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A B S T R A C T   

Introduction: Recently, in the view of network analysis, depression has been conceptualized as a complex and 
dynamic network model combining individual symptoms. To date, no studies have systematically examined and 
compared depressive symptom networks across different populations. 
Methods: A total of 36,105 participants were recruited and asked to complete the Patient Health Questionnaire-9 
among junior high school students, senior high school students, college students, and elderly adults who were 
more susceptible to depression during the COVID-19 lockdown in China. In the analysis, we applied the optimal 
cutoff score ≥ 8 for students and a score ≥ 6 for elderly adults to identify 5830 participants who were likely to be 
depressed. The index of “strength” was used to identify central symptoms in the network structure. 
Results: The results showed that Sad Mood was the most central symptom among junior high school students, 
senior high school students, and college students, but the most central symptom in the elderly was Guilt. Among 
the top three central symptoms, Suicide Ideation was unique to senior high school students, while Anhedonia was 
most prevalent among college students. Guilt - Suicide Ideation, Anhedonia – Energy, Anhedonia - Sad Mood, and 
Sleep – Energy showed the strongest association among junior and senior high school students, college students, 
and elderly adults, respectively. NCT (i.e., Network Comparison Test) suggested that the network's global con
nectivity was ultimately inconsistent, but the network structure remained roughly intact. 
Conclusion: In treatment, targeting central symptoms may be critical to alleviating depression.   

1. Introduction 

Depression is different from unhappiness or typical feelings of 
sadness and is, instead, a psychiatric illness combining cognitive, 
emotional and physical symptoms, including anhedonia, emptiness, 
hopelessness, and sleep disorders (American Psychiatric Association, 
2013; Paunio et al., 2015). As a widely prevalent psychological disorder, 

depressive symptoms are associated with individuals' impaired social 
function in multiple domains, including work, school, family, and re
lationships (Altshuler et al., 2006; Bertha and Balázs, 2013). In severe 
cases, depressed patients may even hold suicidal ideation or attempt 
suicide (Balázs et al., 2013; Fergusson et al., 2005). Major depressive 
disorder, the principal form of depression, is a recurrent lifelong illness, 
and the most likely period for the onset of its first episode extends from 
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mid-adolescence to one's mid-40s, but nearly 40 % experience their first 
episode before the age of 20 (Moffitt et al., 2010). To make matters 
worse, the lifetime risk of depression is approximately 15–18 % at a 
global level, with a peak prevalence occurring in the second and third 
decades of life and a subsequent but more modest peak in the fifth and 
sixth decades (Bromet et al., 2011; Moffitt et al., 2010; World Health 
Organization, 2017). As early as 2008, the WHO ranked major depres
sion as the third leading cause of the global burden of disease and pre
dicted that by 2030, the disease would become the leading cause of 
mortality and morbidity in the world (Malhi and Mann, 2018). There
fore, to reduce the risk of depression and provide effective interventions 
and treatments, it is crucial to understand the underlying pathological 
mechanism of depression. 

From the traditional causal perspective of mental disorders, 
depression causes low mood and suicidality, just like infection causes 
fever (Borsboom and Cramer, 2013). Accordingly, traditional statistical 
approaches (i.e., the latent factor approach) assume that depression is an 
unobservable factor that generates observable specific symptoms. 
(Fried, 2015). That is, symptoms are loosely aggregated to describe the 
latent factor (Schmittmann et al., 2013). Hence, this approach cannot 
illustrate the dynamic interactions among indicators or symptoms 
assessed by the Patient Health Questionnaire-9 (PHQ-9) (Kroenke et al., 
2001), a tool that can detect and assess the severity of depression 
(Dalege et al., 2016). A new approach called network analysis was 
proposed to conceptualize psychological phenomena in recent years 
(Borsboom and Cramer, 2013). According to network analysis theory, 
symptoms are not scattered points. Instead, they closely interact to form 
and maintain a unified pathological disease (Costantini and Perugini, 
2018; Epskamp et al., 2018). These symptom-to-symptom interactions 
are clearly presented within the network, allowing researchers to 
identify the symptoms that play a major role in causing the onset of a 
syndrome. Thus, interventions targeting central symptoms may be more 
efficient (Borsboom and Cramer, 2013). 

Since the outbreak of the COVID-19 pandemic at the end of 2019, 
countries, particularly China, have implemented active disease 
containment measures (e.g., lockdown and quarantine) to prevent this 
pandemic from harming people (Jin et al., 2022). On the other hand, 
however, a lack of normal public contacts or daily routines causes in
dividuals to suffer from great anxiety and uncertainties, which in turn 
lead to psychological disorders, such as depression (Fancourt et al., 
2021; Robb et al., 2020). Particularly, students (both from high school 
and college) (Cao et al., 2022; Wang et al., 2020) and elderly adults 
(Amicucci et al., 2021; Luo et al., 2021) reported higher rates of 
depression than adults during lockdowns in China, since these pop
ulations have particularly high needs for care and interpersonal re
lationships. Given their vulnerability to depression, these two groups 
warrant special attention and study. 

A previous study showed that loneliness, sadness, self-hatred, fa
tigue, self-deprecation, and crying were prominent central symptoms in 
the depressive symptom network of American adolescents (Gijzen et al., 
2021). In 2021, during the COVID-19 pandemic and political chaos in 
Hong Kong, a network was also used to examine the depressive symp
toms of Hong Kong residents, revealing that guilt (i.e., feeling bad about 
yourself - or that you're a failure or have let yourself or your family 
down), sad mood (i.e., feeling down, depressed or hopeless), and energy 
(i.e., feeling tired or having little energy) were the three most prevalent 
central symptoms in adults aged between 18 and 59 years (Cheung et al., 
2021). However, depression can be influenced by socioeconomic status 
and external affairs (Lorant et al., 2003). Therefore, as high-risk groups 
for depression during this pandemic period, mainland Chinese students 
and elderly adults may have different experiences due to differences in 
demographic information and social environment. Thus, the investiga
tion of depressive symptoms in these groups is necessary. 

To the best of our knowledge, no studies have comprehensively 
explored depressive symptom networks for a particular age group, 
especially for students and elderly adults. To address this knowledge 

gap, we conducted this study to (1) investigate the network structure of 
depressive symptoms for four groups during the COVID-19 pandemic 
lockdown period: junior high school students, senior high school stu
dents, college students, and elderly adults. (2) Clarifying the top central 
symptoms in the four different networks; and (3) presenting the stron
gest symptom-to-symptom interaction in each network. Moreover, pre
vious studies using network analysis did not select participants who 
might have clinical depressive symptoms. A score above 5 on the PHQ-9 
indicates that a person has a mild or higher level of depression severity 
(Kroenke et al., 2001). We applied population-specific cutoff scores to 
filter those who were likely to have depression in the current study. 

2. Methods 

2.1. Participants 

This cross-sectional study was conducted in Harbin, China, between 
November and December 2021. A total of 13,999 junior high school 
students (male, 7056; female, 6943), 12,550 senior high school students 
(male, 6590; female, 5960), 6710 college students (male, 3074; female, 
3636), and 2846 elderly adults whose ages are above 60 years (male, 
878; female, 1968) completed the PHQ-9. According to previous studies, 
the optimal cutoff score of the PHQ-9 to screen probable positive cases 
for depression was ≥8 for students (Manea et al., 2012) and ≥ 6 for 
elderly adults (Chen et al., 2016). With this standard, 1793 (12.81 %) 
junior high school students, 2854 (22.74 %) senior high school students, 
830 college students (12.37 %), and 353 (12.40 %) elderly adults were 
included in the study. 

The research aim was clarified in the participants' electronic 
informed consent before starting the assessment. The research was 
examined and approved by the ethics committee of the first author's 
university (reference number: 202112220084). 

2.2. Measures 

2.2.1. Patient Health Questionnaire-9 (PHQ-9) 
The PHQ-9 comprises nine items (Kroenke et al., 2001). Each item is 

graded on a scale from 0 (not at all) to 3 (nearly every day) to assess 
depressive symptoms, including anhedonia, sad mood, sleep, energy, 
appetite, guilt, concentration, motor function, and suicide ideation in 
the last two weeks (Löwe et al., 2004). Higher scores indicate higher 
levels of depression severity. In China, the PHQ-9 has been proven to be 
valid (Wang et al., 2014; Zhang et al., 2013). 

2.3. Data analysis 

All statistical analyses were conducted in R (R Core Team, 2021). 

2.3.1. Item selection 
In the network analysis, nodes represent symptoms, and edges 

represent relationships between two nodes. The association between 
two nodes was calculated by partial correlation analysis, keeping other 
nodes' interference constant. 

First, the mean, standard deviation, kurtosis, and skewness of all 
PHQ-9 items were examined. Standard deviation was used to evaluate 
the informativeness of each item, and potential item redundancy was 
checked (Mullarkey et al., 2019). Following the manual (Jones, 2021), if 
the polychoric correlation between two variables and other items was 
significantly different, the proportion of which falls below 25 %, it 
would be confirmed that these two items measured the same feature/ 
symptom (i.e., redundancy). The R package ‘networktools 1.3.0’ (Jones, 
2021) was used for the item redundancy test. 

2.3.2. Network estimation 
Second, in accordance with current guidelines, an extended Bayesian 

information criterion (EBIC) graphical least absolute shrinkage and 
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selection operator (LASSO) network model containing all items was 
estimated (Epskamp and Fried, 2018). After controlling for all other 
symptoms in the network, the association between each pair of symp
toms was calculated using polychoric correlation. Small correlations 
were shrunk to exactly zero by using LASSO, with the related tuning 
parameter set using the EBIC. All nonzero correlations were condition
ally dependent (i.e., not spuriously due to any other network variable), 
and the network became sparser and easier to understand. In the current 
study, blue and red represent positive and negative correlations, 
respectively. More saturated and thicker edges indicated stronger con
nections between two nodes. The R packages qgraph 1.6.9 and bootnet 
1.4.3 were used for network estimation and visualization (Epskamp 
et al., 2018; Epskamp et al., 2012). 

Third, the R packages qgraph 1.6.9 (Epskamp et al., 2012) and mgm 
1.2–12 (Haslbeck and Waldorp, 2020) were used to assess network 
properties by computing two metrics: strength (i.e., the sum of absolute 
edge weights between one node and all other nodes connected to it) 
(Valente, 2012) and predictability (i.e., how well one node can be pre
dicted by its neighboring nodes) (Epskamp et al., 2018; Haslbeck and 
Waldorp, 2018). Previous research has shown that assessments of 
closeness and betweenness are unreliable in determining nodes' impor
tance (Bringmann et al., 2019; Epskamp et al., 2016). Hence, strength 
was chosen as the metric in the current study. 

2.3.3. Estimation of network stability 
Fourth, we used a case-dropping bootstrap procedure to ensure the 

robustness of node strength (Epskamp et al., 2018). Dropping a pro
portion of data does not result in significant changes in the existing 
network, ensuring its stability. The index used to assess network stability 
is the correlation stability coefficient (CS-C). The CS-C indicates the 
maximum number of cases that might be removed from the sample when 
centrality indices in the subset correlate with centrality indices in the 
original network at the 0.7 level with a probability of 95 % (Epskamp 
et al., 2018). Generally, the value of CS-C should be >0.25, preferably 
>0.5. 

Finally, we computed confidence intervals (Cls) using nonparametric 
bootstrapping to examine the accuracy of edge weights and the nodes' 
centrality. Meanwhile, bootstrap tests based on 0.95 CIs were performed 
to analyze the difference between the strengths of two edges or two 
nodes; if CIs did not include zero, there was a significant difference 
between the strengths of two edges or two nodes. 

All analyses of network stability were performed by the R package 
bootnet (Version 1.4.3) (Epskamp et al., 2018). 

2.3.4. Comparison of network characteristics among the four groups 
Finally, we used the network comparison test (NCT) to assess the 

difference between two networks based on several invariance measures 
(e.g., network structure invariance, global strength invariance, edge 
invariance). This assessment was performed with the R package Net
workComparisonTest (Version 2.2.1) (van Borkulo et al., 2021). The 
network structure conveys the maximum difference between two net
works' pairwise edges. Edge invariance means the difference between 
two networks' individual edge weights, and global strength refers to the 
sum of all edge weights in each network. The Holm–Bonferroni 
correction was used for multiple comparisons between two networks at 
the individual edge level. Previous studies have not systematically 
examined depressive symptom network structures among different 
groups (Abdul Karim et al., 2021; Cheung et al., 2021). The current 
study compared network structure invariance, edge invariance, and 
global strength among different subgroups (i.e., junior high school stu
dents, senior high school students, college students, and elderly adults). 

3. Results 

3.1. Item check and descriptive statistics 

Item informativeness (i.e., the standard deviation of the item) and 
item redundancy were checked first. No item was found to be poorly 
informative (i.e., 2.5 SD below the mean level of informativeness), and 
no item was found to be redundant with any other item (i.e., < 25 % of 
significantly different correlations). The mean, SD, skewness, and kurtosis 
of depressive symptoms measured by the PHQ-9 are shown in Table 1. 

3.2. Network structure and centrality measures analysis 

Four depressive symptom networks are shown in Fig. 1 and Fig. S1, 
and the corresponding partial correlation matrix is presented in 
Tables S2-S5. The edge of Guilt - Suicide Ideation (PHQ6-PHQ9) showed 
the strongest association, followed by the edge of Anhedonia - Energy 
(PHQ1-PHQ4) and the edge of Sad Mood - Guilt (PHQ2-PHQ6), among 
junior high school students. The edge of Anhedonia - Energy (PHQ1- 
PHQ4) showed the strongest association, followed by the edge of Guilt - 
Suicide Ideation (PHQ6-PHQ9) and the edge of Anhedonia - Sad Mood 
(PHQ1-PHQ2), among senior high school students. 

The edge of Anhedonia - Sad Mood (PHQ1-PHQ2) showed the 
strongest association, followed by the edge of Anhedonia - Energy 
(PHQ1-PHQ4) and the edge of Motor Function- Suicide Ideation (PHQ8- 
PHQ9), among college students. The edge of Sleep - Energy (PHQ3- 
PHQ4) showed the strongest association, followed by the edge of 
Anhedonia - Sad Mood (PHQ1-PHQ2) and Concentration - Motor 
Function (PHQ7-PHQ8), among elderly adults. 

In Table 1, Fig. 2 and Fig. S2, Sad Mood (PHQ2) had the highest node 
strength in the depressive symptom network among junior high school 
students, followed by Energy (PHQ4) and Guilt (PHQ6), and an average 
of 21.5 % of the variance could be potentially accounted for by each 
node's neighbors (M predictability=0.215±0.059). Sad Mood (PHQ2) had 
the highest node strength in the depressive symptom network among 
senior high school students, followed by Suicide Ideation (PHQ9) and 
Energy (PHQ4), and an average of 28.1 % of the variance could be 
potentially accounted for by each node's neighbors (M pre

dictability=0.281±0.082). Sad Mood (PHQ2) had the highest node 
strength in the depressive symptom network of college students, fol
lowed by Energy (PHQ4) and Anhedonia (PHQ1), and an average of 
24.4 % of the variance could be potentially accounted for by each node's 
neighbors (M predictability=0.244±0.089). Guilt (PHQ6) had the highest 
node strength in the depressive symptom network among elderly adults, 
followed by Sad Mood (PHQ2) and Energy (PHQ4), and an average of 
62.7 % of the variance could be potentially accounted for by each node's 
neighbors (M predictability=0.627±0.048). 

3.3. Network and stability 

In Fig. 3, the case-dropping bootstrap procedure shows that CS-C was 
0.60, 0.75, 0.59, and 0.28 among junior high school students, senior 
high school students, college students, and elderly adults, respectively. 
The results of the nonparametric bootstrap procedure revealed that most 
comparisons among edge weights and node strength were statistically 
significant (Figs. S4, S5). Additionally, bootstrapped 95 % of CIs were 
narrow, representing edges that were trustworthy (Fig. S3). 

3.4. Network comparison among junior high school students, senior high 
school students, college students and elderly 

NCT revealed the network structure invariance and global strength 
invariance among the four groups (see Table 2). 

Specifically, there was a significant group difference in network 
global strength among junior high school students - senior high school 
students (3.19 vs. 3.50, global strength difference (S = 0.31, p = 0.003)), 
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junior high school students- elderly (3.19 vs. 3.86, S = 0.66, p = 0.017), 
senior high school students – college students (3.50 vs. 2.92, S = 0.58, p 
= 0.000), college students – elderly (2.92 vs. 3.86, S = 1.37, p = 0.000). 
Junior high school, senior high school, and college students' networks, in 
terms of their network structure, were substantially different from those 
of elderly adults (M = 0.23, p = 0.005, M = 0.28, p = 0.000, and M =
0.21, p = 0.038, respectively). In combination, these findings suggested 
that networks' global connectivity was ultimately inconsistent, but 
structures remained roughly intact. 

4. Discussion 

To our knowledge, this is the first study to systematically investigate 
depressive symptoms among junior high school students, senior high 
school students, college students, and elderly adults during the COVID- 
19 pandemic lockdown in China. Several findings are worth discussing. 

Sad mood was the most central symptom of students' depression 
networks, which was consistent with a previous study (Beard et al., 
2016), and the inclusion of sadness as a prerequisite for major depres
sive disorder in the clinical diagnosis (Bernstein et al., 2007). The 
COVID-19 pandemic is unprecedented for everyone, especially for stu
dents. Students had to take online courses, had to stay at home or alone, 
and were forced to overcome a multitude of learning and relationship 
challenges at a phase when they were supposed to construct and 
maintain peer relationships in real life (Wu et al., 2022). Without 
catharsis, students' feelings of gloominess accumulated into depression 
(Lee and Jeong, 2018). One point to emphasize is that sad mood is the 
hallmark symptom needed to meet a diagnosis of major depression 
(Fried et al., 2016). Fortunately, Tao et al. (2022) have revealed through 
network analysis that the level of hopelessness among college students is 

significantly reduced once the lockdown ending. Therefore, to intervene 
in depression development, parents or communities need to understand 
the situation of students in the lockdown period and address their dis
torted perceptions. 

Moreover, from the elderly adults' network, we found that Guilt was 
the most central symptom. An investigation of Hong Kong adult resi
dents' depressive symptom network revealed the same phenomenon as 
ours (Cheung et al., 2021). Guilt is a negative evaluation of one's own 
behavior (Cândea and Szentagotai-Tătar, 2018), which is closely asso
ciated with self-blame (Peterson et al., 1981), worthlessness (Zahn et al., 
2015), low self-esteem (Battle, 1978), and hopelessness (Abramson 
et al., 1989). A previous study stated that guilt levels were positively 
associated with depression (Li et al., 2018). During the lockdown period, 
elderly adults paused their activities, such as purchasing food for the 
family or seeing doctors. Instead, they had to depend heavily on their 
family members or communities. In this situation, it is easy for elders to 
feel that they are useless or even a burden to their surroundings. Losing 
body control or getting sick could further intensify guilty feelings 
(Pedroso-Chaparro et al., 2021). Hence, we believe that if communities 
or families can offer elderly adults chances to regain control of their 
bodies and lives, their depressive symptoms will be alleviated. 

Another finding that should not be overlooked is senior high school 
students' Suicide Ideation, the second most central symptom in their 
depression networks. Until now, no studies have revealed this result. As 
we applied optimal cutoff scores to screen for those who were likely to 
have depression, suicide ideation was a prominent symptom in 
depressed senior high school students. In terms of the escape theory of 
suicide (Baumeister, 1990), suicide ideation is a motivation to eliminate 
acrimonious self-evaluation and internal inadequacies. Senior high 
school students are under tremendous academic pressure to prepare for 

Table 1 
Descriptive statistics for the network variables.  

Group (N) Item Node M SD Skewness Kurtosis Strength a Predictability 

JH (1793) PHQ1 Anhedonia  1.68  0.88  0.07  − 0.88  − 0.17  0.24 
PHQ2 Sad Mood  1.46  0.91  0.29  − 0.77  1.78  0.31 
PHQ3 Sleep  1.47  1.02  0.18  − 1.10  − 1.59  0.16 
PHQ4 Energy  1.67  0.93  0.09  − 1.05  0.74  0.25 
PHQ5 Appetite  1.40  1.02  0.21  − 1.08  − 0.83  0.13 
PHQ6 Guilt  1.53  0.96  0.17  − 0.98  0.73  0.27 
PHQ7 Concentration  1.46  1.00  0.17  − 1.05  − 0.29  0.16 
PHQ8 Motor  1.28  0.99  0.33  − 0.90  − 0.61  0.18 
PHQ9 Suicide  0.88  0.99  0.88  − 0.36  0.23  0.24 

SH (2854) PHQ1 Anhedonia  1.80  0.90  − 0.01  − 1.09  − 0.18  0.32 
PHQ2 Sad Mood  1.52  0.92  0.26  − 0.86  1.82  0.41 
PHQ3 Sleep  1.59  1.11  − 0.03  − 1.35  − 1.12  0.18 
PHQ4 Energy  1.89  0.90  − 0.08  − 1.22  0.56  0.31 
PHQ5 Appetite  1.55  1.05  0.05  − 1.22  − 1.27  0.17 
PHQ6 Guilt  1.64  0.99  0.02  − 1.11  0.10  0.31 
PHQ7 Concentration  1.60  1.04  − 0.03  − 1.20  − 0.94  0.20 
PHQ8 Motor  1.30  1.09  0.33  − 1.18  0.37  0.29 
PHQ9 Suicide  0.83  1.02  1.01  − 0.21  0.67  0.34 

College (830) PHQ1 Anhedonia  1.50  0.77  0.57  − 0.39  0.53  0.28 
PHQ2 Sad Mood  1.35  0.72  0.71  0.26  1.74  0.40 
PHQ3 Sleep  1.33  0.88  0.39  − 0.53  − 0.56  0.16 
PHQ4 Energy  1.47  0.74  0.73  − 0.19  0.87  0.32 
PHQ5 Appetite  1.33  0.88  0.44  − 0.47  − 1.66  0.11 
PHQ6 Guilt  1.30  0.81  0.49  − 0.15  − 0.42  0.24 
PHQ7 Concentration  1.44  0.86  0.37  − 0.56  − 0.74  0.15 
PHQ8 Motor  1.00  0.85  0.67  − 0.00  − 0.11  0.27 
PHQ9 Suicide  0.61  0.80  1.23  0.86  0.34  0.26 

Elderly (353) PHQ1 Anhedonia  1.49  0.94  0.27  − 0.89  − 0.94  0.62 
PHQ2 Sad Mood  1.28  0.88  0.52  − 0.38  0.82  0.68 
PHQ3 Sleep  1.56  0.97  0.17  − 1.04  − 0.93  0.56 
PHQ4 Energy  1.60  0.89  0.33  − 0.94  0.27  0.66 
PHQ5 Appetite  1.38  0.88  0.37  − 0.57  − 1.04  0.63 
PHQ6 Guilt  1.24  0.95  0.42  − 0.71  2.07  0.68 
PHQ7 Concentration  1.41  0.94  0.32  − 0.82  − 0.32  0.59 
PHQ8 Motor  1.36  0.93  0.43  − 0.69  0.17  0.66 
PHQ9 Suicide  1.01  0.96  0.62  − 0.60  − 0.11  0.56 

Note. JH, Junior high school students. SH, Senior high school students. a The values of node strength were standardized z scores from the network. 
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the competitive college entrance examinations (named “Gaokao”) that 
decide whether students can enter a key university, and the magnitude 
of this pressure exceeds that felt by other students (Zhang et al., 2019). 
During the lockdown period, however, the shift to online learning made 
it difficult to guarantee the efficacy of teaching, which in turn led to a 
decline in students' learning efficiency or academic achievements (Wang 
and Yu, 2021). Once one's or parents' expectations are not met (Liu and 
Tein, 2005), these students tend to attribute these failures internally 
(Baumeister, 1990). Consequently, these continuous aversive assess
ments gradually led to depression (Unger et al., 2001), and made them 
have a relatively high prevalence of suicide plans or attempts (Anderson 
et al., 2015). More seriously, senior high school students might rely on 
the ultimate step, suicide, to escape from agony (Cao et al., 2022; Hou 
et al., 2020). In recent years, China has launched several hotlines to 
prevent suicides. If a student is found to have suicidal ideation or at
tempts, people can call a hotline or seek a professional psychotherapist 
for help. 

In addition, the results showed that the symptom-to-symptom rela
tionship differed across groups. Specifically, the strongest correlations 
were found between Guilt - Suicide Ideation, Anhedonia - Energy, and 
Anhedonia - Sad Mood in junior high school students, senior high stu
dents and college students, respectively. These findings were partly 
similar to a previous study performed in the United States, suggesting 
that the strongest edge was between ‘Sad Mood' and ‘Anhedonia’ (Beard 
et al., 2016). Adolescence is a dynamic period of life characterized by 
marked changes in physical maturation, drive for independence, and 
increased salience of social and peer interactions (Whittle et al., 2016). 
Increased self-consciousness during adolescence results in an increase in 
the frequency and intensity of the experience of negative emotions such 
as guilt and shame (Zeman et al., 2006). However, poor emotion regu
lation ability in adolescents makes them prone to risky behavior, such as 
nonsuicidal self-injury or even suicide (Brausch et al., 2022). Hence, in 

the present study, the strongest correlation was between guilt and sui
cide ideation in junior high school students. With increasing age, in
dividuals' cognition maturation is further developed, and hence, the 
improvement of cognitive reappraisal strategies (changing the meaning 
of a stimulus to alter its emotional impact) leads to less impulsive actions 
(Cardi et al., 2021). On the other hand, COVID-19 lockdown measures 
may be especially difficult for adolescents given the particular impor
tance of peer interaction during this period of life (Skumlien et al., 
2021). Students were prevented from engaging in many activities, 
including social, professional and physical activities (Martines et al., 
2021), which restricted interaction with environmental rewards and 
then contributed to psychological symptoms such as anhedonia (Wie
man et al., 2022). Senior high school students were unable to release 
their pressure through exercise as before (Shepherd et al., 2021), while 
college students may have been sad about the economic recession and 
increased unemployment (Nicola et al., 2020), making them lose their 
passion for imagining the future like before (Duplaga and Grysztar, 
2021; Li et al., 2021). Taken together, the strongest symptom-to- 
symptom relationship varied among these different groups. 

For the elderly, Sleep was most strongly associated with energy. 
First, the prevalence of sleep-related disorders usually increases with 
age, including obstructive sleep apnea (especially for males aged over 
60) and insomnia (Pires et al., 2021). Social isolation, home confine
ment, anxiety, fear of getting infected and stress during the COVID-19 
pandemic period can further damage the sleep quality of the elderly 
(De Mello et al., 2020; Xue et al., 2020). Furthermore, energy refers to 
the feeling of unwillingness or incompetence to complete physical and 
mental activities (O'Connor, 2004). Moreover, in the lockdown period, 
elderly adults had to stay at home without gaining access to entertain
ment facilities. A study has shown that a lack of regular exercise can 
cause fatigue (Wielopolski et al., 2015), which may further develop into 
sedentariness and lead to depression (Kandola et al., 2019). From this 

Fig. 1. The network structure of the major depressive symptoms among junior high school students, senior high school students, college students, and elderly adults.  
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perspective, it is important to improve people's level of physical activity 
at home during the pandemic to lower the likelihood of depression. 
Alternatively, duloxetine is prevalent in helping depressed patients 
regain energy (Harada et al., 2015). 

4.1. Limitation 

Several limitations should be mentioned in the current study. We 
performed a cross-sectional study during the COVID-19 lockdown 
period. Long-term changes in networks should be investigated in further 
research. Second, based on adults' depressive symptom networks 

(Cheung et al., 2021), we performed further research on students and 
elderly adults. However, we could not merge the previous data with that 
obtained in our study, although we mentioned that socioeconomic fac
tors might impact depression development. In further research, more 
factors should be taken into account (Hou et al., 2021). 

5. Conclusion 

In summary, for four age group networks, Sad Mood, Energy, Guilt 
and Suicide Ideation were highly associated with depression. Further
more, Sad Mood was the most central symptom among junior high 

Fig. 2. The strength (centrality) value (standardized Z scores) of the major depressive symptoms among junior high school students, senior high school students, 
college students, and elderly adults. The red dashed line indicates the core symptoms newly identified in this study (Top three). The blue dashed line denotes core 
symptoms that have been found in previous studies (Top three). (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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school students, senior high school students, and college students, while 
Guilt was the most central symptom among elderly adults. Suicide 
Ideation and Anhedonia were two unique symptoms in senior high 
school students' and college students' networks, respectively. 

Moreover, NCT suggested that the network's global connectivity was 
ultimately inconsistent, but the network structure remained roughly 
intact. These findings provide an empirical investigation into depressive 
symptoms that may occur in different groups during lockdowns in 
China. Our results may shed some light on depression treatment. 
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Table 2 
Internetwork similarity indexes and network comparison tests across four groups.  

Comparison Edge weights similarity Strength similarity Predictability similarity Global strength invariance Network structure invariance 

JH - SH rs = 0.882** rs = 0.817* rs = 0.850** p = 0.003 p = 0.398 
JH - College rs = 0.816** rs = 0.783* rs = 0.783* p = 0.086 p = 0.082 
JH - Elderly rs = 0.599** rs = 0.750* rs = 0.583 p = 0.017 p = 0.005 
SH - College rs = 0.784** rs = 0.850** rs = 0.767* p = 0.000 p = 0.744 
SH - Elderly rs = 0.555** rs = 0.733* rs = 0.233 p = 0.086 p = 0.000 
College - Elderly rs = 0.621** rs = 0.517 rs = 0.417 p = 0.000 p = 0.038 

Note. JH, Junior high school students. SH, Senior high school students. Spearman correlations (rs) were computed; p-values were adjusted for Bonferroni-Holm 
correction. 

* p < 0.050. 
** p < 0.010. 
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