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Outline and Rationale of the proposed research project
The air we breathe is crucial for health. Previous studies have shown that exposure to ambient air pollution is associated with increased mortality, doctor visits, and hospital admissions, mostly for cardiovascular, respiratory, and cancer diseases (Beelen et al., 2014; Fischer et al., 2015; Hvidtfeldt et al., 2019; Turner et al., 2017). 
Recent research has been showing that exposure to air pollution is also related to COVID-19 morbidity and mortality. For example, in Northern Italy, it has been shown that exposure to particulate matter with diameter of less than 2.5 µm (PM2.5) pollution is associated with excess mortality due to COVID-19 (Coker et al., 2020). A recent literature review has also shown that both short-term and long-term exposures to air pollution especially to PM2.5 and nitrogen dioxide (NO2) contributes to a higher risk of COVID-19 infections and mortality (Ali & Islam, 2020). However, most of the studies on the impact of air pollution on COVID-19 are based on early-stage data that were released relatively rapidly and may be prone to several data quality issues. Therefore, there is a need for future research to provide more conclusive evidence on the effect of air pollution on COVID-19 incidence and mortality.
Looking backward, about three to four years ago, COVID-19 pandemic was the focus of the research and all efforts whether from the policy, the public, academia and research were put to reduce the harm caused by this virus on health, for example through funding research into COVID-19 vaccines and prevention programs. However, with the vaccines and researcher’s and health worker’s efforts, the impact of COVID-19 on population health was reduced significantly, which led to less research in this area over time. Nevertheless, research related to COVID-19 is still needed due to two reasons, first, the data that is available at the present on COVID-19 is more reliable and has undergone several quality checks, which would lead to more robust research and evidence. Second, by conducting research on COVID-19, we can prepare effectively for future pandemics that the humanity and population health might face, avoiding last-minute pandemic chaos. In this respect, microsimulations could help us in establishing predictions about what might happen to COVID-19 risk of illness and death if air pollution is to be lower or higher than the status quo in the future. This would target policy and community interventions on air pollution to lower the health impacts of future respiratory pandemics that are similar to COVID-19. 
Accordingly, the proposed PhD project aims to:
1. Conduct a systematic literature review and meta-analysis to assess the impact of ambient air pollution on COVID-19 mortality and illness, gathering evidence from published and unpublished articles in the past four to five years and pointing out to literature gaps. 
2. [bookmark: _Hlk184218026]Conduct quantitative analysis using individual-level data sources linked to air pollution spatial data to examine the association between long-term exposure to ambient air pollution and COVID-19 illness and mortality in the UK.
3. Carry out microsimulation projections to analyse the impact of different air pollution exposure scenarios on COVID-19 illness and mortality as a precautionary step toward preparing for future pandemics of viruses with a similar nature to COVID-19.
Methodology, Significance, Research Output and Dissemination
For this project, the student has to systematically search the literature following the PRISMA guidelines (Tricco et al., 2018) and conduct meta-analysis to synthesise quantitatively the evidence from the reviewed articles regarding the association between air pollution and COVID-19 illness and mortality. This will constitute the first empirical chapter of the PhD thesis.
The second chapter will rely on quantitative analysis for individual-level datasets such as Understanding Society – the UK Household Longitudinal Study (UKHLS) or the Scottish Longitudinal Study (SLS) linked to yearly air pollution data from the Department for Food and Rural Affairs (DEFRA) to investigate the impact of air pollution on COVID-19 illness and mortality in the UK. Quantitative methods used for these two chapters will include longitudinal multilevel mixed-effects models and survival event-history analysis. 
The third and final chapter of the thesis will constitute microsimulation projections to assess the impact of different air pollution exposure scenarios on COVID-19 illness and mortality for future pandemic preparedness. An R package will be developed out of these microsimulations that will be published as an open-source tool for use by public health researchers and policy developers. A specialist training on the usage of these microsimulation tools will be provided as an outreach impact of the PhD project, situating the tool within the context of preparedness for future pandemics in relation to air pollution.
This PhD project will contribute to the current knowledge regarding air pollution exposure and COVID-19 illness and mortality using several methodologies including systematic literature review and meta-analysis, individual-level longitudinal analysis, and microsimulation techniques. This project will not only show the impact of ambient air pollution exposure on COVID-19 but will also help in the preparedness toward future pandemics in the context of air pollution. 
The project output will constitute a PhD thesis composed of three main chapters and a microsimulation R package/tool. Additionally, the PhD student will be encouraged to publish three articles out of the project in peer-reviewed environmental and public health journals. The student will also be encouraged to disseminate the findings in national and international conference including the European Public Health association conference, the British Society for Population Studies conference, and the Society for Social Medicine and Population Health conference. 
Primary supervisor expertise:
The proposed PhD project aligns well with the research expertise of Dr Mary Abed Al Ahad who is an expert in the field of environment and public health having worked for the past 7 years on research covering solid waste management, nursing epidemiology, and air pollution and health. Mary has published several articles on the topic of air pollution, health, and mortality in peer-reviewed journals such as Environmental research, BMC public Health, BMJ, and Plos one and has been an invited speaker on this topic at several universities and international conferences. 
Additionally, the supervisory team will have Dr Keith Moffat from the School of medicine as an expert on the medical side of the project and Dr Fernando Benitez who is an expert on microsimulation techniques in spatial sciences. 
Timeline
	PhD project years

	1
	2
	3

	Chapter 1 (systematic literature review and meta-analysis)
	Chapters 2 including air pollution – individual data linkages, quantitative analysis and the write up of the chapter 
	Chapter 3 including microsimulation analysis, development of the microsimulation R tool, and write up of the chapter

	Apply for access to the individual-level dataset
	
	Write the introduction and conclusion sections of the thesis



References 
Ali, N., & Islam, F. (2020). The Effects of Air Pollution on COVID-19 Infection and Mortality—A Review on Recent Evidence [Mini Review]. Frontiers in public health, 8. https://doi.org/10.3389/fpubh.2020.580057 
Beelen, R., Stafoggia, M., Raaschou-Nielsen, O., Andersen, Z. J., Xun, W. W., Katsouyanni, K., Dimakopoulou, K., Brunekreef, B., Weinmayr, G., Hoffmann, B., Wolf, K., Samoli, E., Houthuijs, D., Nieuwenhuijsen, M., Oudin, A., Forsberg, B., Olsson, D., Salomaa, V., Lanki, T., . . . Hoek, G. (2014). Long-term Exposure to Air Pollution and Cardiovascular Mortality: An Analysis of 22 European Cohorts. Epidemiology, 25(3), 368-378. https://doi.org/10.1097/ede.0000000000000076 
Coker, E. S., Cavalli, L., Fabrizi, E., Guastella, G., Lippo, E., Parisi, M. L., Pontarollo, N., Rizzati, M., Varacca, A., & Vergalli, S. (2020). The Effects of Air Pollution on COVID-19 Related Mortality in Northern Italy. Environmental and Resource Economics, 76(4), 611-634. https://doi.org/10.1007/s10640-020-00486-1 
Fischer, P. H., Marra, M., Ameling, C. B., Hoek, G., Beelen, R., de Hoogh, K., Breugelmans, O., Kruize, H., Janssen, N. A., & Houthuijs, D. (2015). Air Pollution and Mortality in Seven Million Adults: The Dutch Environmental Longitudinal Study (DUELS). Environmental Health Perspectives, 123(7), 697-704. https://doi.org/10.1289/ehp.1408254 
Hvidtfeldt, U. A., Sørensen, M., Geels, C., Ketzel, M., Khan, J., Tjønneland, A., Overvad, K., Brandt, J., & Raaschou-Nielsen, O. (2019). Long-term residential exposure to PM2.5, PM10, black carbon, NO2, and ozone and mortality in a Danish cohort. Environment International, 123, 265-272. https://doi.org/https://doi.org/10.1016/j.envint.2018.12.010 
Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters, M. D. J., Horsley, T., Weeks, L., Hempel, S., Akl, E. A., Chang, C., McGowan, J., Stewart, L., Hartling, L., Aldcroft, A., Wilson, M. G., Garritty, C., . . . Straus, S. E. (2018). PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Annals of Internal Medicine, 169(7), 467-473. https://doi.org/10.7326/M18-0850 
Turner, M. C., Krewski, D., Diver, W. R., Pope, C. A., Burnett, R. T., Jerrett, M., Marshall, J. D., & Gapstur, S. M. (2017). Ambient Air Pollution and Cancer Mortality in the Cancer Prevention Study II. Environmental Health Perspectives, 125(8), 087013. https://doi.org/doi:10.1289/EHP1249 

