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Abstract

Background

This study aimed to assess how maternal mental health mediates the association between
childhood socio-economic conditions at birth and subsequent child behavioural and emo-
tional problem scores.

Methods

Analysis of the Wirral Child Health and Development Study (WCHADS), a prospective epi-
demiological longitudinal study of the early origins of child mental health (n = 664). House-
hold income at 20-weeks gestation, a measure of socio-economic conditions (SECs) in
pregnancy, was the main exposure. The outcome measure was externalising and internalis-
ing problems, as measured by the Child Behaviour Checklist at 5 years. We assessed the
association of household income with child behavioural outcomes in sequential linear mod-
els adjusting for maternal mental health in the pre- and post- natal period.

Results

Children of mothers in more disadvantaged households had higher scores for externalising
behaviour with a difference of 3.6 points comparing the most affluent to the most disadvan-
taged families (the socio-economic (SEC) gap). In our regression model adjusting for base-
line confounders, comparing children of mothers in the most disadvantaged households to
the least disadvantaged, we found that most disadvantaged children scored 45 percentage
points (95% CI 9, 93) higher for externalising problems, and 42% of this difference was
explained in the fully adjusted model. Adjusting for prenatal maternal depressive
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symptomology attenuated the SEC gap in externalising problems by about a third, rendering
the association non-significant, whilst adjusting for pre- and post-natal maternal mental
health attenuated the SEC gap by 42%. There was no significant relationship between
household income and internalising problems.

Conclusion

Social disadvantage is associated with higher child externalising behaviour problems score
at age 5, and about 40% of this was explained by maternal perinatal mental health. Policies
supporting maternal mental health in pregnancy are important to address the early emer-
gence of inequalities in child mental health.

Introduction

Reducing inequalities in mental health outcomes is a public health priority. [1] In the UK, one
in ten children and young people (aged 5-16 years) have a clinically diagnosed mental health
problem (behavioural 6% and emotional 4%). [2] The prevalence of mental health problems is
a growing concern, with 24% of girls and 9% of boys aged 14 years self-reporting high levels of
depression in the UK. [3] Poorer socioeconomic conditions (SECs) are associated with worse
mental health outcomes. [4] A systematic review of 52 studies from 23 countries found that
children and young people from disadvantaged families are two-to-three times more likely to
develop mental health problems compared to economically advantaged children. [4] A num-
ber of theories describe the pathways through which SECs influence child health, including
mental health, with the most commonly cited differentiating between material, psychosocial,
behavioural and structural factors. [5] For example, experiences of poverty can have a negative
impact on maternal mental health and behaviour, which in turn influences child health. [6]

Inequalities in mental health outcomes are established in the early years of a child’s develop-
ment and these inequalities widen as children start primary education.[7] More support is
needed earlier in the lifecourse to narrow inequalities. [7] In order to design and implement
effective policies to tackle inequalities, a clearer understanding of the pathways, in the early
years, is needed. Furthermore, it is unclear if these putative pathways differ for internalising
problems (e.g., depression, anxiety) and externalising behaviour problems (e.g., aggression,
attention) in children.

Maternal mental health is a well-established risk factor for child psychopathology and has
been identified as a potential mediator of the association between socioeconomic conditions
and child mental health outcomes. [8,9] One in five women experience depression in the peri-
natal period [10], although 60% of women are not detected and clinically diagnosed. [11] A
previous episode of perinatal depression is associated with future risk [12], and around 15% of
women who experience an episode of depression during pregnancy, experience a new episode
within three months postpartum. [11]

Maternal mental health problems have been associated with the level of emotional support
a child receives. Furthermore, poor parental mental health can affect children’s emotion regu-
lation, development and attachment. [13,14] Few studies have explored the role of maternal
mental health in generating social inequalities in child mental health. A greater understanding
of the interplay and social patterning of maternal perinatal mental health and their impact on
the socioeconomic gap in early child mental health problems is needed in order to design
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effective policy interventions to improve child mental health outcomes and reduce inequalities
across the lifecourse.[15]

Using a prospective longitudinal study of child mental health trajectories, with frequent
early-years measures, the aim of this study was therefore to assess the impact of childhood
socio-economic conditions (SECs) on child internalising and externalising behaviours at age 5
years. We further aimed to explore the role of maternal mental health in explaining any social
patterning of early child behavioural and emotional problems identified.

Materials and methods
Design, setting and data source

We analysed data from a longitudinal cohort study of children born on the Wirral, in the
North West of England. The study recruited 1233 participants consecutively from first-time
mothers who booked antenatal care between February 2007 and October 2008 at the Wirral
University Teaching Hospital, North West of England. [16] Owing to the socio-demographic
composition of the Wirral, 41.7% of the sample were in the most deprived quintile of depriva-
tion at recruitment, using the English Index of Multiple Deprivation (IMD [17]. These indices
combine economic, social and housing indicators measures at the census into a composite
deprivation score for small areas in England.

WCHADS utilises multiple informant questionnaires alongside novel experimental and
observational measures, embedded within a longitudinal design, to measure child social, emo-
tional and behavioural functioning. [16] More information on the sampling design and cohort
measures can be found online [https://www.liverpool.ac.uk/psychology-health-and-society/
departments/psychological-sciences/research/first-steps/for-researchers/]. This study uses
data on 759 children with data available on the CBCL at age 5 years included in the study (62%
of the total sample), 664 of these (87.5%) had data on all covariates. A flowchart of the analysis
sample is available in the supplementary materials (S1 File). The study was granted ethical
approval by the Cheshire North and West Research Ethics Committee [REF: 05/Q1506/107
(June 2006); 10/H1010/4 (June 2010)]. This analysis did not require further ethical approval.

Outcome measures

The main outcome measures were internalising and externalising problem subscale scores on
the Child Behaviour Checklist (CBCL) at age five. When the cohort child was aged 4.5-5 years
(58.5 months (3.6)) parents completed the preschool version of the Child Behaviour Checklist,
a validated instrument, with high rates of validity and reliability across many populations,
measuring child emotional and behavioural disorders. [18,19] The measure contains 99 prob-
lem items, scored 0 (not true), 1 (somewhat or sometimes true) and 2 (very true or often true).
Internalising problems are derived from combining the anxious/depressed, emotionally reac-
tive, withdrawn and somatic complaints scores, and externalising problems by combining
aggressive behaviour and attention problem scores. [18] The subsequent main analysis uses
raw scores (unadjusted for sex and age) for both internalising and externalising domains,
treated as a continuous variable.

Early-life risk factors

The primary exposure measure of childhood socio-economic conditions in pregnancy, our base-
line, was household income measured at 20-weeks gestation. Mothers were asked ‘What is your
approximate annual family income?” with responses collected in £10,000 incremental bands
(Range: Up to £10,000 —~Over £71,000). Our analysis uses the socioeconomic gap, which is the
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difference between the least (Over £71,000, n = 53)) and most deprived (Up to £10,000, n = 48))
households, to explore inequalities in mental health outcomes. In sensitivity analyses, we used
IMD quintile score as an alternative exposure of childhood socio-economic conditions.

For maternal mental health, we used total score on the Edinburgh Postnatal Depression
Scale (EPDS). The EPDS is a self-reported 10-item measure used as screening tool for depres-
sion in the perinatal period. [20] We used the EPDS as a continuous measure, [20] measured at
20-weeks gestation, 14 months postnatal and 3 ¥ years as a proxy for maternal mental health.
Although primarily used a measure for depressive symptoms, the EPDS has been shown to
identify anxiety and has a potential use as a screening tool for other mental disorders. [21]

Demographic characteristics that are potentially associated with child mental health out-
comes included as baseline variables in the analysis: maternal age at consent coded as 18-24,
25-34, 35+), child’s age, sex and ethnicity. As only 2.9% of the sample identified as other than
White-British, we dichotomised ethnicity to be “‘White-British’ or ‘Other’.

Analysis strategy

First, we undertook a univariable analysis estimating association between covariates of interest
and total CBCL internalising and externalising problem scores, using linear regression. Due to
the outcome data being highly positively skewed, the total scores were log-transformed, with
exponentiated beta coefficients interpreted as a geometric means, whereby, a change in the
independent variable is represented as a ratio of change in the dependent variable. [22]

A hierarchical approach was used for the multivariate regression modelling. Firstly, we fit-
ted baseline models for each of our two outcomes by family income, treated as a linear func-
tion. Secondly, we adjusted for baseline demographic variables: maternal age at recruitment to
the study, sex and ethnicity. We then fitted models with measures of maternal depression at
our three separate time periods added separately (antenatally; at 14 months; and 3.5 years);
and finally, we adjusted for maternal mental health at all three time points.

We took any attenuation in the geometric mean income coefficient on the addition of mea-
sures of maternal mental health in a complete case sample to indicate potential mediation of
any socio-economic gap in mental health outcomes, [23,24] calculated as 100x(coefficient-
adjusted coefficient)/(coefficient -1) to estimate the change in relative gap in behavioural and
emotional problems on the basis of family income. [25] (Fig 1).

The socioeconomic gap measures health inequalities between the most and least deprived
groups. It is an important tool as often population averages overlook differences in health
between groups. This approach has been used in previous studies of health inequalities in
social epidemiology. [23,24]

Missing data was handled using listwise deletion. To account for item missingness on the
Edinburgh Postnatal Depression scale we used mean substitution. [26] Analyses were con-
ducted using R software (version X).

Robustness test

We undertook a number of sensitivity analyses to test our assumptions. We repeated our anal-
ysis using the index of multiple deprivation (IMD) quintile as an alternative measure of socio-
economic conditions [27]. We repeated our analysis using clinical cut-offs for internalising
and externalising behaviour problems (0 = no clinical level score, 1 = borderline/clinical level
score) to assess the association between SEC and clinical levels of child behavioural and emo-
tional problems. Sensitivity analyses were performed using multiple imputation by chained
equations to impute missing data values for all of the variables included in the models. We also
undertook a formal mediation analysis using the counterfactual framework to assess how
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Fig 1. Pathway diagram showing the potential association between socioeconomic conditions (SECs) and child behavioural and
emotional problems, with maternal mental health as a potential mediator.

https://doi.org/10.1371/journal.pone.0217342.9001

much of the effect of SEC (household income) on child behavioural problems is mediated via
maternal depressive symptomology measured at all three time points. [S1 File]

Results

Table 1 shows sample characteristics stratified by household income. There were differences in
mean scores for externalising and internalising behaviour problems by household income. As
household income increases, mean scores for internalising and externalising behaviour prob-
lems decrease. Scores ranged from 9.9 (8.1 SD) in the lowest income households to 6.3 (6.3
SD) in the highest income households for externalising problems and from 8.1 (5.6 SD) to 5
(4.2 SD) for internalising problems. For all measures of maternal depressive symptoms in the
perinatal period, mothers from the lowest income households had higher mean scores. Higher
maternal age (> 35 years) was more common in the higher household income groups.

Associations between covariates and child behavioural and emotional
problems

Lower household income was associated with higher scores for externalising problems

(Table 2) but there was no significant association with internalising problems. Boys had signif-
icantly higher scores for externalising problems, whilst there were no significant sex differ-
ences for internalising problems. Consequently, the multivariable analysis focuses on
externalising problems. In the univariable analysis male sex, child’s age and maternal depres-
sive symptoms at 20-weeks gestation, 14 months and 3 % years postnatally were associated
with increased externalising mental health scores. By contrast there was no association with
maternal age and ethnicity. To address the assumptions of mediation, we established that
household income was associated with increased scores on the EPDS, using linear regression.
(20 weeks (88 0.58 p <0.001); 14 months (13 0.40, p <0.001) and at 3.5 years (£ 0.37, p<0.001)).

Association between exposure and outcome, adjusted for other early-life
factors

Table 3 shows the results of the multivariable analysis for externalising problems (results for
internalising problems are available as supplementary material (S1 File). In the unadjusted
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Table 1. Characteristics of the study population by household income.

Total | Up to £10,000  £10-20,000 | £21-30,000 | £31-40,000 | £41-50,000  £51-60,000 £61-70,000 Over £71,000 | p-value#
Subjects n (%) 666 (100) 48 (7.2) 77(11.6) | 97(14.6) | 134(20.1) | 110(16.5) | 101(15.2) | 46(6.9) 53(8.0)
Externalising raw score 7.7 (6.8) 9.9 (8.1) 10.9 (8.9) 7 (6.5) 6(5.4) 7.8 (6.7) 7.5 (6.4) 7.6 (5.3) 6.3 (6.3) < 0.001
Internalising raw score 6.2 (5.5) 8.1(5.6) 7.9 (6.7) 5.5(5.8) 5.1 (4.9) 6.5 (4.9) 6.7 (5.7) 5.6 (5) 5(4.2) < 0.001
Log-Externalising raw score 1.8 (0.9) 2.1(0.9) 2.2(0.9) 1.7 (0.9) 1.6 (0.9) 1.8 (1) 1.8 (0.9) 2(0.7) 1.6 (0.9) < 0.001
Log-Internalising raw score 1.7 (0.8) 2(0.7) 1.9 (0.8) 1.5 (0.9) 1.5(0.8) 1.8 (0.8) 1.8 (0.7) 1.6 (0.8) 1.5 (0.8) < 0.001
Externalising clinical score 29 (4.4) 3(6.3) 10 (13.0) 3(3.1) 1(0.8) 5 (4.5) 5 (5.0) 1(2.2) 1(1.9) < 0.01
(%)
Internalising clinical score 58 (8.7) 6 (12.5) 12 (15.6) 7(7.2) 9 (6.8) 10 (9.1) 9 (8.9) 4(8.7) 1(1.9) 0.222
(%)
Maternal age years n (%)
18-24 160 40 (83.3) 44 (57.1) 36 (37.1) 30 (22.6) 6 (5.5) 2(2.0) 2(4.3) 0(0) < 0.001
(24.1)
25-34 408 5(10.4) 29 (37.7) 50 (51.5) 83 (62.4) 94 (85.5) 78 (78.0) 33 (71.7) 36 (67.9))
(61.4)
35+ 96 (14.5) 3(6.3) 4(5.2) 11(11.3) | 20(15.0) 10(9.0) | 20(20.0) | 11(24.0) 17 (32.1)
Child age (months) 58.5(3.6) 58.2 (4.5) 58.4(3.9) 58.4(3.1) 58.7 (4.2) 58.5(3.3) 58.8 (3.3) 58.1 (2.6) 58.5 (3.6) 0.965
Child’s sex: female (%) 349 28 (58.3) 47 (61.0) 54 (55.7) 66 (49.3) 53 (48.2) 54 (53.5) 15 (32.6) 32 (60.4) 0.064
(52.4)
Child’s ethnicity: other (%) 19 (2.9) 1(2.1) 3(3.9) 3(3.1) 4(3.0) 4(3.6) 2(2.0) 1(22) 1(1.9) 0.996
Maternal depression
20-weeks gestation 6.4 (4) 9.2 (4.8) 8.1(4.2) 7.1 (4.4) 5.7 (3.5) 6.2 (3.7) 5.5 (3.8) 45(3.2) 52(3.2) < 0.001
14 months 5.1(4) 6.9 (5.1) 6(4.4) 5.9 (4.5) 4.8 (3.6) 4.7 (3.3) 4.6 (3.8) 4.1(3.2) 3.9(3.1) < 0.001
3.5 years 5(3.9) 7.5 (6) 5.6 (4.4) 5.6 (3.7) 4.7 (3.7) 4.6 (3.4) 4.4(3.2) 4.3 (3) 4.4 (3.3) < 0.001
Data are presented as means (SD), unless otherwise stated. Item missingness: Maternal age 2
* F-test: externalising, internalising, maternal depression; Chi-squared: Maternal age, Child’s sex; Fisher’s Exact: Ethnicity
https:/doi.org/10.1371/journal.pone.0217342.t001
Table 2. Univariable associations (n = 666).
Externalising Raw Scores Internalising Raw Scores
Variables (Reference group) Exp(83) 95% LCI 95% UCI p-value Exp(3) 95% LCI 95% UCI p-value
Primary Exposure
Household Income 1.04 1.01 1.08 <0.05 1.03 1.00 1.06 0.068
SEC Gap* 1.32 1.04 1.69 <0.05 1.23 0.98 1.53 0.068
Socio-demographic
Mat Age (ref: 35+) 0.642 0.614
18-24 1.11 0.88 1.39 1.10 0.89 1.35
25-34 1.09 0.90 1.33 1.09 0.91 1.30
Child Age (Months) 0.97 0.95 0.99 <0.01 0.97 0.95 0.99 <0.001
Sex (Male) 1.22 1.07 1.40 <0.01 1.05 0.92 1.18 0.473
Ethnicity (Other) 0.79 0.53 1.19 0.265 1.25 0.86 1.81 0.234
Maternal Depression
20-weeks gestation 1.04 1.07 1.40 <0.001 1.05 1.03 1.06 <0.001
14 months postnatal 1.03 1.02 1.05 <0.001 1.04 1.02 1.06 <0.001
3.5 years postnatal 1.04 1.02 1.06 <0.001 1.06 1.04 1.08 <0.001
Note: Exp (83) interpreted as geometric means. Maternal Age (Ref: 35+); Sex (Ref: female); Ethnicity (Ref: white British).
*The socioeconomic (SEC) gap, the difference between the most and least deprived households.
https://doi.org/10.1371/journal.pone.0217342.t002
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Table 3. Multivariable analysis. Child Mental Health Life Course Models (n = 664).

Model I Model II Model III Model IV Model V Model VI
Exp (8) Exp (8) Exp (8) Exp (8) Exp (8) Exp (8)
CBCL Externalising Raw Scores
Household Income 1.04* 1.06* 1.04 1.04* 1.04* 1.03
(1.01, 1.08) (1.01, 1.10) (0.99, 1.08) (1.00, 1.09) (1.00, 1.09) (0.99, 1.80)
Household Income (SEC Gap) 1.32%* 1.45** 1.31 1.34* 1.34* 1.26
(1.04, 1.69) (1.09, 1.93) (0.98,1.75) (1.00, 1.79) (1.00, 1.77) (0.95, 1.69)
Child Age 0.97°* 0.97** 0.97** 0.97** 0.97**
(0.95, 0.99) (0.96, 0.99) (0.95,0.99) (0.95,0.99) (0.96, 0.99)
Maternal Age (18-24) 0.95 0.92 0.96 0.94 0.93
(0.74, 1.22) (0.72,1.18) (0.75,1.23) (0.74,1.21) (0.73,1.19)
Maternal Age (25-34) 1.05 1.04 1.06 1.05 1.05
(0.86, 1.28) (0.85, 1.26) (0.87, 1.29) (0.87, 1.28) (0.87, 1.28)
Sex (Male) 1.24** 1.23%** 1.22%* 1.24%* 1.22%*
(1.08, 1.42) (1.08, 1.40) (1.07, 1.40) (1.08, 1.41) (1.07, 1.40)
Ethnicity (Other) 0.80 0.80 0.82 0.85 0.84
(0.53,1.21) (0.53,1.21) (0.54,1.23) (0.56, 1.28) (0.56, 1.26)
Maternal Prenatal Depression 1.03**** 1.02
(1.01, 1.05) (0.99, 1.04)
Maternal Postnatal Depression (14 months) 1.03*** 1.01
(1.01, 1.05) (0.99, 1.03)
Maternal Postnatal Depression (3.5 Years) 1.04*** 1.02*
(1.02, 1.06) (1.00, 1.05)

Note: Exp (£3) interpreted as geometric means. Maternal Age (Ref: 35+); Sex (Ref: female); Ethnicity (Ref: white British)
*p<0.05;

*p<0.01;

#*p<0.001.

The socioeconomic (SEC) gap, the difference between the most and least deprived households.

https://doi.org/10.1371/journal.pone.0217342.t003

model (model 1), children in the most deprived households had scores 32% (95% CI 4, 69)
higher for externalising problems, compared to children from the least deprived households.
Adjusting for socio-demographic factors slightly increased the household income coefficient
such that children in the most disadvantaged households had scores 45% (95% CI 9, 93) higher
than those in the least disadvantaged.

Fig 2 shows how independently adjusting for maternal depressive symptoms across the
perinatal period attenuates the socioeconomic gap in child externalising behaviour problems.
Adjusting for maternal prenatal depressive symptoms antenatally (model 3) the income gap
coefficient is attenuated by 31% (Exp(f8) 1.31 [95% CI 0.98, 1.75]), from baseline (model 2),
rendering the association with household income non-significant. Adjusting for either mater-
nal depressive symptoms at 14 months or 3 % years postnatally (models 4 & 5) attenuated the
socioeconomic gap in child externalising problems by 24% (Exp(f3) 1.34 [95% CI 1.00, 1.79]),
from baseline, and the association with household income remained significant in both mod-
els. Finally, adjusting for maternal depressive symptoms at all three time points (model 6)
attenuated the socioeconomic gap to non-significance, attenuating the SEC gap by 42% (Exp
(B) 1.26 [95% CI 0.95, 1.69]) compared to model 2.

In the sequential models maternal depressive symptoms entered at any timepoint (prenatal,
14 months and 3.5 years) was associated with an increased score for externalising problems. A
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Fig 2. Attenuation of the socioeconomic gap in child externalising behaviour problems independently adjusting for maternal
depressive symptoms.

https://doi.org/10.1371/journal.pone.0217342.g002

one unit increase in EPDS score increased externalising scores by 3% (95% CI 1, 5) in the pre-
natal period and by 4% (95% CI 2, 6) in the postnatal period. Comparing the effect of depres-
sive symptoms between mothers from the most deprived households to the least deprived
(calculated as Exp(8 x difference in mean scores)), depressive symptoms in the prenatal period
increased externalising scores by 13% (95% CI 6, 22) and by 9% (95% CI 3, 15) and 12% (95%
CI 6, 18) for 14 months and 3.5 years postnatally. In our fully adjusted model (model 6), only
maternal depressive symptoms at 3 % years postnatally, child’s age and sex remained signifi-
cant. Male sex increased scores for externalising problems by 22% (95% CI 7, 40).

Robustness tests

In this study we identified a gap in average CBCL scores across the socioeconomic spectrum of
about 3 CBCL points at age 5 years, or one third of a z-score using the untransformed CBCL
scores. To contextualise this difference, the effect size for the SEC gap on externalising behav-
iour problems is similar to the effect size of an evidence-based parenting intervention in a
recent meta-analysis and larger than the gender/sex effect in our analysis. [28]

Furthermore, we repeated our analysis using clinical cut-offs for internalising and external-
ising behaviour problems (0 = no clinical level score, 1 = borderline/clinical level score) to
assess the association between SEC and clinical levels of child behavioural and emotional prob-
lems. This showed a social gradient in the proportion of children with behaviour problems
(Table 1), and our regression modelling using these dichotomised outcomes showed similar
results to our main analysis using average values. In the age and sex baseline adjusted model
there was an 18% increased risk of behaviour problems across the socio-economic gap. (S1
File).
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Using IMD as an alternative measure of SECs, children in the most deprived quintile scored
39% higher (95% CI 8, 80) for externalising problems compared to the least deprived children.
Adjusting for maternal depressive symptoms across the perinatal period slightly attenuated the
effect to 35% (95% CI 4, 73) in the final model, a reduction of 11%. Male sex and maternal
depressive symptoms at all time points significantly increased externalising problem scores (S1
File). We found similar results using a counterfactual framework approach to mediation com-
pared with the approach used in the main analysis (S1 File).

Discussion

Main findings

Using a prospective longitudinal study design with frequent early years measures of child and
maternal mental health we show that low SECs in childhood, measured on the basis of house-
hold income at 20-weeks gestation, is associated with higher scores for externalising behaviour
problems in children by age 5 years, but not for internalising problems. Children growing up
in the most disadvantaged circumstances scored about 45% higher for externalising problems
compared to children growing up in the least disadvantaged circumstances, with boys scoring
significantly higher. About 40% of this association was explained by the increased prevalence
of maternal mental health problems, particularly pre-natal mental health, in mothers of chil-
dren growing up in disadvantaged circumstances. Our analysis suggests that interventions that
improve perinatal maternal mental health are likely to reduce social inequalities in child exter-
nalising behaviour problems.

Comparison with other findings

Our results corroborate previous studies suggesting that exposure to disadvantaged socioeco-
nomic conditions increases the risk of later child mental health problems. [4,29-32] Socio-eco-
nomic disadvantage in the early years also has profound effects throughout the lifecourse.
Longitudinal studies have shown that the SEC gap in child behavioural and emotional prob-
lems can be observed from infancy and that inequalities are maintained or increased through-
out early childhood into adolescence. [33,34]

Furthermore our results concur with studies that have shown that the relationship between
SECs and behaviour problems is stronger for externalising symptoms. [30,35,36] Whilst our
study only found a significant relationship between household income and externalising prob-
lems, the relationship with internalising problems did not quite reach significance, and this
may be due to our relatively small sample size and sample age. However, this finding should
not be overlooked, potential mechanisms of inequalities in internalising problems may differ
compared to externalising problems and manifest later in the lifecourse.

The development and prevalence of internalising problems has been associated with
increasing age. [37] Although associations between SECs and internalising problems in chil-
dren have been demonstrated in a number of other larger studies across childhood [29,38,39].
Furthermore, our study found that child’s age at time of CBCL assessment significantly
decreases externalising problem scores (Exp({3) 0.97 [95% CI 0.96, 0.99]). Studies have shown
that the prevalence of externalising problems decline with age and this occurs across socioeco-
nomic groups. [33,40]

Maternal psychopathology has been identified as risk factor that mediates the association
between socioeconomic status and child and adolescent mental health problems at later ages
[4,8,41], with effects on child mental health well documented. [9] Kiernan et al [39] found that
maternal depression mediated ~30% of the total economic effect on externalising problems, a
similar figure to that found when we adjusted for postnatal measures of maternal depression
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in our study. Our study extends the evidence base further, by showing how maternal mental
health in the perinatal period impacts on the socioeconomic gap in very early measures of
child behaviour problems at age 5 years. We show that low income is associated with higher
scores of maternal depressive symptoms, and this is in turn related to higher externalising
problem scores for children growing up in more disadvantaged SECs. Whilst we found that
perinatal mental health is an important mediator of inequalities in child externalising behav-
iour problems, further studies should explore the mediating role of other perinatal factors such
as birthweight and breastfeeding.

Our study demonstrated clear sex differences, with boys at greater risk for externalising
problems at age five, after adjustment for a range of covariates in our final model, corroborat-
ing previous studies. [8,9,42] There was no association between sex and internalising prob-
lems. Research suggests that the pathways and mechanisms for internalising and externalising
problems may differ for boys and girls throughout development. Boys may be more susceptible
to the impact of adverse environmental stresses, or their behaviour may be met by differing
patterns of maternal response. [43]

Policy and practice implications

In the UK, the prevalence of child and adolescent mental health problems is increasing. [3,44]
This study has shown that there are very early social inequalities in child behavioural problems.
It is essential that policies to address inequalities focus on improving social conditions for all
children, whilst also acting on maternal mental health in the perinatal period can potentially
reduce the SEC gap in preschool-aged children’s externalising behaviour problems.

This study also highlights the importance of maternal mental health in perinatal period for
children across the lifecourse. In the UK, maternal mental health problems in the perinatal
period have been estimated to cost society £8.1 billion for each one-year cohort of births, with
~ 75% of the cost relating to impacts on the child. [45] Risk starts before birth and estimates
suggest that approximately 122,000 babies (under 1) in the UK live with a parent with mental
health problems. [1]

Strengths and limitations

This study used data from a prospective longitudinal study with multiple measures of maternal
mental health in the perinatal period. WCHADS is a rich dataset, with socio-demographic and
environmental risk factors collected during pregnancy and the early-years. A limitation of this
study is that our measure of child mental health is based upon maternal report and not a clinical
diagnosis. However, we utilised the CBCL 1.5-5, a well-established and validated tool for
screening at risk, preschool aged, children that can be used in clinical settings. [46] Our aim
was to explore the effects of socio-economic conditions on broad child behavioural and emo-
tional problems and therefore treated CBCL scores as continuous. Although clinical cut offs are
available, a dimensional approach better captures the development of behavioural problems, as
sub-clinical difficulties are associated with potential clinical disorders over the lifecourse. [47]
Furthermore, repeating the analysis using clinical cut-offs led to similar conclusions.

Additionally, maternal mental health at the time of CBCL measurement can influence
responses. We have not controlled for rater-bias in the main analysis since at age 5 years, as
maternal mental health at age 5 is likely to be on the causal pathway between SECs and child
behaviour and emotional problems. Controlling for maternal depressive symptoms at the time
of the outcome measure is likely to be an over-adjustment. However, in sensitivity analysis we
controlled for maternal depressive symptomology at this timepoint using the Centre for Epide-
miological Studies Depression scale (CES-D) and the results are similar (S1 File).
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Another limitation of this study is that our measure of maternal mental health relies on a
self-report and not a clinical diagnosis. Although, the EPDS is a validated measure of depres-
sive symptomology in the perinatal period its use at 3.5 years postnatal may not fully capture
the severity of depressive symptoms later in the lifecourse.

WCHADS retains a large sample size for a developmental study which allows for rich data
to be collected on socio-demographic and child behavioural and emotional problems in the
perinatal period and offers the potential to investigate causal pathways in the early years. How-
ever, as a consequence of cohort attrition our study used data available on 62% of children
from the original sample population. Despite this, the socio-demographic composition of
WCHADS participants permits analysis exploring the effect of SECs. Although, caution is
needed as our measure of SECs relies on self-reported income and does not account for family
size or resource allocation. There may not be sufficient statistical power to identify small effect
estimates in our study, and effects may not necessarily generalisable to the UK population,
though they are likely to be generalisable to similarly disadvantaged areas.

Whilst we have conducted a counterfactual mediation (S1 File) to understand the potential
causal pathway using variables that are temporally ordered, further research should explore
the complex bi-directional relationship between family SECs and maternal and child beha-
vioural and emotional problems over time. Reassuringly, our sensitivity analysis using differ-
ent outcome and exposure measures produced similar results and conclusions (S1 File).

Conclusion

More knowledge is needed for the earliest possible identification of children with behavioural
and emotional problems. Whilst we have shown that income and deprivation impact maternal
mental health and child externalising behaviour problems, there may be threshold effects, and
identifying these in future research may usefully inform public health and welfare policy. Fur-
ther longitudinal investigation, with an early-years focus, is welcomed.

Currently, around 70% of children and adolescents with mental health problems have not
had appropriate early intervention. [48] Efforts to reduce inequalities in child behavioural and
emotional problems should focus on reducing socioeconomic inequalities, with multi-dimen-
sional strategies and prevention across the lifecourse. Our analysis suggests targeting maternal
mental health in the perinatal period is important, but that this alone will not address the
increased risk in disadvantaged children.

Supporting information

S1 File. Supplementary materials.
(DOCX)

Acknowledgments

The authors are grateful to all participating families and research staff who contributed to this
work. They also thank Wirral University Teaching Hospital NHS Foundation Trust, Wirral
Community NHS Foundation Trust, Cheshire and Wirral Partnership NHS Foundation Trust
and the National Institute for Health Research (NIHR) Biomedical Research Centre at South
London and Maudsley NHS Foundation Trust.

Author Contributions

Conceptualization: Callum Rutherford, Helen Sharp, Jonathan Hill, Andrew Pickles, David
Taylor-Robinson.

PLOS ONE | https://doi.org/10.1371/journal.pone.0217342 May 24,2019 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0217342.s001
https://doi.org/10.1371/journal.pone.0217342

@ PLOS|ONE

How does perinatal maternal mental health explain early social inequalities in child behavioural problems?

Data curation: Callum Rutherford, Helen Sharp, David Taylor-Robinson.
Formal analysis: Callum Rutherford, Helen Sharp, David Taylor-Robinson.
Funding acquisition: Helen Sharp, Jonathan Hill, Andrew Pickles, David Taylor-Robinson.

Investigation: Callum Rutherford, Helen Sharp, Jonathan Hill, Andrew Pickles, David Taylor-
Robinson.

Methodology: Callum Rutherford, Helen Sharp, Jonathan Hill, Andrew Pickles, David Taylor-
Robinson.

Project administration: Callum Rutherford, Helen Sharp, Jonathan Hill, Andrew Pickles,
David Taylor-Robinson.

Resources: Callum Rutherford, Helen Sharp, Jonathan Hill, Andrew Pickles, David Taylor-
Robinson.

Software: Callum Rutherford, David Taylor-Robinson.
Supervision: Helen Sharp, David Taylor-Robinson.

Validation: Callum Rutherford, Helen Sharp, Jonathan Hill, Andrew Pickles, David Taylor-
Robinson.

Visualization: Callum Rutherford.
Writing - original draft: Callum Rutherford.

Writing - review & editing: Helen Sharp, Jonathan Hill, Andrew Pickles, David Taylor-
Robinson.

References

1.  Marmot M, Allen J, Goldblatt P, Boyce T, McNeish D, Grady M, et al. Fair Society, Healthy Lives. 2010;
https://doi.org/10.1016/j.puhe.2012.05.014 PMID: 22784581

2. Green H, McGinnity A, Meltzer H, Ford T, Goodman R. Mental Health of Children and Young People in
Great Britain, 2004. Natl Stat. 2005; i-xxviii;1—256.

3. Patalay P, Fitzsimons E. Mental ill-health among children of the new century: trends across childhood
with a focus on age 14. Cent Longituidnal Stuides London. 2017;

4. Reiss F. Socioeconomic inequalities and mental health problems in children and adolescents: A sys-
tematic review. Soc Sci Med. Elsevier; 2013; 90: 24-31. https://doi.org/10.1016/j.socscimed.2013.04.
026 PMID: 23746605

5. Pearce A, Dundas R, Whitehead M, Taylor-Robinson D. Pathways to inequalities in child health. Arch
Dis Child. 2019; archdischild-2018-314808. https://doi.org/10.1136/archdischild-2018-314808 PMID:
30798258

6. Wickham S, Whitehead M, Phd T-R, Barr B, Wickham S, Whitehead M, et al. The effect of a transi-
tion into poverty on child and maternal mental health: a longitudinal analysis of the UK Millennium
Cohort Study. Lancet Public Heal. The Author(s). Published by Elsevier Ltd. This is an Open Access
article under the CC BY license; 2017; 2667: 30011-7. https://doi.org/10.1016/S2468-2667(17)
30011-7

7. Marryat L, Thompson L, Minnis H, Wilson P. Primary schools and the amplification of social differences
in child mental health : a population-based cohort study. J Epidemiol Community Heal. 2017; 0: 1-7.
https://doi.org/10.1136/jech-2017-208995 PMID: 29056594

8. Carneiro A, Dias P, Soares |. Risk Factors for Internalizing and Externalizing Problems in the Preschool
Years: Systematic Literature Review Based on the Child Behavior Checklist 14-5. J Child Fam Stud.
Springer US; 2016; https://doi.org/10.1007/s10826-016-0456-z

9. Goodman SH, Rouse MH, Connell AM, Broth MR, Hall CM, Heyward D. Maternal Depression and Child
Psychopathology: A Meta-Analytic Review. Clin Child Fam Psychol Rev. 2011; 14: 1-27. https://doi.
0rg/10.1007/s10567-010-0080-1 PMID: 21052833

PLOS ONE | https://doi.org/10.1371/journal.pone.0217342 May 24,2019 12/14


https://doi.org/10.1016/j.puhe.2012.05.014
http://www.ncbi.nlm.nih.gov/pubmed/22784581
https://doi.org/10.1016/j.socscimed.2013.04.026
https://doi.org/10.1016/j.socscimed.2013.04.026
http://www.ncbi.nlm.nih.gov/pubmed/23746605
https://doi.org/10.1136/archdischild-2018-314808
http://www.ncbi.nlm.nih.gov/pubmed/30798258
https://doi.org/10.1016/S2468-2667(17)30011-7
https://doi.org/10.1016/S2468-2667(17)30011-7
https://doi.org/10.1136/jech-2017-208995
http://www.ncbi.nlm.nih.gov/pubmed/29056594
https://doi.org/10.1007/s10826-016-0456-z
https://doi.org/10.1007/s10567-010-0080-1
https://doi.org/10.1007/s10567-010-0080-1
http://www.ncbi.nlm.nih.gov/pubmed/21052833
https://doi.org/10.1371/journal.pone.0217342

@ PLOS|ONE

How does perinatal maternal mental health explain early social inequalities in child behavioural problems?

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Schmied V, Johnson M, Naidoo N, Austin M-P, Matthey S, Kemp L, et al. Maternal mental health in Aus-
tralia and New Zealand: A review of longitudinal studies. Women and Birth. Australian College of Mid-
wives; 2013; 26: 167—178. https://doi.org/10.1016/j.wombi.2013.02.006 PMID: 23583667

Gavin NI, Meltzer-Brody S, Glover V, Gaynes BN. Is Population-Based Identification of Perinatal
Depression and Anxiety Desirable? [Internet]. Identifying Perinatal Depression and Anxiety. 2015.

Lancaster CA, Gold KJ, Flynn HA, Yoo H, Marcus SM, Davis MM. Risk factors for depressive symptoms
during pregnancy: a systematic review. Am J Obstet Gynecol. Elsevier Inc.; 2010; 202: 5—14. https:/
doi.org/10.1016/j.aj0g.2009.09.007 PMID: 20096252

Murray L, Arteche A, Fearon P, Halligan S, Goodyer I, Cooper P. Maternal postnatal depression and
the development of depression in offspring Up to 16 years of age. J Am Acad Child Adolesc Psychiatry.
Elsevier Inc.; 2011; 50: 460-470. https://doi.org/10.1016/j.jaac.2011.02.001 PMID: 21515195

Murray L, Cooper PJ. Editorial: Postpartum depression and child development. Psychol Med. 2002; 27:
253-260. https://doi.org/10.1017/s0033291796004564

Diderichsen F, Hallgvist J, Whitehead M. Differential vulnerability and susceptibility: how to make use of
recent development in our understanding of mediation and interaction to tackle health inequalities. Int J
Epidemiol. 2018; 268—274. https://doi.org/10.1093/ije/dyy167 PMID: 30085114

Sharp H, Pickles A, Meaney M, Marshall K, Tibu F, Hill J. Frequency of Infant Stroking Reported by
Mothers Moderates the Effect of Prenatal Depression on Infant Behavioural and Physiological Out-
comes. PLoS One. 2012; 7. https://doi.org/10.1371/journal.pone.0045446 PMID: 23091594

Noble M, Wright G, Dibben C, Smith G, McLennan D, Anttila C, et al. The English Indices of Deprivation
2004 (revised) Report to the Office of the Deputy Priminister. London: Neighbourhood Revewal Unit
[Internet]. 2004. http://webarchive.nationalarchives.gov.uk/20100410180038/http://www.communities.
gov.uk/archived/publications/communities/indicesdeprivation

AchAchenbach, T. M. (1991). Manual for the child behavior checklist/4-18 and 1991 profile. Burlington
VT. enbach TM. Manual for the child behavior checklist/4-18 and 1991 profile. Burlingt VT. 1991;

Ivanova MY, Achenbach TM, Rescorla LA, Harder VS, Ang RP, Bilenberg N, et al. Preschool psychopa-
thology reported by parents in 23 societies: Testing the seven-syndrome model of the child behavior
checklist for ages 1.55. J Am Acad Child Adolesc Psychiatry. Elsevier Inc.; 2010; 49: 1215-1224.
https://doi.org/10.1016/j.jaac.2010.08.019 PMID: 21093771

Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression: Development of the 10-item Edin-
burgh Postnatal Depression Scale. Br J Psychiatry. 1987; 150: 782—786. https://doi.org/10.1192/bjp.
150.6.782 PMID: 3651732

Alvarado-Esquivel C, Sifuentes-Alvarez A, Salas-Martinez C. Detection of mental disorders other than
depression with the Edinburgh Postnatal Depression Scale in a sample of pregnant women in northern
Mexico. Ment llin. 2016; 8. https://doi.org/10.4081/mi.2016.6021 PMID: 27403273

Batty GD, Der G, Macintyre S, Deary IJ. Does 1Q explain socioeconomic inequalities in health? Evi-
dence from a population based cohort study in the west of Scotland. Br Med J. 2006; 332: 580-584.
https://doi.org/10.1136/bm|.38723.660637.AE PMID: 16452104

Graham H. Tackling Inequalities in Health in England: Remedying Health Disadvantages, Narrowing
Health Gaps or Reducing Health Gradients? J Soc Policy. 2004; 33: 115—-131. https://doi.org/10.1017/
S0047279403007220

Taylor-Robinson DC, Pearce A, Whitehead M, Smyth R, Law C. Social inequalities in wheezing in chil-
dren: Findings from the UK Millennium Cohort Study. Eur Respir J. 2016; 47: 818-828. https://doi.org/
10.1183/13993003.01117-2015 PMID: 26677938

Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: Methods, interpretation and bias.
Int J Epidemiol. 2013; 42: 1511-1519. https://doi.org/10.1093/ije/dyt127 PMID: 24019424

Horowitz J, Murphy C, Gregory K, Wojcik J, Pulcini J, Solon L. Nurse home visits improve maternal-
infant interaction and decrease severity of postpartum depression. J Obs Gynecol Neonatal Nurs.
20183; 42: 287-300.

Galobardes B, Lynch J, Smith GD. Measuring socioeconomic position in health research. Br Med Bull.
2007; 81-82: 21-37. https://doi.org/10.1093/bmb/[dm001 PMID: 17284541

Menting ATA, Orobio de Castro B, Matthys W. Effectiveness of the Incredible Years parent training to
modify disruptive and prosocial child behavior: A meta-analytic review. Clin Psychol Rev. Elsevier Ltd;
2013; 33: 901-913. https://doi.org/10.1016/j.cpr.2013.07.006 PMID: 23994367

Robinson M, Oddy WH, Li J, Kendall GE, De Klerk NH, Silburn SR, et al. Pre- and postnatal influences
on preschool mental health: A large-scale cohort study. J Child Psychol Psychiatry Allied Discip. 2008;
49: 1118-1128. https://doi.org/10.1111/.1469-7610.2008.01955.x PMID: 19017026

PLOS ONE | https://doi.org/10.1371/journal.pone.0217342 May 24,2019 13/14


https://doi.org/10.1016/j.wombi.2013.02.006
http://www.ncbi.nlm.nih.gov/pubmed/23583667
https://doi.org/10.1016/j.ajog.2009.09.007
https://doi.org/10.1016/j.ajog.2009.09.007
http://www.ncbi.nlm.nih.gov/pubmed/20096252
https://doi.org/10.1016/j.jaac.2011.02.001
http://www.ncbi.nlm.nih.gov/pubmed/21515195
https://doi.org/10.1017/s0033291796004564
https://doi.org/10.1093/ije/dyy167
http://www.ncbi.nlm.nih.gov/pubmed/30085114
https://doi.org/10.1371/journal.pone.0045446
http://www.ncbi.nlm.nih.gov/pubmed/23091594
http://webarchive.nationalarchives.gov.uk/20100410180038/http://www.communities.gov.uk/archived/publications/communities/indicesdeprivation
http://webarchive.nationalarchives.gov.uk/20100410180038/http://www.communities.gov.uk/archived/publications/communities/indicesdeprivation
https://doi.org/10.1016/j.jaac.2010.08.019
http://www.ncbi.nlm.nih.gov/pubmed/21093771
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/pubmed/3651732
https://doi.org/10.4081/mi.2016.6021
http://www.ncbi.nlm.nih.gov/pubmed/27403273
https://doi.org/10.1136/bmj.38723.660637.AE
http://www.ncbi.nlm.nih.gov/pubmed/16452104
https://doi.org/10.1017/S0047279403007220
https://doi.org/10.1017/S0047279403007220
https://doi.org/10.1183/13993003.01117-2015
https://doi.org/10.1183/13993003.01117-2015
http://www.ncbi.nlm.nih.gov/pubmed/26677938
https://doi.org/10.1093/ije/dyt127
http://www.ncbi.nlm.nih.gov/pubmed/24019424
https://doi.org/10.1093/bmb/ldm001
http://www.ncbi.nlm.nih.gov/pubmed/17284541
https://doi.org/10.1016/j.cpr.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/23994367
https://doi.org/10.1111/j.1469-7610.2008.01955.x
http://www.ncbi.nlm.nih.gov/pubmed/19017026
https://doi.org/10.1371/journal.pone.0217342

@ PLOS|ONE

How does perinatal maternal mental health explain early social inequalities in child behavioural problems?

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

Bge T, Qverland S, Lundervold AJ, Hysing M. Socioeconomic status and children’s mental health:
Results: from the Bergen Child Study. Soc Psychiatry Psychiatr Epidemiol. 2012; 47: 1557—1566.
https://doi.org/10.1007/s00127-011-0462-9 PMID: 22183690

Essex MJ, Kraemer HC, Armstrong JM, Boyce WT, Goldsmith HH, Klein MH, et al. Exploring risk fac-
tors for the emergence of children’s mental health problems. Arch Gen Psychiatry. 2006; 63: 1246—
1256. 63/11/1246 https://doi.org/10.1001/archpsyc.63.11.1246 PMID: 17088505

Holmes J, Kiernan K. Persistent poverty and children’s development in the early years of childhood. Pol-
icy Polit. 2013; 41: 19—-42. https://doi.org/10.1332/030557312X645810

Mazza JRSE, Boivin M, Tremblay RE, Michel G, Salla J, Lambert J, et al. Poverty and behavior prob-
lems trajectories from 1.5 to 8??years of age: Is the gap widening between poor and non-poor children?
Soc Psychiatry Psychiatr Epidemiol. 2016; 51: 1083—1092. https://doi.org/10.1007/s00127-016-1252-1
PMID: 27324139

Mcleod JD, Shanahan MJ. Trajectories of Poverty and Children’s Mental Health. 1996; 37: 207-220.

Amone-P’Olak K, Burger H, Ormel J, Huisman M, Verhulst FC, Oldehinkel AJ. Socioeconomic position
and mental health problems in pre- and early-adolescents: The trails study. Soc Psychiatry Psychiatr
Epidemiol. 2009; 44: 231-238. https://doi.org/10.1007/s00127-008-0424-z PMID: 18714424

Velez CN, Johnson J, Cohen P. Longitudinal Analysis of Selected Risk Factors for Child Psychopathol-
ogy. J AM Acad Child Adolesc Psychiatry. 1989; 861-864. https://doi.org/10.1097/00004583-
198911000-00009 PMID: 2808256

Allin S, Stabile M. Socioeconomic status and child health: what is the role of health care, health condi-
tions, injuries and maternal health? Heal Econ Policy Law. 2012; 7: 227-242. https://doi.org/10.1017/
S174413311100034X PMID: 22277158

Fanti K a Henrich CC. Trajectories of pure and co-occurring internalizing and externalizing problems
from age 2 to age 12: findings from the National Institute of Child Health and Human Development
Study of Early Child Care. Dev Psychol. 2010; 46: 1159—1175. https://doi.org/10.1037/a0020659 PMID:
20822230

Kiernan KE, Huerta MC. Economic deprivation, maternal depression, parenting and children’s cognitive
and emotional development in early childhood. Br J Sociol. 2008; 59: 783—-806. https://doi.org/10.1111/
j.1468-4446.2008.00219.x PMID: 19035922

Strohschein L. Household Income Histories and Child Mental Health Trajectories*. J Health Soc
Behav. 2005; 46: 359-375. https://doi.org/10.1177/002214650504600404 PMID: 16433281

Fisher SD, Brock RL, O’Hara MW, Kopelman R, Stuart S. Longitudinal contribution of maternal and
paternal depression to toddler behaviors: Interparental conflict and later depression as mediators. Cou-
ple Fam Psychol Res Pract. 2013; 4: 61-73. https://doi.org/10.1037/cfp0000037

Mantymaa M, Puura K, Luoma |, Latva R, Salmelin RK, Tamminen T. Predicting internalizing and exter-
nalizing problems at five years by child and parental factors in infancy and toddlerhood. Child Psychiatry
Hum Dev. 2012; 43: 153-170. https://doi.org/10.1007/s10578-011-0255-0 PMID: 21956275

Murray L. The impact of postnatal depression on infant development. J child Psychol psychiatry. 1992;
33:543-61. https://doi.org/10.1111/1.1469-7610.1992.tb00890.x PMID: 1577898

Gunnell D, Kidger J, Elvidge H. Adolescent mental health in crisis. Bmj. 2018; 2608: k2608. https://doi.
org/10.1136/bm|.k2608 PMID: 29921659

Bauer A, Parsonage M, Knapp M, lemmi V, Adelaja B, Hogg S. The costs of perinatal mental health
problems. Cent Ment Heal. 2014;

Warnick EM, Bracken MB, Kasl S. Screening Efficiency of the Child Behavior Checklist and Strengths
and Difficulties Questionnaire: A Systematic Review. 2008; 13: 140—147. https://doi.org/10.1111/}.
1475-3588.2007.00461.x

Pike A, lervolino AC, Eley TC, Price TS, Plomin R. Environmental risk and young children’s cognitive
and behavioral development. Int J Behav Dev. 2006; 30: 55-66. https://doi.org/10.1177/
0165025406062124

Society TC. The Good Childhood Report. 2015; http://www.childrenssociety.org.uk/sites/default/files/
tcs/good_childhood_report_2012_final_0.pdf

PLOS ONE | https://doi.org/10.1371/journal.pone.0217342 May 24,2019 14/14


https://doi.org/10.1007/s00127-011-0462-9
http://www.ncbi.nlm.nih.gov/pubmed/22183690
https://doi.org/10.1001/archpsyc.63.11.1246
http://www.ncbi.nlm.nih.gov/pubmed/17088505
https://doi.org/10.1332/030557312X645810
https://doi.org/10.1007/s00127-016-1252-1
http://www.ncbi.nlm.nih.gov/pubmed/27324139
https://doi.org/10.1007/s00127-008-0424-z
http://www.ncbi.nlm.nih.gov/pubmed/18714424
https://doi.org/10.1097/00004583-198911000-00009
https://doi.org/10.1097/00004583-198911000-00009
http://www.ncbi.nlm.nih.gov/pubmed/2808256
https://doi.org/10.1017/S174413311100034X
https://doi.org/10.1017/S174413311100034X
http://www.ncbi.nlm.nih.gov/pubmed/22277158
https://doi.org/10.1037/a0020659
http://www.ncbi.nlm.nih.gov/pubmed/20822230
https://doi.org/10.1111/j.1468-4446.2008.00219.x
https://doi.org/10.1111/j.1468-4446.2008.00219.x
http://www.ncbi.nlm.nih.gov/pubmed/19035922
https://doi.org/10.1177/002214650504600404
http://www.ncbi.nlm.nih.gov/pubmed/16433281
https://doi.org/10.1037/cfp0000037
https://doi.org/10.1007/s10578-011-0255-0
http://www.ncbi.nlm.nih.gov/pubmed/21956275
https://doi.org/10.1111/j.1469-7610.1992.tb00890.x
http://www.ncbi.nlm.nih.gov/pubmed/1577898
https://doi.org/10.1136/bmj.k2608
https://doi.org/10.1136/bmj.k2608
http://www.ncbi.nlm.nih.gov/pubmed/29921659
https://doi.org/10.1111/j.1475-3588.2007.00461.x
https://doi.org/10.1111/j.1475-3588.2007.00461.x
https://doi.org/10.1177/0165025406062124
https://doi.org/10.1177/0165025406062124
http://www.childrenssociety.org.uk/sites/default/files/tcs/good_childhood_report_2012_final_0.pdf
http://www.childrenssociety.org.uk/sites/default/files/tcs/good_childhood_report_2012_final_0.pdf
https://doi.org/10.1371/journal.pone.0217342

