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Abstract

Children from low-income families experience worse mental health than their wealthier peers. In this study, we quantified
income inequalities in child mental health from early childhood to adolescence and identified key contributing factors
explaining observed inequalities. Using data from the UK Millennium Cohort Study, we followed 5,667 children aged
3 to 17. We analysed overall mental health problems and their internalising and externalising domains, assessed using
the Strengths and Difficulties Questionnaire. We applied a concentration index approach to quantify these inequalities,
incorporating both relative and absolute inequality measures. We then decomposed the concentration index to analyse the
contribution of various risk factors at different ages. We found inequalities across all mental health domains at every age,
with poor mental health concentrated among children from low-income families, and an increasing inequality in internalis-
ing problems over time. The decomposition analysis showed that maternal depression and child-parent relationships were
key contributors to these inequalities. These findings highlight the importance of addressing income inequalities in child
mental health. Reducing inequalities in maternal depression and child-parent relationships may help reduce the mental
health gap between children from low- and high-income families.
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Introduction

Over recent decades, socio-economic inequalities have been
identified across various health outcomes, including mortal-
ity, diabetes, and self-reported ill health [1, 2]. Understand-
ing the direction and extent of socio-economic inequalities
in health, i.e., unfair differences in health (inequities), has
important policy implications. The United Nations’ 2030
Agenda for Sustainable Development highlights that the
central focus of the global policy agenda has shifted toward
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the eradication of inequality [3]. In the UK, reducing socio-
economic inequalities in health has been a consistent focus,
drawing growing concerns in recent government policy
agenda [4]. With the increasing prevalence of mental health
problems [5], tackling health inequalities has remained a
longstanding priority in mental health in the UK healthcare
services [6]. Notably, studies have found that inequalities
in health originate from childhood [7, 8], and almost half
of mental disorders start before age 18 [9]. Understanding
socio-economic inequalities in child mental health is there-
fore essential, not only for improvements in child well-being
but also for reducing health inequalities over the long term.

The existing literature on socio-economic determinants
of child mental health has frequently used family income as
the indicator of socio-economic status [10—12]. Regression
techniques are typically employed to assess the ‘income gra-
dient’ in child mental health, examining how mental health
outcomes change with each unit change in family income.
In general, lower income is associated with poorer child
mental health in countries like the UK [13, 14], the US [15],
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and Australia [16]. Studies from the UK have shown that
living in lower income families is associated with poorer
overall child mental health [17, 18], as well as more inter-
nalising problems (e.g. anxiety) and externalising problems
(e.g. hyperactivity) [19]. The strength of these associations
may vary across child developmental stages, tending to be
stronger during adolescence than in childhood [20]. How-
ever, while these regression techniques identify associa-
tions between income and mental health problems, they do
not capture the overall distribution of mental health across
income levels or quantify the extent of inequalities in child
mental health and how these inequalities change over time.

To address this, researchers have used summary measures
of inequality, such as the slope index of inequality (SSI),
which is defined as the gradient of health across socio-eco-
nomic groups [21]. For example, a recent UK study using
SSI found that inequalities in child mental health problems
during childhood and adolescence were greater among chil-
dren from the lowest income quintile at 9 months of age,
compared to those from higher income quintiles [22]. How-
ever, the SSI relies on grouped socio-economic data rather
than individual-level data. In contrast, the concentration
index (CI), a widely used measure of inequality, utilises
individual-level socio-economic data, allowing for a more
precise assessment of inequalities throughout the entire
income distribution [21]. It measures the degree of variation
of one variable (e.g. health) that is related to the variation of
another variable (e.g. income) [21] and can be used to moni-
tor the change of inequality over time [23].

Furthermore, the CI can be decomposed into contributing
individual factors, which explain socio-economic inequal-
ity in health [23]. Both theoretical and empirical evidence
indicate that income inequalities in child mental health may
be explained by other factors. Two theoretical frameworks,
Parental Investment (PI) and Parental Stress (PS) theories,
have been used to explain the relationship between income
and child development, which has then been extended also
to mental health outcomes [19, 24]. The PI theory suggests
that richer families are better able to invest more resources
that support child development [25, 26], while the PS theory
maintains that low income can generate stress for parents,
which negatively impacts their health and parenting prac-
tices and, in turn, may be associated with negative effects on
child outcomes [27]. Existing empirical evidence indicates
that the PS theory, where poor maternal mental health is a
key indicator, plays an important role in the income gradi-
ent in child mental health [19, 28]. However, these studies
often only rely on regression techniques without assessing
the relative contributions of the different factors that opera-
tionalise the PI and PS theories. The decomposition of the
concentration index addresses this limitation and elucidates
the potential sources of these inequalities [29, 30].
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To our knowledge, Islam, Ormsby [31] and Ride [32] are
the only two studies that quantify inequalities in the ‘child
mental health—income gradient’ using the CI approach.
Drawing on data from Australia and the UK, respectively,
they both reported that mental health problems were con-
centrated among children at the lower end of the income
distribution. However, both studies focused on adolescence:
Islam, Ormsby [31] pooled adolescents aged 12—17 years,
and Ride [32] analysed 11 and 14-year-old children. The
Ride [32] study also decomposed the inequalities — while
the Islam, Ormsby [31] did not — but mainly focused on
the role of maternal depression, and found that postpartum
depression was a significant contributor to income inequali-
ties in child mental health.

We are not aware of studies that have examined income
inequalities in child mental health from younger ages to
adolescence using the CI approach and its decomposition,
including other potential determinants, such as parenting
practices and maternal physical health. Given the policy
importance of understanding mental health inequality and
the limited empirical evidence in the field, this study used
national representative UK data to quantify income inequal-
ities in child mental health from ages 3 to 17 years using
the CI approach, and decomposed these inequalities to iden-
tify key contributing factors across age groups. This study
contributes to the literature in several respects. First, to our
knowledge, this is the first study that applies CI approach to
quantify inequalities in child mental health across childhood
and adolescence. Second, we decomposed income inequali-
ties using a rich and consistent set of contributing factors
across ages. Third, we examined overall mental health, and
its internalising and externalising domains, as the extent of
inequalities and the role of contributors may vary by domain
[19].

Methods
Data
Millennium cohort study

We used the UK Millennium Cohort Study (MCS), a nation-
ally representative study of children born in the UK between
2000 and 2002 [33]. The MCS data was collected through
face-to-face interviews by trained interviewers, along with
online questionnaires completed by parents, teachers or
children themselves [33]. This dataset is well-suited to our
analyses for several reasons. First, it follows children pro-
spectively from early childhood, collecting data when they
were 9 months, 3, 5, 7, 11, 14, and 17 years old, allowing
for consistent measurement of both child mental health
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outcomes and family income throughout the study. This is
essential for examining income-driven inequalities in child
mental health from a longitudinal perspective. Second, the
MCS includes information on socio-demographic factors,
parental health, and parenting practices, offering a com-
prehensive basis to explore the factors that contribute to
income inequalities in child mental health across different
age groups.

Study population

We used all available surveys in MCS [34-42]. There were
18,552 families (18,818 children) that were involved in
the first survey when children were 9 months old, 10,625
of whom participated in the most recent 17-year-old sur-
vey [43]. To ensure that our results were comparable across
different age groups, we restricted our study population to
singletons who participated in all available surveys. We fur-
ther restricted the study population to those whose mental
health in their childhood and adolescence was assessed by
their biological mother across all the surveys. In addition,
to ensure that our study population was representative of
the MCS baseline study population, we used MCS sample
weights in our analyses to adjust for missing cases due to
loss to follow-up [33].

Variables
Child mental health

Child mental health was measured by Strengths and Diffi-
culties Questionnaire (SDQ), a validated screening tool for
assessing child emotional and behavioural problems [44—
46]. We used mother-reported SDQ collected at ages 3, 5, 7,
11, 14 and 17 years old. The SDQ includes 25 items cover-
ing five subscales: conduct problems, emotional problems,
hyperactivity, peer problems, and pro-social behaviour,
with 5 items in each subscale (full SDQ tools are reported in
Tables Al and A2). The Total Difficulties Score (TDS) was
generated by adding the first four subscales together, with a
score ranging from 0 to 40, where a higher score indicates
worse overall mental health problems. Internalising prob-
lems and externalising problems were generated by adding
up the emotional problems and peer problems, and conduct
problems and hyperactivity, respectively, with each score
ranging from 0 to 20.

Income
Family income in MCS was reported as the total take-home

income of both parents or caregivers, or a single parent if
only one parent was present, after tax and other deductions.

It was formulated into an equivalised annual family income
using the modified Organisation for Economic Co-operation
and Development equivalence scale [47], making family
income comparable across different family structures and
compositions. Consistent with previous research on income
inequality in health, family income in our study was mea-
sured by permanent income [29, 32, 48]. Permanent income
in each survey was generated by first adjusting equivalised
family income for inflation, using 2018 — the year of the
seventh survey (age 17 years) — as the base year, and then
averaging the income across all available survey waves up
to the current survey. For example, permanent income at the
second survey is the average of equivalised income from the
first and second surveys, while at the fourth survey, it is the
average of income from the first through the fourth surveys.

Other explanatory variables

Child age, sex, ethnicity, gestational age (term: 3741 weeks;
preterm: <37 weeks), and whether the child was the moth-
er’s first-born child were chosen as key health endowments.
This selection was based on the framework of the health
production function [49] and the extended child health pro-
duction function [50], which suggests that children’s health
is influenced by their initial endowments as well as inputs
received later in life. Other explanatory variables believed
to be associated with child mental health and varying across
income distributions were also included, which are detailed
below. Similar variables have been included in previous
studies examining the relationship between income and
child mental health [14, 19].

Pregnancy-related characteristics were taken from the
first wave when children aged 9 months. These variables
included maternal age at childbirth (<20, 20-24, 25-29,
30-34, >35 years), maternal smoking during pregnancy
(never smoked, stopped smoking during pregnancy, smoked
throughout pregnancy), alcohol consumption during preg-
nancy (never, light, moderate/heavy), and breastfeeding
duration (never breastfed, <2 months, 2.0-5.9 months, >6
months). Data on child and family factors were collected
across all available surveys. Child characteristics included
child weight (normal, overweight, obese) based on Inter-
national Obesity Task Force body mass index thresholds,
and whether the child had a limiting longstanding physi-
cal illness. Family socio-economic characteristics included
whether the child lived in lone parent family, change in
family structure (no change, new partner, became single),
mother’s highest educational level (National Vocational
Qualification Level 1&2; Level 3; Level 4&5; none of
these).

PS and PI variables were informed by the Parental Stress
and Parental Investment theories. For PS variables, maternal
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depression (yes/no) was generated by combing two data
sources: Kessler Psychological Distress Scale, where a total
score of 8 or higher indicates symptoms of psychological
distress [51], and information on whether the respondent
was currently being treated for depression. A mother was
considered as experiencing depression if she either scored 8
or higher on the Kessler scale or reported currently receiv-
ing treatment for depression. The lagged variable was used
in this study to mitigate reverse causality concerns, i.e. when
poor child mental health may be a risk factor for maternal
mental health. Maternal self-reported general health (good/
poor) was collected at each survey wave. The Pianta Child-
Parent Relationship Scale (CPRS), which was collected at
age 3, assessed the relationship between parents and the
child from the parent’ view [52]. A higher score indicates a
better relationship between the mother and the child.

PI variables included childcare at 9 months and 3 years
old (parental care, formal care, grandparent care, other infor-
mal care), and housing tenure at each survey, categorised
as owner-occupied/mortgaged, private rent (including part-
rent/part-mortgage or private rental), social rent (renting
from a local authority or Housing Association), and other
arrangements. Data collected about parenting activities with
the child, such as reading to children, teaching songs and
playing sports with children, varied across MCS surveys.
To assess the longitudinal relationship between parental
activities and child mental health, a parental involvement
score was created that captured the frequency of the joint
parent-child activities at each survey, where a higher score
indicates greater parental involvement.

Estimation strategy
Income inequality measurements

The concentration curve is used to graphically depict socio-
economic inequalities in health, and the concentration
index is defined with reference to the concentration curve
to quantify inequalities [23]. In this study, the concentra-
tion curve plots the cumulative percentage of a child men-
tal health variable against the cumulative percentage of the
population, ranked by family income from the poorest to
the richest.

The CI, derived from the concentration curve, serves as
an important measure for quantifying income inequality in
health. The standard CI can be defined as:

crm ==3 m e -1y, "
h
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where h; is the health variable of individual i, ;L is the mean

health, r; = ¢ / n is the fractional rank of an individual in

the income distribution of » individuals [23]. The standard
Cl is a measure of relative inequality, which means that the
inequality remains unchanged when the health variable has
the same proportional changes for the whole population.

Multiplying the standard CI by the mean health , generates
the generalised CI (GCI), which is a measure of absolute
inequality [21]. In other words, the inequality measured by
the GCI remains unchanged when the health variable has
the same amount of changes for all individuals.

To accommodate bounded health variables in our study
that have specific limits or constraints on both the upper and
lower bounds, we used the modified concentration index
(MCI) to measure relative inequality [53]:

MOT(h) = 137 1 [

(2ri —1)] 2
h _hmin ( )

and the Erreygers index (EI) for absolute inequality [53, 54]:

4

EI(h) = GCI (h) 3)

hmar - hm,in
where hyq, and Ay, are the upper and lower limits of the
health variable, respectively.

In our analyses, income inequalities in child mental
health were measured when children were aged 3, 5, 7, 11,
14, and 17 years. The concentration curves were first pre-
sented. Both relative and absolute income inequalities in
child mental health were then reported using the MCI and
EI respectively.

When calculating the concentration indices for a bounded
health variable as in our study, its bounded nature introduces
the issue of the relation between inequality in good health
and ill health [53]. The Total Difficulties Score, internalising
and externalising symptom scores are the indicators of ill
health because, by construction, they all focus on the nega-
tive aspect of mental health. Each measure, however, has a
corresponding ‘mirror’ variable that focuses on the positive
aspect of mental health. A desirable property of the CI for
bounded variables is the ‘mirror’ property, where the index’s
magnitude remains the same while the direction should be
opposite when calculating the CI of the good-health vari-
able and its associated ill-health variable, since they mirror
each other [54]. However, MCI does not satisfy the mirror
property while the EI does [53]. For consistency with previ-
ous empirical research [31, 32], we focused on the ill-health
analyses in this study.
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Decomposition of the income inequalities

The concentration indices can be decomposed into the
inequality contributing factors [55]. As EI satisfies mirror
property while MCI does not, the decomposition analysis in
this study focused on EI. The decomposition of the EI fol-
lowing Erreygers [54] is expressed as follows:

4

- hm,in

EI (h) = N KL, B,GCI,+GCL]  (4)

hn’umc

where GC1Ij, is the GCI of the explanatory variable zy,
and GCI. is that of the error term €. The absolute contri-
bution of each explanatory variable zj is the product of
the coefficient of the explanatory variable on the health
outcome, 3 5, and the income inequality in that variable,
GCl}, while adjusting for the lower limit Ay, and upper
limit h,,4, of the health variable. The relative contribution
of the explanatory variable x; can be estimated by:

4 3 kGOIk] )

hmaz — Pmin [ EI(h)
The contribution of an explanatory variable is larger if the
coefficient /3, is larger in magnitude or the variable is
more unequally distributed across the income distribution
(i.e., GCI}, is larger in magnitude). The residual compo-
nent captured by the GCI of the error term, GCI, in Eq.
(4), reflects the income inequality that is unexplained in the
model [23]. The relative contribution of the error term can
then be estimated by:

4 « [B.GCI,
- S ©

hmam hmzn

In this study, the EI of all three mental health outcomes were
decomposed separately. The association between the mental
health and explanatory variables, as indicated by [  in Eq.

Table 1 Descriptive statistics of study population

(4), was estimated using linear regressions. The concentra-
tion indices were calculated using the ‘conindex’ command
in STATA/SE 16.0 [56, 57].

Sensitivity analysis

In addition to the continuous child mental health variables,
we also generated a binary TDS variable using validated
cut-offs, where a TDS above 16, for age 3, and 17 for other
ages is categorised as ‘abnormal’ mental health [58], mean-
ing that the child has a probable mental health problems.
We repeated the concentration index and its decomposi-
tion analysis for the TDS binary variable in the sensitivity
analysis.

We conducted multiple imputation in the main analysis
to fill in the missing data due to item non-response, where
the child participated in the survey but missed one or more
questions. We generated 30 imputed datasets where the pre-
dictors included all variables used in the subsequent anal-
ysis, and the datasets were combined using Rubin’s rules
[59]. We repeated our analyses using only complete cases.

Results
Descriptive results

For 5,667 singleton children that were included in the analy-
ses at ages 3, 5, 7, 11, 14, and 17 years, almost half of the
children were male and 8% were from minority ethnic group
(Table 1). The mean Total Difficulties Score and externalis-
ing problems were the highest at age 3, and internalising
problems reached the peak at 17 years. The mean permanent
income reduced gradually with age. Descriptive results for
all the other variables included in our model are presented
in Table A3.

Children who were obese, had a limiting longstanding
physical illness, lived in a lone-parent family, and those

Variables 3 years 5 years 7 years 11 years 14 years 17 years

Child mental health outcomes - mean (SD)

Total Difficulties Score 8.9 (4.9) 6.7 (4.7) 6.9 (5.1) 7.2(5.7) 7.5(5.8) 7.0 (5.8)

Internalising symptoms scores 2.6 (2.3) 2.3(2.4) 2.5(2.6) 3.1(3.1) 3.6(3.4) 3.7(3.5)

Externalising symptoms scores 6.3 (3.6) 4.43.3) 4434 4.1(3.4) 4.0(3.4) 34(.2)

Permanent income (£) - mean (SD) 30,317 29,671 29,425 29,259 28,905 28,435
(16444) (15382) (14696) (13149) (12140) (11634)

Health endowments

Age, years - mean (SD) 3(0.2) 5(0.2) 7(0.2) 11 (0.3) 14 (0.3) 17 (0.3)

Male® - n (%) 2737 (48.9)

Minority ethnic group® - n (%) 701 (8.0)

Preterm (<37 weeks gestation)® - n (%) 396 (7.1)

Firstborn® - n (%) 2893 (51.8)

Notes: N=5667; SD standard deviation; * baseline variable which remains the same across all surveys
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whose mothers smoked or consumed alcohol heavily dur-
ing pregnancy, had never breastfed, or showed symptoms of
depression or poor general health, had poorer mental health
than their counterparts (Table A4).

Cumulative distribution of child mental health from
poor to rich

Figure 1 shows the concentration curves for overall men-
tal health problems from 3 to 17 years old. The 45-degree
line is the ‘line of equality’, which indicates that every child
has the same value of mental health irrespective of income
level. All the concentration curves were above the equal-
ity line, indicating that there were inequalities where child
mental health problems were concentrated on the poor. The
concentration curves for internalising and externalising
problems were similar with those for overall mental health
problems (Fig. A1).

Fig. 1 Concentration curves for —
child overall mental health prob-
lems from 3 to 17 years old g
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Quantifying income inequalities in child mental
health

Figure 2 shows that the MClIs and Els for TDS, internalis-
ing and externalising problems were all negative, and sta-
tistically significant at the 1% level (index table see Table
AS). Combined with the shape of concentration curves,
these findings indicate the presence of both relative (MCI)
and absolute (EI) income inequality in child mental health,
with problems concentrated on the poorer children. MCIs
showed a gradual increase in inequalities in overall mental
health problems, internalising and externalising problems
over time, and inequalities in internalising problems were
higher than those in externalising problems for most age
groups. Els showed increasing inequalities in internalising
problems with age, while inequalities in externalising prob-
lems was relatively constant. From ages 3 to 14, inequalities
in internalising problems were smaller than externalising

I I ! !

4 .6 .8 |

Rank of family income

3 years 5 years
7 years — === 11 years
--- 14 years — —— - 17 years

Line of equality
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Fig. 2 Concentration indices on
child mental health problems
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problems, but the gap narrowed over time and reversed at
age 17.

Decomposition of the inequalities

The EI was decomposed into its contributing factors to
quantify their contributions to income inequalities in child
mental health. Figure 3 visualises the relative contribution
of each factor on inequalities in overall mental health prob-
lems across all age groups, while Table 2 provides more
detailed decomposition results that can explain the relative
contributions observed in Fig. 3. In Table 2, the entries in
each column are derived from Eq. (4) in the Methods sec-
tion. Columns ‘B’ report the association between each con-
tributor x; and the child mental health outcome /. Columns
‘GCI’ report the generalised concentration index for each
contributor, indicating the extent of the absolute inequal-
ity in the contributor across the income distribution. The

relative contribution of each factor can then be calculated
using this information, as illustrated in Eq. (5), and is
reported in columns ‘%’ in Table 2.

Atage 3 years, the largest contribution to income inequal-
ities was from the parent-child relationship (Pianta CPRS), a
variable operationalising the Parental Stress theory (Fig. 3).
A better parent-child relationship was associated with less
mental health problems, as indicated by f =-2.67 (p<0.01),
and children whose mothers reported a good relationship
were more concentrated at the upper end of the income dis-
tribution, as indicated by GCI=0.071 (»p<0.01) (Table 2).
Parent-child relationship at age 3 accounted for 7% of the
EI for child overall mental health problems (p<0.01). While
its relative contribution decreased over time, it continued to
explain 8.7% of the inequality at age 17 (Fig. 3; Table 2).

While the relative contribution of parent-child relation-
ship decreased, that of maternal depression increased with
child age, from 3.2% at age 3 to 12.1% at age 17 (Fig. 3;
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% contribution of EI in overall mental health problems

Health endowments Child age

Male child

Child of minority ethnic group

Pre-term

Firstborn

Pregnancy-related factors Breastfeeding duration

Maternal age at child birth —
Maternal smoking during pregnancy —
e Age3
Maternal alcohol consumption during pregancy = <
Child characteristics Child weight = ;
Child limiting longstanding physical illness - =11
Family socio-economic factors Lone parent = 14
Family structure — 17
Maternal education ———— .,
Parental Stress Maternal depression —
Pianta Child-Parent Relationship Scale ———
Poor maternal general health ——
Parental Investment Childcare at 9 months =
Childcare at 3 years _
Housing tenure ——
Parental involvement score I
-10 0 10 20 30 o

Notes: The high statistical significance of the relative contribution estimates results in narrow confidence intervals that
are barely visible in the figure and are therefore omitted. For statistical significance, please refer to Table 2.
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4 Fig. 3 Relative contributions of factors in explaining income inequali-
ties in child overall mental health problems (TDS) from age 3 to 17
years

Table 2). This was because maternal depression was more
frequent in lower-income families and the association
between maternal depression and children having mental
health problems became larger when children grew older
(Table 2). The B, GCI, and relative contribution estimates
for maternal depression were statistically significant at 1%
level.

Maternal poor general health, another indicator of the
Parental Stress theory, also contributed to inequalities in
all age groups. Its positive association with overall men-
tal health problems, combined with higher prevalence of
poor maternal health in lower-income families, resulted in
relative contributions ranging from 2.9% to 6.6% across
different age groups (Table 2). The Bs, GCls, and relative
contributions were statistically significant at the 1% level.

Notes: The high statistical significance of the relative
contribution estimates results in narrow confidence intervals
that are barely visible in the figure and are therefore omitted.
For statistical significance, please refer to Table 2.

Regarding the variables that operationalised the Parental
Investment theory, housing tenure consistently represented
the largest contribution to inequality, ranging from 6.1%
to 14.0% among all age groups (Fig. 3). This was largely
driven by social rent — renting from a local authority or
Housing Association — which had a larger relative contribu-
tion than other factors (Table 2). Specifically, compared to
children living in own/mortgaged housing, those in social
rent housing experienced worse mental health problems
(»<0.01 in all age groups except for age 3), and were more
highly represented at the lower end of the income distribu-
tion (GCI=-0.1, p<0.01 among all age groups, Table 2).

Lone-parent family structure and maternal education
were also associated with greater income inequalities in all
age groups (Fig. 3), as illustrated in Appendix A2.3. The
patterns observed in these variables, along with maternal
depression, child-parent relationship, poor maternal general
health, and housing tenure, were consistent across TDS,
internalising and externalising problems (Appendix A2.3).

The decomposition analysis showed differences in how
PS and PI variables contributed to income inequalities
in internalising and externalising problems (Fig. 4). The
relative contribution of parent-child relationship at age 3
years was consistently larger for externalising problems
than internalising problems across all age groups. At age
3, it accounted for 27.5% and 16.8% of the inequalities in
externalising problems and internalising problems, respec-
tively, with the gap narrowing over time. By age 17, the
contributions were 10.6% and 7.0%, respectively. Child-
care at 9 months was associated with increased inequalities

for internalising problems but a decreased inequalities for
externalising problems in all age groups, except for age 3.
This difference was mainly driven by formal care. Specifi-
cally, children who received formal care were concentrated
at the upper end of the income distribution (i.e., GCI>0,
p<0.01 in all cases), and they had fewer internalising prob-
lems (B<0) but more externalising problems (f>0) com-
pared with those receiving parental care (Tables A6 and
A7). However, the estimated Bs for externalising problems
failed to reach statistical significance, while those for inter-
nalising problems were statistically significant at 1% level
atage 3,5, and 7.

Notes: The high statistical significance of the relative
contribution estimates results in narrow confidence intervals
that are barely visible in the figure and are therefore omitted.
For statistical significance, please refer to Tables A6 and A7.

Sensitivity analysis

Consistent with the main analysis, both MCls and Els were
negative for ‘abnormal’ mental health measured by the
TDS binary variable, indicating the presence of inequalities
where mental health problems were concentrated among
children at the lower end of the income distribution (Figs.
A4-A6). Inequalities in child ‘abnormal’ mental health
were larger than those in internalising and externalising
problems, except for inequalities measured by EI at age 5
and 7. The largest inequality for children with mental health
problems as ‘abnormal’ emerged at age 5 for MCI and at age
3 for EI. The decomposition results were consistent with the
main analysis (Fig. A7; Table AS8).

Among the 5,667 children in the study population, those
with missing data due to item non-response were more
likely to have mental health problems, live in lower-income
families, and be from minority ethnic groups (Table A9).
Analyses using complete cases aligned with the main find-
ings (Appendix A2.5), though the magnitude of the concen-
tration indices for complete cases were smaller than those
using imputed data, except for the MCI at age 7 for child
mental health problems (Table A10).

Discussion

This study examined income inequality in child mental
health problems in childhood and adolescence and decom-
posed the inequality into its contributing factors. It provided
consistent evidence that poorer mental health outcomes
were concentrated among children from lower-income
families across all outcomes examined, i.e. overall mental
health problems, internalising and externalising problems,
at all age groups from 3 to 17 years, using both relative and
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absolute inequality measures. The inequality observed in
this study aligns with the results from the only two stud-
ies that examined income inequalities in child mental
health using the concentration index approach, Ride [32]
for 11 and 14-year-olds using data from the UK, and Islam,
Ormsby [31] for Australian children between the ages of 12
to 17 years, both of which used the EI to measure inequality.
Moreover, the persistent inequality observed in our study
through age 17 years is consistent with the findings of Chua,
Schliiter [22], who also used data from the MCS to age 17
but quantified inequality using a different measure, i.e. the
slope index of inequality.

We observed an increase in income inequality in internal-
ising problems over time, as evidenced by both MClIs and
Els, while inequality in externalising problems remained
relatively constant. These results align with a previous study
by Fletcher and Wolfe [60], who examined the same men-
tal health outcomes but applied different methods. Specifi-
cally, the study by Fletcher and Wolfe [60] found that in the
US, the negative association between family income and
externalising problems was relatively constant from age 6
to 12 years, while the association for internalising problems
increased when children grew older. Our findings and pre-
vious research alike all suggest that internalising problems
may be more responsive to family income than externalis-
ing problems when children grow older.

The use of the concentration index approach in this study
provides valuable insights into the relationship between
family income and child mental health beyond those identi-
fied in previous studies using only regression techniques.
The concentration index approach not only quantifies the
extent of income-driven inequalities in child mental health
and how these inequalities change over time, as illustrated
above, but also provides a common metric that enables direct
comparison across different types of mental health out-
comes, usually also operationalised in different ways, such
as abnormal mental health expressed as a binary variable,
and overall mental health problems, internalising and exter-
nalising problems expressed as continuous variables [54,
61]. In regression analyses, studies examining the relation-
ship between family income and binary child mental health
outcomes may apply a logit model, with results interpreted
as changes in the probability of a child experiencing abnor-
mal mental health as the income increases or decreases [19],
whereas studies using continuous outcomes may capture
changes in mental health scores (often expressed in standard
deviation units) as the income increases or decreases by 1%,
when the income is expressed in its logarithm form as it is
often the case [19, 20]. In contrast, the concentration index
offers a consistent summary measure that can be conven-
tionally compared across various health outcomes, indepen-
dently on how they are measured. Using this approach, we
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found that inequalities in abnormal mental health (binary
measure) was larger than those in overall mental health
problems across all age groups (Table AS).

In our study, the results were not always consistent across
the relative (MCIs) and absolute (Els) inequality measures.
Inequalities in internalising problems were higher than
externalising problems in most of the age groups when
using inequalities relative measures, while the opposite
was found for absolute inequality measure. These differ-
ences may arise because relative measures capture pro-
portional differences, reflecting the disparities in relation
to the group’s average mental health at a given age, while
absolute measures capture the absolute difference in health
levels, therefore accounting for both the level of health and
inequality [23, 62]. The observed higher average external-
ising symptoms score compared to internalising symptoms
score in most age groups (Table 1) may contribute to these
differences, as Els reflect levels more directly than MCls.

The choice of inequality measure may have different
implications for policy. Internalising problems appear more
important from a relative viewpoint, while externalising
problems may be more significant from an absolute per-
spective. However, there is still limited evidence on peo-
ple’s viewpoints and policymakers’ preferences regarding
relative versus absolute inequality [61, 63]. Reporting both
relative and absolute measures of health inequality is there-
fore beneficial to present a more comprehensive picture.

In the decomposition analysis, this study examined the
contributions of parental stress and parental investment
variables. The variables reflecting Parental Stress, espe-
cially maternal depression and parent-child relationship,
acted as more significant contributors than variables reflect-
ing Parental Investment in child mental health problems
over time. This is because they consistently contributed
to income inequalities in all child mental health outcomes
across all age groups, while the PI variables did not exhibit
such consistency. This finding is consistent with previous
studies conducted using MCS surveys of children aged 3
to 17 years [19] and with Australian data when children
were aged 4 to 13 years (Khanam & Nghiem, 2016), but
the methods utilised in these studies differed from the meth-
ods used in our study. Yang, Carson [19] and Khanam and
Nghiem [28], using cross-sectional and longitudinal regres-
sion methods, examined the extent to which the association
between income and child mental health was attenuated by
PS and PI and found that the observed income effect dimin-
ished more substantially after controlling for PS than PI
variables. The decomposition of the concentration index in
this study allows for a direct comparison of the contribu-
tions made by different types of determinants. This provides
additional evidence regarding the relative significance of
PS and PI factors when assessing the relationship between
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% contribution of EI in internalising vs. externalising problems

Parental Stress

Maternal depression

Pianta Child-Parent Relationship Scale

Poor maternal general health

Parental Investment

Childcare at 9 months

Childcare at 3 years

Housing tenure

Parental involvement score

% -10 0 10 20 30
Internalising problems Age3 =5 u7 =11 =14 =17
Externalising problems ~ Age3 =35 =7 =11 =14 =17

Fig. 4 Relative contributions of PS and PI variables in explaining the income inequalities in internalising and externalising problems
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family income and child mental health, going beyond the
approaches conducted in Yang, Carson [19] and Khanam
and Nghiem [28].

The extent of the relative contribution of PS and PI fac-
tors can be explained by the distribution of each factor on
income rank, and its association with child mental health
problems. We observed a strong association between good
parent-child relationships and better child mental health
problems across all outcomes, which is consistent with previ-
ous research on children’s emotional and behavioural devel-
opment [64, 65]. In addition to this, our study also showed
that children whose mothers reported a worse relationship
with them were concentrated among the poor. Economic
hardship leads to stress on parents, which may in turn harm
the parent-child relationship [66]. Therefore, poorer parent-
child relationships increased income inequalities in child
mental health. The relationship between increasing income
inequality in child mental health and maternal depression
can be explained by the strong correlation between mater-
nal depression and child mental health problems, and the
inequality in maternal depression, as evidenced by prior
studies [13, 67].

In contrast to the PS variables, the majority of PI variables
played a minor role in contributing to income inequalities
in child mental health during childhood and adolescence. A
notable exception was housing tenure, especially the social
rent category, which exacerbated income inequalities in all
three mental health outcomes across most age groups. The
significance of social rent contribution was mainly driven
by the substantial income inequalities in this housing tenure
category. This finding is consistent with the data presented
by the Office for National Statistics, which shows that fami-
lies in social-rented housing generally have lower dispos-
able family income than families who own property in the
UK [68].

In comparing the factors contributing to income inequal-
ity between internalising and externalising problems, we
found that the contributions were similar for most of the PS
and PI variables. The only notable difference was the contri-
bution of the parent-child relationship variable, which was
larger for externalising than internalising problems, particu-
larly at younger ages, from 3 to 7 years old, which is the
period when externalising problems were more prevalent
in our sample. The stronger association between the par-
ent-child relationship measure and externalising problems
(Table A7) was the main driver of this result, as conflictual
and less close parent-child relationships [52] and behav-
ioural problems feed into each other.

The income inequalities in child mental health observed
in this study call for public policy interventions to reduce
such disparities. Maternal depression emerges as a poten-
tial key target for such interventions, as we found that it
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consistently associated with poor child mental health, and
the effect becomes larger when children grow older. In addi-
tion, this research revealed that low-income families were
disproportionately affected by maternal depression, which
has knock-on effects on children’s mental health. Targeted
interventions to improve maternal mental health, particu-
larly focusing on low-income families, may help narrow the
mental health gap between children from affluent and disad-
vantaged backgrounds.

Another potentially beneficial intervention could focus
on improving of the parent-child relationship when children
are very young. A good such an example is the Early Head
Start Program in the US, which offers support to low-income
families with children in their early years, providing weekly
home visit services to enhance parental capabilities to sup-
port their children’s development [69]. This may empower
parents to build good relationships with their children from
the early years, which in turn may improve their children’s
mental health. A similar program in the UK, the Sure Start
programme, has been found to yield health benefits for chil-
dren from low-income families, reducing hospitalisations
among 11-year-olds from families that used the service [70].
Nevertheless, over the past decade, the program has faced
substantial funding reductions [70], which has reduced the
support available to children in economically disadvantaged
areas.

Our study has some limitations. While the decomposition
of the concentration index offers insights into the sources
of income inequalities in child mental health, it should be
interpreted descriptively rather than causally. However,
the contributions of factors, including maternal depression
and housing tenure, to income inequalities in child mental
health align with Parental Stress and Parental Investment
theories which maintain that parental stress and investment
may explain the relationship between family income and
child development. Nonetheless, our findings warrant fur-
ther investigation into the causal mechanisms between fam-
ily income, parental stress and investment, and child mental
health. Furthermore, although we controlled for a rich set
of variables in explaining the inequalities, a portion of the
inequality was unexplained (Table 2). There might be due to
omitted variables as, for example, for parsimony reasons, we
did not consider neighbourhood level [32]. However, some
of the variables we included, such as housing tenure, can
also be considered as proxy for neighbourhood characteris-
tics. Child mental health outcome may vary across regions.
However, due to data access restrictions, regional variation
could not be examined in this study and may be explored in
future research. Finally, missing data may introduce selec-
tion bias by excluding children in lower-income families
and experienced more mental health problems (Table A9),
potentially underestimating inequalities. However, the use
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of multiple imputation and sample weights that controlled
for longitudinal attrition may have mitigated — at least par-
tially — this bias.

Despite these limitations, this study offers a novel per-
spective on the income inequalities in childhood and
adolescent mental health in the UK, by quantifying and
decomposing such inequalities and providing new evidence
that mental health problems are more concentrated among
the poor. This calls for public policy interventions to address
these inequalities. Targeting disparities in maternal depres-
sion and the parent-child relationship may help reduce the
mental health gap between children from low- and high-
income families.
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