Air Pollution, housing and respiratory tract
Infections in Children: Natlonal blrth
Cohort study (PICNIC)

Pia Hardelid
University College London
GOS Institute of Child Health

Medical
Research

Council

Image credits: Unsplash



Che Telegraph

More than 2,000 children die from
pneumonia every day, charities warn O, search v Th UK edition v

Guardian

Childhood pneumonia cases up 50% in
10 years, NHS data shows

3 INDEPENDENT

UK'S LARGEST QUALITY DIGITAL NEWS ERAND

Poorest areas hardest hit by ‘forgotten epidemic’ of

pneumonia putting a child in hospital every 10 minutes



.22
2 ®
Ref I'? / ]
(1.00) ', ;
Least 2 3 4 5 Most
deprived deprived
IMD group

Lewis, De Stavola & Hardelid (] Epidemiol Comm Health, 2020) Slide courtesy of
Kate Lewis



@

EUROPEAN RESPIRATORY journal Risk factors for admission to hospital
FLAGSHIP SCIENTIFIC JOURNAL OF ERS with laboratory-conﬁrmed influenza in
young children: birth cohort study

Pia Hardel‘\d', Maximiliane Ver'fuerden', Jim McMenamin? and Ruth Gilbert'

Risk factor and scenario®” Population-attributable fraction

Age group 1: <6 months
Parity: first child 45.5 (33.5-55.3)

Maternal age: 30-39 years 18.5 [5.5-29.7

High risk: no 2 11.3-7.
Season of birth: April-June 65.8 (49.9-76.6)
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Fopulation attributable fraction (as & percentage of admissions prevented) by risk factor and scenario, birth cohort study, Scotland, 2009-2015

Risk factor and scenario Population attributable fraction (95% C1)
Geststional age = post term 18.9 (13.8-23.7)

Zeazon of birth = April-June 25.6 (21.0-30.0)

Chronic condition=MNo 6.5 (5.6-7.5)

Parity=0 34.0(31.0-38.9)

Maternal smoking during pregnancy =no 5.9 (4.2-7.7]

Maternal sge =240 years 314 1BT-42.1)

Zirth weight at gestational age =right for geststional sge 1.6 {0.1-3.0)

Delayed infant vaccination = no® 2.5 (0.5-4.5)
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Respiratory tract infections (AT1s) are the
maost comman reason for hoapital admission amang
children <5 years in the LK. Th

. Rachael Wood @ ,"* Pia Hardelid @'

» The PICHIC study will use natonal, adminstrative
data lrieed

of amésent air polkution exposure and adverss housing
conditions to ATI admissions in youny children is unciear
and has not been asssssed in a UK context.
Methods and analysis The aim of the PICNIC study
{Air Pallution, housing and respiratory tract infections in
(Children: National birth Cohort Study) (s to guantify the
extent to which in-utero, infant and childhood exposures
o ambient air pollution and adverse howsing conditions
are associated with risk of AT) admissions in children <5
years oid. We will use national adminestrative data birth
cohorts, including data from all children bom in England
im 2005-2014 and in Scotiand in 1997-2020, created via
linkags matermity
admission data sets. We will further enhancs these
cohorts via linkage to census data on housing conditions
‘and socineconomic position and small area-|evel date on
‘ambient air pollution and building characteristics. We wil
use time-to-avent analysss to examing the association
Detween air pallution, howsing characteristics and the
rigk of ATI child

‘o smal area-level data on emironmental exposures
and census data on socioeconomic position, to ex-

pollution
infection admissions in children less than 5 years.
old.

» The nationsl hirth cohorts will inciude all children
born in the two countries during specified tme pe-
rinds, thus minimising selection bias and allowing
ta exposures znd infecton outcomes.

» Data il
be linked to matemal and child postcode histories.
d-iumd-\rht‘_-__l_a_ul-h-

‘attributabie fractions for ambsent air polution and housing
o

explore the mechanisms thowgh which housing and air
pollution influence the risk of infant ATI admission.
Ethics, expected impact and dissemination Ta datz,
we from six etfics

scale.
»-

based risk factors for SARS-Cal-2 infection i
Seattisn
> Akey

pitd primry thusre-
will ot be consered.

(Dwr results will inform parents, national and local
‘governments, the Mational Health Service and woluntary
sector organisations of the relative contribution of adverse
housing conditions and = polution to AT] admissions in
young children. We will pubiish our results in open-access
joumals and present our results to the pblic via parent
groups and social media and on the PICKIC website. Code
=nd metadata will be published on GitHub.

INTRODUCTION

Upper and lower respiratory tract infections
{RTIs), including eroup, bronchiolitis and
ia, are the most common reason for
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n the National Health Ser
evere RTI symproms in in
early ¢l ave been linked 1o adver
respirabory health outcomes in later child-
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shown that 79% of annual admissions for
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¢ syneytial virus (RSV) and
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Fury as long-awaited UK environment Cramped housing has helped fuel
bill is delayed for third time spread of Covid in England - study

Green campaigners attack further delay ‘to most important piece

of legislation for decades’ I

'The worst I've ever seen': The appalling and
'unliveable' council housing conditions some
3 INDEPENDENT have endured during lockdown

UK broke law by ‘systematically and
persistently’ breaching air pollution
limits, top court rules

m Pregnant mum 'living out of bags' in cramped house plagued by
mould and mice



PICNIC Aim:

‘To determine the contribution of exposure to air pollution and adverse
housing conditions during pregnancy, infancy and early childhood to hospital
admissions for respiratory tract infections (RTIs) in children less than 5 years
old in England and Scotland’

Hos-plt-al Hos.plt-al .
admission admission
Maternity
record
Birth Hospital Hospi
. : ospital
registration . admission admission >




Local environment
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associated with
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RTI admission pathway

position (SEP)
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RTI severity
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Socio-economic

Housing characteristics
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Premature birth
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exposure
Breastfeeding
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Chronic conditions
Premature birth
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Primary care availability
GP referrals to secondary
care

Hospital admission

Age

Time of year

Vaccination history thresholds
Immune conditions
Mode of delivery
Immune Symptom Admission
response | | severity risk
. Severe RTI RTI
Infected with admission
symptoms
RTI
Age Age
Sex Family history




Small area-level data:

Dwelling level data

EPC data

Postcode level data

DEFRA annual air pollution data 1x1 km
grid

Output area level

Tobacco expenditure dataP®

Daily air pollution data
Greater London — 100x 100m grid

Birth registration data linked to birth
notifications/maternity records
Babies born in Scotland 1997-2020
Babies born in England 2005-2014

Hospital & mortality records for
babies and mothers

1981-2020 (Scotland)
2005-2014 (England)

\

City of Glasgow — 50x50m grid

PDS/CHI databases
Address histories

Additional health data available in Scottish
cohort

Vaccination records?

Child Health Surveillance Data?

Dispensed antibiotics and inhalers?
Shielded patient list?

Public Health Laboratory Surveillance data?

for mothers and

Sub-cohort 1: linked to fine spatio-
temporal AP data

42,000 children born in Glasgow 2009-14
432,000 children born in Greater London

2010-14

babies

\4
Main analysis cohort

1.4 million children born in Scotland
1997-2020
6.7 million children born in England

aScotland only
PEngland only

2005-2014

2001 Census records?

Mother’s Census records

2011 Census records

Mother’s Census records

Resident partner’s Census records®

Sub-cohort 2: Census linked

1.5 million children born in England 2010-12
300,000 children born in Scotland 2000-02 &
2010-12




Ambient air pollution data sources - DEFRA

DEFRA

Air pollutants

PM10, PM2.5, NO2, NOx, CO,
S0O2, 03, benzene

Spatial resolution 1x1km grid*
Temporal resolution Annual

Coverage (years) 2001-2018
Coverage (geography) England & Scotland

Geographical identifier
in dataset

x & y co-ordinates of each grid
cell

Linking variable (to
mother-birth cohorts)

Postcode*

Slide courtesy of Graziella Favarato



Ambient air pollution data sources: Cambridge Environmental

Research Consultants (CERC): ADMS-Urban

CERC

Air pollutants
PM10, PM2.5, NO2, 03

Spatial resolution 100x100m grid* / 50x50m grid
Temporal resolution Daily

Coverage (years) 2010-2014 /2009-2014
Coverage (geography) Greater London / Glasgow
Geographical identifier x & y co-ordinates of each grid
in dataset cell

Linking variable (to

i Postcode*
mother-birth cohorts) ostcoae

Slide courtesy of Graziella Favarato



Energy Performance Certificates

Energy Efficiency Rating

* Data collected by surveyor when a property is let,
sold or constructed in the UK (valid for 10 years)

Very energy efficient - iower running costs

{92-100) A
®1-91) B
(69-80)

- * EPC data for PICNIC includes:

E * directly observed variables e.g. property type,

number of rooms, number of heated rooms,

UK 2008 o oz A total floor area, mains gas connection..

* Inferred variables: infiltration rate

e * Modelled variable: indoor/outdoor ratio for

- PM, 5 and NO,

%  EPC data linked at postcode level in England, UPRN
(dwelling level) in Scotland.

UK 2005 Directive 2002/91/EC
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Household Questionnaire

England

ﬁ Office for

AN National Statistics

Return to:
FREEPOST 2011 Census,
Processing Centre, UK

A message to everyone - act now
Everyone should be included in the census - all
people, households and overnight visitors.

It is used to help plan and fund services for your
community - services like transport, education
and health.

Please complete your.census questionnaire
on 27 March 2011, or as soon as possible
afterwards. You can fill it in online or on paper.

Taking part in the census is very important and
it’s also. compulsory. You could face a fine if you
don't participate or if you supply false information.

Your personal information is protected by
law. Census information is kept confidential for
100 years.

So help tomorrow take shape and be part of the
2011 Census.

J. N, Mahamon

Jil Matheson
National Statistician

Where can you get help?

www.census.gov.uk
Census helpline 0300 0201 101
Text Relay 18001 0300 0201 160

Complete online

(y' www.census.gov.uk
Your personal internet access code is:

OR fill in this paper questionnaire and post it back
using the pre-paid envelope supplied.

If your address is incorrect or missing, enter
your correct address here:

Postcode

[ |

Declaration

This questionnaire has been completed to the
best of my knowledge and belief.

We may contact you if we need to collect
missing information.

If you have lost your envelope, please return to:
FREEPOST 2011 Census, Processing Centre, UK
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Examples of public, parent and charity

engagement

Parents in Bradford consulted on the prevention of
respiratory infections in children

e Parents' & Carers’ Advisory Group (PCAG) at Great
Ormond Street Hospital/UCL Institute of Child
Health

e Shelter Birmingham (Visit to coffee morning)

e National Children’s Bureau Parents Research ,
AdVI SO ry g ro U p Credit Alexander Drummer (unsplash)

e Conversations with British Lung Foundation & Clean
Air Parents’ Network / Mums for Lungs



Information governance approvals

England

1. NHS London Queen’s Square Ethics Committee (reference: 18/L0/1514)

2. Confidentiality Advisory group (reference: 18/CAG/0159)

3. Administrative Data Research Network (reference PROJ-194 — note committee is now defunct)
4. ONS Research Accreditation Panel (reference 2019/020)

5. National Statistician’s Data Ethics Advisory Committee (reference: 18(07))

6. Independent Group Advising on Release of Data (NHS Digital, reference DARS-NIC-234656)

Scotland

1. Public Benefit and Privacy Committee- Health and Social Care (reference 1819-0049)
2. Public Benefit and Privacy Committee- Statistics (reference 1819-0049)
3. University of Edinburgh School of Geosciences Ethics Committee (reference 2020-401)



Risks of SARS-CoV-2 infection in children in Scotland

Objectives

1) determine the population-based risks of:
a) SARS-CoV-2 test
b) SARS-CoV-2 infection
c) COVID19-related hospital admission
d) Multisystem Inflammatory Syndrome in Children

e) COVID-related intensive care unit stay

In children and young people in Scotland

2) establish how these risks vary according to clinical, family and
socio-demographic risk factors



Progress to date

e All approvals are now in place
e Air pollution data downloaded and mapped to postcodes
* EPC data mapped to postcodes for England & uploaded to ONS SRS

e Comparison of air pollution exposures during pregnancy
according to different spatio-temporal resolution work in progress

e Cleaning and validation of English & Scottish birth cohorts

* Epidemiology of SARS-CoV-2 in children and young people in Scotland study
in write up phase




Factors associated with amoxicillin prescribing in primary care among young children
in Bradford, England: cohort study

* One third of children <5 years old are
prescribed at least one antibiotic annually

* 75% of antibiotics prescribed to children
in primary care in the UK are for
respiratory infections (pneumonia,
tonsillitis, sinusitis)

* What child, family and environmental
factors are associated amoxicillin
prescribing in young children?

Miller et al (under review)



Data sources

« Born in Bradford Allergy and Infection
(ALL-IN) study

. Data from ~2500 children from:

. Maternity records m& Wl. ore -Q\MJ\'

. Baseline questionnaire during pregnancy

. Congenital anomaly register

. Parental questionnaires at age 12 and 24 months
. Electronic primary care records

. DEFRA air pollution modelled PM, ¢ annual
averages at 1x1km grid linked to child LSOA at
birth/1 year of age

BORNINBRADFORD

https://borninbradford.nhs.uk/



https://borninbradford.nhs.uk/

Exposures and outcomes

Exposure variables

Child: Sex, annual quarter of birth, prematurity, mode of delivery, congenital anomalies,
prematurity, ethnic group

Maternal/family: socio-economic status, maternal smoking during pregnancy, formal childcare,
breastfeeding

Environment: overcrowding, mould/damp, gas cooking, quartile of PM2.5 exposure (in relation to
Bradford annual average)

Outcome variables

-One or more amoxicillin prescription (by year of age)
-One or more consultations for lower respiratory infections (by year of age)

-One or more consultations for upper respiratory infections (by year of age)




Results —amoxicillin (odds ratios & 95% CI)

Age 1 Age 2

Mutually adjusted: n=2,450 Mutually adjusted: n=2,476

Mother's ethnicity

White British

1

1

Pakistani, UK born

1.44 (1.06-1.94)

1.46 (1.10-1.94)

Pakistani, not UK born

1.42 (1.07-1.90)

1.56 (1.19-2.04)

Other

0.70 (0.52-0.96)

0.98 (0.74-1.31)

Socio-economic position

Least deprived and most educated

1

1

Employed not materially deprived

0.79 (0.59-1.06)

1.13 (0.85-1.50)

Employed no access to money

0.92 (0.69-1.22)

1.11 (0.85-1.46)

Benefits but coping

0.92 (0.70-1.21)

1.26 (0.97-1.64)

Most deprived 1.36 (1.00-1.86) 1.26 (0.93-1.70)
Overall rates of amoxicillin prescribing:
n = 2450 Age 1: 710/1000 child years

age 1~ . .
n. =2476 Age 2: 780/1000 child years

age 2~



Results —amoxicillin: (odds ratios & 95% CI)
environment variables

Quartile of PM2.5 in relation to
Bradford level
1st/2nd quartile of PM2.5 1
3rd quartile of PM2.5 0.94 (0.76-1.16)
4th quartile of PM2.5 0.97 (0.75-1.26)
Mould or visible damp spots
No mould or damp 1
Mould or damp 0.98 (0.80-1.21)
Number of people in household
2-5 people 1
6 or more people 1.41 (1.14-1.74)




Results — lower respiratory infections (odds ratios & 95% CIs)

Age 1 Age 2

Mother's ethnicity

White British

1

1

Pakistani, UK born

1.21 (0.88-1.65)

1.40 (1.01-1.95)

Pakistani, not UK born

1.43 (1.06-1.91)

1.61(1.17-2.21)

Other

0.76 (0.54-1.06)

1.15 (0.83-1.61)

Socio-economic position

Least deprived and most educated

1

1

Employed not materially deprived

1.27 (0.91-1.76)

1.41 (1.02-1.95)

Employed no access to money

1.55 (1.13-2.12)

1.01 (0.73-1.39)

Benefits but coping

1.42 (1.06-1.91)

1.19 (0.88-1.60)

Most deprived

1.84 (1.32-2.58)

1.47 (1.05-2.08)

Overall rates of LRI consultations:
Age 1: 458/1000 child years
Age 2: 409/1000 child years



Results — lower respiratory infections

Environment variables (odds ratios & 95% CIs)

Age 1l Age 2
Quartile of PM2.5 in relation to

Bradford level
1st-2nd quartile of PM2.5 1
3rd quartile of PM2.5 1.06 (0.83-1.35)
4th quartile of PM2.5 1.09 (0.81-1.46)
Mould or visible damp spots
No mould or damp
Mould or damp

1
0.84 (0.67-1.06)




Summary — factors associated with amoxicillin prescribing in

BiB ALL-IN

43% and 47% of children were prescribed amoxicillin in their 15t / 2"d year of life
respectively

Ethic group was consistently associated with amoxicillin prescribing and lower
respiratory infection consultations; socio-economic status associated with lower
respiratory infection consultations and amoxicillin prescriptions during first year

Overcrowding was only environmental variable associated with amoxicillin prescribing
Study limited to one specific area of England with particular ethnic group composition;

need national studies with more variation in environmental exposures across different
families in order to detect these effects



Lessons learned from PICNIC study: so far

« To examine questions about the impact of
ambient air pollution and child health, we need
national administrative data linked to
environmental data: they are inclusive, large and
geographically varied

 These datasets are extremely difficult to access,
with applications to multiple data providers take
years

* This is despite low risk of disclosure and
eVIdence Of pubIIC Su pport Photo credit: Kiana Bosman, unsplash
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ALL-IN Amoxicillin study: team
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https://www.ucl.ac.uk/child-health/picnic-study
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