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ARTICLE INFO ABSTRACT

Keywords: Centre-based childcare may benefit pre-school children and alleviate inequalities in early childhood develop-
Childca're' ment, but evidence on socio-emotional and physical health outcomes is limited. Data were from the UK Mil-
Ineq‘fahtfes lennium Cohort Study (n = 14,376). Inverse-probability weighting was used to estimate confounder-adjusted
]é‘;:‘li:;g;“al population-average effects of centre and non-centre-based childcare (compared to parental care only) between

ages 26-31 months on (age 3): internalising and externalising symptoms, pro-social behaviour, independence,
emotional dysregulation, vocabulary, school readiness, and body mass index. To assess impacts on inequalities,
controlled direct effects of low parental education and lone parenthood on all outcomes were estimated under
two hypothetical scenarios: 1) universal take-up of centre-based childcare; and 2) parental care only. On average,
non-centre based childcare improved vocabulary and centre-based care improved school readiness, with little
evidence of other benefits. However, socio-economic inequalities were observed for all outcomes and were
attenuated in scenario 1 (universal take-up). For example, inequalities in externalising symptoms (according to
low parental education) were reduced from a confounder-adjusted standard deviation difference of 7.8 (95%
confidence intervals: 6.7-8.8), to 1.7 (0.6-2.7). Inequalities by parental education in scenario 2 (parental care
only) were wider than in scenario 1 for externalising symptoms (at 3.4; 2.4-4.4), and for emotional dysregulation
and school readiness. Inequalities by lone parenthood, which were smaller, fell in scenario 1, and fell further in
scenario 2. Universal access to centre-based pre-school care may alleviate inequalities, while restricted access (e.
g. during lockdown for a pandemic such as Covid-19) may widen some inequalities in socioemotional and
cognitive development.

Family structure

1. Introduction found mixed evidence, with the most consistent positive effects for

cognitive and academic outcomes, higher-quality programmes, and

Children from less socio-economically advantaged families tend to
experience worse health and poorer socio-emotional and cognitive
development than their more advantaged peers (Bradley & Corwyn,
2002; Pillas et al., 2014). Inequalities may arise via many pathways,
including material deprivation and disadvantages in parental psycho-
social resources, which can have negative impacts on parenting capacity
(Belsky, 1984; Cooper & Stewart, 2017; Pearce et al., 2019). Investment
in early years is widely accepted as one of the most effective ways to
reduce inequalities in childhood and across the life course (Bambra
et al., 2011; Center on the Developing Child at Harvard University,
2010; Heckman, 2006) and childcare and early years’ learning can be
important domains of governmental policy. Early childhood education
and care (ECEC) may benefit children’s cognitive and social develop-
ment (Bradley & Vandell, 2007; D’Onise et al., 2010; Melhuish et al.,
2015), though a recent meta-analysis of natural experiment studies
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publicly-funded provision (van Huizen & Plantenga, 2018). Non-centre
childcare by grandparents has also been shown to support language
development (Melhuish et al., 2015) and emotional wellbeing (Cham-
bers et al., 2017). Mechanisms of benefit may include provision of
cognitive or academic training and social experiences with other chil-
dren and adults, boosting confidence and easing transitions into
school-based settings (Melhuish et al., 2015).

Provision of universal, cost-free and high-quality childcare has po-
tential to reduce inequalities in children’s outcomes, giving all children
a stable, nurturing and educationally stimulating setting. Several studies
have shown that centre-based childcare yields greater cognitive and
academic benefits for children from socio-economically disadvantaged
families (Bradley & Vandell, 2007; Del Boca et al., 2018; Melhuish et al.,
2015; van Huizen & Plantenga, 2018). Evidence in relation to
socio-emotional outcomes is more mixed. Centre-based childcare may
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buffer against risk factors that are more prevalent among disadvantaged
families. For example, childcare may reduce effects of maternal
depression on children’s internalising symptoms (Paquin et al., 2019).
However, childcare has also been associated with greater
socio-emotional benefits for children from more advantaged families
(Gomajee et al., 2018), which is perhaps due to inequalities in the
quality of care families receive. Differential benefits of non-centre care
are also uncertain. Non-centre care by grandparents can buffer against
disadvantage (Akhtar et al., 2017; Barnett et al., 2010; Silverstein &
Ruiz, 2006), and can be especially beneficial where there is only one
resident parent (Attar-Schwartz et al., 2009), but has also been shown to
exacerbate socioeconomic inequalities in cognitive development (Del
Boca et al., 2018).

Evidence for impacts of childcare on physical health is less well
developed and more varied. For example, group childcare can increase
risk of infectious disease (Augustine et al., 2013; Bradley & Vandell,
2007), and there is mixed evidence of impacts on children being over-
weight or obese. Some, but not all, studies show decreased risk of being
overweight associated with centre-based care. Again, the quality of care
provision may be important, and non-centre care (e.g. with grandpar-
ents or other relatives/friends) may be associated with increased risk
(Alberdi et al., 2016; An et al., 2020; Black et al., 2017; Chambers et al.,
2017; D’Onise et al., 2010; Mazarello Paes et al., 2015; Swyden et al.,
2017). Furthermore, there is little longitudinal evidence for effects of
childcare on diet and physical activity (Costa et al., 2019), and some
studies have shown that childcare, especially non-centre care, was more
strongly associated with children being overweight in more advantaged
households (Benjamin Neelon et al., 2018; Chambers et al., 2017;
McDonnell & Doyle, 2019; Pearce et al., 2010).

ECEC is a key feature in government policies across the globe, and
many high-income countries have large proportions of children experi-
encing some ECEC. For example, in the UK ECEC has been offered uni-
versally and free of charge to all 3-4 year olds since 2004. This ECEC
entitlement has expanded since its introduction and by 2012 ranged
from 15-30 h per week. Entitlement to free childcare hours for children
aged 2 years in the UK is not universal with only children from less
advantaged families eligible. In early 2020 this was taken up by 69% of
those eligible in England (Office for National Statistics, 2020) and 11%
of all two-year olds in Scotland (Scottish Government, 2019; uptake
figures among those eligible are not reported in Scotland, although it is
thought that around a quarter of two year olds are eligible). For many
working parents, non-centre-based childcare (e.g. with family, friends,
childminders etc) remains crucial, to cover gaps between what is pro-
vided and what is needed. Yet despite the increased provision of ECEC,
we have yet to establish its potential to alleviate inequalities in health
and development. The question of whether children benefit differen-
tially from ECEC has become particularly relevant during the COVID-19
pandemic. Many countries, including the UK, have enacted social miti-
gation ‘lockdown’ measures, reducing physical proximity to others to
slow infection transmission (Armitage & Nellums, 2020; Brooks et al.,
2020; Douglas et al., 2020; Van Lancker & Parolin, 2020). This has
meant temporary withdrawal of almost all centre-based childcare pro-
vision (excepting children of key workers, who may still be eligible for
centre-based care). Non-centre-based childcare, by family and friends
from separate households, will also have been largely impossible
(though perhaps not needed if working parents were furloughed). This
could widen inequalities in cognitive and socio-emotional development
if children from disadvantaged households derive more benefit from
childcare than those from more advantaged households (Brooks et al.,
2020; Van Lancker & Parolin, 2020). Impacts could also extend to other
outcomes, as, for example, less advantaged families may find it harder to
provide healthy nutrition without the meals provided with ECEC
childcare (Douglas et al., 2020; Van Lancker & Parolin, 2020).

Historic data with a mixed distribution of those using parental, non-
centre and centre-based childcare and may yield useful estimates in
relation to the following questions, for a range of relevant child
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outcomes. Question 1 aims to anticipate the average effects of lockdown
restrictions on child outcomes. Question 2 seeks to understand how
expanded access to centre-based childcare could impact on inequalities
in child outcomes, while question 3 addresses how social mitigation
measures removing access to both centre and non-centre-based child-
care may impact inequalities:

1. What are effects of restricting access to centre and non-centre-based
pre-school childcare for a period of 6 months in early life?

2. What impact might universal take-up of centre-based pre-school
childcare have on inequalities by parental education and family
structure?

3. What impact could universal restriction of access to centre and non-
centre-based pre-school childcare have on inequalities by parental
education and family structure?

We address question 1 by estimating average effects of centre and
non-centre-based childcare (as opposed to parental care) on child out-
comes using inverse probability weighting. We address questions 2 and
3 using mediation analyses to estimate effects of education and family
structure on child outcomes under two hypothetical scenarios; one
where all children receive centre-based care (question 2), and one where
all children receive parental care only (question 3).

2. Methods
2.1. Data

Data were from the UK Millennium Cohort Study (MCS), a nationally
representative survey of children born in the UK, September
2000-January 2002 (Centre for Longitudinal Studies, 2014). A stratified
clustered sampling design was used to oversample children living in
Wales, Scotland and Northern Ireland, disadvantaged areas and, in En-
gland, areas with high proportions of ethnic minority groups. Families
were selected through Child Benefit Records, and initially contacted for
opt-out by the Department for Work and Pensions. Initial interviews
took place at 9 months (2001-2002), when information was collected on
72% of those contacted, providing information for 18,818 children (18,
296 of whom were singletons). Follow-up interviews were conducted at
approximately age 3 years (2003-2005; 76.4% of the original sample;
mean age of child was 38.2 months). Data were analysed for 14,376
singleton children with interviews at baseline and follow-up. While
partners were also interviewed where applicable and if possible, to avoid
issues around responses differing by parental gender this sample was
limited to those where the mother had been the main interview
respondent.

2.2. Measures

2.2.1. Parental education and family structure (primary exposures)
Parents reported their highest educational qualifications at baseline
(9 months) and these were coded to compare either parent having A-
Level qualifications (or higher) against parents with lower or no quali-
fications (i.e. differentiating between those who had and had not
completed qualifications post-compulsory education). Baseline family
structure was coded to compare single parent households against two-
parent households (natural parent couples or reconstituted families).

2.2.2. Pre-school childcare (mediator)

Mothers were asked about their main childcare arrangement at
baseline (9 months) and if and when this had changed at the age 3
interview. Childcare type was classified as “parental” if the child was
only cared for by the mother, father or the mother’s partner; “non-
centre-based” if they were also cared for by a friend, neighbour,
grandparent, other relative, babysitter, childminder, nanny or au pair;
and “centre-based” if they were cared for in a nursery, play group or
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childcare centre. Mothers were also asked at both interviews if they had
regularly used any other form of child-care, and if so when that had
started and ended. If the primary childcare arrangement was “parental”
but an additional arrangement involved non-parental childcare, then
this additional childcare type was used in order to assess any regular
exposure to non-parental childcare. The three categories used for anal-
ysis were: parental care only; some non-centre-based care (but no
centre-based care); and some centre-based care (potentially in combi-
nation with some non-centre-based care).

At the age 3 interview, mothers were asked how long centre and non-
centre-based childcare arrangements had been in place. However, the
child’s age at this interview varied somewhat, with the youngest age
being 32 months. In order to standardise the period of childcare
assessment across all participants, the childcare variable was coded to
represent the specific 6-month period where the child was aged 26-31
months. We also conducted supplementary analyses varying the expo-
sure period to 3 months (ages 29-31 months) and 12 months (ages
20-31 months).

2.2.3. Socio-emotional wellbeing, cognitive development and body mass
index (child outcomes)

Child outcomes were all assessed at the age 3 survey. Mothers
completed the Strengths and Difficulties Questionnaire (Croft et al.,
2015; R.; Goodman, 1997; Johnson et al., 2015). The emotional symp-
toms and peer problems dimensions were combined into an internalising
symptom score, and the conduct problems and hyper-
activity/inattention dimensions were combined into an externalising
symptom score (A. Goodman et al., 2010). The pro-social dimension was
considered as a separate outcome. Two sub-scales from the Child Social
Behaviour Questionnaire were also completed by the mother and
respectively assessed independence and self-regulation (e.g. works
things out for self, persists with difficult tasks) and emotional dysregu-
lation (e.g. easily frustrated, shows mood swings) (Johnson et al., 2015).
Cognitive tests were administered by trained researchers. The naming
vocabulary sub-test from the British Ability Scales II (Elliott et al., 1996)
involves the child being shown pictures of objects and asked to name
them. Scores were standardised for child age (in months) at time of
interview (Connelly, 2013), with higher scores indicating a more
expansive  vocabulary. The  Bracken School Readiness
Assessment-Revised (BSRA-R) (Bracken, 1998) was also completed and
assesses knowledge of basic concepts such as numbers, letters, shapes
and colours. Scores were again standardised for age at interview (Con-
nelly, 2013). Children’s weight and height were measured without shoes
or outdoor clothing by trained interviewers, using Tanita HD-305 scales
(Tanita UK Ltd, Middlesex, UK) and the Leicester Height Measure Sta-
diometer (Seca Ltd, Birmingham, UK). As an indication of whether
children were overweight, body mass index (BMI, kg/m?) z-scores were
calculated using the “zanthro” command in Stata (Vidmar et al., 2013).
Estimated effects are shown in standard deviation units for all outcomes
to facilitate comparison.

2.2.4. Confounders

We adjusted for a range of potential confounders relating to socio-
demographic factors, parental health and health-related behaviours,
and parenting style. In order to avoid deterministic relationships with
our family structure measure, where characteristics were measured on
both parents we took a family level approach (i.e. using either parent’s
status for couples, whichever was least optimal).

Child sex; ethnicity (White UK vs ethnic minority); UK country
(England, Scotland, Wales or Northern Ireland); mother’s age at first live
birth (<19, 20-24, 25+); and child temperament, measured with the
Carey Infant Temperament Scale (Johnson et al., 2015), were all
captured at 9 months. The following were measured at both age 9
months and 3 years: poverty (indicated by equivalised household in-
come <60% of the median); housing tenure (owned/mortgage vs rent-
ed/other); parental economic activity (at least one parent in any kind of

SSM - Population Health 14 (2021) 100776

paid employment); parental occupational class (3 category coding from
the UK National Statistics Socioeconomic Classification for last known
job, taking the more advantaged class from couple parents); parental
mental health (at baseline using a modified 9-item version of the Rutter
Malaise Inventory (Johnson et al., 2015; Rutter et al., 1970), at age 3 the
6-item Kessler scale (Johnson et al., 2015; Kessler et al., 2003)); parental
drinking frequency (either parent consuming alcohol >5 times a week vs
less frequently); parental smoking (either parent currently smokes vs
neither parent currently smokes); and whether either parent had a
longstanding illness (baseline but not age 3 questions further differen-
tiated longstanding illnesses that were perceived as limiting). Measures
from the age 3 survey included: the Pianta parent-child relationship
conflict and warmth scales (taking the higher score from either resident
parent for conflict and the lower score for warmth) (Johnson et al.,
2015; Pianta, 1992); Straus’ conflict tactics scale as an indication of
negative discipline (mother reported) (Johnson et al., 2015; Straus &
Hamby, 1997); home ‘disorganisation” measured with 3 items from the
confusion, hubbub and order scale (mother reported) (Matheny et al.,
1995); a measure of home ‘routine’, based on two items asking about the
extent to which the child has regular bedtimes and mealtimes (mother
reported) (Johnson et al., 2015); a measure of parental involvement in
educational activities at home (mother reported) (Kelly et al., 2011); an
interviewer assessment of how emotionally supportive the home envi-
ronment was (Caldwell & Bradley, 1984; Johnson et al., 2015) and
presence of a younger sibling, other siblings (0, 1, 2 or more), or other
adults in the household.

We also created a variable indicating experience of centre or non-
centre-based childcare at earlier ages (<26 months) and included a
later measure of family structure (lone parent vs couple at age 3).
Adjustment strategies for how these variables were included in our an-
alyses are discussed below.

2.3. Analytic sample

All analyses were weighted for the complex sampling design (with
standard error adjustment) and for drop out at the age 3 follow-up
(Centre for Longitudinal Studies, 2014). Table 1 shows proportions of
the sample who had missing data on each variable. While only 9077
(63.1%) had full data on all variables, another 2695 (18.8%) were
missing data on a single variable, and 2604 (18.1%) were missing data
on more than one of the analysis variables. We performed multiple
imputation in order to include all 14,376 respondents at follow-up,
reduce effects of differential response bias, and maximise use of
observed data. 25 datasets were imputed using chained equations with
all analysis variables.

2.4. Approach to confounding

To address Question 1, we examined the association between
childcare and the children’s outcomes adjusting for all the confounders
listed above as well as for education and family structure (which were
viewed as confounders for the average effects of childcare). For Ques-
tions 2 and 3, we assume that pre-school childcare mediates effects of
either parental education or family structure on child and parent out-
comes, as shown in Fig. 1. We make a distinction between pre-exposure
confounders (C) and post-exposure confounders (L). Pre-exposure con-
founders are potential common causes of the exposure, the mediator and
the outcome. In contrast, post-exposure confounders are potential
common causes of the mediator and the outcome but may (or may not)
be caused by the exposure. This distinction is important for estimating
the effect of the exposure after intervention on the mediator (Vander-
Weele, 2009). Table 2 shows which variables were considered as pre/-
post confounders. The causal direction of relationships between
childcare and age 3 measures was ambiguous for many of the
post-exposure confounders. Our main results assume these confounders
are determinants of childcare, but we conducted sensitivity analyses
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Table 1
Descriptive statistics.

Table 1 (continued)
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Observed Data

Proportion

Imputed Data

Observed Data Proportion Imputed Data (N = 14,376 Missing (%) (N = 14,376")
a- PR b _— _—
(N-143769  Missing (%) (N=143769) Mean  S.E./ Mean  S.E./
Mean S.E./ Mean S.E./ % %
% %
Parent(s) In Work (w2) 0.0

Primary Exposures Yes 77.3 77.3
Parental Education 0.1 No 22.7 22.7

(wl) Housing Tenure (w1) 0.1
High (A-Level+) 46.0 45.9 Owned/Mortgage 62.6 62.6
Low (<A-Level) 54.0 54.1 Rent/Other 37.4 37.4
Family Structure (w1) 0.0 Housing Tenure (w2) 0.0
Couple Parents 85.6 85.6 Owned/Mortgage 65.9 65.9
Lone Parent 14.4 14.4 Rent/Other 34.1 34.1
Mediator Baby in Household 0.0
Childcare (26-31 0.8 w2)

months) No 81.1 81.1
Parental Only 39.6 39.6 Yes 18.9 18.9
Non-Centre-Based 33.0 33.0 Number of Siblings 0.0
Centre-Based 27.4 27.4 w2)

Pre-Exposure None 24.5 24.5

Confounders 1 47.4 47.4
Ethnicity (w1) 0.0 2+ 28.1 28.1
White UK 85.6 85.6 Other Adults in 0.0
Ethnic Minority 14.4 14.4 Household (w2)

UK Country (w1) 0.0 No 94.5 94.5
England 81.6 81.6 Yes 5.5 5.5
Wales 5.2 5.2 Parent Limiting 0.0

Scotland 9.4 9.4 Longstanding Illness

Northern Ireland 3.8 3.8 (wl)

Mother’s age at first 2.8 No 67.2 67.2

live birth (w1) Yes -Not Limiting 17.8 17.8
<19 18.5 18.7 Yes- Limiting 15.0 15.0
20-24 25.6 25.9 Parent Longstanding 0.0
25+ 55.9 55.4 Illness (w2)

Post-Exposure No 68.0 68.0

Confounders Yes 32.0 32.0
Family Structure (w2) 0.2 Parent Drinking 0.0
Couple Parents 83.7 83.6 Frequency (w1)

Lone Parent 16.3 16.4 <5 times a week 85.7 85.7
Parental Mental 2.08 0.020 2.2 2.08 0.020 5+ times a week 14.3 14.3

Health (w1) Parent Drinking 0.0
Parental Mental 4.39 0.046  12.3 4.35 0.046 Frequency (w2)

Health (w2) <5 times a week 86.0 86.0
Parental Smoking (w1) 0.0 5+ times a week 14.0 14.0
No 56.6 56.6 Infant Temperament 54.29 0.075 2.9 54.25 0.076
Yes 43.4 43.4 (w1)

Parental Smoking (w2) 0.0 Parent-child conflict 2.60 0.009 5.6 2.60 0.009
No 59.6 59.6 (w2)
Yes 40.4 40.4 Parent-child warmth 4.60 0.005 5.6 4.60 0.005
Previous Childcare 0.7 (w2)

(0-25 months) Parental Involvement -0.01 0.013 6.3 -0.01 0.013
Parental Only 38.5 38.5 (w2)

Non-Centre-Based 36.2 36.2 Negative Discipline 2.86 0.009 9.9 2.85 0.009
Centre-Based 25.3 25.3 (w2)

Child Sex (w1) 0.0 Home Disorganisation 10.98 0.041 0.0 10.98 0.041
Male 50.9 50.9 (w2)

Female 49.1 49.1 Home Routine (w2) 6.51 0.018 0.0 6.51 0.018
Poverty (wl) 0.2 Home Emotional 7.70 0.059 0.0 7.70 0.059
No 69.8 69.8 Support (w2)

Yes 30.2 30.2 Child Outcomes

Poverty (w2) 0.1 Internalising 2.85 0.035 5.1 2.89 0.036
No 71.0 71.0 Symptoms (w2)

Yes 29.0 29.0 Externalising 6.72 0.056 5.2 6.76 0.056
NS-SEC (w1) 5.3 Symptoms (w2)

Managerial/ 47.0 45.4 Prosocial Behaviour 7.33 0.021 4.6 7.32 0.021

Professional w2)

Intermediate 20.4 20.1 Independence (w2) 2.46 0.004 5.2 2.46 0.004
Routine/Manual 32.6 34.5 Emotional 1.88 0.007 5.5 1.89 0.006
NS-SEC (w2) 3.5 Dysregulation (w2)

Managerial/ 46.8 45.6 Vocabulary (w2) 50.07 0.219 6.0 49.71 0.232

Professional School Readiness (w2) 104.64 0.394 10.5 104.18 0.374
Intermediate 22.4 22.2 Child BMI (w2) 16.86 0.023 7.7 16.86 0.023
Routine/Manual 30.7 32.3 A e s R P
Parent(s) In Work (w1) 01 'w1” indicates measure was taken at approximately age 9 months. “w2” in-
Yes 78.0 78.0 dicates measure was taken at approximately age 3 years.

No 22.0 22.0 #Values are based on those with observed data for each characteristic and are

weighted for sampling and attrition.



M.J. Green et al.

bValues are based on average results from 25 imputed data sets and are weighted
for sampling and attrition.

Mediator (M)
Childcare
A
Expo_sure X 5| Outcomes
Education 7| See Table 1
Family Structure /r
Pre-exposure Post-exposure
Confounders (C) Confounders (L)
See Table 1 See Table 1

Fig. 1. Assumptions about causal direction in our analyses.

where the age 3 measures were assumed to be caused by childcare (and
therefore not adjusted).

2.5. Analysis for question 1: estimating childcare effects

We first estimated effects of six months’ exposure to centre and non-
centre-based pre-school childcare on all outcomes, using an inverse
probability weighting (IPW) procedure (described more fully in Sup-
plementary File 1) to adjust for all confounders and for parental edu-
cation and family structure. Estimates represent Average Treatment
Effects (ATEs) (Austin, 2011), i.e. the average effects of pre-school
childcare within the sample. Supplementary File 1 contains more de-
tails on calculation of the weights and shows that they balanced
observed confounders between childcare categories.

2.6. Analysis for questions 2 and 3: estimating impacts on inequalities

Total effects of parental education and family structure were esti-
mated using a similar IPW approach to adjust for pre-exposure con-
founders. Post-exposure confounders were not adjusted for here because
effects via these post-exposure variables were part of the total effect we
were trying to estimate. We again estimated ATEs, i.e. the average effect
of parental education or family structure within the sample. Supple-
mentary File 1 contains more details on calculation of the weights and
shows that they balanced observed pre-exposure confounders between
exposure categories.

Finally, we estimated controlled direct effects (CDEs) of each expo-
sure on all outcomes. The CDE represents the estimated effect of the
exposure under hypothetical intervention to set the mediator (childcare)
to the same value for everyone (VanderWeele, 2009). CDE estimation
explicitly allows for interaction between the exposure and mediator in
their effect on the outcome, such that the CDE can be moderated by the
level of childcare respondents are all set to receive. We estimated two
CDEs for each outcome. The first scenario set all respondents to receive
some centre-based childcare, representing potential impacts on in-
equalities if universal take-up were achieved. The second scenario, with
childcare set to parental care only for all respondents, approximates
what may have happened under lockdown restrictions. CDE estimates
were derived from inverse-probability weighted marginal structural
models (VanderWeele, 2009) and adjusted as above for pre-exposure
confounders. However, in contrast to traditional regression methods,
this allows adjustment for differences in post-exposure confounders that
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Table 2
Analysis variables.

Outcomes (allat  Exposure Mediator Pre-Exposure Post-Exposure
w2) X) o) Confounders Confounders (L)
©
Internalising Parental Childcare For Parental Child Sex (w1)
Symptoms Education Use Education: Family Structure
Externalising (wl) (ages Ethnicity w2)*
Symptoms Family 26-31 wl) Parent Mental
Prosocial Structure months) UK Country Health (w1-w2)*
Behaviour (wl) (wl) Poverty (wl-
Independence Mother’s age w2)?
Emotional at first live Baby in
Dysregulation birth (w1) Household (w2)”
Vocabulary For Family No. of Siblings
School Structure: w2)
Readiness Ethnicity Other Adults in
BMI (wl) Household (w2)”
UK Country NS-SEC (wl-
(wl) w2)*
Mother’s age In Work (w1-
at first live w2)*
birth (wl) Housing Tenure
Parental (wl-w2)
Education Prior Childcare
wl) Parent
(Limiting)
Longstanding

Illness (w1-w2)
Parent Drinking
(wl-w2)?
Parent Smoking
(wl-w2)?
Infant
Temperament
w1)
Parent-child
conflict (w2)"
Parent-child
warmth (w2)*
Parental
Involvement
(w2)*

Negative
discipline (w2)*
Home
disorganisation
(w2)*

Home routines
(w2)*

Home emotional
support (w2)*

Timing of measures is designated as ‘w1’ for the baseline measures taken at 9
months and ‘w2’ for measures taken at age 3.

# Denotes variables with ambiguity regarding the causal direction of the
relationship between the wave 2 (age 3) measure and childcare. Our main an-
alyses assume these variables influence childcare use and adjust for them. We
conducted sensitivity analyses where no adjustment was made for these wave 2
measures (i.e. assuming instead that childcare use influences these variables).

are not due to the exposure, without removing differences that are due to
the exposure (and therefore part of the desired effect). Thus, the path
from exposure (X) to the outcome via confounders (L) in Fig. 1 remains
open and is included in the CDE estimate. Supplementary File 1 contains
details on calculation and performance of these weights. While the
weights mostly balanced confounders as expected, there was some re-
sidual imbalance among lone parents, suggested that data were insuf-
ficient to fully disentangle differences in childcare use within this group
from differences in observed confounding factors (though confounders
were balanced among couple parents, i.e. the majority of the sample).
More traditional mediation methods also have known biases related to
exposure-mediator interaction (Richiardi et al., 2013), for example if
childcare were to have different effects in different exposure categories.
Our CDE estimates account for this, but rather than examining how
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childcare effects are moderated by the exposure, they focus on what we
are most interested in (Naimi et al., 2014; VanderWeele, 2009), namely,
how inequalities may be impacted by alterations to childcare access or
take-up.

3. Results
3.1. Sample description

Table 1 shows descriptive statistics for the sample, and compares the
observed and the imputed data, showing little difference in sample
characteristics between the two. Over the 6 months from 26-31 months
of age, 27.4% of the sample had used centre-based childcare, while
33.0% had used only non-centre-based childcare.

3.2. Estimating effects of childcare on child outcomes

Fig. 2 shows unadjusted and adjusted associations between centre
and non-centre-based childcare (as compared to parental care only) and
each outcome. Whilst many of the outcomes were associated with use of
childcare, the confounder-adjusted ATE estimates only indicated the
following clear differences: those using non-centre-based care had
higher vocabulary scores; and those using centre-based care had higher
school readiness scores.

3.3. Inequalities by parental education

Fig. 3 shows inequalities in child outcomes by parental education.
The confounder-adjusted ATE estimates imply that, in the observed
data, there are strong inequalities. Low parental education was associ-
ated with more externalising and internalising symptoms, less pro-social
behaviour and independence, more emotional dysregulation, and lower
vocabulary and school readiness. Child BMI was the only outcome for
which parental education did not show a clear effect.

Inequalities were substantially attenuated in CDE estimates after
simulating universal use of centre-based care while the child was aged
26-31 months (scenario 1). In scenario 2 (universal restriction to
parental care) inequalities were also attenuated although not to the
same extent as seen in the universal centre-based care scenario. Spe-
cifically, scenario 2 showed wider inequalities in externalising symp-
toms, emotional dysregulation and school readiness than in scenario 1.

3.4. Inequalities by family structure

Fig. 4 shows inequalities in child outcomes by baseline family
structure. Inequalities were smaller in magnitude than those associated
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with parental education, but there were still clear effects including more
externalising and internalising symptoms, more pro-social behaviour,
lower vocabulary and school readiness, and higher BMI among children
living in single parent households.

These inequalities were somewhat attenuated in scenario 1 (uni-
versal take-up of centre-based care), although clear inequalities in
internalising symptoms and school readiness remained. In contrast to
the analyses relating to parental education, universal restriction to
parental childcare (scenario 2) produced further attenuation of these
inequalities.

3.5. Sensitivity analyses

Supplementary File 2 repeats the main analyses with childcare
defined over periods of 3 and 12 instead of 6 months (respectively
covering ages 29-31 months and 20-31 months), and with a more
restricted set of post-exposure confounders included (as indicated in
Table 1). Findings were similar.

4. Discussion
4.1. Summary of findings

With observational data from this large and nationally representative
sample of UK children born at the turn of the century, we estimated that,
compared to parental care only between the ages of 26-31 months,
centre and non-centre-based childcare were associated with some im-
provements in school readiness and vocabulary respectively. This was
consistent with findings from natural experiment studies (van Huizen &
Plantenga, 2018), where the strongest evidence has been for effects on
cognitive/academic outcomes. While these average effects were rela-
tively minor, they may mask differential effects, and we estimated
considerable impacts of childcare on inequalities for a range of socio-
emotional, cognitive and physical outcomes. Compared to inequalities
in the observed data (in which one fifth of children attended
centre-based childcare and one third attended non-centre based care),
inequalities by parental education and family structure were consider-
ably attenuated in a scenario simulating universal use of centre-based
care. This indicates the potential impact of achieving universal
take-up of centre-based care at these ages. In a scenario simulating
universal restriction to only parental care (approximating covid-19
lockdown impacts) inequalities by parental education were also
reduced (as compared to the observed data) but remained considerably
larger than those in scenario 1 for externalising symptoms, emotional
dysregulation and school readiness. This suggests that children of less
educated parents may derive more benefit from centre-based care than

Effect Estimate
-5 Unadjusted: Non Centre-Based Care

- ATE: Non Centre-Based Care
E Unadjusted: Centre-Based Care
A ATE: Centre-Based Care

0 5
Standardised Mean Difference

Fig. 2. Estimated effects (and 95% confidence intervals) of centre and non-centre-based childcare on child outcomes compared to parental care only (from ages

26-31 months).
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Fig. 3. Inequalities (and 95% confidence intervals) in child outcomes by parental education (Low vs. High), in the observed data (ATE), scenario 1 (universal centre-

based care) and scenario 2 (parental care only).
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Fig. 4. Inequalities (and 95% confidence intervals) in child outcomes according to lone parenthood, in the observed data (ATE), scenario 1 (universal centre-based

care) and scenario 2 (parental care only).

those with more educated parents, as other studies have indicated
(Becker, 2011; Bradley & Vandell, 2007; Coté et al., 2013; Del Boca
et al., 2017; Melhuish et al., 2015; van Huizen & Plantenga, 2018). In-
equalities related to lone parenthood, while smaller, were actually
further attenuated in this second parental-care-only scenario, suggesting
that children born in couple parent families were deriving greater ben-
efits from centre-based care than those born in lone parent families.

4.2. Implications

Our findings suggest that policies extending access to centre-based
childcare for pre-school children may alleviate inequalities in chil-
dren’s socioemotional, cognitive and physical well-being. This may be
because centre-based care helps counter-act some of the child develop-
ment, family and peer relational mechanisms that account for these
inequalities (Massion et al., 2016; Pearce et al., 2016; Straatmann et al.,
2019). Measures (such as lockdowns) that restrict access to centre and
non-centre-based childcare in contexts where uptake was otherwise high
may exacerbate inequalities by parental education in some socioemo-
tional and cognitive outcomes. Re-establishing childcare access should
be an important goal amidst necessary pandemic mitigation measures.
The further attenuation of inequalities by family structure in the
parental care only scenario, likely represents removal of privilege
among advantaged groups rather than a levelling up of inequalities. This
may be because couple families have access to better quality childcare,
or because the stresses involved in utilising childcare (such as juggling

drop-off and pick-up times with work and other schedules, or arranging
wrap-around care) are greater among lone parents, meaning they derive
fewer benefits. Future research (qualitative and quantitative) is required
to explore these potential pathways and highlight how the needs of
children from different family structures can be better supported
through childcare services.

4.3. Limitations

Our findings are based on assumptions including those of no residual
confounding or reverse causation. Our estimates also only represent an
approximation of changes occurring in real life today. The UK expansion
of access to centre-based care since 2004 may mean that centre-based
care is currently very different in terms of structure, quality and acces-
sibility today than it was when the MCS children were of a preschool
age. Furthermore, universal take-up does not necessarily ensure the
same quality or frequency of childcare to all families equally, and there
is evidence, for example, that more hours in childcare can lead to
stronger effects (Barnes & Melhuish, 2017; van Huizen & Plantenga,
2018) and that children from disadvantaged families may actually
experience better quality of care (Mathers et al., 2007). There might also
have been unmeasured inequalities in the quality of parental care: more
advantaged parents may have access to better resources such as books,
educational games, more indoor and outdoor space, and may feel more
confident or capable in using such resources. Nevertheless, because our
analyses included interactions between inequality exposures and
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childcare effects, they explicitly recognise that childcare experiences
may differ by parental education or family structure, and allow for
childcare having differing effects in these different groups.

In the context of the covid19 pandemic, which this work may inform,
lockdown restrictions on childcare have not been completely universal,
with some access maintained for those designated as key-workers.
Furthermore, forced parental care during lockdown is not necessarily
equivalent in its effect to parental care by choice or circumstance at
other times and there may be inequalities in how parental care is
experienced during a pandemic. While many ECECs and schools have
taken concerted steps to provide materials to support parents and chil-
dren, the extent to which providers have been able to do this has varied
and favoured those in more advantaged circumstances (Andrew et al.,
20205 Eivers et al., 2020; Lucas et al., 2020). Outcomes in our analyses
were measured at approximately age 3 and it remains unclear how much
any effects or any impacts on inequalities will persist as children
continue to develop. There is some evidence that childcare effects can
persist into later childhood, for example, childcare has been shown to be
associated with reduced socioeconomic inequalities in teenage aggres-
sion (Orri et al., 2019). Moreover, we have focused on one mechanism
(childcare access), while there are a range of mechanisms related to
pandemic mitigation measures which could affect children (Douglas
et al., 2020). Natural experiment or time-series studies are needed to
investigate the total effect of all social mitigation mechanisms on the
well-being of pre-school children, including any mid to long-term effects
of experiencing social mitigation at such a crucial point in the life
course.

4.4. Conclusions

Findings suggested average effects of centre and non-centre-based
care are relatively minor, but benefits vary among socio-demographic
groups. Universal take-up of centre-based childcare before age 3 may
reduce socioeconomic inequalities in children’s socioemotional, cogni-
tive and physical well-being. Where take-up has already been high, re-
strictions on childcare access may exacerbate inequalities by parental
education in externalising symptoms, emotional dysregulation and
school readiness, although inequalities between children of lone and
couple parent families may further reduce (with children from couple
parent families deriving more benefit from centre-based care). More
research is needed to understand how the effects of childcare fit into
those of wider contextual changes (including the covid-19 pandemic),
and how to better support children from lone parent families through
childcare services.

Funding

This work was supported by the UK Medical Research Council
(MC_UU_00022/2, MC_UU_00022/3) and the Scottish Government Chief
Scientist Office (SPHSU11, SPHSU13). Anna Pearce was additionally
supported by the Wellcome Trust (205412/Z/16/Z) and S Vittal Kati-
kireddi had support from a National Health Service Research Scotland
Senior Clinical Fellowship (SCAF/15/02).

Data/code availability

Data are available from the UK Data Service: https://beta.ukdatase
rvice.ac.uk/datacatalogue/series/series?id=2000031.

Analytical code can be made available upon request.

Ethical statement

Each wave of the Millennium Cohort Study has had ethical approval
from a National Health Service Research Ethics Committee.

SSM - Population Health 14 (2021) 100776

Credit author statement

Michael Green: Conceptualization, Methodology, Formal Analysis,
Data Curation, Writing — Original Draft, Review & Editing, Visualiza-
tion. Anna Pearce: Conceptualization, Methodology, Writing — Original
Draft, Review & Editing. Alison Parkes: Methodology, Writing — Re-
view & Editing. Elaine Robertson: Writing — Review & Editing. S Vittal
Katikireddi: Conceptualization, Methodology, Writing — Review &
Editing.

Declaration of competing interest

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ssmph.2021.100776.

References

Akhtar, P., Malik, J. A., & Begeer, S. (2017). The grandparents’ influence: Parenting
styles and social competence among children of joint families. Journal of Child and
Family Studies, 26, 603-611.

Alberdi, G., McNamara, A. E., Lindsay, K. L., Scully, H. A., Horan, M. H., Gibney, E. R.,
et al. (2016). The association between childcare and risk of childhood overweight
and obesity in children aged 5 years and under: A systematic review. European
Journal of Pediatrics, 175, 1277-1294.

Andrew, A., Cattan, S., Costa-Dias, M., Farquharson, C., Kraftman, L., Krutikova, S., et al.
(2020). Learning during the lockdown: Real-time data on children’s experiences during
home learning (IFS briefing note BN288). London: The Institute for Fiscal Studies.

An, R., Xiang, X., Xu, N., & Shen, J. (2020). Influence of grandparental child care on
childhood obesity: A systematic review and meta-analysis. Childhood Obesity, 16,
141-153.

Armitage, R., & Nellums, L. B. (2020). Considering inequalities in the school closure
response to COVID-19. The Lancet Global Health, 8, e644.

Attar-Schwartz, S., Tan, J.-P., Buchanan, A., Flouri, E., & Griggs, J. (2009).
Grandparenting and adolescent adjustment in two-parent biological, lone-parent,
and step-families. Journal of Family Psychology, 23, 67-75.

Augustine, J. M., Crosnoe, R. L., & Gordon, R. (2013). Early child care and illness among
preschoolers. Journal of Health and Social Behavior, 54, 315-334.

Austin, P. C. (2011). An introduction to propensity score methods for reducing the effects
of confounding in observational studies. Multivariate Behavioral Research, 46,
399-424.

Bambra, C., Smith, K. E., Garthwaite, K., Joyce, K. E., & Hunter, D. J. (2011). A labour of
sisyphus? Public policy and health inequalities research from the Black and acheson
reports to the marmot review. Journal of Epidemiology & Community Health, 65,
399-406.

Barnes, J., & Melhuish, E. C. (2017). Amount and timing of group-based childcare from
birth and cognitive development at 51 months: A UK study. International Journal of
Behavioral Development, 41, 360-370.

Barnett, M. A., Scaramella, L. V., Neppl, T. K., Ontai, L. L., & Conger, R. D. (2010).
Grandmother involvement as a protective factor for early childhood social
adjustment. Journal of Family Psychology : JFP : journal of the Division of Family
Psychology of the American Psychological Association, 24, 635-645 (Division 43).

Becker, B. (2011). Social disparities in children’s vocabulary in early childhood. Does
pre-school education help to close the gap? British Journal of Sociology, 62, 69-88.

Belsky, J. (1984). The determinants of parenting: A process model. Child Development, 55,
83-96.

Benjamin Neelon, S. E., Schmidt Morgen, C., Kamper-Jgrgensen, M., Oken, E.,

Gillman, M. W., Gallis, J. A., et al. (2018). Childcare before age 6 and body mass
index at age 7 years in a cohort of Danish children. Pediatric Obesity, 13, 307-311.

Black, L., Matvienko-Sikar, K., & Kearney, P. M. (2017). The association between
childcare arrangements and risk of overweight and obesity in childhood: A
systematic review. Obesity Reviews, 18, 1170-1190.

Bracken, B. (1998). Bracken basic concept scale revised: Examiner’s manual. London: The
Psychological Corporation.

Bradley, R. H., & Corwyn, R. F. (2002). Socioeconomic status and child development.
Annual Review of Psychology, 53, 371-399.

Bradley, R. H., & Vandell, D. L. (2007). Child care and the well-being of children.
Archives of Pediatrics and Adolescent Medicine, 161, 669-676.

Brooks, S. K., Webster, R. K., Smith, L. E., Woodland, L., Wessely, S., Greenberg, N., et al.
(2020). The psychological impact of quarantine and how to reduce it: Rapid review
of the evidence. The Lancet, 395, 912-920.

Caldwell, B., & Bradley, R. (1984). Home observation for measurement of the environment.
Little Rock: University of Arkansas.

Center on the Developing Child at Harvard University. (2010). The foundations of lifelong
health are built in early childhood. Harvard University: Center on the Developing
Child.


https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000031
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000031
https://doi.org/10.1016/j.ssmph.2021.100776
https://doi.org/10.1016/j.ssmph.2021.100776
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref1
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref1
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref1
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref2
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref2
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref2
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref2
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref3
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref3
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref3
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref4
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref4
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref4
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref5
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref5
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref6
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref6
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref6
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref7
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref7
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref8
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref8
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref8
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref9
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref9
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref9
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref9
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref10
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref10
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref10
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref11
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref11
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref11
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref11
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref12
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref12
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref13
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref13
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref14
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref14
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref14
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref15
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref15
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref15
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref16
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref16
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref17
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref17
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref18
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref18
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref19
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref19
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref19
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref20
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref20
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref21
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref21
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref21

M.J. Green et al.

Centre for Longitudinal Studies. (2014). Millennium cohort study: A guide to the datasets
(8th ed.). London: Centre for Longitudinal Studies, Institute of Education, University
of London. first, second, third, fourth and fifth surveys.

Chambers, S. A., Rowa-Dewar, N., Radley, A., & Dobbie, F. (2017). A systematic review
of grandparents’ influence on grandchildren’s cancer risk factors. PloS One, 12,
Article e0185420.

Connelly, R. (2013). Millennium cohort study data note 2013/1: Interpreting test scores.
London: Centre for Longitudinal Studies, Institute of Education, University of
London.

Cooper, K., & Stewart, K. (2017). Does money affect children’s outcomes? An update.
London: London School of Economics and Political Science. CASE paper 203.

Costa, S., Benjamin-Neelon, S. E., Winpenny, E., Phillips, V., & Adams, J. (2019).
Relationship between early childhood non-parental childcare and diet, physical
activity, sedentary behaviour, and sleep: A systematic review of longitudinal studies.
International Journal of Environmental Research and Public Health, 16, 4652.

Coté, S. M., Petitclerc, A., Doyle, O., & Timmins, L. (2013). Child care in infancy and
cognitive performance until middle childhood in the Millennium cohort study. Child
Development, 84, 1191-1208.

Croft, S., Stride, C., Maughan, B., & Rowe, R. (2015). Validity of the strengths and
difficulties questionnaire in preschool-aged children. Pediatrics, 135, e1210-1219.

D’Onise, K., Lynch, J. W., Sawyer, M. G., & McDermott, R. A. (2010). Can preschool
improve child health outcomes? A systematic review. Social Science & Medicine, 70,
1423-1440.

Del Boca, D., Piazzalunga, D., & Pronzato, C. (2017). Early childcare, child cognitive
outcomes, and inequalities in the United Kingdom. In H.-P. Blossfeld, N. Kulic,

J. Skopek, & M. Triventi (Eds.), Childcare, early education and social inequality. An
international perspective (pp. 215-230). Cheltenham, UK: Edward Elgar Publishing.

Del Boca, D., Piazzalunga, D., & Pronzato, C. (2018). The role of grandparenting in early
childcare and child outcomes. Review of Economics of the Household, 16, 477-512.

Douglas, M., Katikireddi, S. V., Taulbut, M., McKee, M., & McCartney, G. (2020).
Mitigating the wider health effects of covid-19 pandemic response. BMJ, 369,
m1557.

Eivers, E., Worth, J., & Ghosh, A. (2020). Home Learning During Covid-19: Findings from
the Understanding Society Longitudinal Study. Slough: NFER. https://www.nfer.ac.
uk/home-learning-during-covid-19-findings-from-the-understanding-society-longit
udinal-study/.

Elliott, C., Smith, P., & McCulloch, K. (1996). In British ability scales (2nd ed.). (BAS II):
Administration and Scoring Manual. London: Nelson.

Gomajee, R., El-Khoury, F., Coté, S., van der Waerden, J., Pryor, L., & Melchior, M.
(2018). Early childcare type predicts children’s emotional and behavioural
trajectories into middle childhood. Data from the EDEN mother—child cohort study.
Journal of Epidemiology & Community Health, 72, 1033-1043.

Goodman, R. (1997). The strengths and difficulties questionnaire: A research note.
Journal of Child Psychology and Psychiatry, 38, 581-586.

Goodman, A., Lamping, D. L., & Ploubidis, G. B. (2010). When to use broader
internalising and externalising subscales instead of the hypothesised five subscales
on the strengths and difficulties questionnaire (SDQ): Data from British parents,
teachers and children. Journal of Abnormal Child Psychology, 38, 1179-1191.

Heckman, J. J. (2006). Skill formation and the economics of investing in disadvantaged
children. Science, 312, 1900-1902.

van Huizen, T., & Plantenga, J. (2018). Do children benefit from universal early
childhood education and care? A meta-analysis of evidence from natural
experiments. Economics of Education Review, 66, 206-222.

Johnson, J., Atkinson, M., & Rosenberg, R. (2015). Millenium cohort study: Psychological,
developmental and health inventories. London: Centre for Longitudinal Studies,
Institute of Education, University of London.

Kelly, Y., Sacker, A., Del Bono, E., Francesconi, M., & Marmot, M. (2011). What role for
the home learning environment and parenting in reducing the socioeconomic
gradient in child development? Findings from the Millennium cohort study. Archives
of Disease in Childhood, 96, 832-837.

Kessler, R. C., Barker, P. R., Colpe, L. J., Epstein, J. F., Gfroerer, J. C., Hiripi, E., et al.
(2003). Screening for serious mental illness in the general population. Archives of
General Psychiatry, 60, 184-189.

Lucas, M., Nelson, J., & Sims, D. (2020). Schools’ Responses to Covid-19: Pupil Engagement
in Remote Learning. Slough: NFER. https://www.nfer.ac.uk/schools-responses-to-
covid-19-pupil-engagement-in-remote-learning/.

Massion, S., Wickham, S., Pearce, A., Barr, B., Law, C., & Taylor-Robinson, D. (2016).
Exploring the impact of early life factors on inequalities in risk of overweight in UK
children: Findings from the UK Millennium cohort study. Archives of Disease in
Childhood, 101, 724-730.

SSM - Population Health 14 (2021) 100776

Matheny, A. P., Wachs, T. D., Ludwig, J. L., & Phillips, K. (1995). Bringing order out of
chaos: Psychometric characteristics of the confusion, hubbub, and order scale.
Journal of Applied Developmental Psychology, 16, 429-444.

Mathers, S., Sylva, K., Joshi, H., Hansen, K., Plewis, I., Johnson, J., et al. (2007). Quality
of childcare settings in the Millennium cohort study. Research report SSU/2007/FR/025.
United Kingdom: Her Majesty’s Stationary Office.

Mazarello Paes, V., Ong, K. K., & Lakshman, R. (2015). Factors influencing obesogenic
dietary intake in young children (0-6years): Systematic review of qualitative
evidence. BMJ Open, 5, €007396. e007396.

McDonnell, T., & Doyle, O. (2019). Maternal employment and childcare during infancy
and childhood overweight. Social Science & Medicine, 243, 112639.

Melhuish, E., Ereky-Stevens, K., Petrogiannis, K., Ariescu, A., Penderi, E., Rentzou, K.,
et al. (2015). D4.1: A review of research on the effects of early childhood education and
care (ECEC) upon child development. Curriculum Quality Analysis and Impact Review
of European Early Childhood Education and Care (ECEC). CARE project.

Naimi, A. L., Kaufman, J. S., & MacLehose, R. F. (2014). Mediation misgivings:
Ambiguous clinical and public health interpretations of natural direct and indirect
effects. International Journal of Epidemiology, 43, 1656-1661.

Office for National Statistics. (2020). Education provision: children under 5 years of age.
https://explore-education-statistics.service.gov.uk/find-statistics/education
-provision-children-under-5#releaseHeadlines-tables.

Orri, M., Tremblay, R. E., Japel, C., Boivin, M., Vitaro, F., Losier, T., et al. (2019). Early
childhood child care and disruptive behavior problems during adolescence: A 17-
year population-based propensity score study. Journal of Child Psychology and
Psychiatry, 60, 1174-1182.

Paquin, C., Castellanos-Ryan, N., Vitaro, F., Coté, S. M., Tremblay, R. E., Séguin, J. R.,
et al. (2019). Maternal depression symptoms, child behavior problems, and their
transactional relations: Probing the role of formal childcare. Development and
Psychopathology, 1-14.

Pearce, A., Dundas, R., Whitehead, M., & Taylor-Robinson, D. (2019). Pathways to
inequalities in child health. Archives of Disease in Childhood, 104, 998-1003.

Pearce, A., Li, L., Abbas, J., Ferguson, B., Graham, H., Law, C., et al. (2010). Is childcare
associated with the risk of overweight and obesity in the early years? Findings from
the UK Millennium cohort study. International Journal of Obesity, 34, 1160-1168.

Pearce, A., Sawyer, A. C. P., Chittleborough, C. R., Mittinty, M. N., Law, C., &

Lynch, J. W. (2016). Do early life cognitive ability and self-regulation skills explain
socio-economic inequalities in academic achievement? An effect decomposition
analysis in UK and Australian cohorts. Social Science & Medicine, 165, 108-118.

Pianta, R. (1992). Child-parent relationship scale. Charlottesville, VA: University of
Virginia.

Pillas, D., Marmot, M., Naicker, K., Goldblatt, P., Morrison, J., & Pikhart, H. (2014).
Social inequalities in early childhood health and development: A European-wide
systematic review. Pediatric Research, 76, 418-424.

Richiardi, L., Bellocco, R., & Zugna, D. (2013). Mediation analysis in epidemiology:
Methods, interpretation and bias. International Journal of Epidemiology, 42,
1511-1519.

Rutter, M., Tizard, J., & Whitmore, K. (1970). Education, health and behaviour. London:
Longmans.

Scottish Government. (2019). Summary statistics for schools in Scotland: 10 dec 2019.
Edinburgh, UK: A National Statistics Publication for Scotland.

Silverstein, M., & Ruiz, S. (2006). Breaking the chain: How grandparents moderate the
transmission of maternal depression to their grandchildren. Family Relations: An
Interdisciplinary Journal of Applied Family Studies, 55, 601-612.

Straatmann, V. S., Lai, E., Lange, T., Campbell, M. C., Wickham, S., Andersen, A.-M. N.,
et al. (2019). How do early-life factors explain social inequalities in adolescent
mental health? Findings from the UK Millennium cohort study. Journal of
Epidemiology & Community Health, 73, 1049-1060.

Straus, M., & Hamby, S. (1997). Measuring physical and psychological maltreatment of
children with the conflict tactics scale. In G. Kaufman-Kantor, & J. Jasinski (Eds.),
Out of the darkness: Contemporary perspectives on family violence. Thousand Oaks, CA:
Sage.

Swyden, K., Sisson, S. B., Lora, K., Castle, S., & Copeland, K. A. (2017). Association of
childcare arrangement with overweight and obesity in preschool-aged children: A
narrative review of literature. International Journal of Obesity, 41, 1-12.

Van Lancker, W., & Parolin, Z. (2020). COVID-19, school closures, and child poverty: A
social crisis in the making. The Lancet Public Health, 5, e243-e244.

VanderWeele, T. J. (2009). Marginal structural models for the estimation of direct and
indirect effects. Epidemiology, 20, 18-26.

Vidmar, S. L., Cole, T. J., & Pan, H. (2013). Standardizing anthropometric measures in
children and adolescents with functions for egen: Update. STATA Journal, 13,
366-378.


http://refhub.elsevier.com/S2352-8273(21)00051-3/sref22
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref22
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref22
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref23
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref23
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref23
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref24
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref24
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref24
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref25
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref25
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref26
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref26
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref26
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref26
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref27
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref27
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref27
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref28
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref28
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref29
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref29
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref29
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref30
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref30
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref30
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref30
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref31
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref31
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref32
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref32
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref32
https://www.nfer.ac.uk/home-learning-during-covid-19-findings-from-the-understanding-society-longitudinal-study/
https://www.nfer.ac.uk/home-learning-during-covid-19-findings-from-the-understanding-society-longitudinal-study/
https://www.nfer.ac.uk/home-learning-during-covid-19-findings-from-the-understanding-society-longitudinal-study/
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref34
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref34
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref35
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref35
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref35
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref35
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref36
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref36
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref37
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref37
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref37
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref37
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref38
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref38
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref39
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref39
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref39
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref40
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref40
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref40
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref41
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref41
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref41
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref41
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref42
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref42
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref42
https://www.nfer.ac.uk/schools-responses-to-covid-19-pupil-engagement-in-remote-learning/
https://www.nfer.ac.uk/schools-responses-to-covid-19-pupil-engagement-in-remote-learning/
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref44
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref44
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref44
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref44
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref45
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref45
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref45
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref46
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref46
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref46
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref47
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref47
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref47
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref48
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref48
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref49
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref49
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref49
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref49
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref50
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref50
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref50
https://explore-education-statistics.service.gov.uk/find-statistics/education-provision-children-under-5#releaseHeadlines-tables
https://explore-education-statistics.service.gov.uk/find-statistics/education-provision-children-under-5#releaseHeadlines-tables
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref52
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref52
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref52
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref52
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref53
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref53
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref53
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref53
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref54
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref54
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref55
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref55
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref55
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref56
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref56
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref56
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref56
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref57
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref57
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref58
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref58
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref58
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref59
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref59
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref59
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref60
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref60
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref61
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref61
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref62
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref62
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref62
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref63
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref63
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref63
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref63
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref64
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref64
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref64
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref64
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref65
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref65
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref65
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref66
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref66
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref67
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref67
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref68
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref68
http://refhub.elsevier.com/S2352-8273(21)00051-3/sref68

	Pre-school childcare and inequalities in child development
	1 Introduction
	2 Methods
	2.1 Data
	2.2 Measures
	2.2.1 Parental education and family structure (primary exposures)
	2.2.2 Pre-school childcare (mediator)
	2.2.3 Socio-emotional wellbeing, cognitive development and body mass index (child outcomes)
	2.2.4 Confounders

	2.3 Analytic sample
	2.4 Approach to confounding
	2.5 Analysis for question 1: estimating childcare effects
	2.6 Analysis for questions 2 and 3: estimating impacts on inequalities

	3 Results
	3.1 Sample description
	3.2 Estimating effects of childcare on child outcomes
	3.3 Inequalities by parental education
	3.4 Inequalities by family structure
	3.5 Sensitivity analyses

	4 Discussion
	4.1 Summary of findings
	4.2 Implications
	4.3 Limitations

	4.4 Conclusions
	Funding
	Data/code availability
	Ethical statement
	Credit author statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


