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Abstract 

Background  Insomnia symptoms in patients with major depressive disorder (MDD) are common and deleterious. 
Childhood trauma, personality traits, interpersonal distress, and social support contribute to insomnia, but how they 
interact to affect insomnia remains uncertain.

Methods  A total of 791 patients with MDD completed the Insomnia Severity Index, Eysenck Personality Question-
naire, Interpersonal Relationship Comprehensive Diagnostic Scale, Childhood Trauma Questionnaire, Social Support 
Rating Scale and Hamilton Depression Scale-17. This study utilized network analyses to identify the central symptoms 
of insomnia and their associations with psychosocial factors.

Results  Worrying about sleep was identified as the central symptom in the insomnia network, insomnia and asso-
ciated personality network, insomnia and associated interpersonal disturbance network, insomnia and associated 
childhood trauma network, insomnia and associated social support network, and the integrated network of insomnia 
symptoms and associated psychosocial factors. In the networks of insomnia symptoms and individual psychoso-
cial factors, most psychosocial factors (other than childhood trauma) were directly or indirectly related to insomnia 
symptoms; however, neuroticism was the only factor directly associated with insomnia symptoms before and after 
controlling for covariates. In the final integrated network of insomnia symptoms and psychosocial factors, neuroticism 
was a bridge node and mediated the relationships of social support and interpersonal disturbances with insomnia 
symptoms, which is clearly presented in the shortest pathways.

Conclusions  Worrying about sleep and neuroticism were prominent in the integrated network of insomnia symp-
toms and associated psychosocial factors, and the edge between them connected psychosocial factors and insomnia 
symptoms in MDD patients.

Keywords  Major depressive disorder, Network analysis, Insomnia, Child maltreatment, Personality, Interpersonal 
distress, Social support
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Introduction
Major depressive disorder (MDD) is a prevalent men-
tal disorder that imposes a heavy burden on patients. 
According to the criteria in the Diagnostic and Statisti-
cal Manual of Mental Disorders, fifth edition (DSM-5), 
insomnia symptoms are a notable feature of MDD, affect-
ing up to 90% of patients [1, 2]. In patients with MDD, 
insomnia is associated with greater severity of depres-
sion, increased risk of recurrence, worse response to anti-
depressant treatment, more severe functional deficits, 
and worse quality of life [3–5]. Thus, the identification of 
risk and protective factors for insomnia may have novel 
implications for the prevention and treatment of patients 
with MDD.

Personality traits have been hypothesized to predispose 
patients to insomnia and are potentially perpetuating 
factors for insomnia [6]; among these, higher neuroti-
cism is the most consistently associated with insomnia [7, 
8]. Lower extraversion is also associated with insomnia, 
but the results have been inconsistent [7, 8]. Although 
the relationship among personality, insomnia, and 
depression has been frequently investigated, the results 
regarding their interactions have been inconsistent. Neu-
roticism may mediate the relationship between sleep 
disturbances and depression [9], while subjective sleep 
quality or depressive symptoms mediate the association 
between the other two variables [10]. In addition, cur-
rent research on the impact of personality traits on spe-
cific insomnia symptoms in patients with depression is 
limited. Conducting relevant research may be crucial for 
individualized treatment of MDD patients with insomnia 
symptoms.

Adverse childhood experiences (ACEs) are another 
risk factor for depression and insomnia. A meta-analy-
sis suggested that experiencing childhood maltreatment 
may lead to recurrent, chronic, and treatment-resistant 
depression [11]. Childhood trauma is a risk factor for 
poor sleep health in adulthood, even after controlling for 
depression history and current stress [12]. Furthermore, 
insomnia may be a key mechanism by which individu-
als with a history of trauma are rendered vulnerable to 
depressive episodes [13]. Identifying the specific types of 
trauma associated with insomnia and depression is criti-
cal to the individualized treatment of these patients, but 
the relevant research findings are inconsistent [14].

Interpersonal disturbances are associated with both 
insomnia and depression [15, 16]. Compared to con-
trols, individuals with insomnia reported a higher level 
of interpersonal distress [16] and more cognitive-inter-
personal problems (e.g., insecure attachments), which 
are associated with hyperarousal traits, presleep hyper-
arousal, and emotion dysregulation [17]. Interpersonal 
psychotherapy for insomnia significantly improved 

postsleep arousal, sleep efficiency, and total sleep time 
in patients with primary insomnia [18]. Therefore, more 
detailed identification of the types of interpersonal dis-
tress associated with insomnia can provide insights for 
targeted interventions to address both interpersonal 
distress and insomnia.

Among multiple psychosocial factors, social support 
appears to be a protective factor against insomnia and 
depression [19, 20]. Good social support is associated 
with shorter self-reported sleep latency and reduced 
actigraphy-assessed postsleep wakefulness [19]. Fam-
ily, peer and school support has been suggested to pro-
mote healthy sleep behaviors [21]. In addition, childhood 
trauma, neuroticism, interpersonal distress, and social 
support are interrelated, and their interactions affect 
insomnia and depression. For example, supportive inter-
personal relationships may help mitigate the effects of 
adversity and promote adaptive functioning in youth 
[22]. The protective effect of social support on depres-
sion has been demonstrated in risky situations associated 
with early-life stress [23]. Neuroticism plays a mediating 
role between childhood adversity and poor sleep quality 
[24]. Nonetheless, few studies have evaluated the com-
bined effect of these psychosocial factors or identified 
which factors are the most influential and directly influ-
ence insomnia and depression. Network analysis, which 
views mental disorders as the result of a dynamic interac-
tion of symptoms, has recently been used to explore the 
independent associations between all pairs of variables 
included [25]. In the visualization framework obtained 
from network analysis, symptoms or valuables are rep-
resented as nodes, and their conditional dependence 
relationships are represented as edges [26]. Network 
analysis can identify central symptoms [25] as well as 
bridge symptoms that connect diseases or psychological 
domains [27], ultimately helping to identify potential tar-
gets for prevention and treatment of mental disease [25].

The present study aimed to broaden the previous 
research based on individual risk factors or sum scores 
of insomnia symptoms by conducting multifactorial 
network analyses of individual insomnia symptoms in 
patients with MDD; this was achieved by (1) constructing 
an insomnia network to identify the most central symp-
toms of insomnia; (2) constructing four separate net-
works of individual insomnia symptoms with personality 
traits, childhood trauma, interpersonal disturbances, or 
social support to identify and screen for insomnia-asso-
ciated psychosocial factors to include in the final multi-
factorial networks; and (3) constructing a multifactorial 
model of individual insomnia symptoms and psychoso-
cial factors selected from the previous step to identify the 
bridge nodes and shortest pathways from psychosocial 
factors to insomnia symptoms.
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Methods
Study design and participants
The present study was based on the Early-Warning Sys-
tem and Comprehensive Intervention for Depression 
(ESCID) project. All the participants were patients with 
MDD who visited Renmin Hospital of Wuhan Univer-
sity from March 2019 to October 2020. Two experi-
enced psychiatrists confirmed that all patients met the 
DSM-5 diagnostic criteria of MDD [2] and screened 
patients with the Mini-International Neuropsychiatric 
Interview to confirm the diagnosis [28]. All participants 
were needed to be between 18 and 55 years old and have 
attained at least a junior high school level of education. 
The exclusion criteria were as follows: (1) a history of 
bipolar disorder, psychotic disorder, posttraumatic stress 
disorders, or substance dependence or abuse; (2) severe 
physical illness, neurological disease, or other medical 
conditions that may interfere with sleep, such as obstruc-
tive sleep apnea, restless legs syndrome, and lactation 
or pregnancy; or (3) extreme excitement, impulsivity, or 
noncooperation. A total of 791 MDD patients who com-
pleted all the psychometric questionnaires were finally 
included. The present study was reviewed and approved 
by the Ethics Committee of the Renmin Hospital of 
Wuhan University (WDRY2020-K191). All participants 
provided informed consent after the study procedures 
were described to them.

Measures
General sociodemographic characteristics (gender, age, 
marital status, employment status, education level) and 
pharmacological treatments were collected during the 
interview.

The Insomnia Severity Index (ISI) assesses self-
reported insomnia symptoms and relevant daytime 
functional impairment during the previous 2 weeks. 
It consists of seven items, each of which is rated on a 
5-point Likert scale from 0 to 4. The total ISI score ranges 
from 0 to 28, with higher scores indicating more severe 
insomnia symptoms (a total score ≥ 8 is considered to 
indicate the presence of insomnia). The Chinese version 
of the ISI has satisfactory reliability and validity [29].

The Eysenck Personality Questionnaire (EPQ) is com-
posed of 88 binary (yes/no) items and evaluates several 
self-perceived personality traits: psychoticism, neuroti-
cism, and extraversion. A higher score on each dimension 
indicates a more noticeable personality trait. A previous 
study suggested that the Chinese version of the EPQ has 
good reliability and validity [30].

The Childhood Trauma Questionnaire-Short Form 
(CTQ-SF) is a 28-item scale for self-assessment of 
adverse childhood experiences before the age of 16 years. 

The items are rated on a five-point Likert scale ranging 
from 1 (never true) to 5 (very often true) and measure 
five types of childhood trauma: emotional abuse, physi-
cal abuse, sexual abuse, emotional neglect, and physical 
neglect. Higher scores imply more maltreatment. The 
Chinese version of the CTQ-SF has adequate reliability 
and validity [31].

The Interpersonal Relationship Comprehensive Diag-
nostic Scale (IRCDS) compiled by Richang Zheng con-
sists of 28 yes/no items that measure self-assessed 
interpersonal behavioral distress: conversation (e.g., “dif-
ficulty in conversations”), making friends (e.g., “feeling 
unnatural when meeting strangers”), manner of dealing 
with people (e.g., “excessive envy and jealousy of oth-
ers”), and heterosexual interactions (e.g., “did not know 
how to get along with the opposite sex better”). Partici-
pants answer seven binary yes/no items corresponding to 
each dimension, and higher scores indicate more inter-
personal problems. The IRCDS has been verified to have 
acceptable internal consistency in a Chinese sample [32].

The Social Support Rating Scale (SSRS) compiled 
by Shuiyuan Xiao is a 10-item self-rating scale for the 
assessment of three dimensions of social support: sub-
jective support, objective support, and utilization of sup-
port. Higher scores indicate stronger social support. The 
SSRS has demonstrated adequate internal consistency in 
a Chinese sample [33].

The Hamilton Depression Scale (HAMD) is a 17-item 
clinical rating scale used to measure the severity of 
depressive symptoms [34]. Remission was defined as 
HAMD-17 scores < 8. There are three items for evaluat-
ing sleep disturbances (items 4–6), so we used a 14-item 
version of the HAMD scale that excluded items 4–6 in 
the network analysis to avoid confounds when deter-
mining the association between sleep disturbances and 
depressive symptoms.

Pharmacological treatments and depression severity 
could affect insomnia. The association of insomnia with 
psychosocial factors might be altered according to phar-
macological treatments or changes in depression severity. 
Therefore, we included pharmacological treatment and 
HAMD-14 scores as covariates to determine the stability 
of our results.

Statistical analyses
Data were analyzed using R software (version 4.1.2) [35]. 
The packages used in the present study included huge for 
nonparanormal transformation, mgm (version 1.2–12) 
for network estimation, networktools (version 1.4.0) for 
calculation of the bridge centrality indices, qgraph (ver-
sion 1.9) for network visualization, and bootnet (version 
1.5) for accuracy and stability analysis.
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Network analyses
Continuous variables with skewed distributions were 
transformed using the nonparanormal transformation 
before conducting the network analyses to relax the 
normality assumption. We constructed mixed graphical 
models, considering the different types of variables.

We used the least absolute shrinkage and selection 
operator (LASSO) to set the weak relationships in the 
network to zero to create a more interpretable and par-
simonious network [36]. The extended Bayesian infor-
mation criterion was used to select a value of 0.25 for 
the tuning hyperparameter γ, a penalty parameter for 
further limiting spurious edges, which usually ranges 
from 0 to 0.5 [37].

To investigate the most influential node in the net-
work, we calculated the node strength and expected 
influence (EI), where node strength indicates the sum 
of the absolute weights of all edges connected to a node 
and reflects the possibility that the occurrence of a cer-
tain symptom may result in the occurrence of other 
symptoms, whereas EI takes the signs of edge weights 
into account when calculating the sum of edge weights, 
so it reflects both the nature and strength of the cumu-
lative influence of a node [25].

Symptoms that connect two “communities” (e.g., dis-
eases or psychological domains) are known as bridge 
symptoms; those with higher centrality values repre-
sent a greater risk of transmission from one commu-
nity to other communities. In the present study, we 
regarded the variables from each scale as a community 
[27]. Bridge strength and bridge EI (1-step) were used 
to determine the bridge symptoms. The bridge strength 
is an estimate of the sum of a node’s absolute edge 
weights with other communities, and bridge EI (1-step) 
reflects the direct impact of a node on the nodes of 
other communities [27]. The shortest pathways with 
the minimum number of steps between two nodes were 
delineated to emphasize the possible pathways and 
intermediary items from psychosocial factors to sleep 
symptoms [38]. The stability of the centrality indicators 
was tested using the case-dropping bootstrap method 
(n = 1000); the central stability coefficient (CS coef-
ficient) generated by this method indicates the maxi-
mum proportion of cases that can be dropped while 
maintaining a correlation of 0.7 or greater between the 
centrality indices of the original network and those of 
the case-subset network, with a 95% probability, and it 
should be greater than 0.25 [26]. The edge-weight accu-
racy was evaluated by calculating 95% bootstrap confi-
dence intervals (CIs). Narrower CIs represented better 
accuracy of edge estimation.

Results
Demographic characteristics
A total of 791 participants (600 females, 75.9%) with an 
average age of 22.06 years (SD = 4.72) were included in 
the present study. The demographic and clinical charac-
teristics of the sample are shown in Table 1. The major-
ity of the participants were single (68.5%), were students 
(77.1%), and had an undergraduate level of education 
(84.7%). Approximately half of the sample was  unmedi-
cated (57.8%), 88.1% did not achieve complete remis-
sion, and 67% had insomnia symptoms. Table 2 displays 
the descriptive statistics (mean, standard deviation (SD), 
skewness and kurtosis) of each item, subscale and total 
scale. The mean (SD) scores were 10.99 (6.49) for the ISI 
scale, 5.39 (2.96) for psychoticism, 6.90 (4.55) for extra-
version, 18.16 (4.66) for neuroticism, 14.25 (5.78) for the 

Table 1  Sociodemographic and clinical characteristics of the 
sample (n = 791)

Notes: a Including patients currently not taking medication or taking medication 
for less than two weeks; b Some of these patients utilize a combination of 
antidepressants, mood stabilizers, anxiolytics, or antipsychotics for treatment; c 
Including one patient who only took hypnotics

Variables Mean ± SD, or N (%)

Age (year) 22.06 ± 4.72

Gender
    Male 191 (24.1)

    Female 600 (75.9)

Marital status
    Single 542 (68.5)

    Has a partner 188 (23.8)

    Married 61 (7.7)

Employment
    Students 610 (77.1)

    Unemployed 49 (6.2)

    Employed/Retired 132 (16.7)

Education
    High school and below 22 (2.8)

    Undergraduate college 670 (84.7)

    Postgraduate and above 99 (12.5)

Pharmacological treatments
    Without medication a 457 (57.8)

    Antidepressants b 195 (24.7)

    Combination of antidepressants and hypnotics c 27 (3.4)

    Not reported 112 (14.2)

Current depression
    Remission 94 (11.9)

    Nonremission 697 (88.1)

Current insomnia
    No 261 (33.0)

    Yes 530 (67.0)
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IRCDS, 44.55 (14.67) for the CTQ-SF, 31.58 (6.81) for the 
SSRS, 14.89 (6.42) for the HAMD-14, and 17.51 (7.47) for 
the HAMD-17.

Network analyses
Insomnia network
Figure  1 shows the structure of the insomnia network. 
Worrying about sleep, difficulty maintaining sleep, and 
interference with daily functioning had the highest 
node strength and EI centrality indices, suggesting that 
these items may be the most influential in the insomnia 
network (Fig. S1 and Table S1). The strongest edge was 
between difficulty maintaining sleep and early morning 
awakening, followed by the edge between worrying about 
sleep and interference with daily functioning and the 
edge between worrying about sleep and dissatisfaction 
with sleep (Fig. 1 and Table S2).

Insomnia and associated personality network
Worrying about sleep, difficulty maintaining sleep, and 
interference with daily functioning had the highest cen-
trality indices in the network of insomnia symptoms and 
personality traits (Fig. 2A, Fig. S2 and Table S3). Among 
personality traits, neuroticism had the highest central-
ity indices. Neuroticism was the only personality trait 
directly linked to insomnia symptoms (i.e., worrying 
about sleep and early morning awakening). Psychoticism 
was only associated with neuroticism, whereas extraver-
sion was not connected to any other node in the network 
(Fig. 2A and Table S4).

Insomnia and associated interpersonal disturbance network
Worrying about sleep, interference with daily function-
ing and difficulty maintaining sleep had the highest cen-
trality indices in the network of insomnia symptoms and 
interpersonal disturbances (Fig. 2B, Fig. S3 and Table S5). 

Table 2  The definition and statistical characteristics of the items, subscales, and scales

Notes: SD, standard deviation

Items/Subscales/Scales mean SD skewness kurtosis

The Insomnia Severity Index 10.99 6.49 0.256 2.278

    Difficulty initiating sleep 1.74 1.31 0.104 1.766

    Difficulty maintaining sleep 1.40 1.26 0.435 2.056

    Early morning awakening 1.32 1.18 0.457 2.111

    Dissatisfaction with sleep 2.40 1.13 −0.182 2.090

    Interference with daily functioning 1.54 1.07 0.233 2.381

    Noticeability of impaired quality of life 1.03 1.01 0.922 3.355

    Worrying about sleep 1.56 1.15 0.328 2.301

The Eysenck Personality Questionnaire
    Psychoticism 5.39 2.96 0.661 2.975

    Extraversion 6.90 4.55 0.59 2.633

    Neuroticism 18.16 4.66 −1.078 3.69

The Interpersonal Relationship Comprehensive Diagnostic 
Scale

14.25 5.78 −0.214 2.486

    Conversation 4.01 1.88 −0.193 2.229

    Making friends 4.96 1.89 −0.825 2.809

    Manner of dealing with people 2.55 1.66 0.549 2.805

    Heterosexual interactions 2.73 1.89 0.053 1.911

The Childhood Trauma Questionnaire-Short Form 44.55 14.67 1.054 4.013

    Emotional abuse 9.75 4.53 1.184 3.921

    Physical abuse 7.13 3.42 2.373 9.160

    Sexual abuse 5.92 2.10 3.440 17.435

    Emotional neglect 13.27 5.57 0.230 2.011

    Physical neglect 8.49 3.6 1.285 4.460

The Social Support Rating Scale 31.58 6.81 0.455 3.491

    Objective support 8.53 2.84 0.464 3.598

    Subjective support 16.66 3.9 0.525 3.005

    Utilization of support 6.38 1.79 0.569 3.419

14-item Hamilton Depression Scale 14.89 6.42 −0.402 2.629

17-item Hamilton Depression Scale 17.51 7.47 −0.356 2.569
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Making friends had the highest centrality in the interper-
sonal disturbance domain. The manner of dealing with 
people was directly related to insomnia symptoms (i.e., 
interference with daily functioning), although the corre-
lation was weak (Fig. 2B and Table S6).

Insomnia and associated childhood trauma network
Worrying about sleep, difficulty maintaining sleep and 
interference with daily functioning had the highest cen-
trality indices in the network including insomnia symp-
toms and childhood trauma (Fig. 2C, Fig. S4, and Table 
S7). Emotional neglect was the most central node in 
the domain of childhood trauma (Fig. S4 and Table S7). 
No types of childhood trauma were linked to insomnia 
symptoms; thus, childhood trauma was not included in 
the comprehensive model (Fig. 2C and Table S8).

Insomnia and associated social support network
Nodes with the highest node strength and EI were wor-
rying about sleep, difficulty maintaining sleep, and 
interference with daily functioning in the insomnia and 
associated social support network (Fig.  2D, Fig. S5 and 
Table S9). The most central node in the social support 
domain was objective support. Objective support was the 

only social support negatively related to insomnia symp-
toms (i.e., difficulty initiating sleep), although the correla-
tion was weak (Fig. 2D and Table S10).

The integrated network of the total ISI score and associated 
psychosocial factors
Figure 3A shows the integrated network of the total ISI 
score and psychosocial factors (personality traits, inter-
personal disturbances and social support). Making 
friends, conversation, and neuroticism had the highest 
centrality indices, suggesting that these nodes were the 
most influential within the network (Fig. S6 and Table 
S11). The node most strongly associated with ISI scores 
was neuroticism, followed by objective support and con-
versation. There were several connections between the 
three domains of psychosocial factors, such as neuroti-
cism–making friends, psychoticism–manner of dealing 
with people, extraversion–utilization of support and con-
versation–utilization of support (Fig. 3A and Table S12).

The integrated network of insomnia symptoms 
and associated psychosocial factors
Worrying about sleep, making friends, and conversa-
tion had the highest centrality indices in the integrated 

Fig. 1  The network of insomnia symptoms. Notes: Positive edges are shown in green and negative edges are shown in red. Abbreviations: DIS, 
difficulty initiating sleep; DMS, difficulty maintaining sleep; EMA, early morning awakening; DS, dissatisfaction with sleep; IDF, interference with daily 
functioning; Worry, worry about sleep; NIQoL, how noticeable sleep problems impair quality of life for others. (Color should be used)
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network of the seven insomnia symptoms and psycho-
social factors (Fig.  3B, Fig. S7 and Table S13). In addi-
tion, neuroticism showed the highest bridge strength 
and bridge EI in the network, suggesting that neuroti-
cism may have a significant impact on nodes in other 
domains (Fig. S8 and Table S13). The edge between wor-
rying about sleep and neuroticism connected insomnia 
symptoms with psychosocial factors. There were several 
connections between the three domains of psychosocial 
factors, such as neuroticism–making friends, extraver-
sion–utilization of support and conversation–utilization 
of support (Fig. 3B and Table S14).

The networks portraying the shortest pathways 
between psychosocial factors and insomnia symptoms 
are shown in Figs. S9–11. Only neuroticism was directly 

positively associated with insomnia symptoms, as previ-
ously described. Other psychosocial factors were only 
indirectly related to insomnia symptoms through various 
pathways, all of which were via neuroticism and worrying 
about sleep.

Network structures after adjusting for covariates
The networks with covariates and their corresponding 
parameters are presented in the Supplementary Files (Fig. 
S12–25 and Table S15–28). The results showed that wor-
rying about sleep remained the most central insomnia 
symptom in all networks. Neuroticism remained directly 
related to worrying about sleep and early morning awak-
ening (Fig. S13A). The edge linked insomnia and inter-
personal disturbance was conversation–early morning 

Fig. 2  The networks of insomnia symptoms and associated psychosocial factors. (A) The network of insomnia symptoms and associated 
personality. (B) The network of insomnia and associated interpersonal disturbance. (C) The network of insomnia and associated childhood 
trauma. (D) The network of insomnia and associated social support. Notes: Positive edges are shown in green, negative edges are shown in red, 
and the edges connecting ordinal categorical variables are shown in gray. Abbreviations: DIS, difficulty initiating sleep; DMS, difficulty maintaining 
sleep; EMA, early morning awakening; DS, dissatisfaction with sleep; IDF, interference with daily functioning; Worry, worrying about sleep; NIQoL, 
how noticeable sleep problems impair quality of life for others; P, psychoticism; N, neuroticism; E, extroversion; EA, emotional abuse; PA, physical 
abuse; SA, sexual abuse; EN, emotional neglect; PN, physical neglect; Convo, conversation; MF, making friends; MDP, manner of dealing with people; 
HI, heterosexual interactions; SS, subjective support; OS, objective support; UoS, utilization of support. (Color should be used)
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awakening (Fig. S13B). Childhood trauma was not asso-
ciated with insomnia symptoms (Fig. S13C). Social sup-
port was indirectly related to insomnia symptoms via the 
HAMD-14 score (Fig. S13D). In the final two integrated 
networks, neuroticism was the only psychosocial fac-
tor connected with the ISI score or insomnia symptoms, 
while other psychosocial factors were only indirectly 
related to insomnia symptoms through neuroticism and 
worrying about sleep (Fig. S14). The edges between drugs 
and HAMD-14 were unsigned in the network graphs, but 
the Kruskal–Wallis test with post hoc Bonferroni correc-
tion indicated that the two medication groups reported 
lower HAMD-14 scores than the untreated group, and 
patients who used antidepressants alone had a lower 
degree of depression than patients who concomitantly 
used antidepressants and hypnotics, indicating that 
patients who needed the use of hypnotics might have 
poorer efficacy (Table S29).

Stability and accuracy analyses
All of the CS coefficients for node strengths, EI values, 
bridge strengths, and bridge CIs were above 0.25 (most 
of them were greater than 0.5), indicating that these cen-
trality metrics were stable (Figs. S26–39). The widths of 
the bootstrap CIs of the edge weights indicated that the 
accuracies of edges between insomnia symptoms and 

psychosocial factors were generally acceptable (Figs. 
S40–53).

Discussion
To expand the current understanding of individual risk 
factors for sum-scores-based insomnia, we used net-
work analysis to investigate the relationships of insomnia 
symptoms and social support, interpersonal disturbance, 
personality traits, and childhood trauma in patients with 
MDD for the first time. First, worrying about sleep was 
the most stable central symptom of insomnia symptoms. 
Second, social support, interpersonal disturbance, and 
personality traits were selected for inclusion in the final 
multifactorial networks, while childhood trauma was 
excluded because variables in this domain did not relate 
to insomnia. Third, neuroticism was the bridge node and 
was directly related to the total ISI score in the integrated 
network of the total ISI score and associated psychosocial 
factors, as well as insomnia symptoms, especially wor-
rying about sleep, in the integrated network of insomnia 
symptoms and associated psychosocial factors. Other 
psychosocial factors were indirectly linked to insom-
nia symptoms through neuroticism, as observed when 
considering the shortest pathways. Finally, after adjust-
ing for depression severity and pharmacological treat-
ments, worrying about sleep remained the most central 

Fig. 3  The integrated networks of insomnia and associated psychosocial factors. (A) The integrated network of total ISI score and associated 
psychosocial factors without covariates. (B) The integrated network of insomnia symptoms and associated psychosocial factors without covariates. 
Notes: Positive edges are shown in green, negative edges are in red, and the edges connecting ordinal categorical variables are shown in gray. 
Abbreviations: ISI: total score of the Insomnia Severity Index; DIS, difficulty initiating sleep; DMS, difficulty maintaining sleep; EMA, early morning 
awakening; DS, dissatisfaction with sleep; IDF, interference with daily functioning; Worry, worry about sleep; NIQoL, how noticeable sleep problems 
impair quality of life for others; P, psychoticism; N, neuroticism; E, extroversion; Convo, conversation; MF, making friends; MDP, manner of dealing 
with people; HI, heterosexual interactions; SS, subjective support; OS, objective support; UoS, utilization of support. (Color should be used)
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insomnia symptom. Although weakened, the significant 
associations between neuroticism and insomnia symp-
toms persisted after adjustment, indicating that these 
associations were stable; thus, the main conclusions of 
this study did not change after considering covariates.

The major finding of this study was that worrying 
about sleep has a high centrality value among insomnia 
symptoms, consistent with previous studies [39]. Wor-
rying about sleep fundamentally reflects dysfunctional 
beliefs about sleep from the cognitive perspective rather 
than the severity of sleep disturbances. The crucial role 
of cognitive factors in the development and maintenance 
of insomnia has been supported by cognitive models of 
insomnia, which implies that long-term concern and 
reflection on sleep-related problems may contribute to 
converting acute insomnia into chronic insomnia [40]. 
Currently, cognitive behavioral therapy for insomnia 
(CBT-I) has been shown to improve insomnia, but its 
mechanism remains unclear [41]. In the present study, 
worrying about sleep was most strongly associated with 
dissatisfaction with sleep and multiple daytime com-
plaints of insomnia, such as interference with daily func-
tioning and how noticeably sleep problems impair quality 
of life; thus, worrying about sleep may be an important 
target for CBT-I, which includes treating a patient’s 
expectations and beliefs about sleep and daytime com-
plaints [42, 43].

Another interesting finding is the bridging effect of 
neuroticism. We found that insomnia severity was most 
strongly and directly associated with neuroticism but not 
with extraversion, consistent with a network analysis of 
insomnia and five-factor personality traits in the gen-
eral population [44]. This can be explained by a previous 
study that found a tendency toward neuroticism in self-
reported insomniacs and a tendency toward introversion 
in objectively measured insomniacs [45]. Our findings 
support the idea that neuroticism is a stable predictor 
of insomnia. A study investigating the effects of anxiety 
sensitivity, dysfunctional beliefs about sleep, and neuroti-
cism on sleep disturbance found that neuroticism was the 
most statistically important predictor, potentially because 
neuroticism is implicated in internalizing negative emo-
tions and enhancing emotional and physiological arousal, 
which directly affect sleep [46]. Furthermore, neuroti-
cism may activate metacognitive beliefs of insufficiency, 
further exacerbating sleep problems [47]. Assessing neu-
roticism may not only facilitate the early identification of 
insomnia-prone individuals but also facilitate individu-
alized intervention measures because insomniacs with 
neurotic characteristics could benefit from behavioral 
treatment [48]. In addition, neuroticism may be a poten-
tial target for future treatment, as interventions that 
alter a person’s overall tendency to experience negative 

emotions (or conversely, to succeed in increasing posi-
tive emotions) may lead to an improvement in insomnia 
symptoms. Perhaps CBT-I treatments could be expanded 
to include elements that target neuroticism. Although 
neuroticism is considered a stable personality trait in 
adulthood, changes in neuroticism levels during anti-
depressant treatment have been found to correlate with 
improved outcomes [49]. On the other hand, our findings 
that neuroticism was directly connected with worrying 
about sleep differ from those of a previous study demon-
strating that neuroticism relates to interference with daily 
functioning and difficulty initiating sleep [44]. This could 
be due to differences in populations and the assessment 
methods used to evaluate neuroticism. Previous studies 
were conducted in the general population and adminis-
tered a five-factor personality test, while this study was 
conducted in MDD patients and used the EPQ. There-
fore, it is necessary to use network analysis to study the 
mechanism of insomnia in different populations.

This study found that certain nodes from interper-
sonal problems and social support were associated with 
insomnia, such as the relationships of the manner of 
dealing with people–interference with daily function-
ing and objective support–difficulty initiating sleep, in 
the network of insomnia symptoms and individual psy-
chosocial factors as well as in the network of the total ISI 
score and integrated psychosocial factors. However, their 
connections were weak and disappeared after adjusting 
for covariates, and nodes from interpersonal problems 
and social support were indirectly related to insomnia 
symptoms through neuroticism in the final network of 
individual insomnia symptoms and integrated psycho-
social factors. One explanation is that interpersonal dis-
turbances and poor social support induce psychological 
stress; as individuals with neuroticism are sensitive to 
stress, the increased perceived stress and correspond-
ing response may further lead to insomnia [50]. Another 
interesting finding of this study is that although neuroti-
cism, psychoticism, and extraversion were not directly 
linked, all three personality traits were associated with 
interpersonal distress. For example, neuroticism is posi-
tively associated with difficulty in dealing with people 
and making friends; psychoticism is positively corre-
lated with disturbances in dealing with people and con-
versation; and extraversion is negatively correlated with 
disturbances in conversation and making friends. These 
results are supported by previous research, which sug-
gests that extraverts have better social skills, experience 
less social anxiety and are chosen as friends more often 
than introverts, while individuals with high neuroticism 
tend to lack social skills and experience social anxiety 
[51]. In addition, extraversion is positively correlated 
with subjective social support and support utilization, 
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mainly because extraverts tend to form more embedded 
and durable connections in friendship networks than 
introverts [52]. Thus, the impacts of interpersonal dis-
tress and poor social support on insomnia may be miti-
gated by ameliorating personality abnormalities and their 
consequent adverse psychological consequences.

The present study is the first to explore the association 
between childhood trauma and insomnia using network 
analysis but found that there was no association, which 
is inconsistent with the finding of most previous studies 
that childhood traumas are associated with sleep health 
in adulthood [12]. The discrepancy may be due to the dif-
ferent methods of analysis. Our study is supported by a 
previous study that found that childhood stress was not 
associated with subjective sleep quality but was associ-
ated with objective sleep quality [53]. Future research 
should focus on adverse childhood experiences and 
insomnia measured using objective methods, such as 
wrist actigraphy.

Strength
This study is the first to use network analysis to explore 
the relationship between insomnia and multiple psy-
chosocial factors in patients with depression. It expands 
on previous studies that used individual factors or sum 
scores to determine the independent effects of psychoso-
cial factors. This study has several clinical implications. 
First, worrying about sleep may be an important target 
for insomnia treatment due to its central position. Sec-
ond, neuroticism may facilitate the early identification 
of insomnia symptoms and the selection of the most 
appropriate treatment, such as behavioral therapy; CBT-I 
interventions can target neuroticism. Finally, in patients 
with interpersonal problems or poor social support, neu-
roticism can be measured to guide treatment, as it acts as 
a bridging valuable.

Limitations
This study still has several limitations to note. First, over 
half of the sample consisted of females with an under-
graduate or higher education level, making it difficult 
to generalize the results to males and those with a high 
school or lower educational level. Second, we used self-
assessment questionnaires to assess insomnia, which may 
be biased compared to the results of objective assessment 
methods. Future studies can further use objective assess-
ments, such as electroencephalography, to supplement 
the current findings. Finally, the study population was 
relatively young; therefore, a larger sample size and more 
participants in other age groups are needed to validate 
the results.

Conclusions
This study used network analysis to explore the psy-
chosocial factors of insomnia in patients with depres-
sion. Worrying about sleep was the most central node 
among insomnia symptoms, and neuroticism was most 
strongly directly associated with it. The results provide 
underlying targets for improving prevention and inter-
vention measures for insomnia symptoms in patients 
with MDD.
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