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Abstract

Background: Preterrm birth and social deprivation are known risk factors for learning
difficulties. However there has been little work looking into the interaction between these two
risks. We aimed to identify if children born preterm to families with higher levels of social
deprivation are disproportionately more likely to have learning difficulties than those with

lower levels of social deprivation.

Methods: Data from the RANOPS (Respiratory And Neurological Outcomes in children
born Preterm Study) was used to assess prevalence of learning difficulties. The effects of
preterm birth and deprivation were reviewed. Multi-level logistic regression models were
used to examine if gestational age and deprivation impacts interacted after adjustment for
possible confounders. Primary outcome measure was parent-reported learning difficulties.
Secondary outcome measures were parent-reported behavioural problems and a statement of

special educational need.

Results: We investigated the developmental outcomes of 6,691 infants with a median age of
5 years at time of survey (IQR 5). Deprivation decile (OR 1.08 (1.03,1.12)) and preterm birth
(OR 2.67 (2.02,3.53)) were both associated with increased risk of learning difficulties. There
was little evidence for any interaction between preterm birth and deprivation (p=0.298) and

the risk of learning difficulties.

Conclusions: Deprivation and preterm birth have significant associations with learning
difficulties. While deprivation does not appear to have potentiated the impact of preterm
birth, preterm infants in the most deprived areas have the highest risk of learning difficulties
with almost 1 in 3 extremely premature infants with a learning difficulty in the most deprived

arcas.
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Introduction

1 in 10 children are born preterm(1) representing a major target for interventions to benefit
public health(2-5). Preterm birth is associated with an increased risk of neurological
impairment of varying severity(6-9). These neurological sequelae of prematurity can manifest

as learning difficulties in later life(10-14).

Socioeconomic status (SES) has a well-established relationship with health outcomes.
Increasing social deprivation (SD) is related to increased risk of preterm labour, preterm
birth, low birth weight and neonatal mortality(15-17). Children with deprived SES are more
likely to have intellectual and developmental disability (18). Increasing risk of intellectual

disability is associated with increasing SD(19).

SD is commonly adjusted for in analyses of prematurity and neurodevelopmental
outcomes(20). Lower parental education attainment, as proxy for SES, is a negative
prognostic factor for neurodevelopment in preterm birth(21). There is also evidence that SD
may increase risk after preterm birth on early(22) and later(23) academic performance.
However, limited work has investigated the relationship between preterm birth, a deprived
environment, and neurodevelopmental outcomes(24, 25). It is unclear if the substantial
impact of preterm birth is relatively unaffected by deprivation, or if the environment has an

even more important role to play for these vulnerable infants.

Aims

To identify if outcomes related to learning difficulties and behavioural problems are
disproportionately worse for children born preterm to families living in areas of high social

deprivation than those living in areas with lower deprivation



Material and Methods

Cohort

Data was drawn from the RANOPS (respiratory and neurological outcomes in children born
preterm study), a cross-sectional survey in Wales of children born preterm from 2003-2011.
Participants were aged between 1 and 10 at time of survey. RANOPS identified a total of
13,373 preterm infants (less than 37 weeks gestation) matched with 13,369 term controls next
born on their date of birth of the same sex and in the same locality(26)contacting 26,742
families in 2013. 7,149 responded to self-completed questionnaires regarding respiratory and
neurological outcomes(26-28). Parents of term and preterm children received the same
questionnaires. Post-term infants (42 or more weeks’ gestation) and infants with birthweights
below and above the 0.4 and 99.6™ centiles for gestation were excluded leaving 6,761

eligible infants.
Exposure

Exposure measures were gestational age at birth and a geographic measure of deprivation.
Preterm birth was defined as gestation of less than 37 weeks. Deprivation was defined using
the Welsh Index of Multiple Deprivation (WIMD) derived from the child’s address at the
time of the survey. WIMD is a measure of relative deprivation for small areas with the same
population in each in Wales created by the Welsh Government(29). WIMD is similar to other
indices of multiple deprivations in the United Kingdom but varies in some indicators and is
specific to Wales. Therefore, Townsend score, was used as a secondary definition measure of

deprivation (30).
Outcomes

Primary outcome was learning difficulties as reported by parents at questionnaire (see

supplementary materials). Measures of parental report of statement of educational need



(SEN) or behaviour problems were secondary outcomes. Parents were asked at the survey
‘does your child have any learning difficulties?” with free text to record details of the specific
learning difficulty. A composite measure of learning difficulties, where one or more of these
were present, was used as the primary outcome. A subsequent analysis of the specific
domains of learning difficulty described in parent’s free text responses was used as a
secondary outcome. These were categorised into the following sub domains: global
developmental delay, speech and communication difficulties, autism, dyslexia and

generalised learning difficulty.
Possible confounders were defined a priori and divided into two groups:

e Demographic (maternal age at birth, sex and ethnicity)
e C(linical (Pregnancy and intrapartum: smoking in pregnancy, multiple birth, mode of

delivery; Infant and postpartum: birthweight, breast feeding at birth)
Statistical Analysis

Initially, we compared the characteristics of children included in analyses, with those who
were excluded for missing data. Next, we investigated the characteristics of the included
population, for example median age at time of survey, split categorically as term and preterm
children and deprivation measured by WIMD rank. WIMD was categorised into deciles. We
reviewed the association between the two exposures of interest. For preterm and term
infants, we tested for evidence of increasing numbers of term or preterm born infants related

to deprivation decile using a Poisson regression.

We then reviewed the independent association between the two exposures and the presence
of learning difficulties. Frequencies for each gestational age and deprivation decile were

derived. Comparisons were made using Chi?, t-test, p for trend and ANOVA as appropriate.



Finally, we assessed the association between the preterm birth, increasing decile of
deprivation measure and learning difficulties using a logistic regression model. We
compared preterm born children to term born children and more deprived children to those
living in the least deprived decile. Initially, a univariate, multivariable random-effects model
was developed between the exposures and the outcome, using the age of the child at the time
of the survey as the random effects variable. We then adjusted for potential confounders by
adding them to the model in groups of common variables . We tested to see if the association
between gestational age or deprivation differed depending on the other exposure by using an
interaction term. Models were compared using the likelihood ratio test. Models were then
tested for secondary outcomes. To test if SEN support was modified by deprivation, the
analyses using SEN as the outcome was repeated restricted to those children with reported

learning difficulties.

Sensitivity analyses were performed; analysis using the WIMD deprivation measure at the
time of birth, using the Townsend score (30), using 5 gestational age groups divided into late
(36 weeks), moderately (32-35 weeks), very (28-31 weeks), and extremely preterm (below 28

weeks) .

Statistical analyses were performed using Stata/SE 16.1 (Statacorp LLC).

Ethics

Ethical approval was sought at initiation of the RANOPS and approved by South East Wales
Research Ethics Committee (Research Ethics Committee 12/WA/0155 Project 91349)(26,

28).

Results

Of 6,761 eligible children, 26 lacked data on learning difficulties and 44 children lacked

information regarding deprivation (Appendix 1). This left 6,691 in the cohort for the primary
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analysis with a median age of 5 years at time of survey (IQR 5, see appendix 2). 19 lacked
data on behavioural problems and 3,335 missing data on SEN and consequently the number
of children in each analysis varied with outcome assessed. Infants in the primary cohort for
analysis were more likely to be male than those not analysed due to missing data (p=0.02) but

were otherwise similar in terms of demographics (appendix 3).

Children born preterm were more likely to be male (p=0.05), more likely to be born to a
mother who smoked (p=0.01), from multiple pregnancies (p<0.001) and be born by
unplanned LSCS (p<0.001); they had lower birthweights (p<0.001) and were less likely to
have started breast feeding at birth (p<0.001). Children in the more deprived deciles had
younger mothers (p<0.001), were of a younger age at time of survey and were more likely to
be of an ethnic minority group (p<0.001). They were more likely to be born to mothers who
smoked (p<0.001), from a singleton pregnancy (p=0.01) and by normal vaginal delivery
(p<0.001). More deprived children had lower birthweights (p<0.0001) and were less likely to

have started breast feeding at birth (p<0.001) (Table 1).

There was strong evidence (p<0.001) that term infants were more likely to live in the less
deprived areas and some less strong evidence of a relationship with deprivation for preterm

infants (p=0.05) (Figure 1, data in appendix 5).

[Fig. 1]

In univariable analysis, preterm infants were more likely than term infants to have a learning
difficulty (10.5% vs 4.5%, p<0.001), a SEN (7.3% vs 2.5%, p<0.001) and a behaviour
problem (11.3% vs 5.8%, p<0.001) (Table 2). There was evidence for a high risk of global
developmental delay and general learning difficulties (both p<0.001) in preterm infants, but
insufficient evidence for an association with specific speech or communication problems,

autism or dyslexia (Table 2).



Children living in more deprived areas also had a higher prevalence of learning difficulties,
SEN and behaviour problems (each p<0.001). There was strong evidence that global
developmental delay (p=0.02), general learning difficulties (p=0.002) and autism (p=0.01)
were associated with increasing deprivation. There was weak evidence of increasing speech
or communication needs (p=0.06) but less dyslexia (p=0.05) in more deprived deciles. The

combined results are shown in Figure 2.

[Fig. 2]

In the logistic regression, compatible with the univariable model, preterm infants (OR 2.57
(2.08,3.17)) and children in increasingly deprived areas (OR 1.08 (1.05,1.12), p<0.001) had
increased odds of learning difficulties (Table 3). There was no evidence of interaction
between the two exposures (Pinteraction=0.4). There was little change in the point estimates with
the addition of potential confounders to the model and little evidence of interaction in the

final adjusted model (pinteraction=0.3).

In the fully adjusted model, there was strong evidence that preterm babies were more likely
to have global developmental delay (p<0.001), general learning difficulties (p<0.001) and
dyslexia (p=0.03) but no clear association with speech delay (p=0.2) or autism (p=0.9).
Deprivation appeared to be associated with global developmental delay (p=0.01) and autism

(p=0.004) but not speech disorders (p=0.5) or dyslexia (p=0.09).

There was some evidence that the relationship between preterm birth and autism (p=0.02)
and dyslexia (p=0.05) was modified by deprivation. The relationship between autism and
deprivation was seen in term (OR 1.54 (1.18,2.00)) but not preterm infants (OR 1.09
(0.93,1.29)). In contrast, the relationship between lower rates of dyslexia with increasing
deprivation was seen in preterm (OR 0.84 (0.73,0.97)) infants but not in term infants (OR

1.11 (0.87,1.40)).



Comparable patterns were seen with the analysis of the secondary outcomes. In the logistic
regression, preterm infants had an increased odds of SEN (OR 4.08 (1.68,9.88)) as did
children in increasingly deprived areas (OR 1.14 (1.01,1.28)). Preterm birth increased the
odds of behavioural problems (OR 2.36 (1.45,3.85)) as did living in increasingly deprived
areas (OR 1.21 (1.14,1.29)). There was no evidence of interaction between the exposures for

SEN (p=0.2) and behavioural problems (p=0.1).

There was little evidence for any interaction between preterm birth and deprivation and the
risk of SEN(pinteraction=0.6) when restricting the cohort to those with learning difficulties.
Sensitivity analyses for primary outcome gave compatible results to the main analyses; using
Townsend score (Pinteraction=0.3) or the WIMD rank at birth (pinteractione=0.5) as the measure of

deprivation, or using gestaional age split into five levels (pinteraction=0.7).

Discussion

The results of this study provide further strong evidence of increased risk of learning
difficulties in preterm-born children, and those children living in socially deprived areas.
However, there was little to suggest preterm-born children, living in more deprived areas,
have the impact of preterm birth potentiated by their perinatal journey in terms of learning
difficulties and behavioural problems. However, the additive nature of the impacts does mean
that these children still have the highest individual risk. Equally, we found no evidence that
having a SEN was related to deprivation in those children reported to have learning

difficulties.

Although learning difficulties were based on parental reports a similar relationship was seen
in the more objective measure of parent report of having a statement of educational need. A
SEN is analogous more modern descriptors like Individual Development plans and

Education, Health and Care plans. Amongst those with a reported learning difficulty, preterm
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birth did not appear to be a risk factor for SEN but this is likely due to altered population in
this subanalysis. Substantial confounding appears unlikely with unadjusted and adjusted
measures reporting similar point estimates. This study is limited by its outcome measures
being derived from parental report. In addition to this, a SEN requires input from educational
and healthcare services so would not be measurable in very young children who had not
enrolled in school. Further correlation with more objective assessments such as Bayley scales

would be of benefit in future work.

Repeating the analysis with different measures of deprivation also produced similar results
although uncontrolled and residual confounding is always possible in such observational
studies; although the results of the models did not appear particularly sensitive to adjustment
to the covariates we did have available. Of note some of the covariates (e.g. breastfeeding)
may be consequences of our primary outcomes and so our anayalysis may be considered
overconservative but are consequently likely to be robust. While there was little to suggest
that missing data is a significant issue, the generalisability of the work to recent preterm
births should be considered, alongside the representative nature of the sample. Like most
studies of this kind, only a proportion of the eligible population was enrolled in the initial
study(26, 28) . There was variation in demographics between those who responded to the
survey and did not (appendix 2) with the parents of preterm children, younger children and
families living in less deprived areas being more likely to respond; although whether this
would bias the association between deprivation and preterm births, and their
neurodevelopmental outcome is unclear. We did not undertake statistical adjustment or
weighting for non response. However as our primary outcome measure was interaction it is
unlikely the effect of non response would be different the outcomes of depriavation and
prematurity. Overall, the initial study was able to recruit a large number of preterm and term

infants, controlling for a number of confounders.
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As premature birth overall, and survival after it, increases(1, 3, 4) a better understanding of
the effects the environment has beyond the neonatal intensive care unit becomes increasingly
important. Previous studies have shown variable evidence of an interaction between parental
education as a measure of deprivation and developmental delay in ex-preterm infants(24).
Ex-preterm children, living in challenging environments, appear to face multiple challenges
to their chance of a good neurodevelopmental outcome (7, 10, 18, 19, 31) (32) but if, and
how, these factors combine is difficult to answer. Early intervention programmes may help
support neurodevelopmental outcomes for ex-preterm infants, at least until early school
ages(33) and “catch up” with their peers in school outcomes over the early years of education
looks possible and modifiable(11). Previous investigations of structured development
programmes are often adjusted for socioeconomic status, and consideration that targeted
programs may work differentially should be considered. Indeed, even the impacts of
significant brain injury appear to be modified by a parent-based intervention(32); but given
the lack of interaction here, it may be that targeted interventions, rather than broad changes to

environment reducing overall social deprivation , may be needed.(32)

The finding of possible interaction for just two domains (autism and dyslexia) should be
interpreted with caution. Learning difficulties, including autism and dyslexia, are diagnoses
more likely to be made at school age and a significant proportion of our cohort were under 5
years old. However, there is evidence autism can be reliably diagnosed in preschool
children(34). Autistic spectrum disorder and their traits(35) have been reported as more
common in preterm children although some studies have suggested this may be due to
confounding (36). Equally, some work has suggested a relationship between deprivation and
increased risk of autism(37), but others have not(38). These findings may reflect differences
in access to services or clinician bias. In this work, the lack of an association between

deprivation and autism in preterm children may represent a real finding, the effect of
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prematurity outweighing that of deprivation or a relative lack of diagnosis in this vulnerable
group and warrants further investigation. The reduction in dyslexia, as deprivation increases,
in preterm infants shown in our model should also be interpreted cautiously.t. Decreased SES
is associated with poorer language outcomes(39), as is premature birth(40). This finding may
represent an underdiagnosis in more deprived areas, or diagnosis being related to educational
level; confirmation of this finding would be important, alongside deeper investigation into its

possible implications.

Conclusion

While there remains an association between living in a deprived area and learning difficulties,
this doesn’t appear to be disproportionately worse in those children born preterm. Preterm
birth is the single biggest impact on the risks seen for developing learning difficulties,
requiring a SEN and having behavioural problems, in this cohort, but these risks increase
further in those preterm-born children living in the most deprived areas. We also identified
interactions with autism and dyslexia and the role of gestational age at birth and the social

deprivation in their local environment, which may identify groups with unmet need.

However, preterm infants in deprived areas have the highest individual risks of all groups
investigated and represent a group in which evidence-based targeted interventions, both

neurodevelopmental and socioeconomic, may have a substantial impact.
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Table 1. Characteristics of study group split by gestational age and deprivation measure

Measure Number Preterm Term P value 15t and 2" 34 and 4" | 5" and 6™ 7t and 8™ 9th and 10™ | P value
with data | (n=4023) (n=2668) WIMD (n=1322) (n=1397) (n=1348) (Least

decile (Most Deprived)

deprived) (n=1466)

(n=1158)
Demographic
Maternal age (years) | 5956 30.2 (6.0) 30.4 (5.6) 0.3* 28.105(6.1) | 29.040(6.1) | 30.503(5.7) | 31.223(5.3) | 31.979(5.2) | <0.001+%
Sex (Male) 6691 2223 (55.3%) 1408 (52.8%) 0.05 626 (54.1%) 719 (54.4%) | 766 (54.8%) | 749 (55.6%) | 771 (52.6%) | 0.6
Ethnic minority 5974 214 (6.0%) 148 (6.1%) 0.8 94 (8.9%) 81 (6.7%) 47 (3.8%) 63 (5.3%) 77 (5.9%) <0.001
groups
Age at survey (y)- 6691 5(5) 5(5) 0.4 3(5) 5(5) 4(5) 4(5) 4(5) 0.0087+
median (IQR) 100%
Smoking in 6409 541 (14.0%) 299 (11.8%) 0.03 270 (24.4%) 223 (17.6%) 159 (11.8%) 104 (8.1%) 84 (6.0%) <0.001
pregnancy
Multiple pregnancy | 6691 894 (22.2%) 41 (1.5%) <0.001 133 (11.5%) | 194 (14.7%) | 179 (12.8%) | 197 (14.6%) | 232(15.8%) | 0.01
Mode of Delivery 5956 <0.001 <0.001
Normal Vaginal 1494 (41.7%) 1446 (61.0%) 564 (53.7%) 589 (49.7%) | 605(49.2%) | 559 (47.2%) | 623 (47.6%)
Delivery
Breech 83 (2.3%) 10 (0.42%) 21 (2.0%) 19 (1.6%) 19 (1.6%) 17 (1.4%) 17 (1.3%)
Instrumental 270 (7.5%) 279 (11.8%) 64 (6.1%) 107 (9.0%) 115 (9.4%) 114 (9.6%) 149 (11.4%)
Elective CS 553 (15.4%) 307 (13.0%) 133 (12.7%) 193 (16.3%) 172 (14.0%) 154 (13.0%) | 208 (15.9%)
Unplanned CS 1185 (33.0%) 329 (13.9%) 268 (25.5%) 277 (23.4%) | 318 (25.9%) | 338 (28.6%) | 313 (23.9%)
Infant and postpartum
Birthweight (kg) 6691 2.216 (0.63) 3.439 (0.48) <0.0001* 2.616 (0.8238) | 2.668 2.713 2.762 2.744 <0.0001F

(0.8234) (0.8049) (0.8439) (0.8428)

Breast feeding 5693 2050 (61.8%) 1630 (68.7%) <0.001 468 (46.2%) 644 (57.6%) | 806 (67.9%) | 819 (73.1%) | 943 (75.3%) | <0.001
initiated at birth

Values are numbers (%) or mean (SD)unless otherwise stated. Comparisons are made by Chi?,*t-test, ANOVA, **Mann-Whitney U and {{Kruskal-Wallis, as

appropriate



Table 2. Gestational age, and deprivation decile, and the risk of learning difficulties or developmental problems.

Gestation Deprivation by WIMD Decile |
N n per Preterm Term P 1%t and 2™ 3" and 5% and 7t and 8™ 9th and 10t Ptrend
total | group value 4th 6t
All Learning Difficulties 6691 | 541 421 120 (4.5%) | <0.00 | 128 (23.7%) | 112(20.7 | 110(20.3 | 91 (16.8%) | 100 (18.5%) | <0.00
(10.5%) 1 %) %) 1
GDD* 149 128 3.2%) | 21(0.8%) | <0.00 | 36 (242%) | 32 29 26(17.5%) | 26(17.5%) | 0.02
1 (21.5%) | (19.4%)
Speech/Communication 89 56 (1.4%) | 24(0.9%) 0.07 20 (25%) 10 27 12 (15%) 11 (13.8%) 0.06
(12.5%) | (33.8%)
Autism 47 30 (0.8%) 17(0.6%) 0.6 11 (23.4%) 14 12 3 (6.4%) 7 (14.9%) 0.01
(29.8%) | (25.5%)
Learning difficulty (general) 201 162 (4.0%) | 39(1.5%) <0.00 | 53 (26.4%) 45 32 33 (16.4%) 38 (18.9%) 0.002
1 (23.4%) | (15.9%)
Dyslexia 65 46 (1.1%) 19 (0.7%) | 0.08 8 (12.3%) 11 10 17 (26.1%) 19 (29.2%) 0.05
(16.9%) | (15.4%
Other Outcomes ‘
Education Statement 3356 | 179 145 (7.3%) | 34 (2.5%) | <0.00 | 42(23.5%) 38(21.2% | 40(22.3% | 25(14.0%) 34(19.0%) 0.001
1 ) )
Behavioural Problem 6672 | 611 456(11.3% | 155(5.8%) | <0.00 | 181(29.6%) | 158(25.9 | 117(19.1 | 84(13.8%) 71(11.6%) <0.00
) 1 %) %) 1

Values are number (%)

*GDD= Global developmental delay

Comparisons are by Chi? or extended Wilcoxon rank-sum test as appropriate.




Table 3. Associations between both gestational age, and deprivation measures, and developmental outcomes; along with measures of interaction/modification
between the two exposures.

Neurodevelopmental Measure Adjusted for demographics* and clinical
factors**

OR (95% CI) Pinteraction OR (95‘%) CI) Pinteraction OR (950/0 CI) Pinteraction

Unadjusted model Adjusted for demographics factors*

Learning Difficulties n=5443

All Learning Difficulties

Preterm birth 2.52(2.04,3.12) 0.4 2.64 (2.07,3.37) 0.5 2.67 (2.02,3.53) 0.3
WIMD Decile 1.08 (1.04-1.11) 1.07 (1.03,1.11) 1.08 (1.03-1.12)
GDD
Prematurity 4.06 (2.55,6.46) 0.5 4.80 (2.79,8.28) 0.4 4.88 (2.73,8.74) 0.3
WIMD Decile 1.06 (1.00,1.13) 1.08 (1.01,1.15) 1.10 (1.02,1.18)
Speech
Preterm birth 1.53 (0.95,2.49) 0.2 1.58 (0.91,2.75) 0.2 1.53 (0.79,2.95) 0.2
WIMD Decile 1.09 (1.01,1.18) 1.09 (1.00,1.20) 1.04 (0.94,1.16)
LD (general)
Preterm birth 2.91(2.04,4.17) 0.8 2.78 (1.83,4.23) 0.4 2.72 (1.68,4.40) 0.5
WIMD Decile 1.10 (1.04,1.16) 1.07 (1.01,1.14) 1.07 (1.00,1.15)
Autism
Preterm birth 1.14 (0.63,2.08) 0.2 1.00 (0.52,1.91) 0.04 0.94 (0.44,2.12) 0.02
WIMD Decile 1.14 (1.03,1.27) 1.18 (1.04,1.34) 1.23 (1.06,1.40)
Dyslexia
Preterm birth 1.72 (1.001,2.96) 0.02 2.14 (1.12,4.08) 0.04 2.38 (1.08,5.23) 0.05
WIMD Decile 0.94 (0.86,1.02) 0.87 (0.78,0.97 0.90 (0.80,1.02)

Educational Statement

Preterm birth 2.99 (2.04,4.38) 0.2 2.68 (1.75,4.11) 0.6 2.44 (1.50,3.98) 0.5
WIMD Decile 1.09 (1.03,1.15) 1.11 (1.05,1.19) 1.14 (1.06,1.23)

Educational statement in Children with n=389 n=291 n=231

Learning Difficulties

Preterm birth 1.45 (0.87,2.43) 0.8 1.26 (0.70,2.29) 0.4 1.06 (0.54,2.11) 0.6
WIMD Decile 1.04 (0.97,1.12) 1.13 (1.04,1.25 1.14 (1.02,1.28)

Behavioural problems

Preterm birth
WIMD Decile

n=6672

2.01 (1.67,2.44)
1.19 (1.15,1.22)

0.1

2.14 (1.73,2.67)
1.14 (1.11,1.19)

0.1

n=4550

2.07 (1.62.,2.65)
1.11 (1.07,1.16)

0.3

Values are OR (95% CI) from the multi-level logistic regression model (random effects variable was the age at the time of the survey).* Adjusted for maternal age at birth,
sex and ethnicity ** Adjusted for smoking in pregnancy, multiple births, mode of delivery, birthweight and whether breast feeding was initiated at birth
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Figure Legends

Figure 1- Percentage of children living in each WIMD decile split by preterm and term birth.

P value reported are p for trend.

Figure 2- Proportion of children with a learning difficulty by gestational age in weeks and

WIMD decile
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Appendix 1. Study Population and generation of the cohort for analysis

Eligible Population
n=6761

Response to
duestions regarding
learning

difficulties

n=6375 (99.6% of
eligible population)

Deprivation data
available

Cohort for primary analysis
n=5691 (98.9% of eligible population)

Ze

Secondary analysis

Response to
Guestions regarding
educational

n=3335

statement

Cohort for secondary
analysis of Educational
statements
n=3356 (49.6% of eligible
population)

Response to

duestions regarding
behaviour
problems

n=19

Cohort for secondary
analysis of behaviour
problems
n=6672 (93.6% of eligible
population)
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Appendix 2- Data regarding Age at time of survey in combined tabular and graphical

format

Mumber of children with reported Learning Difficulties by age at Survey
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Appendix 3- Comparison of Responders and Non Responders in the original study

Measure Responders Non-Responders p
n=7149 n=19593

Preterm 4284 (59.9%) 9090 (46.4%) <0.001
Living in most deprived 50% 3357 (47.0%) 12068 (61.6%) <0.001
Age at time of survey (All) 4.7 (2.8) 5.3 (2.8) <0.001
Preterm 4.7 (2.8) 5.3 (2.8) <0.001
Term 4.8 (2.9) 5.3 (2.8) <0.001
Male Sex 3862 (54.0%) 10666 (54.4%) 0.6
Birthweight in kg 2.74 (0.86) 2.91 (0.81) <0.001

Numbers are number (%) or mean (SD) as appropriate.
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Appendix 4. Comparison of Eligible cohort to those excluded

Measure Analysed cohort Participants with p
(n=6761) missing data (n=70)

Preterm 4023 (60.1%) 38 (54.3%) 0.3
Maternal age in years 30.256 (5.8) 30.375 (6.3) 0.9
Minority ethnicity 362 (6.1%) 1(1.6%) 0.1
Male sex 3631 (54.3%) 28 (40.0%) 0.02
Smoking during pregnancy 840 (13.1%) 11 (16.2%) 0.5
Breastfeeding initiated at birth 3680 (55.0%) 32 (45.7%) 0.1
Delivery by NVD 2940 (49.4%) 30 (46.9%) 0.4

Numbers are number (%) or

mean (SD) as appropriate.

Appendix 5. Number of children with Learning disability split by gestational group and
deciles of deprivation measure (WIMD), combined deciles and groups to reduce

identifiability
Extreme
Late Moderate Very preterm | preterm (less

Term (>37 | preterm preterm (32 (28 to 31 than 28
Deprivation Decile weeks) (36 weeks) | to 35 weeks) | weeks) weeks)
9th/10%™ (Least
Deprived) 22 (3.51%) | 22 (7.33%) | 32(9.58%) 13 (9.35%) 11 (16.92%)
7th/8th 23 (4.11%) | 19(7.04%) | 22 (6.73%) 12 (8.11%) 15 (34.88%)
5th/6th 20 (3.53%) | 24 (8.82%) | 41 (11.29%) 17 (11.11%) 8 (19.04%)
3rd/4th 23 (4.67%) | 25(8.47%) | 36(10.43%) 17 (12.59%) 11 (20.37%)
1st/2nd (Most
Deprived) 32 (7.60%) | 21(8.30%) | 38(12.62%) 21 (15.91%) 16 (31.37%)

Values are number (%)
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