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Objectives To test whether preschool academic skills were associated with educational attainment in adoles-
cence and whether associations differed between individuals born preterm and at full term.
Study design This prospective cohort study comprised 6924 individuals, including n = 444 (6.4%) adolescents
born preterm (<37 weeks of gestation) from the Avon Longitudinal Study of Parents and Children. Preschool aca-
demic (mathematics and literacy) skills were rated by teachers at 4-5 years. Educational attainment at 16 years was
informed by attaining a General Certificate of Secondary Education (GCSE) in key subjects mathematics and En-
glish. Logistic regressions assessed the association between preterm birth, preschool mathematics, and GCSE
Mathematics and between preterm birth, preschool literacy, and GCSE English.
Results Similar numbers of adolescents born preterm and at term achieved a GCSE in mathematics and English
(53.6 % vs 57.4% and 59.5% vs 63.9%, respectively; P values > .05). Higher preschool academic skill scores in
mathematics were associated with greater odds of attaining GCSE Mathematics and preschool literacy skills
were associated with GCSE English. Adolescents born preterm with higher preschool mathematics (OR: 1.51,
CI: 1.14, 2.00) and literacy skills (OR: 1.57, CI: 1.10, 2.25) were more likely to attain GCSEs in the respective subject
than their term-born counterparts with equal levels of preschool skills.
Conclusions Preschool academic skills in mathematics and literacy are associated with educational attainment
of preterm and term-born individuals in adolescence. Children born prematurely may benefit more from preschool
mathematics and literacy skills for academic and educational success into adolescence than term-born individuals.
(J Pediatr 2024;264:113731).
M
athematical and reading difficulties in childhood can have far-reaching consequences into adult life and negatively in-
fluence educational attainment, earnings, wealth, and health.1-5 Compared with their term-born peers, children born
preterm (<37 weeks of gestation) are at an increased risk for learning difficulties and poorer academic attainment at

school age, particularly in domains such as mathematics and reading.6-15 Children born preterm and especially those born before
32 weeks of gestation are at increased risk for general cognitive difficulties that can co-occur with other neuropsychological pro-
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cesses, including executive function, attention, visual-spatial skills, and working
memory, which have all been shown to be associated with learning difficulties
in both mathematics and reading.10,16-21 Given the rising number of preterm
births,22 there is an increasing need to provide education professionals with infor-
mation and guidance allowing them to adequately support children born preterm
in their educational and academic needs.23

The years before formal schooling are important in a child’s development.
Early identification of academic weaknesses before formal schooling and early
educational programs, and early intervention can positively affect children’s
cognitive and socio-emotional skills that are important for their medium to
long-term educational achievement and life outcomes.24,25 This is particularly
true for those from disadvantaged backgrounds.26-33 There is evidence
that school readiness and better early academic skills are associated with im-
provements in later academic and educational outcomes as well as with eco-
nomic and societal advancement.25,33,34 However, studies that investigate the
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Figure 1. ALSPAC flow chart (*linked preschool and school
data were available for 68% and 84% of children alive at
1 year of age, respectively).
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long-term associations between preschool academic skills
and adolescent educational achievement in preterm popula-
tions are scarce.

Although preterm-born children have an elevated risk for
learning problems and are less likely to achieve good grades
in school compared with term-born peers, we hypothesized
that good preschool mathematics and literacy skills would
be associated with educational success in adolescence. The
aim of this study was to investigate whether preschool aca-
demic skills, in mathematics and literacy, were associated
with decreased risks of preterm birth on educational attain-
ment in adolescence, and to test whether associations be-
tween preschool academic skills and later educational
attainment differ between preterm and term-born individ-
uals. The study utilized data from a large nationally represen-
tative prospective cohort study in the United Kingdom with
data on preterm birth status (ie, gestational age), and with re-
cord linkage data on preschool mathematics and literacy abil-
ities, and educational attainment in adolescence (ie, the
General Certificate of Secondary Education [GCSE]).

Methods

Sample and Participants
The current study used data from a large prospective longitu-
dinal study, the Avon Longitudinal Study of Parents and
Children (ALSPAC).35,36 ALSPAC is a birth cohort in the
United Kingdom and examines the determinants of develop-
ment and health across the life course. Details of the study are
described elsewhere.35,36 ALSPAC recruited 14 541 pregnant
women with expected delivery dates of April 1, 1991-
December 31, 1992. Of the initial pregnancies, there were
14 676 fetuses resulting in 14 062 live births; 13 988 children
were alive at 1 year of age.35,36

Ethical approval was obtained from the ALSPAC Ethics
and Law committee and the Local Research Ethics Commit-
tees (NHS Haydock REC: 10/H1010/70). Informed consent
for the use of data collected via questionnaires and clinics
was obtained from participants following the recommenda-
tions of the ALSPAC Ethics and Law Committee at the
time. From the first trimester of pregnancy, parents
completed postal questionnaires about themselves and the
study child. Children were invited to annual assessment
clinics, including face-to-face interviews, and psychological
and physical tests from 7 years onward. At age 18, study chil-
dren were sent ’fair processing’ materials describing AL-
SPAC’s intended use of their health and administrative
records and were given clear means to consent or object via
a written form. Data were not extracted for participants
who objected, or who were not sent fair processing materials.
The study website contains details of all data available
through a fully searchable data dictionary and variable search
tool (http://www.bristol.ac.uk/alspac/researchers/our-data/).

Measures
Variables of Interest. Preterm birth: Information on gesta-
tional age was based onmaternal reports of the last menstrual
2

period. Preterm birth was defined as birth at less than
37 weeks of gestation.
Preschool academic skills: Teachers rated children’s pre-

school academic skills in the first half of their first term in
reception class, at age 4 to 5 years. Children were rated on a
scale from two to seven on mathematics, reading and writing
abilities, with higher scores indicating better skills. Scores for
ALSPAC participants were obtained through parent-
consented record linkage which were available for 68% of
children alive at 1 year of age.37 For the current study reading
and writing scales were combined into a mean literacy score.
Educational attainment: In the UK, the GCSE is the main

qualification taken by most pupils at age 16 years when they
complete the first stage of secondary school education (Key
Stage 4). Data were obtained through linkage to the National
Pupil Database (NPD) for England and were identified for
84% of children alive at 1 year.37 The GCSE examinations
includemathematics, English and additional subjects.38,39 In-
formation on whether an adolescent achieved a passing grade
(A*-C) on the GCSE in mathematics and English was coded:
0 = no and 1 = yes, respectively.
Longitudinal data on all variables of interest were available

for n = 6924 participants (see Figure 1).

Covariates. Based on their association with the variables of
interest (ie, either preterm birth, early academic skills, or
educational attainment), several covariates were considered
(Shown in Table I).44-46 These included both child and
Baumann et al
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Table I. Sample characteristics (n = 6924)

Variable N

Term
n = 6480 (93.6%)

Preterm
n = 444 (6.4%)

P valueMean (SD) or % Mean (SD) or %

Neonatal/neurosensory variables
Gestational age, wk, mean (SD) 6924 39.52 (1.16) 34.40 (2.30) <.001
Preterm birth groups, wk of gestation (%) 6924 n/a

Extremely preterm <28 - 3.2
Very preterm 28-31 - 7.4
Moderate to late preterm 32-36 - 89.4
Early term 37-38 20.0 -
Full term 39-41 80.0 -

Birth weight, mean (SD) 6916 3436 (484) 2403 (627) <.001
Sex (male), % 6924 49.9 57.7 .001

Predictors at preschool age
Preschool academic skills at 4-5 y, mean (SD)

Mathematics 6924 5.30 (1.09) 5.01 (1.04) <.001
Literacy 6924 4.99 (0.78) 4.86 (0.79) <.001

Outcomes in adolescence
Educational achievement (GCSE achieved) at 16 y, %

Mathematics 6924 57.4 53.6 .12
English 6924 63.9 59.5 .06

Covariates—children
At age 18 mo
Developmental score, mean (SD) 5672 81.67 (10.30) 75.46 (11.89) <.001
Health status, % 5646 .070

Healthy no problems 45.6 42.6
Few minor problems 49.5 50.0
Sometimes ill 4.2 5.7
Hardly ever well 0.7 1.7

Number of books owned by the child, % 5677 .001
None 1.0 0.3
1-2 books 4.4 8.5
3-9 books 29.6 32.4
>10 books 65.0 58.8

At age 38 mo
Cognitive function, mean (SD)

Intelligibility score 5196 5.62 (0.86) 5.51 (0.89) .029
Communicative score 5191 5.22 (1.08) 5.35 (1.16) .032

At age 42 mo
Emotional difficulties, mean (SD) 5179 2.55 (1.73) 2.61 (1.84) .48
Conduct difficulties, mean (SD) 5179 3.63 (2.34) 3.70 (2.44) .64
Hyperactivity, mean (SD) 5179 2.63 (1.79) 2.82 (1.84) .08
Prosocial, mean (SD) 5179 15.36 (3.52) 14.85 (3.64) .014

At age 8 y
Fluid IQ (WISC), mean (SD) 3572 91.31 (24.50) 88.69 (24.86) .12

Covariates—parents
Maternal age, mean (SD) 6003 28.08 (4.71) 27.85 (4.64) .37
Paternal age, mean (SD) 4035 30.70 (5.69) 29.66 (4.79) .007
Maternal mental health, mean (SD) 5951 5.99 (4.72) 6.30 (5.31) .24
Maternal smoking during pregnancy, % 6013 20.2 21.7 .50
Breastfeeding, % 5650 .013

Never 26.9 34.9
<1 mo 17.6 17.4
1 £ 3 mo 16.3 15.4
3 £ 6 mo 12.2 11.7
>6 mo 26.9 20.6

Marital status, % 4964 .55
Never married 11.5 10.7
Widowed 0.3 0.0
Divorced 5.3 3.9
Separated 2.7 2.6
Married once 72.3 72.5
Marriage 2 or 3 8.0 10.4

Educational attainment mother, % 5828 .009
Certificate of Secondary Education (CSE) 16.1 22.4
Vocational 11.6 12.6
O level 40.5 32.4
A level 22.6 23.5
Degree 9.3 9.2

(continued )
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Table I. Continued

Variable N

Term
n = 6480 (93.6%)

Preterm
n = 444 (6.4%)

P valueMean (SD) or % Mean (SD) or %

Educational attainment father, % 5995 .41
Certificate of Secondary Education (CSE) 28.5 31.5
Vocational 9.7 9.4
O level 22.8 22.4
A level 26.5 27.4
Degree 12.6 9.4

Employment status mother, % 4829 .044
Employer 0.6 2.1
Self-employed, no employee 4.8 3.5
Manager 5.9 5.6
Supervisor 19.5 19.4
Other employee 69.3 69.4

Employment status father, % 5220 .19
Employer 4.0 3.2
Self-employed, no employee 14.0 15.8
Manager 11.4 9.7
Supervisor 24.0 29.0
Other employee 46.7 42.3

Social status mother, % 4829 .90
I—Professional 2.5 1.7
II—Managerial and technical 27.9 28.1
IIINM—Skilled nonmanual 45.9 46.2
IIIM—Skilled manual 10.4 9.0
IV—Partly skilled 10.7 11.8
V—Unskilled 2.7 3.1

Social status father, % 5220 .004
I—Professional 6.0 3.9
II—Managerial and technical 27.9 25.2
IIINM—Skilled nonmanual 12.3 12.3
IIIM—Skilled manual 42.8 52.9
IV—Partly skilled 7.9 4.2
V—Unskilled 3.2 1.6

WISC, Wechsler Intelligence Scale for Children.
Child-related variables: child health and developmental status at 18 mo (derived from the Denver Developmental Screening Test40), books owned by the child at 18 mo, child’s cognitive function
(intelligibility, communication; developed and adapted by the ALSPAC study team) at 38 mo, child emotional, hyperactivity and conduct difficulties and prosocial behavior at 42 mo (derived from the
Revised Rutter Parent Scale for Preschool Children41), and child intelligence at 8 y (Wechsler Intelligence Scale for Children, WISC-III42); Parent-related and social-environmental variables: breast-
feeding, maternal and paternal age, maternal mental health (Edinburgh Postnatal Depression Scale43), marital status, maternal and paternal educational attainment, employment status, and social
status (social status is a measure of social class, defined using the UK Registrar General’s occupational coding37).
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parent-related as well as social-environmental covariates.
Group differences for all covariates are presented in Table I.

Statistical Analysis
All analyses were conducted in Stata 16 (StataCorp LLC).
Group differences were tested with c2 tests for categorical
variables and t tests for continuous variables.

Associations between preschool academic skills and
GCSEs were tested using 2 separate logistic regression an-
alyses: A) preschool mathematics skills and GCSE Mathe-
matics and B) preschool literacy skills and GCSE English.
First, we tested associations between preschool academic
skills and GCSEs within preterm and term-born partici-
pants, separately. Second, we applied stepwise hierarchical
logistic regression models to examine whether educational
attainment (ie, GCSEs in mathematics and English) was
explained by preterm birth and preschool academic skills
(ie, mathematics and literacy) (Model 1). To test whether
the effect of preschool academic skills on achieved GCSEs
was different between preterm and term-born adolescents,
an interaction term ‘preterm birth by preschool academic
4

skills’ was added to each of the 2 models A and B (Model
2). In a final step, both regression models were adjusted for
all covariates.

Sensitivity Analyses. We carried out 3 sets of sensitivity an-
alyses. First, logistic regression models were repeated
excluding participants with neurosensory (ie, visual, hearing,
or learning [IQ < 3 SD]) impairments (n = 41). Second, given
that mathematics and literacy skills have been found to be
correlated,5,25 we repeated the main regression models for
GCSEMathematics and English and included both preschool
mathematics and literacy skills in each of the model. And
third, as only 68% preschool and 84% school data were
linked to the ALSPAC sample data, we carried out attrition
analyses and performed multiple data imputation by chained
equation. Based on the sample with neonatal data (ie, gesta-
tional age and birth weight) available for children alive at age
1 year (n = 12 749; Figure 1), missing data were imputed on
the outcomes (GCSE Mathematics and English), main
predictors (preschool mathematics and literacy skills)
and covariates.
Baumann et al
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Results

Sample Characteristics
The group differences for the main predictors and outcome
variables are presented in Table I. As per the definition,
preterm-born participants had lower gestational ages and
birth weights (P < .001) than full term participants. There
were group differences in the distribution for sex, with
preterm-born adolescents being more often of male sex
(P = .001). Compared with their term-born counterparts,
preterm-born adolescents had lower preschool academic
skill scores (all P < .001). Similarly, the percentage of
adolescents born preterm that achieved GCSEs was slightly
lower than in term-born adolescents but did not reach
statistical significance (P = .06-0.16 for mathematics and
English, respectively).

In terms of covariates (Table I), preterm-born children had
a lower developmental score (P < .001) and owned fewer
books (P = .001) at age 18 months. At age 38 months,
children born preterm had a lower language intelligibility
score (P = .029) but a higher communicative score
(P = .032), and at age 42 months a lower prosocial score
(P = .014) compared with term-born children. Regarding
social-environmental covariates, children born preterm were
less likely to have been breastfed (P = .013). Furthermore,
compared with parents of term-born children, fathers of
children born preterm were younger (P = .007) and had a
lower social status (P = .004), and mothers had achieved a
lower educational attainment (P = .009).

Associations between Preterm Birth, Preschool
Academic Skills, and Educational Attainment
The results of the stepwise logistic regression analyses for
both models, that is, preschool mathematics skills and attain-
ment of GCSE Mathematics, and preschool literacy skills and
attainment of GCSE English, are presented in Table II.

Preterm Birth, Preschool Mathematics, and (A*-C) GCSE
Mathematics. Model 1 shows that preterm birth was not
associated with the attainment of a GCSE (short for A*-C
GCSE) in Mathematics (OR: 1.07, 95% CI: 0.88, 1.31) in
adolescence. However, all individuals with a higher preschool
mathematics scores were twice as likely to attain a GCSE in
mathematics (OR: 2.30, 95% CI: 2.18, 2.43) compared with
adolescents with lower preschool skill scores. Adding the
interaction term ‘preterm birth by preschool mathematics
skills’ showed that children born preterm who achieved
higher mathematics skill scores in preschool were more likely
to achieve a GCSE in mathematics than term-born adoles-
cents with similar preschool mathematics scores (OR: 1.51,
95% CI: 1.14, 2.00, Table II and Figure 2, panel A). None
of these associations changed significantly in adjusted
models (Table II). Additional examinations within birth
groups showed that term-born adolescents with higher
preschool mathematics skills were twice as likely to achieve
a GCSE in mathematics (OR: 2.25, CI: 2.13, 2.39). Within
Preschool Mathematics and Literacy Skills and Educational Attai
individuals born preterm, this association increased to a
three-fold higher likelihood (OR: 3.40, 95% CI: 2.58, 4.48).

Preterm Birth, Preschool Literacy, and GCSE English. As
with GCSE Mathematics, preterm birth was not associated
with GCSE English (OR: 0.95, 95% CI: 0.77, 1.16), but pre-
school literacy skills were positively associated with a GCSE
in English (OR: 3.48, 95% CI: 3.21, 3.77). Again, adding
the interaction term ‘preterm birth by preschool literacy
skills’ showed a significant association with GCSE in English
(OR: 1.57, 95% CI: 1.10, 2.25), indicating that adolescents
born preterm who had higher preschool literacy skill scores
had a greater chance of attaining a GCSE in English,
compared with term-born peers with equal preschool skill
scores (see Figure 2, panel B). All effects remained
significant after adjusting for covariates (Table II). Within-
group analysis showed that term-born children with higher
preschool literacy skills were 3 times more likely to achieve
a GCSE in English (OR: 3.39, CI: 3.12, 3.68). In contrast,
individuals born preterm were 5 times more likely to
achieve a GCSE in English (OR: 5.32, 95% CI: 3.76, 7.53).
Sensitivity Analyses
To assess whether neurosensory impairment influenced the
associations between preschool skills, educational attainment
in adolescence, and birth status, we omitted participants with
neurosensory impairment. The results for both regression
models did not change substantially (Table III, online).
As preschool mathematics and literacy skills were corre-

lated (r = 0.63, P < .001), a second set of sensitivity analyses
was carried out with both preschool academic skill variables,
that is, mathematics and literacy (Table IV, online) included
in each of the regression models. Again, the results of the
models changed only marginally (Table II).
Finally, the attrition analysis (Table V, online) based on

the sample with neonatal data (ie, gestational age and birth
weight) available for children alive at age 1 year
(n = 12 749; Figure 1) showed that adolescents born
preterm who were not included in the complete case
analysis were born at lower gestational age and birth weight
compared with those included (P = .008 and P = .01,
respectively). In the group of term-born adolescents, males
were more likely not to have been included in the complete
case analysis (P = .004) and term-born adolescents that
were lost to attrition were more likely to achieve a GCSE in
mathematics and in English, compared with those with
complete data (P < .001). Repeating the regression models
with multiple imputed data (Table VI, online) showed that
the main effects of preterm birth and preschool
mathematics skills on GCSE Mathematics and preschool
literacy on GCSE English were similar in their magnitude
compared with the results of the main analyses (Table II).
However, while the interaction term ‘preterm birth by
preschool mathematics skills’ remained statistically
significant in the unadjusted model (OR: 1.28, 95% CI:
1.00, 1.64), it was no longer significant after adjusting for
nment in Adolescents Born Preterm and Full Term 5



Table II. Unadjusted and adjusted* associations between preschool academic skills and GCSEs in adolescence
(n = 6924)

Unadjusted models

GCSE Mathematics OR (95% CI) GCSE English OR (95% CI)

Model 1 Model 2 Model 1 Model 2

Preterm birth 1.07 (0.88, 1.31) 0.14‡ (0.04, 0.57) 0.95 (0.77, 1.16) 0.11† (0.02, 0.61)
Preschool mathematics skills 2.30§ (2.18, 2.43) 2.25§ (2.13, 2.39) - -
Interaction preterm birth by preschool mathematics skills - 1.51‡ (1.14, 2.00) - -
Preschool literacy skills - - 3.48§ (3.21, 3.77) 3.39§ (3.12, 3.68)
Interaction preterm birth by preschool literacy skills - - - 1.57† (1.10, 2.25)
Pseudo R2 0.117 0.119 0.128 0.129

Adjusted* models Model 1 Model 2 Model 1 Model 2

Preterm birth 1.15 (0.92, 1.44) 0.19† (0.05, 0.83) 1.16 (0.92, 1.47) 0.09† (0.01, 0.64)
Preschool mathematics skills 1.83§ (1.72, 1.95) 1.80§ (1.69, 1.92) - -
Interaction preterm birth by preschool mathematics skills - 1.43† (1.07, 1.93) - -
Preschool literacy skills - - 2.38§ (2.17, 2.61) 2.30§ (2.10, 2.53)
Interaction preterm birth by preschool literacy skills - - - 1.73‡ (1.14, 2.63)
Pseudo R2 0.232 0.233 0.260 0.260

*Adjusted for all covariates (child-related variables: child sex, child health and developmental status at 18 mo, books owned by the child at 18 mo, child’s cognitive function [intelligibility, commu-
nication] at 38 mo, child emotional, hyperactivity and conduct difficulties and prosocial behavior at 42 mo, and child intelligence at 8 y; parent-related and social-environmental variables: breast-
feeding, maternal and paternal age, maternal mental health, marital status, maternal and paternal educational attainment, employment status, and social status).
†P < .05.
‡P < .01.
§P < .001.
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covariates (OR: 1.25, 95% CI: 0.99, 1.59). In contrast, the
interaction term ‘preterm birth by preschool literacy skills’
was not significantly associated with GCSE English, neither
in the unadjusted (OR: 1.30, 95% CI: 0.84, 2.00) nor in the
adjusted model (OR: 1.36, 95% CI: 0.79, 2.35).

Discussion

The findings of this study show that higher levels of preschool
mathematics and literacy skills are associated with an
improved likelihood of achieving educational qualifications
(ie, GCSEs in mathematics and English) in adolescence. Pre-
term birth was associated with lower preschool academic
skills in mathematics and literacy but not with educational
Figure 2. A, Interaction ‘preterm birth by preschool mathematics
by preschool literacy skills’ on GCSE English (adjusted prediction

6

achievement at 16 years. Although preterm birth was not
directly associated with educational attainment in adoles-
cence, the findings of the current study demonstrate that
children born preterm with higher preschool academic skill
scores are more likely to achieve GCSEs in mathematics
and English than term-born individuals with the same level
of preschool skills. Notably, these associations were indepen-
dent of important covariates, including family socioeco-
nomic status and child intelligence.
In accordance with previous work, the findings of this

study demonstrate that preschool academic skills such as
early mathematics and literacy skills have long-lasting bene-
fits for educational attainment and academic success.27,29

Confirming the findings of previous work,6,8,11,12 the current
skills’ on GCSEMathematics and B, interaction ‘preterm birth
with 95% CI).

Baumann et al
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study showed that prematurity is associated with preschool
academic skills, though an association between prematurity
and educational achievement in adolescence could not be
replicated. However, importantly, the current study detected
a positive association between the interaction term ‘preterm
birth by preschool skill’ and educational attainment. This
suggests that compared with their term-born counterparts,
individuals born preterm with higher levels of early academic
skills in mathematics and literacy were more likely to accom-
plish important educational qualifications in adolescence. In
other words, adolescents born preterm who accomplish
higher levels of preschool skills benefitted disproportionately
in regard to later educational attainment, compared with
term-born individuals who have achieved equal levels of pre-
school academic skills. This may suggest that children born
preterm may be more sensitive to positive environmental in-
fluences such as preschool education than those born term as
proposed by theories of differential susceptibility or vantage
sensitivity.47-49 Considering this finding, it may be speculated
that individuals born very preterm might benefit equally or
more from higher preschool academic skills compared with
moderate to late preterm and term-born adolescents. How-
ever, we could not explore this possibility due to the small
number of very preterm-born participants in the current
study (n = 47). Further, it is important to note that the
magnitude of the tested associations did not change when
we included mathematics and literacy in the same model as
a sensitivity analysis. This suggests that both mathematics
and literacy skills seem to be important core subjects for ac-
ademic attainment of children born preterm.

Prior evidence suggests that children born preterm not
only have more academic difficulties than their term-born
peers,6,24 but these difficulties also seem to persist into
employment in adulthood.11,50,51 Therefore, early learning
programs that are tailored to the educational needs of chil-
dren born preterm may be important in ensuring their aca-
demic success. Together with the rising number of children
born preterm worldwide22 and the widening gap between
preterm and term-born children in their academic perfor-
mance over the past 2 decades,52 fostering early academic
skills of children born preterm, in particular mathematics
and literacy skills, may be an important strategy to support
these children and their families and enhance long-term
educational success and life chances of children
born preterm.53

The findings of this study may be of particular interest to
parents, education professionals, and policy makers
regarding the learning needs of children born preterm.
Further, the findings may inform planning and setting up
effective preschool programs. Early education and preschool
programs for children born pretermmay enhance learning in
core school subjects and developmental outcomes, foster
social participation, and improve their academic and
educational proficiency. These may positively influence later
well-being and success in education and employment.31,54

However, it is not just the provision of preschool or early
learning programs that matter. Attendance, duration, and
Preschool Mathematics and Literacy Skills and Educational Attai
the quality of preschool education have been found to be
important factors that can influence the impact of early
learning and education on children’s later academic out-
comes.31 Other social environmental factors that directly or
indirectly affect early learning, academic performance and
education are parent education and socioeconomic status,
the home learning environment, cognitive and noncognitive
stimulation, and parenting behavior.33,55-62 In addition to
these social environmental provisions, it is important to fos-
ter motivation, interest, and enjoyment in early learning as
this can influence later learning, educational achievement
and wealth, independent of cognitive ability.33,63 More
research is needed to identify specific environmental and
medical factors and to understand the role and association
of these factors with early academic skills and medium to
long-term educational achievement in children
born preterm.
The strengths of this study are its longitudinal design and

large sample that included children born across the full spec-
trum of gestational age. The study further provided a wide
range of important measures and covariates representing
family socioeconomic status and environment as well as chil-
dren’s mental and physical health, behavior, and cognitive
ability across different ages from preschool to school age.
However, there are also limitations. Information on provi-
sions of educational support and intervention programs
were lacking. Although home environment factors, such as
social activities or activities that may provide learning oppor-
tunities,64 were not available in the present study, many vari-
ables that capture family socioeconomic status (ie, parents’
educational attainment, employment, and social status) as
well as aspects of the home environment (eg, number of
books owned by the child) were considered. Further, despite
the demonstrated links between preschool skills, prematu-
rity, and educational attainment, a causal relationship cannot
be confirmed in this prospective cohort study. Therefore, re-
sidual confounding may still be possible, for example,
through other environmental and social factors that may
affect preschool skills or academic success and that were
not included in the current study, such as parental support
or maternal sensitivity.47,57 Further, preschool skills were
rated by teachers, and scores may therefore include assessor
bias. In addition, despite the large sample size available for
this study attrition cannot be avoided in a longitudinal study.
The current study was reliant on linkage data provided by
schools and the National Pupil Database for England
providing preschool academic skills and GCSE data for
68% and 84% of ALSPAC children alive at 1 year of age.
Thus, attrition was substantial and our attrition analysis
(Table V, online) showed a significant difference in
achieved GCSEs between term-born adolescents included
and excluded in the complete data analysis, that is, more
term-born adolescents without complete data achieved
GCSEs in mathematics and English. It may therefore be
possible that the associations between preschool academic
skills and achieved GCSEs have been underestimated in the
term group which in turn may mean that the beneficial
nment in Adolescents Born Preterm and Full Term 7
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effect of preschool skills is more equal between preterm and
term-born children.

Furthermore, ALSPAC includes children born between
1991 and 1992. Changes in reproductive medicine and im-
provements in neonatal care over the last decades have led
to increased survival rates for babies born preterm with larger
numbers in the community. However, despite these im-
provements, rates of neurodevelopmental difficulties,
including academic and educational difficulties, remain
significantly higher compared with term-born peers, in
contemporary cohorts.52,65,66 As a result, the need for educa-
tional support for children born preterm remains high.

Overall, our results not only suggest that attending pre-
school and doing well in subjects such as mathematics and
literacy is important for later educational attainment for all
children but that the mastery of early academic skills may
be particularly important for the educational success of chil-
dren born preterm, over and above other important develop-
mental, cognitive, behavioral, and social-environmental
influences. The findings of the current study therefore under-
pin and extend previous work in advocating the provision of
high-quality early education with the aim to foster and
improve children’s early developmental progress and aca-
demic proficiency, and to reduce special educational needs
and economic burden, for disadvantaged and preterm-
born children.28,30,31,33

Preschool academic skills are positively associated with
long-term academic achievement. Preterm-born children
may benefit disproportionately for their educational success
from early learning and preschool programs that promote
numeracy and literacy skills. The findings highlight the
importance of early learning and preschool programs that
foster all children’s early academic performance to enhance
their long-term educational success. n
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