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INTRODUCTION

Depression is a prevalent mental health problem associated 
with substantial individual and social burdens. Many studies 
have been performed to explore clinical factors that influence 
depression symptom severity.1-6 Such clinical factors include 
temperament, childhood trauma, positive resources, and co-
morbid psychiatric symptoms. However, clinical factors of psy-
chiatric disorder are causally mutually dependent and, thus, 
influence each other.7 Network analysis is a graph theory-based 
methodology that can be used to investigate the relationships 
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between observable variables.8 This model has clinically mean-
ingful importance for investigation of qualitative interdepen-
dent relationships of clinical factors.9 In the network model, 
the associations of variables can be visualized and investigated 
in an explorative manner on the item/symptom level, consid-
ering their complex interactions. This research method is ex-
pected to be of great help in discovering the qualitative charac-
teristics of depression that are difficult to find in the existing 
quantitative research methods. Consequently, we applied net-
work analytical methods to gain insight into the interplay of 
clinical factors in patients with depressive disorders. 

In the following sections, we review the theoretical and em-
pirical backgrounds of the most important connections of the 
behavioral activation system/behavioral inhibition system, 
childhood trauma, positive psychological resources, and co-
morbid psychiatric symptoms to further elucidate the ratio-
nale for our study in a context of depressive symptoms. 
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Behavioral activation system/behavioral inhibition 
system and depression

There is evidence that several forms of psychopathology are 
characterized by specific patterns of deficits in approach- and 
withdrawal-behavior. In Gray’s model of behavioral activation 
system (BAS) and behavioral inhibition system (BIS), the BAS 
is an approach-related, positive-incentive motivation system, 
while the BIS regulates sensitivity to threat and nonreward-
cues.10 Although the relationship between BIS/BAS is uncer-
tain, previous studies have reported that depression is associ-
ated with higher BIS and lower BAS activation.11,12

Childhood trauma and depression
A considerable body of studies has provided evidence that 

childhood trauma is associated with onset, symptom severity, 
and course of depression.13,14 Despite the well-established re-
lationship between childhood trauma and adulthood mental 
health problems, the specific mechanism and related factors 
from early life trauma to later psychiatric problems are unclear. 
Network analysis may give insight into the complex interac-
tions of specific types of childhood trauma, current depressive 
symptoms, and other clinical factors. 

Individual positive resources and depression
Although many vulnerability factors including early life trau-

ma or avoidant temperament are important subjects for stud-
ies of depression, protective factors also are critical for onset, 
symptom severity, and course of depression.15-17 Various pos-
itive psychological resources were investigated as protective 
factors of depression, including optimism, purpose in life, self-
management, and social support.18,19 Because protective factors 
are regarded as more than just absence of risk factors, interre-
lationships of protective factors with other vulnerable factors 
need to be examined. Moreover, some vulnerable factors of-
ten cannot be eliminated by intervention, and interactions of 
protective factors with other clinical factor are important.

Depression and comorbid psychiatric symptoms 
(anxiety, somatization, hostility) 

Depression and anxiety are very frequent comorbid symp-
toms. Many empirical studies report that anxiety is a vulner-
able factor for occurrence of depression.20-22 Furthermore, co-
morbid anxiety is related to poorer prognosis of depression 
and suicide.23

Both anxiety and depression are related to stressful life event, 
impaired cognitive processes, and negative affectivity, and they 
share a common biological and genetic diathesis24 Despite their 
common features, anxiety and depression are not identical emo-
tional states. For example, depression, but not anxiety, is char-
acterized by a relative deficiency of positive emotionality. In 

contrast, anxiety, but not depression, is characterized by hy-
perarousal.25 Network analysis would be helpful for elucidat-
ing the traits common and different between depression and 
anxiety to better understand the complex relationships with 
other factors.

Somatization is especially prevalent in people with depres-
sive disorders. Several empirical studies report that depressive 
disorder is associated with diverse somatic symptoms. Soma-
tization is one of the important vulnerable factors for depres-
sion.26 Furthermore, somatization is related to poorer progno-
sis and treatment response in depressed patients.27 Somatization 
can be related to other factors such as childhood trauma, co-
morbid anxiety, and deficiency of positive resources.26,28,29

Hostility and problematic anger have been emphasized as 
severity markers for the course of depression.30,31 Theoretically, 
in an interpersonal aspect, problematic anger is implicated as 
a potential social repellent that may diminish an individual’s 
support network and contribute to feelings of isolation and 
worthlessness.32 Hostility is considered a cognitive component 
of anger that can cause individuals to be habitually suspicious 
of others and to behave in a defensive or aggressive manner 
toward others due to erroneously perceived threat.33 Several 
studies report that depressed patients are more likely to in-
terpret ambiguous sentences as threatening than are non-de-
pressed individuals.34 Therefore, hostility could be related to 
depressive symptom severity as well as lack of positive resources 
such as social support. Exploring the interrelationships among 
depression, hostility, and other related factors will provide 
meaningful insight for understanding the psychopathology 
of depression. 

Based on these theoretical and empirical backgrounds, we 
model the interrelations of selected clinical factors in patients 
with depressive disorders. The aim of our study was twofold. 
The first aim was to explore the clinical factors centrally locat-
ed in a network of patients with depressive disorders. Second-
ly, we aimed to compare and contrast the interrelationships 
among clinical factors between groups of patients with rela-
tively mild depressive symptoms or relatively severe depres-
sive symptoms. Severely depressed patients may have higher 
vulnerability/comorbid symptoms and lower positive resourc-
es than patients with mild depressive symptoms. Therefore, we 
expect that networks of patients with severe depressive symp-
toms and of those with mild depressive symptoms would be 
dissimilar in structure. With the suggested network analyses 
of depression-related clinical factors, we aim to provide novel 
insights into the architecture of empirically supported clinical 
factors to advance our understanding of the complex system 
of factors that aggravate or improve depressive symptoms. 
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METHODS

Participants
We recruited patients who visited the Mood and Anxiety 

Disorders Unit at Seoul St. Mary’s Hospital, The Catholic Uni-
versity of Korea, between March 2013 and May 2018. All re-
cruited patients had a principal diagnosis of nonpsychotic de-
pressive disorder based on the DSM-IV diagnostic criteria (major 
depressive disorder single episode/recurrent; mild/moderate/
severe; without psychotic features, dysthymic disorder, or de-
pressive disorder not otherwise specified). These diagnoses were 
made by a psychiatrist using the Mini-International Neuropsy-
chiatric Interview (M.I.N.I).35 Patients were eligible if they were 
18–65 years old and literate in Korean. The exclusion criteria 
were a lifetime diagnosis of psychotic disorder, bipolar disorder, 
or mental retardation and any mental disorder resulting from 
a general medical condition. A total of 454 outpatients who met 
the inclusion criteria participated in this study and completed 
all study measures. All subjects provided written informed con-
sent. The study protocol was approved by the Institutional Re-
view Board of the Ethics Committee of Seoul St. Mary’s Hos-
pital at The Catholic University of Korea (KC09FZZZ0211). 

Measurements

Socio-demographics
During diagnostic interviews using the M.I.N.I, patients were 

asked about their demographic information, including years 
of formal education, marital status, and employment status. 

Clinical symptoms (depression, anxiety, somatization, 
hostility) 

The Symptoms Checklist 90-revised (SCL-90-R) was used 
for evaluating depression, anxiety, somatization, and hostili-
ty. This checklist is a widely used questionnaire developed by 
Leonard R. Derogatis to determine a number of psychological 
symptoms.36 The SCL-90-R comprises 90 symptoms and eval-
uates nine symptomatic dimensions of somatization, obses-
sive-compulsive disorder, interpersonal sensitivity, depres-
sion, anxiety, hostility, phobic anxiety, paranoid ideation, and 
psychoticism. 

Childhood trauma
Childhood abuse and neglect were assessed using the Child-

hood Trauma Questionnaire (CTQ).37 This questionnaire is a 
28-item self-report inventory that assesses the following five 
types of potential trauma experienced by a child or teenager: 
emotional abuse, physical abuse, sexual abuse, emotional ne-
glect, and physical neglect. The items are rated on a 5-point 
frequency scale (1=never true to 5=very often true). The scores 

were added to yield a total score for each type of trauma, rang-
ing from 5 to 25. Higher scores indicate greater severity. 

Behavioral activation system/behavioral inhibition system 
We used the Behavioral Activation System/Behavioral In-

hibition System scale (BIS-BAS) to assess individual differences 
in sensitivity of the systems.38 The BIS-BAS scale consists of 
20 self-rated items using a 4-point Likert scale (1=very true for 
me to 4=very false for me). The items were combined to com-
pose one BIS scale that addresses reactions to negative events, 
such as criticism. There were also three BAS scales of Drive, 
Fun Seeking, and Reward Responsiveness related to respons-
es to rewarding stimuli. 

Positive resource test
The Positive Resources Test is a self-report questionnaire for 

assessing individual positive resources in a clinical setting.39 It 
measures 5 multi-dimensional positive resources of optimism, 
purpose & hope, self-control, social support, and care. The test 
comprises 23 items, each rated on a 5-point scale (1=very false 
for me to 5=very true for me). 

Data analysis
We used network analysis to explore the relationships be-

tween clinical factors including psychiatric symptoms (depres-
sion, anxiety, hostility, somatization), temperament, childhood 
trauma, and positive resources. In the network model, clini-
cal factors are defined to influence each other and to generate 
a psychopathological network of interacting elements. The 
elements in a network are called nodes, and the associations 
among them are called edges. For network analysis, we con-
structed a 2-mode matrix between participants and clinical 
factors. Based on Pearson’s correlation as a similarity coeffi-
cient, we formed a 1-mode matrix between clinical factors and 
factors and transformed it into the binary matrix. If the Pear-
son’s correlation is above ±0.4, it defines 1 and if not, it defines 
0 in the transformed binary matrix (Supplementary Table 1 in 
the online-only Data Supplement). An undirected binary net-
work can be visualized based on a binary matrix. The nodes 
can be explored for their importance in the network. Network 
analysis allows a multivariate perspective on the complex in-
teractions among various clinical factors. We used NetMiner 
4 for network estimation, visual presentation, and centrality 
analysis. 

Network estimation and visualization
First, we performed network analysis of the total 454 par-

ticipants. We used the depression, anxiety, somatization, and 
hostility subscales of the SCL-90-R, the five CTQ subscales, 
the two BISBAS subscales, and the five POREST subscales, re-
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sulting in 16 scales as nodes in the network.
Second step, we formed two groups based on SCL-90-R de-

pression subscore percentile. We defined the severe depressive 
group as SCL-90-R depression with a subscore greater than 
the 75th percentile (n=118) and the mild depressive group as 
SCL-90-R depression with a subscore less than the 25th per-
centile (n=112). After dividing the groups, we performed net-
work analysis in each. 

Centrality estimation
For each network, we estimated the central clinical factors. 

We examined three types of centrality measures of the psycho-
pathological network, degree centrality, closeness centrality, 
and betweenness centrality.40 Degree centrality is defined as 
the sum of paths connected to the focal node. A central node 
has many direct connections to neighboring nodes. Between-

ness centrality defines the sum of the shortest paths between 
any two nodes in the network that involve this node. The short-
est path between two nodes that are not directly connected must 
involve other nodes. A node with high betweenness is central 
in the network for information transfer and connection. Close-
ness centrality defines the average distance between a specific 
node and all other nodes in the network. A node with high 
closeness centrality has short paths to many other nodes and 
quickly reacts to changes in the network. 

RESULTS

Participant characteristics 
Participant demographics are presented in Table 1. The mean 

participant age was 35.28 (±13.16) years, and 52.8% were fe-
male; 35.8% participants were married or cohabited. 73.8% 

Table 1. Demographic and clinical characteristics of participants 

Mean (SD)/%
Total participants

(N=454)

Participants with severe 
depressive symptoms

(N=112)

Participants with mild 
depressive symptoms 

(N=118)
Age 35.28 (13.16) 32.00 (11.18) 37.18 (13.33)
Gender (female) 52.8 45.6 54.9
Educational year 13.86 (2.85) 13.68 (3.10) 14.51 (2.47) 
Marital status (married/cohabited) 35.8 27.0 46.5
Employment status (emplolyed) 73.8 66.4 83.3
Clinical symptoms (SCL-90)

Depression 37.68 (13.34) 54.35 (4.94) 20.95 (3.79) 
Anxiety 25.71 (9.58) 35.25 (8.05) 16.53 (4.80) 
Hostility 12.93 (5.69) 17.86 (5.77) 8.25 (2.47) 
Somatization 26.93 (10.73) 35.36 (10.96) 18.26 (5.42) 

Temperament (BIS/BAS)
Behavioral inhibition system 22.87 (3.51) 25.20 (3.11) 20.23 (2.86) 
Behavioral activation system 34.17 (6.31) 33.93 (6.81) 34.41 (6.06) 

Childhood trauma (K-CTQ)
Emotional abuse 9.16 (4.99) 10.93 (5.89) 7.41 (3.43) 
Emotional neglect 22.61 (8.70) 23.88 (9.17) 19.86 (7.89) 
Physical abuse 16.12 (2.12) 17.36 (1.80) 14.76 (1.76) 
Physical neglect 8.07 (3.39) 8.47 (3.61) 7.81 (3.35) 
Sexual abuse 6.44 (3.34) 7.27 (4.25) 5.87 (1.69) 

Positive resources (POREST)
Optimism 19.31 (5.84) 14.52 (4.31) 24.72 (4.66) 
Self-control 14.03 (4.33) 11.51 (4.07) 17.34 (3.59) 
Social support 9.73 (2.85) 8.10 (3.00) 11.43 (2.36) 
Purpose & hope 16.90 (5.49) 13.49 (5.14) 21.19 (4.25)
Care 6.61 (1.92) 6.13 (2.26) 6.92 (1.70) 

SCL-90: Symptom Check List-90, BIS/BAS: Behavioral Inhibition System/Behavioral Activation System, K-CTQ: Korean version of Child-
hood Trauma Questionnaire, POREST: Positive Resource Test 
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participants were employed. The mean length of education was 
13.86 years (±2.85). The average SCL-90-R subscores of de-
pression, anxiety, hostility and somatization score were 37.68 
(±13.34), 25.71 (±9.58), 12.93 (±5.69), 26.93 (±10.73). The 
mean BIS score was 22.87 (±3.51) and the mean BAS score was 
34.17 (±6.31). The average K-CTQ subscores of emotional 
abuse, emotional neglect, physical abuse, physical neglect and 
sexual abuse were 9.16 (±4.99), 22.61 (±8.70), 16.12 (±2.12), 
8.07 (±3.39), and 6.44 (±3.34). Regarding the average subscore 
on the POREST, the mean scores for optimism, self-control, 
social support, purpose/hope and care were 19.31 (±5.84), 
14.03 (±4.33), 9.73 (±2.85), 16.90 (±5.49), and 6.61 (±1.92), 
respectively.

In the group with severe depressive symptoms, the mean 
participant age was 32.00 (±11.18) years, and 45.6% were fe-
male; 27.0% participants were married or cohabited. 83.3% 
participants were employed. The mean length of education 
was 13.68 years (±3.10). The average SCL-90-R subscores of 
depression, anxiety, hostility and somatization score were 
54.35 (±4.94), 35.25 (±8.05), 17.86 (±5.77), 35.36 (±10.96). 
The mean BIS score was 25.20 (±3.11) and the mean BAS score 
was 33.93 (±6.81). The average K-CTQ subscores of emotional 
abuse, emotional neglect, physical abuse, physical neglect and 
sexual abuse were 10.93 (±5.89), 23.88 (±9.17), 17.36 (±1.80), 
8.47 (±3.61), and 7.27 (±4.25). Regarding the average subscore 
on the POREST, the mean scores for optimism, self-control, 
social support, purpose/hope and care were 14.52 (±4.31), 
11.51 (±4.07), 8.10 (±3.00), 13.49 (±5.14), and 6.13 (±2.26), 
respectively.

In the group with mild depressive symptoms, the mean par-
ticipant age was 37.18 (±13.33) years, and 54.9% were female; 
46.5% participants were married or cohabited. 83.3% partici-
pants were employed. The mean length of education was 14.51 
years (±2.47). The average SCL-90-R subscores of depression, 
anxiety, hostility and somatization score were 20.95 (±3.79), 
16.53 (±4.80), 8.25 (±2.47), 35.36 (±10.96). The mean BIS score 
was 25.20 (±3.11) and the mean BAS score was 33.93 (±6.81). 
The average K-CTQ subscores of emotional abuse, emotional 
neglect, physical abuse, physical neglect and sexual abuse were 
7.41 (±3.43), 19.86 (±7.89), 14.76 (±1.76), 7.81 (±3.35), and 
5.87 (±1.69). Regarding the average subscore on the POREST, 
the mean scores for optimism, self-control, social support, pur-
pose/hope and care were 24.72 (±4.66), 17.34 (±3.59), 11.43 
(±2.36), 21.19 (±4.25), and 6.92 (±1.70), respectively.

Psychopathological network of total participants 
The characteristics of the psychopathological network of to-

tal participants are summarized in Table 2, and the network is 
visualized in Figure 1. A total of 40 edges formed among 16 
nodes, and network density was 0.167. One node formed an 

average of 2.5 edges with another node. Of the 16 nodes, BAS, 
sexual abuse, and care/service were isolated nodes with no edges. 

Table 3 summarizes centrality analysis of the network, reveal-
ing that optimism, depression, anxiety, self-control, and hostil-
ity had the highest degree centrality and closeness centrality. 
In addition, optimism, depression, anxiety, self-control, and 
emotional abuse had the highest betweenness centrality. 

Psychopathological network of participants with 
mild depressive symptoms 

The characteristics of the psychopathological network in 
participants with mild depressive symptoms are summarized 
in Table 4, and the network is visualized in Figure 2. A total of 
26 edges formed among 16 nodes, and network density was 
0.108. Three networks and three isolated nodes appeared in 
the psychological network of mild depressive patients. Posi-
tive resources, four types of childhood trauma, and psychiat-
ric symptoms formed their own respective networks. The BIS, 
childhood physical neglect, and sexual abuse were isolated 

Table 2. Characteristics of the psychopathological network in to-
tal participants

Number of nodes 16
Number of links 40
Number of average links 2.5
Network density 0.167

BAS

Physical neglect

Sexual abuse

Emotional neglect Emotional abuse

Physical abuse

Somatization

Hostility

Anxiety

BISDepression
Optimism

Social support

Purpose & hope

Self-control

Care

Figure 1. Psychopathological network in total participants. BAS: 
behavioral activation system, BIS: behavioral inhibition system.
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nodes. Compared with the network in severely depressive pa-
tients, the network density and number of edges were higher.  

Tables 5, 6, and 7 summarize centrality analysis of the net-
work, revealing that social support, purpose & hope, self-con-
trol, and anxiety had the highest degree centrality and close-
ness centrality. In addition, social support, purpose &hope, 
anxiety, physical abuse, and care had the highest betweenness 
centrality. 

Psychopathological network of participants with 
severe depressive symptoms 

The characteristics of the psychopathological network in 
patients with severe depressive symptoms are summarized in 
Table 4, and the network is visualized in Figure 3. A total of 22 
edges formed among 16 nodes, and network density was 0.092. 
One node formed an average of 1.375 edges with another node. 
Social support was connected to childhood trauma, which was 
different from other positive resources. Of the 16 nodes, de-
pression, hostility, BAS, BIS, and sexual abuse were isolated, 
with no edges. 

Tables 5, 6, and 7 summarize centrality analysis of the net-
work, revealing that social support, self-control, emotional 
abuse, emotional neglect, and purpose & hope had the highest 
degree centrality. Social support, emotional abuse, emotional 
neglect, self-control, and physical neglect had the highest close-
ness centrality. In addition, emotional abuse, self-control, so-
cial support, emotional neglect, and care/service had the high-
est betweenness centrality. 

DISCUSSION 

In this study, we combined temperament (BIS/BAS), child-
hood trauma, positive resources, comorbid anxiety, somatization, 
and hostility of patients with depressive disorders in a network 
analysis approach. We discuss the implications of the present 
results by analysis step in detail in the following paragraphs. 

In the network of total patients, the most central node in 
terms of strength, closeness, and betweenness was optimism, 

Table 3. Centrality analysis of the psychopathological network in 
total participants 

Degree 
centrality

Closeness 
centrality

Betweenness 
centrality

Clinical symptoms
Depression 0.40 0.43 0.07
Anxiety 0.33 0.39 0.03
Hostility 0.27 0.36 0.01
Somatization 0.20 0.28 0.00

Temperament
Behavioral inhibition  
  system

0.13 0.27 0.00

Behavioral activation  
  system 

0.00 0.00 0.00

Childhood trauma
Emotional abuse 0.13 0.13 0.01
Emotional neglect 0.07 0.09 0.00
Physical abuse 0.07 0.09 0.00
Physical neglect 0.00 0.00 0.00
Sexual abuse 0.00 0.00 0.00

Positive resource
Optimism 0.40 0.43 0.08
Self-control 0.27 0.36 0.02
Social support 0.20 0.28 0.00
Purpose & hope 0.20 0.28 0.00
Care 0.00 0.00 0.00

Table 4. Characteristics of the psychopathological network in par-
ticipants with mild depressive symptoms and severe depressive 
symptoms

Participants with 
severe depressive 

symptoms

Participants with 
mild depressive 

symptoms
Number of nodes 16 16
Number of links 22 26
Number of average links 1.375 1.625
Network density 0.092 0.108

BIS

Physical 
neglect

Sexual 
abuse

Emotional neglect Emotional abuse

Physical 
abuse

Somatization

Hostility

Anxiety

BAS

Depression

Optimism

Social support

Purpose & hope

Self-control

Care

Figure 2. Psychopathological network in patients with mild de-
pressive symptoms. BAS: behavioral activation system, BIS: be-
havioral inhibition system.
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a kind of positive resource. In network analysis, since a node 
with the highest centrality has the most connections with oth-
er nodes, it can be regarded as the most important of several 
factors of symptom development. Therefore, the high central-
ity of optimism suggested that degree of optimism played a 
key role in the construct interaction of all scales included in 

the network of total participants. Lack of optimism was directly 
connected to depressive symptoms as well as comorbid symp-
toms such as anxiety and hostility. Beck’s cognitive behavioral 
theory assumed that a negative view of oneself, the environ-
ment, and the future constitutes dysfunctional cognition of 
depression. Thus, negative future expectations have been con-

Table 5. Degree centrality of the psychopathological network in participants with mild depressive symptoms and severe depressive symptoms

Participants with 
severe depressive symptoms

Participants with 
mild depressive symptoms

Social support 0.20 Social support 0.27
Self-control 0.20 Purpose & hope 0.27
Emotional abuse 0.20 Self-control 0.20
Emotional neglect 0.20 Optimism 0.20
Purpose & hope 0.13 Anxiety 0.20
Optimism 0.13 Physical abuse 0.13
Physical neglect 0.13 Care 0.07
Care 0.07 Emotional abuse 0.07
Physical abuse 0.07 Emotional neglect 0.07
Somatization 0.07 Behavioral activation system 0.07
Anxiety 0.07 Somatization 0.07
Sexual abuse 0.00 Hostility 0.07
Behavioral activation system 0.00 Depression 0.07
Behavioral inhibition system 0.00 Sexual abuse 0.00
Hostility 0.00 Physical neglect 0.00
Depression 0.00 Behavioral inhibition system 0.00

Table 6. Closeness centrality of the psychopathological network in participants with mild depressive symptoms and severe depressive 
symptoms

Participants with 
severe depressive symptoms

Participants with 
mild depressive symptoms

Social support 0.21 Social support 0.28
Emotional abuse 0.21 Purpose & hope 0.28
Emotional neglect 0.21 Self-control 0.24
Self-control 0.20 Optimism 0.24
Physical neglect 0.15 Anxiety 0.20
Purpose & hope 0.15 Care 0.17
Optimism 0.15 Behavioral activation system 0.17
Physical abuse 0.13 Physical abuse 0.13
Care 0.12 Somatization 0.12
Somatization 0.07 Hostility 0.12
Anxiety 0.07 Depression 0.12
Sexual abuse 0.00 Emotional abuse 0.09
Behavioral activation system 0.00 Emotional neglect 0.09
Behavioral inhibition system 0.00 Sexual abuse 0.00
Hostility 0.00 Physical neglect 0.00
Depression 0.00 Behavioral inhibition system 0.00
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sidered a core feature of depression.41,42 In contrast, optimism 
is defined as the generalized tendency to expect the future to 
turn out well and is a robust predictor of psychological well-
being.43,44 Many studies have reported that more optimistic 
people are less likely to develop depressive symptoms and to 
recover from depression more quickly.45,46 The clinical impli-
cation of this finding is that strengthening optimism could be 
a central treatment target for enhancing resilience from depres-
sion. By cultivating optimism, owing to its centrality, it may be 
assumed that depression and related comorbid symptoms will 

improve when optimism is increased. Other positive resources 
such as self-control, social support, and purpose of life/hope 
were also connected directly or indirectly to depression. Al-
though not as central as optimism, positive resources are re-
lated to reduced depressive symptoms, directly or indirectly. 

Comorbid anxiety and hostility also showed high centrali-
ty in the network of total participants. Both depression and 
anxiety were connected to BIS. An overly sensitive BIS causes 
negative affectivity that may contribute to vulnerability to anx-
iety and depression.38 In addition, depression, anxiety, and hos-
tility were all connected to optimism. Deficiency of optimistic 
thinking may also be related to negative affect/distress, con-
tributing to anxiety, depression, and hostility.47,48 These find-
ings suggest that different symptoms may share several com-
mon features such as vulnerable temperament and negative 
affectivity. Identification of modifiable transdiagnostic factors 
is critical to treat depressed patients with multiple comorbid 
symptoms. 

In the network of patients with severe depressive symptoms, 
childhood emotional trauma and lack of social support were 
the central nodes in terms of strength and closeness. In be-
tweenness centrality, childhood emotional abuse played an 
important role in the network of severely depressed patients. 
Furthermore, childhood emotional trauma was connected to 
deficient social support, which was dissimilar from the pattern 
of mildly depressed patients. These findings suggest that child-
hood emotional trauma holds an important position in severe 
depression. Previous studies were consistent with the present 

Table 7. Betweenness centrality of the psychopathological network in participants with mild depressive symptoms and severe depressive 
symptoms

Participants with 
severe depressive symptoms

Participants with 
mild depressive symptoms

Emotional abuse 0.03 Social support 0.04
Self-control 0.02 Purpose & hope 0.04
Social support 0.01 Anxiety 0.03
Emotional neglect 0.01 Physical abuse 0.01
Care 0.00 Care 0.00
Purpose & hope 0.00 Self-control 0.00
Optimism 0.00 Optimism 0.00
Sexual abuse 0.00 Sexual abuse 0.00
Physical neglect 0.00 Physical neglect 0.00
Physical abuse 0.00 Emotional abuse 0.00
Behavioral activation system 0.00 Emotional neglect 0.00
Behavioral inhibition system 0.00 Behavioral activation system 0.00
Somatization 0.00 Behavioral inhibition system 0.00
Hostility 0.00 Somatization 0.00
Anxiety 0.00 Hostility 0.00
Depression 0.00 Depression 0.00

BAS

Physical neglect

Sexual 
abuse

Emotional neglect

Emotional abuse
Physical abuse

Somatization

Hostility

Anxiety

BIS

Depression

Optimism

Social support

Purpose & hope

Self-control

Care

Figure 3. Psychopathological network in patients with severe de-
pressive symptoms. BAS: behavioral activation system, BIS: be-
havioral inhibition system.
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results in that childhood emotional trauma was related to de-
pressive symptom severity.14,49 The connection between child-
hood trauma and social support has been supported by several 
empirical findings.50,51 From the perspective of cognitive-be-
havioral theory, various types of maladaptive schematic rep-
resentations of the self, world, and future are activated by child-
hood emotional trauma.52 Furthermore, maladaptive schema 
might influence adult insecure attachment style and interper-
sonal dysfunction, leading to deficiency of social support.53 
Therefore, strengthening social support might be difficult for 
patients with severe depressive symptoms because weak social 
support can be related to deep-rooted problems such as early 
traumatic experience. 

Degree of social support also was the central node in terms 
of strength, closeness, and betweenness in the network of mild-
ly depressed patients. In contrast with the network of patients 
with severe depressive symptoms, social support was connect-
ed to other positive resources such as optimism, self-control, 
and purpose & hope. Inferring from the present findings, in-
creasing social support might be interrelated with cultivation 
of positive resources in patients with mild depressive symptoms. 
Previous research has reported that individual positive psycho-
logical factors such as resilience and gratitude are associated 
with social support.54,55 Therefore, intervention strengthening 
positive psychological factors or resources might be more effec-
tive and helpful in mild depression than in severe depression. 

Several limitations should be considered for the current study. 
First, the study used a cross-sectional design, assessing the 
measurements concurrently. The conclusions on mechanism 
of clinical factor interaction over time are hypothetical. Sec-
ond, all variables, including childhood trauma, were assessed 
using self-report methods. It is possible that many patients have 
distorted mental representations of their positive resources and 
memories of trauma due to their depression or anxiety symp-
toms. Third, other factors related to childhood trauma, such 
as timing or length of traumas and relationships with perpe-
trators, were not evaluated. Despite this severe limitation, the 
networks produced by these analyses identify plausible inter-
relations between clinical factors, warranting further scrutiny. 

In conclusion, lack of optimism was a central factor of pa-
tients with depressive disorders and was interrelated with de-
pression, comorbid symptoms, and positive resources. Thus, 
interventions cultivating optimism may provide beneficial 
effect for speeding up recovery from depression and other co-
morbid symptoms. Comparing the interrelationships among 
clinical factors between the two groups of patients with rela-
tively mild depressive symptoms or relatively severe depressive 
symptoms, we found different network patterns. In the net-
work of severely depressed patients, deficiency of social sup-
port was connected to childhood emotional trauma and was 

a central factor. In contrast, the network of mildly depressed 
patients showed social support to be connected to positive re-
sources. However, we cannot conclude a causal relationship 
among clinical factors based on our cross-sectional data. Study 
tracking changes in psychopathological network pattern be-
fore and after clinical intervention strengthening individual 
positive resources is necessary in the future.
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Supplementary Table 1. Correlations among the psychopathological factors in total participants

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1. Depression 0.625 0.544 0.469 0.451 0.06 0.184 0.242 0.067 0.175 0.168 -0.497 -0.374 -0.415 -0.365 -0.173
2. Anxiety 0.513 0.625 0.421 0.074 0.090 0.204 0.067 0.122 0.155 -0.416 -0.269 -0.329 -0.265 -0.140
3. Hostility 0.520 0.356 0.211 0.174 0.274 0.070 0.208 0.227 -0.413 -0.275 -0.317 -0.331 -0.117
4. Somatization  0.307 0.095 0.101 0.157 0.063 0.122 0.175 -0.336 -0.198 -0.201 -0.195 -0.030
5. Behavioral inhibition system 0.152 0.133 0.150 0.010 0.050 0.062 -0.350 -0.218 -0.327 -0.206 -0.131
6. Behavioral activation system -0.038 0.016 -0.157 0.051 0.076 0.155 0.207 0.133 0.192 0.096
7. Emotional neglect 0.490 0.362 0.361 0.187 -0.288 -0.192 -0.242 -0.371 -0.096
8. Emotional abuse 0.313 0.545 0.330 -0.214 -0.181 -0.267 -0.324 -0.054
9. Physical neglect 0.264 0.170 -0.156 -0.070 -0.074 -0.312 -0.010
10. Physical abuse 0.264 -0.128 -0.101 -0.131 -0.222 -0.065
11. Sexual abuse -0.077 -0.048 -0.100 -0.107 -0.023
12. Optimism 0.601 0.639 0.565 0.306
13. Purpose & hope 0.593 0.438 0.267
14. Self-control 0.438 0.309
15. Social support 0.237
16. Care


