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S Text 1. g-estimation of structural nested mean modeling
G-estimation is one of the causal inference methods that can accommodate time-varying confounders. This method analyzes a series of outcome regression models from an innermost model (that estimates the effect of the last exposure on the outcomes) to an outermost model (that estimates the effect of the initial exposure on the outcomes). In this analytical structure, we exploit the counterfactuals where individuals were not exposed by taking out the effects of exposure from the observed outcome. Importantly, if either outcome or propensity score models are correctly specified and the identifiability assumption holds, we can obtain unbiased estimates for causal associations. The current outcome models adjusted for time-invariant covariates, lagged time-varying exposure and covariates, and time-varying propensity scores for being exposed to poverty. Note that as inquiries regarding household poverty assessed the past year’s condition, 1 and 2 time-lagged covariates were included. For instance, the outcome model for the impact of poverty at grade 6 adjusted for child age at baseline, child’s biological sex at baseline, maternal and paternal ages at baseline, household education level at baseline, poverty at grade 4, caregiver’s psychological distress at grades 2 and 4, family size at grades 2 and 4, marital status at grades 2 and 4, child internalizing and externalizing problems at grades 2 and 4, and propensity score of being in poverty at grade 6. This outcome model regression was repeated for the exposure from the 8th (innermost model) to the 2nd grades (outermost model). A time-varying propensity score was estimated by regressing poverty at a given age on a set of time-invariant and -varying covariates that are the same as the outcome models and past poverty status. Including propensity score in the outcome model helps decrease the influence of residual confounding and model misspecification, producing doubly robust estimates. The outcome models were weighted by considering the propensity of measuring poverty exposure. Estimates were calculated for each imputed dataset using bootstrapping with 1,000 draws to obtain unbiased standard errors and aggregated across datasets using Rubin’s rule (Rubin 1987).
As sensitivity analyses, first, we examined the associations between standardized household income and adolescent mental health outcomes. This sensitivity analysis aimed to consider economic inflation over time (clarified in S Table 1) and whether findings are robust irrespective of the operationalization of poverty, either a binary or a continuous variable. Second, we calculated e-values, the minimum strength of association that unmeasured confounders would need to have with both the exposure and the outcome, conditional on the measured covariates, to fully explain away a specific exposure-outcome association, to check the robustness of findings in the face of unmeasured confounding (Mathur et al. 2018). All the analyses were conducted with the R version 4.3.2 (R core Team 2023).


S Table 1. Inflation factors
	 Year
	2015
	 
	2016
	 
	2018
	 
	2020
	 
	2022

	GDP growth
	1.6
	 
	0.8
	 
	0.6
	 
	-4.2
	 
	1.2


The table shows real GDP growth, i.e., annual percent change obtained from the international monetary fund; https://www.imf.org/external/datamapper/NGDP_RPCH@WEO/JPN?year=2025.
The standardized household income was calculated with the formula: (household income) * (GDP growth] / (family size)^(-2).

S Table 2. Associations between standardized household income in childhood and adolescent mental health
	 
	Depression
	 
	Self-esteem
	 
	Internalizing problems
	 
	Externalizing problems

	 
	B [95%CI]
	P
	 
	B [95%CI]
	P
	 
	B [95%CI]
	P
	 
	B [95%CI]
	P

	Aggregated from G2 to 8
	-0.06 [-0.13; 0.10]
	0.09
	
	0.10 [0.01; 0.19]
	0.03
	
	-0.05 [-0.09; -0.02]
	0.003
	
	-0.001 [-0.04; 0.04]
	0.95

	
	
	
	
	
	
	
	
	
	
	
	

	Poverty at G2
	-0.07 [-0.36; 0.23]
	0.66
	
	0.10 [-0.27; 0.47]
	0.59
	
	-0.06 [-0.23; 0.11]
	0.49
	
	0.03 [-0.13; 0.18]
	0.72

	Poverty at G4
	-0.12 [-0.36; 0.13]
	0.36
	
	0.13 [-0.16; 0.43]
	0.37
	
	0.01 [-0.13; 0.15]
	0.92
	
	-0.01 [-0.14; 0.12]
	0.84

	Poverty at G6
	0.07 [-0.21; 0.34]
	0.63
	
	-0.09 [-0.40; 0.23]
	0.58
	
	-0.03 [-0.19; 0.12]
	0.69
	
	-0.01 [-0.14; 0.12]
	0.86

	Poverty at G8
	-0.10 [-0.31; 0.11]
	0.35
	 
	0.18 [-0.05; 0.41]
	0.12
	 
	-0.05 [-0.18; 0.07]
	0.37
	 
	-0.02 [-0.11; 0.07]
	0.72


Depression scores range from 0-27, with higher scores indicating severe symptoms. Self-esteem scores range from 0-30, with higher scores indicating higher levels of self-esteem. Internalizing and externalizing problems scores range from 0-20, with higher scores indicating more behavioral problems.
G2 corresponds to ages 7-8 years, G4 ages 9-10 years, G6 ages 11-12 years, and G8 ages 13-14 years.
Models adjusted for the past poverty status, time-invariant confounders (child age and sex, maternal and paternal age, and household education level at baseline), time-varying confounders (caregiver’s psychological distress, family size, marital status, and child behavioral problems), and propensity score for the current poverty status. 
S Table 3. Sensitivity analysis for residual confounding
	 
	Depression
	 
	Self-esteem
	 
	Internalizing problems
	 
	Externalizing problems

	 
	E-values for point estimate
	E-values for CI
	 
	E-values for point estimate
	E-values for CI
	 
	E-values for point estimate
	E-values for CI
	 
	E-values for point estimate
	E-values for CI

	Aggregated from G2 to 8
	1.28
	1.16
	
	1.33
	1.21
	
	1.21
	1.14
	
	1.14
	1.03

	
	
	
	
	
	
	
	
	
	
	
	

	Poverty at G2
	1.40
	1.00
	
	1.50
	1.00
	
	1.26
	1.00
	
	1.07
	1.00

	Poverty at G4
	1.25
	1.00
	
	1.26
	1.00
	
	1.07
	1.00
	
	1.16
	1.00

	Poverty at G6
	1.35
	1.00
	
	1.32
	1.00
	
	1.13
	1.00
	
	1.13
	1.00

	Poverty at G8
	1.04
	1.00
	 
	1.21
	1.00
	 
	1.25
	1.00
	 
	1.14
	1.00


The e-values are calculated using https://www.evalue-calculator.com/evalue/.
S Table 4. Sensitivity analysis for cumulative effect
	 
	Depression
	 
	Self-esteem
	 
	Internalizing problems
	 
	Externalizing problems

	 
	B [95%CI]
	P
	 
	B [95%CI]
	P
	 
	B [95%CI]
	P
	 
	B [95%CI]
	P

	Times being poverty from G2 to 8
	0.34 [0.23; 0.46]
	<0.01
	
	-0.43 [-0.57; -0.29]
	<0.01
	
	0.29 [0.23; 0.36]
	<0.01
	
	0.25 [0.19; 0.31]
	<0.01


We applied conventional linear regression to estimate the associations between a sum of times being exposed to household poverty (i.e., 0 to 5) and mental health outcomes. The models adjusted for child age, child sex, maternal age, paternal age, baseline household educational level, baseline caregiver’s psychological distress, baseline family size, baseline marital status, and baseline child internalizing and externalizing behavioral problems.

