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Abstract

Introduction

Environmental exposures are known to affect the health and well-being of populations throughout
the life course. Children are particularly susceptible to environmental impacts on educational and
health outcomes as they spend more time in their local environments compared to adults. In England,
no national, longitudinal dataset linking information about the physical and social environment in
and around homes and schools to children’s health and education outcomes currently exists. This
limits our understanding of how environments might impact the health and well-being of children as
they grow up.

Objective
To establish the Kids' Environment and Health Cohort, a research-ready, de-identified and annually
updated national birth cohort of all children born in England from 2006 onwards.

Methods

The Kids' Environment and Health Cohort will link birth and mortality records, health and
educational attainment datasets, to maternal health (up to 12 months prior to their child’s birth),
and environmental data for all children born in England from 2006 — approximately 11 million children
at first build. A subset of children born between 2010 and 2012, and between 2020 and 2022 will
be linked to their mothers’ 2011 or 2021 Census records, respectively. The cohort database will be
held in, and accessed via, a trusted research environment (TRE) at the Office for National Statistics
(ONS). All geographical identifiers in the cohort, allowing for linkage to further environmental data,
will be securely held by the ONS, separately to the main cohort, and will be encrypted before being
shared with researchers.

Conclusion

The Kids' Environment and Health Cohort will, for the first time, link administrative health and
education data to longitudinal environmental exposures for children at national level in England. It
will serve as a data resource to support research about the health and well-being of children via
improved home and school environments.
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Introduction

Children spend more time in their local neighbourhoods around
homes and schools compared to adults [1, 2]. They are
also more susceptible to environmental pollution and other
exposures compared to adults due to their ongoing physical
and cognitive development [3]. There is evidence that a
wide range of child health and development outcomes (e.g.,
respiratory infection risk, cognitive development, educational
attainment) are associated with features of the environments
in which children live, play, and study e.g., air quality,
noise, road traffic volumes, access to green and blue spaces,
availability of local services (such as services (such as nurseries,
schools and shops), and accessibility of fast food and alcohol
outlets [4, 5]. These associations may persist across the
life course [6], suggesting that supporting children’s access
to healthy home and school environments in childhood and
adolescence may be critical for promoting positive long-term
health and development outcomes.

Multiple reviews [7-11] examining the association between
features of the home and school environments and children’s
health outcomes have reported a lack of longitudinal studies,
a heavy reliance on self-reported measures of environmental
exposures, and a paucity of research on potential effect
modifiers (e.g., age, gender, underlying chronic conditions
and family socioeconomic circumstances). Addressing these
limitations is necessary to inform novel intervention strategies
and to assess the impact of local and national policies
aimed at improving children’s health and well-being via the
improvement of home and school environments.

The aim of the Kids' Environment and Health Cohort
(KEHC) is to create a research-ready, de-identified, national
birth cohort of all children born in England from 2006 until
December 2023, to be updated annually thereafter. Children
will be followed via linked administrative health and education
data from pregnancy through birth and into adolescence.
Children’s administrative data in KEHC will be linked to their
mothers’ Census data, and geospatial data on environmental
exposures via national health address registries. KEHC will
be made available to researchers interested in studying how
local environments in and around homes and schools affect
children’s health and education from birth to early adulthood.
The cohort will help generate robust cross-sectional and
longitudinal evidence on the impacts of the physical and social
environment on child health and education. This evidence
can in turn inform policy changes aimed at improving child
health via improvements in their living and educational
environments.

Several other data resources are regularly used to study
associations between environmental exposures and health
and/or education outcomes in children in the UK (Table 1).
KEHC will complement these existing resources by enabling
environmental child health research at the national scale for
the first time in England; similar to what is already possible in
Wales [12] and Scotland [13]. England has over 570,000 births
per year [14]. KEHC will include information on a large and
unselected national population of children. This will allow for
the study of environmental impacts on uncommon outcomes
and on the role of environments on the health of children at
high-risk for adverse health outcomes, including those with

long-term conditions, born prematurely, or from migrant or
ethnic minority backgrounds.

Methods

Database design

The spine of KEHC will consist of linked Office for National
Statistics (ONS) birth [28] and death registration [29] and
National Health Service (NHS) birth notification data [30]
on all children born in England since 1% January 2006 until
December 2023 at first build. This spine will then be linked to
administrative health and education data from multiple data
providers as well as small-area level (property and postcode)
environmental data (Table 2). Children will be linked to their
mother’s hospital and address records up to a year before their
birth to allow maternal environmental exposures and health
during pregnancy to be taken into account; children will also
be linked to their siblings in the cohort via their mother's
records. Finally, for a subset of children born between 2010
and 2012, and between 2020 and 2022, their records will
additionally be linked to their mothers’ 2011 or 2021 Census
records, respectively.

Population and follow-up

With approximately 570,000 live births occurring in England
annually, the total cohort will include data for around 10.5
million children born between 2006 and 2023 (the first build of
the database). In England, regardless of where a birth occurs,
parents are legally required to register their child’s birth within
42 days. Therefore, the cohort will include births occurring at
home, at sea, on military bases or in a hospital. The cohort
will also include stillbirths which occur at an rate of 3.9 per
1,000 births [14]. Children whose mothers are not resident in
England (i.e., visitors or residents in other UK countries) will
be included in the cohort but are unlikely to have any linked
data available. Additionally, children whose parents have opted
out of sharing their NHS data beyond NHS England through
the National Opt-Out Programme will not have linked health
or education data available, as this data is provided by NHS
England. Similarly, women who have opted out through the
National Data Opt-Out Programme will not have their records
included. Furthermore, NHS England will exclude children with
child protection flags in the PDS. Children will be followed
longitudinally via linked administrative datasets from birth
until death, emigration from England (as indicated in the
child’'s PDS record), or the latest health or education data
available.

Figure 1 shows the expected follow-up from birth available
for cohort children in a Lexis diagram. We anticipate that
KEHC will be updated annually to capture new births each
year and to incorporate the most recent health and education
data for children already in the cohort. Ethical approval and
a legal basis have been secured for conducting these annual
updates. However, some time lags are expected due to the
release schedules of data providers and logistical considerations
in updating the dataset.



Akaraci S et al. International Journal of Population Data Science (2024) 10:1:04

Table 1: Examples of existing databases used to study the associations between environments and health and well-being outcomes

in children in the UK

Database Coverage & population

Example of published studies

Millennium Cohort Study ~18,000 children in the UK in 2000-2001; 10,757

participants retained in latest sweep (2018-19) [15].

The Avon Longitudinal Study
of Parents and Children
(ALSPACQ)

Born in Bradford (BiB)

~14,000 pregnant women in and around Bristol in 1991-92
[18].

~12,400 pregnant women attending the Bradford Royal
Infirmary maternity unit between 2007 and 2011 [22].

SAIL Databank Over 5 million people who have received public services in

Wales [12].

Milojevic et al (2021) [16]
Mueller et al (2020) [17]

Fuertes et al (2020) [19]
Cai et al (2020) [20]
Soares et al (2024) [21]

Subiza-Perez et al (2024) [23]
Schembari et al (2015) [24]
McEachan et al (2018) [25]

Wheeler et al 2019 [26]
Garret et al 2021 [27]

Figure 1: Lexis Diagram of Kids Environment and Health Cohort (KEHC) Follow-up, 2006-2023
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different colours indicate annual birth cohorts within KEHC.

Data linkage

A diagram of data flows is shown in the Appendix Figure 1.
Please note the linkage processes described below is subject
to agreement by each data provider.

Creation of the KEHC spine

ONS will extract identifiers for mothers and children from
the live and stillbirth registration and NHS birth notification
records (Table 2, Dataset 3), including mother and child
NHS numbers, child's sex and date of birth, the residential
postcode of the mother/child at delivery/birth, child's name
and mother’s names (forename, surname, and maiden name).
ONS will link the birth registration data (Table 2, Dataset 1)
to mortality data for liveborn children (Table 2, Dataset 2),
using the NHS number, child’s name, date of birth and sex.
The de-identified birth notification-registration attribute data
and linked mortality records will be transferred into a secure
ONS Trusted Research Environment (TRE) with individual
cohort ID numbers to delineate each mother and child (live
or stillborn) in the cohort. The linkage between birth data
and mortality data is done to capture all instances of death,

including infant deaths under 1 year of age, as well as deaths
occurring later in childhood. This ensures a comprehensive
record of mortality for the entire cohort, allowing us to study
patterns and factors associated with early and later childhood
mortality.

Individual mother IDs will be derived by ONS based on the
mother’'s NHS number, date of birth, and postcode at delivery
to allow mothers, children, and siblings to be linked in KEHC.
Identifiers for mothers and liveborn children (NHS numbers,
postcode at birth/delivery and child sex and date of birth)
together with cohort IDs will be securely transferred by ONS
to NHS England.

Linking the KEHC spine to health and
education outcome data

NHS England will link the KECH identifiers to children’s health
data, including data from HES Admitted Patient Care and
A&E/Emergency Care (see Dataset 5 in Table 2), Mental
Health Services (Table 2, Dataset 7) , Maternity Services
(see Dataset 8 in Table 2), Community Dispensing (Table
2, Dataset 6), and the PDS (Table 2, Dataset 4) using



Akaraci S et al. International Journal of Population Data Science (2024) 10:1:04

Table 2: Data sources for the creation of KEHC database

Dataset level

ID Data category Dataset name (individual or  Key variables Data owner
area level)
1 Vital Statistics Birth registration Individual Birth weight; multiple birth status; ONS
[14, 28] parity; registration type (sole or
joint); marital status; ages,
occupations, and countries of birth
of the parents; live or still birth
indicator
2 Vital Statistics Death registration [29] Individual Dates and causes of death for live ONS
births & stillbirths
3 Health NHS birth Individual Birth-related information (e.g., NHS England
notifications [30] gestational age, child’s ethnicity)
4 Health Personal Demographic Individual Address information from NHS NHS England
Service (PDS) [31] registration records (e.g., current and
past addresses, emigration from
England)
5 Health Hospital Episode Individual Hospital admission and discharge NHS England
Statistics (HES) data; emergency department
Admitted Patient attendances
Care, Accident &
Emergency and
Emergency Care
Dataset [32]
6 Health NHS Community Individual Community dispensed NHS England
Dispensing Data [33] medication (e.g., antibiotics, asthma
medications)
7 Health Mental Health Services  Individual Mental health service use (e.g., NHS England
Dataset (MHSD) [34] referrals, care contact episodes)
8 Health Maternity Services Individual Maternity care information (e.g., NHS England
Dataset (MSDS) [35] smoking during pregnancy)
9 Census 2011 and 2021 Census Individual Demographic and household ONS
[36] information (e.g., tenure,
accommodation type) — linked to
cohort mothers
10 Education National Pupil Individual and  Educational information for pupils Department for
Database (NPD) [37] School (e.g., school test results); school level ~ Education
information (e.g., number of students
enrolled); for children attending early
years childcare (whether they receive
any free hours entitlement and/or
free school meals)
11 Education Open schools attribute ~ School School information (e.g., Department  of
data [38] establishment details, performance Education
data)
12 Environment Air pollution* [39] Area (gridded  Modelled annual background air DEFRA
data) pollution data within 1x1 km grids
13 Environment OS Open Roads* [40] Area Distance to roads (e.g. residence, Open Street

school) and traffic flow data

Map data and
Department  for
Transport

Continued
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Table 2: Continued

Dataset level

ID Data category Dataset name (individual or  Key variables Data owner

area level)

14 Environment Energy Performance Dwelling Energy performance information and Department  for
Certificate (EPC) building characteristics (e.g., energy Levelling Up,
data* [41] efficiency rating, insulation levels and ~ Housing and

total floor area) Communities

15 Environment Temperature* [42] Area (gridded  Daily and monthly minimum and Met Office

data) maximum temperatures at 1x1 km
grids

16 Environment Valuation Office Area Property valuation data at dwelling Valuation Office
Agency (VOA) data* level (e.g., age of property, property Agency
[43] type, number of rooms)

17 Environment OS Open Area Greenspace (e.g., greenspace Ordnance Survey

Greenspace* [44]

coverage, access, and quality)

*Environmental data will be mapped to Unique Property Reference Numbers (UPRNs) and/or postcodes before linking to KEHC.

an established, deterministic linkage algorithm (the Master
Person Service - MPS) [46]. NHS England will also link
children in KEHC to their mother's HES Admitted Patient
Care data up to one year before birth.

The de-identified attribute health data linked to the mother
and child cohort IDs will be returned to ONS and placed in
the ONS TRE. PDS addresses for mothers and children will
be returned to the ONS. Linkage between PDS (Table 2,
Dataset 4) and NPD (National Pupil Database) (Table 2,
Dataset 10), developed for the ECHILD database [47] is based
on a deterministic algorithm using name, date of birth, and
chronological postcode, with a linkage rate of 95% [47]. NHS
England will use the established PDS-NPD link to extract
anonymised pupil reference numbers (aPRNs; the individual
pupil ID in the NPD) for all children in the cohort. The aPRNs
will be forwarded to ONS for onward linkage to NPD attribute
data via the Department for Education (DfE).

Linkage of the KEHC spine to environmental
data

ONS holds PDS records from 2016 onwards. Upon agreement
to this process, ONS will link the KEHC spine to the ONS-
held part of PDS and join these PDS records with those
received from NHS England, generating longitudinal address
records for the whole cohort of children and their mothers
up to a year before the child’s birth. ONS will derive Unique
Property Reference Numbers (UPRNs), a unique identifier
which is assigned to every addressable location across Great
Britain [48], and extract postcodes, all with timestamps,
and store the longitudinal UPRNs and postcodes from PDS
in the Data Access Platform (DAP), ONS's internal secure
data linkage platform, This will allow further linkages to
environmental data. ONS will also link mothers’ address at
delivery from birth registration to UPRNs, and store these in
the DAP for researchers wanting to link environmental data
to the birth dwelling only, and for validation of PDS address
histories.

ONS will link the cohort to postcode-level data on air
pollution (Table 2, Dataset 12) and temperature (Table 2,
Dataset 15), and UPRN-level data on distance to roads
(Table 2, Dataset 13), traffic flow (Table 2, Dataset 13),
greenspace coverage and access (Table 2, Dataset 17), Energy
Performance Certificates (EPCs) (Table 2, Dataset 14), and
Valuation Office Agency data (Table 2, Dataset 16) using the
longitudinal postcode and UPRN PDS histories, respectively.
These UPRN-linked environmental data will be developed
by the KEHC study team over the course of the project.
ONS will also link the longitudinal PDS UPRNs to Index of
Multiple Deprivation quintiles (a lower super output area index
of deprivation) [49] and government office region indicator.
All linked postcode- and dwelling -level environmental and
deprivation datasets will be placed in the ONS TRE.

Linkage of the 2010-2012 and the 2020-2022
KEHC subsample to maternal Census 2011
and 2021 data

ONS will link the mothers’ identifiers (forenames, surnames,
maiden names, dates of birth, and postcodes) from the
birth records to the mothers’ 2011 and 2021 Census records
(Table 2, Dataset 9) using deterministic and probabilistic
linkage algorithms. Only registrations for births between March
2010 and March 2012, and March 2020 and March 2022 will
be linked to the 2011 and 2021 Census, respectively. Once
Census linkage is complete, the de-identified Census attribute
data for the mothers in KEHC will be released to the ONS
TRE. ONS will assess and provide a report on the quality of
linkage required to construct the KEHC spine and link the
spine to Census data.

Linkage of the KEHC spine to the NPD and
school location data

ONS will forward the aPRNs received from NHS England to
DfE who will extract the attribute NPD records for the children
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in KEHC who are old enough to have an aPRN. DfE will
return the de-identified education data to the ONS TRE for
inclusion into the KEHC. ONS will link the unique school IDs
in NPD (Table 2, Dataset 10) to current and historical school
address information published by DfE (Table 2, Dataset 11).
The school addresses and school IDs will be held separately
by ONS in the DAP. Researchers may request linkage of
environmental data to KEHC via the school locations or school
IDs to examine the impact of environments near schools on
child health and education outcomes.

Database management and documentation

We will work with ONS to clean and set up the KEHC for
access by external researchers. We will document all data
cleaning steps, which will be described in the KEHC user
guide, and any received or derived variables will be described
in the KEHC data dictionary. All code used to clean the data
will be made openly available on GitHub. Although the highly
sensitive data in KEHC cannot be made openly available, we
will strive to make the KEHC data resource adhere to Findable,
Accessible Interoperable Reusability (FAIR) principles [50],
supporting open science values.

Legal and ethical considerations

The legal bases for KEHC data include the Digital Economy
Act 2017 and Section 251 of the NHS Act 2006 (for
processing of confidential patient information). Under the
General Data Protection Regulations (GDPR), the legal bases
are 6(1)e for public task and 9(2)j for archiving, research,
and statistics, specifically for processing special category data.
We have obtained approvals from London — City & East
NHS Research Ethics Committee, National Statistician’s Data
Ethics Committee and the Confidentiality Advisory Group
(23/CAG/0060) to establish the KEHC as a research database.
We are seeking approvals from Advisory Group for Data
(AGD; NHS England), Data Sharing and Approval Panel
(DSAP; DfE) and Research Accreditation Panel (UK Statistics
Authority; UKSA).

Data storage and access conditions

The KEHC data will be held in an ONS TRE. Access and use
of the ONS TRE is based on the Five Safes Framework [51].
All researchers accessing data will require training in handling
sensitive data and must be approved by ONS. Researchers
requesting access to the dataset will need to comply with and
follow any conditions set by UCL (the data controller) and
each of the data providers. Researchers using the KEHC will
also be required to write lay summaries of their projects and
associated research findings. These will be published on the
KEHC website (https://kenvh-cohort.org.uk/).

Demonstrator projects
We will undertake two demonstrator projects to show the

research value of KEHC. In the first project, we will investigate
associations between proximity to greenspaces near homes

[62] and mental health outcomes in adolescents. In the
second project, we will examine the association between
the density, quality, and proximity to Office for Standards
in Education, Children's Services and Skills (OFSTED)-
registered childcare providers locally and early educational
attainment.

Patient and public involvement and
engagement

KEHC and KEHC-based research will be of interest to parents,
expectant parents, children, young people, and the general
public. The KEHC Advisory Group has three parent members,
and we have set up a dedicated study website (https://kenvh-
cohort.org.uk/). Following feedback from young people, we
now also run Twitter and Instagram accounts where we share
study updates and will inform the general public about our
findings related to how local environments might impact child
health, education and well-being. Furthermore, we have carried
out a range of involvement and engagement activities that
have involved parents, children, young people, and members of
the general public in the development of the KEHC. We have
spoken to a number of groups of children, young people and
parents, including several meetings with the Great Ormond
Street Hospital Biomedical Research Centre Young People’s
Advisory Group and Parents’ and Carers’ Advisory Group, and
the Liverpool Generation R Group to discuss the use of linked
administrative data for environmental health research. We are
continuing to engage with families and young people as we
are progressing with setting up the KEHC. Engagement with
parents and children has played a crucial role in shaping the
research plans for KEHC study. Through this engagement,
we gained valuable insights into the concerns of families,
particularly regarding the types of data being collected and
the intended use of this data. The feedback obtained through
engagement and involvement activities has helped us choose
the name and logo for the cohort, guided our plans for sharing
information about the cohort and data safeguarding, and
informed our strategies for sharing research findings with the
public.

Conclusion

Understanding how the environment we live in influences
health and education is crucial to creating environments that
will promote health and well-being of all children. The KEHC
is a unique national birth cohort that will enable research
into how environmental features impact children’s health
in-utero, during childhood, and beyond. The longitudinal
nature of the database will allow for the exploration of
long-term trends and developmental trajectories, offering
a nuanced perspective on the dynamic interplay between
environments and health. The findings that will emerge from
the KEHC will guide evidence-based decision making and
ultimately shape policies that promote children's health and
education and foster overall health and well-being of future
generations.
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Supplementary Appendix

Appendix Figure 1: Kids Environment and Health Cohort (KEHC) data linkage flow chart
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data; ONS: Office for National Statistics; PDS: Personal Demographic Service; TRE: Trusted Research Environment; UPRN:
Unique Property Reference Number; VOA: Valuation Office Agency data.

10



