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Contemporaneous network estimation and indices
All data analyses were conducted in R version 4.2.2.1 The symptom networks were estimated by the extended Bayesian information criterion (EBIC) graphical least absolute shrinkage and selection operator (LASSO) method.2 The correlation matrix was shrunk to obtain a sparser and easier network structure. Each node in the network represents a symptom, and each edge represents the adjusted correlation coefficient between two nodes. Line thickness represents the strength of association. Red and blue edges represent negative and positive correlations, respectively. The R package bootnet 1.4.3 and qgraph 1.6.9 were used for network estimation and visualization.3,4
The expected influence (EI) was used to characterize the node centrality. The EI of a node is calculated by adding up the values of all edges connected to this node, which represents the importance and influence of this symptom in the network.5 The R package qgraph 1.6.9 was used to calculate EI values.4 We also calculated each node’s predictability (i.e., R2) by the R package mgm 1.2-12.6
Bridge symptoms represent the channel linking different symptom communities.7 Referring to the previous research, we chose bridge symptoms on the criterion of standardized values of bridge strength ≥ 1 in the present study.8
Network comparison
The network comparison test (NCT) was used to assess the edge invariance (distributions of edge weights between two networks) and global invariance (sum of all edge weights between two networks). NCTs were conducted by the R package NetworkComparisonTest 2.2.1.9
Cross-lagged panel network estimation and indices
The cross-lagged panel network (CLPN) was conducted to explore the interrelationships between different depressive symptoms and loneliness behaviors by using the glmnet package.10 As in the cross-sectional networks, we applied the LASSO method to shrink the small regression path to 0 and chose the best-penalized model with a 10-fold cross-validation method.11 The CLPN can depict how nodes (i.e., specific symptoms) at the first time point predict nodes at the second time point after adjusting all other variables at the first time point.12 Each edge in the CLPN signifies a directed regression path: the edges of each node pointing to itself signify the autoregression coefficients, and the edges pointing to other nodes signify the cross-lagged regression coefficients. The thickness and color depth of the edge represents the strength of this regression path. Green and red arrows indicate positive and negative effects, respectively. 
For directed CLPNs, there are two centrality indices: in expected influence (IEI) and out expected influence (OEI). OEI is calculated by summing up all values of outgoing edges connected to the symptom, which signifies the extent to which one symptom predicts the others. IEI is calculated by summing up all values of incoming edges connected to the symptom, representing the extent to which the others predict one symptom.
Network accuracy and stability
The accuracy and stability of the networks were tested using three bootstrapping approaches implemented by the R package bootnet 1.4.3.13 First, we calculated all edge weights’ 95% bootstrapped (1000 iterations) confidence intervals (CIs). The narrower CIs indicated a more accurate network. Second, we used the case-dropping procedure to estimate the stability of centrality indices, which can provide the correlation stability coefficient (CS-C). Generally, CS-C should be ≥ 0.25, preferably ≥ 0.5.14 Third, we estimated the 95% bootstrapped (1000 iterations) CIs of differences between edge-weights and centrality indices to test whether these differences were statistically significant.
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Table S1. Weighted adjacency matrix of PHQ and YSIS symptoms (wave 1).
	
	PHQ1
	PHQ2
	PHQ3
	PHQ4
	PHQ5
	PHQ6
	PHQ7
	PHQ8
	PHQ9
	YSIS3
	YSIS4
	YSIS5
	YSIS6
	YSIS7
	YSIS8

	PHQ1
	0.000
	0.289
	0.076
	0.246
	0.105
	0.068
	0.140
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.067
	0.000

	PHQ2
	0.289
	0.000
	0.107
	0.194
	0.000
	0.291
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ3
	0.076
	0.107
	0.000
	0.108
	0.000
	0.000
	0.000
	0.096
	0.000
	0.314
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ4
	0.246
	0.194
	0.108
	0.000
	0.087
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.097
	0.000

	PHQ5
	0.105
	0.000
	0.000
	0.087
	0.000
	0.000
	0.113
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.080
	0.103

	PHQ6
	0.068
	0.291
	0.000
	0.000
	0.000
	0.000
	0.108
	0.171
	0.209
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ7
	0.140
	0.000
	0.000
	0.000
	0.113
	0.108
	0.000
	0.230
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ8
	0.000
	0.000
	0.096
	0.000
	0.000
	0.171
	0.230
	0.000
	0.233
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ9
	0.000
	0.000
	0.000
	0.000
	0.000
	0.209
	0.000
	0.233
	0.000
	0.000
	0.000
	0.122
	0.000
	0.000
	0.000

	YSIS3
	0.000
	0.000
	0.314
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.190
	0.154
	0.152
	0.089
	0.145

	YSIS4
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.190
	0.000
	0.264
	0.000
	0.000
	0.000

	YSIS5
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.122
	0.154
	0.264
	0.000
	0.101
	0.000
	0.000

	YSIS6
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.152
	0.000
	0.101
	0.000
	0.333
	0.234

	YSIS7
	0.067
	0.000
	0.000
	0.097
	0.080
	0.000
	0.000
	0.000
	0.000
	0.089
	0.000
	0.000
	0.333
	0.000
	0.272

	YSIS8
	0.000
	0.000
	0.000
	0.000
	0.103
	0.000
	0.000
	0.000
	0.000
	0.145
	0.000
	0.000
	0.234
	0.272
	0.000


Table S2. Weighted adjacency matrix of PHQ and YSIS symptoms (wave 2).
	
	PHQ1
	PHQ2
	PHQ3
	PHQ4
	PHQ5
	PHQ6
	PHQ7
	PHQ8
	PHQ9
	YSIS3
	YSIS4
	YSIS5
	YSIS6
	YSIS7
	YSIS8

	PHQ1
	0.000
	0.209
	0.129
	0.316
	0.000
	0.000
	0.185
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ2
	0.209
	0.000
	0.058
	0.198
	0.000
	0.349
	0.000
	0.094
	0.083
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ3
	0.129
	0.058
	0.000
	0.085
	0.165
	0.081
	0.000
	0.000
	0.000
	0.382
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ4
	0.316
	0.198
	0.085
	0.000
	0.213
	0.000
	0.105
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.208
	0.000

	PHQ5
	0.000
	0.000
	0.165
	0.213
	0.000
	0.087
	0.000
	0.000
	0.131
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ6
	0.000
	0.349
	0.081
	0.000
	0.087
	0.000
	0.105
	0.224
	0.000
	-0.078
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ7
	0.185
	0.000
	0.000
	0.105
	0.000
	0.105
	0.000
	0.262
	0.000
	0.000
	0.000
	0.000
	0.000
	0.064
	0.000

	PHQ8
	0.000
	0.094
	0.000
	0.000
	0.000
	0.224
	0.262
	0.000
	0.260
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ9
	0.000
	0.083
	0.000
	0.000
	0.131
	0.000
	0.000
	0.260
	0.000
	0.000
	0.000
	0.108
	0.000
	0.000
	0.000

	YSIS3
	0.000
	0.000
	0.382
	0.000
	0.000
	-0.078
	0.000
	0.000
	0.000
	0.000
	0.162
	0.153
	0.137
	0.129
	0.121

	YSIS4
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.162
	0.000
	0.381
	0.000
	0.074
	0.000

	YSIS5
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.108
	0.153
	0.381
	0.000
	0.132
	0.000
	0.099

	YSIS6
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.137
	0.000
	0.132
	0.000
	0.277
	0.282

	YSIS7
	0.000
	0.000
	0.000
	0.208
	0.000
	0.000
	0.064
	0.000
	0.000
	0.129
	0.074
	0.000
	0.277
	0.000
	0.285

	YSIS8
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.121
	0.000
	0.099
	0.282
	0.285
	0.000


Table S3. Weighted adjacency matrix of PHQ and YSIS symptoms (wave 3).
	
	PHQ1
	PHQ2
	PHQ3
	PHQ4
	PHQ5
	PHQ6
	PHQ7
	PHQ8
	PHQ9
	YSIS3
	YSIS4
	YSIS5
	YSIS6
	YSIS7
	YSIS8

	PHQ1
	0.000
	0.320
	0.096
	0.275
	0.000
	0.138
	0.148
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ2
	0.320
	0.000
	0.084
	0.197
	0.148
	0.166
	0.000
	0.108
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ3
	0.096
	0.084
	0.000
	0.211
	0.088
	0.000
	0.088
	0.097
	0.000
	0.186
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ4
	0.275
	0.197
	0.211
	0.000
	0.000
	0.093
	0.108
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.135
	0.000

	PHQ5
	0.000
	0.148
	0.088
	0.000
	0.000
	0.171
	0.167
	0.000
	0.000
	0.000
	0.000
	0.000
	0.084
	0.000
	0.000

	PHQ6
	0.138
	0.166
	0.000
	0.093
	0.171
	0.000
	0.072
	0.087
	0.282
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ7
	0.148
	0.000
	0.088
	0.108
	0.167
	0.072
	0.000
	0.213
	0.105
	0.000
	0.000
	0.000
	0.000
	0.080
	0.000

	PHQ8
	0.000
	0.108
	0.097
	0.000
	0.000
	0.087
	0.213
	0.000
	0.311
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	PHQ9
	0.000
	0.000
	0.000
	0.000
	0.000
	0.282
	0.105
	0.311
	0.000
	0.000
	0.000
	0.074
	0.000
	-0.121
	0.077

	YSIS3
	0.000
	0.000
	0.186
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.218
	0.201
	0.163
	0.101
	0.084

	YSIS4
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.218
	0.000
	0.336
	0.000
	0.000
	0.182

	YSIS5
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.074
	0.201
	0.336
	0.000
	0.000
	0.065
	0.096

	YSIS6
	0.000
	0.000
	0.000
	0.000
	0.084
	0.000
	0.000
	0.000
	0.000
	0.163
	0.000
	0.000
	0.000
	0.355
	0.383

	YSIS7
	0.000
	0.000
	0.000
	0.135
	0.000
	0.000
	0.080
	0.000
	-0.121
	0.101
	0.000
	0.065
	0.355
	0.000
	0.293

	YSIS8
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.077
	0.084
	0.182
	0.096
	0.383
	0.293
	0.000


Table S4. LASSO cross-lagged regression matrix of the outbreak period. Each number in the matrix represents the regression coefficient of the symptom in the same row on its left side (first time point) predicting the symptom in the same column on its upper side (second time point).
	
	PHQ1
	PHQ2
	PHQ3
	PHQ4
	PHQ5
	PHQ6
	PHQ7
	PHQ8
	PHQ9
	YSIS3
	YSIS4
	YSIS5
	YSIS6
	YSIS7
	YSIS8

	PHQ1
	0.080
	0.013
	0.203
	0.052
	0.085
	0.000
	0.000
	0.000
	0.009
	0.153
	0.041
	0.035
	0.122
	0.096
	0.183

	PHQ2
	0.013
	0.071
	-0.027
	0.044
	0.000
	0.024
	0.029
	0.000
	0.032
	0.000
	0.000
	0.000
	0.000
	0.000
	0.052

	PHQ3
	0.106
	0.007
	0.063
	0.000
	0.000
	0.035
	0.000
	0.007
	0.012
	0.000
	0.000
	0.000
	0.000
	0.003
	0.000

	PHQ4
	0.003
	0.057
	0.000
	0.079
	0.006
	0.019
	0.000
	0.012
	0.000
	0.000
	0.000
	0.000
	0.000
	0.012
	0.000

	PHQ5
	0.048
	0.010
	0.000
	0.000
	0.065
	0.000
	0.016
	0.000
	0.000
	0.000
	-0.032
	0.000
	0.000
	0.000
	-0.045

	PHQ6
	0.000
	0.014
	0.023
	0.000
	0.000
	0.095
	0.000
	0.000
	0.000
	0.000
	0.060
	0.000
	0.011
	0.000
	0.000

	PHQ7
	0.085
	0.098
	0.012
	0.090
	0.043
	0.023
	0.179
	0.024
	0.009
	0.036
	0.000
	0.055
	0.000
	0.052
	0.030

	PHQ8
	0.000
	0.017
	0.051
	0.000
	0.053
	0.085
	0.000
	0.126
	0.000
	0.045
	0.000
	0.000
	0.060
	0.000
	0.013

	PHQ9
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.114
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	YSIS3
	0.000
	0.000
	0.093
	0.000
	0.015
	0.000
	0.000
	0.010
	0.023
	0.159
	0.000
	0.059
	0.053
	0.045
	0.085

	YSIS4
	0.019
	0.000
	0.000
	0.001
	0.000
	0.000
	0.000
	0.000
	0.003
	0.000
	0.192
	0.025
	0.000
	0.000
	0.000

	YSIS5
	0.000
	0.000
	0.000
	0.000
	-0.024
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.077
	0.000
	-0.045
	-0.051

	YSIS6
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.005
	0.000
	0.106
	0.000
	0.000

	YSIS7
	0.030
	0.018
	0.058
	0.093
	0.082
	0.033
	0.050
	0.000
	0.000
	0.073
	0.034
	0.026
	0.087
	0.256
	0.092

	YSIS8
	0.000
	0.000
	0.024
	0.000
	0.016
	0.000
	0.016
	0.055
	0.010
	0.075
	0.028
	0.044
	0.042
	0.112
	0.195


Table S5. LASSO cross-lagged regression matrix of the receding period. Each number in the matrix represents the regression coefficient of the symptom in the same row on its left side (first time point) predicting the symptom in the same column on its upper side (second time point).
	
	PHQ1
	PHQ2
	PHQ3
	PHQ4
	PHQ5
	PHQ6
	PHQ7
	PHQ8
	PHQ9
	YSIS3
	YSIS4
	YSIS5
	YSIS6
	YSIS7
	YSIS8

	PHQ1
	0.170
	0.085
	0.047
	0.186
	0.037
	0.130
	0.028
	0.051
	0.056
	0.081
	0.104
	0.081
	0.156
	0.146
	0.198

	PHQ2
	0.062
	0.097
	0.026
	0.002
	0.000
	0.063
	0.048
	0.000
	0.000
	0.021
	0.013
	0.034
	0.043
	0.024
	0.000

	PHQ3
	0.031
	0.007
	0.157
	0.060
	0.000
	-0.039
	0.000
	0.014
	0.000
	0.069
	0.000
	0.000
	0.060
	0.083
	0.043

	PHQ4
	0.046
	0.095
	0.076
	0.156
	0.000
	0.000
	0.100
	0.010
	0.000
	0.034
	0.039
	0.000
	0.000
	0.108
	0.029

	PHQ5
	0.054
	0.040
	0.123
	0.030
	0.215
	0.043
	0.062
	0.081
	0.031
	0.048
	0.044
	0.022
	0.051
	0.094
	0.065

	PHQ6
	0.114
	0.083
	0.000
	0.067
	0.142
	0.242
	0.029
	0.078
	0.097
	0.000
	0.000
	0.068
	0.102
	0.080
	0.053

	PHQ7
	0.000
	0.000
	0.000
	-0.050
	0.050
	0.000
	0.138
	0.011
	0.000
	0.000
	0.000
	0.000
	0.000
	-0.011
	0.000

	PHQ8
	0.014
	0.000
	0.000
	0.091
	0.000
	-0.047
	0.000
	0.004
	0.000
	0.000
	0.000
	0.000
	-0.077
	-0.088
	0.000

	PHQ9
	0.000
	0.000
	0.000
	-0.088
	0.000
	0.092
	0.000
	0.126
	0.214
	0.107
	0.049
	0.112
	0.073
	0.018
	0.083

	YSIS3
	-0.009
	0.000
	0.000
	-0.060
	0.000
	-0.044
	0.000
	-0.043
	0.000
	0.186
	0.044
	0.081
	0.000
	0.000
	0.000

	YSIS4
	0.000
	0.000
	0.049
	-0.026
	0.000
	0.000
	0.000
	0.052
	0.008
	0.000
	0.214
	0.000
	-0.024
	-0.114
	0.000

	YSIS5
	0.000
	0.001
	0.000
	-0.005
	0.016
	0.044
	0.009
	0.047
	0.063
	0.000
	0.060
	0.263
	0.019
	0.063
	0.046

	YSIS6
	0.000
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	0.024
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[image: ]Figure S1. Network comprasion test results for two periods. The bars represent the frequency at which the difference in the statistic is equal to the x-axis value after each permutation, and the red arrows represent the actual difference in the statistic. A, network global invariance test in the outbreak period. B, network edge invariance test in the outbreak period. C, network global invariance test in the receding period. D, network edge invariance test in the receding period.


[image: ]Figure S2. Autoregressive coefficients of each node.
[image: ]
Figure S3. Case-dropping bootstrap test of centrality indices. The x-axis indicates the percentage of cases of the original sample included at each step. The y-axis indicates the correlations between the centrality indices from the original network and the indices from the networks re-estimated after excluding increasing percentages of cases. A, cross-sectional network of the first wave. B, cross-sectional network of the second wave. C, cross-sectional network of the third wave. D, CLPN of the outbreak period. E, CLPN of the receding period.
[image: ]Figure S4. Nonparametric bootstrapped confidence intervals of estimated edges. The red line represents the estimated edge, while the dark area indicates the 95% bootstrap confidence interval. A, cross-sectional network of the first wave. B, cross-sectional network of the second wave. C, cross-sectional network of the third wave. D, CLPN of the outbreak period. E, CLPN of the receding period.



[image: ]Figure S5. The results of the bootstrapped difference tests (α = 0.05) for pairwise edge weights were shown in this figure. The color of the boxes indicates whether edge-weights differ significantly from each other (i.e., black) or do not differ significantly (i.e., grey). A, cross-sectional network of the first wave. B, cross-sectional network of the second wave. C, cross-sectional network of the third wave.


[image: ]Figure S6. The edge difference test results of cross-lagged networks. A, CLPN of the outbreak period. B, CLPN of the receding period.


[image: ]Figure S7. Nonparametric bootstrapped difference test for each node’s centrality indices. Grey boxes indicate no significant difference, whereas black boxes indicate a statistically significant difference (p < 0.05). A, cross-sectional network of the first wave. B, cross-sectional network of the second wave. C, cross-sectional network of the third wave.


[image: ]Figure S8. Bootstrapped difference test for each node’s OEI and IEI. A, OEI of the outbreak period. B, IEI of the outbreak period. C, OEI of the receding period. D, IEI of the receding period.
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