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Abstract

Background: Addressing socioeconomic inequalities in early child development (ECD) is key to reducing the inter-
generational transmission of health inequalities. Yet, little is known about how socioeconomic inequalities in ECD
develop over the course of childhood. Our study aimed to describe how inequalities in ECD by maternal education
develop from infancy to middle childhood.

Methods: We used data from Generation R, a prospective population-based cohort study in The Netherlands.
Language skills were measured at ages 1, 1.5, 2, 3, and 4 years, using the Minnesota Child Development Inventory.
Socioemotional (i.e. internalizing and externalizing) problems were measured at ages 1.5, 3, 5 and 9years using the
Child Behavior Checklist. We estimated inequalities in language skills and socioemotional problems across the above-
mentioned ages, using linear mixed models with standardized scores at each wave. We used maternal education as
indicator of socioeconomic position.

Results: Children of less educated mothers had more reported internalizing (8=0.72, 95%CI=0.51;0.95) and
externalizing (B=0.25, 95%CI =0.10;0.40) problems at age 1.5 years, but better (caregiver reported) language skills at
Tyear (B=0.50, 95%Cl =0.36;0.64) than children of high educated mothers. Inequalities in internalizing and external-
izing problems decreased over time. Inequalities in language scores reversed at age 2, and by the time children were
4years old, children of less educated mothers had substantially lower language skills than children of high educated
mothers (B=-0.38, 95%Cl=-0.61;-0.15).

Conclusions: Trajectories of socioeconomic inequality in ECD differ by developmental domain: whereas inequalities
in socioemotional development decreased over time, inequalities increased for language development. Children of
less educated mothers are at a language disadvantage even before entering primary education, providing further
evidence that early interventions are needed.
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Background

Healthy early child development (ECD) lays a critical
foundation for health and wellbeing throughout the life-
course [1]. Socioemotional and cognitive development
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influence school success, adult mental and physical
health, and adult socioeconomic position (SEP) [1-4].
The circumstances in which children grow up, including
the home learning environment, the quality of stimula-
tion and the psychosocial home environment, strongly
influence child development [5]. Substantial socioeco-
nomic inequalities in the home learning and psycho-
social environment have been observed [6, 7]. These
may translate into socioeconomic inequalities in ECD,
which -in turn- may contribute to inequalities in lifelong
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socioeconomic and health outcomes [4] and to the trans-
mission of social and health (dis) advantages across
generations.

While early child health and development has received
considerable interest in recent years, most attention has
gone to physical child health, rather than to socioemo-
tional and language-cognitive development [3]. Further-
more, socioeconomic inequalities in these developmental
domains are often not quantified, hampering our under-
standing of the magnitude of the problem. Finally, very
little is known about how socioeconomic inequalities in
ECD develop throughout childhood, as most ECD ine-
quality studies that have been conducted are cross-sec-
tional in nature [8—15], with only a few exceptions using
longitudinal analyses [16].

Understanding how  socioeconomic inequalities
develop as children age, is important, given the conse-
quences they have for inequalities in life course trajec-
tories in health and wellbeing [2]. To aid more effective
policy making, a better understanding is needed about
the ages at which socioeconomic inequalities in ECD
emerge, increase and/or decrease, or persist. Inequali-
ties in child development by maternal education are of
particular interest, given the potentially important role
of maternal education in the home learning and psycho-
social environment and its influence on childhood cogni-
tive development [6, 17, 18].

Our study aims to describe trajectories of inequality
in cognitive and socioemotional child development by
maternal education using longitudinal data from Genera-
tion R, a population-based prospective cohort study.

Methods

Study population

We used data from the Generation R Study, a prospective
cohort in Rotterdam, the Netherlands. The Generation R
Study follows children from fetal life to adolescence [19].
During the inclusion period, all pregnant women resid-
ing in Rotterdam with an expected delivery date between
April 2002 and January 2006 were invited to partici-
pate. Approximately 61% (n=9778) of women agreed
to this. These women gave birth to 9749 live-born chil-
dren, of whom 7893 children were available for postna-
tal follow-up. For our analyses, children were included
if information was available on maternal education and
if information was available on at least the baseline and
one subsequent assessment of any of the developmental
outcomes.

Measures

Language development was measured using the sub-
scale ‘language development’ of the Minnesota Child
Development Inventory (MCDI) [20]. This subscale
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was assessed at ages 1, 1.5, 2, 3, and 4 years old. At each
assessment, the main caregiver was asked to indicate
(answering either ‘yes’ or ‘no’) which words or sen-
tences their child was able to say or understand. Fol-
lowing the scoring method of the scale, if three items
in a row were answered with ‘no; all later items were
coded to ‘no’ too [20]. The sum of the total amount of
‘yes’ responses was obtained The sum scores were con-
verted to standardized scores for each wave, i.e. using
the sample mean and sample standard deviation at each
wave. Standardization was done separately for boys and
girls.

Socioemotional development was measured using the
Child Behavior Checklist (CBCL) [21]. This question-
naire was filled in by the main caregiver when children
were 1.5, 3, 5 and 9years old. The CBCL is classified
into two broadband subscales, one for internalizing
(emotional) problems and one for externalizing (behav-
ioral) problems. At each wave, the sum of each subscale
was calculated. At ages 1.5 to 5years, the pre-school
form (CBCL/1%-5), consisting of 99 problem items, was
used. At 9vyears, the school form (CBCL/6-18), consist-
ing of 112 problem items, was used. The main caregiver
(usually the mother) was asked to rate all problem
items on a three-point scale: 0 (not true), 1 (somewhat
or sometimes true), and 2 (very true or often true). The
sum scores of each of the subscales were converted to
standardized scores at each wave, separately for each
sex.

As per our research protocol, we also explored the
possibility of describing inequalities in trajectories of
motor development, measured using the MCDI. Unfor-
tunately, the scale to assess gross motor skills at age
4 years old in Generation R consisted of only two items.
This caused both a ceiling effect and low variance of
the scores. Also at age 18 months, there appeared to
be a ceiling effect. This hampered the usability of this
outcome to answer our research question. Findings
for motor development are reported in the appendix
(Additional file 1: Table S1).

Maternal education was assessed by questionnaire dur-
ing pregnancy. If educational attainment either changed
throughout the subsequent years, or was missing dur-
ing pregnancy, the highest reported level at subsequent
waves was used for the analyses. Following the definition
of Statistics Netherlands [22], educational attainment
was categorized and coded as either low (primary school;
lower vocational training, intermediate general school;
3years general secondary school), middle (>3years gen-
eral secondary school; intermediate vocational training;
1st year of higher vocational training), or high (higher
vocational training; bachelor degree; higher academic
education; PhD).
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Statistical analyses

To estimate inequalities in ECD at each wave, and
changes in these inequalities across waves, we used linear
mixed models with maximum likelihood estimation, with
a dummy for each wave, and random intercept to account
for repeated observations within children [23, 24]. Exact
age at each wave was added as a time-variant covariate in
the analyses. We estimated and visualized the trajectories
by SEP and sex using the following full factorial model:

Y= B0 + BSEP + B\X/ave + BSex + BActualAge + BSEP * Wave + BS
EP x Sex + B\X/ave* Sex + BSEP*\X/ave*Sex + Ui

The model was estimated for each outcome separately.
The model gives the difference in standardized scores of
the outcome between low and high SEP at each wave,
and changes in these SEP differences across waves. It also
allowed us to test whether there are any sex differences
in the magnitude of inequality in the outcome. Because
outcomes are standardized separately for boys and girls,
no conclusions can be drawn about sex differences in the
outcome itself, only about sex differences in inequality in
the outcome — the focus of our study.

To account for selective dropout, sample weights were
used in the above analyses by estimating the inverse
probability weights from a logistic model of the probabil-
ity of remaining in the study sample after completing the
baseline measurement [25]. Maternal education, house-
hold income (continuous variable), ethnicity (migra-
tion background yes/no), maternal age at enrollment (in
years), marital status during pregnancy (categories: mar-
ried, living together, no partner), mental health prob-
lems during pregnancy (yes/no), child’s sex, and score of
the developmental outcome of interest at baseline, were
used as predictors in this logistic regression model. Sam-
ple weights were calculated separately for each outcome
because of (small) differences in sample size.

Results

For language development, data for analyses were avail-
able for 4672 children, and for internalizing and external-
izing problems for 4795 children (Table 1). About 10% of
children had a mother with low educational attainment,
27% had a mother with middle level educational attain-
ment, and 64% had a mother with a high educational
attainment.

Language skills

At age lyear old, girls of less educated mothers had a
0.50 (95%CI: 0.36;0.64) standard deviation higher score
on reported language skills than girls of high educated
mothers (Table 2, Fig. 1). Similar inequalities in lan-
guage scores were observed for boys. Half a year later, the
reported advantage of children of less educated mothers
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Table 1 Description of the each

developmental domain

study sample for

Language skills®
n (% of total)

Internalizing and
externalizing
problems®

n (% of total)

N 4672 4795

high SEP 2969 (63.5%) 3070 (64%)
middle SEP 1243 (26.6%) 1275 (26.6%)
low SEP 460 (9.8%) 450 (9.4%)
Girls 2359 (50.5%) 2422 (50.5%)
2 Assessed with MCDI

b Assessed with CBCL

had disappeared, and from age 2 years onwards, chil-
dren of less educated mothers had lower language scores
than their peers of high educated mothers. At age 4 years
old, girls of less educated mothers scored 0.38 standard
deviation lower (95%CI: —0.61;-0.15) on language skills
than their peers of high educated mothers (middle vs.
high education: -0.22, 95%CI%: —0.32;-0.11) (p-value for
change in inequality between ages 1 and 4-years: <0.001).
Again, findings were similar for boys (low vs. high educa-
tion at age 4years: -0.26, 95%CI: — 0.45;-0.07, p-value for
change in inequality between ages 1 and 4 years: <0.001).

Socioemotional development - internalizing problems
Already at age 1.5years old, inequalities in internalizing
problems were present, for both boys and girls (Table 3,
Fig. 1). Girls of less educated mothers had on average a
0.72 (95%CI: 0.51;0.95) standard deviation higher score
on internalizing problems than girls of high educated
mothers (middle education vs. high education: 0.22,
95%CI 0.13;0.32). Boys of less educated mothers had a
0.55 (95%CI: 0.36;0.75) standard deviation higher score
than boys of high educated mothers (middle education
vs. high education: 0.30, 95%CI: 0.20;0.40). Inequalities
in internalizing problem behavior decreased with age
(p-value for difference between ages 1.5 and 9years, for
girls: <0.001, for boys: 0.002). At age 9years old, girls
of less educated mothers had a 0.26 (95%CI: 0.04;0.47)
standard deviation higher score on internalizing problem
behavior than girls of high educated mothers, whereas
inequalities between girls of middle and high educated
mothers had disappeared. For boys at this age, no differ-
ences were observed between educational groups.

Socioemotional development - externalizing problems

Also for externalizing problems, inequalities were
already present at age l.5years old (Table 3, Fig. 1),
with girls of less educated mothers scoring 0.25 stand-
ard deviation higher (95%CI: 0.10;0.40) than those of
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a. Language skills
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Fig. 1 Developmental trajectories by socioeconomic position. a Language skills. b Internalizing problem behavior. ¢ Externalizing problem

high educated mothers (middle vs. high education: 0.14,
95%CI: 0.05;0.24). These inequalities were of similar mag-
nitude for boys. Inequalities in externalizing problems

remained present until 5years of age, after which they
declined (p-value for difference between ages 1.5 and
9years, for girls: 0.014, for boys: 0.133). At age 9years,



Page 6 of 10

(2022) 21:79

Houweling et al. International Journal for Equity in Health

abe 283 404 'DW01N0 Y1 Ul Aljenbaul J1WOU030150s Jo dpniubew ay) Ul s|IB pue SA0g UsaMIDC DURIRYIP 33 SIAID SIY] ()

uoeINPa YbIY B YUM SISYI0W JO UIP|IYD JO 1eY) Uey) Jaybiy UoieiAsp piepuels §'0 SI UOIEINPS MO| 1M SI9U10W JO UBIP|IYD JO JolAeyaq waqold ‘abe siy 1e eyl

sueaw s1eak ¢ abe 1e 435 MO| 40} G0 JO g  ‘3|dWexa 404 *SUOIIBIASP PIRPUE]S JO I2GUINU Ul Passa1dxa aJe 3dua1ayid *9be Yyoea 1e sdnoih JIWoU0d3010s U3IMIS] JoIARYS] W|qold Ul 3dUIa1p Y3 AID Se1aq 3y |:230N

8.5 (00'CC0—) 600 a4 (6£0910—) LLO SLL (020:9C0—) €00— 6LC (6£0'LL0-) Y10 9Cg (¥T0'61°0—) 200 d3s Mo
[L6 (FL0o'€L’'0—) C000— L[0T (FT0'S00—-)600 Giad (610'800—) SO0 Vadn ¥ 0'v00—) 0L'0 891 (€T0O¥00—) 600 d3S SIPPIN
94 194 EEK 1od d3S ybIH

(x) SA0G-s1116 22UBIAYIT
el (SO0 L0—) 8L0— Lre (6C0:010—)0L0 S00° (L€0:L00) TTO 100> (£S0'1T0) 6€0 100’ (€¥0'TL'0) L0 d3S Mo
6C0 (L0'0-ST0—) €1°0— 610 (120000 0L°0 100> (ceoclo)zeo 100> (LE0'LL0) LTO 100> (E€°0%1°0) T 0 d3S SIPPIN
12y 42y d3S UbiH

shog
1450 (S00-8%°0—) 9T — 798’ (8L°0°1T0—) C00— 00 (¢¥'0:80°0) SC0 900° (€¥'0:£00) STO 100 (070'0L°0) ST0 dIs Mo
9cO (9L0-SC0—-) €l — 08 (11'0600—) LOO 10O (9C0:200)91L°0 100 (9T0:£00) 910 €00 ¥T0's00) 10 d3S SIPPIW
194 ESk] 94 1od EEK| d3S ybIH

SHID

Joineyaq wajqoud buizijeusaixy

96' (0¥'0:8€'0—) LOO ¥8C (PL'0'/¥F0—) L10— 69 (0€'0:070—) SO0 6L6 (67°0:8C0—) €000 v (CloLv0—) L10— dIS Mo
g (91'0:0C0—) C00— 98y (lZ0010—) 90 el (S0 €00—) LLO \7A%4 (61'0:600—) SO0 90¢” (lz0'200—) £0O d3S SIPPIN
4oy 42y 4oy 43y 4oy d3S YBIH

(x) $A0g-S1416 22U212410
72000 (8L0-¥L0—)9v0— L (1€0'TL'0—) 600 100 (0S0'€1'0) LED 100> (b£0'SE0) S50 100> (SL0'9€°0) 550 d3s moT
200 (800-%€0—) LTO— Y6¢ (070'200—) 600 100> (0£0:01°0) 0C0 100> (€€0'€L'0) €20 100> (0¥'0:02°0) 0£0 d3S SIPPIN
ESk| ESk| 194 194 1oy d3S YbIH

sfog
100> (0T0-¥£0—) L¥O— 8LO (L¥'0'70°0) 9C0 €00 (P¥'0'60°0) 920 100> WL 0vE0) 150 100> (S6°0'15°0) ¢£°0 d3s Mo
€00 (900-1E€0-) 610~ 1245 (¥1'0'£00—) ¥0'0 S90° (61°0'100—) 600 100> (870'80°0) 810 100> TE0'€l0)TT0  d3S3APPIN
IEX 49y 4oy 494 4oy d3S UbIH

SHID

Joineyaq wajqoid buizijeusayu|
anjps-d (D%s6)g  anjpa-d (D%s6)g  anjoa-d (ID%s6)g  anjoa-d (D%s6)g  anjpa-d (1D%S6) g
sieal g
pue g°| sabe usamiaq ‘Pia sieak g aby sieak g aby sieak ¢ aby sieak g'| aby

sieaAg 01 G| sobe WOl 1USWAO|2ASP [PUOROWS0ID0S Ul $3111[enbaul DIWOU0I90ID0S € 3jqel



Houweling et al. International Journal for Equity in Health

inequalities were no longer present for girls. For boys,
inequalities between those of less educated and high edu-
cated mothers were small (low vs. high education: 0.10,
95%CI: —0.10;0.29), whereas there were no inequalities
between the middle and high educated groups.

Discussion

In a large, longitudinal sample with repeated assessments,
we showed that inequalities in ECD differ by developmen-
tal domain: whereas inequalities in socioemotional devel-
opment decreased over time, inequalities in language skills
increased. More specifically, we found that children of less
educated mothers had more reported internalizing and
externalizing problems at 1.5years old, but better reported
language skills at 1 year old than children of high educated
mothers. For internalizing and externalizing problem behav-
ior, inequalities decreased over time. For language skills,
inequalities increased over time, such that at age 4vyears,
children of less educated mothers had substantially worse
language skills than children of high educated mothers.

Methodological considerations

To our knowledge, our study is among the first to model
inequalities in trajectories of development, across mul-
tiple developmental domains, throughout childhood
using a longitudinal sample. Trajectory modeling requires
repeated measurements; however, age dependent scales
differ in (numbers of) items at each wave, complicating
the description of the trajectories. To deal with this com-
plexity, we used linear mixed models with standardized
outcome data at each wave. This has consequences for the
interpretation: the standardized scores show the changes
in inequality in child development in a relative, rather
than in an absolute, way. Other scoring techniques, such
as mean scores of overlapping items [26, 27], percent-
age maximum possible (POMP) scores [28], and percen-
tile/ranking scores [29] were considered inappropriate,
because they were either not possible (e.g. for language
development there were no items that overlapped between
all measurement occasions), or would remove the variance
in our sample. More research is needed to better under-
stand what the most appropriate method is to model ECD
trajectories with age dependent scales, as there currently
seems to be no consensus on how to handle such data.

A second consideration is that the outcomes were
reported by the main caregiver. We used well-known and
validated measures of language and socioemotional devel-
opment in young children - the CBCL and MCDI [21, 30].
In population-based studies, parental reports are most com-
monly used to measure language and socioemotional devel-
opment in pre-school children, and were the only way to
measure trajectories across the age groups in our study. Still
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little is known about potential educational differences in the
validity of parent-reported measures of socioemotional and
language development in young children. It is known that
the validity of self-reports of some outcomes, such as smok-
ing behavior, can differ between socioeconomic groups [31,
32]. To what extent this is also the case for developmental
outcomes of children, merits further investigation.

A final methodological consideration is the under-
representation of children of low SEP in our sample.
In Generation R, 13% of women had a low education at
enrollment in pregnancy [33]. Since we excluded chil-
dren without postnatal measurements, this unbalance
increased slightly: 12% of the children in our sample had
a mother with low educational attainment. Although we
controlled for selective attrition using inverse probabil-
ity weights, these weights are not able to control for the
larger problem of selective participation at enrollment.
This is reflected by the fact that the unweighted results
were essentially the same as the weighted ones. To the
extent that our study suffers from selection bias, this has
likely resulted in an underestimation of inequalities in
child development, as self-selection of children with fewer
problems is arguably stronger in children of lower SEP.

Interpretation of the findings

We found that inequalities in socioemotional develop-
ment decreased over time, and for externalizing problems
even disappeared in later childhood. This disappear-
ance of inequalities is not necessarily in accordance with
previous research. While one longitudinal study also
showed that inequalities in children’s socioemotional
problems slightly decreased as children get older [34],
cross-sectional studies have reported inequalities in soci-
oemotional problems for all age groups, including later
childhood (age 9 — 13years) [35, 36]. The discrepancy
between these results and our findings is possibly due to
the above-mentioned selection bias in our sample, which
led to an underestimation of inequalities in ECD.

The widening of inequalities in cognitive development
conceivably reflect the accumulating and/or increasing
effect of socioeconomic inequalities in the home learning
environment [5-7]. The quality of cognitive stimulation
sculpts the developing brain [37, 38]. The effects of these
inequalities in the home environment are arguably com-
pounded by lower attendance in high-quality early child-
hood care and education programs by children of lower
socioeconomic groups [39, 40]. It remains unclear whether
bilingualism may have also played a role. In the low edu-
cation group, mothers with a migration background are
over-represented in the Generation R cohort. However, the
evidence on the role of bilingualism in language acquisi-
tion and cognitive development remains mixed and under
debate [41-43].



Houweling et al. International Journal for Equity in Health

Our finding of contrasting trends in inequality — with
decreasing inequalities in socioemotional problems and
increasing inequalities in language development (at least
until the age of 4 years) — suggests that the influence of SEP
increases or accumulates over time for cognitive outcomes
such as language development, but not for socioemotional
outcomes. This is in line with cross-sectional findings that
SEP is more strongly associated with cognitive than with
socioemotional outcomes at around primary school entry
[44]. It is important to examine if this trend continues
throughout primary and secondary school, or if inequali-
ties in cognitive development narrow during primary and
secondary school and/or if inequalities in socioemotional
development widen again during adolescence.

Implications and future research

Our finding that inequalities in language development
emerged at around 2 years of age, and increased over
time, implies that children of less educated mothers are
already at a cognitive disadvantage in terms of language
skills when entering primary school. This is in accordance
with previous research [16, 44], and it means that, at least
for language development, early — pre-school — interven-
tion is important. Research shows that children who are
already at a cognitive disadvantage in early childhood,
usually have poorer school success in later childhood,
especially when parents are less educated, thereby con-
tributing to the intergenerational transmission of inequal-
ity [45, 46]. It is important to examine if inequalities in
language development continue to widen throughout
primary and secondary school. One could hypothesize
that inequalities decrease when children enter primary
school because it provides a stimulating learning environ-
ment, as demonstrated by the effectiveness of early child-
hood education programs [46]. The opposite is, however,
also possible: inequalities may stabilize or increase, due
to socioeconomic differences in school quality and peer
environment [47]. In general, the findings discussed above
— in combination with existing evidence — suggest the
need for programs with strong emphasis on early child
development to ensure all children can develop to their
full potential.

Conclusions

Trajectories of inequality in ECD differ by developmental
domain: whereas inequalities in socioemotional develop-
ment decreased over time, inequalities in language devel-
opment increased. This means that children of mothers
with low educational attainment are already at a cognitive
disadvantage before entering primary education, providing
further evidence that interventions are needed before the
age of 4 years.
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