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	Project Title:

	Does individual level or household data on social determinants of health perform better than neighbourhood level data when looking at health outcomes?


	Proposed supervisory team:                                      Names and areas of expertise to be included

	Dr Emma Parry, Lead Supervisor. NIHR Academic Clinical Lecturer in Primary Care, Keele School of Medicine and Lead for Royal Wolverhampton NHS Trust Academic Primary Care Unit. Academic GP with experience in systematic review, quantitative data analysis and interest in health inequalities. Will provide supervision on all aspects of the project and provide opportunity for links with Health Inequalities group at RCGP, NHSE, Health Foundation and local CCGs to ensure results from this PhD impact on national and local policy. 

Dr Ross Wilkie, Senior Lecturer in Public Health and Epidemiology, Keele School of Medicine. Will provide co-supervision and advice on systematic review, epidemiological analysis and public health expertise.

Dr Dahai Yu, Senior Research Fellow, Keele School of Medicine. Will provide expertise on epidemiological analysis including multilevel models.

      Professor Baldev Singh, Consultant Diabetologist and Clinical Lead for IT, Royal Wolverhampton NHS         
      Trust, Medical Director for School of Medicine and Clinical Practice, Wolverhampton University. Will       
      provide co-supervision and advice on data linkage.



	Potential for cross consortium networking and educational opportunities:

	Networking opportunities:
The PhD will provide opportunities to link with the Public Health Department and Health Informatics team based at Royal Wolverhampton NHS Trust (RWT) through the Keele School of Medicine link with the RWT Academic Primary Care and Population Health Unit partnership. During the course of the PhD it is expected that the student will link with health inequalities groups at the RCGP, NHSE, Health Foundation and local CCG level leads to ensure findings influence public and national policy

Educational opportunities:
The successful candidate will have completed a relevant Masters degree in health sciences / statistics with evidence of practical skills in quantitative data analysis. They will be encouraged to identify generic and project-specific training needs using the Vitae Framework and to make full use of PGR workshops and training opportunities available from Academic Development at Keele University, as well as informal training opportunities such as journal clubs and seminar programmes in SoM. The student will utilise internal courses and workshops at Keele, for example systematic review and evidence synthesis workshops and statistics and epidemiology courses.

Opportunities will be provided for the student to attend external workshops and courses on health inequalities and social determinants of health, for example, courses hosted by Futurelearn and the BMJ. This is in addition to formal training courses on understanding electronic healthcare records and big datasets, and advanced statistical techniques such as multi-level modelling.

	Project description:

	Background
Health inequalities are worsening in the UK1 and the Covid-19 pandemic has further exposed disparities in health and health outcomes2. Social determinants of health - the conditions in which people are born, grow, work, live, and age, and the wider set of forces and systems shaping the conditions of daily life3 – critically influence population and individual health outcomes. Despite this, information on individual-level social risks are not collected routinely or in a standardised format in primary care. This may be due to insufficient time during the GP consultation to collect such data or to respond when a risk is identified, lack of services or lack of knowledge on available services to help these people once a need has been identified, and feeling uncomfortable asking these questions4. The Indices of Multiple Deprivation are the routinely used measure in England for deprivation based on geographical area5 but does not give accurate information at an individual level. Yet there is some evidence that having better information on individual-level social risks and social needs can improve health outcomes through adaptations of care plans, influence on clinical decision making6, being mindful of financial barriers to accessing medication, addressing behavioural health issues, helping with transportation7 and increased referral to community services such as social prescribers8-10. 

There is increasing scientific enquiry comparing individual level socio-economic factors with area level factors on certain health outcomes with mixed results. There are concerns that using area level variables instead of individual level indicators leads to an increase in measurement error due to inference of individual level data on the basis of grouped data, something called ecologic fallacy11. Area level indicators have also been shown to be independently associated with certain outcomes and therefore should be used cautiously as a proxy measure of individual level factors as they may overestimate associations12-13. There are also concerns that individual and area level indicators do not reflect the same reality, are based on different constructs and contribute independently to outcomes observed13. Furthermore, there are concerns about measurement validity and construct validity when area level variables are used14. 

In some studies, individual level risk factors showed associations with outcomes that area level factors did not, for example residential instability versus Area Deprivation Index and chronic asthma severity, 365 day ED readmission and hospitalisation rates15. Another study found a significant association with ED attendance in children with asthma for individual level factors such as living in overcrowded accommodation, living in rented accommodation, and access to a car but no significant association with Townsend Deprivation16.

Authors, in general support the use of area level indicators where individual level data are not available as the strength and direction of the associations are often found to be comparable17-19. Despite this there is an acknowledgement that area level variables do not capture all of the variability observed and has potential to also underestimate assumptions11. If area level data are to be used, most studies supported the use of smaller areas for example census blocks performed better than census tracts in US based census studies11.
Determining whether area or individual level factors are best for determining a relationship with certain outcomes is complex and seems to differ depending on the SDH construct that is being investigated and the health outcome. For example, in a study by Mustard et al who assessed proxies for household income and health status, individual level risk factors performed as well as area level risk factors when looking at household income level and average neighbourhood level income level on the outcome of mortality, nursing home admissions, morbidity related care and fertility. However, individual level risk factors performed better when the outcome was disability and mental health problems14. 
Individual level indicators also performed better in a study analysing the outcomes of life-expectancy and disability-free life expectancy. Associations for individual level factors were stronger than area level risk factors, for example; no high school diploma, employment, income, being widowed, separated or divorced living alone and being in a one-parent family). However the direction of association was the same for area level variables and the results were statistically reliable and so the authors concluded that area level indicators were a suitable alternative in the absence of individual level indicators13. Area level indicators were found to under-estimate disadvantage-based life expectancy more for women than men. 
There were some studies where area level factors performed better, particularly with regard to education variables in younger and older populations17-18. There may therefore be instances depending on the SDH domain being investigated or the health outcome, where area or individual level factors are better suited. Area level factors seem to perform less well where race and income are concerned13,19 and when covering non-urban areas due to the increased heterogeneity of people in these areas20. 
In summary, evidence is conflicting as to whether area or individual level factors on social determinants of health perform better when looking at associations with certain health outcomes. There is a suggestion from the literature that the choice of individual or area level indicators is dependent on particular SDH constructs or the health outcome being investigated. Understanding which indicators are best used will ensure that information gathered going forward on health inequalities accurately describe a population and their risk. Understanding when individual level factors should be collected, particularly within the context of managing patients in primary care will ensure that care and management is targeted to the individual and those that are at risk of certain disease outcomes due to health inequalities are quickly identified. Furthermore, joining up existing datasets where social determinants of health are already collected with the primary care health record will help increase the information available to clinicians on those at risk from health inequalities. 

Overall aim:
This project will aim to understand whether individual level or household data performs better at predicting outcomes linked to social determinants of health (SDH) compared to neighbourhood or area level data. It will also explore the scope for joining up community databases that contain this information to the electronic primary care health record in order to improve the information available to clinicians on social determinants of health. 

Specific Objectives:
1. To design and conduct a review and synthesis of existing evidence that has compared the performance of individual level or household data and area level data on social determinants of health on outcomes for example, unplanned hospital admissions and unscheduled care 
2. To conduct a population survey in the underlying musculoskeletal population, and collect information on both area-level and individual-level social determinants, alongside general heath (i.e. EQ-5D) and musculoskeletal health indicators (i.e. MSK-HQ);
3. To derive multilevel models incorporating area-level and individual-level social determinants separately, and compare the predicting capacity on population-level mean of general health indicators and musculoskeletal health indicators in a small-area (practice, PCN, CCG, or LSO/MSOA) ;
4. To produce data visualisation (map) of the general health indicators and musculoskeletal health indicators with local distribution based on the models with the most predictable social determinant;
4. To link the survey data with local primary care electronic health record (EHR) data, collecting routinely recorded patients’ characteristics (ethnicity, comorbidity, et al) with primary care recorded health indicators (i.e. consultation on back pain, osteoarthritis, and other musculoskeletal disorders);
5. To compare the neighbourhood-level and individual-level social determinant in the prediction of primary care recorded health indicators, with incorporation of more EHR covariates;
3. Explore the potential for linkage of data on SDH collected by other health professionals and services, for example, health visitor and midwifery databases. Create scalable methods to link different data sources using the Wolverhampton population as an example.


Methods
Study 1: Comparison of area level and individual risk factors of social determinants of health as measures of health outcomes; a systematic review (Objective 1)
A systematic review will be designed and registered on PROSPERO with the purpose of comparing the performance of area level and individual indicators of the social determinants of health and certain health outcomes as described in the literature. The results will also be used to explore if area or individual level indicators perform better for certain predictors for example, to determine if area level information on education is better than individual level data when looking at health outcomes as reported in the literature, for example unplanned Emergency Department attendance. The student will identify further gaps to be addressed within subsequent analysis of this thesis. In parallel they will gain an understanding of multi-level linear modelling21.

Study 2: Comparison of area level and individual level indicators of social determinants in predicting population-level general health and musculoskeletal health in a small-area (Objective 2)
Data: A population-level survey in the underlying musculoskeletal (disorder) population within the MIDAS study 
Based on findings from the systematic review and discussions with the supervisory team, PPIE group and collaborators the student will need to;
· Identify individual level variables of social determinants collected within the MIDAS population survey to measure
· Identify area level variables for the participants from MIDAS population survey
· Derive multilevel linear models incorporating area-level and individual-level social determinants separately, to predict population-level mean of general health and musculoskeletal health, and compare the predictive abilities of area-level and individual-level social determinants
· Produce data visualisation (map) on the distribution of population-level mean of general health and musculoskeletal health in local small-areas (MSOA/LSOA) with most predictive social determinant, and present these for discussion at a PPIE meeting
Study 3: Explore the capability for linkage of community datasets with the primary care electronic health record (Objective 3)
The student will undertake a proof of concept for linking a community dataset that has information on social determinants of health (for, example Health Visitor database, midwifery database or local authority database) with the primary care electronic health record. Royal Wolverhampton NHS Trust has several linked databases housed within the Trust that includes primary care, district nursing, palliative care, and walk in centres. The framework already exists to link the datasets however the student will need to work collaboratively with the Trust data warehouse team, public health and the Institute of Health and Innovation to join one of these datasets with information held in the primary care record. 
The student will use the results of study one and two, as well as discussions with supervisors and PPIE group to determine which dataset to link and to identify key indicators.
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	Training and development provision by host:

	Formal training:
It is expected that the student will participate in:
· Systematic literature reviewing and evidence synthesis workshops hosted by Keele SoM
· Understanding primary care EHR data and practical handling of large EHR datasets – by online training, self-directed reading, supervised analysis, discussion with supervisors and external course attendance, e.g. Manchester Digital Epidemiology Summer School (£600 + accommodation/travel) 
· Multilevel linear regression concepts and methods by external course attendance (e.g. RSS Multi-level Modelling (£623 plus VAT)

 

	Informal training: It is expected that the student will participate in:
· Keele SOM internal and external seminar programme
· Keele SoM Postgraduate student group
· Keele SoM post-graduate research symposium


	PPIE: 
The student will engage with PPIE at a number of stages during this project. This will include but is not limited to advice on understanding results of study 1-3 above, advice on variables to select concerning the individual level social determinants of health from the MIDAS population survey for analysis of area versus individual level data, advice on key indicators to select for the data linkage study (study 3), advice on dissemination strategies.
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