
How do different ways of making a home warmer affect risk of preschool 

respiratory infections? 

Using artificial intelligence to make homes and children healthier. 

 

Abstract 
Underheated, damp homes are associated with childhood respiratory infections. Governmental measures such 

as installing insulation or replacing a boiler try to make homes easier to heat. However, as well as keeping 

warm air in, some measures also trap in mould, smoke and air pollution, potentially increasing the risk of 

respiratory infections. 

This interdisciplinary PhD will combine artificial intelligence methodology with novel cross-sectoral datasets to 

investigate how underheated homes and the different approaches to warming them affect preschool acute 

respiratory infection risk. For the first time, spatio-temporal machine learning methods will identify groups of 

children with particular characteristics for whom different ways of heating a home may be beneficial or 

detrimental, with significant policy implications.   

Introduction 
Respiratory infections are the major cause of illness in preschool children. 

Acute respiratory infections (ARIs) are the leading cause of hospital admissions and antibiotic prescriptions in 

preschool children in the UK,1,2 with 40/1000 infants admitted with ARIs in Scotland annually.3 Deprivation and 

underheated, damp and mouldy housing are associated with preschool ARIs4–6 which are in turn associated 

with childhood asthma7 and premature adult death from respiratory disease.8 Whilst the association between 

deprivation and preschool ARIs is clear,3 we do not know how reducing underheating could affect this. 

New Scottish data infrastructure developments have linked electronic health records to individual properties 

using Unique Property Reference Numbers (UPRNs) for the first time.9 Using these linked data, we can 

undertake the first national investigation of the impact of property-level housing conditions on individual 

health. This will enable data-driven population health policy focused on key areas of societal need. 

The health consequences of different interventions to make homes warmer are unclear. 

Heating homes generates one third of the UK's carbon footprint.10 The Scottish Government is investing £1.8 

billion retrofitting existing homes to improve home energy efficiency (HEE) and meet Net Zero targets.11 

However, evidence of HEE measures effect on respiratory health is conflicting.12  

HEE measures work by: A) reducing energy costs without increasing airtightness (e.g., boiler replacement) or 

B) reducing heat loss by increasing airtightness (e.g., insulation). Group A measures may reduce ARIs by 

increasing temperature or improving finances. Group B measures retain warm air but may increase ARI risk by 

trapping indoor air pollutants (e.g., smoke, particulate matter, and viruses13) and increasing mould. While 

Group A HEE measures are associated with fewer asthma exacerbations,14 Group B showed mixed 

associations, with some studies suggesting they worsen respiratory health.15–18 Within these associations, ARI  

risk may differ in groups of children with particular characteristics (e.g. geographical area, comorbidities). 

However, the impact of these characteristics are hard to untangle with conventional statistics. Spatio-temporal 

machine learning models now enable us to explore detailed associations in different groups.  

Research Challenge 
We do not know how different HEE measures affect preschool ARI risk and which measures have the greatest 

health co-benefits. Spatio-temporal machine learning models will allow us to explore which HEE measures may 

be beneficial or detrimental in different groups of children. This information will ensure Net Zero policies do 

not inadvertently worsen health inequalities. 



About the study 
This PhD is embedded in the Homes, Heat and Healthy Kids study, a major new interdisciplinary national data 

linkage study with five years Wellcome Trust funding19. The Scottish Government has granted unique access to 

property-level housing datasets and the study is one of 10 granted Ofgem approval to UK-wide smart meter 

data.20 

Data & Methodology 
This PhD will apply spatio-temporal machine learning models to a new retrospective birth-cohort of children 

born in Scotland from 2008-2025, followed until 5th birthday, migration, or death. This will contain ~4.3 million 

person-years across ~230,000 properties.21,22  

 

Electronic health records are now linked to individual properties, permitting new linkages to energy efficiency, 

energy use and HEE measures.23 Area-level linkages include aggregated prepayment smart meter data,24  

financial data,25 air pollution and climate data. This approach will produce a rich, interdisciplinary dataset with 

information at multiple levels (child, property and area), outlined in Figure 1. 

 

 



Spatio-temporal machine learning methods will be explored to identify patterns of ARI healthcare use over 

time, in the 12-month periods before and after different types of HEE measures. This will enable the 

examination of longitudinal healthcare use and identify children with different patterns of ARI healthcare use 

(trajectories) Machine learning approaches will allow us to group children with similar trajectories and explore 

whether particular characteristics (e.g., deprivation, climate or air pollution) are associated with each 

trajectory. This will enable identification of groups of children for whom a specific HEE measure may be 

beneficial or detrimental, informing policy makers of ways to stratify HEE measures to different populations for 

maximum benefit. 

Opportunities include the use of deep learning models (such as long-short term memory [LSTM] and other 

neural network architectures) as well as more traditional machine learning approaches (such as decision 

tress/random forests) or stochastic models (such as dynamic time warping).26 

Risk Mitigation 
National data access is expected by October 2025. In the unlikely event that national data linkage is delayed, a 

regional dataset has already been linked in DataLoch (population, ~ 700,000) which will provide an 

environment to rigorously develop methods for the main dataset. 

Responsible AI / Ethical considerations 
Development of spatio-temporal machine learning models will inform policy makers of ways to stratify HEE 

measures to different populations. These models will form the basis for investigating HEE impact on other 

populations and health problems (e.g. cardiovascular disease in the elderly). 

All linkage and analyses will be undertaken in the National Safe Haven using linked pseudonymised data. The 

successful applicant will undertake the Introduction to Administrative Data Research and Analysis course and 

ONS Safe Researcher Training Course. We are committed to open science and all code will be made publicly 

available on GitHub.  

Expected Outcome and Impact 
This project will produce important results which will inform national energy, welfare, climate and building 

policies. Methodology developed will be applicable to other health conditions, demographics and populations. 

The interdisciplinary nature of this project will provide the successful applicant with broad skills across 

disciplines and a wide network for future post-doctoral work.  
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