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A B S T R A C T   

Background: The presence of psychiatric disorders is widely recognized as one of the primary risk factors for 
suicide. A significant proportion of individuals receiving outpatient psychiatric treatment exhibit varying degrees 
of suicidal behaviors, which may range from mild suicidal ideations to overt suicide attempts. This study aims to 
elucidate the transdiagnostic symptom dimensions and associated suicidal features among psychiatric 
outpatients. 
Methods: The study enrolled patients who attended the psychiatry outpatient clinic at a tertiary hospital in South 
Korea (n = 1, 849, age range = 18–81; 61% women). A data-driven classification methodology was employed, 
incorporating a broad spectrum of clinical symptoms, to delineate distinctive subgroups among psychiatric 
outpatients exhibiting suicidality (n = 1189). A reference group of patients without suicidality (n = 660) was 
included for comparative purposes to ascertain cluster-specific sociodemographic, suicide-related, and psychi
atric characteristics. 
Results: Psychiatric outpatients with suicidality (n = 1189) were subdivided into three distinctive clusters: the 
low-suicide risk cluster (Cluster 1), the high-suicide risk externalizing cluster (Cluster 2), and the high-suicide 
risk internalizing cluster (Cluster 3). Relative to the reference group (n = 660), each cluster exhibited distinct 
attributes pertaining to suicide-related characteristics and clinical symptoms, covering domains such as anxiety, 
externalizing and internalizing behaviors, and feelings of hopelessness. Cluster 1, identified as the low-suicide 
risk group, exhibited less frequent suicidal ideation, planning, and multiple attempts. In the high-suicide risk 
groups, Cluster 2 displayed pronounced externalizing symptoms, whereas Cluster 3 was primarily defined by 
internalizing and hopelessness symptoms. Bipolar disorders were most common in Cluster 2, while depressive 
disorders were predominant in Cluster 3. 
Discussion: Our findings suggest the possibility of differentiating psychiatric outpatients into distinct, clinically 
relevant subgroups predicated on their suicide risk. This research potentially paves the way for personalizing 
interventions and preventive strategies that address cluster-specific characteristics, thereby mitigating suicide- 
related mortality among psychiatric outpatients.   

* Correspondence to: In Kyoon Lyoo, Ewha Brain Institute and Department of Brain Cognitive Science, Ewha Womans University, 52 Ewhayeodae-gil, Seodaemun- 
gu, Seoul 03760, South Korea. 
** Correspondence to: Seog Ju Kim, Department of Psychiatry, Sungkyunkwan University School of Medicine, Samsung Medical Center, 81 Irwon-ro, Kangnam-gu, 

Seoul 06351, South Korea. 
E-mail addresses: inkylyoo@ewha.ac.kr (I.K. Lyoo), ksj7126@skku.edu (S.J. Kim).   

1 These authors contributed equally to the manuscript. 

Contents lists available at ScienceDirect 

Comprehensive Psychiatry 

journal homepage: www.elsevier.com/locate/comppsych 

https://doi.org/10.1016/j.comppsych.2024.152463    

mailto:inkylyoo@ewha.ac.kr
mailto:ksj7126@skku.edu
www.sciencedirect.com/science/journal/0010440X
https://www.elsevier.com/locate/comppsych
https://doi.org/10.1016/j.comppsych.2024.152463
https://doi.org/10.1016/j.comppsych.2024.152463
https://doi.org/10.1016/j.comppsych.2024.152463
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Comprehensive Psychiatry 131 (2024) 152463

2

1. Introduction 

Accounting for over one million deaths annually, suicide poses a 
substantial public health challenge necessitating effective preventive 
and intervention methodologies [1,2]. Both suicidal ideation and suicide 
attempts, exhibiting a global lifetime prevalence of 9.2% and 2.7% 
respectively, are strong indicators of suicide death, representing 1.4% of 
all mortality cases [1,3,4]. Therefore, a comprehensive understanding of 
the risk factors tied to suicidal ideation and suicide attempts is of sig
nificant importance in preventing suicide-related fatalities [2,3]. 

Suicide is a behavioral consequence that emerges from complex in
teractions between psychosocial and clinical risk factors, encompassing 
lifetime stressors, family history, and the presence of psychiatric disor
ders [5,6]. Given the heterogeneous nature of suicidality, patients with 
suicidal risks might manifest a wide range of emotional and behavioral 
distress or dysfunction, leading to considerable inter-individual varia
tions in clinical manifestations [2,3]. Additionally, cultural factors play 
a crucial role in influencing suicide risks and patterns across different 
societies [2,7–10]. Factors such as honor, shame, cultural stigma for 
mental illness, and religious beliefs are known to impact suicidal be
haviors [2,7,11–13]. Furthermore, the nature of a society, whether 
individualistic or collectivistic, influences suicide risk by affecting the 
availability and strength of social support networks [7,14]. Therefore, 
comprehending the intricacies and heterogeneity of suicidality is pivotal 
in formulating individualized strategies to prevent suicide among high- 
risk psychiatric patients [2,3]. 

Mental illness is a significant risk factor for suicide, with many in
dividuals who die by suicide exhibiting signs of various psychiatric 
disorders [2,15]. Research in a multi-ethnic Asian population revealed 
that conditions such as psychotic illness, borderline personality disor
der, and insomnia can elevate the risk of repeated suicide attempts, often 
in conjunction with other sociodemographic and personal factors [16]. 
This underscores the complexity of suicide risk, as each psychiatric 
diagnosis presents a unique and multifaceted risk profile [15–19]. 
Concentrating exclusively on a single diagnosis or symptom falls short 
for precise prediction [2,3]. Conversely, the diverse manifestations of 
psychiatric symptoms are associated with a broad spectrum of suicide 
outcomes [5,15]. Therefore, a transdiagnostic approach is essential for 
accurately assessing suicide risk among psychiatric patients, providing a 
more comprehensive understanding of their suicidality. 

To explore the complex interplay between clinical and psychosocial 
factors in suicidality and to implement a transdiagnostic approach, we 
propose employing data-driven agglomerative hierarchical cluster 
analysis. This unsupervised, bottom-up technique enables the discovery 
of latent patterns in multi-dimensional data without predetermined 
hypotheses [20,21]. Unlike traditional diagnostic categories, this 
method can identify specific subgroups (“phenotypes”) among psychi
atric outpatients with suicidality based on their individual profiles. 

The primary objective of our study was to identify discrete clusters of 
psychiatric outpatients with suicidality, focusing on individual suicide 
risk profiles. We employed an agglomerative hierarchical cluster anal
ysis, an unsupervised and data-driven method, to examine an extensive 
range of psychiatric symptoms. Additionally, we conducted a compre
hensive assessment of cluster-specific characteristics, including socio
demographic and clinical factors, as well as elements related to suicide, 
self-injury, stressors, and psychiatric diagnoses. 

2. Material and methods 

2.1. Study participants 

In this study, we enrolled 1849 patients, each having a minimum of 
11 available scale scores across 14 possible scales, during the period 
from June 2017 to December 2021. These participants were all at
tendees of the psychiatric outpatient clinic at a tertiary hospital, spe
cifically Samsung Medical Center in Seoul, South Korea. 

Prior to conducting cluster analysis, we divided the patients into two 
groups based on their suicidality: 1189 patients exhibiting suicidality 
(the suicidal group) and 660 without suicidality (the non-suicidal 
group). Suicidality was evaluated using a semi-structured question
naire, which included questions about current and past suicidal idea
tion, past and present specific suicidal plans, and detailed accounts of 
previous suicide attempts. For more details, the specific items of this 
questionnaire are included in Supplementary Table 1. In this classifi
cation, individuals were labeled as “suicidal” if they reported any sui
cidal ideation, specific suicidal plans, or previous suicide attempts. The 
non-suicidal group reported no suicidal ideation, specific suicidal plans, 
or previous suicide attempts. 

The suicidal group (n = 1189) then underwent cluster analysis to 
categorize them into clinically relevant clusters. The non-suicidal group 
(n = 660) served as the reference group for subsequent regression 
analysis aimed at identifying cluster-specific characteristics. 

Demographic characteristics are summarized in Table 1. The study 
was conducted as a retrospective chart review and received approval 
from the Institutional Review Board of the Samsung Medical Center (No. 
2020–11-107), which provided an exemption from the requirement for 
written informed consent. 

2.2. Clinical measurements 

Clinical characteristics associated with suicide, stressors, family 
history, and psychiatric history were determined using a semi-structured 
clinical interview, supplemented by a retrospective chart review, con
ducted by board-certified psychiatrists and clinical psychologists. The 
diagnosis of psychiatric disorders was conducted using the Structured 
Clinical Interview for DSM-5. 

A set of 14 clinician-administered rating scales and self-reporting 
questionnaires were employed to assess a wide array of psychiatric 
symptoms, including mood, anxiety, attention, impulsivity, hopeless
ness, and alcohol use: Hamilton Depression Rating Scale (HDRS) 
[22,23], Hamilton Anxiety Rating Scale (HARS) [24], Beck Anxiety In
ventory (BAI) [25,26], Beck Depression Inventory-2 (BDI-2) [27,28], 
Beck Hopelessness Scale (BHS) [29,30], Anxiety Sensitivity Index-3 
(ASI-3) [31,32], Albany Panic and Phobia Questionnaire (APPQ) 
[33,34], Liebowitz Social Anxiety Scale (LSAS) [35,36], Obsessive- 
Compulsive Inventory-Revised (OCI-R) [37,38], Adult Attention 
Deficit/Hyperactivity Disorder (ADHD) Self-Report scale (ASRS) 
[39,40], Penn State Worry Questionnaire (PSWQ) [41,42], Mood Dis
order Questionnaire (MDQ) [43,44], Hypomanic Symptom Checklist 
(HCL) [45,46], and Alcohol Use Disorder Identification Test (AUDIT) 
[47,48]. A detailed description of the scale measurements is provided in 
the Supplementary Methods. 

The analyses involved the total scores from the aforementioned 14 
scales. Among the 1849 patients, 104 subjects (5.6%) had missing data 
(1 missing variable, n = 60; 2 missing variables; n = 23, 3 missing 
variables, n = 21). The missing data was imputed through the utilization 
of the k-nearest neighbors (kNN) algorithm [49], a well-recognized 
method for managing such missing information in datasets. All scale 
scores were converted into standardized z scores for further analysis. 

2.3. Cluster analysis 

Our study employed an agglomerative hierarchical cluster analysis 
using Ward’s minimum variance method on 1189 patients presenting 
with suicidality. This approach aims to minimize the variance within 
clusters, thereby ensuring the formation of distinct and maximally dis
similar clusters. We employed squared Euclidean distances for con
structing the dendrogram, which guided us in identifying the most 
theoretically interpretable and optimal cluster solution [21]. 

In the initial step of feature selection for our cluster analysis, Prin
cipal Component Analysis (PCA) was applied to 14 pre-defined stan
dardized scale scores. Utilizing a correlation matrix and varimax 
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rotation, PCA played a crucial role in reducing dimensionality. This 
method effectively extracted principal components (PCs) representing 
distinct symptom domains [50], subsequently used as relevant features 
in the cluster analysis. This step was vital in minimizing information 
redundancy and in optimizing the variance explanation across all 
measures, significantly enhancing our study’s precision and interpret
ability [50]. We retained PCs with eigenvalues exceeding 0.9 [51]. 

Prior to the cluster analysis, the tendency for cluster formation was 
assessed using the Hopkins statistic [52]. This statistic evaluates the 
likelihood of a given dataset being either uniformly distributed or con
taining cluster structures. 

Following the cluster analysis, the stability of the derived cluster 
solution was evaluated using two complementary methods. Firstly, the 
Jaccard coefficient—a statistical measure of similarity and diversity 
between sample sets—was used to assess the reproducibility of the 
cluster results [53]. This analysis offered quantitative evidence for the 
internal consistency and robustness of the identified clusters. Addi
tionally, discriminant function analysis with leave-one-out cross-vali
dation (LOOCV) was implemented for further validation of the optimal 
cluster solution [54]. This method enabled us to evaluate the general
izability and external validity of the clustering by classifying individuals 
based on their characteristics and comparing them to their original 
cluster assignments. This rigorous validation process ascertained the 
reliability and predictive power of the derived clusters. 

The cluster analysis was conducted using R version 4.1.1 (https://cr 
an.r-project.org/bin/windows/base/). 

2.4. Statistical analysis 

Demographic and clinical characteristics were compared between 
psychiatric patients with suicidality and those without using an un
paired t-test or a chi-square test. 

To determine cluster-specific characteristics, we utilized linear 
regression analysis to compare symptom domain scale scores across 
clusters. Patients without suicidality (non-suicidal group, n = 660) were 
the reference group in these analyses. We created dummy variables 
representing identified clusters for this reference group and included 
them in the multivariate models as independent variables. 

For clinical characteristics of a categorical nature, we conducted 
logistic regression analysis, using the values from the reference group as 
baseline outcomes. 

These tests were two-tailed and performed using STATA version 16.1 
(Stata Corp, College Station, Texas). 

3. Results 

3.1. Characteristics of psychiatric patients with and without suicidality 

Table 1 summarizes the demographic and clinical characteristics of 
the study participants. 

The total sample (n = 1849) comprised patients with a mean age of 
34.4 years (standard deviation [SD] = 14.3), 61.0% of whom were 
women (n = 1128). The majority of patients (n = 1265, 68.4%) were 
between 18 and 39 years old. Of the total psychiatric patient population 
(n = 1849), a notable 66.8% (n = 1232) were either unmarried or 
separated. Additionally, 62.0% (n = 1128) were categorized as unem
ployed, homemakers, or students. Individuals with at least a high school 
education made up 93.7% (n = 1697) of the sample. The distribution of 
psychiatric diagnoses among the study participants was as follows: 
49.2% of patients (n = 910) had depressive disorders, 34.7% (n = 642) 
had anxiety disorders, 28.0% (n = 518) had bipolar disorders, 7.6% (n =
140) had substance use disorders, 5.9% (n = 109) had somatoform 
disorders, and 4.6% (n = 85) had psychotic disorders. These diagnoses 
were not mutually exclusive. 

Significant demographic and clinical differences were observed be
tween psychiatric patients with suicidality (suicidal group, n = 1189) 
and those without (non-suicidal group, n = 660). The suicidal group was 
younger (mean ± SD, 31.7 ± 13.1 years), had a higher proportion of 
females, a greater percentage of single individuals, and a lower 
employment rate compared to the non-suicidal group (mean age ± SD, 
39.2 ± 15.3 years). Diagnoses of bipolar disorders, depressive disorders, 
and substance use disorders were more prevalent in the suicidal group, 
whereas diagnoses of psychotic disorders, anxiety disorders, and 
somatoform disorders were less prevalent compared to the non-suicidal 
group. 

Table 1 
Demographic and clinical characteristics of psychiatric patients in this study.  

Characteristics Total 
patients (n 
= 1849) 

Patients 
without 
suicidality (n 
= 660) 

Patients with 
suicidality (n 
= 1189) 

P* 

Age, years    

<

0.001 

18–19 137 (7.4) 40 (6.1) 97 (8.2) 

20–39 
1128 
(61.0) 

309 (46.8) 819 (68.9) 

40–59 420 (22.7) 215 (32.6) 205 (17.2) 
≥ 60 164 (8.9) 96 (14.6) 68 (5.72)  

Sex    
<

0.001 
Men 721 (39.0) 296 (44.9) 425 (35.7) 

Women 
1128 
(61.0) 364 (55.1) 764 (64.3)  

Marital status1    

<

0.001 

Single 1125 
(61.0) 

322 (48.9) 803 (67.7) 

Married 319 (33.2) 294 (44.7) 319 (26.9) 
Separated or 
widowed 

107 (5.8) 42 (6.38) 65 (5.48)  

Employment status2    

0.002 
Employed 692 (38.0) 281 (43.4) 411 (35.0) 
Homemaker or 
student 

698 (38.4) 227 (35.1) 471 (40.2) 

Unemployed 430 (23.6) 139 (21.5) 291 (24.8)  

Education3    

0.670 High school 
graduate or higher 

1697 
(93.7) 594 (94.0) 1103 (93.5)  

Diagnosis of 
psychiatric 
disorders4     

Schizophrenia or 
psychotic 
disorders 

85 (4.6) 47 (7.1) 38 (3.2) 
<

0.001 

Bipolar disorders 518 (28.0) 86 (13.0) 432 (36.3) 
<

0.001 
Depressive 
disorders 910 (49.2) 248 (37.6) 662 (55.7) 

<

0.001 

Anxiety disorders 642 (34.7) 293 (44.4) 349 (29.4) <

0.001 
Substance use 
disorders 

140 (7.6) 31 (4.7) 109 (9.2) <

0.001 
Somatoform 
disorders 109 (5.9) 57 (8.6) 52 (4.4) 

<

0.001 

Data are presented as number (%). 
* P values were calculated using chi-square tests between patients with sui

cidality and those without suicidality. 
1 Data from 4 patients were not available. 
2 Data from 29 patients were not available. 
3 Data from 37 patients were not available. 
4 The diagnoses were not categorically exclusive, allowing for potential co- 

occurrence among clusters. 
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3.2. Cluster forming tendency 

The Hopkins statistic, with a value of 0.74, indicated a significant 
tendency for our dataset to form clusters, suggesting the presence of a 
meaningful cluster structure [52,55]. Typically, values ranging between 
0.5 and 1 suggest the presence of meaningful clusters [52,55]. 

3.3. Feature selection and decomposition (Supplementary Table 2) 

PCA was conducted on 14 scale scores, yielding four significant PCs, 
labeled PC1 through PC4 (Supplementary Table 2). Each PC represented 
a unique dimensional symptom domain. 

PC1, encompassing the ASI-3, BAI, APPQ, LSAS, OCI-R, and ASRS 
scales, represented a constellation of anxiety, panic, and phobic symp
toms, social anxiety, obsessive-compulsive symptoms, and attention 
deficit/hyperactivity, collectively forming the “anxiety” symptom 
domain. 

PC2, comprising the MDQ, HSC, and AUDIT scales, evaluated hy
pomanic/manic symptoms and alcohol use, thus constituting the 
“externalizing” symptom domain. 

PC3, integrating the HDRS and HARS scales, assessed depression and 
anxiety, establishing the “internalizing” symptom domain. 

PC4, including the BHS, PSWQ, and BDI-2 scales, explored hope
lessness, worry, and depression, defining the “hopelessness” symptom 

domain. 
Composite scores for each domain were calculated by averaging the 

standardized scale scores within each PC. These scores, representing the 
dimensional symptom domains, served as input features for subsequent 
cluster analysis. 

3.4. Cluster analysis (Fig. 1 and Supplementary Fig. 1) 

An agglomerative hierarchical cluster analysis was conducted to 
categorize 1189 patients with suicidality into three distinct clusters, 
each exhibiting unique psychiatric symptom profiles in anxiety, exter
nalizing, internalizing, and hopelessness symptom domains (Fig. 1A, B). 
These tripartite cluster structures are depicted in the dendrogram and 
3D cluster plot (Fig. 1A). Dimension 1 indicates the range of low-to-high 
suicidal risks, and Dimension 2 represents the externalizing- 
internalizing symptom profiles. A dissimilarity matrix is available in 
Supplementary Fig. 1 for additional reference. 

Cluster 1, termed the “low-suicide risk cluster,” comprised 563 in
dividuals (47.4% of the 1189 patients), characterized by relatively lower 
scores in all four symptom domains. 

Cluster 2, named the “high-suicide risk externalizing cluster,” 
encompassed 223 patients with suicidality (18.8%) and exhibited the 
highest scores in the anxiety and externalizing symptom domains. 

Cluster 3, known as the “high-suicide risk internalizing cluster,” 

Fig. 1. Hierarchical clustering of 1189 suicidality patients (A) and their distinctive clinical characteristics (B). 
(A) Using agglomerative hierarchical cluster analysis, three distinct clusters were identified among 1189 suicidality patients, including low- and high-suicide risk 
groups. The dendrogram and three-dimensional cluster plot, with dimensions 1 and 2 representing the low-to-high suicide risk continuum and externalizing- 
internalizing symptom profiles, respectively, illustrate the structural differentiation of these clusters. 
(B) Each cluster among the suicidality patients exhibits unique psychiatric symptomatology profiles, encompassing domains of anxiety, externalizing behaviors, 
internalizing behaviors, and feelings of hopelessness. 
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consisted of 403 patients (33.9%) and demonstrated the highest scores 
in the internalizing and hopelessness symptom domains. 

3.5. Cluster stability and validation 

The mean Jaccard coefficient of 0.87 signifies strong stability of the 
cluster solution, as values above 0.6 indicate stability, and those below 
0.5 suggest instability [56,57]. Discriminant function analysis with 

LOOCV substantiated cluster validity, achieving a 96.7% accuracy rate 
across clusters. 

3.6. Cluster-specific presenting symptoms (Supplementary Table 3) 

A linear regression analysis was conducted to compare the composite 
scores across four symptom domains among three clusters, and the re
sults were indicated as the standardized beta coefficients (β) and P 

Table 2 
Cluster-specific clinical characteristics.  

Characteristics Patients without suicidality Patients with suicidality 

Reference group (n = 660) Cluster 1 (Low-risk, n = 563) Cluster 2 (High-risk externalizing, 
n = 223) 

Cluster 3 (High-risk internalizing, 
n = 403) 

Values Values P Values P Values P 

Age, years   

< 0.001  < 0.001  < 0.001 
18–19 40 (6.1) 48 (8.5) 15 (6.8) 34 (8.4) 
20–39 309 (46.8) 343 (60.9) 183 (82.1) 293 (72.7) 
40–59 215 (32.6) 117 (20.8) 22 (9.9) 66 (16.4) 
≥ 60 96 (14.6) 55 (9.8) 3 (1.4) 10 (2.5)  

Sex   
0.001  0.129  0.001 Men 296 (44.9) 198 (35.2) 87 (39.0) 140 (34.7) 

Women 364 (55.2) 365 (64.8) 136 (61.0) 263 (65.3)  

Suicide-related characteristics1        

Suicidal ideation not applicable 446 (79.2) base outcome 193 (86.6) 0.018 376 (93.3) < 0.001 
Prior history of specific suicide plan not applicable 127 (22.6) base outcome 68 (30.5) 0.021 138 (34.2) < 0.001 
Prior history of suicide attempt not applicable 383 (68.0) base outcome 154 (69.1) 0.780 286 (71.0) 0.329 
Multiple suicide attempts not applicable 113 (20.1) base outcome 62 (27.8) 0.019 120 (29.8) 0.001 
Presence of current suicide plan not applicable 56 (10.3) base outcome 45 (20.5) < 0.001 80 (20.5) < 0.001  

Methods of prior suicide attempts1        

Self-poisoning not applicable 167 (47.2) base outcome 87 (59.6) 0.012 139 (49.8) 0.508 
Hanging not applicable 109 (30.8) base outcome 35 (24.0) 0.127 80 (28.7) 0.563 
Drowning not applicable 8 (2.3) base outcome 9 (6.2) 0.035 11 (3.9) 0.224 
Cutting and/or stabbing not applicable 52 (14.7) base outcome 18 (19.2) 0.214 59 (21.2) 0.035 
Jumping from height not applicable 67 (18.9) base outcome 32 (21.9) 0.446 46 (16.5) 0.427 
Others not applicable 39 (11.0) base outcome 7 (4.8) 0.033 33 (11.8) 0.750 
Prior history of non-suicidal self-injury 98 (14.9) 174 (30.9) < 0.001 112 (50.2) < 0.001 163 (40.5) < 0.001  

Specific stressors        
Severe traumatic events 59 (8.9) 62 (11.0) 0.227 23 (10.3) 0.541 72 (17.9) < 0.001 

Any stressors other than severe trauma2        

Partner-related 60 (9.1) 91 (16.2) < 0.001 48 (21.5) < 0.001 75 (18.6) < 0.001 
Family-related 60 (9.1) 101 (17.9) < 0.001 42 (18.8) < 0.001 68 (16.9) < 0.001 
Job-related 103 (15.6) 85 (15.1) 0.806 36 (16.1) 0.849 96 (23.8) 0.001 
Disease- or death-related 116 (17.6) 84 (14.9) 0.211 25 (11.2) 0.026 53 (13.2) 0.056 
Others 152 (23.0) 132 (23.5) 0.864 58 (26.0) 0.367 103 (25.6) 0.349  

Family history of psychiatric disorders2        

Suicide or suicide attempts 21(3.2) 42 (7.5) 0.001 15 (6.7) 0.024 27 (6.7) 0.009 
Schizophrenia or psychotic disorders 25 (3.8) 21 (3.7) 0.958 9 (4.0) 0.868 9 (2.2) 0.169 
Bipolar disorders 9 (1.4) 14 (2.5) 0.156 5 (2.3) 0.364 7 (1.7) 0.625 
Depressive disorders 82 (12.4) 101 (17.9) 0.007 46 (20.6) 0.003 73 (18.2) 0.011 
Anxiety disorders 30 (4.6) 29 (5.2) 0.623 15 (6.7) 0.203 20 (5.0) 0.755 
Unknown or other psychiatric diseases 69 (10.5) 82 (14.6) 0.030 29 (13.0) 0.296 51 (12.7) 0.272  

Diagnosis of psychiatric disorders2        

Schizophrenia or psychotics disorders 47 (7.1) 27 (4.8) 0.091 5 (2.2) 0.011 6 (1.5) < 0.001 
Bipolar disorders 86 (13.0) 179 (31.8) < 0.001 127 (57.0) < 0.001 126 (31.3) < 0.001 
Depressive disorders 248 (37.6) 313 (55.6) < 0.001 91 (40.8) 0.391 258 (64.0) < 0.001 
Anxiety disorders 293 (44.4) 138 (24.5) < 0.001 49 (22.0) < 0.001 162 (40.2) 0.180 
Substance use disorders 31 (4.7) 28 (5.0) 0.822 41 (18.4) < 0.001 40 (9.9) 0.001 
Somatoform disorders 57 (8.6) 28 (5.0) 0.013 4 (1.8) 0.002 20 (5.0) 0.027 

Data are presented as number (%). 
P values were calculated using logistic regression analysis, with reference group values serving as the base outcomes. In the case of suicide-related characteristics, P 
values were determined through logistic regression analysis, using Cluster 1 values as base outcomes. 
Abbreviation: NA, not applicable. 

1 Data from 44 suicide attempters were unavailable. 
2 Data were not categorically exclusive, allowing for potential co-occurrence among clusters. 
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values. Patients in Cluster 1 displayed notably lower scale scores in all 
four symptom domains compared to those in Cluster 3 (anxiety, β =
0.56, P < 0.001; externalizing, β = 0.17, P < 0.001; internalizing, β =
0.57, P < 0.001; hopelessness, β = 0.53, P < 0.001). Additionally, 
Cluster 1 exhibited lower scale scores relative to Cluster 2 in all domains 
except internalizing symptoms (anxiety, β = 0.47, P < 0.001; external
izing, β = 0.46, P < 0.001; internalizing, β = 0.02, P = 0.40; hopeless
ness, β = 0.38, P < 0.001). In comparison to patients in Cluster 3, those 
in Cluster 2 had higher scores in the externalizing symptom domain (β =
− 0.42, P < 0.001), but lower scores in internalizing (β = 0.55, P < 
0.001) and hopelessness (β = 0.06, P = 0.031) symptom domains. No 
statistically significant differences were observed in the anxiety symp
tom domain between Clusters 2 and 3 (β = − 0.04, P = 0.096). 

Detailed individual and composite scale scores for these symptom 
domains are presented in Supplementary Table 3. A comparative anal
ysis between the scale scores of each identified cluster and those of the 
reference group is also provided in Supplementary Table 3. 

3.7. Cluster-specific clinical characteristics (Table 2) 

We examined the distinctive features of each cluster by comparing 
demographic and clinical variables among the three clusters and a 
reference group comprising individuals without suicidality (n = 660). 
For this analysis, logistic regression was utilized, and the findings are 
detailed in Table 2. 

3.7.1. Age and gender distribution 
The mean ages (SD) for Clusters 1, 2, and 3 were 34.2 (14.9), 28.0 

(9.3), and 30.4 (11.3) years, respectively. These ages were significantly 
lower than the mean age of the reference group which was 39.2 (15.3) 
years (Cluster 1, z = − 5.91, P < 0.001; Cluster 2, z = − 8.72, P < 0.001; 
Cluster 3, z = − 9.04, P < 0.001). Within the clusters, individuals in 
Cluster 1 were significantly older than those in Clusters 2 (z = − 4.41, P 
< 0.001) and 3 (z = − 3.69, P < 0.001). There was no statistically sig
nificant difference in age between Clusters 2 and 3 (z = 1.30, P = 0.195). 
In terms of gender distribution, Clusters 1 (64.8%, z = 3.43, P = 0.001) 
and 3 (65.3%, z = 3.24, P = 0.001) had a higher proportion of women 
compared to the reference group (55.2%). However, Cluster 2 (61.0%) 
showed no statistically significant difference in gender distribution 
when compared to the reference group (z = 1.52, P = 0.129). 

3.7.2. Suicide-related characteristics 
We conducted logistic regression analysis to ascertain how suicide- 

related characteristics varied among different clusters. In these ana
lyses, values from Cluster 1 were used as the reference outcome, as 
suicidality-related data were unavailable for the non-suicidal group. 

Compared to patients in Cluster 1, those in Cluster 2 exhibited 
significantly higher prevalence of suicidal ideation (86.6% vs. 79.2%, z 
= 2.36, P = 0.018), a prior history of specific suicide plans (30.5% vs. 
22.6%, z = 2.31, P = 0.021), and the presence of a current suicide plan 
(20.5% vs. 10.3%, z = 3.71, P < 0.001). Similarly, Cluster 3 showed a 
higher risk of suicide compared to Cluster 1, with substantially elevated 
rates of suicidal ideation (93.3% vs. 79.2%, z = 5.77, P < 0.001), a prior 
history of specific suicide plans (34.2% vs. 22.6%, z = 3.99, P < 0.001), 
and the presence of a current suicide plan (20.5% vs. 10.3%, z = 4.32, P 
< 0.001). 

Despite similar overall rates of previous suicide attempts across 
clusters (68.0%, 69.1%, and 71.0% for Clusters 1, 2, and 3 respectively), 
the frequency of multiple suicide attempts was significantly higher in 
both Clusters 2 (27.8% vs. 20.1%, z = 2.34, P = 0.019) and 3 (29.8% vs. 
20.1%, z = 3.46, P = 0.001) compared to Cluster 1. 

Across all three clusters, self-poisoning and hanging were the pri
mary and secondary most common methods used in previous suicide 
attempts. 

3.7.3. Other characteristics 
Compared to the reference group, in which 14.9% had previously 

engaged in non-suicidal self-injury, all three Clusters demonstrated 
significantly higher prevalence rates: 30.9% in Cluster 1 (z = 6.61, P <
0.001), 50.2% in Cluster 2 (z = 10.15, P < 0.001), and 40.5% in Cluster 3 
(z = 9.11, P < 0.001). Notably, Cluster 2 exhibited the highest preva
lence of non-suicidal self-injury, significantly exceeding both Clusters 1 
(z = − 5.02, P < 0.001) and 3 (z = 2.36, P = 0.018). 

While the reference group reported an 8.9% incidence of severe 
traumatic events, only Cluster 3 showed a significantly higher rate 
(17.9%, z = 4.22, P < 0.001). Conversely, the rates in Clusters 1 (11.0%) 
and 2 (10.3%) did not differ significantly from the reference group 
(Cluster 1, z = 1.21, P = 0.227; Cluster 2, z = 0.61, P = 0.541). 

Regarding specific stressors, all three clusters experienced partner- 
and family-related stressors more frequently than the reference group. 
The prevalence of partner-related stressors increased to 16.2% (z = 3.70, 
P < 0.001), 21.5% (z = 4.76, P < 0.001), and 18.6% (z = 4.44, P <
0.001) in Clusters 1, 2, and 3, respectively, compared to 9.1% in the 
reference group. Similarly, family-related stressors were elevated in all 
three clusters (17.9%, 18.8%, and 16.9% for Clusters 1, 2, and 3, 
respectively; z = 4.49, 3.86, and 3.73, respectively; P < 0.001 for all 
comparisons) compared to the reference group (9.1%). Notably, Cluster 
3 displayed the highest prevalence of job-related stressors (23.8%), 
distinguishing it from both Clusters 1 (15.1%, z = − 3.40, P = 0.001) and 
2 (16.1%, z = − 2.24, P = 0.025), as well as from the reference group 
(15.6%, z = − 3.31, P = 0.001). 

3.7.4. Family history 
All three clusters exhibited significantly higher rates of a family 

history of suicidal behavior (suicide or suicide attempts) than the 
reference group. Specifically, Cluster 1 showed a rate of 7.46% (z =
3.28, P = 0.001), Cluster 2 a rate of 6.73% (z = 2.26, P = 0.024), and 
Cluster 3 a rate of 6.70% (z = 2.62, P = 0.009), compared to the 
reference group’s rate of 3.18%. Similarly, elevated rates of a family 
history of depressive disorders were observed in all clusters: 17.9% in 
Cluster 1 (z = 2.68, P = 0.007), 20.6% in Cluster 2 (z = 2.98, P = 0.003), 
and 18.2% in Cluster 3 (z = 2.55, P = 0.011), relative to 12.4% in the 
reference group. Notably, the prevalence of a family history of schizo
phrenia/psychotic disorders, bipolar disorders, and anxiety disorders 
did not show significant differences between the clusters and the 
reference group. 

3.8. Cluster-specific psychiatric disorder diagnosis (Fig. 2 and 
Supplementary Table 4) 

We systematically analyzed the prevalence of primary psychiatric 
disorders within each cluster (Fig. 2A and Supplementary Table 4). In 
the non-suicidal reference group (n = 660), anxiety disorders emerged 
as the most prevalent diagnosis (44.4%), followed by depressive disor
ders (37.6%) and bipolar disorders (13.0%). In contrast, both Cluster 1 
(55.6%) and Cluster 3 (64.0%) were primarily composed of patients 
diagnosed with depressive disorders, with bipolar and anxiety disorders 
as the secondary prevalent diagnoses. Notably, Cluster 2 predominantly 
comprised bipolar disorder diagnoses, presenting a remarkably high 
prevalence of 57.0%. 

More specifically, in comparison to the reference group, all three 
clusters demonstrated a significantly higher prevalence of bipolar dis
orders (Cluster 1, z = 7.73, P < 0.001; Cluster 2, z = 12.2, P < 0.001; 
Cluster 3, z = 7.04, P < 0.001). Particularly, Cluster 2 exhibited the 
highest incidence of bipolar disorders, exceeding both Clusters 1 (z =
− 6.41, P < 0.001) and 3 (z = − 6.18, P < 0.001). This finding contrasts 
with the prevalence of depressive disorders, which showed a significant 
increase in Clusters 1 (z = − 6.41, P < 0.001) and 3 (z = − 6.18, P <
0.001), while remaining consistent in Cluster 2 (z = 0.86, P = 0.391) 
compared to the reference group. Substance use disorders were more 
prevalent in Clusters 2 (18.4%, z = 6.02, P < 0.001) and 3 (9.93%, z =
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3.24, P = 0.001) than in the reference group, whereas Cluster 1 showed 
similar levels (4.97%, z = 0.22, P = 0.822). Regarding anxiety disorders, 
there was a notable decrease in Clusters 1 (24.5%, z = − 7.17, P < 0.001) 
and 2 (22.0%, z = − 5.80, P < 0.001) compared to the reference group, 
whereas Cluster 3 demonstrated similar levels (40.2%, z = − 1.34, P =
0.180). Finally, the diagnosis of schizophrenia or psychotic disorders 
was less frequent in Clusters 2 (2.24%, z = − 2.53, P = 0.011) and 3 
(1.49%, z = − 3.71, P < 0.001) compared to the reference group 
(7.12%). 

We further explored the distribution of the high-suicide risk group 
(Clusters 2 and 3) across various patient groups, each diagnosed with a 
specific primary psychiatric disorder. Among individuals with bipolar 
disorder (n = 518), nearly half (48.8%) belonged to the high-suicide risk 
group. A higher percentage (57.9%) was observed in the substance use 
disorder group (n = 140), classified as high-suicide risk. Conversely, for 
patients with depressive disorders (n = 910) and anxiety disorders (n =
642), the proportions in the high-risk group were 38.4% and 32.9%, 
respectively. Notably, patients with psychotic disorders and somatoform 
disorders exhibited comparatively lower percentages in the high-suicide 
risk group, with respective proportions of 12.9% and 22.0%. 

4. Discussion 

4.1. Main findings 

By employing hierarchical clustering analysis, we delineated three 
discrete clusters among psychiatric outpatients exhibiting suicidality, 
characterized by variations in both suicide risk and psychiatric symp
tomatology. These clusters were denoted as follows: the low-suicide risk 
cluster (Cluster 1, n = 563, 47.4%), the high-suicide risk externalizing 
cluster (Cluster 2, n = 223, 18.8%) and the high-suicide risk internal
izing cluster (Cluster 3, n = 403, 33.9%). Anxiety, externalizing, inter
nalizing, and hopelessness symptom domains were identified as four 
indicative psychiatric features that effectively differentiated the three 
distinctive clusters of suicidality. We additionally discerned patterns 
unique to distinct clusters, which included sociodemographic factors 
and characteristics associated with suicide. Moreover, our analyses 
highlighted that the prevalence of psychiatric disorders demonstrated 
marked variability contingent upon the distinct clusters identified. 
Taken together, these proposed clusters related to suicidality could 
contribute notably to our comprehension of the heterogeneous symp
tomatology and risk factors associated with suicidal tendencies. This 
enhanced understanding could facilitate the development of more 

targeted and individualized strategies for suicide prevention. 

4.2. Interpretation of our findings regarding suicidality 

As illustrated in Table 1, demographic characteristics such as 
younger age, female gender, unmarried status, and unemployment were 
found to be associated with the manifestation of suicidality. These de
mographic traits, postulated as risk factors contributing to elevated 
suicidality, may be indicative of the potential impacts of hormonal 
variations and socioeconomic status on the prevalence of suicidal ten
dencies [2–4].Corroborating this observation, existing literature has 
reported that young, unmarried women, possibly more susceptible to 
socioeconomic dependency, are prone to express heightened levels of 
suicidal ideation [2,3].This contrasts with the prevalence of suicide 
deaths predominantly among males, a phenomenon that often involves 
more violent attempts resulting in fatal outcomes [58,59]. 

Moreover, our findings demonstrated an elevated prevalence of 
psychiatric diagnoses—specifically depressive disorders, bipolar disor
ders, and substance use disorders—among psychiatric outpatients 
exhibiting suicidality compared to their non-suicidal counterparts. The 
higher incidence rates of depressive, bipolar, and substance use disor
ders within the population of patients experiencing suicidality might 
imply that internalizing and externalizing symptoms constitute hetero
geneous manifestations of heightened suicide risk [60,61]. More spe
cifically, depression, as a prominent internalizing symptom 
characterized by dysregulated mood and cognition, could serve as a 
robust predictor of suicidal ideation [60–62]. Conversely, bipolar dis
orders, which are characterized by pronounced fluctuation between 
mania and depression, together with substance use disorders, may 
contribute to suicidality as externalizing symptoms, primarily through 
the enhancement of behavioral disinhibition and impulsive aggression 
[60,63]. 

4.3. Interpretation of our findings regarding cluster characteristics 

Psychiatric outpatients allocated to Cluster 1 (n = 563, representing 
47.4% of the sample) were designated as the low-suicide risk group 
within the context of this study. While the prevalence of previous suicide 
attempts was analogous across the clusters, other suicide-related 
attributes—such as suicidal ideation, previous and current suicidal 
planning, and multiple suicide attempts—were observed to be less 
frequent among patients allocated to Cluster 1, in contrast to those 
assigned to the high-suicide risk groups, consisting of Clusters 2 and 3. 

Fig. 2. Cluster-specific prevalence of primary psychiatric disorders. 
(A) The prevalence of primary psychiatric disorders is illustrated for the reference group, and for each of the three distinct clusters. 
(B) For each primary psychiatric disorder, the patient groups assigned to the reference group and individual clusters are represented by unique color markers and 
denoted as percentage proportions. Visual representations are also provided for the proportions of patients assigned to the low-suicide risk (depicted in gray) and 
high-suicide risk (depicted in red) groups. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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Patients grouped under Cluster 1 were older than those in the high- 
suicide risk groups, yet the gender distribution remained uniform 
across all clusters. In comparison to Cluster 3 (designated as the high- 
suicide risk internalizing group), Cluster 1 exhibited lower scores 
across all four symptom domains. Furthermore, this group also scored 
lower in anxiety, externalizing, and hopelessness symptom domains 
relative to Cluster 2 (designated as the high-suicide risk externalizing 
group). 

Cluster 2, accounting for 18.8% of patients with suicidality (n =
223), is identifiable as the high-suicide risk externalizing group, with 
86.6% of its members reporting suicidal ideation. This group was 
distinguished by exhibiting the highest scores within the externalizing 
symptom domain, compared to all other clusters and the reference 
group. Approximately 20% of patients categorized under Cluster 2 
indicated the current presence of a specific suicide plan, a proportion 
approximately twice that observed within Cluster 1. Cluster 2, being the 
youngest group, suggests an association between younger age and the 
externalizing characteristics linked to high suicide risk [3,61,64]. 
However, specific gender did not act as a differential factor between 
Cluster 2 and the reference group without suicidality. Interpersonal 
stressors centered around partners and family, rather than severe trau
matic events, were predominantly observed among patients attributed 
to Cluster 2. Within this group, instances of previous non-suicidal self- 
injury were reported more frequently as compared to other clusters. 
Notably, self-poisoning and drowning emerged as the predominant 
methods utilized in suicide attempts among patients assigned to Cluster 
2. In particular, Cluster 2 is distinguished by the highest prevalence of 
both bipolar and substance use disorders. In alignment with this finding, 
the existence of either bipolar or substance use disorders has been 
identified as one of the strongest risk factors for suicide attempts 
[3,4,17,64]. Among our psychiatric outpatients diagnosed with either 
bipolar or substance use disorders, a substantial proportion, represent
ing approximately half of the patients (48.8% and 57.9%, respectively), 
were assigned to the high-suicide risk group. Further, impulsivity and 
aggression, frequently observed in these psychiatric disorders [65–67], 
could be construed as critical triggering factors contributing to elevated 
suicide risk, especially among young adults [68–70]. 

Cluster 3, comprising 33.9% of patients with suicidality (n = 403), 
was designated as the high-suicide risk internalizing group. This clas
sification was marked by the most pronounced reporting of suicidal 
ideation (93.3%), as well as a history of both current (20.5%) and pre
vious (34.2%) suicidal planning, and multiple suicide attempts (29.8%). 
Cluster 3 is characterized by elevated scores across all psychiatric do
mains, inclusive of anxiety, externalizing, internalizing, and hopeless
ness symptoms, when compared with the reference group. Furthermore, 
Cluster 3 is differentiated from other clusters by a higher prevalence of 
diagnosed depressive disorders, accompanied by the most severe man
ifestations of internalizing and hopelessness symptoms. Cluster 3 was 
further characterized by a family history of suicide attempts and expe
riences of severe traumatic events. This observation suggests that the 
interplay between genetic predisposition and life adversity could 
intensify suicidal risks among patients assigned to this cluster, primarily 
by heightening stress vulnerability through amplification of depressive 
mood states [2,62,71,72]. In Cluster 3, a significant proportion (93.3%) 
of patients reported experiencing suicidal ideation and exhibited a 
preference for self-harm methods involving cutting or stabbing in their 
prior suicide attempts. Notably, this represents a less externally directed 
but potentially fatal pattern of behaviors [73–75]. 

The observations from Clusters 2 and 3 strongly suggest that bipolar/ 
substance use and depressive disorders serve as indicative psychiatric 
features, correlating to the externalizing and internalizing symptom
atology associated with high suicide risk. Similarly, within the context of 
suicidality, it has been postulated that psychological distress, including 
depression and hopelessness, in conjunction with behavioral dysregu
lation, such as manic symptoms and substance use, could play an 
interactive and interrelated role [2,3]. Furthermore, the simultaneous 

presence of internalizing and externalizing symptoms has been sug
gested as pivotal factors influencing the progression from suicidal 
ideation to actual suicidal behaviors [17,61]. 

It is imperative to recognize that therapeutic strategies for managing 
suicide risk should vary depending on whether symptoms are external
izing or internalizing, as noted in Clusters 2 and 3, respectively. Psy
chotropic medications, when targeted at specific symptom domains, can 
alleviate these symptoms and, consequently, diminish suicide risk 
[76–78]. Similarly, psychosocial interventions should be tailored to 
match the patient’s unique symptomatology [2,79]. 

For patients exhibiting externalizing symptoms, which typically 
appear as outward behaviors such as aggression, impulsivity- 
inattention, substance abuse, and conduct problems, targeted thera
peutic strategies are vital. Cognitive-behavioral therapy (CBT) and 
dialectical behavior therapy (DBT) have proven effective in these in
stances, especially when focusing on anger management, impulse con
trol, and social skills training [80–82]. Furthermore, treating underlying 
conditions like ADHD and substance abuse with specific interventions 
can also play a significant role in lowering suicide risk in these patients 
[83,84]. 

Conversely, internalizing symptoms, often associated with anxiety 
and depression, necessitate a distinct therapeutic approach. Psychoso
cial interventions, particularly CBT and DBT, aimed at depression and 
anxiety, have shown benefits [85,86]. Training in coping skills to 
manage difficult emotions and stress healthily, and interpersonal ther
apy focusing on improving communication skills and interpersonal re
lationships, can be effective in reducing internalizing symptoms and 
decreasing suicide risk [87,88]. Additionally, mindfulness-based thera
pies can enhance emotional well-being and lessen suicide risk among 
patients with predominantly internalizing symptoms [89]. 

While suicide is a multifaceted issue with various contributing fac
tors, requiring a combination of different treatment approaches [77], 
customized therapeutic strategies targeting specific symptomatology, 
such as externalizing and internalizing symptoms, are crucial in 
addressing individual symptoms and associated suicide risk factors [90]. 

Our findings from psychiatric outpatients partially align with prior 
studies conducted on individuals who attempted or completed suicide 
[91–93]. Research on male inmates identified subgroups characterized 
by either increased impulsivity or mental distress, correlating with a 
higher rate of suicide attempts [91]. This aligns with our findings of high 
suicide-risk clusters: Cluster 2 with marked externalizing symptoms and 
Cluster 3 with pronounced internalizing symptoms. A study on young 
suicide attempters identified the link between early-life transdiagnostic 
symptoms, such as depression, aggression, and anxiety, and earlier 
occurrence of suicide attempts [92], echoing our observations. Addi
tionally, a cluster analysis of suicide victims identified a subgroup with 
female predominance, prevalent depressive disorders, and frequent past 
attempts [93], resembling the characteristics of our Cluster 3. Addi
tionally, a study on depressed inpatients with suicidality and those with 
previous suicide attempts highlighted the importance of considering 
severity of depression and suicidal ideation for suicidality clustering 
[94]. Another study focusing on patients evaluated by psychiatrists in 
emergency departments found the crucial factors in categorizing suicide 
attempters: manifestation of suicide attempt, history of psychiatric 
treatments, experiences of childhood abuse, and presence of addiction 
[95]. Furthermore, recent neuroimaging research suggested that varia
tions in the default mode and fronto-parietal network connectivity could 
differentiate the varying degrees of suicidality and predict the transition 
from suicidal ideation to suicide attempt [96]. Collectively, these find
ings indicate the importance of adopting a comprehensive approach that 
integrates both clinical and neurobiological elements, to effectively 
identify clusters within psychiatric patients who are at risk of suicide. 

4.4. Limitations 

There are certain limitations to consider when interpreting these 
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results. Considering that this study did not include psychiatric patients 
who died from suicide, the current estimated suicide risk may not fully 
reflect the actual risk for suicide-related mortality. Future studies 
encompassing patients with a wide range of suicidality outcomes, from 
complete psychiatric recovery to suicide-related mortality, may offer 
clues about the potential causal relationships between psychiatric phe
notypes and suicidal outcomes. 

The observed underestimation of psychotic disorder prevalence in 
the present study could be attributed to the real-world setting of the 
outpatient clinics at the tertiary hospital. Additionally, given the strong 
association between borderline personality disorder and increased sui
cide risk, as shown in previous research [16,97–99], the limited details 
on the diagnosis of personality disorders in our study are a notable 
limitation. Future studies should include comprehensive assessments of 
personality disorders, which are vital not only for enhancing our un
derstanding of their relationship with suicide risk but also for generating 
more impactful and clinically relevant findings. 

In the current study, the assessment of suicidality was conducted 
through a clinician-administered questionnaire that focused on suicidal 
ideation, plans, and attempts. While this method enabled the collection 
of relatively detailed data on past suicide attempts, it lacked sufficient 
quantitative measures for assessing suicide risk. Therefore, further 
research employing specific, standardized scales for evaluating indi
vidual suicidality is imperative. Such studies would be crucial for vali
dating and augmenting our findings. 

Furthermore, as our study primarily relied on questionnaires and 
interviews, integrating more objective neuroimaging and neurophysio
logical methods in future research would greatly enhance the strength of 
our results. This includes investigating the potential of functional near- 
infrared spectroscopy [100–105], brain magnetic resonance imaging 
[106–108], and electroencephalogram [109,110] in assessing suicide 
risk and psychiatric diagnoses. 

It is essential to recognize that a significant portion of our study 
participants (1346 patients, representing 72.8%) were enrolled after the 
World Health Organization declared the COVID-19 pandemic in March 
2020. This timing suggests the possibility of pandemic-related effects on 
our results. Our analysis showed no notable differences in the distribu
tion of the three identified clusters between the pre-pandemic (Cluster 1, 
45.6%; Cluster 2, 18.6%; Cluster 3, 35.8%) and pandemic periods 
(Cluster 1, 48.4%; Cluster 2, 18.9%; Cluster 3, 32.7%) (χ2 = 1.28, P =
0.53). However, considering the well-established impact of the COVID- 
19 pandemic on mental health and suicide risk [111–113], it is crucial 
for future research to specifically explore the pandemic’s effects to 
corroborate our findings and further elucidate its potential nuances. 

5. Conclusions 

The present cluster analysis of examining levels of suicidality among 
psychiatric outpatients has yielded insightful results. We have identified 
distinct clusters of psychiatric outpatients that are differentiated by in
dividual suicide risk profiles, with each cluster displaying unique char
acteristics and patterns related to suicidality. These findings enhance 
our understanding of the heterogeneity in suicide risk among psychiatric 
outpatients, which could serve as the foundation for targeted, effica
cious preventive interventions tailored to the needs of these distinct 
clusters. In particular, our improved comprehension of suicidality has 
elucidated specific psychiatric clusters, namely those characterized by 
high suicide risk associated with externalizing and internalizing groups. 
These clusters may be the focus of personalized interventions, with the 
ultimate goal of reducing future suicide-related mortality. 
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Miranda-Mendizábal A, et al. Internalizing and externalizing symptoms and 
suicidal behaviour in young people: a systematic review and meta-analysis of 
longitudinal studies. Acta Psychiatr Scand 2019;140:5–19. 

[91] Bani M, Travagin G, Monticelli M, Valsecchi M, Truisi E, Zorzi F, et al. Pattern of 
self-injurious behavior and suicide attempts in Italian custodial inmates: a cluster 
analysis approach. Int J Law Psychiatry 2019;64:1–7. 

[92] Hart SR, Van Eck K, Ballard ED, Musci RJ, Newcomer A, Wilcox HC. Subtypes of 
suicide attempters based on longitudinal childhood profiles of co-occurring 
depressive, anxious and aggressive behavior symptoms. Psychiatry Res 2017;257: 
150–5. 

[93] Sinyor M, Schaffer A, Streiner DL. Characterizing suicide in Toronto: an 
observational study and cluster analysis. Can J Psychiatry 2014;59:26–33. 

[94] Spangenberg L, Friedrich M, Forkmann T, Hallensleben N, Schonfelder A, Rath D, 
et al. Phenotyping suicidal ideation and behavior: comparing clinical 
characteristics and future suicide attempts between suicidal subtypes in two 
clinical samples. Int J Methods Psychiatr Res 2023;32:e1940. 

[95] Randall JR, Sareen J, Bolton JM. Suicide and all-cause mortality in a high-risk 
cohort: a latent class approach. Gen Hosp Psychiatry 2020;63:62–7. 

[96] Dai Z, Shao J, Zhou H, Chen Z, Zhang S, Wang H, et al. Disrupted fronto-parietal 
network and default-mode network gamma interactions distinguishing suicidal 
ideation and suicide attempt in depression. Prog Neuropsychopharmacol Biol 
Psychiatry 2022;113:110475. 

[97] Goodman M, Roif T, Oakes AH, Paris J. Suicidal risk and management in 
borderline personality disorder. Curr Psychiatry Rep 2012;14:79–85. 

[98] Grilo CM, Udo T. Association of borderline personality disorder criteria with 
suicide attempts among US adults. JAMA Netw Open 2021;4:e219389. 

[99] Yen S, Peters JR, Nishar S, Grilo CM, Sanislow CA, Shea MT, et al. Association of 
borderline personality disorder criteria with suicide attempts: findings from the 
collaborative longitudinal study of personality disorders over 10 years of follow- 
up. JAMA Psychiatry 2021;78:187–94. 

[100] Baik SY, Kim JY, Choi J, Baek JY, Park Y, Kim Y, et al. Prefrontal asymmetry 
during cognitive tasks and its relationship with suicide ideation in major 
depressive disorder: an fNIRS study. Diagnostics 2019;9:193. 

[101] Husain SF, Chiang SK, Vasu AA, Goh CP, McIntyre RS, Tang TB, et al. Functional 
near-infrared spectroscopy of English-speaking adults with attention-deficit/ 
hyperactivity disorder during a verbal fluency task. J Atten Disord 2023;27: 
1448–59. 

[102] Kim H, Choi J, Jeong B, Fava M, Mischoulon D, Park MJ, et al. Impaired 
oxygenation of the prefrontal cortex during verbal fluency task in young adults 
with major depressive disorder and suicidality: a functional near-infrared 
spectroscopy study. Front Psychol 2022;13:915425. 

[103] Kim S, Yoon H, Shin J, Yang CM. Classification of fNIRS signals from adolescents 
with MDD in suicide high-and low-risk groups using machine learning. J Affect 
Disord 2023;340:379–86. 

[104] Tran BX, Nguyen TT, Nguyen HSA, Boyer L, Auquier P, Fond G, et al. Utility of 
portable functional near-infrared spectroscopy (fNIRS) in patients with bipolar 
and unipolar disorders: a comparison with healthy controls. J Affect Disord 2023; 
323:581–91. 

[105] Tran BX, Nguyen TT, Boyer L, Fond G, Auquier P, Nguyen HSA, et al. 
Differentiating people with schizophrenia from healthy controls in a developing 
country: an evaluation of portable functional near infrared spectroscopy (fNIRS) 
as an adjunct diagnostic tool. Front Psychol 2023;14:1061284. 

[106] Schmaal L, van Harmelen AL, Chatzi V, Lippard ET, Toenders YJ, Averill LA, et al. 
Imaging suicidal thoughts and behaviors: a comprehensive review of 2 decades of 
neuroimaging studies. Mol Psychiatry 2020;25:408–27. 

[107] Tian S, Zhu R, Chen Z, Wang H, Chattun MR, Zhang S, et al. Prediction of 
suicidality in bipolar disorder using variability of intrinsic brain activity and 
machine learning. Hum Brain Mapp 2023;44:2767–77. 

[108] Yang C, Duan Y, Lei L, Liu P, Zhang A, LG, et al. Altered cingulum functioning in 
major depressive disorder patient with suicide attempts: a resting-state functional 
magnetic resonance imaging study. Front Neurosci 2022;16:849158. 

[109] Arikan MK, Gunver MG, Tarhan N, Metin B. High-Gamma: a biological marker for 
suicide attempt in patients with depression. J Affect Disord 2019;254:1–6. 

[110] Lee SM, Jang KI, Chae JH. Electroencephalographic correlates of suicidal ideation 
in the Theta band. Clin EEG Neurosci 2017;48:316–21. 

[111] Farooq S, Tunmore J, Ali MW, Ayub M. Suicide, self-harm and suicidal ideation 
during COVID-19: a systematic review. Psychiatry Res 2021;306:114228. 

[112] Gunnell D, Appleby L, Arensman E, Hawton K, John A, Kapur N, et al. Suicide risk 
and prevention during the COVID-19 pandemic. Lancet Psychiatry 2020;7: 
468–71. 

[113] Sher L. The impact of the COVID-19 pandemic on suicide rates. QJM 2020;113: 
707–12. 

E. Namgung et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0420
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0420
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0420
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0425
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0425
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0425
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0430
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0430
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0430
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0430
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0435
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0435
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0435
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0440
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0440
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0440
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0445
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0445
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0445
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0450
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0450
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0450
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0450
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0455
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0455
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0455
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0460
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0460
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0460
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0460
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0465
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0465
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0470
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0470
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0470
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0470
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0475
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0475
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0480
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0480
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0480
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0480
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0485
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0485
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0490
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0490
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0495
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0495
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0495
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0495
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0500
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0500
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0500
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0505
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0505
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0505
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0505
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0510
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0510
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0510
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0510
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0515
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0515
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0515
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0520
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0520
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0520
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0520
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0525
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0525
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0525
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0525
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0530
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0530
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0530
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0535
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0535
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0535
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0540
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0540
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0540
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0545
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0545
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0550
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0550
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0555
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0555
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0560
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0560
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0560
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0565
http://refhub.elsevier.com/S0010-440X(24)00014-2/rf0565

	Identifying unique subgroups in suicide risks among psychiatric outpatients
	1 Introduction
	2 Material and methods
	2.1 Study participants
	2.2 Clinical measurements
	2.3 Cluster analysis
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of psychiatric patients with and without suicidality
	3.2 Cluster forming tendency
	3.3 Feature selection and decomposition (Supplementary Table 2)
	3.4 Cluster analysis (Fig. 1 and Supplementary Fig. 1)
	3.5 Cluster stability and validation
	3.6 Cluster-specific presenting symptoms (Supplementary Table 3)
	3.7 Cluster-specific clinical characteristics (Table 2)
	3.7.1 Age and gender distribution
	3.7.2 Suicide-related characteristics
	3.7.3 Other characteristics
	3.7.4 Family history

	3.8 Cluster-specific psychiatric disorder diagnosis (Fig. 2 and Supplementary Table 4)

	4 Discussion
	4.1 Main findings
	4.2 Interpretation of our findings regarding suicidality
	4.3 Interpretation of our findings regarding cluster characteristics
	4.4 Limitations

	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Appendix A Supplementary data
	References


