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Background:Besides physical changes, elderly adults are prone to havemental

disorders such as anxiety, depression, and sleep disturbance, and the pandemic

of COVID-19 worsened the situation. However, internal relationships and

co-occurrence of psychopathologies were scarcely examined. Therefore, in

the current study, through network analysis, we inspected relationships among

symptoms of depression, anxiety, and sleep disturbance and identified key

symptoms that espoused the disease.

Methods: We asked 1,302 elderly adults to fill in Patient Health

Questionnaire-2 (depressive symptoms), the Generalized Anxiety Disorder-2

(anxiety symptoms), and the Youth Self-rating Insomnia Scale (sleep

disturbance) and then constructed three networks for elderly adults, male

elderly, and female elderly. Via network analysis, we accomplished four goals.

First, we identified symptom with the highest centrality (i.e., strength) index

for each network; then, we found the strongest correlation (i.e., edges) in

each network; thirdly, we confirmed specific nodes that could bridge anxiety,

depression, and sleep disturbance; the last was to compare networks based

on genders. Network stability and accuracy tests were performed.

Results: Networks of elderly adults, male elderly, and female

elderly were stable, accurate, and intelligible. Among all networks,

“Nervousness”- “Excessive worry” (GAD-1- GAD-2) had the strongest

correlation, and “Nervousness” (GAD-1) had the highest strength and bridge

strength value. When we made a comparison between female elderly’s and

male elderly’s networks, except for the significant di�erence in the mean

value of “Di�culty initiating sleep” (YSIS-3), the findings showed that the two

networks were similar. Network stability and accuracy proved to be reliable.
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Conclusions: In networks of anxiety, depression, and sleep disturbance,

anxiety played a conspicuous role in comorbidity, which could be a target for

practical intervention and prevention.

KEYWORDS

depression, anxiety, sleep disturbance, elderly, network

Introduction

In China, the aging population occupies 17.88% of the total

demographic composition (the cut-off age is 60) (1). Getting

aged can bring both cognitive and emotional changes. Previous

studies proved that aging-induced gut microbiota compositions

were the main causes of cognitive decline (2), and elderly adults

were impressionable to mental disorders, such as depression

(3). Physical and mental illness perturbed elderly adults’ routine

life and impaired their behaviors and cognitive capabilities.

However, compared to other populations, studies into the

elderly’ mental health were rare. Thus, attention to the aging

population is necessary for alleviating the national economic

burden and helping aged population improve a sound life.

However, the COVID-19 is a challenge for elderly adults,

with an infection rate of 25.3% (4). As well as the general

population which increased smoking, video playing and

drinking frequency (5) and health care workers who were beset

by suicidal ideation (6), elderly adults were victims of the

COVID-19 suffering from anxiety, depression and poor sleep

quality (7, 8). Moreover, due to city lockdown, diagnosis of

mental disorders or cognitive function decline was delayed (9).

Hence, probing into elderly adults’ mental health is necessary for

early diagnosis and intervention.

Among negative mental and physical problems, sleep

disturbance such as nocturnal and earlier waking are widespread

and striking (10). Generally, female elderly report more sleep

disturbance (11). Malnutrition, lack of exercise, long-time TV

watching, and illness can be stressors of sleep disturbance

(12). Superficially, sleep disturbance hinders elderly adults from

performing daily roles such as taking care of children or driving.

However, sleep disturbance can damage physical health by

causing slips/falls (13) or dizziness and impair cognitive function

(14). Moreover, sleep disturbance is positively related to mental

disorders such as depression and anxiety (15), though few

studies were done to correlations between sleep disturbance

and mental health for the aged population. On the background

of city lockdown, delving into the relationship between sleep

disturbance, anxiety, and depression is meaningful for elderly

adults in both diagnosis and intervention.

Major depression, consisting of symptoms including

anhedonia, hopelessness, losing appetite, and abnormal weight

changes, has a growing trend in the aged population and is

more prevalent in female elderly (3). Moreover, as a common

comorbidity of depression, though exclusive studies on the

anxiety of elderly adults are scarce, anxiety alone is another

deleterious psychological burden for elderly adults and is more

common in female elderly (16). There is a body of studies

stressing external risk factors such as a pandemic that can

elicit depression or anxiety, whilst few have done into the

concurrence of sleep disturbance, depression, and anxiety,

especially in the aged population, even sleep disturbance

is strongly correlated to psychopathologies (17). Moreover,

previous studies mainly emphasized the unidimensional

causal relationship that treatment of depression or anxiety

demonstrated an alleviation in sleep quality (18) while ignored

that sleep quality improvement can espouse the rehabilitation

of depression and anxiety. In the current study, we aimed to

reveal the bidirectional relationship between sleep disturbance,

anxiety, and depression, in which poor sleep quality can cause

anxiety or depression while anxiety or depression plays a

reactive role in enfeebling sleep quality.

However, traditional statistical methods cannot reveal

bidirectional relationships since traditional theories such as

the latent approach hold the view that all visible variables are

independent and loosely allied to present latent variables (19).

However, symptoms such as waking up earlier, nervousness,

or feeling depressed are dynamically interwoven with each

other in both mental disease diagnosis and treatment. In other

words, improvement or degeneration of either waking up earlier,

excessive worry, feeling depressed, or other visible symptoms

could inevitably cause changes in the whole symptom structure.

In order to manifest latent variables as well as interactions

among symptoms, in the current study, we applied a newly

proposed method, network analysis, to reveal the complex

interactions among symptoms composing sleep disturbance,

depression, and anxiety (20). According to network analysis,

complicated psychopathology emerges from the interactions

among visible variables (21). Therefore, different from a

simple combination of symptoms, it can be that elderly

adults trap in a depressive mood for spasmodic waking up

earlier and during the night, being unable to fall asleep

deepens their depressive mood. Moreover, network analysis

provides us with a new perspective to evaluate how symptoms

(nodes) function and how symptoms interweave with each

other (edges) (22). Hence, we can identify consequential

symptoms and relationships to guide more effective treatment

and interventions.
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As a short summary, in the current study, we asked 1,302

elderly adults to obtain a straightforward view of both symptoms

of depression, anxiety, and sleep and symptoms’ interactions,

targeting to clarify critical issues in intervention and prevention.

Methods

Participants

We recruited 1,302 (male = 409, female = 893)

participants from Harbin, Heilongjiang Province, to fill in

questionnaires posted on Wenjuanxing (https://www.wjx.

cn), an online questionnaire platform. All participants signed

electronic informed consent before the assessment. Ethical

committee of the ∗∗∗ university approved this study (Reference

number: 202112220084).

In participants selection, we obeyed the following criteria:

(1): over 60 years old, without gender restriction; (2): attended

the test with informed consent; (3): stayed in Harbin during

12th November 2021 to 15th November,2021, the period of city

lockdown. Participants were excluded from the current study:

(1): participants’ health conditions might diminish for a lethal

disease including heart, lung, brain, and other critical diseases;

(2): usage of anti-anxiety or anti-depression medications;

(3): refused or could not complete the questionnaires; (4):

failed to provide completely informed consent owing to

cognitive or behavioral disability; (5) in clinical trials of other

psychopathological drugs; (6): did not stay in Harbin from 12th

November, 2021 to 15th November,2021.

Measurements

Generalized Anxiety Disorder- 2 (GAD-2)

The Generalized Anxiety Disorder Scale (GAD-2) is a valid

and reliable assessment to screen generalized anxiety symptoms

(23). The Chinese version also has good psychometric properties

for identifying anxiety (24). Participants answered two questions

about the frequency of core anxiety symptoms over the last 2

weeks. Each item scores from 0 (not at all) to 3 (nearly every day)

(25). Higher scores indicate more severe anxiety propensity. In

the current study, GAD-2 had high Cronbach α values of 0.89,

0.93, and 0.91 for the elderly, male elderly, and female elderly

groups, respectively.

Patient Health Questionnaire (PHQ-2)

The two-item Patient Health Questionnaire (PHQ-2) is

widely used in screening for depressive symptoms (26). All

participants were asked about the frequency 0 (not at all) to 3

(nearly every day) of experiencing given depressive symptoms

in the last 2 weeks and higher scores indicate more severe

depressive symptoms. The Chinese version of PHQ-2 has

been proved to be valid and reliable (27), and in the current

study, PHQ-2 has high Cronbach α values of 0.84, 0.84, and

0.89 in the elderly adults, male elderly and female elderly

groups respectively.

Youth Self-rating Insomnia Scale (YSIS-3)

In the current study, we selected 3 questions from YSIS-8

(28), a 5-point Likert questionnaire assessing sleep disturbance

in the last month. Participants answered 3 questions about

“Difficulty initiating sleep,” “Difficulty maintaining sleep” and

“Early morning awakening” scoring from 1 (Very Satisfied) to

5 (Very Unsatisfied). Total scores in this questionnaire ranged

from 3 to 15. Higher scores indicated poorer sleep quality. The

previous study proved YSIS-3 in Chinese to be valid and reliable

(29). Cronbach α values of 0.93, 0.94, and 0.93 indicated a high

internal consistency of YSIS in the current study.

Statistical analysis

Item check

All analyses were done by R (Version 4.1.2).DescrTable in R-

package compareGroupswas used to check item informativeness.

Mean value, standard deviation (SD), kurtosis, skewness of

items, and polychoric correlations were assessed first. Item

informativeness was assessed by the mean value of standard

deviation [i.e., ± 2.5 standard deviations (SD) around mean

standard deviation (SD)] (30). In other words, an informative

item should have a value in the range of ± 2.5 standard

deviations (SD) around themean item’s standard deviation (SD),

otherwise, the item was non-informative.

In network estimation, an Extended Bayesian Information

Criterion (EBIC) model with the least absolute shrinkage and

selection operator (LASSO) was used to establish networks (31).

Partial correlation analysis, keeping all other variables constant,

was computed to indicate the association of each pairwise

variables and form networks. Moreover, to get a sparse and

intelligible network, LASSO and EBIC were chosen to remove

spurious correlations (32). In network analysis, nodes represent

symptoms or variables, and edges represent partial correlation

coefficients between two nodes (33). Higher correlations are

shown in thicker and more saturated edges. Positive and

negative correlations are shown in blue and red, respectively

(34). In the part of estimation and visualization, we applied the

R-packages qgraph 1.9 and bootnet 1.5 (31, 34).

In psychological network analysis, strength (i.e., the sum

value of all absolute edge weights between one specific node

and other nodes connected to it.) is the reliable and necessary

centrality index that must be computed (35). Closeness (i.e., the

inverse of the sum value of distances between one node and all

other nodes in the network) or betweenness (i.e., fractions of
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short paths pass one specific node) are not suitable to measure

nodes’ importance in psychological networks (35).

Network stability and accuracy

We used an R package bootnet (version 1.5) (31) to

test networks’ stability and accuracy. First, we applied non-

parametric bootstrapping to test the edge weights accuracy with

95% bootstrapCIs (36). In the previous study, large edge weights

CIs indicated poor accuracy of edges (37). Then we investigated

centrality stability with case-dropping subset bootstrap by

measuring the correlation stability coefficient (CS-coefficient),

which represents the maximum proportion of dataset that can

be removed when two data sets maintain the association above

the 0.7 level with a 95% confidence interval (33). A previous

study recommended a CS-coefficient value should be preferably

above 0.5 and should not be lower than 0.25 (38). Besides

testing edge weights accuracy and centrality stability, we also

tested whether there were significant differences between edges

and nodes using the bootstrap difference test. In this step, the

null-hypothesis test was checked to see if zero existed in the

bootstrapped CIs (38).

In addition, to test network stability and predictability,

a metric quantifies how well one node can be estimated

by all its neighboring nodes (39), was estimated by mgm

(Version 1.2-12) in R (39). High predictability indicates strong

mutual interactions in the network and vice versa (40). Bridge

symptoms are represented by one or more nodes that can

strengthen interactions among mental disorders (41) by bridge

function in the R package networktools (Version 1.4.2) (42).

In the current study, the bridge symptoms centrality was

represented by bridge strength.

Comparison of the network structure between
genders

To compare two networks (i.e., elderly male and elderly

female), we applied a permutation test, the Network

Comparison Test (NCT), which was conducted with 1,000

permutations through “NetworkComparisonTest” (43). First,

we tested the null hypothesis that there was no statistically

significant difference between the two networks’ global

strengths (i.e., the absolute sum of all node strength)

(44). Besides, we tested the null hypothesis that all edge

weights in two networks did not differ significantly.

Moreover, we tested the variance of individual edge

weights in two networks using the Holm-Bonferroni value

of 0.05.

TABLE 1 Statistical description.

Group Variables Label N Mean SD Skew Kurtosis Predictability

(R2)

Elderly GAD-1 Nervousness 1,301 0.50 0.84 1.67 1.88 0.65

GAD-2 Uncontrollable worry 1,301 0.41 0.74 1.96 3.33 0.69

PHQ-1 Anhedonia 1,301 1.40 0.73 1.93 3.26 0.77

PHQ-2 Sad mood 1,301 1.37 0.74 2.09 3.71 0.75

YSIS-3 DIS 1,301 1.76 1.13 1.46 1.18 0.72

YSIS-4 DMS 1,301 1.88 1.21 1.25 0.47 0.77

YSIS-5 EMA 1,301 1.83 1.19 1.37 0.80 0.77

Male GAD-1 Nervousness 409 0.53 0.86 1.60 1.60 0.61

GAD-2 Uncontrollable worry 409 0.41 0.75 1.95 3.29 0.68

PHQ-1 Anhedonia 409 1.42 0.73 1.86 2.97 0.79

PHQ-2 Sad mood 409 1.39 0.73 1.95 3.17 0.78

YSIS-3 DIS 409 1.67 1.09 1.75 2.26 0.76

YSIS-4 DMS 409 1.83 1.20 1.37 0.81 0.79

YSIS-5 EMA 409 1.75 1.13 1.52 1.42 0.80

Female GAD-1 Nervousness 892 0.49 0.83 1.70 2.01 0.68

GAD-2 Uncontrollable worry 892 0.41 0.74 1.95 3.33 0.70

PHQ-1 Anhedonia 892 1.39 0.73 1.97 3.40 0.76

PHQ-2 Sad mood 892 1.37 0.74 2.14 3.93 0.74

YSIS-3 DIS 892 1.80 1.14 1.34 0.78 0.71

YSIS-4 DMS 892 1.90 1.21 1.19 0.32 0.76

YSIS-5 EMA 892 1.87 1.22 1.30 0.56 0.76
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Results

Descriptive statistics and item check

First, items’ informativeness (i.e., standard deviation (SD),

mean value, kurtosis, skewness) was computed and shown in

Table 1. We found no items were poorly informative (i.e., 2.5 SD

below or above the mean level of items’ SD).

Network structure and centrality
measures analysis

Three raw networks of the elderly, male elderly, and

female elderly were shown in Supplementary Figure S1,

respectively, and the partial correlation matrices were enclosed

in Supplementary Tables 1–3.

Elderly network

In the network with predictability (i.e., R2) of all elderly

adults (Figure 1A), the edge of “Nervousness”- “Uncontrollable

worry” (GAD-1-GAD-2) had the strongest correlation, followed

by the edge of “Difficulty maintaining sleep”— “Early morning

awakening” (YSIS-4-YSIS-5) and the edge of “Anhedonia”—

“Sad mood” (PHQ-1-PHQ-2).

For centrality indices presented in Figure 1D, we reported

strength and bridge strength for 3 networks, respectively. In

the network of elderly adults, “Nervousness” (GAD-1) had the

highest strength value, followed by “Early morning awakening”

(YSIS-5) and “Uncontrollable worry” (GAD-2). In the part of

bridge strength, “Nervousness” (GAD-1), “Sad mood” (PHQ-

2), and “Uncontrollable worry” (GAD-2) had the highest bridge

strength values.

Male elderly network

In the network of male elderly (Figure 1B), most weighted

edges were the same as those in the elderly adults’ network. From

centrality indices, “Nervousness” (GAD-1), “Uncontrollable

worry” (GAD-2), and “Difficulty maintaining sleep” (YSIS-

4) had the highest strength values. As for bridge strength

shown in Figure 1D, “Nervousness” (GAD-1), “Uncontrollable

worry” (GAD-2), and “Sad mood” (PHQ-2) had the highest

centrality values.

Female elderly network

In the network of female elderly (Figure 1C),

“Nervousness”— “Uncontrollable worry” (GAD-1-GAD-

2), “Difficulty maintaining sleep”- “Early morning awakening”

FIGURE 1

The network structures of anxiety, depressive symptoms, and sleep quality. (A) All elderly. (B) Male elderly. (C) Female elderly. (D) Strength and

bridge strength values.
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(YSIS-4-YSIS-5) and “Anhedonia”- “Sad mood” (PHQ-1-

PHQ-2) had the strongest correlations. As for node strength,

“Nervousness” (GAD-1) had the most strength, followed by

“Difficulty maintaining sleep” (YSIS-4) and “Early morning

awakening” (YSIS-5). As bridge strength presented in Figure 1D,

nodes of “Nervousness” (GAD-1), “Sad mood” (PHQ-2), and

“Uncontrollable worry” (GAD-2) had the highest centrality

values, which were the same as the elderly adults’ network.

Network accuracy and stability

Predictability values of the three networks were 0.76

(Mpredictability = 0.73 ± 0.06), 0.80 (Mpredictability = 0.75 ±

0.07), and 0.74 (Mpredictability = 0.73± 0.03), indicating that one

specific node can be predicted or explained by its neighboring

nodes at the rate over 73% (Table 1).

In the edge weights accuracy test (Supplementary Figure S2),

bootstrapped CIs were narrow, indicating that edges in three

networks were reliable. In addition to edge weights accuracy

and case-dropping bootstrap, in the non-parametric bootstrap

procedure, edge weights and node centrality indices differed

statistically significant, as shown in Supplementary Figures 3, 4.

Moreover, in the network of elderly adults, male elderly

and female elderly, strength and predictability [rs = 0.91∗∗

(0.51; 0.99); rs = 0.93∗∗ (0.61; 0.99); rs = 0.87∗ (0.34; 0.98)]

were significantly related with each other, indicating that

predictability was reliable. Besides, in the network of the elderly

adults, there were significant correlations between SD and

predictability [rs = 0.83∗∗ (0.21; 0.97)] and between strength

and predictability [rs= −0.94∗∗ (-0.99;−0.63)]. In the network

of male elderly, mean value and predictability correlated at a

significant level [rs= 0.89∗∗ (0.40; 0.98)] so as SD and bridge

strength [rs= −0.97∗∗∗ (-1.00;−0.82)]. In the network of female

elderly, SD and bridge strength [rs= −0.85∗∗ (-0.98;−0.29)]

correlated at a significant level (Figure 2).

Networks comparison between two
sexes

As mentioned above, we investigated differences between

the male elderly network and female elderly network through

Network Comparison Test (NCT). First, as shown in Figure 3A,

we tested the strength difference of the two sexes through

NCT (male = 3.36, female = 3.29, S = 0.02, p = 0.62). Then

in Figure 3B, from the perspective of the edge weights (1,000

permutations) test, the results showed no significant difference

among edge weights in two networks (M = 0.17, p = 0.32).

In Figure 3C, from t-test between mean item scores, we found

that there were no significant differences in items’ mean value (p

> 0.05) except for item “Difficulty initiating sleep” (YSIS-3) (p

< 0.05).

Discussion

In the current study, we asked 1,302 elderly adults to fill

in three reliable questionnaires and analyzed the symptom

structures of sleep disturbance, anxiety, and depression. Several

results are worth discussing.

Our findings indicated that in networks of elderly

adults, male elderly and female elderly, “Nervousness” -

“Uncontrollable worry” (GAD-1- GAD-2) had the strongest

association which meant that on symptom level, Nervousness

(GAD-1) and Uncontrollable worry (GAD-2) interplayed in

engendering anxiety. The current results proved that compared

to traditional statistical approaches, network analysis could

better reveal intrinsic interactions between observable variables.

Uncontrollable worry is a cognitive phenomenon related to

repetitive concerns or thinking about potential negative events,

hazards, or risks (45), and nervousness is an uneasy feeling

to cope with imminent disasters. Due to the impact of filial

piety in Confucius’s concept (46), in a typical Chinese family,

FIGURE 2

The matrix of correlations between mean value, standard deviation, strength, bridge strength, and predictability. (A) Elderly adults. (B) Male

elderly. (C) Female elderly.
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FIGURE 3

Network comparison between male elderly and female elderly. (A) Global strength. (B) Edge weights. (C) Mean scores on items between male

elderly and female elderly.

elderly adults are regarded as the leaders in making decisions

and cultivating younger members. Meanwhile, younger

members should venerate and care for elderly members. Thus,

Chinese elderly adults are particularly worried about illness

or poverty from which they may fail to support and lead

the family or become a heavy burden to their children for

physical illness and low social-economic status (47). In this

reactive chain, elderly adults’ great concerns for the family can

strengthen their nervousness about imminent issues. Besides

medication treatment, mindfulness therapy (MT), acceptance

and commitment therapy (ACT), moving to emptiness (MET)

and cognitive-behavioral therapy (CBT) are effective in anxiety

mitigation (48, 49).

The strong correlation of “Difficulty maintaining sleep”—

“Early morning awakening” (YSIS-4-YSIS-5) across three

networks clarified that observable sleep complaint factors

mutually interact. “Difficulty maintaining sleep” is measured by

increased wake time, frequency of arousals, and periodic limb

movements during sleep (50). Due to age-related changes in

circadian rhythm timing and behavioral changes, elderly adults

cannot maintain deep sleep for a long time (10). Stress, alcohol

consumption, lack of exercise (51), and lack of social support

(52) can further impair sleep quality. We evinced the association

between YSIS-4 and YSIS-5 was that elderly adults could not

keep asleep for their stress or illness. Thus, they left their beds

earlier, seeking for relief or treatment. The experience of waking

up earlier perturbed elderly adults’ sleep quality through long-

time day naps, and elderly adults failed to sleep well during

the night. Pharmacological interventions display meaningful

outcomes with better sleep patterns (53).

We have found that “Anhedonia”- “Sad mood” (PHQ-1-

PHQ-2) had a strong connection which implied that elderly

adults lost interest in the time of feeling depressed, and in the

depressive mood, elderly adults felt like doing nothing. Lack of

social support, chronic diseases, and substance abuse are risk

factors for depression (3). Compared to youths, elderly adults

are more prone to be anhedonia virtually of less curiosity. In the

status of anhedonia, elderly adults attribute internally that they

are bootless, the root of depression or sad mood. It is a reactive

chain that elderly adults’ depression can deepen anhedonia. In

treatment, psychotherapy (54) or even physical activities (55)

can effectively ameliorate symptoms.
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Though in the network comparison, networks between male

elderly and female elderly did not differ significantly in global

strength or edge weights, variances in node strength and bridge

strength are worthy of discussion. In both networks of the

male and female elderly, “Nervousness” (GAD-1) had the most

centrality strength and bridge strength value, indicating that

anxiety was the prominent symptom in anxiety, depression,

and sleep disturbance manifestation and linkage. Furthermore,

“Uncontrollable worry” (GAD-2) had the second strongest

node strength and bridge strength in the network of male

elderly, suggesting that anxiety symptoms were outstanding and

critical in releasing male elderly’s anxiety, depression, and sleep

disturbance. We boldly infer that in Chinese families, male

elderly manage family expenditure and income. As a result, male

elderly tend to exhibit high levels of anxiety in the confrontation

of less income (e.g., city lockdown) and physical illness, and

without intervention, anxiety symptoms can drag male elderly

into depression or sleep disturbance.

However, compared to male elderly, females demonstrated

more sleep disturbance in later life since in the network,

“Difficulty maintaining sleep” and “Early morning awakening”

(YSIS-4 &YSIS-5) had the second and third highest node

strength. Our finding was consistent with a previous study,

which found that females suffered more from sleep problems

than males (11). In China, females are required to undertake

housework. The COVID-19 has profound physical and

psychological impacts on female elderly. Higher standard in

sanity, more familial member to be cared and less space for

leisure activities can be regarded as stressor of sleep disturbance.

Limitation

As if using GAD-2, PHQ-2 and YSIS-3 were convenient for

elderly adults to fill in forms in a short time, seven questions

could not comprehensively reveal symptoms structures. In

further studies, more items should be contained. Moreover,

to delineate the developmental process of anxiety, depression,

and sleep disturbance, longitude studies should be done.

Demographical information on occupation, marital status,

educational level, and socioeconomic status should also be

counted in further investigation.

Conclusion

In the current study, we included anxiety, depression,

and sleep disturbance to construct three networks of elderly

adults, male elderly and female elderly, respectively. The

results showed that “Nervousness” and “Uncontrollable worry”

(GAD-1- GAD-2) had the strongest correlation implying

that network analysis, this newly proposed methodology,

could present ingenuous relationships in variables. Moreover,

clinically, key symptoms and symptoms links were pointed out

for intervention and diagnosis so that clinicians can alleviate

symptomswithin less time andwith greater treatment outcomes.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and

approved by Faculty of Psychology, Beijing Normal University

(Reference Number: 202112220084). The patients/participants

provided their written informed consent to participate in

this study.

Author contributions

Study design: XL. Data collection: LZ and QL. Analysis and

interpretation: LZ, YT, andWH. Drafting of the manuscript: LZ.

Critical revision of the manuscript: ZM, WH, HN, SW, YL, ZZ,

and SZ. All authors contributed to the article and approved the

submitted version.

Acknowledgments

The authors would like to appreciate the love and support

from Qiulan He, Yuexin He, and Jingyi Hu.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fpsyt.2022.919251/full#supplementary-material

Frontiers in Psychiatry 08 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.919251
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.919251/full#supplementary-material
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Zhang et al. 10.3389/fpsyt.2022.919251

References

1. China NBoSo. China Statistical Yearbook 2019. In. China NBoSo, editor.
Beijing: China Statistics Press (2019).

2. Zhou R, Qian SF, Cho WCS, Zhou JY, Jin CT, Zhong Y, et al. Microbiota-
microglia connections in age-related cognition decline. Aging Cell. (2022)
21:e13599. doi: 10.1111/acel.13599

3. Abdoli N, Salari N, Darvishi N, Jafarpour S, Solaymani M, Mohammadi
M, et al. The global prevalence of major depressive disorder (MDD) among
the elderly: a systematic review and meta-analysis. Neurosci Biobehav R. (2022)
132:1067–73. doi: 10.1016/j.neubiorev.2021.10.041

4. Amore S, Puppo E, Melara J, Terracciano E, Gentili S, Liotta G. Impact of
COVID-19 on older adults and role of long-term care facilities during early stages
of epidemic in Italy. Sci Rep. (2021) 11:12530. doi: 10.1038/s41598-021-91992-9

5. Grandinetti P, Gooney M, Scheibein F, Testa R, Ruggieri G, Tondo P, et al.
Stress and maladaptive coping of italians health care professionals during the first
wave of the pandemic. Brain Sci. (2021) 11:1586. doi: 10.3390/brainsci11121586

6. Awan S, Diwan MN, Aamir A, Allahuddin Z, Irfan M, Carano A, et al. Suicide
in healthcare workers: determinants, challenges, and the impact of COVID-19.
Front Psychiatry. (2022) 12:792925. doi: 10.3389/fpsyt.2021.792925

7. Tyler CM, McKee GB, Alzueta E, Perrin PB, Kingsley K, Baker FC, et al. A
study of older adults’ mental health across 33 countries during the COVID-19
pandemic. Int J Env Res Pub Health. (2021) 18:5090. doi: 10.3390/ijerph18105090

8. Sepulveda-Loyola W, Rodriguez-Sanchez I, Perez-Rodriguez P, Ganz F,
Torralba R, Oliveira DV, et al. Impact of social isolation due to COVID-19 on
health in older people: mental and physical effects and recommendations. J Nutr
Health Aging. (2020) 24:938–47. doi: 10.1007/s12603-020-1500-7

9. Aroos R, Wong BLL, Merchant RA. Delayed health consequences
of COVID-19 lockdown in an older adult. Age Ageing. (2021) 50:673–
5. doi: 10.1093/ageing/afab052

10. Gulia KK, Kumar VM. Sleep disorders in the elderly: a growing challenge.
Psychogeriatrics. (2018) 18:155–65. doi: 10.1111/psyg.12319

11. van den Berg JF, Miedema HME, Tulen JHM, Hofman A, Neven
AK, Tiemeier H. Sex differences in subjective and actigraphic sleep
measures: a population-based study of elderly persons. Sleep. (2009)
32:1367–75. doi: 10.1093/sleep/32.10.1367

12. Dzierzewski JM, Sabet SM, Ghose SM, Perez E, Soto P, Ravyts SG, et al.
Lifestyle factors and sleep health across the lifespan. Int J Env Res Pub Health.
(2021) 18:6626. doi: 10.3390/ijerph18126626

13. Kim SY, Kim SG, Sim S, Park B, Choi HG. Excessive sleep and
lack of sleep are associated with slips and falls in the adult Korean
population a population-based cross-sectional study. Medicine. (2016)
95:e2397. doi: 10.1097/MD.0000000000002397

14. Silva D, Martins R, Polido F, Cruz MDC. Elderly: coping with sleep disorders.
Eur Psychiat. (2021) 64:S556–S556. doi: 10.1192/j.eurpsy.2021.1484

15. Li WZ, Ruan WY, Peng Y, Lu ZX, Wang DM. Associations of socioeconomic
status and sleep disorder with depression among US adults. J Affect Disord. (2021)
295:21–7. doi: 10.1016/j.jad.2021.08.009

16. Korkmaz BY, Gemci E, Cosarderelioglu C, Yigit S, Atmis V, Yalcin
A, et al. Attitudes of a geriatric population towards risks about COVID-19
pandemic: in the context of anxiety and depression. Psychogeriatrics. (2021)
21:730–7. doi: 10.1111/psyg.12731

17. McKinnon AC, Beath AP, Naismith SL. Relationships between sleep quality,
depressive symptoms and MCI diagnosis: a path analysis. J Affect Disord. (2019)
256:26–32. doi: 10.1016/j.jad.2019.05.045

18. Mason EC, Harvey AG. Insomnia before and after treatment for anxiety and
depression. J Affect Disord. (2014) 168:415–21. doi: 10.1016/j.jad.2014.07.020

19. Schmittmann VD, Cramer AOJ, Waldorp LJ, Epskamp S,
Kievit RA, Borsboom D. Deconstructing the construct: a network
perspective on psychological phenomena. New Ideas Psychol. (2013)
31:43–53. doi: 10.1016/j.newideapsych.2011.02.007

20. Borsboom D, Cramer AOJ. Network analysis: an integrative approach
to the structure of psychopathology. Annu Rev Clin Psycho. (2013) 9:91–
121. doi: 10.1146/annurev-clinpsy-050212-185608

21. Costantini G, Perugini M. A framework for testing causality in personality
research. Eur J Personality. (2018) 32:254–68. doi: 10.1002/per.2150

22. Dalege J, Borsboom D, van Harreveld F, van den Berg H, Conner M, van der
Maas HLJ. Toward a formalized account of attitudes: the causal attitude network
(CAN) model. Psychol Rev. (2016) 123:2–22. doi: 10.1037/a0039802

23. Kroenke K, Spitzer RL, Williams JBW, Monahan PO, Lowe
B. Anxiety disorders in primary care: prevalence, impairment,
comorbidity, and detection. Ann Intern Med. (2007) 146:317–
25. doi: 10.7326/0003-4819-146-5-200703060-00004

24. Luo ZC, Li YQ, Hou YT, Zhang HQ, Liu XT, Qian XL, et al. Adaptation
of the two-item generalized anxiety disorder scale (GAD-2) to Chinese rural
population: a validation study and meta-analysis.Gen Hosp Psychiat. (2019) 60:50–
6. doi: 10.1016/j.genhosppsych.2019.07.008

25. Nath S, Ryan EG, Trevillion K, Bick D, Demilew J, Milgrom J, et al. Prevalence
and identification of anxiety disorders in pregnancy: the diagnostic accuracy
of the two-item generalised anxiety disorder scale (GAD-2). BMJ Open. (2018)
8:e023766. doi: 10.1136/bmjopen-2018-023766

26. Kroenke K, Spitzer RL, Williams JBW. The patient health questionnaire-
2 - validity of a two-item depression screener. Med Care. (2003) 41:1284–
92. doi: 10.1097/01.MLR.0000093487.78664.3C

27. Xiao R, Lai QZ, Yang JP. [Reliability and validity of Meaningful Life Measure-
Chinese Revised in Chinese college students]. Nan Fang Yi Ke Da Xue Xue Bao.
(2016) 37:499–504. doi: 10.3969/j.issn.1673-4254.2017.04.13

28. Liu X, Yang Y, Liu Z-Z, Luo Y, Fan F, Jia C-X. Psychometric properties of
youth self-rating insomnia scale (YSIS) in Chinese adolescents. Sleep Biol Rhythm.
(2019) 17:339–48. doi: 10.1007/s41105-019-00222-3

29. Wang DF, Chen HL, Chen DX, Ma ZJ, Zhang YF, Wang T, et al. Shift work
disorder and related influential factors among shift workers in China. Sleep Med.
(2021) 81:451–6. doi: 10.1016/j.sleep.2021.03.008

30. Mullarkey MC, Marchetti I, Beevers CG. Using network analysis to identify
central symptoms of adolescent depression. J Clin Child Adolesc. (2019) 48:656–
68. doi: 10.1080/15374416.2018.1437735

31. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks
and their accuracy: a tutorial paper. Behav Res Methods. (2018) 50:195–
212. doi: 10.3758/s13428-017-0862-1

32. Chen J, Chen Z. Extended bayesian information criteria
for model selection with large model spaces. Biometrika. (2008)
95:759–71. doi: 10.1093/biomet/asn034

33. Epskamp S, Fried EI. A tutorial on regularized partial correlation networks.
Psychol Methods. (2018) 23:617–34. doi: 10.1037/met0000167

34. Epskamp S, Cramer AOJ, Waldorp LJ, Schmittmann VD, Borsboom D.
qgraph: network visualizations of relationships in psychometric data. J Stat Softw.
(2012) 48:1–18. doi: 10.18637/jss.v048.i04

35. Bringmann LF, Elmer T, Epskamp S, Krause RW, Schoch D, Wichers M, et al.
What do centrality measures measure in psychological networks? J Abnorm Psychol
(1965). (2019) 128:892–903. doi: 10.1037/abn0000446

36. Bollen KA, Stine RA. Bootstrapping goodness-of-fit measures
in structural equation models. Sociol Method Res. (1992) 21:205–
29. doi: 10.1177/0049124192021002004

37. Marchetti I. Hopelessness: a network analysis. Cognitive Ther Res. (2019)
43:611–9. doi: 10.1007/s10608-018-9981-y

38. Chernick MR. Bootstrap Methods: A Guide for Practitioners and Researchers,
2nd Edition.Wiley Ser Probab St (2008). p. 1–369.

39. Haslbeck JMB, Waldorp LJ. How well do network models predict
observations? On the importance of predictability in network models. Behav Res
Methods. (2018) 50:853–61. doi: 10.3758/s13428-017-0910-x

40. Haslbeck JMB, Waldorp LJ. mgm: estimating time-varying mixed
graphical models in high-dimensional data. J Stat Softw. (2020) 93:1–
46. doi: 10.18637/jss.v093.i08

41. Castro D, Ferreira F, de Castro I, Rodrigues AR, Correia M,
Ribeiro J, et al. The differential role of central and bridge symptoms
in deactivating psychopathological networks. Front Psychol. (2019)
10:2448. doi: 10.3389/fpsyg.2019.02448

42. Jones PJ, Ma R, McNally RJ. Bridge centrality: a network
approach to understanding comorbidity. Multivariate Behav Res. (2021)
56:353–67. doi: 10.1080/00273171.2019.1614898

43. Forbes MK, Wright AGC, Markon KE, Krueger RF. Quantifying
the reliability and replicability of psychopathology network characteristics.
Multivariate Behav Res. (2021) 56:224–42. doi: 10.1080/00273171.2019.1616526

44. Borsboom D, Fried EI, Epskamp S, Waldorp LJ, van Borkulo CD, van
der Maas HLJ, et al. False alarm? a comprehensive reanalysis of “evidence
that psychopathology symptom networks have limited replicability” by forbes,

Frontiers in Psychiatry 09 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.919251
https://doi.org/10.1111/acel.13599
https://doi.org/10.1016/j.neubiorev.2021.10.041
https://doi.org/10.1038/s41598-021-91992-9
https://doi.org/10.3390/brainsci11121586
https://doi.org/10.3389/fpsyt.2021.792925
https://doi.org/10.3390/ijerph18105090
https://doi.org/10.1007/s12603-020-1500-7
https://doi.org/10.1093/ageing/afab052
https://doi.org/10.1111/psyg.12319
https://doi.org/10.1093/sleep/32.10.1367
https://doi.org/10.3390/ijerph18126626
https://doi.org/10.1097/MD.0000000000002397
https://doi.org/10.1192/j.eurpsy.2021.1484
https://doi.org/10.1016/j.jad.2021.08.009
https://doi.org/10.1111/psyg.12731
https://doi.org/10.1016/j.jad.2019.05.045
https://doi.org/10.1016/j.jad.2014.07.020
https://doi.org/10.1016/j.newideapsych.2011.02.007
https://doi.org/10.1146/annurev-clinpsy-050212-185608
https://doi.org/10.1002/per.2150
https://doi.org/10.1037/a0039802
https://doi.org/10.7326/0003-4819-146-5-200703060-00004
https://doi.org/10.1016/j.genhosppsych.2019.07.008
https://doi.org/10.1136/bmjopen-2018-023766
https://doi.org/10.1097/01.MLR.0000093487.78664.3C
https://doi.org/10.3969/j.issn.1673-4254.2017.04.13
https://doi.org/10.1007/s41105-019-00222-3
https://doi.org/10.1016/j.sleep.2021.03.008
https://doi.org/10.1080/15374416.2018.1437735
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1093/biomet/asn034
https://doi.org/10.1037/met0000167
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.1037/abn0000446
https://doi.org/10.1177/0049124192021002004
https://doi.org/10.1007/s10608-018-9981-y
https://doi.org/10.3758/s13428-017-0910-x
https://doi.org/10.18637/jss.v093.i08
https://doi.org/10.3389/fpsyg.2019.02448
https://doi.org/10.1080/00273171.2019.1614898
https://doi.org/10.1080/00273171.2019.1616526
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Zhang et al. 10.3389/fpsyt.2022.919251

wright, markon, and krueger (2017). J Abnorm Psychol (1965). (2017) 126:989–
99. doi: 10.1037/abn0000306

45. Kopelman-Rubin D, Omer H, Dar R. Brief therapy for
excessive worry: treatment model, feasibility, and acceptability of a
new treatment. J Psychother Integr. (2019) 29:291–306. doi: 10.1037/
int0000100

46. Li W, Jackson K. Ageing and Mental Health: Global Perspectives. New York,
NY: Nova Publishers (2016).

47. Cho SM, Saw YM, Saw TN, Than TM, Khaing M, Khine
AT, et al. Prevalence and risk factors of anxiety and depression
among the community-dwelling elderly in Nay Pyi Taw Union
Territory, Myanmar. Sci Rep. (2021) 11:9763. doi: 10.1038/s41598-
021-88621-w

48. Alvarado C, Modesto-Lowe V. Psychotherapeutic treatment approaches
of anxiety disorders in the elderly. Curr Treat Options Psychiatry. (2017) 4:47–
54. doi: 10.1007/s40501-017-0103-3

49. Tao Y, Chen Y, Zhou W, Lai L, Liu T. The effectiveness
of the moving to emptiness technique on clients who need
help during the COVID-19 pandemic: a real-world study. Front
Public Health. (2022) 10:890960–890960. doi: 10.3389/fpubh.
2022.890960

50. Sharma MK, Kainth S, Kumar S, Bhardwaj A, Agarwal HK, Maiwall R, et
al. Effects of zolpidem on sleep parameters in patients with cirrhosis and sleep
disturbances: a randomized, placebo-controlled trial. Clin Mol Hepatol. (2019)
25:199–209. doi: 10.3350/cmh.2018.0084

51. Quan SA, Li YC, Li WJ, Li Y, Jeong JY, Kim DH. Gender differences in sleep
disturbance among elderly koreans: hallym aging study. J Korean Med Sci. (2016)
31:1689–95. doi: 10.3346/jkms.2016.31.11.1689

52. Kishimoto Y, Okamoto N, Saeki K, Tomioka K, Obayashi K, Komatsu
M, et al. Bodily pain, social support, depression symptoms and stroke history
are independently associated with sleep disturbance among the elderly: a cross-
sectional analysis of the Fujiwara-kyo study. Environ Health Prev. (2016) 21:295–
303. doi: 10.1007/s12199-016-0529-z

53. Salas-Crisostomo M, Torterolo P, Veras AB, Rocha NB, Machado
S, Murillo-Rodriguez E. Therapeutic approaches for the management of
sleep disorders in geriatric population. Curr Med Chem. (2019) 26:4775–
85. doi: 10.2174/0929867325666180904113115

54. Luck-Sikorski C, Stein J, Heilmann K,MaierW, Kaduszkiewicz H, SchererM,
et al. Treatment preferences for depression in the elderly. Int Psychogeriatr. (2017)
29:389–98. doi: 10.1017/S1041610216001885

55. Abdel-Rahman E. Depression in the Elderly. New York, NY: Nova Science
Publishers (2012).

Frontiers in Psychiatry 10 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.919251
https://doi.org/10.1037/abn0000306
https://doi.org/10.1037/int0000100
https://doi.org/10.1038/s41598-021-88621-w
https://doi.org/10.1007/s40501-017-0103-3
https://doi.org/10.3389/fpubh.2022.890960
https://doi.org/10.3350/cmh.2018.0084
https://doi.org/10.3346/jkms.2016.31.11.1689
https://doi.org/10.1007/s12199-016-0529-z
https://doi.org/10.2174/0929867325666180904113115
https://doi.org/10.1017/S1041610216001885
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Seeking bridge symptoms of anxiety, depression, and sleep disturbance among the elderly during the lockdown of the COVID-19 pandemic—A network approach
	Introduction
	Methods
	Participants
	Measurements
	Generalized Anxiety Disorder- 2 (GAD-2)
	Patient Health Questionnaire (PHQ-2)
	Youth Self-rating Insomnia Scale (YSIS-3)

	Statistical analysis
	Item check
	Network stability and accuracy
	Comparison of the network structure between genders


	Results
	Descriptive statistics and item check
	Network structure and centrality measures analysis
	Elderly network
	Male elderly network
	Female elderly network

	Network accuracy and stability
	Networks comparison between two sexes

	Discussion
	Limitation
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


