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ABSTRACT

Background: Major congenital anomalies (CA) affect 2.3% of livebirths and are associated with lower educational attain-
ment. Understanding attainment trajectories throughout primary school would inform parents, schools and organisations
and help plan support.

Objectives: We compared school enrolment and attainment at ages 5, 7 and 11 in children with different CA and their peers
in England using the Education and Child Health Insights using Linked Data database.

Methods: We included all singleton children born in NHS-funded hospitals from September 2003 to August 2008 who
enrolled in state-funded schools at ages 4-5. CA were identified from hospital diagnoses, procedures or death records. We
described school enrolment, school-readiness, the percentage who sat curriculum assessments and who achieved expected
English and Maths attainment at three ages. We estimated risk ratios of children with CA achieving expected attainment
compared with peers, adjusting for sociodemographic factors.

Results: Of 2,351,589 children enrolled at age 5, 78,847 (3.5%) had CA. At age 11, 88.7% of enrolled children with CA sat
assessments versus 97.2% of peers. Proportionally fewer children with CA (45.7%) were school-ready at age 5 versus peers
(57.0%). For English, 56.9%, 55.4% and 65.3% of children with CA achieved expected levels at ages 5, 7 and 11 respectively,
consistently 11%-12% fewer than peers; similar gaps persisted for Maths. Children with CA were less likely than peers to
achieve expected attainment (adjusted risk ratio [aRR], 0.86, 95% confidence interval [CI] 0.85, 0.86), but this varied substan-
tially (aRR 0.01, 95% CI 0.01, 0.02 for Down syndrome; aRR 1.04, 95% CI 0.96, 1.12 for unilateral renal agenesis).
Conclusions: Attainment gaps between children with CA and peers remained unchanged across subjects and ages, with
proportionally fewer sitting assessments at age 11. Better monitoring and support for these children from school entry could
help optimise learning experiences and fulfil their academic potential.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Background

Major congenital anomalies (hereafter CA) are inborn structural,
chromosomal or genetic disorders with significant medical, func-
tional or social consequences for individuals. Many CA are rare
diseases, affecting under 1 in 2000 people, but collectively they
occur in 2.3% of births in England [1]. Although more children
with CA are surviving to school age [2], fewer achieve expected
levels of attainment compared with their peers [3-5]. Complex
health needs, higher school absence rates, inherent learning dis-
abilities, and inadequate special educational needs (SEN) sup-
port potentially contribute to adverse outcomes, including those
with non-chromosomal CA such as cardiac defects, orofacial
clefts or spina bifida [6-8]. A recent study using linked education
and regional CA registries’ data in England showed that subject
attainment rates at ages 11 and 16 for children with structural CA
were on average 5%-7% lower than their peers [9].

We aimed to describe the attainment trajectories for children
with and without CA in England by following whole-population
cohorts through key stages of primary school (ages 4-11years).
Understanding changes in the rates of school enrolment, cur-
riculum assessments and attainment for children with differ-
ent CA will provide evidence to inform timely support, enrich
their educational experience and maximise their academic po-
tential during these formative years. This project contributes to
the Health Outcomes of young People in Education (HOPE) re-
search programme, described elsewhere [10].

2 | Methods
2.1 | Study Design

This is a population-based retrospective cohort study using
linked administrative data from the ECHILD (Education and
Child Health Insights from Linked Data) database [11].

2.1.1 | Data Sources

ECHILD contains routinely-collected data on hospital admis-
sions from Hospital Episode Statistics (HES) linked to education
data from the National Pupil Database (NPD). HES captures
97% of births in NHS-funded hospitals in England and 98%-99%
of secondary care contacts (approximately 14.7 million individ-
uals born 1995-2020 in the version used) [10, 11]. HES includes
demographic information, hospital stays, coded diagnoses and
procedures, and linked causes of death from civil registrations
[12]. The NPD holds information on children attending state-
funded schools in England between the ages of 4-18years from
academic year 2001/02 [13]. Data include teacher-assessed
outcomes and national test marks at different key stages, pu-
pils’ ethnicity, deprivation indices, free school meals eligibility
(FSME) and geographical information.

2.1.2 | Cohort Selection

We included all singleton children born in NHS-funded hospi-
tals between 1st September 2003 and 31st August 2008 who were

enrolled in Reception year (age 4/5) in state-funded schools, based
on the January school census. We excluded children who were
two or more years outside of the expected age for their school
year. Children were followed up until the end of primary school
(age 11), enrolment ceased or death (whichever was earlier).

2.2 | Major Congenital Anomalies

CA subgroups were defined by International Classification of
Diseases 10th Revision (ICD-10) diagnosis codes according to the
EUROCAT (European network of population-based registries for
the surveillance of congenital anomalies) guide version 1.4 [14].
We used alternative codelists combining diagnosis and procedure
codes for severe congenital heart defects (CHD) [15], orofacial
clefts [3, 6, 16], anorectal malformations [17] and hypospadias
[18]; all except severe CHD produced more conservative birth
prevalence estimates than EUROCAT. We searched for relevant
diagnosis codes recorded before the first birthday and procedure
codes (where specified), or causes of death up to the 12th birthday.

We described results for exemplar cardiac, orofacial, digestive,
renal, and limb CA, CA associated with learning disabilities (e.g.,
congenital hydrocephalus, Down syndrome), and CA featured
in previous studies using NPD data [3, 4]. The ‘any CA’ group
encompassed additional cases not belonging to the featured
subgroups, whilst some CA are nested within higher-order sub-
groups (e.g., Tetralogy of Fallot and CHD). For non-syndromic
CA, we focused on the subset of children with isolated anom-
alies: structural defects occurring in the same organ system
(e.g., polydactyly of hands and feet) classified according to a
EUROCAT algorithm [19]. Children with CA in multiple organ
systems not linked by a known sequence or chromosomal/ge-
netic malformation were classified as having multiple CA; how-
ever these require clinical verification and form a heterogeneous
group, and served only as comparators in sensitivity analysis (see
below). CA subgroups are described in Table S1.

2.3 | Outcomes

In England, National Curriculum academic assessments are
conducted at ages 5, 7 and 11 during primary school- inter-
changeably denoted as Early Years Foundation Stage Profile
(EYFSP), Key Stage 1 (KS1) and Key Stage 2 (KS2) respectively.
At EYFSP, children are assessed for reaching the Good Level of
Development (GLD), a school-readiness indicator [20]. English
and Maths attainment (whether children achieve the age-specific
expected level) is based on teacher-assessments (EYFSP and
KS1) and nationally marked tests (KS2). Further, subject z-scores
(transformed from attained levels or test marks and standardised
for each academic year cohort) were used to compare attainment
across key stages. A unit z-score represented approximately 4-6
scale points (EYFSP), 4 points (KS1) and 9 marks (KS2) respec-
tively. Assessment metrics are detailed in Table S2.

2.4 | Covariates

Birth and sociodemographic characteristics, including poten-
tial confounders of the association between CA and outcomes,
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included: (from HES) sex at birth, academic year of birth,
month of birth, maternal age at birth, birthweight, gestational
age; (from NPD) ethnicity, income deprivation affecting chil-
dren index (IDACI) quintile, FSME and region of residence.
IDACI is a postcode-based measure of the proportion of chil-
dren aged < 16years living in income deprived families in each
small area of England; ranked proportions were divided into five
equal IDACI quintiles [21].

2.5 | Statistical Analysis

We quantified the number of children enrolled at ages 5, 7, and
11, and deaths during primary school (% relative to those en-
rolled at age 5). Using all enrolled children as the denominator,
we reported: the percentage who (1) reached GLD, (2) were as-
sessed, (3) achieved expected levels, and (4) the distribution of
z-scores, for each subject and key stage, by CA subgroup.

Generalised linear models (Poisson distribution, log link and ro-
bust standard errors) were used to estimate risk ratios of achiev-
ing expected levels for English and Maths at EYFSP, KS1 and
KS2, comparing children in CA subgroups to children without
CA. We coded “not assessed” and “assessed but not achieved”
as “not achieved”. We controlled for sex, and then for sex and
maternal age, ethnicity, IDACI quintile and FSME to provide
adjusted risk ratios. Additionally adjusting for year and month
of birth did not materially alter estimates as they were not as-
sociated with attainment and CA respectively. We did not ad-
just for birthweight and gestational age because they are likely
downstream from CA [22, 23].

For selected CA subgroups and all CA combined, we fitted lin-
ear mixed models with random intercepts and random slopes
to estimate the trajectories of z-scores, comparing children
with and without CA, adjusting for the factors described above.
Including interaction terms allowed the differentials by CA sta-
tus and sex to vary with age. To reduce computation time, the
reference group consisted of a random sample of 25% of children
without CA. All analyses were performed using Stata version 18
(StataCorp LLC, Texas, USA).

2.5.1 | Missing Data

Missing sex was substituted with NPD-recorded gender. If
region, FSME and IDACI were missing at age 5, we used the
earliest non-missing record in any subsequent school census.
Ethnicity was based on the modal value across all censuses.
Children in census without assessment results were considered
as not achieving the expected level. For all regression models,
we analysed complete cases as < 5% of the total had any missing
covariate value.

2.5.2 | Sensitivity Analysis

We compared outcomes for CA subgroups defined by
EUROCAT and alternative codelists. We stratified attainment
results by malformation type (isolated, multiple or chromo-
somal/genetic) to check that our results were consistent with
expectations of isolated CA having better attainment. We
estimated risk ratios using two populations: (1) all children

Total Births in Hospital Episode Statistics
September 1, 2003 to August 31, 2008
(N =3,042,909)

Multiple births (n =88,005, 2.9%)

. S/

(" Deaths before 4th birthday

| (n=14,832,0.5%)

[ Not linked to National Pupil Database

at anytime (n = 421,066, 13.8%)

( Not enrolled in Reception Census

| (n1=167,417,5.5%)

Total exclusions (n = 691,320, 22.7%)

| J

Final Eligible Cohort
(n=2,351,589, 77.3%)

FIGURE1 | Flowchart showing starting population, exclusions and final numbers included in study.
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TABLE 1 | Birth prevalence and number included in study, by congenital anomaly subgroup and malformation type (denominator for birth

prevalence, N=3,042,909).

Malformation type?®
Number of cases in Genetic,
HES (prevalence Enrolled in Potential chromosomal

Subgroup per 10,000 births) reception Isolated, % multiple, % or other, %
Any congenital anomaly 105,514 (346.8) 78,847 71.5 8.2 20.3
Neural Tube Defects 833 (2.7) 510 53.9 42.5 3.5
Hydrocephalus 1180 (3.9) 701 55.6 39.2 5.1
Congenital Cataract 614 (2.0) 470 81.3 11.5 7.2
Congenital Heart Defects 23,792 (78.2) 15,852 71.7 16.1 12.2
(CHD)®

Ventricular Septal 5075 (16.7) 3673 71.6 14.6 13.8

Defect without severe

CHD

Pulmonary Valve 702 (2.3) 546 78.6 11.9 9.5

Stenosis without severe

CHD

PDA as only CHD in 4442 (14.6) 2611 79.2 15.3 5.5

term infants
Severe CHDP 6630 (21.8) 4283 69.8 14.0 16.2

Atrioventricular Septal 1398 (4.6) 832 40.5 11.5 48.0

Defect

Tetralogy of Fallot 1162 (3.8) 826 63.9 17.9 18.2

Hypoplastic Left Heart 707 (2.3) 271 78.6 15.1 6.3
Respiratory 2187 (7.2) 1405 52.2 39.6 8.2
Orofacial clefts

Cleft Lip 1117 (3.7) 982 87.0 10.7 2.3

Cleft Palate 1906 (6.3) 1653 62.6 11.9 25.6

Cleft Lip and Palate 1592 (5.2) 1378 78.8 14.9 6.2
Digestive System® 7692 (25.3) 5433 55.3 35.9 8.7

Anorectal 1021 (3.4) 780 25.5 58.8 15.6

Malformations

Hirschsprung's Disease 730 (2.4) 602 75.4 15.3 9.3
Gastroschisis 1240 (4.1) 961 83.1 c <1.0
Unilateral Renal Agenesis 583(1.9) 453 71.3 22.5 6.2
Congenital 5129 (16.9) 3973 88.9 8.4 2.7
Hydronephrosis
Hypospadias 5118 (16.8) 4329 76.3 9.6 14.2
Club Foot—Talipes 3328 (10.9) 2565 86.3 10.4 3.3
Equinovarus
Polydactyly 5129 (16.9) 4027 86.4 6.4 7.2
Syndactyly 2432 (8.0) 1918 80.6 13.6 5.8
Craniosynostosis 934 (3.1) 766 68.7 16.4 14.9

(Continues)
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TABLE1 | (Continued)
Malformation type*
Number of cases in Genetic,
HES (prevalence Enrolled in Potential chromosomal
Subgroup per 10,000 births) reception Isolated, % multiple, % or other, %
Chromosomal Anomalies
Down Syndrome 3023 (9.9) 2134 d d 100.0
Turner Syndrome 190 (0.6) 135 d d 100.0
Klinefelter Syndrome 89 (0.3) 73 d d 100.0
Di George Syndrome 198 (0.7) 136 d d 100.0
Karyotype XXX 55(0.2) 40 d d 100.0

Abbreviations: ¢, not presented due to suppressed quantity in adjoining cell; CHD, congenital heart defect; d, not applicable; HES, Hospital Episode Statistics; PDA,

patent ductus arteriosus.
2As percentage of children included in study.

YMajor group containing other individuals not in the selected CA shown below (indented).

enrolled at a given key stage; (2) a subset assessed at all three
key stages; smaller differences were expected between the lat-
ter group and peers.

2.6 | Ethics

Permissions to use linked, de-identified data from Hospital
Episode Statistics and the National Pupil Database were granted
by the Department of Education (DR200604.02B) and NHS
Digital (DARS-NIC-381972). Ethical approval for the ECHILD
project was granted by the National Research Ethics Service
(17/1L.0/1494), NHS Health Research Authority Research Ethics
Committee (20/EE/0180 and 21/SW/0159), and UCL Great
Ormond Street Institute of Child Health's Joint Research and
Development Office (20PE06).

3 | Results

A total of 3,042,909 livebirths were extracted from ECHILD. Of
2,940,072 (96.6%) singleton children who were alive at their 4th
birthday, 421,066 (13.8%) could not be linked to the NPD, whilst
167,417 (5.5%) linked to the NPD were not enrolled at age 5, leav-
ing 2.35 million children in our study (Figure 1).

There were 78,847 (3.5%) children with CA. Amongst them,
71.5% had isolated CA, 20.3% had chromosomal, genetic,
or non-system specific CA, whilst 8.2% had multiple CA
(Table 1). Enrolment rates decreased similarly over time for
children with and without CA, with 98.6% and 96.0% remain-
ing enrolled by ages 7 and 11, respectively. Mortality during
primary school was 0.4% in children with CA, 10-fold higher
than peers (Table S3).

Males comprised 51.4% of children overall but 59.7% of those
with CA (Table 2). Compared to children without CA, propor-
tionally more children with CA were born < 37 weeks and had
birthweight <2500g. Children with CA were more likely to
have mothers <20 or >40years, be of Asian/Chinese or Black

ethnicity, have FSME, and be in the lowest two deprivation
quintiles. Most variables had no or relatively little missing
data (<4.0%), except for birthweight (23.0%) and gestational
age (33.6%), with a slightly higher percentage for children
with CA.

3.1 | Good Level of Development

Overall, 57.0% of enrolled children without CA reached GLD,
compared with 45.7% of children with CA (Figure 2). Amongst
isolated CA, congenital hydronephrosis, club foot, and poly-
dactyly had the highest proportions reaching GLD (>51.9%),
5% below their unaffected peers, whilst hypoplastic left heart
(30.5%) and congenital hydrocephalus (22.1%) had the lowest.
Apart from Karyotype XXX, syndromic CA showed the lowest
GLD achievement rates (< 1% for Down syndrome). Males per-
formed worse than females across CA, with 15% fewer reaching
GLD on average (Table S4).

3.2 | Subject Attainment for English and Maths

English and Maths assessment rates for children with and
without CA were broadly comparable up to KS1 (~99%), but
declined considerably for children with CA at KS2 (Table 3).
Attainment rates for children with CA in English rose from
56.9% (EYFSP) to 65.3% (KS2), but remained consistently
11%-12% lower than for their peers. Maths attainment rates
remained stable but a similar gap existed (67% for children
with CA, 78% for peers). Children with isolated renal anom-
alies, limb defects and cleft lip had the highest attainment
rates, whereas those with congenital hydrocephalus had the
lowest. Children with patent ductus arteriosus (PDA), a non-
severe heart defect, generally performed worse than children
with severe CHD and many non-syndromic CA. Children with
Klinefelter and Karyotype XXX syndromes started with rela-
tively high attainment rates, but declined considerably at older
ages. Under 1% of children with Down Syndrome achieved ex-
pected levels at KS1 and KS2.
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TABLE 2 | Distribution of sociodemographic characteristics by congenital anomaly status.

Gestational age, weeks

<32
32-38
37-41
42+

Missing

Birthweight, grams

<2500
2500-3999
4000+

Missing

Maternal age at birth, years

<20
20-29
30-34
35-39
40+

Missing

Major ethnic Group

White

Black
Asian/Chinese
Mixed

Other

Unclassified

10,687 (0.5)
75,302 (3.3)
1,355,335 (59.6)
69,391 (3.0)
762,027 (33.5)

96,228 (4.2)
1,453,552 (64.0)
201,694 (8.9)
521,268 (22.9)

155,599 (6.8)
1,009,114 (44.4)
610,174 (26.9)
340,290 (15.0)
69,898 (3.1)
87,667 (3.9)

1,611,153 (70.9)
104,737 (4.6)
200,567 (8.8)
106,556 (4.7)

26,943 (1.2)
222,786 (9.8)

Income Deprivation Affecting Children Index (IDACI) Quintile

Most Deprived

2nd most deprived

596,343 (26.2)
473,994 (20.9)

1965 (2.5)
4802 (6.1)
41,817 (53.0)
1944 (2.5)
28,319 (35.9)

8696 (11.0)
44,758 (56.8)
5890 (7.5)
19,503 (24.7)

5627 (7.1)
34,321 (43.5)
20,047 (25.4)
11,739 (14.9)

2902 (3.7)

4211 (5.3)

54,834 (69.5)
3833 (4.9)
7765 (9.9)
3668 (4.7)

853 (1.1)
7894 (10.0)

21,685 (27.5)
16,706 (21.2)

No congenital anomaly, n (%) Any congenital anomaly, n (%) All n (%)

TOTAL 2,272,742 (100.0) 78,847 (100.0) 2,351,589 (100.0)
Year of birth

2003/04 421,195 (18.5) 14,483 (18.4) 435,678 (18.5)

2004/05 445,480 (19.6) 15,311 (19.4) 460,791 (19.6)

2005/06 459,846 (20.2) 15,920 (20.2) 475,766 (20.2)

2006/07 470,683 (20.7) 16,283 (20.6) 486,966 (20.7)

2007/08 475,538 (20.9) 16,850 (21.4) 492,388 (20.9)
Sex at birth

Male 1,160,586 (51.1) 47,101 (59.7) 1,207,687 (51.4)

Female 1,112,156 (48.9) 31,746 (40.3) 1,143,902 (48.6)

12,652 (0.5)
80,104 (3.4)
1,397,152 (59.4)
71,335 (3.0)
790,346 (33.6)

104,924 (4.5)
1,498,310 (63.7)
207,584 (8.8)
540,771 (23.0)

161,226 (6.9)
1,043,435 (44.4)
630,221 (26.8)
352,029 (15.0)
72,800 (3.1)
91,878 (3.9)

1,665,987 (70.8)
108,570 (4.6)
208,332 (8.9)
110,224 (4.7)

27,796 (1.2)
230,680 (9.8)

618,028 (26.3)
490,700 (20.9)

(Continues)
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TABLE 2 | (Continued)

No congenital anomaly, n (%)

Any congenital anomaly, n (%)

All, n (%)

TOTAL 2,272,742 (100.0) 78,847 (100.0) 2,351,589 (100.0)
Middle 417,944 (18.4) 14,267 (18.1) 432,211 (18.4)
2nd least deprived 398,665 (17.5) 13,195 (16.7) 411,860 (17.5)
Least deprived 378,084 (16.6) 12,702 (16.1) 390,786 (16.6)
Missing 7712 (0.3) 292 (0.4) 8004 (0.3)

Free School Meals Eligibility (FSME)

No 1,859,308 (81.8)
Yes 413,434 (18.2)
Region
East Midlands 197,047 (8.7)
East of England 250,776 (11.0)
London 349,531 (15.4)
North East 117,115 (5.2)
North West 295,778 (13.0)
South East 357,730 (15.7)
South West 218,526 (9.6)
West Midlands 231,208 (10.2)
Yorkshire and The Humber 247,535 (10.9)
Missing 7496 (0.3)

63,082 (80.0)
15,765 (20.0)

7853 (10.0)
7096 (9.0)
9686 (12.3)
4045 (5.1)
12,263 (15.6)
12,175 (15.4)
7480 (9.5)
10,675 (13.5)
7286 (9.2)
288 (0.4)

1,922,390 (81.8)

429,199 (18.2)

204,900 (8.7)
257,872 (11.0)
359,217 (15.3)
121,160 (5.2)
308,041 (13.1)
369,905 (15.7)
226,006 (9.6)
241,883 (10.3)
254,821 (10.8)
7784(0.3)

Abbreviations: FSME, Free School Meals Eligibility; IDACI, Income Deprivation Affecting Children Index.

Adjusting for sociodemographic factors, children with CA were
less likely than peers to achieve expected levels in English (ad-
justed risk ratio [aRR] 0.86, 95% confidence interval [CI] 0.85,
0.86 at EYFSP/KS1; aRR 0.87, 95% CI 0.87, 0.88 at KS2); similar
results were seen for Maths (Figure 3, Tables S5 and S6). Males
were less likely than females to achieve expected levels for each
subject and key stage, but gaps narrowed at KS2, with no varia-
tion by CA subgroup.

The attainment rates for specific subgroups defined by EUROCAT
and alternative codelists differed by <1%, with some exceptions
in severe CHD (Table S7). Amongst children with CA, attain-
ment rates were highest for isolated, followed by multiple then
genetic CA across subjects and ages (Table S8). For the subset of
children assessed at all ages, adjusted risk ratios for achieving
expected levels, comparing children with and without CA, were
closer to the null (Tables S9 and S10).

3.3 | Standardised Scores (z-Scores)

Z-scores were lower by 0.36 (EYFSP), 0.39 (KS1) and 0.16 (KS2)
points for children with CA overall compared with peers, with
greater variation (Table S11). Differentials were smallest for chil-
dren with renal anomalies, cleft lip and polydactyly. Excepting
Klinefelter and Karyotype XXX syndromes, mean scores for chil-
dren with CA peaked at KS2, although fewer children had scores.

Estimated mean z-scores generally decreased for females and
stayed constant for males over stages; adjustment for socio-
demographic factors had little impact (Table 4). The gap be-
tween children with and without CA, however, remained
largely unchanged for both sexes and subjects, varying <0.02
points between EYFSP and KS2. Most of the variation was
at age 5 rather than in subsequent rates of change (varian-
Celntercept = 0-64 [95% CI 0.64, 0.64]; varianceslopeszo.os [95%
CI10.08, 0.08]). Figure 4 shows predicted trajectories stratified
by CA and sex, and Figure 5 shows trajectories for selected CA
(sexes combined).

4 | Comment
4.1 | Principal Findings

On average, 45.7% of children with CA reached GLD at age 5,
with variations by CA subgroup and sex. This was 11.3% fewer
than children without CA, a persistent attainment gap ob-
served for English and Maths at all ages. Proportionally more
children with CA were not assessed at age 11 compared with
their peers (11.3% vs. 2.8%). Adjusting for sociodemographic
factors, children with CA were on average 12%-15% less likely
than peers to reach expected attainment. Attainment for chil-
dren with cleft lip, renal, and limb anomalies was generally
comparable with peers.
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FIGURE 2 | Percentage achieving Good Level of Development at Early Years Foundation Stage Profile, by sex and selected congenital anoma-
ly (CA) subgroups. Whiskers show exact binomial 95% confidence intervals, dashed lines represent values for children without CAs (blue=male;

pink =female).

4.2 | Strengths of the Study

HES covers>96% of births in England and captures 99% of
NHS-funded hospital admissions, providing a large sample and
many CA subgroups for our study [24]. Linkage to the NPD, cov-
ering ~93% of all school-age children [13], provided insights into
the academic journey and potential of children with CA. Our
findings are therefore representative of a substantial part of the
school-age population in England.

4.3 | Limitations of the Data

About 13.8% of total births could not be linked to the NPD,
primarily due to the NPD not containing individual-level data
on home-schooled children or those in independent schools.
Choices are shaped by parents' preferences and circumstances,
although some may be due to SEN that cannot be adequately
met in state-funded settings. Additional factors include early
exits (births to temporarily-resident mothers or emigration),
linkage errors or incomplete matching identifiers [25]. Given
the diverse factors and comparatively small proportion, we ex-
pect the net influence on our results to be modest.

Misclassification of CA status is a limitation. In contrast to CA
surveillance registries [26], where cases are notified by care
teams and clinically reviewed, case ascertainment using admin-
istrative data relies on applying phenotype codelists determinis-
tically to diagnosis and procedure codes, recorded primarily for
reimbursement of healthcare provided. Children with CA not
requiring inpatient care could be missed (false negatives), whilst
the recording of suspected/differential diagnosis codes could
generate false positives. Our estimated CA prevalence was 1.5%
higher than EUROCAT statistics, and although CA registries
could under-ascertain CA, future work should examine this
discrepancy. Where available, we have used alternative codel-
ists which yielded more conservative prevalences to minimise
the false positive rate. This may bias results toward more severe
cases, but could help ascertain the maximum of group differ-
ences; for selected CA, attainment rates by alternative methods
seemed very similar.

Last, we acknowledge that our study population consisted of po-
tentially ‘healthier’ children with less severe CA (compared with
those not born alive or those who died before school). Whilst
our findings may be said to underestimate the ‘true’ association
between CA and educational attainment, our focus was on the
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FIGURE3 | Adjusted risk ratios and 95% confidence intervals for achieving expected levels of attainment in English and Maths, comparing chil-
dren with selected congenital anomalies (CA) to children without CA (reference), by key stage.

prognosis for children who enter state education to inform par-
ents and services.

4.4 | Interpretation

We aimed to provide evidence on the prognostic attainment tra-
jectories in children with different CA over the first 7years of
their educational journey. Attainment rates peaked at KS2 for
English and stayed largely constant for Maths, but the gap be-
tween children with CA versus peers remained remarkably con-
sistent at 11% lower throughout. The relatively sharp decrease
in proportion of children with CA assessed at KS2 is partially
explained by transfers to special schools or disapplication from
the National Curriculum after KS1. After controlling for socio-
demographic factors, the association between CA and lower
attainment was mostly unchanged across key stages. This was
also true of children with CA who sat assessments throughout,
albeit differences with their peers were more attenuated.

An earlier cohort (1994-2004) from regional English CA regis-
tries linked to the NPD found that 72% and 73% of children with
isolated CA achieved expected levels in English and Maths at
KS2 respectively, 6%-7% fewer compared to peers [9]. Our wider
gaps of 11%-12% are chiefly attributable to our overall CA group
comprising not only isolated but also potential multiple and syn-
dromic CA, well-established to be associated with lower academic
achievement [4], and secondarily to the different denominators
used (number of children assessed versus enrolled). Once ac-
counted for, our findings are mutually reinforcing. This study
found that the association between sex and attainment in children
with CA broadly mirrored that of children without CA, with males
performing worse at earlier stages but narrowing the gap with fe-
males by KS2 across all CA subgroups, particularly in English.

Our results also align with those of Park et al. on subject z-scores
in children reported to the Cleft Registry and Audit Network [3].
Children with cleft lip had the highest scores, followed by those
with cleft lip and palate, then cleft palate, a pattern which we
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TABLE 4 | Mean differences in standardised English and Maths scores by sex and congenital anomaly (CA) status estimated by linear mixed
models using all children with CA and 25% sample of children without CA.

English (total individuals 617,462). EYFSP KS1 KS2

Unadjusted

Female No CA 0.0 (Reference) 0.01 (0.00, 0.01) —0.10 (-0.11, —-0.10)
AnyCA  —0.33(=0.34,-0.32)  —0.33(=0.34,-0.32)  —0.43(=0.44, —0.42)

Male No CA —0.34(=0.34,-0.33)  —0.32(=0.32,-0.31)  —0.34 (=0.35, —0.34)
AnyCA  —0.67(-0.68,—0.66)  —0.65(~0.66, —0.65)  —0.67 (—0.68, —0.66)

Adjusted for maternal age, ethnicity, IDACI quintile and FSME

Female No CA 0.0 (Reference) 0.01 (0.00, 0.01) —0.10 (-0.11, —0.10)
AnyCA  —0.32(=0.33,-0.31) —0.32(=0.33,-0.31)  —0.41 (—=0.42, —0.40)
Male No CA —0.34(—0.34, —0.33) —0.32(-0.32, -0.31) —0.34(—0.35, -0.34)
AnyCA  —0.66(-0.66, —0.65)  —0.64(—0.65,—0.63)  —0.65(—0.66, —0.64)
Maths (total individuals 617,463) EYFSP KS1 KS2
Unadjusted
Female No CA 0.0 (Reference) —0.05 (=0.06, —0.05) —0.15(=0.15, —0.15)
Any CA —0.35(=0.36, —0.34) —0.44 (—0.44,—-0.43)  —0.53 (—=0.54, —0.52)
Male No CA —0.12(=0.13, —0.12) —0.06 (—0.07, —0.06) —0.10 (=0.11, —0.10)
Any CA —0.47 (—0.48, —0.46) —0.44(-0.45,-0.43)  —0.48 (=0.49, —0.47)

Adjusted for maternal age, ethnicity, IDACI quintile and FSME

Female No CA 0.0 (Reference) —0.05(=0.06, —0.05) —0.15(=0.15, —0.15)
Any CA —0.34 (-0.35, —0.33) —0.42 (—0.43, -0.41) —0.51 (=0.52, —0.50)
Male No CA —-0.12(=0.13, —-0.12) —0.06 (—0.07, —0.06) —0.11 (=0.11, —0.10)
Any CA —0.46 (—0.47, —0.45) —0.43 (=0.44, —0.42)  —0.47 (—0.48, —0.46)

Abbreviations: CA, congenital anomaly; EYFSP, Early Years Foundation Stage Profile; FSME, Free school meals eligibility; IDACI, Income deprivation affecting
children index; KS1, Key Stage 1; KS2, Key Stage 2.
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FIGURE4 | Estimated trajectories of English and Maths mean z-scores by categories of CA status and sex using linear mixed effects regression.
Plots constructed using modal values of other adjusted covariates (maternal age: 20-29 years; ethnicity: White; IDACI quintile: 3rd quintile (middle);
FSME: No).
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comparing children without CA (blue) and children with selected CAs (red). Plotted using average values of adjusted covariates (sex, maternal age,

ethnicity, IDACI quintile and FSME).

also observed. They estimated that children with isolated clefts
scored up to —0.29 (95% CI —0.36, —0.22) lower than the national
average in English, Maths and Science across all ages. Another
study of CA cases from a single hospital found that 56%-59%
and 62% of children with CA achieved expected attainment in
English and Maths respectively at KS1 [4]. Allowing for differ-
ences in study settings and coding of outcome metrics, our find-
ings were largely compatible, giving assurance regarding the
reliability and reproducibility of our results.

A pooled analysis using linked data from CA registries in Europe
showed that children with CA were at higher risk of co-morbidities
such as cerebral palsy, seizures, hearing loss and visual impair-
ment between ages 0 and 9 [27]. For example, the prevalence of
visual impairment and cerebral palsy was on average 30 and 15
times higher respectively in children with CA than those without
CA; nervous system CA such as hydrocephalus were most suscep-
tible to co-morbidities, but even isolated CHD, cleft palate and con-
genital hydronephrosis showed elevated rates of seizures, epilepsy
and cerebral palsy. This may partly explain the unexpected lower
attainment seen with some CA subgroups, for example PDA.

The current classification of CA subgroups does not fully cap-
ture variations in disease severity, partly due to the lack of data
granularity. Additional factors include unidentified, or uniden-
tifiable given available data, underlying learning or cognitive
deficits. Whilst a greater proportion of children with CA receive
SEN provision compared with their peers [6, 28], decisions on
SEN provision are influenced by clinical conditions, sociode-
mographics, school governance, and parental advocacy [29-31].
The aim of this study was to provide prognostic information

for parents, schools and clinicians on education attainment for
children with a range of CA types who survived to start school
and how they differ from unaffected peers. Future studies could
consider the various influences on education attainment includ-
ing SEN provision, parental and familial factors (e.g., birth order
and number of siblings etc.), the home environment, as well as
wider drivers of social disadvantage.

5 | Conclusions

Of those enrolled at age 5 in state-funded schools in England, the
proportions who continue to age 11 were similar between children
with and without CA. Children with CA were however less likely
to have assessments, or to reach expected levels of attainment, at
every key stage. Notwithstanding some children with CA who
performed relatively well throughout, a significant minority did
not participate in assessments after age 7. This highlights the need
for other ways of assessing progress of children in this group, and
for additional support to be provided, starting from an early age.
With appropriate intervention, more children can be supported to
advance their skills and knowledge for secondary school. Some,
but not all, of these advances will be measurable through assess-
ments, and Government should consider how to best evaluate the
benefits of early support for children's development.
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