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Supplement 1
Details and Results of Confirmatory Factor Analyses and Longitudinal Measurement Invariance
We conducted confirmatory factor analyses (CFA) to assess the unidimensionality of four reflective constructs: parental warmth (PW), interpersonal alienation (IA), cyberbullying (CB), and online trolling (OT).The Comparative Fit Indexes (CFI), Tucker-Lewis Index (TLI), and the Root Mean Square Error of Approximation (RMSEA) were used to evaluate model fit, which was considered acceptable if the CFI and TLI were close to or above 0.90 and the RMSEA was less than 0.08 (Hu & Bentler, 1999). The CFA model for PW showed acceptable fit, χ²(119) = 231.39, CFI = 0.91, TLI = 0.90, RMSEA = 0.07, 90% CI [0.06, 0.08]. Although the IA scale was originally developed with three subdimensions, in the present study we conceptualized IA as a higher-order construct, a practice widely adopted in previous research (e.g., Li & Chen, 2024; Li et al., 2023). Accordingly, we specified a higher-order factor model, with the three first-order dimensions loading onto a general IA factor, to examine whether the subdimensions adequately converged on the overarching construct. The initial model fit for IA was not satisfactory (χ2 (87) = 204.65, CFI = 0.91, TLI = 0.89, RMSEA = 0.09, 90% CI [0.07, 0.10]). Inspection of modification indices suggested that two reverse-coded items shared substantial residual covariance. Given that reverse-coded items are known to introduce method effects (Swain et al., 2008), we allowed these two items’ residuals to correlate. Model fit improved substantially, χ²(86) = 144.38, CFI = 0.95, TLI = 0.94, RMSEA = 0.06, 90% CI [0.04, 0.08], indicating that the inclusion of this residual correlation captured additional shared variance attributable to method effects without altering the substantive structure of the construct.
For CB and OT, preliminary analyses revealed that the item distributions were highly skewed. To obtain more robust estimates under such non-normality, we fitted the CFA models using the Weighted Least Squares Mean and Variance adjusted (WLSMV) estimator, which is recommended for handling skewed Likert-type data (Flora & Curran, 2004; Li, 2016). The CFA results indicated good model fit for both CB (χ²(27) = 61.06, CFI = 0.98, TLI = 0.98, RMSEA = 0.07, 90% CI [0.05, 0.09]) and OT (χ²(14) = 27.54, CFI = 0.98, TLI = 0.97, RMSEA = 0.06, 90% CI [0.03, 0.09]). Factor loadings were in the expected direction and of satisfactory magnitude, supporting the unidimensional structure of each construct.
Building on the single CFA results, we further tested longitudinal measurement invariance across the study waves to ensure construct comparability over time. Given that our substantive analyses focused on examining the relations among constructs (i.e., regression and mediation analyses), establishing metric invariance was considered sufficient to meet the minimum requirement for meaningful comparisons (Vandenberg & Lance, 2000). Therefore, configural and metric invariance models of the four constructs were tested, with ΔCFI used to evaluate model fit differences. A difference in CFI not exceeding 0.01 was taken as indicative of invariant measurement (Cheung & Rensvold, 2002).
The results (see Table S1) showed that for PW, IA, and CB, the models demonstrated acceptable fit and the metric invariance models held. For OT, however, the initial metric invariance model resulted in a CFI decrease greater than 0.01 compared to the configural model, suggesting that strict loading invariance was not fully achieved. Based on modification indices, we relaxed the loading constraint of item 5, yielding a partial metric invariance model. This model showed improved fit with ΔCFI < 0.01, indicating that longitudinal measurement structure of OT was broadly comparable across time. Consistent with prior methodological recommendations (Chen, 2007; Vandenberg & Lance, 2000), such partial invariance adjustments are generally sufficient for valid comparisons of latent constructs when the majority of parameters remain invariant.
In sum, the four latent constructs demonstrated overall satisfactory measurement invariance across waves. This provides confidence that observed changes and relations in the main analyses can be meaningfully interpreted as reflecting substantive developmental or relational processes rather than measurement artifacts.
Table S1
Model Fit Statistics For Tests of Longitudinal Measurement Invariance
	
	Model Tested
	χ2
	df
	CFI
	TLI
	RMSEA
	[90% CI]
	ΔCFI

	PW
(17 items)
	Configural invariance
	1765.627

	1168
	0.874
	0.862
	0.050
	[0.045, 0.056]
	-

	
	Metric invariance
	1824.307

	1202
	0.869
	0.861
	0.051
	[0.045, 0.056]
	< .01

	IA
(15 items)
	Configural invariance
	1598.886

	876
	0.885

	0.870

	0.062

	[0.057, 0.067]
	-

	
	Metric invariance
	1661.028

	912
	0.880
	0.870
	0.062
	[0.057, 0.067]
	< .01

	CB
(9 items)
	Configural invariance
	340.188

	294
	0.991
	0.989
	0.025
	[0.008, 0.037]
	-

	
	Metric invariance
	373.250

	312

	0.988
	0.987
	0.028
	[0.015, 0.039]
	< .01

	OT
(7 items)
	Configural invariance
	200.292

	165
	0.990
	0.987
	0.030
	[0.010, 0.043]
	-

	
	Metric invariance
	263.578

	179
	0.976
	0.972
	0.044
	[0.032, 0.055]
	> .01

	
	Partial metric invariance
	234.222

	177
	0.984

	0.981

	0.037
	[0.022, 0.049]
	< .01


Note. Bolded texts refer to the accepted measurement invariance test.

Supplement 2
Results of Longitudinal Mediation Models Without Winsorization (Sensitivity Analyses)
Table S2
Directional Paths, Indirect and Direct Effects of Longitudinal Mediation Model with Cyberbullying
	Predictor
	Outcome Variable

	
	ACEs
	Parental Warmth
	Interpersonal Alienation
	Cyberbullying

	
	b
	SE
	β
	b
	SE
	β
	b
	SE
	β
	b
	SE
	β

	Wave 2
	
	
	
	
	
	
	
	
	
	
	
	

	ACEs (W1)
	0.47
	0.08
	0.52***
	-0.03
	0.04
	-0.08
	-0.10
	0.05
	-0.10
	0.03
	0.02
	0.10

	Parental Warmth (W1)
	0.25
	0.13
	0.11
	0.50
	0.08
	0.49***
	0.07
	0.13
	0.03
	0.06
	0.04
	0.08

	Interpersonal Alienation (W1)
	0.20
	0.08
	0.20**
	0.01
	0.04
	0.03
	0.73
	0.07
	0.69***
	0.04
	0.02
	0.10

	Cyberbullying (W1)
	0.15
	0.27
	0.04
	0.10
	0.11
	0.06
	0.32
	0.19
	0.08
	0.82
	0.11
	0.65***

	Gender
	0.10
	0.12
	0.04
	0.14
	0.06
	0.14*
	-0.02
	0.12
	-0.01
	0.00
	0.03
	0.00

	Age
	-0.05
	0.06
	-0.03
	0.01
	0.04
	0.02
	-0.02
	0.07
	-0.01
	-0.03
	0.02
	-0.05

	SES
	0.02
	0.02
	0.03
	0.03
	0.01
	0.13*
	-0.02
	0.03
	-0.03
	0.01
	0.01
	0.04

	Wave 3
	
	
	
	
	
	
	
	
	
	
	
	

	ACEs (W2)
	0.31
	0.09
	0.35**
	0.06
	0.03
	0.14*
	0.03
	0.06
	0.02
	-0.01
	0.02
	-0.05

	Parental Warmth (W2)
	-0.02
	0.12
	-0.01
	0.47
	0.08
	0.48***
	0.16
	0.17
	0.06
	0.01
	0.04
	0.02

	Interpersonal Alienation (W2)
	0.03
	0.04
	0.04
	-0.04
	0.03
	-0.10
	0.56
	0.08
	0.55***
	0.00
	0.02
	-0.02

	Cyberbullying (W2)
	0.11
	0.21
	0.04
	0.02
	0.08
	0.02
	0.02
	0.19
	0.01
	0.24
	0.12
	0.34**

	Gender
	-0.16
	0.11
	-0.08
	0.04
	0.06
	0.04
	-0.12
	0.11
	-0.05
	-0.06
	0.03
	-0.10

	Age
	-0.03
	0.08
	-0.02
	-0.08
	0.04
	-0.12
	0.05
	0.07
	0.03
	0.01
	0.02
	0.03

	SES
	0.01
	0.02
	0.02
	0.00
	0.01
	0.01
	-0.02
	0.02
	-0.03
	0.00
	0.01
	-0.01


Note. PW = Parental warmth; IA = Interpersonal alienation; CB = Cyberbullying. Gender (0 = female; 1 = male). Bolded parameters represent hypothesized paths.
*p < 0.05, **p < 0.01, ***p < 0.001.


Table S3
Directional Paths, Indirect and Direct Effects of Longitudinal Mediation Model with Online Trolling
	Predictor
	Outcome Variable

	
	ACEs
	Parental Warmth
	Interpersonal Alienation
	Online Trolling

	
	b
	SE
	β
	b
	SE
	β
	b
	SE
	β
	b
	SE
	β

	Wave 2
	
	
	
	
	
	
	
	
	
	
	
	

	ACEs (W1)
	0.47
	0.08
	0.51***
	-0.04
	0.04
	-0.10
	-0.10
	0.05
	-0.10
	-0.01
	0.02
	-0.04

	Parental Warmth (W1)
	0.24
	0.13
	0.10
	0.50
	0.08
	0.50***
	0.05
	0.13
	0.02
	-0.02
	0.05
	-0.02

	Interpersonal Alienation (W1)
	0.20
	0.08
	0.20*
	0.00
	0.04
	0.01
	0.73
	0.07
	0.68***
	0.03
	0.02
	0.08

	Online Trolling (W1)
	0.21
	0.21
	0.07
	0.17
	0.09
	0.12
	0.32
	0.19
	0.10
	0.61
	0.16
	0.58***

	Gender
	0.10
	0.12
	0.04
	0.14
	0.06
	0.13*
	-0.02
	0.12
	-0.01
	-0.02
	0.04
	-0.03

	Age
	-0.04
	0.07
	-0.03
	0.02
	0.04
	0.02
	-0.01
	0.07
	-0.01
	0.03
	0.03
	0.06

	SES
	0.01
	0.02
	0.03
	0.03
	0.01
	0.12
	-0.02
	0.03
	-0.03
	0.00
	0.01
	-0.02

	Wave 3
	
	
	
	
	
	
	
	
	
	
	
	

	ACEs (W2)
	0.30
	0.09
	0.34***
	0.05
	0.03
	0.13*
	0.03
	0.06
	0.03
	0.01
	0.02
	0.03

	Parental Warmth (W2)
	-0.02
	0.12
	-0.01
	0.46
	0.08
	0.48***
	0.18
	0.17
	0.07
	0.03
	0.05
	0.04

	Interpersonal Alienation (W2)
	0.03
	0.04
	0.03
	-0.04
	0.03
	-0.10
	0.57
	0.08
	0.56***
	0.03
	0.02
	0.10

	Online Trolling (W2)
	0.21
	0.25
	0.08
	0.07
	0.08
	0.05
	-0.08
	0.20
	-0.02
	0.28
	0.16
	0.28

	Gender
	-0.16
	0.10
	-0.08
	0.04
	0.06
	0.04
	-0.11
	0.11
	-0.05
	-0.03
	0.04
	-0.04

	Age
	-0.04
	0.08
	-0.03
	-0.08
	0.04
	-0.13*
	0.06
	0.07
	0.03
	-0.02
	0.03
	-0.05

	SES
	0.01
	0.02
	0.02
	0.00
	0.01
	0.01
	-0.02
	0.02
	-0.03
	0.02
	0.01
	0.13*


Note. PW = Parental warmth; IA = Interpersonal alienation; OT = Online trolling. Gender (0 = female; 1 = male). Bolded parameters represent hypothesized paths.
*p < 0.05, **p < 0.01, ***p < 0.001.


Table S4
Indirect and Direct Effects of Longitudinal Serial Mediation
	
	Mediation Effects
	β
	Boot SE
	95% CI

	Cyberbullying
	Indirect Effects
	
	
	

	
	ACEs (W1) → PW (W2) → CB (W3)
	-0.000
	0.002
	[-0.006, 0.004]

	
	ACEs (W1) → IA (W2) → CB (W3)
	0.000
	0.002
	[-0.004, 0.005]

	
	ACEs (W1) → PW (W2) → IA (W2) → CB (W3)
	0.000
	0.000
	[-0.000, 0.001]

	
	Direct Effect
	
	
	

	
	ACEs (W1) → CB (W3)
	0.020
	0.020
	[-0.013, 0.067]

	Online Trolling
	Indirect Effects
	
	
	

	
	ACEs (W1) → PW (W2) → OT (W3)
	-0.001
	0.003
	[-0.009, 0.003]

	
	ACEs (W1) → IA (W2) → OT (W3)
	-0.003
	0.003
	[-0.010, 0.002]

	
	ACEs (W1) → PW (W2) → IA (W2) → OT (W3)
	-0.000
	0.000
	[-0.002, 0.000]

	
	Direct Effect
	
	
	

	
	ACEs (W1) → OT (W3)
	0.008
	0.030
	[-0.052, 0.069]


Note. Boot SE = Bootstrap standard error based on 5000 resamples. CI = Confidence interval.
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