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Abstract

Objective: Borderline personality disorder (BPD) frequently co-occurs with affective disorders, such as major depressive disorder
(MDD) and bipolar disorder (BD), yet the structure of BPD symptoms within these populations remains insufficiently characterized.
This study utilizes network analysis to investigate the network structure of BPD symptoms in individuals with affective disorders. Meth-
ods: This study included 1323 participants: 783 individuals with affective disorders (MDD [n = 245], BD I [n = 120], BD II [n = 418])
and 540 controls without a history of psychiatric disorders. BPD symptoms were assessed using the Personality Assessment Inventory-
Borderline Features Scale. A Gaussian graphical model was estimated using partial correlations among BPD symptoms, in which nodes
correspond to individual symptoms and edges represent the relationships between them. Centrality analysis was subsequently conducted
to compute strength, closeness, and betweenness centrality, providing insights into the relative importance and connectivity of individual
symptoms within the network. Results: Analysis identified five distinct communities of BPD symptoms. The symptom “Feel empty”
emerged as the most central trait across the affective disorder subgroups and the control group. Network comparison tests indicated no
significant differences in network structure among the clinical subgroups, whereas a significant divergence was observed between the
clinical and control groups. Conclusion: This study demonstrates that, although the symptom networks of BPD were largely compara-
ble across affective disorder subgroups, structural differences emerged between the clinical and control groups. Notably, “Feel empty”
consistently appeared as the most central symptom across all groups. These findings highlight the relevance of targeting “Feel empty”
as a key focus for clinical intervention in affective disorders.
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Main Points disorders, including major depressive disorder (MDD) and
bipolar disorder (BD). Additionally, shared symptoms of
BPD and affective disorders, such as negative affectivity
and cyclothymic temperament, can increase the risk of mis-
diagnosis, making it difficult to distinguish between them
[5]. These findings highlight the need for further research
on the role of BPD symptoms in relation to affective disor-
ders.

Although BPD symptoms and affective disorders

share common symptoms, and their comorbidity is widely

1. Borderline personality disorder (BPD) symptoms
in individuals with affective disorders were organized into
five distinct symptom communities.

2. “Feel empty” consistently emerged as the most cen-
tral symptom across all groups.

3. A significant structural difference in BPD symp-
tom networks was observed between the clinical and con-
trol groups.

1. Introduction

Borderline personality disorder (BPD) is character-
ized by pathological symptoms such as negative affectivity,
identity disturbance, negative interpersonal relationships,
and impulsive behaviors [ 1]. BPD symptoms often involves
self-harm or impulsive behaviors, rapid mood changes, and
unstable relationships [2]. Some studies have found that
symptoms of BPD, such as feelings of emptiness and in-
tense sadness [3,4], often overlap with those of affective

reported in the literature [6—8], prior study have primar-
ily focused on BPD as a categorical diagnosis rather than
examining BPD symptoms dimensionally. Consequently,
while BPD is extensively studied in relation to affective dis-
orders, fewer study investigate their structure, interconnect-
edness, and correlations in individuals experiencing MDD
and BDs. This creates a critical gap in understanding how
specific BPD symptoms interact and influence one another
in individuals with affective disorders.
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Research largely focuses on comparing the overall
severity of BPD symptoms in individuals with affective
disorders rather than analyzing its network structure. Al-
though these study provide valuable insights, they fail to
capture the complex interplay and correlations between in-
dividual BPD symptoms and how these interactions con-
tribute to clinical presentations in different affective disor-
der subgroups. Furthermore, research on the interconnect-
edness and correlation of core BPD symptoms in individu-
als with affective disorders remains scarce.

To address this gap, this study employs network anal-
ysis, a recent psychiatric research approach intended for ex-
amining the relationships between entities. This method
allows us to identify central symptoms, called nodes, and
their connection between disorders, called edges [4,9]. Crit-
ically, network analysis goes beyond simply identifying in-
dividual symptoms and their severity to explore their rela-
tionships. It visualizes and ranks the strength of the connec-
tions or interconnections between symptoms [10], revealing
their complex interplay and correlations. This approach en-
ables the exploration of both prominent symptoms and their
interconnectedness within and across MDD, BD, and a con-
trol group. It has proven to be a powerful tool for identify-
ing comorbidity and bridge symptoms for targeted interven-
tion, providing insights into how symptoms are associated
and suggesting intervention targets for effective treatment
[4].

This study primarily aims to investigate the network
structure of BPD symptoms in individuals with affective
disorders. Specifically, it investigates the central symp-
toms of BPD and identifies distinct communities of in-
terconnected symptoms of borderline personality disorder
within an affective disorder population. Furthermore, the
study seeks to compare the network structure of BPD symp-
toms across different subgroups of affective disorders (i.e.,
MDD, BD I, and BD II) and a control group.

2. Materials and Methods
2.1 Participants

A total of 1323 participants were recruited for this
study between September 2019 and January 2023, ranging
in age from 16 to 69 years. Among the participants, 783 par-
ticipants were diagnosed with affective disorders by certi-
fied psychiatrists (MDD [n=245], BD I [n=120], and BD
II [n = 418]) and the remaining 540 participants reported
no history of psychiatric disorders. affective disorder diag-
noses were determined through structured diagnostic inter-
views conducted by certified psychiatrists (J.H.B, T.H.H,
and W.M.). The interviews were performed using the Mini-
International Neuropsychiatric Interview (M.L.N.I) as well
as the review of case records and relevant data (e.g., psychi-
atric interview records, clinical psychological assessments,
and medical records from other hospitals provided by the
subjects) [11]. These evaluations were conducted in accor-
dance with the criteria outlined in the Diagnostic and Sta-

tistical Manual of Mental Disorders, Fifth Edition (DSM-5)
[12]. Demographic information and BPD symptoms pro-
files were also collected from the study participants for fur-
ther analysis. The control group consisted of individuals re-
cruited through a professional survey company, with inclu-
sion criteria requiring participants to self-report no current
or past psychiatric diagnoses. This group serves as a base-
line for comparison, helping to identify network structural
differences observed between clinical and control groups,
isolating those attributable to borderline personality disor-
der symptoms. This study was conducted under the guide-
lines of the Declaration of Helsinki (1975, as revised in
2000) and received ethical approval from the Institutional
Review Board of Seoul National University Bundang Hos-
pital (protocol code: B-2205-756-111). Given the retro-
spective nature of this study and the use of de-identified
data, the requirement for individual informed consent was
waived. Participants with lived experience were not di-
rectly involved in this study, as the research relied solely
on de-identified data obtained through retrospective med-
ical chart reviews and anonymized surveys. The report-
ing of our observational study followed the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) cross-sectional checklist (The STROBE
cross-sectional checklist is provided in the Supplementary
material-STROBE-checklist.) [13].

2.2 Measurements
Personality Assessment Inventory-Borderline Features
Scale (PAI-BOR)

The PAI-BOR, a measuring instrument for evaluating
adult personality, is one of eleven clinical scales included
in Morey’s (1991) Personality Assessment Inventory (PAI)
[2]. Tt is a self-report questionnaire designed to assess key
characteristics of BPD, such as emotional instability, iden-
tity problems, unfavorable interpersonal connections, and
propensity for self-harm. The scale used in this investiga-
tion is a validated Korean version [14], having 24 items,
each of which is scored on a 4-point scale (0 = never true
to 3 = very true). The total score ranges from 0 to 72,
with higher scores indicating a greater severity of border-
line personality disorder symptoms. The PAI-BOR com-
prised 24 items that assessed symptoms of borderline per-
sonality disorder across four subscales: (1) Affective Insta-
bility (e.g., mood change, extreme feelings, sudden emo-
tional shifts, and mood swings), (2) Identity Problems (e.g.,
attitude change, emptiness; chronic feelings of emptiness,
and uncertainty about self-image), (3) Negative Relation-
ships (e.g., interpersonal instability, a few major mistakes
with friends; intense and unstable interpersonal relation-
ships characterized by distrust and dependency), and (4)
Self-Harm/Impulsivity (e.g., impulsive behavior, “When I
am angry, [ usually harm myself”; impulsive behaviors and
tendencies toward self-harm). These symptom dimensions
were evaluated using all 24 items of the PAI-BOR to pro-
vide a comprehensive assessment of BPD symptoms at the
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item level. This item-level approach enabled a detailed
analysis of specific symptoms and their interconnections
within the network. The internal consistency coefficient
(Cronbach’s alpha), which was reported to be 0.84 in a prior
study [14], was 0.83 in this study.

2.3 Statistical Analysis
2.3.1 Comparison of PAI-BOR Item Scores Among
Clinical and Control Groups

The Shapiro-Wilk test was conducted to assess the
normality of the PAI-BOR item scores. Since the scores did
not follow a normal distribution, the Kruskal-Wallis test, a
non-parametric statistical method, was utilized to compare
the scores among each clinical group (MDD, BD I, and BD
II) and the control group.

2.3.2 Network Estimation With Community Detection
Process

The network analysis utilized all 24 PAI-BOR items
rather than aggregating them into subscales (e.g., negative
affectivity and identity disturbance). This approach was
chosen to preserve item-level granularity, enabling a de-
tailed examination of symptom interconnections and com-
munity structures. Analyzing individual items enables the
identification of central symptoms and the detection of dis-
tinct symptom clusters through exploratory graph analysis.
This study employed a Gaussian graphical model (GGM)
to construct a Partial Correlation Network (PCN) [15]. The
PCN comprises circular nodes and line-shaped edges. In
this representation, nodes represent symptoms and edges
depict connections between these symptoms [16]. Specif-
ically, each edge reflects a partial correlation between two
symptoms, adjusting for all other symptoms within the net-
work [17]. The color of the lines denotes the direction of
associations between edges: a blue and red line indicates
a positive and negative correlation, respectively. Strength
centrality indicates the extent to which a node is tightly con-
nected to other nodes in the network by summing the abso-
lute edge weights between the node and others. Between-
ness centrality measures how often a node appears on the
shortest paths between two nodes in the network. Close-
ness centrality reflects the distance a specific node needs
to reach other nodes. The width of the edges illustrates the
strength of the relationship, where substantial lines indicate
stronger correlations and nodes positioned in closer prox-
imity represent stronger associations with each other.

In PCN, the absence of an edge signifies a lack of sig-
nificant association between the two symptoms, consider-
ing the associations with other symptoms. Nevertheless,
it is unusual for the correlations between symptoms to be
exactly zero in practice, given the presence of small par-
tial correlations [15]. Such insignificant correlations can
give rise to spurious edges, potentially leading to a misin-
terpretation of the associations in the network. To address
this issue, we adopted a graphical Least Absolute Shrinkage
and Selection Operator (LASSO) [18] which helps search
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for the optimal level of sparsity by reducing the insignif-
icant partial correlations to zero. The study utilized the
Extended Bayesian Information Criterion graphical lasso
(EBICglasso) function from the qgraph package (version
1.9.5; Sacha Epskamp, University of Amsterdam, Amster-
dam, Netherlands) to construct and visually represent a par-
simonious and plausible network [18,19].

In this study, we utilized exploratory graph analysis
(EGA) to identify item communities within a generated
network [20,21]. EGA is a data-driven approach for de-
tecting communities, aiming to uncover the underlying di-
mensional structure of given items without relying on prior
knowledge about the structure [22]. To discover the op-
timal communities of the 24 items, we used the Louvain
algorithm, which optimizes hierarchically organized mod-
ularity measure between vertices in item communities [23].

A Dbootstrapping procedure was employed to as-
sess item and dimensional stability. We specifically re-
estimated the item community assignments, specifying
which item belonged to each item community and the num-
ber of dimensions, using 1000 bootstrapped samples to de-
termine whether the solution previously obtained from the
EGA was maintained [24]. The bootEGA and EGA func-
tions from the EGAnet package version 2.0.4 (Hudson F.
Golino, University of Virginia, Charlottesville, VA, USA;
2024) were used to perform these analyses [25].

2.3.3 Centrality Estimates Analysis

To examine prominent BPD symptoms within the
network, an analysis of three centrality indices was con-
ducted, encompassing strength, closeness, and between-
ness. Strength centrality was computed as the total of the
absolute weights of the connected edges to a node, reflect-
ing the extent to which the activation of a node is related
to the activation of its connected nodes. Closeness central-
ity was computed as the reciprocal of the average shortest
distance from one node to all other nodes in the network,
demonstrating how easily a node can be reached from other
nodes. The extent to which a node acts as a mediator in con-
necting two other nodes along its shortest path determines
its betweenness centrality [26]. Centrality indices, includ-
ing strength, closeness, and betweenness, were calculated
using the R package qgraph (version 1.9.5) to assess the
importance of each node within the network [27].

2.3.4 Network Stability and Testing for Significance

To determine the accuracy and stability, we first cal-
culated the 95% confidence intervals (Cls) for the edge
weights using 1000 bootstrap resamples, where narrow
bootstrapped Cls indicated small sample variability, sup-
porting the accuracy of the network. Furthermore, we also
assessed the robustness of node centrality by repeatedly an-
alyzing the data after randomly excluding subsets of cases.
This analysis measures how well centrality orders were pre-
served across multiple data. The correlation stability co-
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© 2: Attitude about self changes
@ 4: Mood intense
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6: Let people know they’re hurt me
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13: Do things impulsively
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24: Careful about money
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12: Rarely lonely

14: Happy person

19: Don't get bored

@ 20: Stay friends with people

Fig. 1. Network of the PAI-BOR 24-symptom-items in subjects with affective disorder (n = 783). PAI-BOR, Personality Assessment

Inventory-Borderline Features Scale.

efficient (CS-coefficient) summarizes the results of such
case-dropping bootstrapping samples. A CS-coefficient of
at least 0.25 is considered the minimum threshold, while
a coefficient exceeding 0.5 indicates acceptable stability
[18]. Additionally, we conducted bootstrapped difference
tests to examine the differences in node centrality indices
across different groups. We particularly conducted a boot-
strapped difference test for strength centrality between the
clinical and control groups, aiming to explore whether cen-
tral symptoms exhibited notable disparities between these
two groups. The qgraph package was employed for the
analyses [27].

2.3.5 Network Comparison

We conducted a Network Comparison Test (NCT) us-
ing the NCT package (version 2.2.1; Sacha Epskamp &
Adela-Maria Isvoranu, University of Amsterdam, Amster-
dam, Netherlands) to compare the network structure within
each pair of clinical samples (i.e., MDD, BD I, and BD
II) using the NCT package [28]. Three analyses were per-
formed to compare different aspects of the networks. First,
a test for invariance in the structural composition of the
network was employed to evaluate disparities in its maxi-
mum edge strength. Second, the global strength invariance
test was used to evaluate variations in total edge strengths.
Third, an edge strength invariance test was used to investi-
gate specific edge differences in the networks [28].

3. Results
3.1 Study Sample

The demographic features of the participants are pre-
sented in Table 1. This study included 1323 participants, of
whom 783 were diagnosed with MDD, BD I, and BD II in
the clinical group, and 540 were in the control group. Ta-
ble 2 presents the differences in mean scores for PAI-BOR
items between each clinical (MDD, BD I, and BD II) and
control groups.

3.2 Network Construction and Community Identification

Fig. 1 illustrates the network of BPD symptoms in sub-
jects with affective disorders based on EGA. Community 1
comprises items 1, 2, and 4; Community 2 includes items
10, 17, and 18; Community 3 comprises items 3, 5, 6, 8,
9, 11, 15, and 16; Community 4 encompasses items 13, 21,
22,23, and 24; and finally, Community 5 includes items 7,
12, 14, 19, and 20 (Supplementary Fig. 1). The results
of bootstrap iterations aimed at examining dimensional sta-
bility showed that the five community solution exhibited
50.6% of the replication rate (506 of 1000 samples). Fur-
thermore, the results of verifying the stability of each item
(Supplementary Fig. 2) revealed that all items exhibited
an acceptable level of stability, except for the following
three items, which had an item replication rate of less than
0.7: items 11 (“Wonder about life”), 5 (“Feel empty”), and
20 (“Stay friends with people”) [24]. Supplementary Fig.
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Fig. 2. Centrality indices of the PAI-BOR 24-symptom-items network.

3 depicts the network structure of BPD symptoms derived
from the control group based on exploratory graph analysis
(EGA). The results showed that Community 1 comprised
items 1, 2, 4, 6, 10, and 13; Community 2 included items
21, 22, and 23; Community 3 consisted of items 3, 8, 9, 15,
16, 17, and 18; and finally, Community 4 comprised items
5,7,11,12, 14, 19, 20, and 24 (Supplementary Fig. 4).

3.3 Centrality Indices and Edge Weights

Fig. 2 illustrates these centrality indices. The results
revealed that item 5 (“Feel empty””) demonstrated the high-
est centrality across all three centrality indices (strength =
1.240; betweenness = 94; closeness = 0.003). The strength
centrality results remained consistent after performing the
bootstrapped difference test (Supplementary Fig. 5).
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3.4 Highest Centrality Item Exhibited by Affective
Disorder Subgroups and Control Group

Additional analyses were conducted to examine
whether item 5 (“Feel empty”), identified as the central
node, was consistently replicated across all subgroups.
The results revealed that item 5 (“Feel empty”) was the
most central item in all subgroups’ networks, including
each clinical sample (i.e., MDD, and BD I and BD II)
and control group. An exception was item 1 (“Mood
shifts”), which showed the highest centrality in each group
with statistically nonsignificant difference from item 5
(Supplementary Fig. 6-9).
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Table 1. Demographic and clinical characteristics of research participants (N = 1323).

Characteristics

Mean =+ SD, n or %

Major diagnosis (n) Control (540) MDD (245) BD I (120) BD I (418) Spearman’s rho or x?2

Age (years) 39.52 £10.92 39.73 £ 13.42 3548 £12.67 31.14 £ 11.46 —0.31***

Age range (n) 16~19 5 8 5 32 160.73***
20~29 130 66 48 206
30~39 135 44 31 82
40~49 135 61 12 55
50~59 128 50 20 36
60~69 7 16 4 7

Gender n (%) Male 270 (50.0) 69 (28.2) 43 (35.8) 119 (28.5) 59.50%**
Female 270 (50.0) 176 (71.8) 77 (64.2) 299 (71.5)

Education n (%) Less than high school grate 1(0.2) 95 (38.8) 28 (23.3) 129 (30.9) 225.01%**
Others 539 (99.8) 150 (61.2) 92 (76.7) 289 (69.1)

Job status n (%) Unemployed 170 (31.5) 144 (58.8) 76 (63.3) 281 (67.2) 139.52%***
Employed 370 (68.5) 101 (41.2) 44 (36.7) 137 (32.8)

Marital status n (%) Married 255 (47.4) 132 (53.9) 82 (68.3) 306 (73.2) 77.52%*
Others 285 (52.6) 113 (46.1) 38 (31.7) 112 (26.8)

Alcohol use status n (%) Past or current 423 (78.3) 93 (38.0) 70 (58.3) 220 (52.6) 146.84***
Never 117 (21.7) 152 (62.0) 50 (41.7) 198 (47.4)

Smoking status n (%) Past or current 188 (34.8) 49 (20.0) 35(29.2) 130 (31.1) 17.68***
Never 352 (65.2) 196 (80.0) 85 (70.8) 288 (68.9)

*** p < 0.001.
MDD, major depressive disorder; BD, bipolar disorder.

3.5 Network Stability

Supplementary Fig. 10 illustrates the network sta-
bility indices (strength, betweenness, and closeness). Boot-
strapped the centrality stability result revealed that the
strength centrality index of BPD symptoms was the most
stable (75%); and these results were maintained for other in-
dices. Furthermore, the betweenness and closeness central-
ity results showed acceptable CS coefficients until 36.1%
and 43.9% of the samples were removed, respectively, sug-
gesting that both indices may be less reliable, even when
the sample size is small.

Edge weight accuracy results show the robustness of
the derived BPD symptom network (Supplementary Fig.
11). Although there are no definitive guidelines for inter-
preting Cls in the network analysis literature [29] the re-
sults showed that the 95% Cls of the edge weights over-
lapped considerably. Considering that the bootstrapped Cls
showed no intersection with those of other edges within the
network, the edges between item 1 (“Mood shifts”) and item
2 (“Attitude about self-changes”) as well as item 22 (“Spend
money easily”’) and item 23 (“Reckless person”) were found
to be the two strongest edges. The bootstrapped difference
tests between edge weights provide additional supporting
evidence, confirming that these two edges are significantly
stronger than the others. Conversely, no significant differ-
ence was found between these two edges (Supplementary
Fig. 12).

3.6 Network Comparisons Test Between the Subgroups

Network comparison test confirmed that there were no
differences in the network structure and edge weight in pairs
of clinical samples (i.e., individuals diagnosed with MDD,
BD I, and BD II) (MDD vs. BD I, M = 0.267, p = 0.978;
MDD vs. BDII,M=0.144,p=0.891; BDIvs. BDII,M =
0.197, p = 0.986). Moreover, no statistical difference was
found in the network structure between any pair of clinical
subgroups, and no edges exhibited significant differences
across clinical subgroups. Furthermore, among the clini-
cal subgroups, global strength did not exhibit notable dif-
ferences (MDD vs. BD I, S = 0.110, p = 0.999; MDD vs.
BD II, S =0.413, p = 0.447; BD I vs. BD II, S = 0.303,
p = 0.984). Additionally, we compared the network struc-
tures of BPD symptoms between the clinical (MDD, BD 1,
and BD II combined) and control groups using a Network
Comparison Test. The results showed significant structural
differences (M =0.187, p = 0.013) between the two groups,
with stronger interconnections observed among symptoms
in the clinical group. However, no significant difference
was found in edge invariance and global strength (S=0.185,
p=0.679).

4. Discussion

In this study, a network analysis was employed to ex-
plore the core symptoms of BPD in participants with af-
fective disorders. The most central symptom identified
through the analysis was “Feel empty,” which exhibited
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Table 2. PAI-BOR item scores in clinical and control groups.

Mean (SD)

Kruskal Wallis test

Item description

Control (n=540) MDD (n=245) BDI (n=120) BDII (n=418)  H!

Bonferroni post hoc?

1 Mood shifts 0.62 (0.76) 0.97 (0.89)
2 Attitude about self-changes 0.57 (0.72) 0.84 (0.86)
3 Relationships stormy 0.57 (0.79) 0.94 (1.03)
4 Mood intense 0.58 (0.76) 0.67 (0.87)
5 Feel empty 1.07 (0.84) 1.78 (0.99)
6 Let people know they’re hurt me 0.69 (0.86) 1.03 (1.05)
7 Mood steady" 1.47 (0.83) 2.33(0.76)
8 Worry about people leaving 0.77 (0.85) 0.88 (0.99)
9 People let me down 0.96 (0.83) 1.30 (0.98)
10 Little control over anger 0.48 (0.74) 0.58 (0.78)
11 Wonder about life 1.53 (0.88) 1.73 (0.96)
12 Rarely lonely® 1.81(0.91) 2.19 (0.89)
13 Do things impulsively 0.51 (0.74) 0.55(0.72)
14 Happy person’ 1.74 (0.85) 2.47(0.73)
15 Can’t handle separation 0.64 (0.78) 0.74 (0.81)
16  Mistakes in picking friends 0.73 (0.78) 0.54 (0.71)
17 When upset hurt self 0.49 (0.71) 0.71 (0.87)
18 Can’t express all of anger 0.82 (0.87) 1.28 (1.00)
19 Don’t get bored® 1.84 (0.85) 1.95 (0.89)
20 Stay friends with people’ 1.43 (0.79) 1.47 (0.90)
21 Too impulsive 0.66 (0.77) 0.68 (0.79)
22 Spend money easily 0.82 (0.89) 0.87 (0.91)
23 Reckless person 0.73 (0.80) 0.83 (0.81)
24 Careful about money’ 1.26 (0.89) 1.42 (0.91)

Total score 22.79 (10.13)

0.81(0.90)  137(1.02) 143.28***  0<I, 0<3, 1<3,2<3
0.82(0.87)  1.28(1.03) 124.63***  0<I,0<3, 1<3,2<3
0.99 (1.09)  1.28(1.11) 107.25***  0<I, 0<2, 0<3, 1<3
0.88(0.96)  1.28(1.08) 118.74***  0<2,0<3, 1<3,2<3
1.36 (1.08)  2.08(0.99) 238.15*** 0<I,0<3, 1<3, 2<1, 2<3
1.01(1.09)  1.42(1.16) 101.15*** 0<I,0<2, 0<3, 1<3,2<3
175 (0.96)  2.44(0.78) 320.34*** 0<I, 0<2, 0<3, 2<1, 2<3
1.02(1.13)  1.41(1.11)  85.04*** 0<3, 1<3,2<3

127 (1.10)  1.54(1.04) 75.52%**  0<I,0<2, 0<3, 1<3
0.58(0.90)  0.81(0.93)  37.00%** 0<3, 1<3
1.55(0.98)  2.06(0.95)  80.66 0<3, 1<3,2<3
2.17(0.87)  2.34(0.93) 100.66*** 0<1, 0<2, 0<3
0.83(0.96)  1.02(1.00) 80.23*** 0<2, 0<3, 1<3
2.03(0.86)  2.60(0.65) 280.24*** 0<I,0<2, 0<3, 2<I, 2<3
0.86 (1.00)  0.98(0.99) 27.50*** 0<3, 1<3

0.90 (0.86)  0.86(0.91)  24.32%** 1<2, 1<3
0.70(0.92)  1.10(1.08) 85.37**  0<I,0<3, 1<3,2<3
1.09 (1.04)  1.43(1.09)  84.89*** 0<I, 0<3,2<3

2.10 (0.83)  230(0.78)  74.53*** 0<3, 1<3

149 (0.93)  1.54(0.96) NS -

0.85(0.98)  1.00(0.95) 35.71%** 0<3, 1<3
1.28(1.06)  1.42(1.08) 90.98***  0<2,0<3, 1<2, 1<3,
1.00 (0.95)  1.14(1.02)  40.97*** 0<3, 1<3
1.37(1.00)  143(1.02)  9.68* -

28.73 (10.86) 28.68 (13.56) 36.13 (12.84) 250.52*** 0<1,0<2, 0<3,1<3,2<3

* p <0.05, *** p < 0.001, NS = Non-significant coefficient.
717,12, 14, 19, 20, 24 items reverse scored prior to analysis.
1 Kruskal Wallis test.

§ Adjusted p-values were calculated using Bonferroni’s correction by multiplying the raw p-values by the total number of multiple tests of

subscales.
0 = Control group, | =MDD, 2=BD[,3=BD IL

PAI-BOR, Personality Assessment Inventory-Borderline Features Scale.

the highest node strength across all clinical groups, signify-
ing its strong influence and interconnectedness with other
symptoms within the network. This finding was further
validated through bootstrapped difference tests and case-
dropping procedures, which provided evidence supporting
the stability and robustness of the node ranking.

In our investigation of the core BPD symptoms in indi-
viduals with affective disorders, we identified “Feel empty”
as a pivotal symptom, revealing significant insights into
the complexity of the disorder. This finding is particularly
critical, as the comorbidity of this symptom with affective
disorders remains underexplored in existing literature, es-
pecially through a network structure approach. The core
symptom in this study, “Feel empty,” closely aligns with
the concept of chronic emptiness, a fundamental aspect of
BPD, as outlined in the DSM-5 alternative diagnostic model
[30,31]. This emotional state may be linked to social and
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self-perception difficulties, hindering the ability of an indi-
vidual to form meaningful connections and potentially in-
tensify feelings of emptiness [30,31].

Our exploration into the network analysis of BPD
symptoms, rather than solely focusing on diagnosed BPD,
highlights the significant overlap between affective disor-
ders and borderline personality disorder symptoms. This
overlap may reflect shared vulnerabilities or overlapping
symptoms rather than suggesting a direct progression from
affective disorders to BPD. These findings underscore the
importance of addressing core BPD symptoms in individ-
uals with affective disorders to improve clinical outcomes.
This method reveals the complex interplay between BPD
symptoms and affective disorders through the identification
of five distinct symptom communities, providing a more
nuanced understanding of the BPD system beyond what
factor analysis could offer. This comprehensive approach


https://www.imrpress.com

highlights the intricate relationships within these symptom
communities, establishing a multifaceted perspective on co-
morbidity symptoms in BPD among affective disorders and
its management within this context. This study’s findings
deepen the understanding of BPD symptoms intricacies in
individuals with affective disorders and also may lay the
groundwork for future studies aimed at intervention and
treatment strategies. By highlighting the common coex-
istence of BPD and affective disorders, our finding may
underscore the importance of focusing on interventions for
core symptoms before they develop into full BPD, advocat-
ing for a proactive treatment approach [10,16,30].

Borderline symptoms were the most severe in individ-
uals with BD II compared to those in other groups (Table 2).
This may be attributed to the chronic depressive episodes in
BD II, which intensify core BPD symptoms, such as emo-
tional instability and feelings of emptiness [31]. These fea-
tures overlap with the cyclothymic temperament, a subclin-
ical form of BD characterized by emotional reactivity and
impulsivity [32]. Furthermore, BPD exacerbates BD symp-
toms such as suicidality and mood instability and highlights
the heightened severity of BPD symptoms in individuals
with BD [31]. These findings challenge the rigid bound-
aries of traditional diagnoses. The similar network struc-
tures observed across affective disorder subgroups suggest
that BPD symptoms follows a dimensional organization
rather than being confined to specific diagnoses. Network
analysis provides a framework to understand this overlap by
examining the dynamic interplay between symptoms rather
than relying on categorical classifications [16]. Given these
shared vulnerabilities, a network-based perspective may of-
fer a more comprehensive understanding of BPD symptoms
and affective disorder.

Although differences in severity were observed, with
BD II showing more pronounced BPD symptoms (Table 2),
the lack of significant differences in network structures
across clinical subgroups (MDD, BD I, and BD II) sug-
gests that affective disorders share core symptoms. Our
NCT findings further indicate that, despite diagnostic dif-
ferences, subjects with affective disorders exhibit a distinct
network structure compared to those in the control group.
This suggests that BPD symptoms, such as emotional insta-
bility and impulsive behavior, follow a similar organization
across diagnostic categories, supporting a transdiagnostic
perspective [33,34]. These findings suggest that subjects
with affective disorders share a common underlying struc-
ture of BPD symptom interconnections, which may con-
tribute to symptom persistence and severity. The observed
structural divergence between clinical and control groups
highlights the potential influence of affective disorders on
BPD symptoms network organization, reinforcing the need
for targeted interventions. Thus, the absence of significant
differences in network structures across diagnostic groups
may account for the variability in symptom severity and co-
morbidity, reinforcing the idea that these disorders share
common traits and mechanisms rather than being distinct

entities. These findings suggest that a unified therapeutic
approach aimed at disrupting maladaptive symptom con-
nectivity may be beneficial across clinical populations.

Disparities between our findings and those of previ-
ous research may be attributed to several key factors. First,
this study specifically focused on subjects with affective
disorders and BPD symptoms. The distinct clinical pro-
files and comorbidities in our sample influenced the or-
ganization of BPD symptoms in the network, providing a
comprehensive view of their interplay. Previous research
has often investigated BPD symptoms in general popula-
tions or individuals with a BPD diagnosis, overlooking its
unique symptom organization in those with affective dis-
orders [1,5]. Incorporating a control group without psy-
chiatric disorders highlights both shared and distinct fea-
tures of BPD symptoms across different populations. Sec-
ond, methodological differences are also important. Re-
search favors factor analysis [35,36], aiming to identify a
single latent factor for BPD symptoms [30]. In contrast,
network analysis was used in our study to explore the di-
rect interactions among symptoms [ 10,16]. This shift in the
analytical perspective revealed five distinct symptom com-
munities, offering a more detailed and dynamic represen-
tation of BPD symptoms. Network analysis revealed that
“feel empty” was the most central symptom across all af-
fective disorder subgroups, emphasizing its transdiagnostic
significance—an insight traditional factor analysis may over-
look [37,38]. Additionally, the robustness of the network
analysis allowed us to capture the complex relationships
within the BPD symptoms system that factor analysis may
overlook. This approach provides new insights into BPD
symptoms symptomatology, highlighting its multifaceted
nature and intricate component relationships [4,29]. Al-
though previous research reveal emotional instability and
impulsivity as core BPD symptoms, our findings suggest
that BPD symptoms consists of multiple interrelated symp-
tom communities, including emotional instability, anger
dysregulation and self-harm, interpersonal difficulties and
emptiness, impulsivity, and reverse-scored positive traits.
This structural model provides a more comprehensive and
insightful understanding of BPD symptoms symptomatol-
ogy, exceeding the level of detail provided by broad di-
agnostic categories. Finally, our study also examined dif-
ferences across affective disorder subgroups. Although re-
search highlights the high comorbidity between BPD and
affective disorders [5,7], few studies systematically com-
pared BPD symptom networks across MDD, BD I, and BD
II. Our findings indicate that despite heightened severity in
BD II, the overall structure and interconnections of BPD
symptoms remained consistent across clinical groups. This
finding underscores the potential transdiagnostic nature of
BPD symptoms within affective disorders and highlights
the value of network analysis in capturing these complex
relationships.

Several limitations observed in this study should be
addressed in future investigations. First, there are certain
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limitations related to participant selection. In the participant
group, individuals with comorbid conditions such as BPD
and participant in the active phase of symptoms were not ex-
cluded, and the severity and remission of mood symptoms
were not assessed. Furthermore, this study relies solely
on self-reported absence of psychiatric history for control
group recruitment, without verification through structured
clinical interviews by mental health professionals. Future
studies should incorporate structured diagnostic interviews
conducted by trained clinicians to enhance the accuracy of
healthy control selection. Second, as PAI-BOR—a self-
report instrument—was employed in this study for network
analysis, potential biases inherent in self-reports must be
considered, particularly among individuals exhibiting high
borderline personality disorder symptoms. Some individ-
uals may unintentionally overestimate their symptoms due
to heightened emotional sensitivity or cognitive distortions,
while others may underreport them by minimizing or con-
cealing distress. Moreover, statistical analysis excludes
clinical characteristics such as treatment duration or med-
ication and environmental factors such as COVID-19, re-
quiring cautious interpretation. Third, it employed a cross-
sectional design, signifying that the data were obtained at
a single specific time point. Such a design limits our abil-
ity to establish causal relationships among BPD symptoms.
However, while it is plausible that the central symptom in-
fluences adjacent BPD symptoms or vice versa, it is also
possible that the symptoms are interconnected and mutually
reinforce each other [39]. Additionally, a certain limitation
of our study is the failure to investigate the directional as-
pects of these relationships. Future research using a longitu-
dinal design is thus warranted to elucidate the causal direc-
tions of these relationships. Fourth, the study participants
were exclusively diagnosed with affective disorders, espe-
cially MDD, BD I, and BD II. This focused approach limits
the applicability of the findings to these conditions, thereby
limiting their generalizability to the broader spectrum of
mood and other mental disorders. This specificity limits
the generalizability of the findings to broader populations
like individuals with BPD symptoms without an accompa-
nying affective disorder or those exhibiting BPD symptoms
alongside other concurrent mental conditions. Moreover,
the imbalance in the representation of BD II (BD II; n =
418) compared to MDD (MDD; n = 245) and BD I (BD I;
n = 120) within the present sample may introduce selection
bias, as the core BPD symptoms symptomatology can vary
between these diagnostic subgroups. Given the dissimilar
core BPD symptoms symptomatology among distinct diag-
nostic subgroups, it becomes evident that forthcoming in-
vestigations warrant a more diverse participant cohort and
equitably distributed representation ratios.

Despite these limitations, this study represents a sig-
nificant advancement in understanding of the network
structure of BPD symptoms. The insights gained from
this study highlight the intricate relationships among BPD
symptoms, laying the groundwork for the creation of pre-
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cise and effective interventions for individuals with BPD.
These limitations underscore the complexity of the subject
matter and highlight the areas of focus for future research.

5. Conclusion

The findings of this study provide valuable insights
into the role of BPD symptoms in affective disorders. The
symptom of “Feel empty” plays a crucial role in BPD symp-
toms, and there are five distinct BPD symptoms communi-
ties. These findings could be used to improve our under-
standing of this disorder, and further develop more effec-
tive treatment interventions, and identify individuals at risk
of developing BPD symptoms.
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