Additional file 1 — Supplementary analyses
This appendix provides supplementary analyses supporting the main text. eTable 1 presents univariate differences in depressive symptom scores across sociodemographic characteristics, assessed using independent-samples t tests or one-way analyses of variance, with Benjamini–Hochberg false discovery rate adjustment. eTable 2 reports fit indices for the hypothesized four-factor measurement model and the alternative merged-factor and single-factor models. eTable 3 presents latent correlations and heterotrait-monotrait ratios among depressive symptoms, perceived stress, family communication, and self-efficacy. eTable 4 provides the Spearman rank correlation matrix among study variables as a sensitivity analysis of the Pearson correlation results. eTable 5 reports the complete covariate-adjusted path coefficients for the final serial mediation model. eTable 6 presents leave-one-large-university-cluster-out sensitivity analyses. eTable 7 compares the specific serial indirect effects of the hypothesized and competing mediation models using cluster-bootstrap estimates and 95% confidence intervals.
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eTable 4. Spearman correlation matrix among ACEs, family communication, perceived stress, depressive symptoms, and self-efficacy
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eTable 7. Comparison of serial indirect effects between the hypothesized and competing serial mediation models


eTable 1. Univariate Differences in Depressive Symptom Scores Across Sociodemographic Characteristics
	Characteristics
	Category
	n
	Mean±SD
	t/F
	P
	FDR-P

	Sex
	Male
	183
	7.54±5.79
	0.990 
	0.323
	0.452

	
	Female
	749
	7.08±5.59
	
	
	

	Residence (last 3 months)
	Urban
	680
	7.26±5.85
	0.824
	0.410
	0.479

	
	Rural
	252
	6.92±4.98
	
	
	

	Educational level
	Master’s & Doctor’s
	166
	6.73±5.57
	0.613
	0.542
	0.542

	
	Bachelor’s
	587
	7.28±5.57
	
	
	

	
	Associate’s
	179
	7.18±5.88
	
	
	

	Living arrangement (past 3 months)
	Living alone
	175
	8.97±6.83
	4.761
	<0.001
	<0.001

	
	Not living alone
	757
	6.75±5.23
	
	
	

	Number of biological siblings
	0
	224
	6.92±6.20
	1.172
	0.319
	0.452

	
	1
	472
	6.99±5.20
	
	
	

	
	2
	141
	7.77±6.19
	
	
	

	
	≥3
	95
	7.75±5.41
	
	
	

	Monthly per capita household income (CNY)
	0-4000
	519
	7.71±5.84
	5.749
	0.003
	0.008

	
	4001-9000
	294
	6.35±5.14
	
	
	

	
	≥9001
	119
	6.84±5.65
	
	
	

	Family type
	Single-parent/Single-person family
	71
	9.11±5.83
	5.946
	0.001
	0.002

	
	Married couple family
	175
	7.34±5.88
	
	
	

	
	Nuclear/Stem family
	638
	6.76±5.35
	
	
	

	
	Extended/Other family
	48
	9.08±7.07
	
	
	


Note: The t/F statistic represents the independent-samples t test for two-group comparisons or one-way ANOVA for comparisons involving three or more groups. Age and BMI were modeled as continuous covariates in the main analyses and therefore were not categorized in the univariate group comparison table. P values were additionally adjusted for multiple testing using the Benjamini-Hochberg false discovery rate (FDR) procedure.

eTable 2. Fit indices for the hypothesized and alternative measurement models
	Model
	Scaled χ²(df)
	CFI
	TLI
	RMSEA [90% CI]
	SRMR

	Four-factor model
	599.833 (164)
	0.949
	0.941
	0.086 [0.079, 0.092]
	0.032

	PHQ–PSS combined
	2190.512 (167)
	0.831
	0.807
	0.155 [0.149, 0.162]
	0.071

	PHQ–FCS combined
	6120.379 (167)
	0.440
	0.363
	0.282 [0.274, 0.290]
	0.269

	PHQ–NGSES combined
	6335.707 (167)
	0.477
	0.404
	0.273 [0.265, 0.280]
	0.237

	PSS–FCS combined
	5401.767 (167)
	0.411
	0.330
	0.289 [0.281, 0.298]
	0.230

	PSS–NGSES combined
	5849.964 (167)
	0.470
	0.396
	0.275 [0.267, 0.282]
	0.202

	FCS–NGSES combined
	3540.155 (167)
	0.521
	0.455
	0.261 [0.252, 0.270]
	0.122

	Single-factor model
	11574.806 (170)
	0.067
	-0.043
	0.361 [0.352, 0.369]
	0.361


Note. The four-factor model specified depressive symptoms, perceived stress, family communication, and self-efficacy as four correlated latent factors. In each combined-factor model, the items measuring the two named constructs were specified to load on a common factor, while the remaining constructs were retained as separate factors. In the single-factor model, all items were specified to load on one common factor. Models were estimated using weighted least squares with mean and variance-adjusted estimation. χ²=chi-square; df=degrees of freedom; CFI=comparative fit index; TLI=Tucker-Lewis index; RMSEA=root mean square error of approximation; CI=confidence interval; SRMR=standardized root mean square residual; PHQ=Patient Health Questionnaire-9; PSS=Perceived Stress Scale-4; FCS=Family Communication Scale–Short Form; NGSES=New General Self-Efficacy Scale–Short Form.


eTable 3. Latent correlations and HTMT ratios among the four study constructs
	Construct pair
	Latent correlation
	HTMT ratio

	Depressive symptoms–Perceived stress
	0.753
	0.751

	Depressive symptoms–Family communication
	-0.160
	0.156

	Depressive symptoms–Self-efficacy
	-0.173
	0.167

	Perceived stress–Family communication
	-0.205
	0.202

	Perceived stress–Self-efficacy
	-0.214
	0.209

	Family communication–Self-efficacy
	0.397
	0.397


Note: HTMT = heterotrait–monotrait ratio of correlations. Absolute latent correlations are presented alongside HTMT ratios. HTMT values below 0.85 and 0.90 were interpreted as supporting discriminant validity.


eTable 4. Spearman correlation matrix among ACEs, family communication, perceived stress, depressive symptoms, and self-efficacy
	Variable
	ACEs
	Family Communication
	Perceived Stress
	Depressive Symptoms
	Self-Efficacy

	ACEs
	1
	-0.301**
	0.214**
	0.209**
	-0.116**

	Family Communication
	-0.301**
	1
	-0.198**
	-0.188**
	0.376**

	Perceived Stress
	0.214**
	-0.198**
	1
	0.634**
	-0.236**

	Depressive Symptoms
	0.209**
	-0.188**
	0.634**
	1
	-0.229**

	Self-Efficacy
	-0.116**
	0.376**
	-0.236**
	-0.229**
	1


Note: ** P<0.01; * P<0.05; ACEs=adverse childhood experiences.

eTable 5. Full path coefficients of the final mediation model adjusted for covariates
	[bookmark: OLE_LINK8]Dependent Variable
	Independent Variable
	B
	Cluster-SE
	Cluster-P
	β

	Family Communication
	Intercept
	16.350
	1.374
	<0.001
	-

	
	ACEs
	-0.593
	0.057
	<0.001
	-0.302

	
	Age
	-0.033
	0.054
	0.551
	-0.025

	
	BMI
	-0.036
	0.025
	0.159
	-0.043

	
	Sex, female (ref: men)
	-0.027
	0.335
	0.936
	-0.003

	
	Monthly per capita household income (CNY), 4001–9000 (ref: 0–4000)
	0.606
	0.232
	0.014
	0.086

	
	Monthly per capita household income (CNY), ≥9001 (ref: 0–4000)
	0.539
	0.268
	0.054
	0.055

	
	Educational stage, Bachelor’s (ref: Master’s/Doctoral)
	-0.766
	0.307
	0.019
	-0.112

	
	Educational stage, Junior college (ref: Master’s/Doctoral)
	-1.298
	0.424
	0.004
	-0.155

	
	Family type, Married-couple family (ref: Single-parent/Single-person family)
	0.690
	0.472
	0.157
	0.082

	
	Family type, Nuclear/Primary family (ref: Single-parent/Single-person family)
	0.841
	0.383
	0.039
	0.119

	
	Family type, Extended/Other family (ref: Single-parent/Single-person family)
	0.841
	0.512
	0.111
	0.057

	
	Living arrangement (past 3 months), not living alone (ref: Living alone)
	0.371
	0.247
	0.140
	0.044

	
	Residence (last 3 months), rural (ref: urban)
	-0.482
	0.229
	0.044
	-0.065

	
	Number of biological siblings, 1 (ref: 0)
	0.286
	0.261
	0.281
	0.044

	
	Number of biological siblings, 2 (ref: 0)
	-0.238
	0.339
	0.487
	-0.026

	
	Number of biological siblings, ≥3 (ref: 0)
	-0.089
	0.413
	0.831
	-0.008

	Perceived Stress
	Intercept
	7.695
	2.277
	0.002
	-

	
	ACEs
	0.292
	0.108
	0.014
	0.130

	
	Family Communication
	-0.145
	0.037
	<0.001
	-0.126

	
	Age
	0.026
	0.066
	0.692
	0.018

	
	BMI
	-0.013
	0.028
	0.658
	-0.013

	
	Sex, female (ref: men)
	0.380
	0.288
	0.198
	0.040

	
	Monthly per capita household income (CNY), 4001–9000 (ref: 0–4000)
	-0.484
	0.269
	0.082
	-0.060

	
	Monthly per capita household income (CNY), ≥9001 (ref: 0–4000)
	-0.381
	0.445
	0.400
	-0.034

	
	Educational stage, Bachelor’s (ref: Master’s/Doctoral)
	-0.321
	0.378
	0.403
	-0.041

	
	Educational stage, Junior college (ref: Master’s/Doctoral)
	-0.651
	0.531
	0.228
	-0.068

	
	Family type, Married-couple family (ref: Single-parent/Single-person family)
	-1.085
	0.608
	0.087
	-0.112

	
	Family type, Nuclear/Primary family (ref: Single-parent/Single-person family)
	-1.209
	0.518
	0.029
	-0.149

	
	Family type, Extended/Other family (ref: Single-parent/Single-person family)
	-0.043
	0.737
	0.954
	-0.002

	
	Living arrangement (past 3 months), not living alone (ref: Living alone)
	-0.450
	0.373
	0.234
	-0.047

	
	Residence (last 3 months), rural (ref: urban)
	-0.108
	0.330
	0.745
	-0.013

	
	Number of biological siblings, 1 (ref: 0)
	0.368
	0.346
	0.295
	0.049

	
	Number of biological siblings, 2 (ref: 0)
	0.145
	0.404
	0.722
	0.014

	
	Number of biological siblings, ≥3 (ref: 0)
	0.893
	0.514
	0.091
	0.072

	Depressive Symptoms
	Intercept
	3.003
	2.824
	0.294
	-

	
	ACEs
	0.208
	0.073
	0.011
	0.062

	
	Family Communication
	0.063
	0.039
	0.120
	0.037

	
	Perceived Stress
	1.007
	0.045
	<0.001
	0.676

	
	Age
	0.031
	0.073
	0.676
	0.014

	
	BMI
	-0.029
	0.054
	0.598
	-0.020

	
	Sex, female (ref: men)
	-0.536
	0.400
	0.192
	-0.038

	
	Monthly per capita household income (CNY), 4001–9000 (ref: 0–4000)
	-0.735
	0.334
	0.036
	-0.061

	
	Monthly per capita household income (CNY), ≥9001 (ref: 0–4000)
	-0.419
	0.413
	0.320
	-0.025

	
	Educational level, Bachelor’s (ref: Master’s/Doctoral)
	1.053
	0.490
	0.041
	0.090

	
	Educational level, Associate’s (ref: Master’s/Doctoral)
	1.205
	0.585
	0.046
	0.084

	
	Family type, Married-couple family (ref: Single-parent/Single-person family)
	-0.384
	0.521
	0.469
	-0.027

	
	Family type, Nuclear/Stem family (ref: Single-parent/Single-person family)
	-0.607
	0.558
	0.289
	-0.050

	
	Family type, Extended/Other family (ref: Single-parent/Single-person family)
	-0.145
	0.672
	0.831
	-0.006

	
	Living arrangement (past 3 months), not living alone (ref: Living alone)
	-1.372
	0.339
	<0.001
	-0.095

	
	Residence (last 3 months), rural (ref: urban)
	-0.510
	0.291
	0.091
	-0.04

	
	Number of biological siblings, 1 (ref: 0)
	-0.179
	0.313
	0.570
	-0.016

	
	Number of biological siblings, 2 (ref: 0)
	0.338
	0.493
	0.497
	0.022

	
	Number of biological siblings, ≥3 (ref: 0)
	-0.666
	0.487
	0.181
	-0.036


Note: B=unstandardized coefficient; Cluster-SE=CR2 cluster-robust standard error; Cluster-P=Satterthwaite-adjusted P value; β=standardized coefficient. Continuous observed variables included age, BMI, ACEs, family communication, perceived stress, and depressive symptoms; ACEs = adverse childhood experiences.

eTable 6. Leave-one-large-university-cluster-out sensitivity analyses
	Excluded university cluster
	Excluded n
	Direct effect
	Indirect effect through FCS
	Indirect effect through PSS
	Serial indirect effect
	Total indirect effect
	P for PSS×NGSES

	Largest cluster 1
	76
	0.210
	-0.041
	0.354
	0.080
	0.393
	0.005

	Largest cluster 2
	65
	0.197
	-0.044
	0.321
	0.088
	0.365
	0.020

	Largest cluster 3
	49
	0.202
	-0.034
	0.350
	0.091
	0.406
	0.018

	Largest cluster 4
	37
	0.200
	-0.035
	0.295
	0.082
	0.342
	0.017

	Largest cluster 5
	37
	0.227
	-0.035
	0.303
	0.085
	0.354
	0.013


Note: Each analysis excluded one of the five largest university clusters and re-estimated the model using university-clustered CR2 inference. The indirect effect through FCS refers to ACEs→family communication→depressive symptoms; the indirect effect through PSS refers to ACEs→perceived stress→depressive symptoms; and the serial indirect effect refers to ACEs→family communication→perceived stress→depressive symptoms. FCS=family communication; PSS=perceived stress; NGSES=general self-efficacy.


eTable 7. Comparison of serial indirect effects between the hypothesized and competing serial mediation models 
	[bookmark: _Hlk236270472]Model
	Serial Indirect Path
	Effect(B)
	Cluster-bootstrap SE
	Cluster-bootstrap LLCI
	Cluster-bootstrap ULCI
	Standardized
Effect

	Hypothesized model
	ACEs→Family Communication→Perceived Stress→Depressive Symptoms
	0.086
	0.025
	0.040
	0.138
	0.026

	Competing model
	ACEs→Perceived Stress→Family Communication→Depressive Symptoms
	-0.002
	0.002
	-0.007
	0.001
	-0.001


Note: Indirect effects and 95% confidence intervals were estimated using 5,000 university-level cluster-bootstrap resamples. Both models included the same nine covariates. B=unstandardized indirect effect; CI=confidence interval; ACEs=adverse childhood experiences.

