situation very close to the 12 

real world. Fourth, the betweenness and bridge-expected influence centrality measures were 13 

somewhat unstable after bootstrapping the case-dropping subsets. However, the expected influence 14 

remained stable after bootstrapping. Fifth, the cross-sectional nature and lack of directionality in the 15 

connections do not allow us to understand any cause-and-effect relationships, an aspect that future 16 

studies should investigate further using cohorts and longitudinal designs (Vieta and Angst, 2021). 17 

Sixth, our analysis did not consider all possible mental health conditions that showed stronger 18 

relationships with the emergence of suicidal behaviour, such as PTSD, OCD and externalizing 19 

disorders (Batterham et al., 2018; Nock et al., 2009). Seventh, the HRQoL encompasses at the same 20 

time physical, mental, and social aspects of well-being and functioning, so it may not have captured 21 

the specific aspects of quality of life related to mental health. However, our specific aim was to 22 

capture the broad relationships between psychopathology and general health status. Eighth, it was not 23 

possible to account for the severity of SAs. Finally, it is critical to emphasize that identifying risk 24 

factors for suicide is a separate endeavor when compared to identifying factors that have predictive 25 

utility and are modifiable (McIntyre et al., 2021).  26 

 27 
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5. Conclusions 

In a population of patients with at least one SA, depressed mood emerged as the core network’s 

symptom , followed by anxiety symptoms such as feeling nervous, worrying, restless, and trouble in 

relaxing. Notably, depressed mood had the strongest correlation with suicidal ideation. These findings 

might give some guidance on the strategies to be implemented in the prevention of suicide. 

Addressing and preventing depressed mood might have a cascading effect on related dimensions such 

as anxiety and HRQoL. Perceived general health was directly linked to suicidal ideation. This 

highlights the importance of interventions targeting general health in suicide prevention efforts. 

Notably, in older population, a significant correlation was found between general health and 

depressed mood. Therefore, it becomes crucial to address both mental and physical health aspects to 

effectively reduce the risk of suicide. 

 

  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



16 

 

Role of the funding source 

This work was supported by grants from Instituto de Salud Carlos III (ISC-III)-FEDER: Hospital del 

Mar (PI19/00236), Universidad de Oviedo. ISPA. SESPA. CIBERSAM (PI19/01027), Hospital 

Clínico San Carlos (PI19/01256), Hospital Universitario Araba-Santiago. Universidad del País 

Vasco. CIBERSAM (PI19/00569), La Paz Institute for Health Research (IdiPAZ) (PI19/00941), 

Hospital Universitario Parc Taulí de Sabadell (PI19/01484), Hospital Clínic, IDIBAPS 

(PI19/000954). Hospital Virgen del Rocío de Sevilla (PI19/00685). 

 

Acknowledgments 

IG thanks the support of the Spanish Ministry of Science and Innovation (MCIN) (PI19/00954, 

PI23/00822) integrated into the Plan Nacional de I+D+I and cofinanced by the ISCIII-Subdirección 

General de Evaluación y confinanciado por la Unión Europea (FEDER, FSE, Next Generation 

EU/Plan de Recuperación Transformación y Resiliencia_PRTR ); the Instituto de Salud Carlos III; 

the CIBER of Mental Health (CIBERSAM);  and the Secretaria d’Universitats i Recerca del 

Departament d’Economia i Coneixement (2021 SGR 01358), CERCA Programme / Generalitat 

de Catalunya as well as the Fundació Clínic per la Recerca Biomèdica (Pons Bartran 2022-

FRCB_PB1_2022).  

 

Conflict of interest 

IG has received grants and served as consultant, advisor or CME speaker for the following identities: 

ADAMED, Angelini, Casen Recordati, Esteve, Ferrer, Gedeon Richter, Janssen Cilag, Lundbeck, 

Lundbeck-Otsuka, Luye, SEI Healthcare, Viatris outside the submitted work. She also receives 

royalties from Oxford University Press, Elsevier, Editorial Médica Panamericana. 

EV has received grants and served as consultant, advisor, or CME speaker for the following entities: 

AB-Biotics, AbbVie, Angelini, Biogen, Biohaven, Boehringer-Ingelheim, Celon Pharma, Compass, 

Dainippon Sumitomo Pharma, Ethypharm, Ferrer, Gedeon Richter, GH Research, Glaxo-Smith 

Kline, Idorsia, Janssen, Lundbeck, Medincell, Novartis, Orion Corporation, Organon, Otsuka, Rovi, 

Sage, Sanofi-Aventis, Sunovion, Takeda, and Viatris, outside the submitted work. 

Dr. Roger S. McIntyre has received research grant support from CIHR/GACD/National Natural 

Science Foundation of China (NSFC) and the Milken Institute; speaker/consultation fees from 

Lundbeck, Janssen, Alkermes,Neumora Therapeutics, Boehringer 

Ingelheim,Sage,Biogen,Mitsubishi Tanabe, Purdue, Pfizer, Otsuka, Takeda, Neurocrine, 

Neurawell,Sunovion, Bausch Health, Axsome, Novo Nordisk, Kris, Sanofi, Eisai, Intra-Cellular, 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



17 

 

NewBridge Pharmaceuticals,Viatris, Abbvie, Atai Life Sciences. Dr. Roger McIntyre is a CEO of 

Braxia Scientific Corp.  

The rest of authors have no conflict of interest to declare. 

 

Data Availability Statement 

The data used in this study are not publicly available due to privacy and confidentiality restrictions. 

Access to the data can be requested through a formal data access process or collaboration with the 

SURVIVE group. 

 

CRediT authorship contribution statement 

Vincenzo Oliva: Visualization, Data curation, Conceptualization, Methodology, Formal analysis, 

Software, Writing – original draft. Natalia Roberto: Visualization, Data curation, Writing – original 

draft. Jorge Andreo-Jover: Writing – review & editing. Teresa Bobes: Writing – review & editing. 

Manuel Canal Rivero: Writing – review & editing. Anabel Cebriá: Writing – review & editing. 

Benedicto Crespo-Facorro: Writing – review & editing. Alejandro de la Torre-Luque: Writing – 

review & editing. Marina Díaz-Marsá: Writing – review & editing. Matilde Elices: Writing – 

review & editing. Verónica Fernández-Rodrigues: Writing – review & editing. Ana Gonzalez-

Pinto: Writing – review & editing. Angela Palao Tarrero: Writing – review & editing. Iván Pérez-

Diez: Writing – review & editing. Beatriz Rodríguez-Vega: Writing – review & editing. Miguel 

Ruiz-Veguilla: Writing – review & editing. Pilar A. Saiz: Writing – review & editing. Elisa Seijo-

Zazo: Writing – review & editing. Alba Toll-Privat: Writing – review & editing. Roger S. 

McIntyre: Writing – review & editing. Eduard Vieta: Conceptualization, Supervision, Writing – 

review & editing. Iria Grande: Visualization, Data curation, Conceptualization, Methodology, 

Supervision, Writing – review & editing. Víctor Pérez-Solà: Visualization, Data curation, 

Conceptualization, Methodology, Supervision, Writing – review & editing. The SURVIVE group: 

Data collection. 

 

Declaration of Generative AI and AI- assisted technologies in the writing process 

None. 

  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



18 

 

References 

 

Anmella, G., Sanabra, M., Primé-Tous, M., Segú, X., Cavero, M., Morilla, I., Grande, I., Ruiz, V., Mas, A., Martín-
Villalba, I., Caballo, A., Esteva, J.-P., Rodríguez-Rey, A., Piazza, F., Valdesoiro, F.J., Rodriguez-Torrella, C., 
Espinosa, M., Virgili, G., Sorroche, C., Ruiz, A., Solanes, A., Radua, J., Also, M.A., Sant, E., Murgui, S., Sans-
Corrales, M., H Young, A., Vicens, V., Blanch, J., Caballeria, E., López-Pelayo, H., López, C., Olivé, V., Pujol, L., 
Quesada, S., Solé, B., Torrent, C., Martínez-Aran, A., Guarch, J., Navinés, R., Murru, A., Fico, G., de Prisco, M., 
Oliva, V., Amoretti, S., Pio-Carrino, C., Fernández-Canseco, M., Villegas, M., Vieta, E., Hidalgo-Mazzei, D., 
2023. Vickybot, a Chatbot for Anxiety-Depressive Symptoms and Work-Related Burnout in Primary Care and 
Health Care Professionals: Development, Feasibility, and Potential Effectiveness Studies. J Med Internet Res 
25, e43293. 
Anmella, G., Sanabra, M., Prime-Tous, M., Segu, X., Solanes, A., Ruiz, V., Morilla, I., Also Fontanet, A., Sant, 
E., Murgui, S., Sans-Corrales, M., Martinez-Aran, A., Fico, G., De Prisco, M., Oliva, V., Murru, A., Zahn, R., 
Young, A.H., Vicens, V., Vinas-Bardolet, C., Aparicio-Nogue, V., Martinez-Cerda, J.F., Mas, A., Carreras, B., 
Blanch, J., Radua, J., Fullana, M.A., Cavero, M., Vieta, E., Hidalgo-Mazzei, D., 2022. Antidepressants overuse 
in primary care: Prescription trends between 2010 and 2019 in Catalonia. Rev Psiquiatr Salud Ment. 
Badia, X., Roset, M., Montserrat, S., Herdman, M., Segura, A., 1999. The Spanish version of EuroQol: a 
description and its applications. European Quality of Life scale. Medicina clinica 112, 79-85. 
Baldessarini, R.J., 2020. Epidemiology of suicide: recent developments. Epidemiology and psychiatric sciences 
29, e71. 
Batterham, P.J., Calear, A.L., Christensen, H., Carragher, N., Sunderland, M., 2018. Independent Effects of 
Mental Disorders on Suicidal Behavior in the Community. Suicide Life Threat Behav 48, 512-521. 
Beard, C., Millner, A.J., Forgeard, M.J., Fried, E.I., Hsu, K.J., Treadway, M.T., Leonard, C.V., Kertz, S., 
Björgvinsson, T., 2016. Network analysis of depression and anxiety symptom relationships in a psychiatric 
sample. Psychological medicine 46, 3359-3369. 
Borsboom, D., 2017. A network theory of mental disorders. World psychiatry 16, 5-13. 
Brandes, U., 2001. A faster algorithm for betweenness centrality. Journal of mathematical sociology 25, 163-
177. 
Bringmann, L.F., Elmer, T., Epskamp, S., Krause, R.W., Schoch, D., Wichers, M., Wigman, J.T., Snippe, E., 2019. 
What do centrality measures measure in psychological networks? Journal of abnormal psychology 128, 892. 
Bullinger, M., 2002. Assessing health related quality of life in medicine. An overview over concepts, methods 
and applications in international research. Restor Neurol Neurosci 20, 93-101. 
Cai, H., Bai, W., Liu, H., Chen, X., Qi, H., Liu, R., Cheung, T., Su, Z., Lin, J., Tang, Y.-l., 2022. Network analysis of 
depressive and anxiety symptoms in adolescents during the later stage of the COVID-19 pandemic. 
Translational psychiatry 12, 98. 
Chen, J., Yuan, X., Sekiguchi, T., 2008. Advanced semiconductor diagnosis by multidimensional electron‐
beam‐induced current technique. Scanning: The Journal of Scanning Microscopies 30, 347-353. 
Chesney, E., Goodwin, G.M., Fazel, S., 2014. Risks of all-cause and suicide mortality in mental disorders: a 
meta-review. World Psychiatry 13, 153-160. 
Coppersmith, D.D.L., Ryan, O., Fortgang, R.G., Millner, A.J., Kleiman, E.M., Nock, M.K., 2023. Mapping the 
timescale of suicidal thinking. Proc Natl Acad Sci U S A 120, e2215434120. 
Corponi, F., Anmella, G., Verdolini, N., Pacchiarotti, I., Samalin, L., Popovic, D., Azorin, J.M., Angst, J., Bowden, 
C.L., Mosolov, S., Young, A.H., Perugi, G., Vieta, E., Murru, A., 2020. Symptom networks in acute depression 
across bipolar and major depressive disorders: A network analysis on a large, international, observational 
study. Eur Neuropsychopharmacol 35, 49-60. 
Costantini, G., Epskamp, S., Borsboom, D., Perugini, M., Mõttus, R., Waldorp, L.J., Cramer, A.O., 2015. State 
of the aRt personality research: A tutorial on network analysis of personality data in R. Journal of Research in 
Personality 54, 13-29. 
de la Torre-Luque, A., Pemau, A., Ayad-Ahmed, W., Borges, G., Fernandez-Sevillano, J., Garrido-Torres, N., 
Garrido-Sanchez, L., Garriga, M., Gonzalez-Ortega, I., Gonzalez-Pinto, A., Grande, I., Guinovart, M., 
Hernandez-Calle, D., Jimenez-Treviño, L., Lopez-Sola, C., Mediavilla, R., Perez-Aranda, A., Ruiz-Veguilla, M., 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



19 

 

Seijo-Zazo, E., Toll, A., Perez-Sola, V., Ayuso-Mateos, J.L., 2023. Risk of suicide attempt repetition after an 
index attempt: A systematic review and meta-analysis. General Hospital Psychiatry 81, 51-56. 
De Prisco, M., Oliva, V., 2023. As in cooking, so in medicine: Doses do matter. Eur Neuropsychopharmacol 69, 
24-25. 
Demesmaeker, A., Chazard, E., Hoang, A., Vaiva, G., Amad, A., 2022. Suicide mortality after a nonfatal suicide 
attempt: A systematic review and meta-analysis. Australian & New Zealand Journal of Psychiatry 56, 603-
616. 
Domènech-Abella, J., Lara, E., Rubio-Valera, M., Olaya, B., Moneta, M.V., Rico-Uribe, L.A., Ayuso-Mateos, J.L., 
Mundó, J., Haro, J.M., 2017. Loneliness and depression in the elderly: the role of social network. Soc 
Psychiatry Psychiatr Epidemiol 52, 381-390. 
Dong, M., Zeng, L.N., Lu, L., Li, X.H., Ungvari, G.S., Ng, C.H., Chow, I.H.I., Zhang, L., Zhou, Y., Xiang, Y.T., 2019. 
Prevalence of suicide attempt in individuals with major depressive disorder: a meta-analysis of observational 
surveys. Psychol Med 49, 1691-1704. 
Efron, B., 1992. Bootstrap methods: another look at the jackknife, Breakthroughs in statistics. Springer, pp. 
569-593. 
Elin Waring, M.Q., Amelia McNamara, Eduardo Arino de la Rubia, Hao Zhu and Shannon Ellis, 2021. skimr: 
Compact and Flexible Summaries of Data. . 
Epskamp, S., Borsboom, D., Fried, E.I., 2018. Estimating psychological networks and their accuracy: A tutorial 
paper. Behavior research methods 50, 195-212. 
Epskamp, S., Cramer, A.O., Waldorp, L.J., Schmittmann, V.D., Borsboom, D., 2012. qgraph: Network 
visualizations of relationships in psychometric data. Journal of statistical software 48, 1-18. 
Epskamp, S., Fried, E.I., 2018. A tutorial on regularized partial correlation networks. Psychological methods 
23, 617. 
Erjavec, G.N., Sagud, M., Perkovic, M.N., Strac, D.S., Konjevod, M., Tudor, L., Uzun, S., Pivac, N., 2021. 
Depression: Biological markers and treatment. Progress in Neuro-Psychopharmacology and Biological 
Psychiatry 105, 110139. 
Erlangsen, A., Appadurai, V., Wang, Y., Turecki, G., Mors, O., Werge, T., Mortensen, P.B., Starnawska, A., 
Børglum, A.D., Schork, A., 2020. Genetics of suicide attempts in individuals with and without mental 
disorders: a population-based genome-wide association study. Molecular Psychiatry 25, 2410-2421. 
Erzen, E., Çikrikci, Ö., 2018. The effect of loneliness on depression: A meta-analysis. Int J Soc Psychiatry 64, 
427-435. 
Fairweather-Schmidt, A., Batterham, P., Butterworth, P., Nada-Raja, S., 2016. The impact of suicidality on 
health-related quality of life: a latent growth curve analysis of community-based data. Journal of Affective 
Disorders 203, 14-21. 
Farabaugh, A., Bitran, S., Nyer, M., Holt, D.J., Pedrelli, P., Shyu, I., Hollon, S.D., Zisook, S., Baer, L., Busse, W., 
2012. Depression and suicidal ideation in college students. Psychopathology 45, 228-234. 
Fico, G., Oliva, V., De Prisco, M., Fortea, L., Fortea, A., Giménez-Palomo, A., Anmella, G., Hidalgo-Mazzei, D., 
Vazquez, M., Gomez-Ramiro, M., Carreras, B., Murru, A., Radua, J., Mortier, P., Vilagut, G., Amigo, F., Ferrer, 
M., García-Mieres, H., Vieta, E., Alonso, J., 2023. Anxiety and depression played a central role in the COVID-
19 mental distress: A network analysis. Journal of Affective Disorders. 
Freak-Poli, R., Ryan, J., Neumann, J.T., Tonkin, A., Reid, C.M., Woods, R.L., Nelson, M., Stocks, N., Berk, M., 
McNeil, J.J., Britt, C., Owen, A.J., 2021. Social isolation, social support and loneliness as predictors of 
cardiovascular disease incidence and mortality. BMC Geriatr 21, 711. 
Gabilondo, A., Rojas-Farreras, S., Rodríguez, A., Fernández, A., Pinto-Meza, A., Vilagut, G., Haro, J.M., Alonso, 
J., 2011. Use of primary and specialized mental health care for a major depressive episode in Spain by 
ESEMeD respondents. Psychiatr Serv 62, 152-161. 
Gijzen, M.W., Rasing, S.P., Creemers, D.H., Smit, F., Engels, R.C., De Beurs, D., 2021. Suicide ideation as a 
symptom of adolescent depression. A network analysis. Journal of affective disorders 278, 68-77. 
Hawton, K., Casañas, I.C.C., Haw, C., Saunders, K., 2013. Risk factors for suicide in individuals with depression: 
a systematic review. J Affect Disord 147, 17-28. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



20 

 

Heinz, A., Catunda, C., van Duin, C., Willems, H., 2020. Suicide prevention: Using the number of health 
complaints as an indirect alternative for screening suicidal adolescents. Journal of affective disorders 260, 
61-66. 
Holt-Lunstad, J., Smith, T.B., Baker, M., Harris, T., Stephenson, D., 2015. Loneliness and social isolation as risk 
factors for mortality: a meta-analytic review. Perspect Psychol Sci 10, 227-237. 
Ilzarbe, L., Vieta, E., 2023. The elephant in the room: Medication as confounder. Eur Neuropsychopharmacol 
71, 6-8. 
Jones, P.J., Ma, R., McNally, R.J., 2021. Bridge centrality: A network approach to understanding comorbidity. 
Multivariate behavioral research 56, 353-367. 
Kaiser, T., Herzog, P., Voderholzer, U., Brakemeier, E.L., 2021. Unraveling the comorbidity of depression and 
anxiety in a large inpatient sample: Network analysis to examine bridge symptoms. Depression and Anxiety 
38, 307-317. 
Kearns, J.C., Kittel, J.A., Schlagbaum, P., Pigeon, W.R., Glenn, C.R., 2022. Worry-related sleep problems and 
suicidal thoughts and behaviors among adolescents in 88 low-, middle-, and high-income countries: an 
examination of individual-and country-level factors. European Child & Adolescent Psychiatry 31, 1995-2011. 
Knipe, D., Padmanathan, P., Newton-Howes, G., Chan, L.F., Kapur, N., 2022. Suicide and self-harm. Lancet 
399, 1903-1916. 
Koivumaa-Honkanen, H., Honkanen, R., Viinamaeki, H., Heikkilae, K., Kaprio, J., Koskenvuo, M., 2001. Life 
satisfaction and suicide: A 20-year follow-up study. American Journal of Psychiatry 158, 433-439. 
Kroenke, K., Spitzer, R.L., Williams, J.B., 2001. The PHQ‐9: validity of a brief depression severity measure. 
Journal of general internal medicine 16, 606-613. 
Krysinska, K., Batterham, P.J., Christensen, H., 2017. Differences in the Effectiveness of Psychosocial 
Interventions for Suicidal Ideation and Behaviour in Women and Men: A Systematic Review of Randomised 
Controlled Trials. Arch Suicide Res 21, 12-32. 
Kumar, P.S., George, B., 2013. Life events, social support, coping strategies, and quality of life in attempted 
suicide: A case-control study. Indian journal of psychiatry 55, 46. 
Le, N., Belay, Y.B., Le, L.K., Pirkis, J., Mihalopoulos, C., 2023. Health-related quality of life in children, 
adolescents and young adults with self-harm or suicidality: A systematic review. Aust N Z J Psychiatry, 
48674231165477. 
LeFevre, M.L., 2014. Screening for suicide risk in adolescents, adults, and older adults in primary care: U.S. 
Preventive Services Task Force recommendation statement. Ann Intern Med 160, 719-726. 
Li, X., Mu, F., Liu, D., Zhu, J., Yue, S., Liu, M., Liu, Y., Wang, J., 2022. Predictors of suicidal ideation, suicide 
attempt and suicide death among people with major depressive disorder: A systematic review and meta-
analysis of cohort studies. J Affect Disord 302, 332-351. 
Liotta, M., Mento, C., Settineri, S., 2015. Seriousness and lethality of attempted suicide: A systematic review. 
Aggression and violent behavior 21, 97-109. 
Löwe, B., Decker, O., Müller, S., Brähler, E., Schellberg, D., Herzog, W., Herzberg, P.Y., 2008. Validation and 
standardization of the Generalized Anxiety Disorder Screener (GAD-7) in the general population. Medical 
care, 266-274. 
Maier, A., Riedel-Heller, S.G., Pabst, A., Luppa, M., 2021. Risk factors and protective factors of depression in 
older people 65+. A systematic review. PloS one 16, e0251326. 
Manchia, M., Paribello, P., 2023. Precision psychiatry for suicide prevention. Eur Neuropsychopharmacol 69, 
1-3. 
Mayer, M., Mayer, M.M., 2019. Package ‘missRanger’. R Package. 
McClelland, H., Evans, J.J., Nowland, R., Ferguson, E., O'Connor, R.C., 2020. Loneliness as a predictor of 
suicidal ideation and behaviour: a systematic review and meta-analysis of prospective studies. J Affect Disord 
274, 880-896. 
McIntyre, R.S., Lui, L.M., Rosenblat, J.D., Ho, R., Gill, H., Mansur, R.B., Teopiz, K., Liao, Y., Lu, C., 
Subramaniapillai, M., 2021. Suicide reduction in Canada during the COVID-19 pandemic: lessons informing 
national prevention strategies for suicide reduction. Journal of the Royal Society of Medicine 114, 473-479. 
McLaughlin, K.A., 2011. The public health impact of major depression: a call for interdisciplinary prevention 
efforts. Prev Sci 12, 361-371. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



21 

 

Meerwijk, E.L., Parekh, A., Oquendo, M.A., Allen, I.E., Franck, L.S., Lee, K.A., 2016. Direct versus indirect 
psychosocial and behavioural interventions to prevent suicide and suicide attempts: a systematic review and 
meta-analysis. Lancet Psychiatry 3, 544-554. 
Miola, A., Dal Porto, V., Tadmor, T., Croatto, G., Scocco, P., Manchia, M., Carvalho, A.F., Maes, M., Vieta, E., 
Sambataro, F., Solmi, M., 2021. Increased C-reactive protein concentration and suicidal behavior in people 
with psychiatric disorders: A systematic review and meta-analysis. Acta Psychiatr Scand 144, 537-552. 
Miranda-Mendizabal, A., Castellví, P., Parés-Badell, O., Alayo, I., Almenara, J., Alonso, I., Blasco, M.J., Cebria, 
A., Gabilondo, A., Gili, M., 2019. Gender differences in suicidal behavior in adolescents and young adults: 
systematic review and meta-analysis of longitudinal studies. International journal of public health 64, 265-
283. 
Neal, Z.P., Forbes, M.K., Neal, J.W., Brusco, M.J., Krueger, R., Markon, K., Steinley, D., Wasserman, S., Wright, 
A.G., 2022. Critiques of network analysis of multivariate data in psychological science. Nature Reviews 
Methods Primers 2, 90. 
Nepon, J., Belik, S.L., Bolton, J., Sareen, J., 2010. The relationship between anxiety disorders and suicide 
attempts: findings from the National Epidemiologic Survey on Alcohol and Related Conditions. Depression 
and anxiety 27, 791-798. 
Nock, M.K., Borges, G., Bromet, E.J., Alonso, J., Angermeyer, M., Beautrais, A., Bruffaerts, R., Chiu, W.T., De 
Girolamo, G., Gluzman, S., 2008. Cross-national prevalence and risk factors for suicidal ideation, plans and 
attempts. The British journal of psychiatry 192, 98-105. 
Nock, M.K., Hwang, I., Sampson, N., Kessler, R.C., Angermeyer, M., Beautrais, A., Borges, G., Bromet, E., 
Bruffaerts, R., de Girolamo, G., de Graaf, R., Florescu, S., Gureje, O., Haro, J.M., Hu, C., Huang, Y., Karam, E.G., 
Kawakami, N., Kovess, V., Levinson, D., Posada-Villa, J., Sagar, R., Tomov, T., Viana, M.C., Williams, D.R., 2009. 
Cross-national analysis of the associations among mental disorders and suicidal behavior: findings from the 
WHO World Mental Health Surveys. PLoS Med 6, e1000123. 
Nock, M.K., Hwang, I., Sampson, N.A., Kessler, R.C., 2010. Mental disorders, comorbidity and suicidal 
behavior: results from the National Comorbidity Survey Replication. Mol Psychiatry 15, 868-876. 
O'Connor, R.C., Nock, M.K., 2014. The psychology of suicidal behaviour. The Lancet Psychiatry 1, 73-85. 
Oliva, V., De Prisco, M., 2022. Together is better: Let's overcome the heterogeneity problem. Eur 
Neuropsychopharmacol 65, 33-34. 
Oliva, V., Fanelli, G., Kasper, S., Zohar, J., Souery, D., Montgomery, S., Albani, D., Forloni, G., Ferentinos, P., 
Rujescu, D., Mendlewicz, J., Kas, M.J., De Ronchi, D., Fabbri, C., Serretti, A., 2022. Social withdrawal as a trans-
diagnostic predictor of short-term remission: a meta-analysis of five clinical cohorts. Int Clin 
Psychopharmacol 37, 38-45. 
Oliva, V., Fanelli, G., Zamparini, M., Zarbo, C., Rocchetti, M., Casiraghi, L., Starace, F., Martinelli, A., Serretti, 
A., de Girolamo, G., the Di, A.C., 2023. Patterns of antipsychotic prescription and accelerometer-based 
physical activity levels in people with schizophrenia spectrum disorders: a multicenter, prospective study. 
International Clinical Psychopharmacology 38. 
Park, C., Majeed, A., Gill, H., Tamura, J., Ho, R.C., Mansur, R.B., Nasri, F., Lee, Y., Rosenblat, J.D., Wong, E., 
2020. The effect of loneliness on distinct health outcomes: a comprehensive review and meta-analysis. 
Psychiatry Research 294, 113514. 
Pérez, V., Elices, M., Toll, A., Bobes, J., López-Solà, C., Díaz-Marsá, M., Grande, I., López-Peña, P., Rodríguez-
Vega, B., Ruiz-Veguilla, M., 2020. The Suicide Prevention and Intervention Study (SURVIVE): Study protocol 
for a multisite cohort study with nested randomized-controlled trials. Revista de Psiquiatría y Salud Mental. 
Qin, P., Agerbo, E., Mortensen, P.B., 2003. Suicide risk in relation to socioeconomic, demographic, psychiatric, 
and familial factors: a national register–based study of all suicides in Denmark, 1981–1997. American journal 
of psychiatry 160, 765-772. 
R Core Team, 2020. R: A language and environment for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. 
Ribeiro, J.D., Huang, X., Fox, K.R., Franklin, J.C., 2018. Depression and hopelessness as risk factors for suicide 
ideation, attempts and death: meta-analysis of longitudinal studies. The British Journal of Psychiatry 212, 
279-286. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



22 

 

Roberto, N., Vazquez, M., Radua, J., Pariente, J.C., Muñoz-Moreno, E., Laredo, C., Bracco, L., Fernández, T., 
Martín-Parra, S., Martínez-Aran, A., 2023. Safety intervention for improving functioning in suicidal attempters 
(STRONG): A secondary prevention study. Study rationale and research protocol. Spanish Journal of 
Psychiatry and Mental Health. 
Robinaugh, D.J., Millner, A.J., McNally, R.J., 2016. Identifying highly influential nodes in the complicated grief 
network. Journal of abnormal psychology 125, 747. 
Rogers, M.L., Ringer, F.B., Joiner, T.E., 2016. A meta-analytic review of the association between agitation and 
suicide attempts. Clinical Psychology Review 48, 1-6. 
Royston, J.P., 1982. An extension of Shapiro and Wilk's W test for normality to large samples. Journal of the 
Royal Statistical Society: Series C (Applied Statistics) 31, 115-124. 
Rubinov, M., Sporns, O., 2010. Complex network measures of brain connectivity: uses and interpretations. 
Neuroimage 52, 1059-1069. 
Salagre, E., Grande, I., Jiménez, E., Mezquida, G., Cuesta, M.J., Llorente, C., Amoretti, S., Lobo, A., González-
Pinto, A., Carballo, J.J., Corripio, I., Verdolini, N., Castro-Fornieles, J., Legido, T., Carvalho, A.F., Vieta, E., 
Bernardo, M., 2021. Trajectories of suicidal ideation after first-episode psychosis: a growth mixture modeling 
approach. Acta Psychiatr Scand 143, 418-433. 
Schoenleber, M., Chow, P.I., Berenbaum, H., 2014. Self‐conscious emotions in worry and generalized anxiety 
disorder. British Journal of Clinical Psychology 53, 299-314. 
Schönfelder, A., Rath, D., Forkmann, T., Paashaus, L., Lucht, L., Teismann, T., Stengler, K., Juckel, G., Glaesmer, 
H., 2021. Child abuse and suicidality in the context of the Interpersonal Psychological Theory of Suicide: A 
network analysis. British journal of clinical psychology 60, 425-442. 
Scott, J., Bellivier, F., Manchia, M., Schulze, T., Alda, M., Etain, B., 2020. Can network analysis shed light on 
predictors of lithium response in bipolar I disorder? Acta Psychiatr Scand 141, 522-533. 
Shand, F., Vogl, L., Robinson, J., 2018. Improving patient care after a suicide attempt. Australas Psychiatry 26, 
145-148. 
Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., Hergueta, T., Baker, R., Dunbar, 
G.C., 1998. The Mini-International Neuropsychiatric Interview (MINI): the development and validation of a 
structured diagnostic psychiatric interview for DSM-IV and ICD-10. Journal of clinical psychiatry 59, 22-33. 
Shen, J.F., Yin, X.B., Wang, S., Jiang, N.Z., Sun, H.W., Wang, Y., Wang, Y.Y., 2022. Association between 
depressive symptoms and suicidal risk: Based on self-reported and clinical-interview measurements from a 
network perspective. Psych J 11, 171-178. 
Shiratori, Y., Tachikawa, H., Nemoto, K., Endo, G., Aiba, M., Matsui, Y., Asada, T., 2014. Network analysis for 
motives in suicide cases: A cross‐sectional study. Psychiatry and Clinical Neurosciences 68, 299-307. 
Spitzer, R.L., Kroenke, K., Williams, J.B., Löwe, B., 2006. A brief measure for assessing generalized anxiety 
disorder: the GAD-7. Archives of internal medicine 166, 1092-1097. 
Stanley, I.H., Boffa, J.W., Rogers, M.L., Hom, M.A., Albanese, B.J., Chu, C., Capron, D.W., Schmidt, N.B., Joiner, 
T.E., 2018. Anxiety sensitivity and suicidal ideation/suicide risk: A meta-analysis. J Consult Clin Psychol 86, 
946-960. 
Suokas, J., Suominen, K., Isometsä, E., Ostamo, A., Lönnqvist, J., 2001. Long‐term risk factors for suicide 
mortality after attempted suicide‐Findings of a 14‐year follow‐up study. Munksgaard International Publishers 
Copenhagen, pp. 117-121. 
Tibshirani, R., 1996. Regression shrinkage and selection via the lasso. Journal of the Royal Statistical Society: 
Series B (Methodological) 58, 267-288. 
Torok, M., Han, J., Baker, S., Werner-Seidler, A., Wong, I., Larsen, M.E., Christensen, H., 2020. Suicide 
prevention using self-guided digital interventions: a systematic review and meta-analysis of randomised 
controlled trials. Lancet Digit Health 2, e25-e36. 
Van Borkulo, C.D., van Bork, R., Boschloo, L., Kossakowski, J.J., Tio, P., Schoevers, R.A., Borsboom, D., 
Waldorp, L.J., 2022. Comparing network structures on three aspects: A permutation test. Psychological 
methods. 
Vieta, E., Angst, J., 2021. Bipolar disorder cohort studies: Crucial, but underfunded. Eur 
Neuropsychopharmacol 47, 31-33. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



23 

 

Wang, S., Li, C., Jia, X., Lyu, J., Wang, Y., Sun, H., 2020. From depressive symptoms to suicide risk: Roles of 
sense of belongingness and acquired capability for suicide in patients with mental disorders. Psych J 9, 185-
198. 
Wisłowska-Stanek, A., Kołosowska, K., Maciejak, P., 2021. Neurobiological basis of increased risk for suicidal 
behaviour. Cells 10, 2519. 
World Health Organization 2021. Suicide worldwide in 2019: global health estimates. 

 

  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



24 

 

Table 1. Sociodemographic and clinical characteristics of the sample 

 

Abbreviations: EuroQoL-5D – European Quality of Life-5 Dimension; GAD-7 - General Anxiety 

Disorder-7; PHQ-9 - Patient Health Questionnaire-9. 
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Figure 1: Graphical representation of the estimated network model. Blue nodes represent 

depressive symptoms measured with the PHQ-9 scale, green nodes represent anxiety symptoms 

measured with the GAD-7 scale, and pink nodes represent the health-related quality of life measured 

with the EuroQoL-5D scale. Blue links indicate positive effects and red links negative effects. The 

edge thickness represents the strength of the association between symptom nodes.  

 

Abbreviations: EuroQoL-5D – European Quality of Life-5 Dimension; GAD7 - General Anxiety 

Disorder-7; PHQ9 - Patient Health Questionnaire-9. 

Legend: ANH - Anhedonia; DEP - Depressed mood; SLE - Sleep problems; LOE - Lack of energy; 

APP - Appetite changes; GUI - Feeling guilty; CON - Difficulty in concentration; MOT - Motor 

changes; SUI - Suicidal thoughts; NER - Feeling nervous; SWO - Not able to stop worrying; WOR - 

Worrying; REL - Trouble relaxing; RES - Restless; IRR - Irritability; AFR - Feeling afraid; MOB - 

Mobility; CAR - Self-care; ACT - Usual activities; PAI - Pain/discomfort; HEA - General health. 
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Figure 2. Centrality Plots for EBICglasso network depicting the expected influence, 

betweenness and closeness of each node (variable).  

 

Legend: ANH - Anhedonia; DEP - Depressed mood; SLE - Sleep problems; LOE - Lack of energy; 

APP - Appetite changes; GUI - Feeling guilty; CON - Difficulty in concentration; MOT - Motor 

changes; SUI - Suicidal thoughts; NER - Feeling nervous; SWO - Not able to stop worrying; WOR - 

Worrying; REL - Trouble relaxing; RES - Restless; IRR - Irritability; AFR - Feeling afraid; MOB - 

Mobility; CAR - Self-care; ACT - Usual activities; PAI - Pain/discomfort; HEA - General health. 
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Figure 3. Estimates of One-step and Two-step Expected Influence of the Network of the total 

sample. 

 

Legend: ANH - Anhedonia; DEP - Depressed mood; SLE - Sleep problems; LOE - Lack of energy; 

APP - Appetite changes; GUI - Feeling guilty; CON - Difficulty in concentration; MOT - Motor 

changes; SUI - Suicidal thoughts; NER - Feeling nervous; SWO - Not able to stop worrying; WOR - 

Worrying; REL - Trouble relaxing; RES - Restless; IRR - Irritability; AFR - Feeling afraid; MOB - 

Mobility; CAR - Self-care; ACT - Usual activities; PAI - Pain/discomfort; HEA - General health. 
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Table 1. Sociodemographic and clinical characteristics of the sample 

 N=1106 

 N/Mean (%/SD) 

Age 41.01 (15.7) 

Sex  

- Female 776 (70.2) 

Educational level  

- No education 45 (4.1) 

- Elementary school 186 (16.8) 

- Middle school 562 (51.0) 

- High school or higher 311 (28.1) 

Working status  

- Unemployed 324 (29.3) 

- Employed 429 (38.8) 

- Student 127 (11.5) 

- Retired 226 (20.4) 

PHQ-9  

- 1 - Anhedonia 1.93 (1.1) 

- 2 - Depressed mood 2.20 (0.9) 

- 3 - Sleep problems 1.99 (1.1) 

- 4 - Lack of energy 2.23 (0.9) 

- 5 - Appetite changes 1.88 (1.1) 

- 6 - Feeling guilty 2.17 (1.0) 

- 7 - Difficulty in concentration 1.82 (1.1) 

- 8 - Motor changes 1.48 (1.1) 

- 9 - Suicidal thoughts 1.78 (1.1) 

- Total 17.5 (6.2) 

GAD-7  

- 1 - Feeling nervous 1.96 (1.0) 

- 2 - Not able to stop worrying 1.91 (1.0) 

- 3 - Worrying 2.08 (1.0) 

- 4 - Trouble relaxing 2.09 (1.0) 

- 5 - Restless 1.41 (1.1) 

- 6 - Irritability 1.65 (1.1) 

- 7 - Feeling afraid 1.29 (1.2) 

- Total 12.4 (5.2) 

EuroQoL-5D  

- 1 - Mobility 1.52 (0.9) 

- 2 - Self-care 1.50 (0.9) 

- 3 - Usual activities 2.18 (1.3) 

- 4 - Pain/discomfort 2.39 (1.2) 

- General Health 46.4 (23.9) 

Psychiatric diagnosis  

- Major depressive disorder 641 (57.9) 

- Anxiety disorders 460 (41.6) 

- Alcohol use disorder 176 (15.9) 

- Substance use disorder 128 (11.6) 

Table(Editable version) Click here to access/download;Table(Editable version);Table1
- GeneralSample.docx
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- Post-traumatic stress disorder 122 (11.0) 

- Eating disorders 102 (9.2) 

- Obsessive compulsive disorder 53 (4.8) 

- Bipolar disorder I 34 (3.1) 

- Other psychotic disorders 26 (2.3) 

- Bipolar disorder II 15 (1.3) 

- Schizophrenia 13 (1.2) 

Abbreviations: EuroQoL-5D – European Quality of Life-5 Dimension; GAD-7 - General Anxiety 

Disorder-7; PHQ-9 - Patient Health Questionnaire-9. 

 


