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Abstract

Aims. Mental health problems in adolescence are increasingly prevalent and have tremendous
impacts on life-long health and mortality. Although household poverty is a known risk factor
for adolescent mental health, evidence of the timing hypothesis is scarce. We aimed to examine
the longitudinal associations of poverty across childhood with mental health in adolescence,
focusing on the timing of exposure.

Methods. We used the data of 5,671 children from a Japanese population-based longitudinal
cohort, which recruited the first graders (aged 6-7 years) and followed biannually until eighth
grade (aged 13-14 years) in Adachi, Tokyo. Household poverty was defined as households
having any of the following experiences: annual income less than Japanese yen 3 million, pay-
ment difficulties and material deprivations, measured in first, second, fourth, sixth and eighth
grades. Adolescent mental health included parent-report internalizing and externalizing prob-
lems (the Strengths and Difficulties Questionnaire), self-report depression (the Patient Health
Questionnaire-9) and self-esteem (the Japanese version Children’s Perceived Competence
Scale) in eighth grade. We applied g-estimation of structural nested mean modelling to account
for time-varying confounders.

Results. If adolescents were exposed to household poverty at any grade across childhood, on
average, they would report more severe depressive symptoms (Y = 0.32 [95% CI 0.13; 0.51])
and lower self-esteem () = —0.41 [-0.62; —0.21]) in eighth grade. There were also average asso-
ciations of household poverty at any grade with more internalizing (\) = 0.19 [0.10; 0.29]) and
externalizing problems ({ = 0.10 [0.002; 0.19]). Although the associations between household
poverty and mental health were stronger in younger ages (e.g., poverty in the second grade
— depression: { = 0.54 [-0.12; 1.19] vs. poverty in the eighth grade — depression: | = —0.01
[-0.66; 0.64]), overlapping 95% ClIs indicated no statistically significantly different associations
by the timing of exposure.

Conclusion. We found the average effect of exposure to household poverty at any grade on
mental health outcomes in eighth grade, failing to support the timing hypothesis. The findings
indicate that the effects of household poverty accumulate over time in childhood and impact
adolescent mental health (cumulative hypothesis) rather than the effects differ by the timing of
exposure. While cumulative effects suggest a persistent intervention in poor households across
childhood, we highlight intervention at any timing in childhood may be effective in alleviating
adolescent mental health problems.

Introduction

Adolescence is a risk period for mental health. The onset of any mental disorder peaks at
14.5 years (Solmi et al., 2022), encompassing 25% of the mental disorder burden across their
entire lives (Kieling et al., 2024). Globally, the number of adolescents suffering from depression,
anxiety and other mental conditions is rising at alarming rates. The prevalence of depression
and anxiety was 6% and 3%, respectively, in 2010-13 (Erskine et al., 2017), doubled during
the COVID-19 pandemic (Racine et al., 2021) and is persistently high (Agency for Healthcare
Research and Quality, 2022). Mental health problems can severely disrupt their health and mor-
tality in adolescence and adulthood. In adolescence, 20% of all disease-related disability are
attributable to mental disorders (Kieling et al., 2024). Adolescent mental health problems are
linked to harmful behaviours such as suicidal attempts, substance misuse and alcohol overcon-
sumption, increasing associated premature death (Yu et al., 2023). We are in an urgent need to
identify effective interventions to mitigate adolescent mental health problems.

Household poverty is one of the prominent risk factors for mental health problems, with a
large body of evidence of the causal associations from natural experiments and randomized
trials (Ridley et al, 2020). The associations are also reported in adolescents (Dashiff et al.,
2009; Zaneva et al., 2022). Household poverty entails experiences of threat, deprivation and
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unpredictability (Rakesh et al., 2023), resulting in worse adoles-
cent mental health via various mechanisms, including physical
ill-health, less appropriate parenting, toxic neighbourhood envi-
ronment, low social status and stigma (Dashiff et al., 2009; Ridley
et al., 2020). Notably, children are disproportionately affected by
poverty; around 16% of children in the world experience absolute
poverty, which shows an increase due to the COVID-19 pandemic
(Salmeron-Gomez et al., 2023). Even in high-income countries
such as Japan, the child poverty rate is 12% (Household Statistics
Office, Ministry of Health Labour and Welfare, 2022). Therefore,
many children in high-income countries may be at risk of adoles-
cent mental health problems due to poverty. However, randomized
trials are predominately conducted in low- and middle-income
countries, which target children who are exposed to absolute
poverty (Zaneva et al., 2022). This sampling bias may make it dif-
ficult to generalize the results to children exposed to poverty in
high-income countries.

Another important knowledge gap is the effective timing of
intervention in childhood poverty. It is reasonable to conceive
different effects by the timing of exposure (the timing hypoth-
esis), as the child’s socio-emotional influence of environmental
input is uniquely strong when tremendous developmental changes
occur, especially in neural architecture and circuits (Knudsen,
2004). As the brain undergoes significant change during early life
(Bethlehem et al., 2022), the particularly strong effect of exposure
may lie in early childhood. Seminal research on socio-emotional
outcomes of institutionalized children supported the importance
of the early childhood environment, suggesting the first 2 years
of life as the sensitive period (Gabard-Durnam and McLaughlin,
2020; van Ijzendoorn et al., 2020). While institutionalization can
be a more severe form of adversity than poverty, children in poor
households are also exposed to deprivation and threat experiences,
implying that poverty in early childhood may uniquely impact a
child’s socio-emotional development. Likewise, Heckman’s inno-
vative experimental studies and the following observational studies
collectively indicated that financial investment may be most effec-
tive in early childhood (Cunha et al., 2006).

However, the poverty’s timing effects on child and adolescent
mental health have been uncertain. A study with repeated mea-
sures of poverty during pregnancy, infancy (6 months), early child-
hood (5 years) and adolescence (14 years) found no evidence for
the timing effects after adjusting for poverty at other phases; yet,
it suggested the cumulative effect, which was operationalized as
the cumulative times experiencing household poverty from preg-
nancy to adolescence (Najman et al, 2010b). A study examining
the associations between poverty trajectories from early (9 months
to 7 years) to late childhood (11-14 years) and problem behaviours
at age 14 years identified comparable impacts of poverty in late
childhood and chronic poverty (Lai et al., 2019). Another study
suggested the cumulative effect of poverty by using mediation
analysis (Evans and Cassells, 2014). A study using a structured
life course approach supported this cumulative effect of poverty
from ages 0-5, 6-10 to 11-15 years but also implied the sensi-
tive period in early childhood (6-10 years) (Green et al., 2018).
Collectively, it is still unclear whether exposure in early childhood
or accumulation of exposure over time is important.

Furthermore, investigating the timing effects needs a more
robust study design and statistical method to properly account
for confounding. First, the same exposure at an earlier time is
a plausible confounder (Schwartz and Glymour, 2023), as past
exposure often causes the current exposure. Second, the past out-
come is an important time-varying confounder when associations
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are bidirectional. In the associations between household poverty
and adolescent mental health, not only does poverty cause men-
tal health problems among adolescents but also adolescent mental
health problems may lead to poverty — adolescent mental health
problems may decrease the amount of social, cognitive and finan-
cial resources available to parents, ending up in poverty (Ridley
et al., 2020). Thus, adolescent mental health can be both a con-
founder and mediator in a longitudinal setting. This exposure-
confounder feedback loop or time-varying confounding affected
by exposure can produce biased estimation under the conventional
regression-adjustment method (Schwartz and Glymour, 2023). We
need robust causal inference methods that accommodate time-
varying confounders, especially g-methods (Naimi et al., 2016).
Yet, g-methods are underutilized to examine the timing effects.

We aimed to examine the longitudinal associations between
household poverty across childhood and adolescent mental health
and investigate the timing effects of poverty. To this end, we
used the longitudinal Japanese community-based cohort of school-
aged children with a total of five repeated assessments of house-
hold poverty from grade 1 (ages 6-7 years) to grade 8 (ages
13-14 years) and measures of subsequent mental health status and
leveraged a causal inference method. We hypothesized that house-
hold poverty was associated with adolescent mental health prob-
lems, and this association is stronger in early childhood compared
to later childhood.

Methods
Participants

We analysed the data from the longitudinal community-based
cohort, the Adachi Health Impact of Living Difficulty (A-CHILD)
study (Ochi et al., 2021). This study initially recruited all the first-
grade children (ages 6-7 years) in 69 public elementary schools
in Adachi, Tokyo, Japan. Subsequently, we followed up with chil-
dren from the second grade (ages 7-8 years) until the eighth
grade (ages 13-14 years) biannually. We only included those with
at least one measurement of poverty throughout the observa-
tion and adolescent mental health outcomes at the end of the
study. We ended up with a total of 5,671 children as an analyti-
cal sample. This study was approved by the Ethics Committee at
the National Center for Child Health and Development (Study
ID: 1147) and Tokyo Medical and Dental University (Study ID:
M2016-284). Written informed consent was obtained from all
caregivers.

Household poverty

Household poverty was measured in a multifaceted way to capture
both income level and deprivation experiences via parent-reported
questionnaires in grades 1, 2, 4, 6 and 8. First, low income is
a household annual income below Japanese yen 3 million, fol-
lowing the national relative poverty line. Caregivers selected cat-
egories that best reflected their household’s income for the past
year. Second, we measured experiences of economic hardship,
including payment difficulty and material deprivation. Payment
difficulty is at least one experience of being unable to afford essen-
tial costs, including school trips, extracurricular activities, school
meals, housing expenses (rent, loans, utilities), phone bills, insur-
ance and transportation fees. Material deprivation is at least one
experience of lacking specific household items due to financial
constraints, such as educational materials for children, toys, a
dedicated study space, appliances (washing machine, rice cooker,
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vacuum cleaner, microwave), temperature control options (heater,
air conditioner), phone access, bathing facilities, individual beds
for children and the savings. We defined household poverty as
exposure to any experiences of low income, payment difficulty and
material deprivation.

Adolescent mental health

Adolescent mental health was assessed at grade 8 using child- and
parent-reported questionnaires. This multi-informant approach
can increase the robustness by reducing reporting bias. Also, ado-
lescents may display mental health concerns in particular contexts
only; thus, parent and self-reports supplement each other (De Los
Reyes et al., 2015).

Child-reported outcomes included depression and self-esteem.
Depression was assessed using the Patient Health Questionnaire-9
for adolescents (PHQ-A) (Adachi et al., 2020; Johnson et al., 2002).
We obtained the prorated scores when the number of missing items
was less than 3 by dividing the sum score of available items by the
number of responded items and multiplying it by the total number
of items, 9. The Cronbach’s alpha for the current analytical sam-
ple was 0.88. Self-esteem was assessed by the 10-item Children’s
Perceived Competence Scale, the Japanese version of the Perceived
Competence Scale for Children (Harter, 1982; Nagai et al., 2018,
2015). The Cronbach’s alpha for the current analytical sample was
0.88.

Parent-reported outcomes included internalizing and exter-
nalizing problems. Caregivers reported child behaviour prob-
lems via the Japanese version of the Strength and Difficulties
Questionnaire (SDQ), a 25-item questionnaire (Goodman, 1997;
Matsuishi et al., 2008). Previous research revealed good con-
vergent but poor discriminant validity within internalizing and
externalizing second-order subscales, especially among low-risk
populations, and using internalizing and externalizing subscales
instead of theoretically supported five subscales is advantageous
(Goodman et al., 2010). Therefore, we calculated scores for inter-
nalizing (consisting of emotional symptoms and peer relation-
ship problems) and externalizing (consisting of conduct problems
and hyperactivity/inattention problems) subscales. Cronbach’s
alpha for the current analytical sample were 0.73 and 0.75,
respectively.

Covariates

Parent-reported questionnaires assessed various time-varying
covariates from grades 1 to 8 and time-invariant covariates at base-
line (grade 1). Time-varying covariates included the caregiver’s
psychological distress measured with the Kessler Psychological
Distress Scale (Furukawa et al., 2008; Kessler et al., 2002), fam-
ily size, marital status and child internalizing and externalizing
problems measured with SDQ. Time-invariant covariates included
child age, child’s biological sex (obtained at a school health
checkup), maternal and paternal ages, and household educa-
tion level. Missing exposures and covariates were imputed using
multiple imputations by chained equations (van Buuren S and
Groothuis-Oudshoorn, 2010) including all the exposure, outcome
and covariates measures as well as auxiliary variables at all waves
(child maltreatment, parent-child interaction, employment sta-
tus and school dummy) in the imputation model. Imputations
were conducted using a predictive mean matching algorithm with
a maximum of 25 iterations, producing a total of 30 imputed
datasets.

Statistical analysis

We employed g-estimation of structural nested mean modelling
using the R package ‘gesttools’ (Keen et al., 2024; Tompsett et al.,
2022) to examine the longitudinal associations between household
poverty and adolescent mental health (the hypothesized cause-
and-effect relationship is mapped out with Directed Acyclic Graph,
DAG in Fig. 1). The details can be found in S Text 1. Briefly,
g-estimation is a causal inference method that uses a counterfac-
tual framework and can accommodate time-varying confounders.
G-estimation can provide unbiased estimates for causal associa-
tions when models are correctly specified and the identifiability
assumption holds. In the current outcome models, we adjusted
for time-invariant covariates, lagged time-varying exposure and
covariates, and time-varying propensity scores for being exposed
to poverty, weighting for the probability of having poverty mea-
sures at each time point. A time-varying propensity score was
estimated by regressing poverty at a given age on time-invariant
covariates and lagged time-varying covariates and poverty status.
Including propensity score in the outcome model helps decrease
the influence of residual confounding and model misspecification
via doubly robust estimation. Estimates were obtained 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 of
standardized household income to consider economic inflation
over time (S Table 1) and a continuous income measure. Second, we
calculated e-values to check the robustness of findings in the face
of unmeasured confounding (Mathur ef al., 2018). All the analyses
were conducted with the R version 4.3.2 (R core Team, 2023).

Results

Among 5,671 children included in the current analysis, 38%
(n=2,156) of children experienced poverty at any timing through-
out the observation. The baseline characteristics who never expe-
rienced household poverty (‘never poverty’) and did experience
(‘any poverty’) were significantly different in most of the demo-
graphic factors and child behaviour problem scores (Table 1).
‘Never poverty” households had lower socio-economic status and
worse mental health for both caregivers and children compared to
‘any poverty’ households. For example, the paternal highest educa-
tion is junior high school for 4.8% of ‘never poverty’ children and
17.7% of ‘any poverty’ children, while university or higher levels
for 49.5% of ‘never poverty’ children and 22.8% of ‘any poverty’
children. Caregiver’s psychological distress scores were 2.7 (SD:
3.5) and 4.7 (SD: 5.1) respectively. The prevalence of child poverty
ranged from 22% to 28% across childhood, with some of them
having unstable poverty statuses (Fig. 2).

Longitudinal associations between household poverty in child-
hood and adolescent mental health are shown in Table 2. By prop-
erly accounting for time-varying confounders with g-estimation,
associations between childhood poverty and adolescent mental
health were carefully estimated. On average, adolescents exposed
to household poverty at any timing from grades 2 to 8 reported
higher levels of depressive symptoms ({ = 0.32, [95% CI: 0.13;
0.51]) and lower levels of self-esteem ({ = —0.41, [95% CI: —0.62;
—0.21]). Similarly, parents in poor households rated their children
as having more internalizing (\p = 0.19, [95% CI: 0.10; 0.29]) and
externalizing (V = 0.10, [95% CI: 0.002; 0.19]) problems in adoles-
cence. Further, the effects of the timing of poverty were examined.
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Poverty at G2 Poverty at G4

Poverty at G6 Poverty at G8

Mental health at G8

Confounders at G1 |—s{ Confounders at G2 |—| Confounders at G4 |—s/ Confounders at G6
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Baseline time-invarying
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Figure 1. Hypothesized longitudinal causal associations between household poverty and mental health. A directed acyclic graph in the current analysis is shown. Arrows in
blue indicate associations of interest in the current study and thus were aimed to estimate causal associations. Arrows going back and forth between household poverty
and confounders over time suggest the existence of exposure-confounder feedback loops or time-varying confounders. This graph informs us that adjusting confounders at
grades 1-4 in the conventional regression-adjustment methods to estimate the joint effects of poverty at grades 2-8 may lead to biased estimation by adjusting for
intermediate variables and/or by introducing collider stratification bias in the presence of exposure-confounder feedback loops.

Household poverty at specific timing was not associated with any
adolescent mental health outcomes. Effect size differences, how-
ever, indicated potential sensitive periods in earlier childhood
compared to later. Adolescents exposed to household poverty in
grade 2 (¥ = 0.54, [95% CI: —0.12; 1.19]) showed more depres-
sive symptoms compared to those exposed to poverty in grade 8
(p=-0.01, [95% CI: —0.66; 0.64]). Likewise, effect sizes of the asso-
ciations of household poverty with self-esteem were stronger when
exposed in grade 2 ({ = -0.76, [95% CI: —1.58; 0.05]) compared
to in grade 8 (¥ = —0.20, [95% CI: —0.86; 0.45]). However, this
trend was not clear for internalizing and externalizing problems.
The results are summarized in Fig. 3.

We found similar directions and patterns of the associations of
continuous standardized household income (S Table 2), where only
the average effects of standardized household income at any child-
hood age were observed. The e-values are shown in S Table 3. Based
on the list of confounders in the main analysis and the magnitude of
the associations, unmeasured confounders are unlikely to explain
away the observed associations.

Discussion

This is the first longitudinal study that examined the associations
between household poverty and adolescent mental health out-
comes, focusing on the timing of exposure using a causal inference
method, a g-estimation of structural nested mean modelling. We
found that household poverty at any age in childhood was averagely
associated with worse adolescent mental health - higher levels of
depression, lower levels of self-esteem and more behavioural prob-
lems. However, we could not find any significant associations of
exposure at a specific age. Our findings imply that the effects of
household poverty across childhood are not significantly different
by the timing of exposure and suggest the cumulative rather than
the timing effects.

We found the average effects of childhood household poverty
on adolescent mental health. Previous studies consistently demon-
strated that household poverty was associated with mental health
throughout the lifespan (Ridley et al., 2020; Zaneva et al., 2022).
A meta-analysis of randomized trials of poverty mitigation pro-
grammes revealed significantly decreased adolescent mental health
problems in response to monetary support (Zaneva et al., 2022).
However, these randomized trials were mainly conducted in low-
and middle-income countries, and studies in high-income coun-
tries were mostly observational (Victora et al., 2022; Zaneva et al.,
2022). Recently, to establish the causal associations between mon-
etary intervention and child healthy development, a randomized
trial of unconditional cash transfer to poor mother—child dyads
was launched in the US in 2018 (Noble et al., 2021). The inter-
vention up to the first three years of the child’s life brought no
differences in the child’s lifestyle and health outcomes between
low- and high-cash gift receivers, suggesting the impacts of poverty
mitigation might not be visible until later in life (Sperber et al.,
2023). While a randomized trial is a strong framework to explore
the causality, ethical considerations, intervention costs and sam-
pling bias are major limitations (Noble et al., 2021; Stuart et al.,
2015). Observational studies are often sources of associational
evidence but can be likened to randomized trials by using the
appropriate statistical approach (Naimi et al., 2016). Moreover,
causal inference approaches utilizing the counterfactual frame-
work can inform the most effective interventions by consider-
ing the situation under hypothetical interventions. Our results
revealed that if all children were moved from poverty to a non-
poverty family environment at any age from 6 to 14 years, at
14 years, their mental health would be improved with reductions in
depressive symptoms and behaviour problems and an increase in
self-esteem. Although generalizing the findings needs caution, our
results suggest the poverty mitigation programme targeting poor
households with elementary-school-aged children in high-income
countries.
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Table 1. Sample baseline characteristics

Overall (n = 5,671)

Never poverty in
childhood (n = 3,515)

Poverty at any time
points (n = 2,156)

T or y?, df, P-value

Child age (years; mean, SD) 7.1(0.3) 7.1(0.3) 7.1(0.3) =-0.016, df = 3137.2, P = 0.99
Missing 1,696 1,023 673

Child sex (N, %) 72 =0.004,df =1,P = 0.95
Boys 2,167 (50.6) 1,350 (50.6) 817 (50.7)
Girls 2,114 (49.4) 1,320 (49.4) 794 (49.3)
Missing 1,390 845 545

Maternal age (years; mean, SD) 38.2 (5.1) 38.9 (4.6) 37.0 (5.6) t =10.797, df = 2727.1, P < 0.01
Missing 1,626 981 645

Paternal age (mean, SD) 40.4 (5.7) 40.7 (5.1) 39.9 (6.9) t = 3.283, df = 1939.3, P < 0.01
Missing 1,920 1,005 915

Maternal education (N, %) x? =367.010, df =3, P < 0.01
Junior high school 295 (7.3) 81 (3.2) 214 (14.4)
High school 1,226 (30.4) 643 (25.2) 583 (39.3)
Some college 1,663 (41.3) 1,130 (44.4) 533 (35.9)
University or higher 847 (21.0) 694 (27.2) 153 (10.3)
Missing 1,640 967 673

Paternal education (N, %) x? = 358.68,df =3,P < 0.01
Junior high school 344 (9.1) 122 (4.8) 222 (17.7)
High school 1,183 (31.2) 670 (26.4) 513 (40.9)
Some college 723 (19.1) 491 (19.3) 232 (18.5)
University or higher 1,544 (40.7) 1,258 (49.5) 286 (22.8)
Missing 1,877 974 903

Caregiver’s psychological distress (mean, SD) 3.4 (4.3) 2.7 (3.5) 4.7 (5.1) t =-13.142, df = 2379.8, P < 0.01
Missing 1,578 941 637

Family size (mean, SD) 3.2(1.1) 3.2 (0.9) 3.3(1.2) = -2.757, df = 2529.6, P < 0.01
Missing 1,525 907 618

Marital status (N, %) 72 =395.45,df =1, P < 0.01
Married 3,795 (91.5) 2,561 (98.1) 1,234 (80.2)
Unmarried 353 (8.5) 49 (1.9) 304 (19.8)
Missing 1,523 905 618

Child internalizing problems (mean, SD) 3.8 (2.8) 3.6 (2.8) 4.2 (2.9) t = -6.536, df = 3049.4, P < 0.01
Missing 1,574 935 639

Child externalizing problems (mean, SD) 6.1 (3.5) 5.7 (3.4) 6.8 (3.7) t =-9.615, df =2964.3, P < 0.01
Missing 1,573 935 638

Sample characteristics were compared using Welch’s two-sample t-test for continuous values, Pearson’s chi-squared test for parental education, and Pearson’s chi-squared test with Yates’

continuity correction for child sex and marital status.

Our findings did not find any childhood age demonstrating
statistically significant effects, failing to support the timing hypoth-
esis. So far, several analytical approaches have been taken to test
the timing hypothesis. The most conventional approach is to com-
pare the associations of several timings of poverty (i.e., prena-
tal, infancy, early childhood and adolescence) using a standard
regression-adjustment model. This approach found no sensitive
periods for internalizing and externalizing problems; rather, it

suggested cumulative effects, which were examined as the effects
of the number of times being in poverty (Najman et al., 2010a,
2010b). Another study examining cumulative risk with media-
tion analysis found the cumulative effects of poverty in childhood
(Evans and Cassells, 2014). Studies exploiting poverty status tra-
jectories during childhood suggested recency effects, i.e., children
who experienced the transition into poverty at a later timing
and who were exposed to chronic poverty were impacted most
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Figure 2. Transition of household poverty status over time. Orange flows indicate children not exposed to household poverty and blue flows indicate children exposed to
household poverty. Percentages in bar charts show the prevalence of children exposed/not exposed to household poverty at each grade among the analytical sample.

Table 2. Associations between household poverty in childhood and adolescent mental health

Depression Self-esteem Internalizing problems Externalizing problems
1 [95% Cl] P-values 1 [95% Cl] P-values 1 [95% Cl] P-values 1 [95% CI] P-values

Aggregated from 0.32 [0.13; 0.51] 0.001 -0.41 [-0.62; -0.21] 0.0001 0.19 [0.10; 0.29] 0.0001 0.10 [0.002; 0.19] 0.05
G2to8

Poverty at G2 0.54 [-0.12; 1.19] 0.11 -0.76 [-1.58; 0.05] 0.07 0.27 [-0.09; 0.64] 0.14 0.03 [-0.30; 0.35] 0.87
Poverty at G4 0.26 [-0.42; 0.94] 0.45 -0.27 [-1.09; 0.54] 0.51 0.03 [-0.30; 0.37] 0.84 0.12 [-0.19; 0.44] 0.44
Poverty at G6 0.44 [-0.31; 1.18] 0.25 -0.38 [-1.15; 0.39] 0.33 0.09 [-0.25; 0.44] 0.60 0.08 [-0.24; 0.40] 0.64
Poverty at G8 -0.01 [-0.66; 0.64] 0.98 -0.20 [-0.86; 0.45] 0.54 0.26 [-0.08; 0.59] 0.13 0.10 [-0.17; 0.37] 0.45

Depression scores range from 0 to 27, with higher scores indicating severe symptoms. Self-esteem scores range from 0 to 30, with higher scores indicating higher levels of self-esteem.
Internalizing and externalizing problems scores range from 0 to 20, with higher scores indicating more behavioural 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 behavioural problems) and propensity score for the current poverty status.

strongly (Boe et al, 2017; Lai et al., 2019; Pryor et al., 2019).
A structured life-course modelling approach is a theory-based
statistical framework that systematically tests multiple life-course
models, including sensitive periods (effects of exposure at a spe-
cific time point) and accumulation (effects of a sum of times
being exposed) (Mishra et al., 2009; Smith and Dunn, 2022).

Studies using this approach supported the cumulative effects of
poverty on general health and externalizing problems in chil-
dren (Green et al., 2018; Mazza et al., 2017). Our causal infer-
ence approach is advantageous over these previous approaches
in accommodating time-varying confounders (Schwartz and
Glymour, 2023).
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Figure 3. Associations between childhood household poverty and adolescent mental health outcomes. The results of g-estimation of structural nested mean modelling that
examines the average of the average treatment effects of household poverty at any grade on mental health outcomes at grade 8 (the upper rows) and age-specific average
treatment effects of household poverty at a particular grade on mental health outcomes at grade 8 (the lower rows) are shown. The straight lines indicate statistically

significant paths, and the dashed lines indicate statistically non-significant paths.

Importantly, the average effect of household poverty and the
lack of evidence of the age-specific effects implied the cumulative
rather than the timing effect. Our average effect is not operational-
ized to indicate the cumulative effect defined in the life-course
model, which assessed the dose-response associations of the num-
ber of times being in poverty. However, our average effect indi-
cated the significant effect of living in poverty at any childhood
age; thus, if children spent more time in poor households, they
may show more mental health problems. We confirmed dose-
response associations between times being exposed to household
poverty and adolescent mental health outcomes using a conven-
tional linear regression approach (S Table 4), where we observed
worse mental health among adolescents who were exposed to
poverty for longer periods. Biological mechanisms may underlie
this potential cumulative effect. Allostatic loads, or physiologi-
cal damages due to forced adjustment to chronic stress, might
partly underlie (Juster et al., 2010). Initially, the body responses to
acute stress exposure by adjusting the neural and neuroendocrine
systems to maintain stability (allostasis or homeostasis through
change), yet extended stress disrupts adjustment abilities (Juster
et al., 2010). Another, but not mutually exclusive, explanation is the
sensitization model, where the initial stress predisposes the body to
subsequent stress exposures, making the later stress a fatal attack
(Harkness et al., 2015). Understanding the underlying mecha-
nisms essentially requires earlier exposure measurements, as we
cannot eliminate the impacts of foetal programming and early-
life exposures. Future longitudinal studies should follow up from
foetal life onward and repeatedly assess exposures comparably.
Furthermore, our results implied that whenever we intervene in
household poverty, the negative impacts on adolescent mental
health can be alleviated.

While any timing of exposure was not statistically significantly
associated, we note that our findings are inconclusive and need
further replications. Specifically, earlier-life exposure to adversities

can theoretically impact developmental outcomes more strongly
(Ho and King, 2021), and point estimates of earlier exposure
were larger than those of the average effects for depression and
self-esteem, indicating possible stronger effects of earlier poverty.
While the wide-ranged confidence intervals did not support the
timing hypothesis, timing effect estimation was basically under-
powered compared to the average effect estimation.

Markedly, although we utilized the state-of-the-art causal infer-
ence method that leverages a counterfactual framework, the
following limitations may prevent us from drawing a strong
causal conclusion. First, household income and economic hardship
were self-reported. People might not be willing to report actual
household income and economic hardship experiences, making
extremely high or low income less likely in analytical samples.
Recall bias might also be possible. Yet our closed-ended question-
naire may reduce these biases compared to the open-ended form.
Future studies should desirably use registry data linked with tax
payments. Second, we did not know the participants’ poverty sta-
tus in early childhood. Although we adjusted for past exposure to
poverty as time-varying confounders, this missing information can
be an important residual confounder. Future studies should con-
sider a longer period of exposure assessments, including perinatal
periods, when a child undergoes tremendous growth thus, a sen-
sitive period might lie. Third, we lacked repeated child-report out-
come measures. Considering the bidirectionality between house-
hold poverty and child mental health (Ridley et al., 2020), we
adjusted for parent-report behavioural problems as a time-varying
confounder. This time-varying nature would pose further chal-
lenges for longitudinal studies that cover formative periods, as
transitions between developmental periods may involve changes in
mental health measurements and constructs (Murray et al., 2019).
For example, the Child Behavior Checklist, a widely used question-
naire of emotional and behavioural problems, has separate versions
for preschoolers and schoolers, which include different syndrome



and clinical diagnostic scales (Maust et al., 2012). Also, there was
only a weak but not strong measurement invariance in the emo-
tional subscale of the SDQ (Riglin ef al., 2024). We might benefit
from using multiple informants by capturing the different contexts
and providing deeper and holistic views of a child’s mental health
status (De Los Reyes et al., 2015). Fourth, we need caution to gen-
eralize the findings outside the current sample, as the participants
reside in Adachi, where the proportion of public aid receivers was
highest in Tokyo (Tokyo is relatively affluent than other areas in
Japan) when the baseline survey was conducted (Ochi et al., 2021).
Yet, poverty is common worldwide, and biological mechanisms of
the psychopathological consequences of poverty should be shared
across societies. Thus, some degrees of generalizability may exist.
Fifth, we excluded those with no measures of poverty and men-
tal health outcomes, which may introduce further sampling bias.
While we were committed to mitigating the sampling bias by
imputing variables, utilizing registry data that contain nationally
representative income data may further reduce sampling bias.

Conclusions

In conclusion, we found the average effect of household poverty
in childhood on adolescent mental health problems. Furthermore,
our estimates implied no age-specific effects. These findings indi-
cate that we could mitigate the negative impacts of household
poverty at any timing throughout childhood by intervening in
households with low-income or economic hardship experiences.
Moreover, possible cumulative effects emphasize the benefit of
continuous support for those in poverty from early childhood
onward. Future studies should properly address time-varying vari-
ables, include larger participants, follow up for a longer period and
better assess household income to inform effective anti-poverty
interventions for improving adolescent mental health.
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