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Subthreshold depression (SD) is a prevalent condition among young adults, significantly increasing the risk of developing major
depressive disorder (MDD). While the symptoms of MDD are well-documented, the network structure and key symptoms of SD,
which forms a complex, interdependent system, have not been fully elucidated. This study sought to identify the central symptoms
and their interconnections within the depressive symptom network in young adults with SD. A total of 834 Chinese young adults
with SD completed the 21-item Beck Depression Inventory 2nd version (BDI-ll) and were included in this study. Network analysis
was employed to identify central symptoms (nodes) and associations between symptoms (edges) as assessed by the BDI-II.
Additionally, centrality indicators for network robustness underwent assessment through stability and accuracy tests. The analysis
revealed that Loss of interest was the most central node in the SD symptom network, with Tiredness/fatigue and Agitation
following closely. Significant associations were observed between Loss of energy and Concentration difficulties, Agitation and
Irritability, Guilty feelings and Self-dislike, as well as Tiredness and Loss of pleasure. The network demonstrated robustness across
stability and accuracy assessments. Loss of interest, Tiredness/fatigue, and Agitation were pivotal symptoms within the depressive
symptom network of SD in young adults. These symptoms may serve as critical targets for therapeutic interventions and should be

prioritized in future psychological and neurobiological research to advance our understanding of SD.
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INTRODUCTION

Subthreshold depression (SD) is a psychological state character-
ized by depressive symptoms that fall short of meeting the criteria
for major depressive disorder (MDD) as outlined in the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-V)
[1, 2]. Epidemiological evidence suggests that approximately
7.3-17.2% of population experiences SD [3]. Moreover, individuals
grappling with SD, which is associated with functional impairment,
face a 2.95 times greater risk of progressing to MDD compared to
those without SD [2, 4, 5.

Research indicates variations in the severity of mental illness
across different age groups, with young adulthood being
particularly susceptible [6, 7]. Factors such as heavy workloads,
competition, financial strains, and other stressors render this age
group vulnerable [8-10]. Consequently, young adults exhibit a
higher prevalence of psychiatric disorders, leading to notable
functional impairment, financial burdens, and an elevated risk of
suicidal ideation and attempts [11-14]. Such comprehending the
underlying psychopathological mechanisms of SD could help to
develop timely and efficacious interventions aimed at mitigating
the risk of SD in young adults.

From a conventional causal perspective of psychopathology,
psychiatric symptoms are perceived as outward expressions of an
underlying cohesive disorder, similar to how an array of elements
in psychometric investigation aligns with an implicit underlying
dimension [15-17]. In this framework, symptoms are aggregated
to portray the latent factor, albeit lacking in the illustration of the
dynamic interactions among them [17]. Consequently, network
modeling has emerged as a promising methodology for the
representation and analysis of psychiatric constructs, thereby
enhancing the comprehension of the heterogeneity within
depressive syndrome [18-20]. According to network analysis
theory, symptoms do not exist in isolation; rather, they intricately
interact to establish and sustain a unified pathological condition
[21, 22]. These interactions are distinctly delineated within the
network, facilitating the identification of pivotal symptoms that
significantly contribute to the onset of a syndrome. Hence,
interventions targeting these central symptoms may yield greater
efficacy [19].

Given the potential utility of network theory and analysis in
advancing the understanding of symptoms central to the
perpetuation of depression psychopathology [23], we aimed to
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characterize item-level depressive symptoms using network
analysis among young adults experiencing SD, discerning which
symptoms and inter-symptom associations exert the most
pronounced influence within the SD symptom network. This
study identified the core depressive symptoms in Chinese young
adults with SD, offering a foundation and insights for future
research and interventions targeting SD.

MATERIALS AND METHODS

Subject and procedure

We conducted our study in Guangzhou, China, spanning from July 2021 to
December 2023. A total of 834 patients diagnosed with SD were invited to
participate. All participants met the inclusion criteria outlined as follows:
Firstly, they exhibited 2-4 criterion symptoms of depression persisting for
at least 2 weeks, with at least one of the core symptoms, namely,
depressed mood or anhedonia, as assessed by experienced psychiatrists
[24, 25]. Secondly, they obtained a BDI-Il score of > 14 [26]. Lastly, the
individuals involved in this study were between the ages of 18 and 35.
Patients will be excluded if they are receiving medications for depression.
The study protocol received approval from the Ethics Committee of the
Affiliated Brain Hospital of Guangzhou Medical University (approval
numbers AF/SC-07/02.2).

Assessment of depressive symptoms

In our analysis of the symptom network of depression, we employed the
BDI-Il scale for evaluation. The BDI-Il scale stands as one of the most widely
used tools for assessing depressive symptoms globally, having been
employed in over 7000 studies and encompassing the largest array of
symptoms among six other common depression scales [27, 28]. Compris-
ing 21 items, the BDI-Il assesses symptoms in alignment with the criteria
for depressive disorders outlined in the International Classification of
Diseases and DSM-V. Patients were tasked with selecting the sentences
that best reflected their feelings over the preceding two weeks. Each item
was rated on a 4-point scale (0-3), with higher scores indicating more
severe symptoms [29]. The value of Cronbach’s alpha reported in Titov
et al.'s research was 0.87 [30], while in our study, it yielded a Cronbach'’s
alpha of 0.83.

Data collection

The researchers first clarified the objectives, methodology, relevance, and
questionnaire of the investigation to the subjects. Following this, clinical
psychologists evaluated depressive symptoms among patients from the
Outpatient Department of the Affiliated Brain Hospital of Guangzhou
Medical University. Subsequently, potential participants were invited to
complete the BDI-Il scales. Informed consent was obtained from all
individuals before their inclusion in the study.

Analysis

Network estimation. We employed the Gaussian graphical model to
construct the psychological network of depressive symptoms [21, 31]. To
establish a conservative network model, we utilized the ‘least absolute
shrinkage and selection operator’ (LASSO) approach, coupled with a tuning
parameter to optimize the extended Bayesian information criterion [21].
This method involves identifying neighborhoods among the nodes and
then attenuating inconsequential edge coefficients to zero. In the resulting
psychological network, each node corresponds to one of the 21 items from
the BDHI, with the inter-node edges representing the relationships
between respective item pairs. The thickness of these edges indicates
the strength of these associations. To assess the accuracy of edge weights,
we employed a non-parametric bootstrapping technique, conducting 2500
iterations with 95% confidence intervals. This approach allowed us to
evaluate the significance of variations among edge weights. In the network
analysis, each variable was represented as a node, and each binary
association between variables was depicted as an edge, with the thickness
of these edges reflecting the strength of the correlation. Positive
correlations were depicted by green edges, while red edges indicated
negative correlations.

Identification of central symptoms. To delineate the central symptoms
within the network of depressive symptoms of SD, we performed
calculations for three major centrality indices: Strength, Closeness, and

SPRINGER NATURE

Betweenness [32, 33]. Strength is determined by the total of the absolute
edge weights connecting a specific node to all other nodes in the network.
Closeness is denoted by the reciprocal of the sum of the lengths of the
shortest paths originating from a given node to every other node.
Betweenness is computed as the number of shortest paths passing
through a particular node between any two nodes in the network [31].
These analyses were performed using the “networktool” and “qgraph”
packages within the R statistical environment (version 3.5.3).

Network stability and accuracy. We computed the correlation stability
coefficient (CS-coefficient) to validate the stability of the centrality
estimates. The CS-coefficient signifies the maximum percentage of cases
that can be excluded without diminishing the probability of achieving a
95% confidence level in the ranking correlation between the full network
and a randomly subsampled network, reaching a substantial effect size (>
0.7) [31, 34]. Hence, it is advisable to interpret centrality indices only when
their CS-coefficients exceed 0.25, with a preference for those surpassing 0.5
[31]. To identify significant differences between pairs of centrality indices,
we employed 95% non-parametric bootstrap confidence intervals
(comprising 1000 bootstrap replications) to estimate the disparities.

Comparison of network characteristics by gender. In line with previous
studies, we investigated gender differences in network characteristics
using the Network Comparison Test (NCT) - a permutation-based method
developed to assess differences between two separate networks, such as
those of male and female participants [35, 36]. We began by comparing
the distribution of edge weights within each gender-specific network to
understand their structural properties. After applying the Holm-Bonferroni
correction to account for multiple comparisons, we examined the
differences in edge strength between the male and female networks.

RESULTS

Baseline characteristics of the study subjects

This research included a total of 834 participants, comprising 639
women and 195 men. The mean age of the patients was 22.68
years (SD: 3.67 years). Table 1 presents the clinical characteristics
of the participants. Table 2 displays the detailed mean and SD of
depressive symptoms measured by the BDI-ll. According to the
BDI-Il, the mean (SD) of the BDI-Il total score was 25.15 (8.80). The
item “Loss of energy” had the highest mean score, while
symptoms of “Suicidal thoughts or wishes” had the lowest mean
score.

Depressive symptoms network of SD young adults
In order to identify the central symptoms network of SD young
adults, we performed the depressive symptoms network estima-
tion, centrality stability test, and strength comparison.

Network structure estimation

We explored the network structure of depressive symptoms in
young adults with SD by constructing a regularized network
encompassing all 21 depressive symptoms, resulting in 210
possible edges (21*(21-1)/2). Among them, 143 (68%) of the
210 edges were estimated to be above zero. Figure 1 illustrated
several nodes highly connected within the network, including
“Loss of interest” (BDL.12), “Self-criticalness” (BDI. 8), “Tiredness/

Table 1. Clinical characteristics of participants (n = 834).
Variables N Mean (SD) %
Age (years) 834 22.68 (3.67) NA
Gender
Male 195 NA 233
Female 639 NA 76.7
BDI-Il total score 834 25.15 (8.80) NA

N number of participants, M mean, SD standard deviation, BDI-Il beck
depression inventory 2nd version, NA not applicable.
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fatigue” (BDI. 20), and “Guilty feeling” (BDI. 5). Furthermore, strong
positive correlations were observed between the following
symptom pairs: “Loss of energy” and “Concentration difficulty,”

Table 2. Score of the beck depression inventory-Il items (n = 834).
Item BDI-Il item Abbreviation Mean SD
No.
1 Sadness BDI.1 0.88 0.57
2 Pessimism BDI.2 1.38 0.87
3 Past failure BDI.3 1.38 0.78
4 Loss of pleasure BDI.4 1.27 0.93
5 Guilty feelings BDL.5 1.03 0.62
6 Punishment feelings BDI.6 1.41 1.09
7 Self-dislike BDI.7 1.49 0.93
8 Self-criticalness BDI.8 137 0.98
9 Suicidal thoughts or BDI.9 0.66 0.66
wishes
10 Crying BDI.10 1.22 1.14
11 Agitation BDI.11 1.11 0.76
12 Loss of interest BDI.12 1.27 0.69
13 Indecisiveness BDI.13 1.15 0.97
14 Worthlessness BDI.14 1.35 0.90
15 Loss of energy BDI.15 1.55 0.75
16 Changes in sleep BDI.16 1.42 0.82
pattern
17 Irritability BDI.17 0.83 0.87
18 Changes in appetite BDL.18 1.10 0.96
19 Concentration BDI.19 1.26 0.72
difficulty
20 Tiredness/fatigue BDI.20 1.24 0.73
21 Loss of interest in sex BDI.21 0.70 0.87
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“Agitation” and “Irritability,” “Guilty feeling” and “Self-dislike,” and
“Tiredness/fatigue” and “Loss of pleasure.” We utilized a weighted
adjacency matrix to examine the numerical interactions among
these symptoms (Supplementary Fig. 1).

Network centrality estimation

To evaluate network centrality and identify the most influential
node in the network, we measured centrality indices, encompass-
ing strength, closeness, and betweenness. As shown in Fig. 2 and
Supplementary Table 1, “Loss of interest” (BDI.12) emerged as the
most central node, with a strength value of 2.09, a closeness value
of 2.27, and a betweenness value of 2.74, indicating its pivotal role
in the depressive symptom network of young adults with SD.
Additionally, “Tiredness/fatigue” (BDI.20) showed significant net-
work centrality, with a strength of 1.56, closeness of 1.61, and
betweenness of 2.41. Similarly, “Agitation” (BDI.11) also displayed
considerable centrality, scoring a strength of 1.31, closeness of
1.36, and a betweenness of 1.77. The three central symptoms
“Loss of interest,” “Tiredness,” and “Agitation” exhibited positive
correlations within the network, with “Loss of interest” correlating
with “Tiredness” (weight of 0.12), “Loss of interest” with “Agitation”
(weight of 0.06), and “Tiredness” with “Agitation” (weight of 0.15).
Furthermore, “Loss of energy” (BDIL.15) had notable centrality
measures, including strength (0.99), closeness (0.72), and
betweenness (—0.49). “Worthlessness” (BDI.14) and “Past failure”
(BDI.3) displayed relatively high betweenness centrality, indicating
their significant roles within the network despite lower strength
and closeness values.

Stability and accuracy of the network

To further test the network accuracy and stability, edge-weight
bootstrapping and CS-coefficient were calculated. The results of
edge-weight bootstrapping indicated moderate accuracy, as
depicted in Supplementary Fig. 2. The gray area in the figure
represents the 95% confidence interval of the edge weight
obtained through the bootstrap method. Furthermore, Fig. 3
illustrates that even with significant sample reductions, the values

BDI.8

BDI.14

-

BDI.4
BDI.6

BDI.9

BDI.1: Sadness
BDI.2: Pessimism
BDI.3: Past Failure

DLI.7: Self-Dislike
BDI.8: Self-Criticalness
BDI.9: Suicidal Thoughts
BDI.10: Crying
BDI.11: Agitation
BDI.12: Loss of interest
BDI.13: indecisiveness
BDI.14: Worthlessness
BDI.15: Loss of Energy
BDI.16: Changes in Sleeping
BDI.17: Irritability
BDI.18: Changes in Appetite
BDI.19: Concentration Difficulty
BDI.20: Tiredness/fatigue
BDI.21: Loss of Interest in Sex

BDI.4: Loss of Pleasure
@ BDI.18 BDI.5: Guilty Feeling
I EDI.G: Punishment Feeling

BDI.10

Fig. 1 Networks of depressive symptoms among young adults with SD. Nodes represent depressive symptoms and edges represent
correlations between symptoms. Edge thickness indicates the correlation strength and edge color indicates the correlation valence

(green = positive; red = negative).
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Fig.2 Centrality measures of all symptoms within the network. Centrality measures (i.e., strength, betweenness, and closeness) of all factors

within the network (z-scores).

of strength, betweenness, and closeness remained consistent using
the case-dropping subset bootstrap approach. Although between-
ness exhibited slightly lower stability (CS-C = 0.205) compared to
the primary index, closeness demonstrated better stability.
Conversely, the strength index proved robust and trustworthy
(CS-C=0.361). In other words, even after dropping up to 36.1% of
the sample, the order of symptoms in terms of strength remained
correlated with the original order (r=0.7), indicating relative
stability suitable for explaining symptom importance. Thus, our
focus shifted to interpreting symptom strength based on this
network analysis. Regarding strength, BDI.20 (Tiredness/fatigue),
BDI.12 (Loss of interest), and BDI.15 (Loss of energy) emerged as
statistically stronger compared to other symptoms, as illustrated in
Fig. 4. Additionally, bootstrapped difference tests indicated a
significant proportion of comparisons among edge weights were
statistically significant (Supplementary Fig. 3).
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Network comparisons between gender

We conducted a comparative analysis of the network models
between males and females (Fig. 5). There were no significant
differences observed in the global network strength (network
strength among male participants: 8.95 versus female participants:
8.15, p=0.712) or in edge weights (p=0.316). Similarly, there
were no gender differences in the mean levels of certain
individual symptoms, as detailed in Supplementary Table 2.

DISCUSSION

Our study identifies “Loss of interest,” “Tiredness/fatigue,” and
“Agitation” as central symptoms in young adults with SD, which
aligns partially with findings from previous research. A study in
Hong Kong, which included a sample of 11,072 participants, found
that “Guilt,” “Sad Mood,” and “Energy” symptoms were the most

Translational Psychiatry (2025)15:103
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Fig. 3 Correlation stability plot measuring the stability of strength. The x-axis denotes the percentage of cases from the original sample
employed at each stage. The y-axis signifies the mean correlation between the centrality metrics from the initial network and those from the
re-estimated networks following the exclusion of increments of case percentages. Each line represents the intercorrelations among

betweenness, closeness, and strength centralities.

central nodes in the depressive symptom network among adult
community members during the COVID-19 pandemic [23]. This
differs from our findings, which may be attributed to their use of
the Patient Health Questionnaire-9 as the assessment tool and the
broader age range (18-59 years) of their sample compared to
ours. Nevertheless, the analysis of gender differences in network
outcomes showed no significant difference in the global network
strength between males and females, a result that is consistent
with our findings. Additionally, a psychiatric study from South
Korea (n=223) identified “loss of interest” as the most central
node in the depressive symptom network among individuals with
MDD, with “Pessimism” and “Past failure” showing a strong
connection [37], which is in line with our study’s outcomes. In
contrast to our findings, the National Comorbidity Survey-
Adolescent Supplement indicated that Poor self-esteem and
Suicidal symptoms were central in the symptom network for
MDD in the United States of America [38].

It is worth noting that we found that loss of interest, identified
as a manifestation of anhedonia [1], held the highest centrality
within the depression network. This observation resonates with
the diagnostic criteria for SD outlined in the DSM-5, which
requires the presence of two to four criterion symptoms of
depression, including at least one of the core symptoms
(depressed mood or anhedonia) [24, 25]. Similarly, findings
from the Sequenced Treatment Alternatives to Relieve Depres-
sion study, involving 3463 depressed outpatients, revealed that
loss of interest was more central than sadness in a network
analysis of the 15-item Inventory of Depressive Symptomatol-
ogy, Clinician Rating [39]. Furthermore, anhedonia severity was

Translational Psychiatry (2025)15:103

robustly correlated with the emergence of suicidal ideation [40].
It was suggests the RDoC Positive Valence Systems constructs
were instrumental in examining a broad spectrum of dimensions
and characteristics that correlate with anhedonia, thereby
highlighting the involvement of multiple neurotransmitter
systems, including dopaminergic and glutamate pathways
[41, 42]. The concept of anhedonia has evolved, expanding
from a simple reduction in pleasure or interest to encompass a
wider range of disturbances in reward processing [43]. Conse-
quently, the prevalence of “loss of interest” in young adults with
SD may be related to alterations in the reward circuitry [44].
Neuroimaging studies have shown decreased activation in the
reward circuitry, particularly in the nucleus accumbens (NAc)
and anterior cingulate cortex (ACC) [45], in individuals with
depression. Furthermore, deep brain stimulation targeting either
the NAc or ACC has shown potential in mitigating anhedonia in
treatment-resistant depression [46, 47]. Therefore, it is impera-
tive to prioritize the assessment and treatment of loss of interest
in young adults with SD.

In the network of SD among young adults, fatigue emerged as
the second most central depressive symptom, showing a positive
correlation with alterations in sleep patterns. This observation
resonates with existing evidence in the Asian demographic,
indicating a tendency for individuals to express distress through
physical symptoms, such as fatigue and insomnia [48]. Similarly,
fatigue is widely acknowledged as one of the most prevalent
symptoms of MDD and is often linked to sleep disturbances in
young patients with depression [49]. Moreover, it is noteworthy
that fatigue has been identified as a predictor of depression and is
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Fig. 4 Estimation of node strength difference using the bootstrapped difference test. Bootstrapped difference tests between factors of
node strength. Gray boxes indicate nodes that do not significantly differ from one another. Black boxes represent nodes that differ
significantly from one another («x = 0.05). White boxes show the values of node strength.

associated with poorer functional outcomes, including absentee-
ism, work productivity, and social functioning [50-52]. Addition-
ally, individuals experiencing subjective fatigue and disturbed
sleep exhibit elevated levels of C-reactive protein and Interleukin
6, markers also found to be increased in patients with depression
[53-55]. Thus, it is plausible that the immune system plays a role in
the perception of objective fatigue and sleep disturbances in SD
young adults.

In this study, agitation also displayed high centrality within
the SD symptom network and was strongly correlated with
irritability, a known specific predictor of depression [56]. An
online survey found that patients with mania and depressive
symptoms self-reported the combination of “irritability or
agitation” more frequently compared to those without depres-
sive symptoms [57]. While the precise mechanisms underlying
the convergent association between irritability and depressive
symptoms remain to be fully elucidated [56], there is a
consensus that common risk factors contribute to this relation-
ship, including genetic predisposition, a family history of
depression, early temperamental and personality attributes,
and parenting approaches [58, 59]. Therefore, further
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comprehensive inquiries are warranted to delve deeper into
the interplay between these aspects.

The present study has several limitations. Firstly, the cross-
sectional nature of the data used to construct the network
structure of depression-related somatic symptoms among
patients limits the ability to depict symptom development over
time or establish causal relationships between symptoms.
Future studies should employ longitudinal follow-up to explore
the temporal causal relationship between symptoms. Secondly,
the sample size of this study was relatively small, underscoring
the need to examine the network structure of depressive
symptoms in SD young adults using larger samples in future
investigations. Thirdly, the network structure in this study
pertains specifically to young adults with SD in Guangzhou,
China. As social and cultural backgrounds may influence the
symptom network, the generalizability of the study’s findings to
the national population of SD patients is limited. Lastly, the
study relied solely on the BDI-Il to measure self-reported
symptoms over the past two weeks; future research should
employ additional scales for a more comprehensive assessment
of SD depressive symptoms.

Translational Psychiatry (2025)15:103
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BDI.1: Sadness

BDI.2: Pessimism

BDI.3: Past Failure

BDI.4: Loss of Pleasure
BDL.5: Guilty Feeling

BDI.6: Punishment Feeling
BDL.7: Self-Dislike
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Fig. 5 Estimated network model for dichotomized depressive symptoms in male and female. Left panel: network structure in male
subjects; Right panel: network structure in female subjects.

In summary, this network analysis revealed that Loss of interest

is the most central symptom of SD, followed by Tiredness/fatigue
and Agitation. This research represents the first endeavor to
delineate the depressive symptom network in young adults with
SD, offering fresh insights for a better understanding of the
depressive symptoms associated with SD and underscoring the
necessity for targeted prevention and intervention programs for
SD young adults.
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