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Purpose: Social distancing measures implemented during the COVID-19 pandemic have contributed to increased levels of loneliness,
but the specific interactions between loneliness symptoms in the context of the pandemic remain unknown. This study characterized
the psychological network of loneliness symptoms in residents during the initial wave of COVID-19 outbreak in China.

Patients and Methods: The study recruited 8472 Chinese residents (61.5% women, aged 33.0+10.6 years) through online snowball
sampling. The Six-item De Jong Gierveld Loneliness Scale (DJGLS) was used to measure loneliness symptoms. Central symptoms of
and bridge symptoms between emotional and social loneliness subscales were identified based on centrality and bridge centrality
indices, respectively. Network stability was examined using the case-dropping procedures.

Results: The nodes in the loneliness network were separated into two groups, corresponding to the social and emotional loneliness
domains of the DJGLS. The strongest direction association was between “no reliable people” and “no trustworthy people” (edge
weight=0.546). “No trustworthy people” has the highest node strength (1.047) in the loneliness network, followed by “emptiness
sense” (0.767) and “no reliable people” (0.749). “Feeling of rejection” (1.672) and “no close people” (0.403) showed the first
and second highest bridge strengths, respectively. Both the stability and accuracy tests supported robustness of the whole network.
Conclusion: Interventions targeting central symptoms “no trustworthy people” and “emptiness sense” and central bridge symptom
“feeling of rejection” may be effective for alleviating the overall level of loneliness in pandemic-affected Chinese residents.
Keywords: loneliness symptoms, psychological network, residents, COVID-19, China

Introduction
During the COVID-19 pandemic over the last three years, various public health measures have been implemented to
control the spread of SARS-CoV-2, particularly during the initial outbreak phase with the enforcement of strict restriction
measures.' ® While these measures are necessary, they have also inevitably increased the risk of loneliness among people
globally.*”"!* The implementation of social distancing, quarantine, lockdown, and the closure of community gathering
places, such as restaurants, theaters, and religious centers, has disrupted daily routines and limited opportunities for social
interaction among individuals.'* ' As a result, people may experience elevated levels of social isolation and feelings of
loneliness.

Loneliness is a subjective feeling of distress that results from a lack of meaningful social connections, including both
a smaller number of relationships than an individual desires and a lack of the desired intimacy in those relationships.'”'®
Accordingly, social and emotional loneliness has been distinguished as two basic components of loneliness.'® Loneliness
is typically measured by conceptualizing an unobserved latent variable, which is then reflected by several related
symptoms, such as feeling left out, disconnected from a group, or isolated from others.”**' However, empirical data
continue to present unstable findings regarding whether commonly used loneliness scales, such as the University of
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California Los Angeles Loneliness Scale and the De Jong Gierveld Loneliness Scale (DJGLS), exhibit a unidimensional
or multidimensional structure, as well as sets of items belonging to the same domain.?* As a result, the traditional latent
variable theory is limited to account for the variations in the observed symptoms of loneliness.

The psychological network model provides an alternative to the latent variable model by conceptualizing a mental
health problem as a complex system of interacting symptoms.*®> Accurately describing and visualizing these interactions
is crucial for understanding the potential psychopathological mechanisms and developing effective, targeted intervention
strategies.”* In network analysis terminology, each symptom represents a node, and the association between two nodes is
an edge.” Calculating centrality and bridge centrality indices through this symptom-oriented approach may aid in
identifying target symptoms for preventing mental health problems and reducing the risk of comorbidities between
them.?®?’ As far as we know, there have not been any studies exploring the network structure of loneliness scales in the
literature.

Loneliness can be caused by various factors, including social isolation, a lack of social support, changes in life
circumstances, and mental health problems.?'** 3% The COVID-19 pandemic significantly exacerbated loneliness due to
unprecedented restrictions on in-person social interactions. Examining the psychological network in times of COVID-19
is crucial and has public health implications, given the high prevalence of loneliness. Therefore, the goal of this study
was to employ network analysis to investigate the psychological network of loneliness symptoms assessed by the Six-
item DJGLS in Chinese residents during the COVID-19 outbreak.

Considering the distinct yet interrelated relationships between social and emotional loneliness, we hypothesized that
the loneliness symptoms could be categorized into two groups, aligning with the theoretical construct of social and
emotional loneliness. According to the theoretical framework of loneliness, various negative feelings converge to form
the experience of loneliness. Core symptoms encompass self-alienation such as emptiness, absence of intimacy, lack of
closeness to others, social and emotional isolation, rejection by close individuals, self-imposed social detachment, and
emotional turmoil.>' In our examination of the Six-item DJGLS, we hypothesized that two symptoms, namely no
trustworthy people and emptiness, would hold the most influential roles within the network of loneliness symptoms. This
is because the perception of lacking trustworthy individuals in one’s social circle is likely connected to various
symptoms, such as absence of intimacy, social isolation, and feelings of rejection. Emptiness is often intertwined with
the absence of intimacy, lack of closeness to others, social and emotional isolation, and self-alienation.*>™ As our study
is primarily exploratory, we did not establish specific hypotheses regarding the bridge symptoms that link social and
emotional loneliness.

Materials and Methods
Study Participants and Sampling

This study was a nationwide online survey among Chinese residents, which was conducted between January 27 and
March 13, 2020, a period coincided with the first wave of COVID-19 outbreak in China. To minimize the risk of
COVID-19 transmission, the survey was conducted online, and participants were recruited through snowball sampling. In
brief, we utilized social media platforms such as Weibo and Wechat, as well as popular media outlet websites in Hubei
province, to recruit potential participants by sharing a concise one-page electronic invitation poster. This poster contained
essential survey information, emphasized the voluntary nature of participation, assured anonymity and confidentiality,
and included a QR code for accessing the survey questionnaire. Furthermore, participants were encouraged to share and
repost the invitation poster on their own social media platforms. Further information on the sampling and survey
procedures can be found elsewhere.’*® For participation in this study, individuals must have Chinese nationality, be
at least 16 years old, have no known or suspected SARS-CoV-2 infection, comprehend the recruitment poster, and be
willing to take part.

The Ethics Committee of Wuhan Mental Health Center approved the survey protocol and all participants provided
electronic written informed consent before the questionnaire administration commenced. The study protocol, along with
the employed methods, followed the principles outlined in the Declaration of Helsinki and complied with the ethical
guidelines and regulations applicable in China.
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Measures
The validated Chinese Six-item DJGLS was used to assess loneliness symptoms.>’ >° The Chinese DJGLS employs
a five-point Likert scale for rating all its items, with one indicating “strongly disagree”, two indicating “disagree”, three
indicating “neither agree nor disagree”, four indicating “agree”, and five indicating “strongly agree”. The total score is
calculated by adding up six items, three of which are positively worded and reversed before scoring. A higher score
indicates more loneliness. The Six-item DJGLS can be used either as a single-dimensional scale to assess overall
loneliness or as two subscales consisting of three items each, which can investigate social loneliness and emotional
loneliness separately.*

Demographic information, such as sex, age, and current place of residence (Hubei versus other provinces in China),
was also collected.

Data Analysis
The R program version 4.2.3 was utilized to perform network analysis, which included procedures for network
estimation, network stability, and network comparisons.*”*!

Network estimation. The psychological network comprises of nodes (symptoms) and edges (connections) represent-
ing the associations between them. Edge thickness indicates the strength of the association, while green and red edges
represent positive and negative associations. Nonparanormal transformation was applied to calculate nonparametric
correlations since item scores were non-normally distributed. Partial correlation analysis adjusted for potential con-
founding effects of other nodes. The EBICglasso (Extended Bayesian Information Criterion Graphical Least Absolute
Shrinkage and Selection Operator) algorithm was utilized to select the optimal regularization parameter. Loneliness
network was estimated and visualized using R packages bootnet version 1.5 and qgraph version 1.6.9, respectively.

To quantify the importance of nodes in the network, we used the centrality plot function of R package qgraph version
1.6.9 to compute centrality indices. While centrality indices such as strength, betweenness, and closeness are often used,
we only considered strength as the other indices are not reliable in network analysis of psychopathology.** To evaluate
the importance of a node connecting emotional and social loneliness, we used the bridge function of R package
networktools version 1.2.3 to calculate the bridge centrality index of bridge strength.

Network stability. We used the case-dropping bootstrap procedure to analyze the stability of node and bridge
strengths. The degree of stability was determined using the correlation stability coefficient (CSC), which indicates the
maximum portion of cases that can be removed from the initial sample while maintaining 70% of the centrality indices
obtained from the subsamples relative to those from the original sample. Typically, the CSC should have a minimum
value of 0.25 but ideally, it should be above 0.50. We assessed the stability of edge weights using a nonparametric
bootstrap method to generate their 95% confidence intervals (95% Cls). The accuracy of edges was evaluated by
examining the 95% CIs, with narrower Cls indicated more reliable networks. Differences between two edges or node
strengths were determined based on bootstrapped tests that generated 95% Cls. Statistical significance was considered
present if the 95% Cls did not encompass zero. These stability tests were conducted using R package bootnet version 1.5.

Network comparison. We used the R package NetworkComparisonTest version 2.2.1 to investigate the invariance in
structure, edge, and global strength between two networks. Considering the sex-, age-, and epicenter/non-epicenter-residence-

7,21,29,43-45

differences in the prevalence rates of loneliness, a permutation test (n=1000) was performed to test the network

invariance between subgroups based on the three factors. Statistical significance was set at a two-sided P-value of less than 0.05.

Results

Sample Characteristics

A total of 8472 participants completed the online questionnaire, with a mean age of 33.0 years (standard deviation [SD]:
10.6, range: 16-90). Of these, 5208 (61.5%) were women and 3612 (42.6%) were residents of Hubei province, the
epicenter of the COVID-19 outbreak in China. The mean scores (SDs) of the overall, emotional, and social loneliness
were 13.6 (4.7), 4.9 (2.3), and 8.7 (3.8), respectively. The correlation coefficient between emotional and social loneliness
scores was 0.135 (P<0.001). The mean item scores of the Six-item DJGLS ranged from 1.33 to 2.94 (Table 1).
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Table | Descriptive Statistics of the Six-ltem De Jong Gierveld Loneliness Scale (n=8472)

Item Abbreviation Mean Item Score Node Strength
(Standard Deviation)

Emotional loneliness

DJGLSI (emptiness sense) 1.64 (0.95) 0.767
DJGLS2 (missing people around) 1.92 (1.13) 0.592
DJGLS3 (feeling of rejection) 1.33 (0.73) 0.663

Social loneliness

DJGLS4 (no reliable people) 2.88 (1.43) 0.749
DJGLSS (no trustworthy people) 2.85 (1.42) 1.047
DJGLS6 (no close people) 2.94 (1.45) 0.701

Network Structure

The network of loneliness symptoms is shown in Figure 1. The nodes are organized into two communities based on
social and emotional loneliness. Nodes within the same community exhibit strong connections, whereas connections
between nodes in the two communities are weak. The edge “no reliable people” and “no trustworthy people” (0.546)
shows the strongest association, followed by edges “no trustworthy people” and “no close people” (0.452) and “missing
people around” and “emptiness sense” (0.382). In Table 1 and Figure 1, “no trustworthy people” has the highest node
strength (1.047) in the loneliness network, followed by “emptiness sense” (0.767) and “no reliable people” (0.749). In
terms of bridge symptoms, “feeling of rejection” (1.672) and “no close people” (0.403) showed the first and second
highest bridge strengths, respectively (Figure 2).

Network Stability

In Figure S1, the CSCs of node strength and bridge node strength in the case-dropping procedure were 0.75 and 0.517,
respectively. Most comparisons among edge weights and node strengths were statistically significant in the nonpara-
metric bootstrap procedure (Figures S2 and S3). In addition, bootstrapped 95% CIs were narrow (Figure S4).

Network Comparisons

As shown in Figure S5, there were significant differences in network global strengths between men and women
(P=0.007) and in network structure between epicenter and non-epicenter residents (P=0.042). There were no significant
differences between two networks in terms of other invariance measures in the three subgroup comparisons
(P=0.088-1.00).

Discussion

To the best of our knowledge, this study represents the first investigation of the psychological network of loneliness
symptoms in the general population during the initial COVID-19 outbreak in 2020 in China, as well as the first in the
world to examine this network. It provides empirical data on the network of loneliness symptoms under the unique
context of strict outbreak containment measures, including the unprecedented lockdown of Hubei province, stay-at-home
orders, social distancing measures, and public mask mandates.” The strengths of this study include the very large sample
size and the application of psychological network analysis to visualize patterns of loneliness symptoms among Chinese
residents impacted by the outbreak, yielding consistently stable results.
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Emotional loneliness
©  DJGLS1: Emptiness sense

©  DJGLS2: Missing people around
©  DJGLS3: Feeling of rejection

Social loneliness
©  DJGLS4: No reliable people
DJGLSS: No trustworthy people
© DJGLS6: No close people

°

Strength

DJGLS5

DJGLS4

DJGLS1

DJGLSE

DJGLS3

DJGLS2

Figure | Network structure of loneliness symptoms in Chinese residents. The upper panel provides a visualization of the network structure, while the lower panel displays
the values of strength in order. In the upper panel, edge thickness indicates the strength of the association, while green and red edges represent positive and negative
associations. Light blue nodes and golden yellow nodes represent social and emotional loneliness communities, respectively.

Main Findings

The main findings of this study were: first, the nodes in the loneliness network were separated into two groups, corresponding
to the social and emotional loneliness domains of the Six-item DJGLS; second, “no trustworthy people”, “emptiness sense”,
and “no reliable people” were identified as the central symptoms in the social and emotional loneliness communities; third,
“feeling of rejection” and “no close people” were the two most influential bridge symptoms that linked the social and
emotional loneliness communities, respectively; fourth, significant differences were observed between men and women in

network global strengths and between epicenter and non-epicenter residents in network structure.
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Emotional loneliness
® DJGLS1: Emptiness sense
DJGLS2: Missing people around
©  DJGLS3: Feeling of rejection

Social loneliness
o DJGLS4: No reliable people
DJGLSS: No trustworthy people
o DJGLSS: No close people

Bridge Strength

DJGLS3 -

DJGLS6-

DJGLS4 -

DJGLS1-

DJGLSS -

DJGLS2-

Figure 2 Network structure of social and emotional loneliness symptoms showing bridge symptoms in Chinese residents. The upper panel presents a visualization of the
network structure depicting the bridging symptoms, while the lower panel displays the corresponding bridge strength values in order. In the upper panel, edge thickness
indicates the strength of the association, while green and red edges represent positive and negative associations. Light blue nodes and red nodes represent social and
emotional loneliness communities, respectively.

Network Structure

Social loneliness refers to the feeling of not having enough social connections, whereas emotional loneliness refers to the
absence of close, meaningful, and intimate relationships.'® Persons may experience emotional loneliness even if they are
socially connected, whereas someone may feel socially lonely despite having close emotional relationships. Although
social and emotional loneliness are correlated, they are distinct domains. Previous studies have reported a moderate
correlation between social and emotional loneliness, as measured by the DJGLS."”**° However, in the current network
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analysis, the two communities of loneliness symptoms appear to be less closely related, with a much lower correlation
coefficient (r=0.135). This may be due to the pandemic and its containment measures, which have substantially
interrupted social connections between people but has had limited impact on intimate relationships.

During the COVID-19 outbreak, fear of infection and uncertainty about the future may have caused people to become
less willing to invest in building social relationships.*® Social distancing measures have limited face-to-face interactions
and restricted normal social connectedness, potentially decreasing the chances of building and maintaining strong social
connections. Moreover, some people who traveled from Hubei province to other provinces of China during the outbreak
period were required to undergo compulsory medical observation and quarantine, causing them to be isolated from their
friends and families.>® Additionally, they may be stigmatized and discriminated due to being labeled as “potential carriers
of SARS-CoV-2" in their destination sites.>® These factors likely contributed to the feeling among Chinese residents that
there are no people they can rely on or trust completely. The disruption of normal routines and decreased opportunities to
engage in meaningful activities outside the home may cause many people to experience boredom and a sense of
emptiness.*”*® Therefore, “no trustworthy people”, “emptiness sense”, and “no reliable people” were central symptoms
in the loneliness network. The strong association between “no reliable people” and “no trustworthy people” is likely due
to their shared outbreak-related causes.

“Feeling of rejection” is a key component of the emotional experience of loneliness, which is the subjective
perception of being excluded, unwanted, or unwelcome by others.?' Given the widespread use of social distancing
measures and the fear of contracting the elusive SARS-CoV-2 from both acquaintances and strangers, socially lonely
individuals may be more likely to feel rejected by others. This may explain why the “feeling of rejection” plays
a bridging role in linking social loneliness. The bridging role of “having no close people” in linking emotional loneliness
is expected, which may be attributed to the fact that individuals without close friends or companions are more likely to
experience emotional loneliness.*’

Network Comparisons

This study found that men had a significantly higher global strength than women in the network comparison, suggesting
strong interconnections among individual symptoms in the male model. Additionally, the network structure differed
significantly between residents living in the epicenter versus those living outside of it, indicating differences in the
strength and presence of connections between nodes in the two networks. These two findings have not been previously
reported in relevant studies using network analysis. We hypothesize that the former finding may be related to the higher
risk of loneliness among men compared to women during the pandemic,’” while the latter may be due to more stringent
COVID-19 control measures, such as the lockdown of Hubei province, which were strictly implemented in the epicenter
region.

Limitations

When interpreting the findings, it is important to consider several limitations. Firstly, the network of loneliness symptoms
was constructed from cross-sectional data obtained from a convenience sample of Chinese residents. Therefore, causality
between individual symptoms cannot be inferred. Additionally, it is necessary to use representative samples to further
validate the accuracy of the current findings. Secondly, due to logistical reasons, loneliness data was not collected before
the outbreak. Therefore, it is impossible to evaluate the impact of the outbreak on loneliness. Thirdly, since we did not
use the original 11-item version of the DIGLS, it is unknown how unmeasured loneliness symptoms correlate with each
other, and further examination of this matter is necessary.

Conclusion

Although the COVID-19 pandemic is no longer a Public Health Emergency of International Concern and seems to be
approaching its end, the potential for a resurgence remains. It’s crucial to acknowledge that infectious diseases will
always be present in human history, and pandemics are likely to reoccur. Thus, the findings and lessons from this study
hold ongoing public health implications for people in future medical pandemics. These insights can aid in better
preparation and response strategies for upcoming pandemics.
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LRI

In conclusion, central symptoms (“no trustworthy people”, “emptiness sense”, and “no reliable people”) and bridge
symptoms (“feeling of rejection” and “no close people”) were identified in the psychological network of loneliness
symptoms in Chinese residents during the COVID-19 outbreak. Systematic reviews have shown that interventions like
mindfulness, social cognitive training, animal therapy, and social support can prevent or reduce loneliness.’®>* During
the pandemic, some studies have yielded preliminary evidence supporting the effectiveness of remote interventions,
video calls, and assistive technology in reducing social isolation and loneliness.”> > Based on the results of this network
analysis, the development of psychosocial interventions to alleviate loneliness must take into account the central and
bridge symptoms identified. Public health and social work service guidelines should include measures that assist
individuals in staying connected with their loved ones through various communication means such as phone calls,
video chats, social media, or online forums. Additionally, timely access to online professional help from psychotherapists
or psychological counselors should be provided to those experiencing severe feelings of loneliness.
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