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ABSTRACT
Introduction  Over 3000 infants suffer a brain injury 
around the time of birth every year in England. Although 
these injuries can have important implications for children 
and their families, our understanding of how these injuries 
affect children’s lives is limited.
Methods and analysis  The aim of the CHERuB study 
(Childhood Health and Educational outcomes afteR 
perinatal Brain injury) is to investigate longitudinal 
childhood health and educational outcomes after perinatal 
brain injury through the creation of a population-matched 
cohort study. This study will use the Department of Health 
and Social Care definition of perinatal brain injury which 
includes infants with intracranial haemorrhage, preterm 
white matter injury, hypoxic ischaemic encephalopathy, 
perinatal stroke, central nervous system infections, 
seizures and kernicterus. All children born with a perinatal 
brain injury in England between 2008 and 2019 will 
be included (n=54 176) and two matched comparator 
groups of infants without brain injury will be created: 
a preterm control group identified from the National 
Neonatal Research Data Set and a term/late preterm 
control group identified using birth records. The national 
health, education and social care records of these infants 
will be linked to ascertain their longitudinal childhood 
outcomes between 2008 and 2023. This cohort will include 
approximately 170 000 children. The associations between 
perinatal brain injuries and survival without neurosensory 
impairment, neurodevelopmental impairments, chronic 
health conditions and mental health conditions throughout 
childhood will be examined using regression methods and 
time-to-event analyses.
Ethics and dissemination  This study has West London 
Research Ethics Committee and Confidential Advisory 
Group approval (20/LO/1023 and 22/CAG/0068 issued 
20/10/2022). Findings will be published in open-access 
journals and publicised via the CHERuB study website, 
social media accounts and our charity partners.

INTRODUCTION
Perinatal brain injuries can have devastating 
consequences for children, families and 
society.1 As such, reducing the number of 
infants with perinatal brain injury is a current 
governmental priority. Over 3000 infants 

suffer a perinatal brain injury in England 
every year and the Department of Health and 
Social Care (DHSC) has declared a national 
ambition to halve the rate of perinatal brain 
injury by 2030.1 2

As part of this national maternity ambi-
tion, the DHSC commissioned the Neonatal 
Data Analysis Unit to develop a standardised 
definition of perinatal brain injury through 
expert consensus.1 This definition includes: 
moderate-to-severe hypoxic ischaemic enceph-
alopathy (HIE), perinatal stroke, central 
nervous system infections, intracranial haem-
orrhage, cystic periventricular leukomalacia, 
kernicterus and seizures in term and preterm 
babies; conditions are not mutually exclusive. 
By its nature, this definition of perinatal brain 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The CHERuB (Childhood Health and Educational out-
comes after perinatal Brain injury) study is a popu-
lation birth cohort study of all children with perinatal 
brain injuries born in England including those with 
intracranial haemorrhage, preterm white matter in-
jury, hypoxic ischaemic encephalopathy, perinatal 
stroke, central nervous system infections, seizures 
and kernicterus.

	⇒ Comparator children have been matched to increase 
precision and power to detect differences in devel-
opmental outcomes between those with and without 
brain injury above and beyond the impact of factors 
such as prematurity.

	⇒ The longitudinal nature of the study enables the ex-
amination of important outcomes across the health, 
education and social sectors after perinatal brain 
injury up to 13 years of age.

	⇒ This study involves the creation of a rolling birth 
cohort permitting on-going follow-up of this cohort 
and the addition of future epochs.

	⇒ A key weakness of using routine data is that certain 
outcome conditions may be under-represented—al-
though this is offset by the triangulation of multiple 
data sets.
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injury comprises markers of potential brain injury rather 
than confirmed brain injury, as such injuries are difficult 
to definitively diagnose during the neonatal period and 
require long-term follow-up to determine consequent 
impacts of the perinatal insult. Current knowledge about 
childhood trajectories after perinatal brain injury is 
limited by a paucity of population-level research.3 4

Most neonatal studies follow-up infants to 2 years of 
age and measure a composite outcome of mortality and 
neurodevelopmental impairment. It is however becoming 
increasingly clear that 2-year outcome measures are poorly 
predictive of future childhood function, except among 
the most severely impaired.5 6 The poor predictive value of 
neurodevelopmental testing at 2 years of age is thought to 
be underpinned by measurement error, difficulties in infant 
testing (ie, observing a child at one time point), changes 
in function throughout childhood, variation in inherited 
developmental patterns and environmental influences.7–9 
Additionally, functional impairment as a result of neonatal 
insults is fluid: it may evolve or even diminish throughout 
childhood as a result of neuroplasticity. A greater under-
standing of the sequelae of perinatal brain injury, specif-
ically how and when children are affected, would inform 
parental counselling, enhanced developmental surveil-
lance across the National Health Service (NHS) and the 
design of multidisciplinary interventions to support chil-
dren in reaching their full potential.10

Aim
The CHERuB (Childhood Health and Educational 
outcomes after perinatal Brain injury) study is a popula-
tion birth cohort study that aims to investigate longitu-
dinal childhood health and educational outcomes after 
perinatal brain injury. We propose using a national data-
base capturing all children with perinatal brain injuries 
admitted to a neonatal unit and two matched control 
cohorts, linked to administrative health, education and 
social care data to ascertain long-term outcomes.

Objectives
	► Work with affected families to inform the study 

design, focus, interpretation of results and their 
dissemination.

	► Create a population-based national matched cohort 
of children with and without perinatal brain injury 
from existing national data sets.

	► Examine neurodevelopmental, school and survival 
outcomes after perinatal brain injury up to 13 years of 
age compared with unaffected peers.

	► Examine the prevalence and nature of chronic health 
conditions in children with perinatal brain injury 
compared with unaffected peers.

	► Examine mental health outcomes after perinatal 
brain injury compared with unaffected peers.

METHODS AND ANALYSIS
Study population
The CHERuB study will include approximately 170 996 
children: all infants born in England between 1 January 

2008 and 31 December 2019 who were admitted to a 
neonatal unit with a perinatal brain injury (cohort 1; 
n=54 176) and two matched comparator groups of infants 
admitted to the neonatal unit and born at <34 (cohort 2) 
and infants born at ≥34 weeks’ gestation (cohort 3).

Cohort 1 will include infants with perinatal brain injury 
as per the DHSC definition in addition to infants with 
intraventricular haemorrhage grades 1–2 and mild HIE 
(online supplemental file 1).1 Infants born outside of 
England or with congenital infections, encephalopathies 
or brain abnormalities will not be included.1

Identifying comparators
Infants with perinatal brain injury born at <34 weeks’ 
gestation will be matched 1:1 with unaffected infants 
admitted to a neonatal unit using propensity scores 
accounting for the week of gestation, birth weight Z-score, 
sex, mode of delivery, multiplicity, maternal smoking 
status, receipt of antenatal steroids, receipt of antenatal 
magnesium sulfate and year of birth (cohort 2). This will 
be done using Mahalanobis matching (in the psmatch2 
function in Stata) to identify the 20 nearest neighbour 
matches for each preterm infant with brain injury based 
on the prespecified covariates.11 The nearest unique 
match (of the 20) will then be selected to minimise dupli-
cate comparators. Additional confounders affecting the 
preterm population necessitate more complex matching 
to create a balanced comparable cohort for meaningful 
analysis.

Infants with perinatal brain injuries born at 34 weeks’ 
gestation or greater will be matched to unaffected 
comparator infants indicated from a database of all births 
in England in a 1:3 ratio on sex, year of birth, birth weight 
(within 100 g), week of gestation (from 2015) and multi-
plicity (cohort 3).

Follow-up
Included children will be followed-up to 13 years of age, 
31 August 2023, or their date of death through linked 
hospital, death, school and social care records. Follow-up 
time will vary by birth year.

Data sources
Cohorts 1 and 2 will be derived from the National Neonatal 
Research Database (NNRD). The NNRD contains demo-
graphic, clinical and organisational data derived from 
electronic patient records for all neonates admitted 
to a neonatal unit across Great Britain.12 13 The NNRD 
also captures information on short-term developmental 
outcomes at 2 years of corrected age for certain groups 
of neonates.13 Cohort 3 will be derived from Office for 
National Statistics birth registration data which pertains 
to all births registered in England. These data sets are 
described in brief in table 1.

Follow-up data will be obtained from the NNRD and 
linkage to administrative health and education records. 
All data sets are described in table 1. In brief, we will use:
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	– Diagnostic data recorded during hospital pres-
entations, admissions and appointments in health 
records to measure indicators of neurodevelopmental 
impairments, chronic conditions and mental health 
conditions.

	– ONS-Hospital Episode Statistics (HES) linked mortality 
records to obtain information about causes and timing 
of death.

	– Education records to obtain information about educa-
tional attainment, level of provision and recorded type 
of special educational needs.

Data linkage
The suggested data flows for study data are outlined in 
figure 1. The main steps are:
1.	 Extraction and transfer of NNRD data to the ONS 

Secure Research Service (SRS): Infants with perinatal 
brain injury will be identified within the NNRD (co-
hort 1; n=54 176). The pseudonymised neonatal care 
data for this cohort will be transferred to the ONS SRS. 
Preterm infants (<34 weeks’ gestation) will be propen-
sity score matched to a comparator group of infants in 
the NNRD (cohort 2; n=22 854). The pseudonymised 

Table 1  Summary of proposed data sets

Data sources Description of data set

National Neonatal Research Database (NNRD) Overseen by the Neonatal Data Analysis Unit and contains demographic, clinical 
and administrative data for all neonates admitted to neonatal units across Great 
Britain.13 Its population coverage is internationally unique with 100% coverage 
of England and Wales since 2012 and high representative coverage since 
2008.12 It also contains 2-year neurodevelopmental follow-up records for certain 
high-risk groups of neonates.13 27

Personal Demographic Service (PDS) Controlled by NHS England, the PDS contains demographic data for all NHS 
patients in England with an NHS number.

Hospital Episode Statistics (HES)
HES admitted patient care
HES accident and emergency
HES emergency care data set
HES outpatients
HES-ONS linked mortality data

Controlled by NHS England. Contains all data pertaining to NHS-funded hospital 
admissions, outpatient appointments and emergency department attendances 
across England.28 It has been extensively used to investigate longitudinal 
population health outcomes because it is uniquely positioned to do so with its 
universal coverage and patient-level data.28 29

 

Additionally, ONS mortality records are routinely linked to HES records to 
provide population data on cause and time of death.

Mental Health Services Data Set Controlled by NHS England. Contains individual-level data for all children 
accessing mental healthcare across the community, outpatient and inpatient 
settings in England from 2016.

National Pupil Database (NPD)
School enrolment:
NPD school census pupil level
NPD pupil referral unit census
NPD alternative provision census
Attainment:
NPD early years foundation stage profile
NPD phonics
NPD key stage 1
NPD key stage 2
Other:
NPD absences
NPD exclusions

Controlled by the Department for Education. Contains detailed pupil-
level information on characteristics of pupils in state-funded schools, their 
educational attainment, special educational needs provision and attendance of 
all children at state schools across England. These data have previously been 
linked to health data successfully with linkage rates of over 80%.15 30

Social care data
Children Looked After Return (CLA)
Child In Need Census (CIN)

The CLA is a national data set that contains data on all looked-after children in 
England.31 It is held by the Department for Education and contains individual-
level data.
 

The CIN is also a national individual-level data set held by the Department for 
Education.26 It contains longitudinal data on children deemed to be in need, that 
is, those who have been referred to the local authority for social care support 
in England. Referrals accepted by the local authority are included in the CIN. 
These include children in care, children on child protection plans and disabled 
children (who are receiving services from the local authority). Looked-after 
children appear in both the CLA and CIN data sets.

NHS, National Health Service; ONS, Office for National Statistics.
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neonatal care data for cohort two will also be trans-
ferred to the ONS SRS.

2.	 Linkage of the NNRD to the Personal Demographic 
Service (PDS): The NNRD reliably captures data items 
such as date of birth, postcode and infant NHS num-
ber. The NNRD cohorts will be linked to the PDS, a 
database that contains demographic data for all NHS 
patients in England with an NHS number and serves 
as a linkage spine for health records. Linkage will be 
done using NHS number, date of birth, sex and post-
code at birth: to identify registered forename, surname 
and postcodes changes (which are required for linkage 
to education records).

3.	 Deriving cohort 3: The remaining unmatched infants 
(≥34 weeks’ gestation) with perinatal brain injury will 
be matched in a 1:3 ratio to a comparator group of in-
fants, identified from ONS birth notifications by NHS 
England (cohort 3; n=93 966).

4.	 Linkage to health data sets via the PDS: Using NHS 
number, infant surname, forename, sex and date of 
birth, all three cohorts will be identified in the PDS 
by NHS England using their Master Person Service be-
spoke deterministic person-matching algorithm.14 The 
PDS serves as a spine for linkage to routinely collected 
health records: ONS mortality records, HES and the 

Mental Health Services Data Set (MHSDS). The data 
will be linked to the most recent available health re-
cords for the included children up to 13 years of age.

5.	 Linking to education and social care data: One file 
containing a list of personal identifiers for the link-
age of the three cohorts to the education and social 
care data sets will be transferred to the Department 
for Education. The following identifiers will be used 
by the Department for Education to link to education 
and social care data: forename, surname, date of birth, 
sex and postcodes.15 Another file, containing the three 
pseudonymised cohorts of infants and their health out-
comes, will be transferred to the ONS SRS.

Outcomes of interest
1. Survival and neurodevelopmental impairment.

The primary outcome of interest, survival without 
neurosensory impairment, will be determined up to 2, 5, 
7 and 11 years of age using ONS mortality, HES, NNRD 
and National Pupil Database (NPD) records as binary 
outcomes at four time points. Two-year outcomes will be 
presented corrected and uncorrected for prematurity 
where possible.

The specific definitions for neurosensory impairment 
are denoted in online supplemental file 2 and include 

Figure 1  CHERuB study data flows. MHSDS, Mental Health Services Data Set; NDAU, Neonatal Data Analysis Unit; NHS, 
National Health Service; NNRD, National Neonatal Research Database; ONS, Office for National Statistics; PDS, Personal 
Demographic Service.
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cognitive, motor, speech and language, visual and hearing 
impairments. The potential of extending this definition 
to include data from the MHSDS will be explored on data 
receipt as the utility of the MHSDS (available from 2016) 
for paediatric studies is still uncertain.

Survival without neurosensory impairment is a priority 
outcome for parents (as highlighted by previous core 
outcome studies in neonatology and HIE specifically).16 17 
This definition of survival without neurosensory impair-
ment has been developed by scoping the existing liter-
ature and through expert consensus with patient and 
public involvement (PPI) representatives, community 
paediatricians, general paediatricians, neonatologists 
and academics with expertise in NNRD, HES and NPD 
data.

We will consider the individual components of the 
composite primary outcome in secondary analyses as 
well as other important neurodevelopmental outcomes 
(online supplemental files 2, 3). These include:

	► Neurosensory impairment (cognitive, motor, speech 
and language, hearing or visual).

	► Any neurodevelopmental impairment.
	► Cognitive impairment.
	► Not meeting expected level of academic attainment.
	► Learning difficulty components of special educational 

needs.
	► Motor/physical impairment.
	► Speech, language and communication difficulty.
	► Visual impairment.
	► Hearing impairment.
	► Additional educational needs (any recorded special 

educational needs, Educational Health and Care Plan 
and attending a specialist school).

	► Developmental delay (although we recognise this is 
not an impairment).

	► Epilepsy.
	► Behavioural, emotional and social disorders (hyperki-

netic, autism spectrum disorder, tic disorder).
	► Survival.
	► Cause-specific mortality.
2. Chronic health conditions (* outcomes are not 

mutually exclusive; some conditions are classed as both 
a type of neurodevelopmental impairment and a chronic 
health condition).

This is defined as the occurrence of the chronic health 
conditions included in the Hardelid classification up to 
age 2, 5 and 11 years.18

	► Infections.
	► Cancer and chronic blood conditions.
	► Cardiovascular conditions.
	► Respiratory conditions.
	► Musculoskeletal/dermatological conditions.
	► Neurological conditions.
	► Metabolic/endocrine/digestive conditions.
	► Renal/genitourinary conditions.
3. Mental health conditions (* outcomes are not mutu-

ally exclusive; some conditions are classed as both an NDI 
and a mental health condition).

This is defined as the occurrence of behavioural, 
emotional, pervasive, mood and/or anxiety disorders up 
to age 5 and 11 years of age in HES or NPD data (online 
supplemental file 4). The potential of extending this defi-
nition to the MHSDS will be explored on data receipt.

Potential confounding or effect modifiers
Directed acyclic graphs (DAGs) will be created to map 
the relationships of the variables in table 2, types of expo-
sures (ie, brain injuries) and outcome types.19 Selection 
of key covariates for each analysis will be guided ‘a priori’ 
by the DAGs. Potential effect modifiers will also be iden-
tified using DAGs and explored further within each anal-
ysis through stratification.

Statistical analysis
Analyses will be reported as per the Reporting of studies 
conducted using observational routinely-collected health 
data (RECORD) guidelines.20

The probability of survival without neurosensory impair-
ment among the included population up to 2, 5, 7 and 11 
years of age will be determined using multilevel logistic 
regression methods adjusting for the key covariates iden-
tified from DAGs and fitting hospital of birth as a random 
effect (to account for heterogeneity at the hospital level). 
The crude and adjusted ORs will also be calculated and 
presented for each of the secondary outcomes (ie, type 
of neurodevelopment diagnosis or additional needs) and 
by brain injury type accounting for the competing risk of 
death. These methods will also be used to study the risk 
of chronic health conditions and mental health condi-
tions after perinatal brain injury. We will use Stata V.18 
(or later) software for all analyses.

Further analysis of academic attainment will be under-
taken using a linear regression model (adjusting for the 
key covariates) to determine the differences in mean 
academic attainment Z-scores on both teacher and 
national assessments at Phonics, Early Years Foundation 
Stage (EYFS), Key Stage 1 (KS1) and Key Stage 2 (KS2) 
after perinatal brain injury and by type of brain injury. 
This will also be undertaken for the specific domains that 
make up the overall teacher and/or national scores at 
each of the educational assessment stages (table 3).

Data permitting, a group trajectory analysis may be 
undertaken to study the differing academic trajectories 
at EYFP, KS1 and KS2 of infants with perinatal brain 
injury and to determine if and how these differ by brain 
injury type.21 22 This could provide insights into whether 
impairments as a result of specific perinatal brain injuries 
are fixed, deteriorate or even improve throughout child-
hood, in addition to identifying characteristics associated 
with these different trajectories.

To determine the difference in absolute mortality rates 
(and 95% CI) per 1000 person-years between those with 
and without perinatal brain injury (and by brain injury 
type) a survival analysis with Cox proportional hazards 
modelling will be undertaken. This will include censoring 
follow-up time, fitting the admission hospital or neonatal 
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operational delivery network (data permitting) as a 
random effect using the frailty function, adjusting for 
covariates identified from DAGs and examining the data 
for breaches in the proportionality assumption.

Subgroup analyses
The primary and secondary outcomes will be reported for 
those with and without brain injury but also by type of brain 
injury. Additionally, outcomes for these specific popula-
tions will be explored geographically, temporally and in 
relation to specific treatments. Additional subgroup anal-
yses of neurodevelopmental and school-based outcomes 
will include exploring how these outcomes differ based 
on eligibility for free school meals, being a ‘looked after 
child’, first language spoken at home, exclusions from 
schools and school type.

Missing outcome data
Infants from cohorts 1 and 2 (identified from the NNRD) 
with and without a 2-year follow-up record in the NNRD 
will be compared. Sensitivity analyses will be undertaken 
to assess the potential impact of missing data. For cohorts 
1 and 2 the standardised difference for those with and 
without 2-year follow-up data in the NNRD will be calcu-
lated for the NNRD covariates specified in table 1. The 
standardised difference for those with and without 2-year 
follow-up data will also be calculated by the type of peri-
natal brain injury for cohort 1. The predominant mech-
anism of missing 2-year NNRD follow-up data, is likely to 
be missing at random (MAR), that is, predictable miss-
ingness related to covariates such as ethnicity, neonatal 
network responsible for follow-up and index of median 

Table 2  Potential confounders or effect modifiers within the linked data sets available for analysis in addition to the outcome 
variables (*matched variable)

NNRD (cohort 1 and 2 only) PDS/HES NPD and social care data

Year of birth*
Month/season of birth
Sex*
Gestation*
Birth weight Z-score*
Multiplicity*
Antenatal corticosteroids*
Antenatal magnesium sulfate*
Receiving breastmilk at discharge
Mode of delivery
Neonatal unit characteristics
Admission neonatal unit level
Admitting operational delivery network
Discharging neonatal unit level
Discharging operational delivery network
Number of different neonatal unit admissions
Maternal characteristics
Maternal smoking status
Index of multiple deprivation
Maternal ethnicity
Maternal age
Neonatal multimorbidity
Necrotising enterocolitis (conservatively or 
surgically treated)
Spontaneous intestinal perforation
Retinopathy of prematurity (treated)
Bronchopulmonary dysplasia
Culture positive sepsis
Major surgery
Patent ductus arteriosus (treated)
More than one brain injury
Treatment variables
Duration of ventilation
Receipt of surfactant
Postnatal corticosteroid treatment
Feeding regimes (feeding routes, types and 
durations)
Therapeutic hypothermia (for infants with HIE)

Season of birth
Year of birth*
Sex*
Gestation*
Birth weight*
Multiplicity*
Maternal ethnicity
Child ethnicity
Index of multiple deprivation
Hospital of birth

School attendance (and exclusions)
Child in need
Looked after child
Eligibility for free school meals
First language
Child ethnicity
Quintile of index of multiple deprivation

HES, Hospital Episode Statistics; HIE, Hypoxic Ischaemic Encephalopathy; NNRD, National Neonatal Research Database; NPD, National 
Pupil Database; PDS, Personal Demographic Service.
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deprivation.23 Some neonatal follow-up studies have 
shown an element of missing not at random (MNAR) in 
their missing follow-up data, where children with NDI 
are less likely to attend research study follow-up (due to 
a myriad of factors such as the burden of care appoint-
ments independent of ‘research’ appointments).23–25 
Other studies have demonstrated that children without 
NDI might be less likely to attend follow-up.26 However, 
these were typically follow-up studies conducted along-
side, rather than as part of, routine care. The data in the 
CHERuB study are collected as part of routine care, we 
would therefore expect this MNAR missingness mecha-
nism to play less of a role. To explore the potential impact 
of MNAR, sensitivity analyses will be undertaken to simu-
late violations of the MAR assumption in either direction. 
The use of inverse probability weighting or multiple impu-
tation methods will be considered to adjust for sources of 
potential bias resulting from missing outcome data.

The incidence of specific NDIs, chronic health condi-
tions and mental health conditions in cohort 3 will 
be compared with estimates of the prevalence of these 
conditions within the general UK population from the 
literature and existing registries to assess the validity of 
the CHERuB study estimates.

Examining linkage quality
The linkage rate for cohort 1 and 2 from the NNRD to a 
HES records, and for cohort 3 from the ONS birth noti-
fications to a HES records will be calculated. The char-
acteristics of infants in cohorts 1–3 who did and did not 
link to a HES record will be compared by calculating stan-
dardised differences for the year of birth, sex, maternal 
ethnicity and index of multiple deprivation decile for 
each group, to evaluate for potential linkage bias as a 
result of missed matches.15 Furthermore a multivariate 

logistic regression analysis will be undertaken to deter-
mine whether these variables independently increase the 
risk of linkage failure. If necessary, multiple imputation 
methods will be considered to adjust for potential sources 
of bias resulting from linkage error.

The linkage rates of cohorts 1–3 from HES to the NPD 
will be calculated; and the characteristics of infants from 
the NNRD who did and did not match to an NPD record 
in addition to those from cohort 3 in HES who did and did 
not match to an NPD record, will be compared using the 
same methods as for the NNRD-HES linkage evaluation.

Patient and public involvement
The study and in particular the PPI components of the 
study are overseen by a PPI advisory committee which 
consists of parent representatives and representatives 
from Bliss, Peeps HIE and the meningitis research foun-
dation. Families of infants with perinatal brain injury 
have also been recruited via charity partners (Bliss and 
Peeps HIE) to participate in PPI workshops. Early family 
workshops have been undertaken to inform the study 
design and focus. Further workshops are planned later in 
the study to explore the study results with families: partic-
ularly what specific results might mean to families and to 
seek their input on how best to disseminate and use these 
findings going forward.

ETHICS AND DISSEMINATION
The study has received West London Research Ethics 
Committee (20/LO/1023) and Confidential Advisory 
Group approval (22/CAG/0068).

Pseudonymised data will be stored in the ONS SRS and 
only accessible to specific ONS accredited researchers 
working on this study. No identifiable data are made 

Table 3  Educational assessments and domains

Educational assessment stages Domains assessed

Phonics 	► Phonics assessment (teacher-marked assessment out of 40)

Early Years Foundation Stage
(all teacher-assessed)

Achieved good level of development overall (binary)
Subcategories (categorical score between 1 and 3)

	► Communication.
	► Physical development.
	► Personal, social and emotional development.
	► Literacy.
	► Mathematics.
	► Understanding the world.
	► Expressive arts, designing and making.

Key Stage 1 	► English (national assessment and teacher-assessed).
	► Mathematics (national assessment and teacher-assessed).
	► Science (teacher-assessed).

Key Stage 2 	► English reading (national assessment).
	► English grammar (national assessment).
	► English punctuation (national assessment).
	► English spelling (national assessment).
	► English writing (teacher-assessed).
	► Mathematics (national assessment).
	► Science (teacher-assessed).
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available to researchers at any time. NHS England and 
the Department for Education will retain the linkage keys 
for their respective linkages, to permit future linkage 
updates.

Receipt of the full linked cohort is anticipated by 
September 2024. We aim to complete and disseminate 
the study findings by the study end date in August 
2026. A cohort description will be published in a peer-
reviewed journal. Study findings will be published 
open-access in high-impact journals targeting key 
stakeholders and presented at national and interna-
tional conferences. The public and families will be 
signposted to study summaries and publications via 
the CHERuB study website https://www.ucl.ac.uk/​
child-health/research/ppp/champp/cherub, the 
study social media account @CHERuBstudy and our 
charity partners.
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Supplement 1: Definition of perinatal brain injury used in the CHERuB study 

 
Extensions to the Department of Health and Social Care definition: 

 

Any of the following recorded in any Diagnosis field: 

• Grade 1 Hypoxic Ischaemic Encephalopathy (HIE) 

• Mild Neonatal Encephalopathy 

• Mild Hypoxic Ischaemic Encephalopathy HIE) 
 

Any of the following recorded in any Diagnosis field: 

1. Intraventricular haemorrhage (IVH Grade 1) 
2. Intraventricular haemorrhage (IVH Grade 2) 

 

Any of the following recorded in any cranial ultrasound findings field: 

1. IVH Grade 1  
2. IVH Grade 2 

 

Department of Health and Social Care definition of brain injury: 

HIE 

Any of the following recorded in any Diagnosis field: 

1. Severe Hypoxic Ischaemic Encephalopathy (HIE) 

2. Severe Neonatal Encephalopathy 
3. Grade 3 Hypoxic Ischaemic Encephalopathy (HIE) 

4. Moderate Hypoxic Ischaemic Encephalopathy (HIE) 

5. Moderate Neonatal Encephalopathy 
6. Grade 2 Hypoxic Ischaemic Encephalopathy (HIE) 

OR 

The following recorded in daily care neurology field: 
Therapeutic hypothermia induced - for 2 or more consecutive days 

 

 Seizures 

Any of the following recorded in any daily care neurology field: 
1. Seizure occurred 

 

Intracranial haemorrhage 

Any of the following recorded in any Diagnosis field: 

3. Subdural haemorrhage due to birth injury 

4. Cerebral haemorrhage due to birth injury 
5. Traumatic intraventricular haemorrhage 

6. Subarachnoid haemorrhage due to birth injury 

7. Subarachnoid haemorrhage 

8. Tentorial tear due to birth injury 
9. Intracranial laceration and haemorrhage due to birth injury 

10. Large intraventricular haemorrhage (IVH Grade 3) 

11. Intraventricular haemorrhage/parenchymal  
12. Parenchymal haemorrhage 

13. Intraventricular haemorrhage (IVH Grade 4) 

14. Intracranial Haemorrhage (unknown or unspecified cause) 

15. Intracerebral haemorrhage 
16. Intracerebral haemorrhage (term infant) 

17. Intraventricular haemorrhage (perinatal) 

18. Post-haemorrhagic hydrocephalus                                                                                                                                                                         
OR 

Any of the following recorded in any cranial ultrasound findings field: 
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3. Large intraventricular haemorrhage (IVH Grade 3) 
4. Intraventricular haemorrhage/parenchymal haemorrhage (IVH Grade 4) 

5. Parenchymal haemorrhage  

OR 

Any of the following recorded in any procedure field:  
1. Ventriculoperitoneal or other ventricular shunt                                                                                                                                                         

2. External ventricular drain                                                                                                                                                                              

3. Ventricular drain with reservoir                                                                                                                                                                        
4. Insertion of ventricular peritoneal shunt. 

5. Insertion of Rickham reservoir                                                                                                                                                                          

6. Insertion of ventriculo-atrial CSF shunt                                                                                               

7. Insertion of ventriculo-peritoneal CSF shunt                                                                                       
Creation of ventriculoperitoneal shunt 

 

Preterm white matter injury 

Any of the following recorded in any Diagnosis field: 

1. Cystic periventricular leukomalacia 

OR 

Any of the following recorded in any cranial ultrasound findings field: 

Cystic periventricular leukomalacia 

 

Perinatal stroke 

Any of the following recorded in any Diagnosis at discharge field: 

1. Neonatal stroke 

2. Infarction: Middle cerebral artery (stroke) 
3. Cerebrovascular accident (stroke) 

4. Cerebral venous thrombosis 

Neonatal cerebral ischaemia 
 

Central Nervous System Infection 

Any of the following diagnosis codes recorded in the diagnosis field: 

1. Bacterial meningitis 
2. Viral meningitis 

3. Meningitis – streptococcal 

4. Meningitis – bacterial (specific organism) 
5. Meningitis – bacterial (unknown or unspecified organism) 

6. Meningitis – Candida 

7. Candida encephalitis 

8. Congenital herpes infection 
Any pathogen recorded in the suspected infection data field Pathogen in CSF 

 

Kernicterus 

Any of the following diagnoses recorded in any Diagnosis field: 

1. Bilirubin encephalopathy (immune) 

2. Kernicterus (unspecified or unknown cause) 
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Supplement 2: The CHERuB study definition of survival without neurosensory impairment 

Data source Domains/ conditions Definition 

NNRD  
Developmental delay 

 

• Mild developmental delay (3-6 months) 

• Moderate developmental delay (6-12 months) 

• Severe developmental delay (>12 months) 

Communication • Any difficulty with communication 

• Difficulty with speech (<10 words or signs) 

• Difficulty understanding outside of familiar 

context 

• Has <5 meaningful words, vocalisations, or 

signs 

• Unable to understand words or signs 
 

Motor • Any difficulty walking 

• Unable to walk without assistance 

• Non-fluent or abnormal gait reducing mobility 

• Difficulty with the use of both hands 

• Difficulty with the use of one hand 

• Unable or needs support sitting 

• Unable to sit 

• Unable to use hands e.g. to feed 

Vision • Any vision problems including squint 

• A not fully correctable visual defect 

• Complete blindness or able to see light only 

Auditory • A hearing impairment 

• Hearing impairment correctable with aids 

• Hearing impairment not correctable with aids 

HES and ONS 

Mortality Records 

Survival • The absence of a death record in a linked HES 

record 

Cognitive impairment F70-79 Intellectual impairment 

F81.0 Specific reading disorder 
F81.1 Specific spelling disorder 

F81.2 Specific disorder of arithmetical skills 

F81.3 Mixed disorder of scholastic skills 
F81.8 Other developmental disorders of scholastic 

skills 

F81.9 Developmental disorder of scholastic skills, 

unspecified 
R48.0 Dyslexia and alexia 

R 48.1 Agnosia 

R48.2 Apraxia 
 

R48.8 Other and unspecified symbolic 

dysfunctions 

 

Developmental 

disorders of speech and 

language 

F80.0 Specific speech articulation disorder 

F80.1 Expressive language disorder 

F80.2 Receptive language disorder 
F80.3 Acquired aphasia with epilepsy [Landau-

Kleffner] 
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F80.9 Developmental disorder of speech and 
language, unspecified 

R47.0 Dysphasia and aphasia 

R47.1 Dysarthria and anarthria 

R47.8 Other and unspecified speech disturbances 

Specific developmental 

disorder of motor 

function/ dystonia/ 

cerebral palsy 

F82 Specific developmental disorder of motor 

function 

G24.9 Dystonia, unspecified 

G80 Cerebral palsy 
G81 Hemiplegia 

G82 Paraplegia and tetraplegia 

G83.0 Diplegia of upper limbs 
G83.1 Monoplegia of lower limb 

G83.2 Monoplegia of upper limb 

G83.4 Cauda equina syndrome 
G83.5 Locked in syndrome 

G83.6 Upper motor neuron facial paralysis 

R26.0 Ataxic gait 

R26.1 Paralytic gait 
R27.0 Ataxia unspecified 

R27.8 Other and unspecified lack of coordination 

G25.9 Extrapyramidal and movement disorder, 
unspecified 

 

Vision H47.6 Disorders of visual cortex 

H51.0 Palsy of conjugate gaze 
H51.1 Convergence insufficiency and excess 

H51.2 Internuclear ophthalmoplegia 

H51.8 Other specified disorders of binocular 
movement 

H51.9 Disorder of binocular movement, 

unspecified 
H52.0 Hypermetropia 

H52.1 Myopia 

H52.2 Astigmatism 

H52.3 Anisometropia and aniseikonia 
H52.4 Presbyopia 

H52.5 Disorders of accommodation 

H52.6 Other disorders of refraction 
H52.7 Disorder of refraction, unspecified 

H 53.0 Amblyopia ex anopsia 

H53.4 Visual field defects 

H55 Nystagmus and other irregular eye 
movements 

 

H54.0 Blindness, binocular 
H54.1 Severe visual impairment, binocular 

H54.2 Moderate visual impairment, binocular 

H54.4 Blindness, monocular 
H54.5 Severe visual impairment, monocular 

H54.6 Moderate visual impairment, monocular 

H54.9 Unspecified visual impairment (binocular) 
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Hearing H90.3 Sensorineural hearing loss, bilateral 
H90.4 Sensorineural hearing loss, unilateral with 

unrestricted hearing on the contralateral side 

H90.5 Sensorineural hearing loss, unspecified 

H90.6 Mixed conductive and sensorineural hearing 
loss, bilateral 

H90.7 Mixed conductive and sensorineural hearing 

loss, unilateral with unrestricted hearing on the 
contralateral side 

H90.8 Mixed conductive and sensorineural hearing 

loss, unspecified 

 
D24 Operations on cochlea 

D24.1 Implantation of intracochlear prosthesis 

D24.2 Implantation of extracochlear prosthesis 
D24.3 Attention to cochlear prosthesis 

D24.4 Neurectomy of cochlea 

D24.6 Removal of cochlear prosthesis 
D24.8 Other specified operations on cochlea 

D24.9 Unspecified operations on cochlea 

D13 Attachment of Bone Anchored Hearing 

Prosthesis 
D16 Reconstruction of Ossicular Chain 

D05 Attachment of auricular prosthesis 

Z453 Adjustment and management of implanted 
hearing device 

Z461 Fitting and adjustment of hearing aid 

Z962 Presence of otological and audiological 
implants 

Z974 Presence of external hearing-aid 

 

National Pupil 
Database 

Academic attainment Did not achieve expected level or the presence of a 
SEN that precluded assessment at: 

Early Years Foundation Stage  

Key Stage 1 national assessment 

Key Stage 2 national assessment 

Special educational 

beeds 

Indication of type of need for SEN provision 

(primary or secondary) irrespective of level of 

SEN provision (SEN support or EHCP) 
 

• Specific Learning Difficulty 

• Moderate Learning Difficulty 

• Severe Learning Difficulty 

• Profound & Multiple Learning Difficulty 

• Speech, Language and Communication Needs 

• Hearing Impairment 

• Visual Impairment 

• Multi-Sensory Impairment 

• Physical Disability 
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Supplement 3: The CHERuB study definition of any and individual neurodevelopmental impairment 
*Denotes inclusion in the primary outcome of survival without neurosensory impairment 

Data source Domains/ conditions Definition 

NNRD  
Developmental delay* 

 

• Mild developmental delay (3-6 months) 

• Moderate developmental delay (6-12 

months) 

• Severe developmental delay (>12 months) 

Communication* • Any difficulty with communication 

• Difficulty with speech (<10 words or signs) 

• Difficulty understanding outside of familiar 
context 

• Has <5 meaningful words, vocalisations, or 

signs 

• Unable to understand words or signs 

Motor* • Any difficulty walking 

• Unable to walk without assistance 

• Non-fluent or abnormal gait reducing 

mobility 

• Difficulty with the use of both hands 

• Difficulty with the use of one hand 

• Unable or needs support sitting 

• Unable to sit 

• Unable to use hands e.g. to feed 

Vision* • Any vision problems including squint 

• A not fully correctable visual defect 

• Complete blindness or able to see light only 

Auditory* • A hearing impairment 

• Hearing impairment correctable with aids 

• Hearing impairment not correctable with aids 

HES and ONS 
Mortality Records 

Cognitive impairment* F70-79 Intellectual impairment 
F81.0 Specific reading disorder 

F81.1 Specific spelling disorder 

F81.2 Specific disorder of arithmetical skills 

F81.3 Mixed disorder of scholastic skills 
F81.8 Other developmental disorders of 

scholastic skills 

F81.9 Developmental disorder of scholastic 
skills, unspecified 

R48.0 Dyslexia and alexia 

R 48.1 Agnosia 

R48.2 Apraxia 
 

R48.8 Other and unspecified symbolic 

dysfunctions 
 

Developmental disorders 

of speech and language* 

F80.0 Specific speech articulation disorder 

F80.1 Expressive language disorder 

F80.2 Receptive language disorder 
F80.3 Acquired aphasia with epilepsy [Landau-

Kleffner] 
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F80.9 Developmental disorder of speech and 
language, unspecified 

R47.0 Dysphasia and aphasia 

R47.1 Dysarthria and anarthria 

R47.8 Other and unspecified speech disturbances 

Specific developmental 

disorder of motor 

function/ dystonia/ 

cerebral palsy* 

F82 Specific developmental disorder of motor 

function 

G24.9 Dystonia, unspecified 

G80 Cerebral palsy 
G81 Hemiplegia 

G82 Paraplegia and tetraplegia 

G83.0 Diplegia of upper limbs 
G83.1 Monoplegia of lower limb 

G83.2 Monoplegia of upper limb 

G83.4 Cauda equina syndrome 
G83.5 Locked in syndrome 

G83.6 Upper motor neuron facial paralysis 

R26.0 Ataxic gait 

R26.1 Paralytic gait 
R27.0 Ataxia unspecified 

R27.8 Other and unspecified lack of coordination 

G 25.9 Extrapyramidal and movement disorder, 
unspecified 

 

Mixed developmental 

disorders 

F83 Mixed specific developmental disorders 

 

Developmental delay R62.0 Delayed milestone* 

Pervasive developmental 

disorders 

F84.0 Childhood autism 

F84.1 Atypical autism 

F84.4 Overactive disorder associated with mental 
retardation and stereotyped movements 

F84.5 Asperger syndrome 

F84.8 Other pervasive developmental disorders 
F84.9 Pervasive developmental disorder, 

unspecified 

Other disorders of 

psychological 
development 

F88 Other disorders of psychological 

development 
F89 Unspecified disorder of psychological 

development 

Hyperkinetic disorders F 90.0 Disturbance of activity and attention 
F90.1 Hyperkinetic conduct disorder 

F90.8 Other hyperkinetic disorders 

F90.9 Hyperkinetic disorder, unspecified 

Tic disorders F95.0 Transient tic disorder 
F95.1 Chronic motor or vocal tic disorder 

F95.8 Other tic disorders 

F95.9 Tic disorder, unspecified 
F98.4 Stereotyped movement disorders 

Epilepsy G40.0 Localization-related (focal)(partial) 

idiopathic epilepsy and epileptic syndromes with 

seizures of localized onset 
G40.1 Localization-related (focal)(partial) 

symptomatic epilepsy and epileptic syndromes 

with simple partial seizures 
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G40.2 Localization-related (focal)(partial) 
symptomatic epilepsy and epileptic syndromes 

with complex partial seizures 

G40.3 Generalized idiopathic epilepsy and 

epileptic syndromes 
G40.4 Other generalized epilepsy and epileptic 

syndromes 

G40.6 Grand mal seizures, unspecified (with or 
without petit mal) 

G40.7 Petit mal, unspecified, without grand mal 

seizures 

G40.8 Other epilepsy 
G40.9 Epilepsy, unspecified 

G41 Status epilepticus 

Vision* H47.6 Disorders of visual cortex 
H51.0 Palsy of conjugate gaze 

H51.1 Convergence insufficiency and excess 

H51.2 Internuclear ophthalmoplegia 

H51.8 Other specified disorders of binocular 
movement 

H51.9 Disorder of binocular movement, 

unspecified 
H52.0 Hypermetropia 

H52.1 Myopia 

H52.2 Astigmatism 
H52.3 Anisometropia and aniseikonia 

H52.4 Presbyopia 

H52.5 Disorders of accommodation 

H52.6 Other disorders of refraction 
H52.7 Disorder of refraction, unspecified 

H 53.0 Amblyopia ex anopsia 

H53.4 Visual field defects 
H55 Nystagmus and other irregular eye 

movements 

 

H54.0 Blindness, binocular 
H54.1 Severe visual impairment, binocular 

H54.2 Moderate visual impairment, binocular 

H54.4 Blindness, monocularH54.5 Severe visual 
impairment, monocular 

H54.6 Moderate visual impairment, monocular 

H54.9 Unspecified visual impairment (binocular) 
 

Hearing* H90.3 Sensorineural hearing loss, bilateral 

H90.4 Sensorineural hearing loss, unilateral with 

unrestricted hearing on the contralateral side 
H90.5 Sensorineural hearing loss, unspecified 

H90.6 Mixed conductive and sensorineural 

hearing loss, bilateral 
H90.7 Mixed conductive and sensorineural 

hearing loss, unilateral with unrestricted hearing 

on the contralateral side 

H90.8 Mixed conductive and sensorineural 
hearing loss, unspecified 
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D24 Operations on cochlea 

D24.1 Implantation of intracochlear prosthesis 

D24.2 Implantation of extracochlear prosthesis 

D24.3 Attention to cochlear prosthesis 
D24.4 Neurectomy of cochlea 

D24.6 Removal of cochlear prosthesis 

D24.8 Other specified operations on cochlea 
D24.9 Unspecified operations on cochlea 

D13 Attachment of Bone Anchored Hearing 

Prosthesis 

D16 Reconstruction of Ossicular Chain 
D05 Attachment of auricular prosthesis 

Z453 Adjustment and management of 

implanted hearing device 
Z461 Fitting and adjustment of hearing aid 

Z962 Presence of otological and audiological 

implants 
Z974 Presence of external hearing-aid 

 

National Pupil 

Database 

Academic attainment Did not achieve expected level or the presence of 

a SEN that precluded assessment at: 
Early Years Foundation Stage* 

Phonics assessment 

Key Stage 1 national assessment* 
Key Stage 2 national assessment* 

Special educational needs Presence of EHCP or statement of SEN 

Attends specialist school 

 
Indication of type of need for SEN provision 

(primary or secondary) irrespective of level of 

SEN provision (SEN support or EHCP) 
 

• Specific Learning Difficulty* 

• Moderate Learning Difficulty* 

• Severe Learning Difficulty* 

• Profound & Multiple Learning Difficulty* 

• Behaviour, Emotional & Social Difficulties 

(up to 2013/14) 

• Social, emotional, and mental health (from 

2014/15) 

• Speech, Language and Communication 

Needs* 

• Hearing Impairment* 

• Visual Impairment* 

• Multi-Sensory Impairment* 

• Physical Disability* 

• Autistic Spectrum Disorder 

• Other Difficulty/Disability 
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Supplement 4: The CHERuB study definition of mental health and behavioural conditions 

HES Behavioural and emotional 

disorders 

F90 Hyperkinetic disorders   

  

F91 Conduct disorders   
 

F92 Mixed disorders of conduct and 

emotions   
  

F93 Emotional disorders with onset specific 

to childhood   

  
F94 Disorders of social functioning with 

onset specific to childhood and adolescence   

  
F95 Tic disorders   

  

F98 Other behavioural and emotional 
disorders with onset usually occurring in 

childhood and adolescence   

Pervasive disorders 

(Autisms) 

F84.0 Childhood autism 

 
F84.1 Atypical autism 

 

F 84.3 Other childhood disintegrative 
disorder 

 

F84.4 Overactive disorder associated with 

mental retardation and stereotyped 
movements 

 

F84.5 Asperger syndrome 
 

F84.8 Other pervasive developmental 

disorders 

 
F84.9 Pervasive developmental disorder, 

unspecified 

 

Mood disorders F30 Manic episode   

  

F31 Bipolar a,ective disorder   

  

F32 Depressive episode   

  

F33 Recurrent depressive disorder   

  

F34 Persistent mood [a,ective] disorders   

  

F38 Other mood [a,ective] disorders   
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F39 Unspecified mood [a,ective] disorder   

Anxiety disorders F40 Phobic anxiety disorders   

  

F41 Other anxiety disorders   

  

F42 Obsessive-compulsive disorder   

  

F43 Reaction to severe stress, and 

adjustment disorders   

  

F44 Dissociative [conversion] disorders   

  

F45 Somatoform disorders   

  

F48 Other neurotic disorders   

NPD Indication of type of need for 
special educational need 

provision (primary or 

secondary) irrespective of 
level of provision  

Behaviour, emotional & social difficulties 
(up to 2013/14) 

Social, emotional, and mental health (from 

2014/15) 

 

Autistic spectrum disorder 
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