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A B S T R A C T   

Background: Although the Coronavirus Disease 2019 (COVID-19) has greatly impacted individuals' mental health 
and quality of life, network analysis studies of associations between symptoms of common syndromes during the 
pandemic are lacking, particularly among Macau residents. This study investigated the network structure of 
insomnia, anxiety, and depression and explored their associations with quality of life in this population. 
Method: This online survey was conducted in Macau between August 18 and November 9, 2020. Insomnia, 
anxiety, depressive symptoms, and quality of life were assessed with the Insomnia Severity Index, Generalized 
Anxiety Disorder Scale, Patient Health Questionnaire, and World Health Organization Quality of Life-brief 
version, respectively. Analyses were performed to identify central symptoms and bridge symptoms of this 
network and their links to quality of life. 
Results: 975 participants enrolled in this survey. The prevalence of depressive, anxiety and insomnia symptoms 
were 38.5% (95% confidence interval (CI): 35.5%–41.5%), 28.8% (95%CI: 26.0%–31.7%), and 27.6% (95% CI: 
24.8%–30.4%), respectively. “Sleep maintenance” had the highest expected influence centrality, followed by 
“Trouble relaxing”, “Interference with daytime functioning”, “Irritability”, and “Fatigue”. Five bridge symptoms 
were identified: “Sleep problems”, “Restlessness”, “Irritability”, “Severity of sleep onset”, and “Motor activity”. 
The insomnia symptom, “Sleep dissatisfaction”, had the strongest direct relation to quality of life. 
Conclusion: Insomnia symptoms played a critical role in the distress symptom network regarding node and bridge 
centrality as well as associations with quality of life among Macau residents. Close attention to these symptoms 
may be critical to reducing risk and preventing exacerbations in common forms of distress in this population.   

1. Introduction 

Coronavirus Disease 2019 (COVID-19) has brought unprecedented 
challenges to China and the entire world. The Macau Special 

Administrative Region of China (Macao SAR), located on the west of the 
Pearl Delta River estuary in southern China, is centered upon the gaming 
and tourism industries. In 2019, taxation revenue in Macau was US$14.4 
billion, of which 85% (i.e., US$12.3 billion) was from casinos (Bamidele, 
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2019). Public health measures adopted in Macau during the COVID-19 
pandemic have been similar to those in mainland China. Since a level 
III alert (moderate level) was announced on January 5, 2020 in Macau, 
the Macau government took active, rapid measures to contain the 
outbreak including suspensions of group tour visas for mainland Chinese 
visitors to Macao SAR on January 22, 2020, suspensions of licensed 
casinos and other entertainment venue operations for 15 days from 
February 5, 2020, and bans of all non-resident workers (except from 
Mainland China, the region of Taiwan, and Hong Kong SAR) from 
entering Macao SAR on March 19, 2020 (Loi et al., 2021). These control 
measures have had negative economic effects on about three quarters of 
the territory's population who were directly or indirectly employed in 
casinos and other entertainment venue operations, as well as govern-
ment tax revenues (Elizabeth et al., 2021). 

Recently, a systematic review (Xiong et al., 2020) pointed out that 
lower or unstable socioeconomic status and unemployment are risk 
factors for developing psychiatric symptoms (e.g., anxiety symptom, 
depressive symptom, psychological distress and stress) during the 
COVID-19 pandemic. From this perspective, many Macau residents may 
experience serious mental health problems at this particular time. 
Additionally, a large-scale nationwide study conducted in the general 
population of China (n = 56,679) reported the prevalence of depressive, 
anxiety, and insomnia symptoms was 27.9%, 31.6%, and 29.2%, 
respectively (Wang et al., 2021). And, compared with individuals not in 
quarantine, those undergoing quarantine had an increased risk for poor 
psychological outcomes (Chen et al., 2022; Gu et al., 2021; Wang et al., 
2021). Moreover, in the general population of other countries, the 
impact of poor psychological health on quality of life due to COVID-19 
pandemic and lockdown has been documented (Epifanio et al., 2021; 
Ferreira et al., 2021; Kılınçel et al., 2021). However, to date, the absence 
of studies on the mental health status of Macau residents and its links 
with quality of life provided us with the impetus to study this issue in 
this population under pandemic conditions. 

During the past few years, network analysis (NA) has been used 
widely in many fields to understand the interconnectedness of multi-
component systems (Montazeri et al., 2020). NA has been found to be 
particularly advantageous in psychiatry due to insights it has provided 
in relation to interactions of symptoms of psychopathology and mental 
health (Beard et al., 2016). Two important elements - “Nodes” and 
“Edges” constitute the network graph, which is the core concept in NA 
(Epskamp et al., 2012). Each node stands for one symptom and each 
edge represents the partial correlation coefficient between two nodes, 
after controlling for the effects of other nodes in the model (Epskamp 
et al., 2012). The goal of this approach is to identify a central node that is 
highly connected to other nodes and is emphasized due to its potential 
clinical implications for risk of developing particular syndromes and 
targeted interventions. This novel approach also has possible utility in 
understanding psychiatric comorbidities (Cramer et al., 2010b) wherein 
particular symptoms of one disorder are related to a higher risk of 
experiencing other disorders. Symptoms that increase the risk of 
contagion from one disorder to other disorders are called “bridge 
symptoms” and can be identified in NA (Cramer et al., 2010b). As such, 
clinicians can target bridge symptoms to treat or prevent comorbidity 
(Jones et al., 2021). 

In NA studies of psychiatric symptoms, researchers have found both 
common and unique network structures in various samples. For 
example, in a sample of migrant Filipino workers employed in Macau, 
“Fatigue” was the most central symptom in the whole network, followed 
by “Worry too much” and “Depressed mood” (Garabiles et al., 2019). 
The latter two symptoms were also identified as central symptoms in a 
psychiatric sample from the United States (Beard et al., 2016). Similarly, 
symptoms “Fatigue” and “Feeling of worthlessness” were found to be the 
most influential in the anxiety and depressive symptom (anxiety- 
depression symptom hereafter) network of nursing students in China 
(Ren et al., 2021). Another network analysis conducted during and after 
the peak of the pandemic also found that “Fatigue”, as a bridge 

symptom, played an important role in the anxiety and depression model 
after the peak of the pandemic (Wang et al., 2020). Given that fatigue 
has emerged as a key symptom in various NA studies of anxiety and 
depression, there may be utility in considering co-morbid syndromes 
that contribute to fatigue within network models. To this end, insomnia 
symptoms (insomnia hereafter) characterized by dissatisfaction with 
sleep quantity or quality that often results in fatigue (American Psy-
chiatric Association, 2013), may be a useful focus in network models of 
anxiety and depression. 

To date, no network studies have been conducted to explore psy-
chiatric symptoms among Macau residents during the pandemic and 
research on anxiety-depression symptom networks has tended to ignore 
salient related syndromes, particularly insomnia. To address these gaps, 
the current study is the first to use NA to investigate interrelations be-
tween symptoms of anxiety, depression and insomnia among Macau 
residents during the COVID-19 pandemic. Apart from identifying central 
and bridge symptoms in this study, we also focused on identifying 
symptoms that are directly related to quality of life as a foundation for 
developing targeted interventions to improve quality of life among 
Macau residents. 

2. Methods 

2.1. Participants and study procedure 

This online survey was conducted in Macau between August 18, 
2020 and November 9, 2020, using a convenience sampling method. 
Due to the COVID-19 pandemic, face-to-face assessments were not 
adopted. Following other studies (Luo et al., 2020; Zhou et al., 2020), an 
online assessment was conducted using the WeChat-based “Question-
naire Star” program that can be embedded in smartphones. WeChat is a 
widely used communication program with over 1.2 billion active users 
in China. A QR code linked to the invitation and assessment forms was 
generated and delivered to several online platforms (e.g., WhatsApp, 
WeChat, Facebook). Following previous studies (Di Blasi et al., 2021; 
Ren et al., 2021; Wang et al., 2020), to understand a fuller spectrum of 
mental health concerns among Macau residents, dimensional concep-
tualizations were adopted (National Institute of Mental Health, 2021), i. 
e., residents with and without symptoms of depression, anxiety, and/or 
insomnia were recruited so that the full spectrum of functioning related 
to these issues, from normal to abnormal, could be assessed. Inclusion 
criteria were the following: (1) Macau residents living in Macau during 
the COVID-19 pandemic; (2) aged above 18 years; (3) capable to un-
derstand the purposes and content of the survey. All participants pro-
vided online informed consent. This study was approved by the ethics 
panel of Beijing Anding Hospital. 

2.2. Measures 

The Insomnia Severity Index (ISI) questionnaire was used to measure 
the severity of insomnia symptoms (Morin, 1993). The ISI includes seven 
items, each rated on a 5-point scale (from 0 to 4), with higher total scores 
indicating more severe insomnia symptoms. The Chinese version of the 
ISI has been well validated in Chinese samples (Bai et al., 2018). 

Depressive symptoms were assessed with the Chinese version of the 
nine-item Patient Health Questionnaire (PHQ-9) (Chen et al., 2015; 
Kroenke et al., 2001). PHQ-9 items are based on the nine Diagnostic and 
Statistical Manual of Mental Disorders-IV (DSM-IV) criteria for major 
depressive disorder; each item is scored on a frequency scale from 0 (not 
at all) to 3 (nearly every day). Higher total PHQ-9 scores indicate more 
severe depressive symptoms. PHQ-9 total scores of 5, 10, 15, and 20 
reflect mild, moderate, moderately severe and severe depressive symp-
toms, respectively. 

Anxiety symptoms were measured with the Chinese version of the 
seven-item Generalized Anxiety Disorder scale (GAD-7) (He et al., 2010; 
Spitzer et al., 2006). GAD-7 items are assessed on a 4-point frequency 
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scale with 0, 1, 2, and 3 indicating “not at all”, “several days”, “more 
than half the days”, and “nearly every day”, respectively. Higher GAD-7 
scores indicate more severe anxiety symptoms. Total scores of 5, 10, 15 
are regarded as cut-off points for mild, moderate and severe anxiety 
symptoms, respectively. Global quality of life (QoL) was assessed by 
summing scores on the first two items of the World Health Organization 
Quality of Life-brief version (WHOQOL-BREF) (Fang et al., 1999; The 
WHOQOL Group, 1998; Xia et al., 2012); higher total scores reflected 
higher reported QoL. 

2.3. Data analysis 

2.3.1. Network estimation 
For data analysis, the R program (R Core Team, 2020) was used to 

conduct NA. Within a network model, each symptom is viewed as a 
node, and the association between two nodes is regarded as an edge 
(Epskamp et al., 2012). Least absolute shrinkage and selection operator 
(LASSO) and extended Bayesian information criteria (EBIC) were used to 
shrink edges in the network and choose related tuning parameters so 
that the symptom network was sparser and easier to interpret (Epskamp 
et al., 2012). Because mean score distributions on study items were 
skewed, nonparametric correlations were calculated via nonparanormal 
transformations (Han et al., 2012). R packages qgraph (version 1.6.9) 
(Epskamp et al., 2012) and bootnet (version 1.4.3) (Epskamp et al., 
2018) were applied to estimate and illustrate the network model visu-
ally. Thicker edges indicated stronger associations between two nodes, 
green edges represented positive associations and red edges represented 
negative relations. 

2.3.2. Centrality and stability 
In order to quantify the importance of each node in the network, 

expected influence was calculate via R package qgraph (Epskamp et al., 
2012). This approach is more appropriate for networks that comprise 
both positive and negative edges compared to the traditional centrality 
index (i.e., node strength) (Robinaugh et al., 2016). Nodes having higher 
expected influence in the network mode were considered to be more 
important. Bridge expected influence was calculated to identify bridge 
symptoms using the bridge function via R package networktools (version 
1.2.3) (Payton, 2020). Bridges having higher expected influence values 
reflected a greater risk of contagion from one community to other 

communities compared to bridges with lower expected influence values 
(Jones et al., 2021). To identify bridge symptoms, we used the 80th 
percentile of bridge expected influence values as a cutoff (Garabiles 
et al., 2019). To identify particular symptoms that were directly asso-
ciated with QoL, the “flow” function in R package qgraph was used 
(Epskamp et al., 2012). Moreover, R package mgm (version 1.2-12) was 
used to compute the predictability of each node, an index that reflects 
controllability of the network model (Haslbeck and Waldorp, 2020). 
Predictability values represented interconnectedness or the extent to 
which a node was associated with its neighboring nodes and was 
expressed as the area in the rings around each node in the layout of the 
network. 

To assess the accuracy and stability of the observed network model, 
R package bootnet (version 1.4.3) was used (Epskamp et al., 2018) based 
on 1000 bootstraps performed for each node. The centrality indexes of 
expected influence and bridge expected influence were assessed using 
correlation stability (CS)-coefficients; values greater than 0.25 indicated 
moderate stability while values greater than 0.5 indicating strong 
stability. 

2.3.3. Network comparison 
Considering gender differences in depression and several anxiety 

disorders (Hou et al., 2020), network characteristic differences between 
participating men and women were examined. Global connectivity and 
local connectivity were assessed using a Network Comparison Test 
(NCT) between the two within gender models, using R package Net-
workComparisonTest (version 2.2.1) (van Borkulo et al., 2017) with 1000 
permutations. 

3. Results 

A total of 975 Macau residents (634 women, 341 men) was included 
in this study. Participants had a mean age of 29.91 years (standard de-
viation (SD = 2.0 years)). Regarding other demographics, 765 (78.5%) 
received higher education (i.e., undergraduate/college or above), 578 
were currently employed (59.3%), and 566 (58.1%) were unmarried. 
Prevalences of depressive (PHQ-9 ≥ 5), anxiety (GAD-7 ≥ 5) and 
insomnia symptoms (ISI ≥ 8) were 38.5% (95% confidence interval (CI): 
35.5%–41.5%), 28.8% (95%CI: 26.0%–31.7%), and 27.6% (95% CI: 
24.8%–30.4%), respectively. 

Fig. 1. Network structure of insomnia, anxiety, and depressive symptoms in adult residents of Macau during the later stage of the COVID-19 pandemic.  
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3.1. Network structure 

Networks of depressive, anxiety and insomnia symptoms are shown 
on the left panel of Fig. 1. Regarding basic characteristics of the final 
networks, first, 142 of the 253 possible edges (56.1%) were not zero and 
reflected considerable interconnectedness between symptoms. Second, 
the top ten strongest edges observed in the model were distributed 
within respective communities of particular mental health problems (i. 
e., two edges in the depression community, three edges in the anxiety 
community, and five edges in the insomnia community). 

The edge between ISI1 “Severity of sleep onset” (i.e., difficulty falling 
asleep) and ISI2 “Sleep maintenance” was strongest, followed by edges 
PHQ1-PHQ2 (Anhedonia- Sad Mood), ISI5-ISI6 (Noticeability of sleep 
problems by others-Distress caused by sleep difficulties), ISI5-ISI7 
(Noticeability of sleep problems by others-Interference with daytime 
functioning), GAD3-GAD4 (Excessive worry-Trouble relaxing), PHQ1- 
PHQ4 (Anhedonia-Fatigue), GAD1-GAD2 (Nervousness-Uncontrollable 

worry), ISI2-ISI3 (Sleep maintenance-Early morning wakening prob-
lems), ISI4-ISI5 (Sleep dissatisfaction-Noticeability of sleep problems by 
others), and GAD4-GAD6 (Trouble relaxing-Irritability) (Fig. 1). More-
over, node predictability values ranged from 37.5% to 77.1% with an 
average of 62.8%, indicating that, on average, 62.8% of the variance in 
nodes from the network could be explained by their neighboring nodes 
(Fig. 1, Table 1). Insomnia symptoms, ISI2 “Sleep maintenance” and ISI7 
“Interference with daytime functioning”, had the highest predictability 
in the model, while the depressive symptom, PHQ9 “Suicide ideation”, 
had the lowest predictability. 

Expected influences within the entire network structure are shown 
on the right panel of Fig. 1 and in Table 1. ISI2 “Sleep maintenance” had 
the highest expected influence value, followed by GAD4 “Trouble 
relaxing”, ISI7 “Interference with daytime functioning”, GAD6 “Irrita-
bility”, and PHQ4 “Fatigue”, suggesting that these individual symptoms 
were the most influential within the entire symptom network model in 
terms of variance explained. In contrast, other symptoms such as ISI3 
“Early morning wakening problems” and PHQ9 “Suicide ideation” had a 
marginal impact within the network. Regarding bridge symptoms, 
PHQ3 “Sleep problems”, GAD5 “Restlessness”, GAD6 “Irritability”, ISI1 
“Severity of sleep onset”, and PHQ8 “Motor problems” had the highest 
bridge expected influence values (Fig. 2). 

Fig. 3 depicts the flow diagram illustrating connections of “QoL” with 
depressive, anxiety, and insomnia symptoms in the network. The 12 
individual symptoms located in the middle of the figure are directly 
related to QoL and the rest are indirectly related to QoL. Symptoms with 
the strongest direct relations to QoL included ISI4 “Sleep dissatisfac-
tion”, PHQ1 “Anhedonia”, PHQ4 “Fatigue”, and ISI7 “Interference with 
daytime functioning”. 

3.2. Network stability 

As shown in Fig. 4, both expected influence and bridge expected 
influence values indicated an excellent level of stability (both CS- 
coefficients equaled 0.75), suggesting that 75% of participants could 
be dropped from analyses without significantly changing the network 
structure. The bootstrapped stability test for expected influence also 
indicated the central symptoms were significantly different from the 
other nodes (Fig. S1). 

3.3. Network comparisons of women versus men 

The network structures generated from the two genders are shown in 
Fig. S2. Comparisons of networks generated for women versus men did 
not find significant differences in network global strength (Women: 
10.903 vs Men: 10.941; S = 0.038, p = 0.841), or the network structure- 
distribution of edge weights (M = 0.151, p = 0.906) (Fig. S3). 

4. Discussion 

This was the first study to document the network structure of 
insomnia, depression and anxiety symptoms among Macau residents 
during the COVID-19 pandemic. In this network, we found that the 
strongest edges were all within particular mental disorder communities 
rather than between different disorders, consistent with the findings of 
previous network research (Beard et al., 2016; Garabiles et al., 2019; 
Groen et al., 2020). The strongest edge in the whole network was be-
tween insomnia symptoms ISI1 “Severity of sleep onset” and ISI2 “Sleep 
maintenance”. This diverges from results of a related population study 
from the Netherlands exploring relations between insomnia symptoms 
and personality traits wherein the edge ISI2-ISI3 (Sleep maintenance - 
Early morning wakening problems) was strongest (Dekker et al., 2017). 
This discrepancy may be due, in part, to differences in the focus of these 
surveys. Specifically, our research was conducted in the presence of the 
COVID-19 pandemic which has contributed to more widespread diffi-
culties falling asleep and maintaining sleep due infection fears (Ahorsu 

Table 1 
Descriptive statistics of measurement items.  

Item 
abbreviation 

Item content Item 
mean 
(SD) 

Expected 
influencea 

Predictability 

ISI1 Severity of sleep 
onset 

0.58 
(0.86)  

1.027  0.748 

ISI2 Sleep maintenance 0.52 
(0.83)  

1.212  0.771 

ISI3 Early morning 
wakening problems 

0.66 
(0.92) 
662.37  

0.555  0.430 

ISI4 Sleep dissatisfaction 1.37 
(0.94)  

0.724  0.586 

ISI5 Noticeability of 
sleep problems by 
others 

0.86 
(0.97)  

1.015  0.711 

ISI6 Distress caused by 
sleep difficulties 

0.63 
(0.87)  

0.877  0.673 

ISI7 Interference with 
daytime functioning 

0.65 
(0.88)  

1.168  0.755 

PHQ1 Anhedonia 0.68 
(0.76)  

0.904  0.600 

PHQ2 Sad Mood 0.59 
(0.70)  

0.958  0.615 

PHQ3 Sleep problems 0.58 
(0.79)  

0.979  0.650 

PHQ4 Fatigue 0.75 
(0.83)  

1.052  0.630 

PHQ5 Appetite 0.48 
(0.73)  

0.794  0.508 

PHQ6 Guilt 0.39 
(0.74)  

0.932  0.566 

PHQ7 Concentration 0.38 
(0.69)  

0.956  0.593 

PHQ8 Motor problems 0.27 
(0.57)  

0.912  0.579 

PHQ9 Suicide ideation 0.15 
(0.49)  

0.591  0.375 

GAD1 Nervousness 0.49 
(0.66)  

0.854  0.611 

GAD2 Uncontrollable 
worry 

0.37 
(0.64)  

0.989  0.658 

GAD3 Excessive worry 0.52 
(0.72)  

1.008  0.685 

GAD4 Trouble relaxing 0.50 
(0.73)  

1.172  0.745 

GAD5 Restlessness 0.28 
(0.57)  

1.022  0.661 

GAD6 Irritability 0.45 
(0.70)  

1.089  0.693 

GAD7 Feeling afraid 0.43 
(0.66)  

0.834  0.595 

ISI: Insomnia Severity Index; PHQ-9: the 9-item Patient Health Questionnaire; 
GAD-7: 7-item Generalized Anxiety Disorder Scale; SD, standard deviation. 

a The values of expected influence were raw data generated from the network. 
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et al., 2020) and anxiety emanating from worries about personal eco-
nomic losses (Huang et al., 2020). Consequently, risks and consequences 
of COVID-19 may have contributed to the comparatively strong rela-
tionship between ISI1 “Severity of sleep onset” and ISI2 “Sleep main-
tenance” relative to other symptoms in the network. The second 
strongest edge to emerge in our sample was between PHQ1 “Anhedonia” 
and PHQ2 “Sad Mood”, a novel link that has not been documented 
previously. Once again, this association may be unique to this specific 
sample in the context of the COVID-19 pandemic, though consequent 
pandemic-based studies are needed to verify or refute this hypothesis. 
Other strong edges in present network were often between insomnia 

symptoms, indicating that sleep problems in Macau residents during the 
COVID-19 pandemic are prominent and should be assessed as a matter of 
course in local referrals for mental health services. 

Expected influence centrality of nodes performed well in identifying 
specific symptoms that contributed most strongly to the overall psy-
chopathology symptom network in this sample. Specifically, an 
insomnia symptom, ISI2 “Sleep maintenance”, had the highest centrality 
value, indicating that this symptom plays the most critical role in 
maintaining the entire symptom network. Consequently, it can be hy-
pothesized that interventions targeting improvements in maintenaning 
adequate amounts and quality of sleep have the potential to relieve 

Fig. 2. Network structure of insomnia, anxiety, and depressive symptoms showing bridge symptoms in Macau adult residents during the later stage of the COVID- 
19 pandemic. 

Fig. 3. Flow network of quality of life.  
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other symptoms in the anxiety-depression-insomnia symptom network 
(McElroy and Patalay, 2019). Although the particular sleep symptom 
differed from that of Dekker et al. (2017) who found item ISI4 “Sleep 
dissatisfaction” was the most influential symptom in their insomnia- 
personality network model, it is notable that specific insomnia symp-
toms were most critical across different network models. According to 
the DSM-V (American Psychiatric Association, 2013), impaired sleep 
maintenance is a consequence of multiple or prolonged nocturnal 
awakenings. Previous reviews have concluded that cognitive behavior 
therapy for insomnia (CBT-I) is effective in targeting and reversing 
behavioral and cognitive processes that perpetuate insomnia as well as 
related symptoms such as worry and fatigue in adult samples (e.g., van 
der Zweerde et al., 2019), including older adults who often have medical 
comorbidities (Lovato et al., 2016; Lovato et al., 2014; Mitchell et al., 
2019). Certain psychosocial interventions such as CBT-I are viewed as 
the first line of intervention due to their low risk of adverse effects and 
effectiveness (van der Zweerde et al., 2019). In addition, pharmacologic 
strategies including the use of sedative-hypnotic drugs are an alternative 
treatment for sleep disturbances that may be useful over relatively brief 
periods. Agents such as benzodiazepines (e.g., Estazolam, Temazepam) 
(Gooneratne and Vitiello, 2014; Qaseem et al., 2016; Schroeck et al., 
2016) and nonbenzodiazepines (e.g., eszopiclone) (Smagula et al., 
2016) are effective in improving sleep-maintenance insomnia in this 
context. 

Another insomnia symptom, ISI7 “Interference with daytime func-
tioning”, was identified as a central symptom, in part, because it is a 
consequence of sleep disruptions related to insomnia. Other central 
symptoms, GAD4 “Trouble relaxing”, GAD6 “Irritability”, and PHQ4 
“Fatigue”, were also identified in line with previous research conducted 
on Macau Filipino domestic workers and Chinese nursing students 
(Garabiles et al., 2019; Ren et al., 2021). Interventions targeting these 
anxiety and depressive symptoms may be effective in reducing the 
severity of related symptoms in the entire network (Cramer et al., 

2010a). All identified central symptoms had high predictability values 
that accounted for 62.8% of the variance in average predictability for all 
nodes in the network. That is, much of the variance for nodes in the 
network could be explained by overlaps with neighboring nodes. As 
such, symptoms examined in this study were highly salient to partici-
pating Macau residents' overall psychiatric status and warrant inclusion 
within assessment protocols of those seeking mental health care. 

Within the derived insomnia-anxiety-depressive symptom network, 
the top bridge symptom based on node bridge expected influence was 
the depressive symptom, PHQ3 “Sleep problems”. This symptom refers 
to trouble falling or staying asleep, or difficulties with sleeping too much 
(Kroenke et al., 2001). Notably, this symptom was strongly connected 
with another bridge symptom, ISI1 “Severity of sleep onset”, indicating 
that aside from sleep-maintenance insomnia, sleep-onset insomnia may 
be another symptom critical to maintaining the entire network and an 
important target for intervention. Certain medications (e.g., Triazolam, 
Zolpidem, Zaleplon, Ramelteon) have been found to be effective in 
improving sleep onset (Zheng et al., 2020). Moreover, meta-analyses 
have found that psychological interventions also improve sleep onset 
latency and total sleep time (Cheung et al., 2019; Wu et al., 2015). Other 
bridge symptoms, GAD5 “Restlessness”, GAD6 “Irritability”, and PHQ8 
“Motor problems” in this network have also been identified in previous 
network studies (Ren et al., 2021; Wang et al., 2020). In general, these 
findings suggest that bridge symptoms in different mental disorder 
communities contribute to psychiatric comorbidity and warrant atten-
tion as targets in treatment studies designed to identify particular 
symptoms most critical for decreasing risk of contagion between psy-
chiatric syndromes within network models (Jones et al., 2021). 

Epidemiological studies have reported that the COVID-19 pandemic 
has negative effects on individuals' mental health as well as their QoL 
(Xiong et al., 2020). Within the current network model, we explored 
which symptoms most directly associated with QoL. The insomnia 
symptom, “Sleep dissatisfaction”, emerged as the most prominent 

Fig. 4. The stability of centrality and bridge centrality indices using case-dropping bootstrap.  
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correlate. The influence of insomnia on residents' QoL is consistent with 
the prominence of insomnia symptoms within the entire symptom 
network (i.e., most critical central and bridge symptoms emerged from 
the insomnia symptom community). Though the prevalence of insomnia 
(27.6%) in Macau residents was lower than rates of anxiety (28.8%) and 
depressive symptoms (38.5%), the essential role of insomnia symptoms 
on overall mental health status and QoL cannot be ignored based on NA 
results. Once again, analyses of bridge symptoms underscore how in-
terventions specifically targeting insomnia symptoms within this pop-
ulation may have far-reaching implications for alleviating residents' 
overall levels of insomnia, anxiety, and depression in tandem with 
improving their QoL. 

To the best of our knowledge, this was the first study to explore 
insomnia-anxiety-depression symptom networks (1) in the context of the 
COVID-19 pandemic and (2) among residents of Macau, China. Aside 
from its novel foci, a strength of this study was the reliability of its main 
results within the entire sample as well as within each gender. Strengths 
aside, several limitations should be acknowledged. First, due to the 
cross-sectional study design, causal links related to symptom changes 
over time could not be assessed. Second, due to restrictions related to 
managing the pandemic, symptoms were assessed solely on the basis of 
self-report measures that can be susceptible to response biases such as 
those related to recall and social desirability. Third, on average, par-
ticipants were young adults (mean age = 29.91 years) so findings may 
not generalize equally well to all age groups in Macau. Finally, although 
the present findings provide potential insights related to psychiatric 
symptoms that are most prominent within a particular population dur-
ing an era-defining pandemic, findings may not generalize to other 
populations or non-pandemic living conditions. 

In conclusion, symptoms related to insomnia and sleep disturbances 
were identified as those most critical within an anxiety-depression- 
insomnia network model in terms of node and bridge centrality as 
well as their associations with QoL among Macau residents assessed 
during the COVID-19 pandemic. As such, specific insomnia symptoms 
warrant attention both within assessment protocols of those seeking 
help for psychiatric disturbances and as potential targets for in-
terventions designed to alleviate or prevent common, frequently co- 
occurring psychiatric syndromes and improve QoL among Macau resi-
dents living through the pandemic. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jad.2022.05.061. 
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