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Abstract 

Introduction 

Unhealthy lifestyle factors (e.g., smoking, high alcohol intake, poor diet) are 

among the leading risk factors for adverse health outcomes (e.g., mortality). 

Socioeconomic deprivation is also a risk factor for the same adverse health 

outcomes. Unhealthy lifestyle factors tend to cluster within individuals and more 

deprived populations tend to have higher prevalence of multiple unhealthy 

lifestyle factors.  

Much prior research on lifestyle and deprivation has focussed on explaining 

health inequalities via the prevalence and severity of a few unhealthy lifestyle 

factors finding that lifestyle can explain a moderate or large amount of inequity, 

but not all. There has been far less research into whether there is an interaction 

in the association between combinations of unhealthy lifestyle factors and 

deprivation. For example, deprivation might influence the association so that 

deprived populations experience disproportionate rates of adverse health 

outcomes from combinations of unhealthy lifestyle factors. Further, no prior 

studies have examined the influence of deprivation on lifestyle associations with 

adverse health while measuring lifestyle using a wide combination of unhealthy 

lifestyle factors that includes a measure of social connection (e.g., infrequent 

social contacts), an example of a ‘new’ or ‘emerging’ lifestyle factor, alongside 

more traditional factors.  

Examining how deprivation influences the association between wide 

combinations of lifestyle factors (including ‘newer’ lifestyle factors) and adverse 

health outcomes could reveal higher risk groups that could guide policy and 

interventions.  

Aims: 

1) To improve understanding of the association between combinations of 

unhealthy lifestyle factors, socioeconomic deprivation, and adverse health 

outcomes.  
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2) To explore which measures of social connection could be included in a broad 

measurement of lifestyle i.e., a lifestyle score. 

3) To develop a lifestyle score that encapsulates the risks associated with a 

wide combination of lifestyle factors (including measures of social 

connection) and socioeconomic deprivation.  

4) To understand how combinations of unhealthy lifestyle factors are perceived 

in the context of socioeconomic deprivation.  

Methods 

This was a mixed methods study harnessing quantitative and qualitative 

methodology. There were three main parts or work packages (WP) for this 

thesis:  

WP1 - a systematic review of prospective cohort studies that report on the 

effect of socioeconomic status (SES) on the association between a combination 

of lifestyle factors and adverse health outcomes. 

WP2 - statistical analyses of UK Biobank, a large prospective cohort of around 

half a million adults, to a) estimate the associations between measures of social 

connection and all-cause and cardiovascular (CVD) mortality and b) create a 

weighted lifestyle score and examine the effects of deprivation, sex, and 

ethnicity on the association between the lifestyle score and adverse health 

outcomes. 

WP3 - qualitative analysis of key stakeholder perspectives from four focus groups 

with 25 members of the public and 18 interviews with community, health, and 

policy professionals.  
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Results 

Systematic review 

Six prospective studies were identified that examine the interaction between a 

combination of lifestyle factors and deprivation for adverse health outcomes. 

The studies were widely heterogenous in their definitions of unhealthy lifestyle 

factors, their markers of socioeconomic position, their methodology to assess 

interactions, and their results. However, there remained a clear suggestion that 

mortality risks associated with a combination of unhealthy lifestyle factors are 

seen in more deprived groups, which suggests lifestyle support and policy 

interventions targeting these populations might usefully be evaluated.  

Social connection  

Structural (objective) components of social connection, such as the frequency of 

friends and family visits or living alone had stronger associations with all-cause 

and CVD mortality than functional (subjective) components, such as feelings of 

loneliness. However, combinations of both functional and structural components 

of social connection had the strongest associations highlighting potential 

benefits that could follow from measuring and supporting both types of social 

connection. For example, compared with participants with higher levels of both 

components of social connection (e.g., not living alone and not often lonely) 

those with lower levels of both components had higher CVD mortality hazard 

ratios (HRs [95% CI] 1.63 [1.51, 1.76]) than each component alone (functional 

isolation - 1.17 [1.06, 1.29], structural isolation - 1.27 [1.18, 1.36]). 

Weighted lifestyle score and socioeconomic effects 

A weighted lifestyle score comprising 11 lifestyle factors (including frequency of 

friends and family visits and weekly group activity as a measure of social 

participation) was created using the relative all-cause mortality effects sizes for 

each individual factor. Smoking had the highest score weighting while social 

participation contributed a similar weighting to that of more traditional lifestyle 

factors such as low physical activity and low intake of fruit and vegetables. The 
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association between the weighted lifestyle score and all-cause and CVD 

mortality was stronger both among more deprived groups and among men. For 

example, within each quartile of deprivation and compared with those with the 

healthiest scores, all-cause mortality HRs (95% CI) for those with the 

unhealthiest scores were 2.55 (2.35, 2.77), 2.92 (2.70, 3.16), 3.27 (3.02, 3.54), 

and 3.54 (3.27, 3.82) in the least to most deprived quartiles, respectively. 

Stakeholder perspectives 

There was wide and detailed appreciation of the socioeconomic barriers to 

healthy living and perceptions captured here de-emphasised the importance of 

individual-level responsibility for healthy choices. However, it was felt there was 

always some level of individual agency or choice and, among professionals, there 

was a perceived duty to support and encourage healthy change in even the most 

arduous of socioeconomic circumstances. This appeared to create a tension 

between perceptions of agency and structure whereby clinical and public health 

practitioners felt, on one side, a duty to support agency of those with unhealthy 

lifestyle factors and, on the other side, a deep understanding of the structural 

forces of the social determinants of health behaviours. Innovative policy and 

legislation are needed to tackle upstream determinants of numerous unhealthy 

lifestyle factors simultaneously and across populations. 

Conclusion  

Deprived populations may experience disproportionate adverse health outcomes 

from a wide combination of lifestyle factors, including emerging factors such as 

social participation. Tackling the disproportionate harm associated with 

combinations of unhealthy lifestyle factors in deprived populations will require 

numerous levels of innovative intervention and policy. Alongside wider structural 

and policy change that make healthy lifestyle choices more equitable, lifestyle 

interventions that incorporate our understanding of the social determinants of 

lifestyle and that tackle numerous lifestyle factors simultaneously could support 
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individuals and communities affected by deprivation to avoid multiple unhealthy 

lifestyle factors.      
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1 Introduction 

1.1 Chapter summary 

This chapter provides a general introduction to the thesis, firstly by briefly 

presenting the main relevant concepts, namely, 1) lifestyle factors, 2) 

combinations of lifestyle factors, and 3) the potential impact of combinations of 

unhealthy lifestyle factors on the health and wellbeing of socioeconomically 

deprived populations. The thesis aims and objectives are then given alongside 

the corresponding research questions (RQ) and data and methods used to answer 

them. Finally, an outline of the chapters is provided.   

1.2 Introduction to lifestyle factors 

This thesis is concerned with the health risks associated with unhealthy lifestyle 

factors. Lifestyle factors (e.g., smoking, excessive alcohol consumption, poor 

diet, and low physical activity levels) are among the leading risk factors for 

mortality and morbidity.1 Defining lifestyle factors is not straightforward but 

lifestyle factors are defined here as behavioural risk factors that are potentially 

modifiable by individuals and that are associated with higher risk of mortality 

and morbidity.2  

The mechanisms by which lifestyle factors are thought to cause adverse health 

outcomes vary and are dependent on the factor but, generally, their associations 

with adverse health outcomes can be explained by their critical role in chains of 

physiological events that occur repeatedly and over extended periods of time 

and lead to cellular damage or impaired function (e.g., altered blood pressure, 

blood sugar, and immune and inflammatory function) that characterises 

noncommunicable diseases (NCDs) (e.g., cardiovascular disease (CVD), diabetes 

mellitus, and cancer).3-6 This includes NCDs that are themselves sometimes 

defined as lifestyle factors but otherwise recognised as intermediate or 

metabolic risk factors (e.g., hypercholesterolaemia, obesity, and hypertension) 

for ‘harder’ adverse health outcomes (e.g., CVD and cancer mortality).  
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Intermediate metabolic risk factors are often considered alongside lifestyle 

factors because of their close and likely causal associations (e.g., physical 

activity and dietary factors are often considered key causal lifestyle factors for 

obesity). However, these risk factors are not considered lifestyle factors in this 

thesis. Here, only ‘behavioural’ factors that form an aspect of daily or regular 

living and that are associated with adverse health outcomes are considered 

lifestyle factors. Examples of these ‘behavioural’ lifestyle factors include well 

known or ‘traditional’ lifestyle factors like smoking, alcohol consumption, and 

physical activity.7 While other examples include newer or ‘emerging’ lifestyle 

factors such as time spent sitting, sleeping, or immersed in nature.7,8  

1.3 Combinations of lifestyle factors  

Evidence for the association between lifestyle factors and adverse health 

outcomes has existed since smoking was linked to higher rates of cancer and CVD 

in the 1950s.9 While smoking continues to be recognised as the most harmful of 

all lifestyle factors, the number and type of lifestyle factors that are considered 

important to health grows as more aspects of daily living are conceptualised, 

defined, and measured and their associations with adverse health outcomes 

studied.7,10 Further, as societies change, for example, with shifts in culture, 

industry, politics, legislation, and with emergence of new infectious diseases and 

new technologies, so too do the ways in which people live, leading to new 

lifestyle factors.11,12 However, research around lifestyle factors has tended to 

focus on individual factors and only more recently has the impact of multiple or 

combinations of lifestyle factors been examined.13,14 This more recent research 

shows that, compared with just one lifestyle factor, there are even stronger 

associations between combinations of unhealthy lifestyle factors and adverse 

health outcomes. This is important because not only do unhealthy lifestyle 

factors tend to cluster within individuals where they could interact, but also 

because the prevalence of combinations (or the co-occurrence) of unhealthy 

lifestyle factors is unevenly distributed across populations.15 Therefore, 

understanding the risks associated with combinations of lifestyle factors can lead 

to more accurate or ‘real-world’ estimates of the health risks due to lifestyle 

factors for individuals and sections of society that are most affected.  
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1.4 Social connection as a lifestyle factor 

One risk factor or suite of risk factors that has more recently been suggested to 

be considered alongside, or even as a lifestyle factor itself, is social 

connection.16,17 There are many reasons for this. Firstly, in terms of associations 

with adverse health outcomes, types of social connection (e.g., loneliness or 

social isolation) have been shown to have similar or larger effects sizes than 

those of well-known lifestyle factors like smoking or physical inactivity.18 

Secondly, there are numerous aspects of social connection that are behavioural 

and form daily or regular parts of people’s lives (e.g., interacting with friends or 

family) and therefore could meet the definition of a lifestyle factor used in this 

thesis. Thirdly, social connection is strongly interrelated with numerous other 

lifestyle factors, having both direct and indirect effects on the likelihood of 

having other unhealthy lifestyle factors.17 Finally, both awareness of the 

importance of social connection for health and funding to improve social 

connection have traditionally been lower than those for similarly important risk 

factors (e.g., smoking, alcohol intake).18 Therefore, considering social 

connection together with other traditional lifestyle factors is seen as critical in 

improving awareness and support for tackling the growing problem of social 

disconnection.19 However, there are few studies that consider the adverse 

health associated with traditionally recognised lifestyle factors together with 

measures of social connection.10  

1.5 Lifestyle factors combinations in more deprived 
populations 

The prevalence of unhealthy lifestyle factors and their co-occurrence tends to 

be highest among those from more socioeconomically deprived backgrounds and 

there is widespread evidence for a socioeconomic gradient in lifestyle factors.15 

There is also a wide body of literature that examines whether and by how much 

the socioeconomic gradient of unhealthy lifestyle factors might explain well 

recognised socioeconomic inequalities in adverse health outcomes. However, 

while adverse lifestyle factors have been found to explain between 6-80% of 

inequalities in health outcomes, they are rarely found to explain 100%.20,21 

Further, socioeconomic factors are often themselves conceptualised as 

independent risk factors for adverse health outcomes.22,23 But there is far less 
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research examining the combined association of both unhealthy lifestyle factors 

and socioeconomic deprivation. Understanding the risks associated with both 

combinations of unhealthy lifestyle factors and socioeconomic deprivation 

together could provide better estimates of the health risks experienced by 

disadvantaged sections of society.24 For example, interactions between lifestyle 

factors and deprivation could suggest there was disproportionate harm from 

lifestyle factors in more deprived communities and, therefore, promote the 

targeting and focussing of policy, interventions, and support for healthy lifestyle 

factors towards more deprived communities.24    

1.6 Supporting healthy living among deprived 
populations 

Interventions or policies for improving lifestyle factors can be at the level of 

individuals, communities, or the wider population. Attempts to support or 

improve healthy living and reduce health inequalities have often focussed on 

individual awareness or motivation to change and have often been informed by 

behavioural sciences.25-28 However, there has been long standing recognition 

that addressing lifestyle factors only at the level of individuals generally leads to 

limited success, with improvements being small in scale and/or short lived.29 

Further, a focus on individual-level solutions increases the risk of exacerbating 

inequalities as those with more resources are able to utilise individual-level 

interventions more effectively. This is particularly important for the problem of 

combinations of unhealthy lifestyle factors which are more prevalent in more 

socioeconomically disadvantaged communities. Despite this long-standing 

recognition, the focus on individual-level interventions, motivation, and 

behaviour persists.30 Understanding how people view unhealthy lifestyle factors 

in the context of deprivation could help develop new ideas or theories that could 

inform new ways of approaching lifestyle factor policies and interventions. 

However, there are few studies that examine how members of the public, health 

professionals, or policy makers perceive lifestyle factors in the context of 

deprivation.  
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1.7 Thesis aims and objectives 

This thesis aims to address some of the gaps in evidence mentioned above and 

improve understanding of the adverse health associated with wide combinations 

of lifestyle factors in more deprived populations to inform intervention and 

policy development.  

The specific research objectives are: 

1) to describe and synthesise the evidence for the effect of socioeconomic 

deprivation on the association between combinations of unhealthy lifestyle 

factors and adverse health outcomes. 

2) to examine the associations and interactions between measures of social 

connection and adverse health outcomes to help determine which measures 

of social connection could be included in a broad measurement of lifestyle 

i.e., a lifestyle score. 

3) a) to examine the strength of associations between a wide range of individual 

lifestyle factors (including measures of social connection) and adverse health 

outcomes 

b) use the magnitude of effect sizes for numerous lifestyle factors to create a 

weighted a lifestyle score 

c) examine the effect of socioeconomic deprivation on the association 

between the weighted lifestyle score and adverse health outcomes. 

4) to explore how key stakeholders view combinations of lifestyle factors in the 

context of deprivation 

1.8 Research questions 

The research questions (RQ) used to guide and address the research objectives 

are as follows: 
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RQ1. What is the existing evidence for socioeconomic influences on the 

association between combinations of unhealthy lifestyle factors and 

adverse health outcomes? 

RQ2. What are the associations and interactions between components of 

social connection and adverse health outcomes? 

RQ3. How does socioeconomic deprivation influence the association 

between a weighted lifestyle score and adverse health outcomes? 

RQ4. What are the perceptions of key stakeholders around combinations 

of unhealthy lifestyle factors in the context of socioeconomic deprivation? 

1.9 Introduction to data and methods 

This is a mixed methods thesis and the data and methods used to answer each 

RQ are outlined briefly below. The thesis was planned and designed around 

three work packages (WP1-3), which are also indicated below.  

1.9.1 RQ1 – review of existing evidence (WP1) 

To synthesise the existing evidence for socioeconomic influences on the 

association between combinations of lifestyle factors and adverse health 

outcomes a systematic review was conducted. A protocol for the review was 

designed.31 The aim was to provide a broad description and analysis of available 

evidence and wide inclusion criteria were used in terms of definitions of lifestyle 

factors and measures of socioeconomic status. It was decided to review 

prospective observational studies with meta-analysis where results permitted 

and a specified method of systematic review without meta-analysis (SWiM) if 

meta-analysis was inappropriate.32 This systematic review formed WP1. 

1.9.2 RQ2 and RQ3 – social connection and weighted lifestyle 
score analyses (WP2) 

The large (n = 503,325) prospective, population-based cohort, UK Biobank, was 

used both to estimate the strength of associations and interactions between 

components of social connection and adverse health outcomes and to examine 
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how socioeconomic deprivation influences the association between a weighted 

lifestyle score and adverse health outcomes. UK Biobank was chosen as it 

contains rich baseline data with numerous variables for lifestyle factors, social 

connection measures, and socioeconomic factors and is also linked to registries 

to provide data on adverse health outcomes.33 These two sets of quantitative 

analyses formed WP2.  

1.9.3 RQ4 – stakeholder perspectives (WP3) 

Qualitative research methods were chosen to explore and analyse the 

perceptions of key stakeholders around combinations of unhealthy lifestyle 

factors in the context of socioeconomic deprivation. Members of the public were 

recruited to take part in focus groups; semi-structured interviews were 

conducted with primary care practitioners (community nurses, community 

pharmacists, community links workers, and general practitioners), public health 

professionals, and policy makers. The focus group and interview transcripts were 

analysed qualitatively to permit in-depth exploration of participants’ views of 

lifestyle factors and their combinations in deprived contexts. This qualitative 

study formed WP3. 

1.10 Outline of chapters  

The chapters included in this thesis are summarised below. Figure 1-1 shows the 

outline and corresponding work packages and research questions. This thesis is 

structured and submitted by alternative format where published and submitted 

papers are included as chapters. Chapters 4 and 5 are published papers and 

Chapters 6 and 7 are submitted papers. Chapters 1-3 and 8 are written as 

traditional chapters.   
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Figure 1-1: Outline of chapters with corresponding research question (RQ) and work 
package (WP) 

 

Chapter 2 – Wider literature review 

This chapter introduces the concept and epidemiology of lifestyle factors, 

lifestyle factor combinations, lifestyle factors in the context of socioeconomic 

deprivation, social connection (e.g., loneliness, and social isolation) and why 

this is considered alongside lifestyle factors, and differential vulnerability to 

unhealthy lifestyle factors. This chapter is structured to outline how the 

published and submitted papers form a comprehensive body of work. 

Chapter 3 – Methodology 

An overview of the wider methodological considerations and data used are given 

in this chapter. The strengths and limitations of the methods and data are 

described and concepts and frameworks that facilitates the synthesis of the 

results from this mixed methods thesis.   

Chapter 4 – The influence of socioeconomic status on the association 

between unhealthy lifestyle factors and adverse health outcomes: a 

systematic review 
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This chapter is formed of a published systematic review that addresses RQ1 by 

providing a synthesis of available evidence from prospective cohort studies.  

Chapter 5 – Social connection and mortality in UK Biobank: a prospective 

cohort analysis 

This chapter presents the published UK Biobank analyses that answer RQ2 by 

examining the independent and combined associations between different 

components of social connection and all-cause and CVD mortality.  

Chapter 6 – Sociodemographic effects on the association between a weighted 

lifestyle score and mortality in the UK Biobank cohort. 

Chapter 6 is formed of a submitted paper containing UK Biobank analysis that 

addresses RQ3. The analyses examine the individual associations of 11 lifestyle 

factors (including a measure of social connection) and all-cause and CVD 

mortality. The results of those analyses are used to create a weighted lifestyle 

score to then examine the effects of socioeconomic deprivation, sex, ethnicity, 

and age on the association between the score and mortality. 

Chapter 7 – Exploring public, practitioner, and policy maker perspectives of 

unhealthy lifestyle factors in the context of socioeconomic deprivation: A 

qualitative study. 

This chapter presents the qualitative WP3 as submitted for publication and 

addresses RQ4.    

Chapter 8 – Discussion  

This final chapter summarises and synthesises the findings of the thesis with 

reference to the wider literature. The strengths and limitation of the thesis are 

discussed and implications for policy, practice, and future research are given.  
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2 Wider literature review 

2.1 Chapter summary 

This chapter provides an overview of the literature to set the context for the 

objectives outlined in the previous chapter. Firstly, the concepts of lifestyle and 

lifestyle factors and their associations with adverse health outcomes are 

discussed. The evidence for the association between combinations of lifestyle 

factors and adverse health outcomes and the importance of addressing them is 

then laid out. This is followed by a brief overview of the epidemiology of social 

connection and why this is included as a lifestyle factor here. Socioeconomic 

deprivation is then defined and the sociological and epidemiological links 

between deprivation and lifestyle discussed. A summary of how both lifestyle 

and deprivation have been considered in prior epidemiological literature in 

terms of ‘differential exposure’ and ‘differential vulnerability’, which are key 

concepts for this thesis, is then provided. The chapter concludes with putative 

causal mechanisms and theories that could explain how deprivation could exert 

a differential vulnerability to lifestyle factors.    

This wider literature review is not a systematic review and therefore there may 

be gaps or foci of attention that may seem arbitrary. However, each topic within 

this literature review (i.e., each sub-heading of this chapter) comprises an 

enormous amount of literature and summarising each in depth is not feasible. 

Therefore, for transparency and to aid critique, the methods by which literature 

was identified and included in this section are briefly described below.  

Work prior to this thesis provided much of the motivation and basis for the main 

research areas that were included:24  

1. the concept of lifestyle and its relation to health 

2. combinations of lifestyle factors (including newer lifestyle factors like 

components of social connection) 

3. socioeconomic deprivation and lifestyle 
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4. differential exposure and vulnerability 

5. mechanisms and theories for differential vulnerability  

These areas were felt to be most pertinent to contextualise this project and 

justify the formulation of the research questions. PubMed was used to search for 

key terms related to each of these research topics. Key texts, such as relevant 

systematic reviews or meta-analyses, that were identified were then used for 

citation searches and Scopus was used for forward citation searching of key 

texts. Additional relevant literature was also highlighted by the wider research 

team during work for each of the analysis chapters.  

As with all research, there is a level of subjectivity and interpretation that have 

also influenced the decisions around which literature to include for this review. 

As such, this literature review represents an intersection of my knowledge and 

experience of working as a general practitioner in an area of socioeconomic 

deprivation and as an early career researcher with an interest in how we live 

and how that affects our health. It also partly reflects the knowledge and 

experience of my supervisors and co-authors, which, for different parts, have 

included primary care researchers, epidemiologists, clinical academics, and 

statisticians. Finally, to summarise such an extensive range of literature, I aimed 

to provide broad overviews of each area and ‘deeper dives’ of relevant 

literature where helpful.  

2.2 Lifestyle  

2.2.1 Definition and etymology 

The origin of the word ‘lifestyle’, ‘life-style’, or ‘life style’ in the English 

language is unclear and there may be several. However, as the origin of a word 

can influence how they are interpreted, conceptualised, or used, it is briefly 

reviewed here. The Oxford English dictionary suggests the word lifestyle arose 

from a literal translation of the German ‘Lebensstil’ as early as 1915 and, 

although not in common usage at the time, it appears to have had a similar 

meaning to present day usage.34 Today, lifestyle is commonly taken to mean ‘the 

characteristic manner or way in which a person lives’.34  
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However, the term ‘lifestyle’ is also ascribed to the psychologist, Alfred Alder, 

who described lifestyle as patterns of behaviour established in childhood.35 

‘Lifestyle’ is also attributed to the sociologist Max Weber who is thought to have 

introduced the term to sociology although his original meaning is unclear.36 Abel 

and Cockerham have argued that two of Weber’s German phrases 

‘Lebensführung’ (life conduct) and ‘Lebensstil’ (lifestyle), in his widely cited 

work ‘Economy and Society’, have been inappropriately amalgamated through 

inaccurate translation of ‘Lebensführung’ into the English word ‘lifestyle’.37 

This, they argue, overlooks the idea that Weber’s concept of lifestyle comprised 

two separate components, life conduct (or life choices) and another term he 

used, ‘Lebenschancen’ (life chances, or the likelihood of realising life choices 

partly determined by wider socioeconomic conditions). Both because of this 

mistranslation and the way in which Weber changed the way he used the terms 

during his lifetime, Abel and Cockerham argue that the word lifestyle has been 

misinterpreted in sociology so that ‘life choices’ are overemphasised compared 

with ‘life chances’. This may, in part, explain why much discussion on lifestyle 

focusses on choices made by individuals, with the influence of wider life 

circumstances less prominent. Indeed, public health practitioners continue to 

highlight the problems associated with interpreting lifestyle as personal choices 

as opposed to opportunities.38 

Less interestingly, but perhaps more likely, the English word ‘lifestyle’ could 

simply have arisen from an abridged version of the earlier phrase ‘style of life’ 

or ‘style of living’, which was not uncommon in the 18th century.39 This would 

fit with a more organic appearance of the phrase rather than ‘lifestyle’ 

appearing abruptly in the English lexicon from a German translation.  
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Figure 2-1: Google Books Ngram Viewer - 'lifestyle', 'life style', 'life-style', 'style of life' and 
'style of living' 
Google Books Ngram Viewer showing frequency of appearance of the words or phrases 'lifestyle', 
'life style', 'life-style', 'style of life' and 'style of living' in >5 million digitised books from 1700s to 
present day.40 

 

Usage of the term ‘lifestyle’ increased dramatically in English speaking popular 

and lay media from the 1960s onwards (Figure 2-1),40 coinciding with parallel 

increases in disposable income, consumption, and leisure time, particularly in 

high-income countries like USA.41,42 These parallel social changes may have been 

important in shaping how individuals and society consider or conceptualise 

‘lifestyle’. Although, even earlier and perhaps more dramatic social changes in 

the late 1800s, with rapid industrialisation and the rise of a wealthy middle or 

‘leisure’ class, prompted new social theories and concepts (e.g., ‘conspicuous 

consumption’ – purchasing status through public displays of material wealth) on 

how socioeconomic contexts affect the way in which people live and their 

health.43 These historical examples highlight how societies undergo large scale 

changes alongside parallel changes in language and theory that attempt to 

explain and conceptualise the new ways in which people live. Therefore, 

understanding ‘lifestyle’ and how it relates to health requires examination in 

specific contexts.   

2.2.2 Lifestyle or health behaviours  

In the fields of medicine, medical sociology, and epidemiology, the word 

‘lifestyle’ is often used interchangeably with ‘health behaviours’. While the 

term health behaviour also lacks a consensus definition it has long been 

preferred by those in public health to reduce both the affiliation with personal 

choice and victim blaming that the word lifestyle can imply.38,44-46 However, 
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both lifestyle and health behaviours can be considered broadly as regular or 

daily human activities that contribute towards or detract from some aspect of 

health.  

While there may be a sociological legacy that results in the term lifestyle 

overemphasising individual choice rather than life circumstances, the term 

lifestyle is used in this thesis as it remains well recognised in the context of 

potentially modifiable behaviours with strong associations with adverse health 

outcomes. Moreover, the interrelationship between lifestyle and wider social 

determinants of health is a major focus of this work. Therefore, the studies 

reported within this thesis have been conducted with keen consideration of the 

link between lifestyle and socioeconomic environment to avoid victim blaming or 

stigmatisation of those living with unhealthy lifestyle factors, especially those 

who are also from more disadvantaged socioeconomic groups.  

2.3 Lifestyle factors and adverse health outcomes 

Epidemiologically, the term lifestyle is often followed by ‘factor’ or ‘risk factor’, 

meaning those behaviours or practices that are associated with the risk of 

developing a disease or death.47 The literature on lifestyle factors and their 

association with adverse health outcomes is vast and continues to grow. The 

number and types of lifestyle factors that are considered risk factors for adverse 

health outcomes has developed over time, and often after lengthy debate 

pitting health professionals and researchers against those with commercial 

vested interests in related ‘unhealthy commodities’.48,49 The classic example is 

that of cigarette smoking or tobacco, which was once considered healthy but is 

now clearly linked with numerous adverse health outcomes including mortality, 

CVD, and cancer outcomes.50 Indeed smoking has been, and continues to be, 

considered among the most important and impactful unhealthy lifestyle factors.1  

However, smoking has been joined by other unhealthy lifestyle factors as being 

strongly associated with adverse health outcomes, with a large body of 

literature examining their associations with adverse health outcomes. The World 

Health Organisation considers four unhealthy lifestyle factors (tobacco smoking, 

poor nutrition, harmful alcohol consumption, and physical inactivity – sometimes 

referred to as ‘SNAP’ risk factors) as the four modifiable risk factors with the 
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greatest global contributions to risk of death and NCDs.51 However, lifestyle 

factors’ associations with adverse health outcomes vary by the outcome of 

interest. For example, excess alcohol consumption is associated with 

oesophageal squamous cell carcinoma but not oesophageal adenocarcinoma.52 

And a range of dietary factors and physical inactivity (and overweight and 

obesity) are associated with up to 18 site-specific cancers but rarely with lung 

cancer.53  

Further, additional lifestyle factors have emerged as having strong associations 

with all-cause mortality, and with CVD and cancer mortality and incidence.10 

There is no consensus as to what counts as an emerging lifestyle factor but they 

are defined here as those with a newer evidence base or those being considered 

alongside the more well-recognised factors of smoking, alcohol, physical 

activity, and diet.7 Examples include sedentary behaviours or sedentary time 

(too much time sitting),54 sleep (too long or too short or poor quality),55-57 and 

social participation levels (infrequent or poor quality social contacts).10,18,58  

The level of understanding of the mechanisms underlying the association 

between each lifestyle factor and each adverse health outcome varies. For 

smoking, there is a wide body of literature going back decades that has resulted 

in a detailed understanding of the pathophysiological mechanisms by which 

smoking causes lung cancer and CVD.3,59 However, for other lifestyle factors, 

despite their strong associations and fit with causal criteria, questions remain 

over the exact mechanistic pathways by which the behaviours exert their health 

effects.60 For example, while long sleep duration is associated with adverse 

health outcomes,56 the underlying mechanisms to explain that association are 

poorly understood.4  

2.4 Combinations of unhealthy lifestyle factors  

Associations between lifestyle factors and adverse health outcomes are generally 

considered independent as they are often established after controlling for likely 

potential confounders including other lifestyle factors. However, lifestyle factors 

cluster within individuals, where individuals with one unhealthy behaviour are 

likely to have another.15,61-68 For observational studies, this presents a potential 

area of residual confounding. For example, the association between physical 
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activity, sedentary behaviours, diet, and adverse health outcomes may be 

confounded by other lifestyle factors (e.g., sleep duration time) which may be 

unaccounted for in analyses.69 Further, combinations of lifestyle factors may 

have additive (or multiplicative/synergistic) interaction effects, where the 

combined effect of two unhealthy lifestyle factors is greater than the sum (or 

the product) of the individual effects.69,70 Hence it can be helpful to examine 

combinations of lifestyle factors where a larger number of lifestyle factors are 

taken into consideration as exposures.  

Consistent with additive or synergistic interactions between lifestyle factors is 

the finding that combinations of lifestyle factors have even stronger associations 

with adverse health outcomes than individual lifestyle factors alone.71-73 

Generally, there is a clear dose response relationship where the more unhealthy 

lifestyle factors are present, the higher the risk of adverse health 

outcomes.13,14,74 Although that relationship may be non-linear and there are 

patterns of clustering where certain behaviours are more or less likely to co-

occur, which suggests that the specific combination as well as number of 

unhealthy lifestyle factors is important.65,68,75,76 Also, the prevalence of specific 

combinations of unhealthy lifestyle factors may vary across sub-groups of 

society, which has implications for interventions that address combinations of 

unhealthy lifestyle factors.77  

The literature on combinations of lifestyle factors continues to develop. Three 

recent systematic reviews by Zhang et al, have combined the evidence from 

prospective studies finding evidence for clear associations between three or 

more lifestyle factors and the adverse health outcomes of: all-cause mortality 

(87 studies), CVD incidence (25 studies) and mortality (55 studies),72 cancer 

incidence (21 studies all cancer types; 35 studies site-specific cancers) and 

mortality (38 studies),73 and type two diabetes (14 studies).71 

Addressing multiple lifestyle factors has therefore been cited as an urgent and 

unmet challenge for improving population health.78 However, most interventions 

addressing multiple lifestyle factors focus on the individual and success has 

proved challenging with many remaining unknowns on how to address 

combinations of lifestyle factors.79 For example, a systematic review of 

randomised trials of interventions that target multiple lifestyle factors has 
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shown that the order in which to address each factor remains unclear – there 

were few studies that compared interventions that address the lifestyle factors 

sequentially versus simultaneously.80 However, that review also suggested that 

addressing multiple lifestyle factors (either sequentially or simultaneously) were 

generally more effective than a usual care comparator. A subsequent scoping 

review comparing single versus multiple lifestyle factor change interventions for 

weight loss also found that the literature was limited but that there was a 

suggestion that demographic characteristics and use of theory in intervention 

design were associated with greater effectiveness.81  

The level of effectiveness of interventions attempting to address numerous 

lifestyle factors has also been modest. A meta-analysis of 69 randomised 

controlled trials of non-pharmacological interventions attempting to improve at 

least two lifestyle factors (most often diet and physical activity, but also 

smoking and alcohol consumption) found that interventions (which were mainly 

based on education and training) had only modest effects on lifestyle factors.82 

Interestingly, although there were reductions in smoking prevalence in the 

studies targeting this factor, smoking was negatively associated with the 

intervention when there were improvements in other lifestyle factors. This could 

suggest that smoking should be addressed sequentially with other lifestyle 

factors rather than simultaneously. Finally, existing studies of interventions 

addressing multiple lifestyle factors also lack diversity of research participants 

(few studies examined minority ethnic groups, younger adults, or 

socioeconomically disadvantaged groups) and examine only a small range of 

lifestyle factors.79 This is important as the prevalence of lifestyle factors follow 

socioeconomic gradients (e.g., prevalence of unhealthy lifestyle factors are 

higher in minority ethnic and socioeconomically disadvantaged groups) and, 

therefore, there is a lack of evidence of what works in populations most in need 

of support.15,62,83 

Nevertheless, there are good arguments to attempt addressing numerous 

unhealthy lifestyle factors in a single intervention. Reasons include the potential 

interaction between lifestyle factors and the greater adverse health outcomes 

associated with combinations of lifestyle factors, but also because of the 

inequalities in health outcomes of the populations in whom unhealthy lifestyle 

factors tend to cluster, namely more socioeconomically deprived populations.  
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Before going on to describe the links between unhealthy lifestyle factors, 

socioeconomic deprivation, and adverse health outcomes, the following section 

introduces the importance of considering social connection as a lifestyle factor. 

2.5 Social connection  

Social connection is difficult to define and conceptualise due to the almost 

infinite ways in which humans interact. However, humans have evolved social 

behaviours with clear survival advantages from regular interactions, close co-

operation, and being supported by others, which explain a near universal desire 

for social conections.84-87 Further, the evidence of associations between lacking 

social connections and a range of adverse health outcomes is extensive and 

growing with the result that social connection is seen as essential for health.87-89  

There are numerous mechanisms by which social connection could influence 

health outcomes because of the myriad ways and modes in which humans 

connect and interact.85 These purported mechanisms are not a focus of this 

thesis but a brief overview and examples of mechanisms are given in Chapter 5. 

Below, a summary of specific epidemiological issues that relate to social 

connection in this thesis is given before describing why social connection can be 

considered a lifestyle factor.  

2.5.1 Social connection epidemiology  

Two key exposures are often examined in the epidemiological literature that 

relate to social connection, namely, social isolation and loneliness. Social 

isolation is typically defined as lacking a certain amount or number of social 

contacts.90 Whereas loneliness is defined as perceiving a lack of connection.90 

Therefore, social isolation is often considered an objective measure of social 

connection and loneliness a subjective one.90 There is a wealth of literature that 

examines the links between both social isolation and loneliness and adverse 

health outcomes.88,89,91-101  

However, there are gaps and inconsistencies in the literature. Firstly, the two 

terms, social isolation and loneliness, have been used interchangeably despite 

their differences, which reduces accuracy and clarity around the problems. 
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Secondly, whilst there is long standing appreciation that the two exposures are 

often correlated but not the same, there is a lack of research that examines 

their separate and combined effects.19 Indeed, metanalyses that provide the 

effect estimates for each draw on studies that for the vast majority do not 

mutually adjust for each.88,89,95,97,101-103 Therefore, our current best estimates for 

how loneliness is associated with adverse health outcomes could be confounded 

by an unmeasured effect of social isolation and vice versa. And while the impact 

of each is purported to be independent (even though meta-analytical evidence 

for this is lacking) due to their often-observed discrepancy (i.e., individuals 

defined as socially isolated who do not report feeling lonely and vice versa) the 

impact of being both socially isolated and simultaneously feeling lonely has been 

overlooked.19  

The objective for the study in Chapter 5 was to address those gaps by examining 

the independent and combined associations between different components of 

social connection and adverse health outcomes.  

2.5.2 Social connection framework 

One way of trying to improve and extend the evidence base around social 

isolation and loneliness is via use of a conceptual framework of social 

connection. Holt-Lundstad has developed this framework and defined three 

components of social connection: structural, functional, and quality (Table 

2-1).87  

Table 2-1: Framework of components of social connection 
(Taken from Holt-Lundstad, 2018)87  

Component Definition Examples measures  

Structural Existence of and 
interconnections among 
different social 
relationships and roles 

Marital status 
Living alone or not 
Social networks 
Social integration 
Social isolation 

Functional Functions provided by, 
or perceived to be 
available because of, 
social relationships 

Received support 
Perceptions of social 
support  
Perceived loneliness 

Quality The positive and 
negative aspects of 
social relationships 

Marital quality 
Relationship strain 
Social inclusion or 
exclusion 
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This framework offers a broader approach that encompasses both social isolation 

and loneliness as well as other measures that could be considered structural or 

functional measures of social connection that may not be included in other 

concepts of social isolation and loneliness. For example, an individual could 

report low levels of social support but may not feel lonely and therefore 

examining feelings of loneliness as the functional component would overlook 

perceptions of support. The framework also includes a quality component of 

relationships and thereby includes a spectrum of positive and negative attributes 

for different types of social connection and thus provides a more comprehensive 

assessment of social connection.  

I am unaware of alternative frameworks that incorporate such a wide range of 

different components of social connection and of any published critiques of this 

framework. However, whilst the framework has the advantage of systematising 

and organising a wide range of different ways in which humans interact and 

connect under the umbrella term ‘social connection’, there may be limitations 

to the framework.  

Firstly, although the framework provides a construct that can assist in the 

interpretation of the broad evidence base around human connectedness and 

health, the framework originates from existing and known measures or concepts 

(e.g., social isolation, loneliness, relationship quality) that have been used in 

research. Therefore, the framework could be incomplete and would need to be 

amended as new measures are developed or new aspects of human interaction 

are defined and conceptualised. For example, new research could identify that 

different ‘modes’ or media (e.g., online versus face-to-face) through which 

humans connect and interact as being associated with adverse health outcomes. 

If the impact of these modes in which people connect were independent of the 

structural, functional, and quality components of connections then it would 

suggest that a new component of social connection should be defined and 

included within the framework. Therefore, whilst the framework appears to be 

broad to allow new measures to be incorporated, it may be that use of the 

framework precludes consideration of other less considered or hitherto 

undiscovered aspects or components of social connection. Secondly, Holt-
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Lundstad et al. suggest that the quality component of social connection 

represents positive and negative attributes of relationships or connections that 

are independent of the functional component of social connection. However, it 

could be argued that quality and functional components appear to be more 

closely intertwined and less independent than functional and structural 

components. For example, negative subjective feelings (e.g., perceptions of 

loneliness) are likely to correlate with poor quality connections (e.g., low 

relationship satisfaction ratings). And where they do not correlate that could 

raise questions over the accuracy of the measure of quality. Thirdly, and finally, 

the advantage of a single framework in organising numerous interacting 

components also risks reducing or oversimplifying what remains a highly 

complex, interacting, and dynamic phenomenon.  

Nevertheless, this framework was used for the work in Chapter 5 as it could aid 

in conceptualising and interpreting the independent and combined associations 

between different components of social connection and adverse health 

outcomes. 

2.5.3 Social connection as a lifestyle factor 

Social connection is an increasingly recognised risk factor alongside more 

traditional lifestyle factors and even considered as a lifestyle factor itself.16,17 

There are several reasons for this.17  

Firstly, components of social connection (e.g., loneliness or social isolation) 

have been shown to have similar or larger effect sizes than those of well-known 

lifestyle factors like smoking or physical inactivity.18 Secondly, there are 

numerous aspects of social connection that are behavioural and form daily or 

regular parts of people’s lives (e.g., interacting with friends or family) and 

therefore would meet the definition of a lifestyle factor used in this thesis. 

Thirdly, social connection is strongly interrelated with numerous other lifestyle 

factors, having both direct and indirect effects on the likelihood of having other 

unhealthy lifestyle factors.17 Finally, both awareness of the importance of social 

connection for health and funding to improve social connection have 

traditionally been lower than those for similarly important risk factors (e.g., 

smoking, alcohol intake).18  
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Therefore, considering social connection together with other traditional lifestyle 

factors is seen as critical in improving awareness and support for tackling the 

growing problem of social disconnection.19 However, there are few studies that 

consider the adverse health associated with traditionally recognised lifestyle 

factors together with measures of social connection.10 It was for these reasons 

that measures of social connection were included as a component of a lifestyle 

score in the analysis that forms Chapter 6. 

2.5.4 Social disconnection prevalence  

Regardless of how it is measured or conceived, a lack of social connection (e.g., 

loneliness and social isolation) is seen as a growing public health problem with 

increasing prevalence globally.98,99 Chapter 5 uses data from the UK and 

therefore the prevalence and scale of the problem in the UK is considered 

briefly here.  

The 2021/22 Community Life Survey (a self-report household survey), based on a 

representative sample of 10,126 adults aged 16+ in England, showed 6% of 

participants often or always felt lonely.104 Similarly, analysis of Office for 

National Statistics data by the Campaign to End Loneliness, suggests that up to 

3.24 million people (6%) in the UK were lonely in 2020.105 However, this figure 

has increased since then with up to 500,000 more adults feeling lonely in the UK 

as of 2022.105 The same analysis shows that this increase is not evenly distributed 

across demographic groups with the increase in loneliness mainly being in those 

aged 30-70, men, those of white ethnicity, and those with poor-health. 

In 2023, 8.4 million people were living alone in the UK, 8% more than in 2013 

and greater than the 6% population increase over that time.106 Again this 

increase was not evenly distributed with 93% of the increase in those living alone 

seen in those aged 65 years or older. With just over half of those living alone 

(4.3 million) being aged 65 years or older this represents a far larger population 

than those living in a care home. Census data from 2021 shows there were 

278,946 people aged 65 years or older living in a care home in England and 

Wales; this represents a 4% decrease in the numbers of that age group living in 

care homes.107      
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Interventions to address social disconnection vary by method and by evidence of 

efficacy. A review of 60 studies provides weak observational and moderate RCT-

based evidence for a range of interventions to reduce loneliness in community-

dwelling older adults.108 Examples of interventions in the review include group-

based therapy/exercises/activities, individual in-person interactions, internet-

based interventions, and telephone-delivered interventions. Similarly, a scoping 

review of reviews of loneliness and isolation interventions for older adults 

suggested the individuality of any subjective experience of isolation meant there 

would be no one-size-fits-all approach to combating loneliness and social 

isolation.109 The authors suggest that a realist approach should be adopted for 

intervention research in this area in order to establish which intervention works 

for whom and in what context. Understanding the independent and combined 

associations between different components of social connection and adverse 

health outcomes could help inform this intervention research as interventions 

could be conceptualised and tailored within the social connection framework. 

2.6 Socioeconomic status, deprivation, lifestyle, and 
adverse health outcomes 

This section reviews the theoretical concepts of socioeconomic status (SES) and 

deprivation and how they relate to lifestyle factors and health. It also gives an 

overview of the epidemiological literature that describes the associations 

between SES and adverse health outcomes and between socioeconomic 

deprivation and unhealthy lifestyle factors. 

2.6.1 Historical and theoretical perspectives on the association 
between socioeconomic status, health, and lifestyle 

SES is a theoretical construct that stratifies populations based on their 

characteristics, the environment in which they live and work (e.g., occupation 

type or class, housing conditions, area of residence), and on their resources 

(e.g., financial, educational, and material).110-112  

Much of the underlying theoretical work that has resulted in the development of 

various measures of SES in relation to health can be attributed to a number of  

sociologists, philosophers, and clinicians since the industrial revolution such as 

Engels,113 Virchow,114 Durkheim,115 Weber,36 Bourdieu,116 and many others.117 
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These writers have also made significant and lasting contributions to shaping the 

understanding of how socioeconomic conditions influence human health and 

concepts of ‘lifestyle’ and so are particularly relevant for this thesis.118 

Therefore, some of their work is briefly discussed here.   

The recognition of wider social and environmental influences on disease and 

behaviour has much longer historical roots that predate these writers. For 

example, medical students and physicians more than 2,000 years ago who were 

familiar with the Hippocratic treatise, On Airs, Waters, Places, would have 

acknowledged the influence of local conditions, such as the weather and water 

sources on the health of local populations and on:  

‘The mode of life also of the inhabitants that is pleasing to them, whether 
they are heavy drinkers, taking lunch, and inactive, or athletic, 
industrious, eating much and drinking little,’119 (i.e., lifestyle factors). 

More recently, the birth of public health and understanding of the influence of 

social contexts of health has been attributed to those such as Rudolph Virchow 

(1848), who identified the cause of an epidemic as social and political (i.e., 

famine, war, and poverty).114 And to work such as that of Friedreich Engels 

(1845) who showed mortality rates of those with poor living conditions and 

working in factories in industrial cities was worse than that of surrounding 

areas.113 

Sociologists such as Weber (1922) have sought to provide frameworks to explain 

how and why society is stratified along socially constructed dimensions or 

‘structures’.36 The sociological concept of structure delineates groups of people 

who share common prospects (including economic and health prospects) and 

patterns of behaviour. Bourdieu’s work (1977) is thought to have extended that 

of Weber’s through additional concepts such as ‘habitus’, which he defines as: 

‘systems of durable, transposable dispositions, structured structures 
predisposed to operate as structuring structures, that is, as principles 
which generate and organize practices and representations that can be 
objectively adapted to their outcomes without presupposing a conscious 
aiming at ends or an express mastery of the operations necessary in order 
to attain them.’116 

This definition of habitus has been more simply redefined as: 
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‘a cognitive map or set of perceptions in the mind that routinely guides 
and evaluates a person’s choices and options.’120 

Bourdieu also described other social structures and concepts such as ‘social 

capital’, ‘field’, and ‘practice’.121 However, it is sufficient here to state that 

Bourdieu sought to explain behaviour within a given social context with habitus 

being an inclination or disposition for behaviours given societal influences. 

Bourdieu’s concept of habitus is helpful in relation to SES and lifestyle as it 

describes how an individual’s expectations of how others will respond to their 

actions influences that individual’s decisions and behaviour. Habitus determines 

the expectations and the likelihood of the options available to individuals due to 

the order or structure in society and to that individual’s position (and their 

perception of their position) in the social order. Both Weber and Bourdieu try to 

disentangle agency and structure in relation to behaviour. Agency is the ability 

of individuals to choose their actions (Weber’s ‘life conduct’) and structure is 

the socially created rules, norms, and etiquettes (Weber’s ‘life chances’) in 

which individuals live. 

Weber described behaviour as the outcome of a ‘dialectic interplay’ between 

agency and structure and his work has been interpreted as favouring agency over 

structure to explain behaviour. Conversely, Bourdieu is considered to have 

emphasised structural influences over agency.120  

Other theoretical constructs have arisen specifically in relation to unhealthy 

lifestyle factors. For example, Blue et al. develop the idea from Weber and 

Bourdieu (among others) that an unhealthy lifestyle factor, like the excessive 

consumption of alcohol, is not a single behaviour as conventionally viewed, but a 

collection of behaviours, or a social practice (e.g., drinking with colleagues after 

work as opposed to simply alcohol consumption).122  

The benefit of conceptualising groups of more specific behaviours of lifestyle 

factors with certain social contexts is to provide a unit of operation or even a 

target for intervention that straddles the divide between agency and structure. 

Social practice theory creates new definitions for what the problems are (e.g., 

as previously stated, drinking after work with colleagues as opposed to a single 

focus on alcohol consumption). By highlighting the interconnected relationships 
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between behavioural complexes and groups of individuals, it indicates why 

interventions to reduce associated harm are required at community and 

sociocultural-levels rather than the individual.123 However, social practice theory 

risks defining numerous related and overlapping practices that lack clear 

boundaries and focus, which make practical implications difficult to interpret or 

apply.123 For example, drinking alcohol at home alone, drinking after work with 

colleagues, and drinking secretly as young teenagers could be separate practices 

that require their own interventions. Whereas these practices might all be 

influenced or improved by focussing on common population-level factors of 

alcohol consumption such as legal control of alcohol sales.  

Cockerham has incorporated prior work of sociologists to create a ‘health 

lifestyle theory’.124 This theory considers lifestyle factors within a framework 

that acknowledges the influences of both agency and structure to ultimately 

determine lifestyle.120,124 Figure 2-2 shows a simplified version of this 

‘paradigm’. 

 

Figure 2-2: Simplified version of Cockerham's health lifestyle paradigm 
Adapted from Cockerham (2021).120 Arrows indicate hypothesised causal relationships. 
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I briefly describe Figure 2-2 here, using smoking as an example of an unhealthy 

lifestyle factor. Working from the top to the bottom of the figure, the first set of 

arrows represent the causal influences of social class on both the choices made 

by individuals who smoke (‘Life choices’ or agency) and on the opportunities 

(‘Life chances’ or structure) for smoking afforded to individuals. The life choices 

and chances for smoking then interact (‘Interplay’) to cause a predilection or 

‘disposition’ (habitus) for smoking, which then, in turn, causes smoking (or not). 

While these social theories and explanations for relationships between SES, 

lifestyle, and health, have not been used formally in analysis of the work in this 

thesis, they have informed the work more generally including the interpretation 

and synthesis of its findings.  

2.6.2 Socioeconomic status versus socioeconomic position 

Confusingly, the terms SES, socioeconomic position (SEP), social class, and social 

status have all been used interchangeably by researchers and the lay public as 

there is no widely accepted consensus on these terms. However, each term has 

different theoretical underpinnings and historical origins. Further, clarity of 

what is meant by each term is important because where a measure of SES is 

associated with health the origins and meanings of that measure could have 

implications for causal mechanisms and theory.125,126 A brief description is given 

here for how the origins and concepts differentiate these terms.  

Bartley describes social class, at least in sociology and medical sociology, as 

originating from the work of Karl Marx and Max Weber and involves grouping 

populations according to their occupation and working conditions (e.g., by 

ownership of assets and relationships between those who must work and those 

who manage or supervise their work).127 In the original sense of the term, there 

was no hierarchy by ‘class’ although, prima facie, there would appear to be a 

clear hierarchy of power with this system of stratification.  

Whereas, in lay terms, social class more often means what social status is taken 

to mean in the medical sociological literature, which involves ranking 

populations, again according to occupations but linked to prestige and honour 
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associated with occupations (i.e., similar to the Hindu Caste system). This 

definition of social status more explicitly involves a hierarchy.  

The term SES also implies hierarchy and is strongly linked with developments in 

sociology and concepts in the US.128 Occupations of ‘higher status’ were those 

deemed important to the functioning of society and therefore needed to attract 

those with the talents or skills to do that more important work.128 The difference 

with this ‘structural functionalism’ approach to the ranking of occupations and 

society is that the hierarchy is considered as borne out of people’s natural 

abilities rather than, for example, inherited ownership of assets or relationships 

to those who supervise their work. Initially, status in the US was measured in 

small surveys based on ranking occupations according to reputations and 

prestige, but, as the ranking became harder to judge in larger nationwide 

surveys, occupations were later ranked according to a combination of average 

income and education level. Bartley, therefore, writes that measures of SES 

have their roots in structural functionalism and are actually measures of 

qualities of individuals which afforded them different levels of socially perceived 

prestige.127  

Therefore, use of the term SES in this thesis could be misinterpreted as 

pertaining to the qualities of individuals based on judgements of status linked to 

societal functions of occupations. However, meaning of SES in this thesis mainly 

relates to all population stratifications that are hierarchical, for example, 

perceptions (e.g., of honour and prestige), ownership of assets or material 

wealth, educational opportunities, and power. Nevertheless, all types of social 

characteristics, contexts, and constructs that differentiate groups of people 

could influence and, therefore, explain differences in both lifestyle factors and 

health outcomes. Therefore, no system of social stratification was excluded 

from consideration in this thesis, including those that are less clearly 

hierarchical.  

2.6.3 Socioeconomic status and adverse health outcomes 

Based on theoretical constructs that describe and explain how and why society is 

stratified, there is now a wealth of literature detailing the association between 

SES and adverse health outcomes, whereby populations experiencing a lower SES 
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(lower income, lower educational attainment, poorer housing or neighbourhoods 

etc.) tend to have more adverse outcomes across most outcome measures.129 

However, the broad nature of SES and the subsequent wide range of its 

definitions and measures mean that the strength of association between SES and 

adverse health outcomes varies by measure, population, and health 

outcome.22,130-133  

Each SES measure has strengths and limitations in terms of estimating 

inequalities in health and therefore attention is needed when interpreting 

results using each.134-138 For example, occupation based measures often exclude 

those who are unemployed such as students or those in informal work or who are 

retired and thus may misclassify populations by, for example, grouping 

‘wealthier’ students with ‘poorer’ unemployed.125,126 Further, SES measures are 

context dependent which can also lead to misclassification. For example, 

changes in an individual’s circumstances during their lifetime could mean that a 

single measure of individual-level income would fail to capture inequalities that 

are heavily influenced by events and circumstances in early life or childhood. In 

addition, measures of SES developed in one setting could be less applicable to 

those in a different setting. For instance, an asset-based index derived in high-

income countries could misclassify populations and fail to capture within-

population inequalities when applied in low-income country settings.139 This 

misclassification could lead to unpredictable effects on SES-outcome 

associations.140  

While there is ample evidence for strong associations between lower SES and 

adverse health outcomes, there is greater variation in this association than tends 

to be recognised.131 For example, in a national representative sample of 2,036 

adults in Sweden, lower income had stronger associations with adverse health 

outcomes than measures of occupation and education.132 While, among women 

in England of lower, compared to higher SES (as measured by a deprivation 

index), between 1997-2011, there were 6% more breast cancer deaths, 241% 

more oropharyngeal cancer deaths, but 34% fewer melanoma deaths.141 

Therefore, while often based on availability, the measure of SES chosen and the 

health outcome under consideration both influence the estimates of the 

relationships between exposures and health outcomes and therefore subsequent 

inferences.  
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The clear social patterning of adverse health outcomes has resulted in a school 

of thought around focussing on the wider social context or environment, the so-

called social determinants of health (SDH).142,143 SDH have been categorised in 

an overarching SDH framework as either structural or intermediary 

determinants.144 In this framework, structural determinants include 

socioeconomic and political context (e.g., macroeconomic policies) and SES 

(e.g., education, social class). The main groups of intermediary SDH that are 

considered to explain health inequalities are material, psychosocial, behavioural 

and health system factors. Material factors are those such as the physical 

environment (e.g., housing, air pollution, or working conditions). Psychosocial 

factors relate to people’s perceptions of their status as unequal in society 

leading to stress and worse health. Behavioural factors are the unhealthy 

lifestyle factors that are a focus of this thesis. However, as alluded to in the 

overview of theoretical perspectives in relation to SES and lifestyle, these types 

and subtypes of SDH are interrelated and not easily separable.    

2.6.4 Socioeconomic deprivation  

Socioeconomic deprivation (hereafter ‘deprivation’) is one way of considering 

SES. Deprivation is based on the idea that sections of a population are deprived 

of certain resources or ways of living that are customary or reasonably expected 

for a given population.145,146 Measures of deprivation are therefore relative as 

they relate to what can be expected or to some kind of population standard.  

Numerous measures of deprivation have been used to investigate inequalities in 

health (Table 2-2). These measures are composites, using multiple components, 

and are typically area-based often grouping census tracts, political wards, or 

residential areas together. For example, the Scottish Index of Multiple 

Deprivation uses data zones of around 700-800 people.147 Each measure of 

deprivation varies in its constituent components and each have advantages and 

disadvantages for investigating adverse health outcomes.112,131,148,149 

Table 2-2: Example measures of deprivation. 

Measure of deprivation Components 

Townsend deprivation index150 • Unemployment 

• Non-car ownership 

• Non-home ownership  

• Household overcrowding 
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Jarman index151 • Unemployment 

• Lone pensioners 

• Aged under 5 

• Unskilled workers 

• Household overcrowding  

• Recent change of address in  

• Ethnic minorities 

• Single parent 

Carstairs deprivation index152 • Male unemployment 

• Overcrowded households  

• Non-ownership of car or van 

• Low social class 

English Index of multiple deprivation 
(EIMD)153  

39 indicators from:  

• Income  

• Employment  

• Education, Skills, and Training  

• Health and Disability 

• Crime 

• Barriers to Housing and Services 

• Living Environment  

Scottish Index of multiple deprivation 
(SIMD)147,154 

37 indicators from: 

• Income 

• Employment 

• Health 

• Education, Skills, and Training 

• Geographic Access to Services 

• Crime 

• Housing 

 

Poverty, another measure of SES, is sometimes used interchangeably with 

deprivation although it tends to have a greater focus on income compared with 

the wide range of resources and conditions included in measures of deprivation. 

Income is often measured on an individual or household level. Other examples of 

individual-level SES measures include those based on education, occupation type 

or class, and employment status. Measures of poverty, or income, can be 

relative (e.g., to a population median) or absolute but even absolute measures 

of poverty are relative to a standard based on judgements of social norms. For 

example, the World Bank definition of the line below which people live in 

extreme poverty is on an income of <US $2.15/day.155,156  
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2.6.5 Deprivation and unhealthy lifestyle factors 

Irrespective of SES measure, there is wide ranging evidence that shows how, at 

least among high-income countries, that there is a strong and consistent 

association between multiple unhealthy lifestyle factors and lower 

SES.15,61,66,67,157-162 Indeed, those who have derived measures of SES have 

included lifestyle factors themselves as part of measures of deprivation. For 

example, Townsend, who carried out much of the foundational work to define 

deprivation, mentions the now commonly considered lifestyle factor of diet in 

his definition of deprivation:  

‘people can be said to be deprived if they lack the types of diet, clothing, 
housing, household facilities and fuel and environmental, educational, 
working and social conditions, activities and facilities which are 
customary, or at least widely encouraged and approved, in the societies to 
which they belong’.146  

The higher clustering of lifestyle factors in more deprived populations is often 

considered a major part of the explanation for observed inequalities in adverse 

health outcomes. As a result, lifestyle factors have long been seen as potential 

targets of health interventions as they have been considered as potentially 

easier, at least on an individual-level, to modify compared with factors such as 

education, income, or housing. However, this 'differential exposure' to unhealthy 

lifestyle factors across SES strata only ever partially accounts for health 

inequalities. This is perhaps not surprising considering the main factors that 

contribute to the SDH include material, psychosocial, health-system, and 

political factors as well as behavioural ones.  

Therefore, given the potentially independent effects that these various SDH 

factors exert there are surprisingly few studies examining the separate and 

combined effects of SDH factors on adverse health outcomes. For example, 

while scoping the literature and developing the protocol for the systematic 

review in this thesis, relatively few studies were found that examined how 

material and psychosocial deprivation factors influenced the association 

between multiple unhealthy lifestyle factors and adverse health outcomes 

(Appendix 1).31 This represented a potential gap in the literature where it was 

unknown if there were important differences in risk associated with unhealthy 

lifestyle factors across SES strata i.e., an SES-based differential of vulnerability 
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to unhealthy lifestyle factors. This then formed the motivation for trying to 

synthesise the evidence for how SES might influence associations between 

combinations of unhealthy lifestyle factors and adverse health outcomes. The 

resultant systematic review is reported in Chapter 4.    

2.7 Differential exposure and vulnerability to unhealthy 
lifestyle factors  

This section first reviews some of the epidemiological evidence on how 

differential exposure to unhealthy lifestyle factors can explain socioeconomic 

gradients in adverse health outcomes. It then discusses the concept of 

differential vulnerability to unhealthy lifestyle factors before describing some of 

the potential mechanisms that could explain an SES-based differential in 

vulnerability to unhealthy lifestyle factors.     

2.7.1 Differential exposure  

Across a range of studies, the higher prevalence of unhealthy lifestyle factors in 

lower SES groups has been estimated to explain between 6% and 80% of mortality 

inequalities.20,21,163,164 A systematic review investigating the contribution of four 

lifestyle factors (smoking, alcohol consumption, physical activity and diet) 

towards socioeconomic inequalities in all-cause mortality and cardiometabolic 

disorders, found that the level of contribution varied by geographic region, 

health outcome examined, demographic group, and study design.165 For 

example, among older adults lifestyle factors appeared to explain less of the 

gradient in health inequalities: a study of older men in Australia found less than 

a quarter of the SES disparity in health was explained by smoking, alcohol 

consumption, physical activity, and body mass index (BMI);166 and a study of 

adults in China aged 65 or older, showed that a healthy lifestyle (measured by 

smoking, alcohol consumption, physical activity, and diet) explained 9% of 

inequalities in all-cause mortality.167 In contrast, in a study from Norway, 

smoking, alcohol, physical activity, and BMI were estimated to account for 40% 

of the education-linked gradient in health related quality of life.168 

The potential reasons for these wide variations in how much unhealthy lifestyle 

factors explain SES variations in adverse health outcomes are likely to be many 
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and include the strengths and limitations of the SES measures used as explained 

above, as well as variation in the measurement of lifestyle factors. For example, 

observational studies often rely on a single baseline measurement of lifestyle 

exposures whereas repeated measurements of lifestyle factors could provide 

more accurate estimates of their contributions to socioeconomic inequalities in 

health.169 

SES measures tend to be well correlated as there is overlap between their 

underlying constructs. However, the differences between them may have 

important implications here where SES measures vary in their associations with 

lifestyle factors.159 For example, an area-based measure of SES may have 

different associations with active commuting than say level of education if there 

are strong geographical influences on active commuting. This implies that 

research examining the associations between unhealthy lifestyle factors, SES, 

and adverse health outcomes should examine a range of SES measures where 

possible. Variations by SES measure could inform potential mechanisms and 

therefore interventions to improve lifestyle factors.125  

However, irrespective of the SES measure used, the evidence suggests that while 

health inequalities are widening over time in many countries, SES inequalities in 

unhealthy lifestyle factors are also widening.170 Therefore, deeper understanding 

of the relationships between unhealthy lifestyle factors, SES, and adverse health 

outcomes could inform interventions to reverse those trends. One way of 

deepening the understanding of those relationships is through examining 

differential vulnerability.  

2.7.2 Differential vulnerability 

Differential vulnerability, in the context of unhealthy lifestyle factors and SES, is 

the concept that, over and above the differential exposure to unhealthy lifestyle 

factors along SES gradients, there is also a differential effect of those factors 

along SES gradients that helps to explain health inequalities.171 This suggests 

that even if there was no differential exposure (i.e., the same prevalence or 

level of unhealthy lifestyle factors across SES groups) the effect of the unhealthy 

lifestyle factors would still be unequal across SES groups, with greater impact on 

those experiencing lower SES. This would suggest there was an interaction 
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between unhealthy lifestyle factors and lower SES to increase an individual’s 

vulnerability to the detrimental effects of either unhealthy lifestyle factors, 

lower SES, or both.172 

There are some studies that have found differential effects associated with 

single lifestyle factors. For example, alcohol-related adverse health outcomes 

were higher in lower, compared to higher, SES groups in studies in Finland, 

Denmark, and Scotland.173-175 Similar results have been found for smoking176-178 

and physical inactivity.163,176 Other studies have found more mixed evidence for 

differential vulnerability to a range of traditional unhealthy lifestyle factors.179 

However, on scoping the literature it appeared that very few studies had 

examined whether there was differential vulnerability to a combination of 

unhealthy lifestyle factors and, specifically, a wide combination of unhealthy 

lifestyle factors that include both traditional and newer lifestyle factors.   

One key implication of differential vulnerability to unhealthy lifestyle factors is 

that there would be differential benefit from improving lifestyle factors in more 

deprived populations. This would strengthen the argument for targeting support 

for healthy living to these more vulnerable groups.172 It was these ideas that 

motivated my prior work and, subsequently, this thesis where the aim has been 

to explore what the risks from multiple unhealthy lifestyle factors are for 

populations experiencing socioeconomic deprivation and what this means for 

policy, practice, and interventions to support them.24  

Therefore, in addition to systematically reviewing the evidence for differential 

vulnerability to multiple unhealthy lifestyle factors (Chapter 4), analyses in 

Chapter 6 examine how deprivation (and other sociodemographic factors) affect 

the association between a wide combination of unhealthy lifestyle factors and 

adverse health outcomes.  

2.7.3 Causal mechanisms and explanations of differential 
vulnerability 

This final section of the wider literature review briefly discusses some of the 

potential mechanisms that could explain differential vulnerability. 
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2.7.3.1 Stress 

Psychological stress is known to be more prevalent among those affected by 

socioeconomic deprivation.180 Increased psychological stress is also associated 

with adverse health outcomes181 and has been shown to affect the immune 

system and pathophysiological processes e.g., atherosclerotic plaque 

formation,182 altered insulin metabolism,183 and inflammation.184 Therefore, it 

could be that the combination of both unhealthy lifestyle factors and 

psychosocial stress could explain disproportionately greater effects of unhealthy 

lifestyle factors in more deprived populations. However, it has been suggested 

that stress is unlikely to be an explanatory factor as stress itself is also 

associated with disproportionate harm in lower SES groups and therefore the 

differential vulnerability to stress also needs to be explained.185 

2.7.3.2 Accelerated biological ageing 

Older age is a demographic characteristic with among the strongest associations 

with adverse health outcomes. It has therefore been suggested that vulnerability 

to any harmful exposure, including unhealthy lifestyle factors, may be due 

accelerated ageing processes.186,187 Indeed, measures of biological ageing and 

physiological decline, such as DNA methylation have consistently been shown to 

follow SES gradients.188 A mechanism of accelerated biological ageing could also 

account for life course approaches as there may be time critical periods in which 

stressful events have profound impacts on the ageing process and therefore on 

increasing vulnerability (e.g., in utero or during childhood).189,190  

2.7.3.3 Unmeasured differential exposure  

Another explanation for any observed differential vulnerability to unhealthy 

lifestyle factors in more deprived populations could be due to two different ways 

in which differential exposure may be inadequately measured.  

Firstly, differential vulnerability could appear spuriously in studies in which the 

level or severity of the unhealthy lifestyle factor is not fully measured and 

therefore the gradient of differential exposure is not fully captured. For 

example, studies of harmful alcohol consumption have found that the very 

highest alcohol intakes are in the most deprived groups but these levels of 
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intake may not be captured by common categorical measures where the cut-offs 

are set at lower levels of alcohol intake.191 Similarly, in a cross-sectional study 

of 541 women in the US, while the prevalence of smokers increased with 

decreasing ‘educational group’ (47% in the highest education group versus 65% in 

the lowest education group) so too did the percentage of women who smoked 

more than 20 cigarettes a day (17% in the highest education group, compared 

with 40% in the lowest education group).192 Therefore, studies examining the 

association between smoking and adverse health outcomes across SES strata 

could observe differential vulnerability if the smoking rate was not accounted 

for.   

Secondly, differential exposure may be inadequately measured due to a lack of 

measurement of other unhealthy lifestyle factors. As mentioned above, there 

could be additive or synergistic interactions between unhealthy lifestyle factors. 

For example, smoking and high alcohol intake interact synergistically to increase 

the risk of head and neck cancers.193 Studies which lack measurements for a 

range of impactful unhealthy lifestyle factors would fail to capture lifestyle 

factor interactions, which will be more prevalent among more deprived 

populations where unhealthy lifestyle factors cluster. This problem could be 

mitigated against by exploring differential vulnerability to a wider combination 

of unhealthy lifestyle factors. It was for this reason that a wide range of 

unhealthy lifestyle factors were included in analyses in Chapter 6.  

2.8 Conclusion 

In summary, the associations between unhealthy lifestyle factors, socioeconomic 

deprivation, and adverse health outcomes are clear. Extensive work in these 

areas include developing theory to guide research and interpret findings. 

However, gaps in the literature remain as few studies examine the associations 

between wide combinations of unhealthy lifestyle factors and adverse health 

outcomes, particularly combinations that include newer or emerging lifestyle 

factors such as social connection. There are also few studies that examine for 

SES differential effects from multiple unhealthy lifestyle factors. Further, it is 

recognised that there has been a failure to examine the contextual social details 

around unhealthy lifestyle factors. The unmet challenge of combining lifestyle 

factor epidemiology with sociology is cited as a reason for failing to bridge the 
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translational gap between behaviour change science and the development of 

effective interventions.194 Additionally, the need to address wider social 

determinants in addition to more individualistic behavioural determinants is 

under recognised in policy and public discourse.195 Therefore, studying the ways 

in which wide combinations of unhealthy lifestyle factors are viewed and 

conceptualised in the context of deprivation could lead to new insights that 

inform policy and intervention.  
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3 Methodology 

3.1 Overview 

Results chapters of this thesis (Chapters 4-7) are presented in the alternative 

journal format (i.e., as published or submitted papers) and the specific methods 

for each of those chapters are contained within the manuscripts. Therefore, this 

chapter provides an overview and background to the wider methodological 

considerations of this thesis. This chapter describes the overarching framework 

for the three work packages (WP) that comprise this mixed-methods programme 

of work, namely, a systematic review, two quantitative analyses, and a 

qualitative work package. A flow diagram showing the research questions (RQ) 

for this thesis, their corresponding WPs, and the sequence in which they were 

addressed are shown in Figure 3-1. This chapter also describes how each 

research question was formulated and why the corresponding methods were 

chosen to answer each question.  

 

Figure 3-1: Overview of research questions (RQ) and work packages (WP) 

 



65 

Chapter 4 (WP1) reports the systematic review which followed standard methods 

for a systematic review (Preferred Reporting in Systematic Reviews and Meta-

analyses [PRISMA]). Chapters 5 and 6 (WP2a and WP2b) each comprise a 

statistical analysis of the UK Biobank cohort study and contain details on the 

statistical methods employed. In this chapter, a wider overview of UK Biobank is 

given and its strengths and limitations are discussed. Further, the exposure 

variables (measures of social connection, lifestyle factors, and socioeconomic 

variables) that were selected and the linked outcome data are described in more 

detail. Chapter 7 contains the data and analysis for the qualitative work package 

(WP3). This methods chapter covers the theoretical considerations for 

integrating the qualitative and quantitative work packages. 

3.2 Underlying framework – complex intervention 
development 

From the first conception of this project, I wanted to contribute to our 

understanding of the risks of unhealthy lifestyle factors in more deprived 

populations in order that something could be done to reduce those risks. 

However, in scoping the literature there seemed to be little research around 

how the adverse health outcomes associated with unhealthy lifestyle factors 

were affected by deprivation. Rather, most research that examined the adverse 

health associated with both unhealthy lifestyle factors and deprivation did so 

with the aim of attempting to explain the higher rates of adverse health 

outcomes in more deprived groups by examining the proportions of adverse 

health outcomes that were attributable to the higher prevalence of unhealthy 

lifestyle factors in those groups. Indeed, there are numerous studies that have: 

1) described the socioeconomic distribution of unhealthy lifestyle factors, 2) 

examined socioeconomic factors and their influence on the prevalence of 

lifestyle factors, and 3) estimated how lifestyle factors could explain SES 

gradients in adverse health outcomes. However, there appeared to be few 

studies that examined the adverse effects of unhealthy lifestyle factors in the 

context of socioeconomic deprivation. In other words, there was little 

consideration of the risk to health for those with unhealthy lifestyle factors who 

were also from deprived backgrounds.  
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With my background as a general practitioner working in more deprived areas, 

this felt like a missed opportunity to better understand the risks faced by 

patients like those I often see in clinical practice. It also felt like a missed 

opportunity to shine a light on those risks so that resources and interventions 

could be made proportionate to need and tailored to better support those living 

in more challenging socioeconomic circumstances.  

Therefore, with an ultimate aim of intervening on the problem of unhealthy 

lifestyle factors in socioeconomically deprived contexts, the Medical Research 

Council’s (MRC) framework for complex intervention development was used as 

an overarching guide for this thesis, including the development of the research 

questions and in choosing the appropriate methodologies.196,197  

The framework for developing complex interventions was felt to be relevant 

because of the complexity that is likely to be inherent in addressing numerous 

unhealthy lifestyle factors in the heterogenous and often deeply challenging 

environment that characterises more socioeconomically deprived areas. As a 

simple example, many lifestyle factors are influenced by proximity or physical 

access to local resources (e.g., physical activity and distance to the nearest 

green or blue space).198 Further, different communities may vary in their 

attitudes towards interventions, affecting intervention feasibility and 

implementation.199,200 Therefore, interventions designed to support or address 

lifestyle factors need to be flexible and adaptable to locally available resources, 

geography, and many other community-level variations.200,201  

The new and updated (2021) framework of complex intervention development 

and evaluation was felt to be most appropriate because, compared with 

preceding guidance,196,202 it has greater emphasis on and explicitly acknowledges 

the critical nature of context in intervention development.197  

The socioeconomic (‘contextual’) associations with unhealthy lifestyle factors 

are well recognised and evidenced and therefore interventions aiming to address 

lifestyle factors in deprived areas need to have contextual considerations at 

their core. The framework facilitates consideration of the resources required to 

support any intervention, which is critical in socioeconomically deprived 

contexts as these are characterised by a lack of resources.203-205 Moreover, 
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existing evidence of interventions designed to support healthy living suggest they 

are less effective in populations experiencing deprivation compared with more 

affluent groups and are liable to increase health inequalities.26 

3.2.1 Research perspective 

The MRC framework considers four research perspectives from which to design 

and conduct complex intervention research: efficacy, effectiveness, theory 

based, and systems.197 Of these four perspectives, this thesis primarily holds the 

theory-based perspective in the sense that it ‘aims to understand how change is 

brought about, including the interplay of mechanisms and context’. From this 

research perspective, this thesis considers the challenges people face trying to 

live in healthy ways and make healthy behavioural changes across a wide range 

of lifestyle factors in the context of socioeconomic deprivation.  

3.2.2 ‘Phases and core elements’ 

The MRC framework defines four phases of complex intervention research: 

development or identification of the intervention, feasibility, evaluation, and 

implementation.197 This thesis generally focusses on the phase of developing or 

identification of a new intervention by considering the evidence of the problem 

(i.e., adverse health associated with unhealthy lifestyle factors in the context of 

socioeconomic deprivation). However, this thesis can also inform two of the 

other phases of complex intervention research, namely, feasibility, and 

implementation. For example, developing a weighted lifestyle score to examine 

whether and how its associations with adverse health outcomes are affected by 

socioeconomic deprivation (WP2b), can be considered an early phase of 

intervention development. Whereas the qualitative work package (WP3) 

examining public and professional views on lifestyle factors in the context of 

deprivation can provide insights into ‘feasibility’ and implementation of 

different lifestyle interventions. 

The framework also suggests that all the phases of intervention development 

contain core elements (‘considering context, developing and refining programme 

theory, engaging stakeholders, identifying key uncertainties, refining the 

intervention, and economic considerations’) that run throughout the broader 
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complex intervention research process. Here, the core elements that were 

considered in this thesis are mapped to the relevant work package in Table 3-1 

below. However, ‘considering context’ was a core element and focus throughout 

this thesis (i.e., examining the risks associated with combinations of unhealthy 

lifestyle factors whilst considering different socioeconomic contexts and 

considering the context of deprivation in particular).  

Table 3-1: MRC complex intervention development core elements mapped to research 
questions and work packages.  
Corresponding methods used are also given. 

Core element Research question (RQ) 
Work 

package 
(WP) 

Method used 

Consider 
context 

All 
WP1-
WP3 

Mixed methods 

Identify key 
uncertainties 

RQ1 What is the existing 
evidence for socioeconomic 
influences on the 
association between 
combinations of lifestyle 
factors and adverse health 
outcomes? 

WP1 Systematic review 

RQ2 What are the 
associations and 
interactions between 
components of social 
connection and adverse 
health outcomes? WP2 

 

Quantitative - 
prospective analyses 

of a population-
based cohort 

RQ3 How does 
socioeconomic status 
influence the association 
between a weighted 
lifestyle score and adverse 
health outcomes? 

Engage 
stakeholders 

RQ4 What are the 
perceptions of key 
stakeholders around 
combinations of unhealthy 
lifestyle factors in the 
context of socioeconomic 
deprivation? 

WP3 
Qualitative –  

focus groups and 
interviews 

 

3.3 Why mixed methods 

It is now well accepted that the different methodological paradigms of 

quantitative research and qualitative are mutually complementary and 
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combining them are beneficial when addressing multiple research questions, as 

in this thesis.206-208 Simply put, there are limitations to both paradigms and using 

only one to inform policy and interventions will overlook important evidence 

from the other.206 As stated previously, this thesis has a focus on the social 

context of unhealthy lifestyle factors, which, if only examined and considered 

through quantitative paradigms with more objective and measurable variables, 

could discount contextual details and perspectives of individuals and 

communities that are crucial to understanding the problem and informing 

intervention and policy.206 Further, the complexity inherent both in wide 

combinations of unhealthy lifestyle factors and in the myriad and overlapping 

conceptualisations of socioeconomic deprivation means that certainty with 

‘numbers’ could be severely limited in understanding people’s experiences and 

interactions. This uncertainty or gap in understanding can be filled with detailed 

contextual and qualitative data of ‘stories’ or narratives that can help make 

sense of the complexities.207 Mixed methods can therefore harness the combined 

power of both numbers and stories to address complexity.209 Indeed, the MRC 

framework for developing and evaluating interventions supports the use of mixed 

methods, stating:  

‘For intervention research in healthcare and public health settings to 
take on more challenging evaluation questions, greater priority should 
be given to mixed methods, theory based, or systems evaluation that 
is sensitive to complexity and that emphasises implementation, 
context, and system fit. This approach could help improve 
understanding and identify important implications for decision 
makers, albeit with caveats, assumptions, and limitations. Rather 
than maintaining the established tendency to prioritise strong 
research designs that answer some questions with certainty but are 
unsuited to resolving many important evaluation questions, this more 
inclusive, deliberative process could place greater value on equivocal 
findings that nevertheless inform important decisions where evidence 
is sparse.’197 

There are different ways in which quantitative and qualitative approaches can 

be combined, depending on the research questions being posed.209,210 For 

example, the perspectives of participants from an intervention trial can be 

explored using qualitative methods to generate new and deeper understanding 

about the intervention and its impact on participants, which could then inform 

the subsequent steps in intervention development. Or findings from a qualitative 

study that stimulate or refine new hypotheses can then be tested quantitatively. 
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These are examples of sequential mixed method designs where methodological 

integration occurs in sequence i.e., a qualitative study is used to interpret or 

explain findings from a preceding quantitative study or, conversely, a 

quantitative study is used to test qualitative findings.209 Mixed methods can also 

be convergent in design where integration occurs during different stages of the 

research process (e.g., during data collection or analysis, or both).209 

The different methodologies in this thesis followed a mainly sequential design 

with WP1 (systematic review) informing the subsequent WP2 (quantitative 

studies). WP1 and WP2 then both informed WP3 (qualitative study). However, 

there was also necessary convergence in the design because, to permit timeous 

completion, the recruitment process, data collection, and initial analyses for the 

qualitative study was ongoing during quantitative analyses. Nevertheless, the 

final set of analyses to be completed were qualitative and informed by the 

preceding quantitative studies.  

The following sections describe why using different methods (systematic review, 

quantitative analyses, and qualitative methods) was important and enabled the 

RQs to be addressed. 

3.4 Overview of the systematic review work package 
(WP1) 

A central question that has driven much of this thesis has been - does 

socioeconomic deprivation infer a vulnerability to the negative effects of 

unhealthy lifestyle factors? For me, this question was borne out of a previous 

study I led, which found that the association between a combination of nine 

unhealthy lifestyle factors and mortality was stronger in more deprived groups.24 

This disproportionately stronger association between lifestyle and adverse health 

in more deprived groups implied there could be a synergy between an unhealthy 

lifestyle and deprivation. And therefore, over and above the well-recognised 

higher prevalence of unhealthy lifestyle factors in more deprived populations, it 

appeared that socioeconomically deprived populations were more susceptible or 

more vulnerable to the effects of a wide combination of unhealthy lifestyle 

factors.  
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The reason why a synergistic interaction between combinations of unhealthy 

lifestyle factors and deprivation would be important has been described in the 

previous chapter but, briefly, evidence of synergy would strengthen arguments 

that policies and interventions should consider both unhealthy lifestyle factors 

and deprivation together and to do so explicitly.  

On scoping the literature in this area it appeared that there were few studies in 

this area that examined single unhealthy lifestyle factors and even fewer that 

examined wide combinations of unhealthy lifestyle factors.211 Further, some 

studies observed mixed results where none of smoking, alcohol consumption, 

physical activity levels and BMI had differential effects across SES tertiles.179 

Consequently, systematically reviewing the existing evidence for whether and 

how socioeconomic status influences the association between combinations of 

unhealthy lifestyle factors and adverse health outcomes became one of the 

primary objectives for this thesis. RQ1 was, therefore, formulated as - What is 

the existing evidence for socioeconomic influences on the association between 

combinations of lifestyle factors and adverse health outcomes?  

Because I expected to find few studies on this topic, I aimed to have broad 

inclusion criteria. Further, I also expected wide heterogeneity in terms of 

lifestyle factors and SES measures examined as well as heterogeneity in 

analytical methods. I therefore took a pragmatic approach to data synthesis, 

planning to conduct a meta-analysis if appropriate. If not appropriate, I planned 

to use systematic review without meta-analysis (SWiM) guidelines to structure 

the synthesis of included studies.32 SWiM guidelines have an overarching aim of 

enhancing the transparency of quantitative syntheses. The main items in the 

guidelines encourage researchers to report:  

‘how studies are grouped, the standardised metric used for the synthesis, 
the synthesis method, how data are presented, a summary of the synthesis 
findings, and limitations of the synthesis.’32 
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3.5 Overview of the quantitative work package (WP2) - 
UK Biobank data 

This section firstly discusses the motivation for quantitative analyses of 

prospective cohort data. It then describes UK Biobank participant recruitment 

and participants. It also presents key points of the study protocol including 

details of the initial baseline assessment at which point the data for the 

exposure variables examined in this thesis were collected. It provides a 

description of the baseline variables included in analyses and, where relevant, a 

brief description of additionally available variables and an explanation for why 

they were not included in analyses reported here. This section then describes 

the data linkage and the national registries which provide the outcome variables 

used in analyses. Finally, a discussion of the strengths and limitations of UK 

Biobank are presented. Some of this section is partly included in the relevant 

published and submitted results chapters (5 & 6), and those chapters also 

contain additional methodological detail that relate to their specific analyses. 

However, this section aims to provide an overview of the UK Biobank cohort and 

its procedures for data collection and linkage. 

3.5.1 Why quantitative analyses? 

The gaps in the epidemiological literature described in Chapter 2 provide the 

reasons why analysis of large datasets would address both RQ2 (What are the 

associations and interactions between components of social connection and 

adverse health outcomes?) and RQ3 (How does socioeconomic status influence 

the association between a weighted lifestyle score and adverse health 

outcomes?). 

For RQ2 and social connection analyses (Chapter 5) the main literature gaps 

were:  

1) while the exposure variables of social isolation and loneliness are often 

only moderately correlated and thought to exert independent effects on 

adverse health outcomes, our best estimates from meta-analyses are 

informed by studies that rarely mutually adjust for each. 
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2) studies rarely examine both structural and functional components of 

social connection in the same dataset and therefore the combined effect 

of both is under-explored. 

For RQ3 and the quantitative analyses examining a wide combination of lifestyle 

factors (Chapter 6) the main literature gaps were: 

1) studies of lifestyle scores (which offer a way of examining the 

associations between wide combinations of unhealthy lifestyle factors and 

adverse health outcomes) have typically focussed on traditional lifestyle 

factors and do not include emerging lifestyle factors such as measures of 

social connection.  

2) the same studies rarely weight each lifestyle factor in the scores to 

account for the different effect sizes of each unhealthy lifestyle factor. 

3) studies of lifestyle scores and associated adverse health outcomes 

rarely examine for potential SES-based differential vulnerability. 

These gaps in the epidemiological literature around the adverse health outcomes 

associated with certain key exposures (different measures of social connection 

and unhealthy lifestyle factors and lower SES, respectively) could be addressed 

by new analyses to assess the strength of associations between exposures and 

outcomes across specific SES subgroups of the population. The aim was to help in 

identifying new at-risk groups and thus inform corresponding interventions and 

policies. 

3.5.2 Why use UK Biobank? 

The UK Biobank is a population-based biomedical prospective cohort. UK Biobank 

was chosen to answer these RQ2 and RQ3 because:  

1) the wide variety of data collected at baseline would permit examination of an 

extensive range of exposure variables (i.e., a range of measures of social 

connection, lifestyle factors, and SES) 
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2) the large number of research participants in UK Biobank (n = 503,325) meant 

the statistical power to detect associations would be more likely even when 

examining associations between adverse health outcomes and smaller subgroups 

of participants (i.e., participants from different strata of deprivation) 

3) the linked outcome data contained within national registries would allow 

assessment of a range of adverse health outcomes (e.g., all-cause and CVD 

mortality).  

3.5.3 UK Biobank recruitment and study procedures 

UK Biobank had a stated aim of being inclusive and, between the years 2006-

2010, all adults aged 40-69 years who were registered with the National Health 

Service (NHS) and living up to 25 miles from one of the 22 study assessment 

centres were invited to participate.212 UK Biobank assessment centres were 

located throughout England, Scotland, and Wales but none were in Northern 

Ireland. Just over 9 million postal invitations were sent and 503,325 participants 

were recruited, giving a response rate of around 5.5%.212  

3.5.4 UK Biobank ethical approval 

UK Biobank gained ethical approval from the North West Multi-centre Research 

Ethics Committee (16/NW/0274). All participants provided written and informed 

consent for their data to be collected, analysed, and linked to NHS records. The 

UK Biobank analyses presented here were performed under UK Biobank project 

application number 14151. Use of UK Biobank data for project 14151 is 

contingent on a material transfer agreement between the responsible research 

group (General Practice and Primary Care, University of Glasgow) and UK 

Biobank. 

3.5.5 UK Biobank baseline assessment 

Participants completed a touchscreen questionnaire that asked for information 

around their demographics, lifestyle, living and working environment, and 

medical history.213,214 Following the questionnaire, a nurse-led interview was 

completed which was designed to ascertain further details about participants’ 

country of birth, occupation, and medical history.215 The interview involved the 
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nurse reviewing the responses to the touchscreen questionnaire about medical 

and medication history with the participant in an attempt to improve the 

accuracy of self-reporting. Participants also provided a range of physical 

measurements (e.g., height, weight, and blood pressure) and provided biological 

samples (e.g., blood, urine, and saliva).  

Subsamples of the cohort also completed additional questionnaires to extract 

extra detail and or underwent a range of medical imaging modalities. Data from 

these additional questionnaires or imaging modalities were not used in this 

thesis. For example, objective physical activity measurements and additional 

dietary variables collected in subsamples were not included for analysis in this 

PhD as they were beyond the scope of this work. Further, it was decided to focus 

only on self-reported ‘behavioural’ lifestyle factors rather than objectively 

measured (e.g., accelerometer) factors or metabolic lifestyle factors (e.g., BMI 

or blood pressure), which require some form of physiological or anthropometric 

measurement. While equipment-based objective measures could improve 

accuracy of exposure assessment they can also act as a barrier to research or 

interventions, particularly for socioeconomically deprived populations.  

To mitigate against regression dilution bias, where measurement error in 

exposure variables attenuates the associations between exposures and 

outcomes, subsets of the cohort were invited for repeated baseline 

assessment.216 Repeat baseline assessment of 20,000 participants was performed 

between August 2012 and June 2013 at the UK Biobank co-ordinating centre in 

Stockport, England.217 Use of this repeat baseline assessment data was also 

beyond the scope of this work but provides future opportunities to examine 

associations between trends or trajectories in social connection measures, 

lifestyle factors, SES, and adverse health outcomes.   

3.5.6 UK Biobank exposure variables  

UK Biobank collected a range of lifestyle factors, social connection measures, 

and socioeconomic variables at baseline. The variables used in this thesis and 

comparisons with relevant previous work are described below.   
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3.5.6.1 Social connection measures 

There is no consensus on how to conceptualise, define, and, therefore, measure 

different types of loneliness, social isolation, or social connection and each 

measure has advantages and disadvantages. This has led to a plethora of 

measures that aim to capture different components, types, and aspects of how 

humans interact with inconsistent and overlapping terms and language.94  

For example, a subjective feeling of loneliness or a perception of social 

disconnection has been classified into separate types of emotional and social 

loneliness by Weiss.218 Maes et al. define emotional loneliness as a feeling of 

lacking close emotional attachments, affection, or intimacy and define social 

loneliness as perceiving a lack of people to talk to or from whom to ask for 

help.94 As a result of this lack of consensus and complexity in conceptualising 

different types of loneliness, there are numerous ways in which the subjective 

feeling of loneliness has been measured in population studies.101 Interestingly, 

the most commonly used loneliness scales or questionnaires do not use the words 

lonely or loneliness (to avoid socially desirable responses) and contain items that 

relate to psychometric properties or personality traits (e.g., questions around 

introversion/extraversion) and therefore could be considered indirect measures 

of loneliness.219,220 

The social connection measures included in analyses here are described in 

Chapter 5. To aid discussion around these measures, the UK Biobank survey 

items that elicited the data for these social connection measures are shown 

again in Table 3-2. These measures have been used in several previous UK 

Biobank studies.221-223 However, unlike those previous studies, they have been 

considered here using the conceptual lens of a social connection framework 

detailed by Holt-Lunstad.18,87 This conceptual framework was described in 

Chapter 2 but, briefly, it comprises functional, structural, and quality 

components. This framework has several advantages over other similar concepts 

(e.g., loneliness and isolation) as discussed in Chapter 5. However, the main 

advantage is that social connection encompasses both subjective measures (e.g., 

loneliness) and objective measures (e.g., social isolation) and therefore assists 

in the interpretation of the independent and combined associations between 

these types of social connection and adverse health outcomes.  
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Table 3-2: UK Biobank survey item used as measures of functional and structural 
components of social connection. 

Component UK Biobank survey item 

Functional 
How often are you able to confide in someone close to you? 

Do you often feel lonely? 

Structural 

How often do you visit friends or family or have them visit you? 

Which of the following do you attend once a week or more 
often?  Sports club or gym, Pub or social club, Religious group, 
Adult education class, Other group activity 

Including yourself, how many people are living together in your 
household? 

Fewer questionnaire items are available to measure components of social 

connection in UK Biobank than in more comprehensive and specific survey 

measures (e.g., the Revised University of California, Los Angeles Loneliness Scale 

(R-UCLA)). Therefore the measures available in UK Biobank may lack detail and 

nuance around the subjective experience of loneliness or the objective state of 

isolation that may be important in the association with adverse health 

outcomes.219 However, there is often high correlation between shorter item and 

longer item scales for both loneliness and social isolation. For example, a three-

item loneliness scale had a corelation coefficient of 0.82 with the R-UCLA, the 

most commonly used loneliness scale in population surveys, which has 20 

items.224 Moreover, a longer scale for extracting more nuanced details around 

the components of social connection would have been prohibitively long in the 

context of the UK Biobank questionnaire and baseline assessment.  

As stated previously, the measures employed here have been used in several 

previous UK Biobank studies.221-223 The first of these studies used the measures in 

Table 3-2 to define loneliness and social isolation scales and subsequent UK 

Biobank studies have emulated their scales.221 In that first study, Elovainio et al. 

suggest that the questions around loneliness (functional component) they use are 

similar to those in the R-UCLA. Indeed there are items (with Likert scale 

response options) in the R-UCLA that are similar to the UK Biobank equivalent 

question relating to being able to confide (e.g., ‘There is no one I can turn to’, 

‘There are people I can talk to’, and ‘There are people I can turn to’) and others 

that could be considered similar to the UK Biobank question of feeling lonely 

(e.g., ‘I lack companionship’, ‘I do not feel alone’, and ‘I am no longer close to 

anyone’) but, as stated previously, there are no items in R-UCLA that specifically 



78 

mention the words ‘loneliness’ or ‘lonely’.219 Therefore, the UK Biobank items 

around the functional component of social connection likely measure slightly 

different things to well-recognised loneliness scales and further work to examine 

their validity would be helpful. Elovainio et al. and subsequent UK Biobank 

studies using the same ‘loneliness scale’ have defined loneliness as scoring 

negatively to both items i.e., participants had to report both a reduced ability 

to confide in someone close and that they often feel lonely to be coded as 

lonely.221-223 However, given that each question may measure different aspects 

of the functional component of social connection (e.g., a perception of lacking 

emotional support versus a perception of loneliness) means that the independent 

associations of each component question have been overlooked.   

Similarly, Elovainio et al., in deriving their social isolation scale comprising the 

three questions relating to the structural component of social connection in 

Table 3-2, suggest that their scale is similar to those previously used in UK 

studies and cite a Whitehall II study.221,225 This examined measures of social 

support that were very similar to those in UK Biobank and comprised a social 

network score based on the frequency of contact with relatives, friends, and 

colleagues, the frequency of participating in social or religious activities, and 

the total number of relatives or friends seen at least monthly. However, the 

Whitehall study also included a dichotomous marital status variable 

(1=married/cohabiting; 0=never married, separated, divorced or widowed) as a 

structural measure of social support. However, marital status is not directly 

available in UK Biobank. All UK Biobank participants (except those who reported 

living in sheltered accommodation or a care home as well as those who indicated 

they lived alone) were asked how they were related to the people they lived 

with and 446,370 (89%) participants reported living with a ‘husband, wife, or 

partner’. However, this omits data on whether individuals were married, 

separated, divorced, or widowed thus precluding creation of a comparable 

marital status variable. For their social isolation scale, Elovainio et al. classified 

participants as isolated where they scored negatively for at least two from three 

of the questions around structural component of social connection.221 However, 

it is not clear why the threshold of 2/3 items was chosen to classify participants 

as isolated. Again, as with the loneliness scale, combining the separate questions 

into a scale meant that the independent associations of each component 
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question were not examined. This highlights how previous UK Biobank work 

examining these measures may have overlooked the relative importance of each 

individual component.  

Other closely related psychosocial variables are available in UK Biobank but were 

not assessed here (Table 3-3). These variables were collected as part of a series 

of questions which also contained the survey item concerning loneliness. The 

relevant section of the UK Biobank baseline touchscreen questionnaire was 

introduced with the following: 

‘Now some questions about your feelings and your mood. Work quickly 
and do not think about the exact meaning of the question.’ 

This suggests the study designers considered these items to be closely related. 

Table 3-3 shows these variables in the order in which they appeared in the 

touchscreen questionnaire. These variables were not included as they are more 

readily interpreted as psychosocial features of personality traits or symptoms 

that could represent the adverse health outcomes of depression and anxiety.  

Table 3-3: Related psychosocial variables available in UK Biobank 

UK Biobank variable 
name 

Survey item 

Mood swings Does your mood often go up and down? 

Miserableness Do you ever feel 'just miserable' for no reason? 

Irritability Are you an irritable person? 

Sensitivity/hurt feelings Are your feelings easily hurt? 

Fed-up feelings Do you often feel 'fed-up'? 

Nervous feelings Would you call yourself a nervous person? 

Worrier/anxious feelings Are you a worrier? 

Tense/'highly strung' Would you call yourself tense or 'highly strung'? 

Worry too long after 
embarrassment 

Do you worry too long after an embarrassing 
experience? 

Suffer from 'nerves' Do you suffer from 'nerves'? 

Loneliness, isolation Do you often feel lonely? 

Guilty feelings Are you often troubled by feelings of guilt? 

Risk taking Would you describe yourself as someone who takes 
risks? 

 

Six ‘happiness and satisfaction’ variables that are closely linked to social 

connection are also available but were not included in analyses in Chapter 5 

(Table 3-4). These survey items were not included in the analyses in this thesis 
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because they are only available for around 46% (n= 231,287) of all UK Biobank 

participants as these additional survey items were only introduced part way 

through fieldwork in April 2009. Future work could examine these family 

relationship and friendship satisfaction variables as measures of the different 

quality components of social connection.96  

Table 3-4: Happiness and satisfaction variables available in UK Biobank 

Variable name Survey item  
(In general, how… 

Happiness … happy are you? 

Work/job satisfaction … satisfied are you with the work that you do? 

Health satisfaction … satisfied are you with your health? 

Family relationship 
satisfaction 

… satisfied are you with your family 
relationships? 

Friendships satisfaction … satisfied are you with your friendships? 

Financial situation 
satisfaction 

… satisfied are you with your financial 
situation? 

 

In summary, there are myriad ways in which to measure different components of 

social connection with advantages and disadvantages to each. The variables used 

in this thesis are those that are available for all UK Biobank participants and 

encapsulate functional and structural components of social connection. These 

are likely to have reasonable correlation with similar survey measures but are 

more limited than more comprehensive measures. There are no measures of the 

quality components of social connection for all UK Biobank participants but 

future work could examine the relationship satisfaction variables that are 

available for a subset of participants.   

3.5.6.2 Lifestyle factors 

Prior to this work I published an analysis of UK Biobank that examined the 

association between an extended lifestyle score, socioeconomic status, and 

adverse health outcomes.24 That lifestyle score comprised nine lifestyle factors 

and their selection was based on previous analysis of a comparable cohort, the 

‘45 and Up Study’, a large (n = 267,079) Australian cohort of middle-aged and 

older adults.7 Table 3-5 shows the lifestyle factors and the corresponding survey 

items used to collect the lifestyle data for the prior studies and for the weighted 

lifestyle score in Chapter 6. The available response options for these items and 

corresponding categorisation are described in Chapter 6.  
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Table 3-5: UK Biobank lifestyle survey items used for weighted lifestyle score compared 
with previous studies 

 Measurement/survey items by study 

Lifestyle 
factor 

Ding et al. 20157 
Foster et al. 
201824 

 
Weighted lifestyle 
score (Chapter 6) 

Smoking 

Have you ever been a 
regular smoker?  
 
AND  
 
Are you a regular 
smoker now? 

Do you smoke tobacco now?  
 
AND 
 
In the past, how often have you 
smoked tobacco?  
 
(2 separate questions) 

Alcohol 

About how many 
alcoholic drinks do 
you have each week? 
(1 drink defined as 1 
glass of wine, 1 half 
pint of beer, or 1 shot 
of spirits). 

About how 
often do you 
drink alcohol? 

In an average week, 
how many … would 
you drink?* 
 
1. glasses of red 
wine 
2. glasses of white 
wine /champagne 
3. pints of beer or 
cider 
4. measures of 
spirits or liqueurs 
5. glasses fortified 
wine 
 
(separate questions 
for each type of 
drink) 

Physical 
activity 

In the last week, how 
many times did you … 
[for 10 minutes or 
more]? 
 
1. walk 
2. do any vigorous 
gardening or heavy 
work 
around the yard 
3. do any vigorous 
physical activity 
[excluding 
chores/gardening] 
4. any other more 
moderate physical 
activities [not yet 
mentioned] 
 
AND 
 

In a typical week, on how many days 
did you … [for 10 minutes or more] ? 
 
1. walk 
2. do moderate physical activities 
3. vigorous physical activities 
 
AND 
 
How many minutes did you usually 
spend … on a typical day? 
 
1. walking 
2. doing moderate activities 
3. doing vigorous activities 
 
(6 questions in total) 
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What do you estimate 
was the total time 
that you spent … in 
the last week? 
 
1. walking 
2. doing any vigorous 
gardening or heavy 
work 
around the yard 
3. doing vigorous 
activities 
4. doing other 
moderate activities 

Sedentary 
time 

About how many hours 
in each 24 hour day do 
you usually spend 
doing the following? – 
sitting 

In a typical day, how many hours do 
you spend watching TV? 

Sleep 
duration 

About how many hours 
in each 24 hour day do 
you usually spend 
doing the following? – 
sleeping 

About how many hours sleep do you 
get in every 24 hours? 

Diet 

Dietary index based 
on 5 food items 
(vegetable, fruit, fish, 
processed meat, and 
types of milk) based 
on the 2013 Australian 
Dietary Guidelines.* 

- 

Fruit and 
vegetable 
intake 
 

- 

About how many of …. would you eat 
per day? 
 
Separate questions for pieces of fresh 
and dried fruit, tablespoons of salad 
or cooked/raw vegetables.  

Oily fish 
intake 

- 
How often do you eat oily fish? (e.g. 
sardines, salmon, mackerel, herring) 

Red meat 
intake 

- 

How often do you eat…?  
 
Separate questions for Beef, lamb or 
mutton, and pork. 

Processed 
meat intake 

- 

How often do you eat processed 
meats (such as bacon, ham, sausages, 
meat pies, kebabs, burgers, chicken 
nuggets)? 

Added salt - - 

Do you add salt to 
your food? (Do not 
include salt used in 
cooking) 
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Social 
participation 

- - 

How often do you 
visit friends or 
family or have them 
visit you? 
 
And 
 
Which of the 
following 
[leisure/social 
activities] do you 
engage in once a 
week or more 
often? 

* Additional information provided on the questionnaire: red wine, - six glasses in an average bottle; 

pints of beer or cider (bitter, lager, stout, ale, Guinness); spirits or liqueurs (whisky, gin, rum, vodka, 
brandy) - 25 standard measures in a normal sized bottle; fortified wine (sherry, port, vermouth) - 12 
glasses in an average bottle). This allowed estimation of units of alcohol per week using the 
following conversion factors: glasses of red or white wine/champagne * 2.1,  pints of beer/cider * 
2.5, measures of spirits or liqueurs * 1.2, glasses of fortified wine *1.226,227 

There are several lifestyle factors variables that are available in UK Biobank that 

could have been included in analyses here (Table 3-6). Exposure to green space 

is becoming established as an emerging lifestyle factor but it is not clear how 

this relates to time spent outdoors, which was an available exposure variable.228 

For example, previous UK Biobank analysis found longer time spent outdoors 

(>3.5 hours/day) was associated with higher risk of CVD outcomes.229 The 

authors suggest this could be explained by negative urban-related factors as 

most UK Biobank participants were resident in urban areas. Therefore, time 

spent outdoors was not included.  

Table 3-6: Additional lifestyle factor variables available in UK Biobank 

Lifestyle 
factor 

Survey item 

Time 
outdoors 

In a typical day in summer, how many hours do you spend 
outdoors? 

In a typical day in winter, how many hours do you spend 
outdoors? 

Sedentary 
behaviour 

In a typical DAY, how many hours do you spend using the 
computer? (excluding using a computer at work) 

In a typical DAY, how many hours do you spend driving? 

Dietary 
factor 

How often do you eat cheese?  

What type of milk do you mainly use? 

What type of spread do you mainly use? 

What type of bread do you mainly eat? 
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How many bowls of cereal do you eat a week? 

What type of cereal do you mainly eat? 

How many cups of tea do you drink each day? 

How many cups of coffee do you drink each day? 

What type of coffee do you usually drink? 

How do you like your hot drinks? (Such as coffee or tea) 

How many glasses of water do you drink each day? 

Have you made any major changes to your diet in the last 5 
years? 

Does your diet vary much from week to week? 

Sexual risk 
behaviours 

What was your age when you first had sexual intercourse? 

About how many sexual partners have you had in your lifetime? 

Have you ever had sexual intercourse with someone of the same 
sex? 

How many sexual partners of the same sex have you had in your 
lifetime? 

 

Other sedentary behaviours beyond TV viewing time (i.e., duration of leisure-

based computer use and driving) were not included as these sedentary 

behaviours tend not to have as strong associations with adverse health outcomes 

as TV viewing. Whereas TV time was included as this sedentary behaviour tends 

to predominate in UK, both in terms of overall time and in strength of 

associations with adverse health outcomes and was based on prior work I 

did.230,231 The dietary factors listed in Table 3-6 might feature as part of 

composite dietary indices or measures (e.g., ‘How often do you eat cheese’, 

‘What type of milk do you mainly use?, and ‘What type of spread do you mainly 

use?’ could comprise a dairy intake index) which could be a proxy for or form 

part of a poor diet and therefore be important to include in analyses. However, 

on their own, there is markedly less evidence for their independent associations 

with adverse health outcomes compared with the dietary factors that were 

included in analyses (i.e., frequency of intake of red and processed meat, fruit 

and vegetables, oily fish, and added salt). In other words, whether the dietary 

factors listed in Table 3-6 (frequency of cheese consumption, type of milk, type 

of spread, type of bread, number of bowls of cereal, cups of tea/day cups of 

coffee/day, type of coffee, hot drink temperature preference, glasses of water 

per day etc.) are independent dietary risk factors is not well recognised and, 



85 

therefore, these factors were not included in analyses. The sexual risk 

behaviours were not included because it was felt they did not fit the definition 

of lifestyle factor used in this thesis. However, these somewhat subjective 

decisions for including certain lifestyle factor variables or not are open to 

criticism and future work could incorporate some of these additional factors as 

evidence changes.   

There are also variables not shown in Table 3-6 that could also be defined as 

lifestyle factors but are less commonly defined as such (e.g., questions on 

driving over the speed limit [risk taking behaviour], and frequency of use of a 

mobile phone to make calls) and so were excluded here. Additionally, there 

were survey items related to sleep apnoea (e.g., likelihood of dozing during the 

day or snoring) and, although these would be correlated with other sleep 

variables (e.g., sleep duration), they do not assess sleep duration directly and so 

were not included.  

Concerning alcohol consumption, there were also several variables not included 

in analyses here (e.g., When you drink alcohol is it usually with meals?, About 

how often do you drink alcohol?). Prior UK Biobank work has examined these 

various dimensions of alcohol consumption and found a complex pattern of 

associations with adverse health outcomes.232 Therefore, for simplicity, and 

given there is no safe level of alcohol consumption (i.e., no level at which any 

potential protective cardiovascular effect of alcohol outweighs the associated 

cancer risks) the choice was made to use only the alcohol related survey items in 

Table 3-5, which allowed calculation of weekly alcohol units consumed.233 

The wider evidence for the associations between each of the lifestyle factor 

variables chosen for inclusion in this thesis and adverse health outcomes are 

briefly given in the prior work on which their selection is based and in Chapter 

6.7,24,230 

3.5.7 UK Biobank outcome variables  

All participants consented for their data to be linked to their NHS records and to 

national mortality and morbidity registers.234 Different registries provide data to 

UK Biobank for different adverse health outcomes. Data on deaths are sent to UK 
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Biobank from NHS England for participants based in England and Wales and from 

the NHS Central Register for participants based in Scotland. This data includes 

the date of death and the International Classification of Disease version 10 (ICD-

10) codes for the primary and contributory causes of death given on death 

certificates.235  

The adverse health outcomes assessed in UK Biobank analyses in this thesis were 

all-cause mortality and CVD mortality. These two outcomes were selected as 

they are known to have strong associations with social connection, lifestyle, and 

socioeconomic status.24,88,236 Further, mortality outcomes are considered ‘hard’ 

outcomes and while there is possibility of misclassification for the cause of 

death there is likely to be much less error in reporting a death event.  

CVD mortality was defined as any death with ICD-10 codes I05–I99, Z86.7, G45, 

and G46 given as the primary cause of death. These ICD-10 codes were selected 

to define CVD deaths by way of review and discussion of the ICD-10 manual by 

two primary care clinicians (myself and one of my supervisors, FSM). It was felt 

these codes likely represent chronic CVD diseases and, from ICD-10 section ‘IX -

Diseases of the circulatory system’, only acute rheumatic fever (ICD-10 codes 

I00–I02) was excluded. Chronic diseases are more relevant here due to the likely 

chronic nature of pathophysiological mechanisms that link social connection, 

lifestyle, or socioeconomic status to CVD. 

Dates and causes of hospital admissions are also provided to UK Biobank by 

Health Episode Statistics for participants in England and Wales and by the 

Scottish Morbidity Records for participants in Scotland.237 Further, primary care 

data is also provided by a range of primary care data service providers for 

around 45% of all participants (n = approximately 230,000).238 The primary care 

data includes information on diagnostic codes, symptoms, laboratory results, 

prescription data, and administrative codes (e.g., referrals to secondary care). 

Use of all these data were outside the scope of the analyses in Chapters 5 and 6 

due to the high number of analyses already required for the two mortality 

outcomes. However, these additional data provide future opportunities to 

examine the associations between social connection, lifestyle, socioeconomic 

factors, and other adverse health outcomes. For example, in previous UK 



87 

Biobank work, I examined the associations between lifestyle, socioeconomic 

status, and CVD incidence.24  

3.5.8 Statistical thinking and results presentation 

The details of the analytical methodology for each UK Biobank analyses are 

provided within each chapter (Chapters 5 and 6). However, here I provide 

further details on the ‘statistical thinking’ in how the results of the analyses are 

presented.   

The main results from the quantitative analyses of UK Biobank in this thesis rely 

on the outputs of Cox Proportional hazard models. As well as calculating a 

hazard ratio to estimate the association between exposure variables and 

outcomes, outputs from Cox models often also include a hypothesis testing 

statistic i.e., a p-value. P-values are derived from Z-values, which are calculated 

by dividing the estimated coefficients by their standard errors.47 Z-values follow 

a normal distribution under the null hypothesis, which states that the true 

coefficient is 0 (or that the true hazard ratio is 1 i.e., that the exposure variable 

is not associated with the outcome). A p-value therefore represents an estimate 

of the probability of observing a Z-value as extreme as the one calculated 

assuming that the null hypothesis is true. An alternative definition for p-values is 

given by Greenland et al., ‘The p-value is then the probability that the chosen 

test statistic would have been at least as large as its observed value if every 

model assumption were correct, including the test hypothesis.’239  

P-values are a function of effect sizes and sample size.240 Where a sample size is 

large then p-values can be small even when the effect size is small and of 

negligible clinical importance. Therefore, while p-values contain additional 

information regarding hypothesis testing (the probability of a Z-value as extreme 

as the one calculated assuming that the null hypothesis is true), the utility of 

providing p-values in the context of research based on large sample sizes such as 

UK Biobank when testing multiple relationships has been questioned.240,241 

Therefore, the results presented from Cox proportional hazard models include 

only the hazard ratios and confidence intervals in order to focus on the 

magnitude of associations and the uncertainty of these estimates.  
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3.5.9 UK Biobank strengths 

The comprehensive data provided by participants at baseline provide a rich 

source of potential exposure variables. This permits the examination of a range 

of social connection measures, lifestyle factors, socioeconomic variables, and 

adverse health outcomes whilst controlling for several potential confounding 

variables (e.g., sex, age, ethnicity, blood pressure, and BMI). For social 

connection, this allows examination of the independent and combined 

associations across different components of social connection within the same 

dataset, which is lacking in previous research.19 While for analyses of lifestyle 

factors, the rich data provides opportunities to examine a broad range of 

lifestyle factors.  

The large sample size of UK Biobank increases the precision in the estimates 

(narrower confidence intervals) of the associations between exposures and 

outcomes. The linked outcome data provided by national mortality registers 

reduces the chance that participants are lost to follow up thereby minimising 

bias of estimates arising from differential loss to follow up.242 

3.5.10 UK Biobank limitations 

The UK Biobank response rate of 5.5% is low compared with other population-

based cohorts. However, there has been a general trend of declining response 

rates to participate in epidemiological studies over time.243 Therefore, 

considering the large scale and detailed level of data collection, these response 

rates may be as high as can be expected without dramatic increases in costs or 

new and innovative recruitment strategies.243 Although a response rate of 5% is 

relatively low, UK Biobank study designers have argued, as others have done 

previously,244 that only sufficiently large numbers of participants with varying 

levels of exposure variables are required to detect generalisable 

associations.33,245,246 In other words, while the cohort was not representative and 

had a low response rate, prevalence estimates would remain inaccurate but 

important associations between exposures and health outcomes could still be 

identified so long as the absolute number of participants recruited was sufficient 

to include participants with a broad range of exposure levels.245 For this reason, 

UK Biobank study designers opted not to recontact individuals who were 
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undecided whether to participate. This decision been given as a possible reason 

for the low response rate for UK Biobank but it has been cited as a cost saving 

measure that permitted the large scale and efficiency of UK Biobank.245  

Although, the sample size is large, UK Biobank participants are not 

representative of the UK wider population as there are relatively few 

participants of black and minority ethnic origin and participants tend to be 

healthier and wealthier than the UK average.247 This selection bias could result 

in collider bias and lead to the identification of spurious associations where none 

exist or influence the estimates of association.248,249 Bias can be defined as ‘a 

type of error that may affect the results of a study because of weaknesses in its 

design, analysis or reporting.’250 When an outcome and an exposure 

independently cause a third variable, that variable is termed a ‘collider’.251 

Controlling for a collider in statistical models results in collider bias, which can 

lead to spurious associations between exposure and outcome. Further there are 

varying levels of missingness in UK Biobank which can also affect estimates of 

associations. The percentage with missing data and how missing data were 

handled are given in the relevant manuscripts. 

3.6 Overview of qualitative work package (WP3) 

A qualitative method was chosen for exploring key stakeholder perspectives of 

lifestyle factors in the context of socioeconomic deprivation. Aspects of the 

methods for WP3 are contained in the Chapter 7 in the form of a paper 

submitted for publication. This chapter presents some of the key methodological 

considerations that pertain to qualitative research that are not included in that 

manuscript. This chapter first briefly describes the epistemological and 

ontological paradigms that contrast this work package (WP3) with those of the 

systematic review (WP1) and quantitative analyses (WP2). It then discusses the 

rationale for a qualitative method. Methodological and ethical considerations for 

the recruitment process and selection of key stakeholder participants are 

presented as well as additional detail around the process of data collection. It 

then presents some additional detail of the approach to analysis that is not in 

Chapter 7. Finally, a description is given of the approach to the final synthesis 

and discussion (Chapter 8) for this thesis that drew on findings across the mixed 

methods.  
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3.6.1 Epistemology and ontology 

Epistemology is the study of knowledge - of what can be known and how it can 

be known.252 Ontology is the study of existence or being and concerned with 

what exists or is real.252 The epistemological position of social and health 

research can be crudely dichotomised as either positivist or interpretivist.253 

Positivism is the philosophical view that knowledge can be deduced and is 

objective and value free. Interpretivism maintains that knowledge can only be 

interpreted or induced from the perspective of individuals and that knowledge is 

therefore subjective and value laden. Different epistemologies exist between 

these two positions such as post-positivism, critical realism, and critical-

rationalism.254  

After considering different philosophical viewpoints by reading and reflecting on 

the literature cited in this thesis, my own epistemological and ontological 

viewpoint seems to align most closely with critical rationalism as this 

incorporates fallibilism, critical realism, and revisionism. My interpretation of 

critical rationalism is that there is an objective reality that includes socially 

constructed phenomena but humans are fallible in their attempts to understand 

reality and therefore our beliefs and assumptions require adaptation and 

‘improvements’ following critique.254,255  

This viewpoint seems to sit somewhere between positivism and interpretivism, 

which has allowed me to consider lifestyle factors and socioeconomic factors 

both as objective entities that impact on individuals and communities but also as 

socially constructed phenomena that influence and are borne out of peoples’ 

interpretation of the world. This philosophical standpoint also represents a 

pragmatic one that can assist in synthesising data from both quantitative and 

qualitative research paradigms that are typically more positivist and 

interpretivist, respectively.   

Epistemology and ontology are often discussed in qualitative research but less 

often discussed in quantitative research.256 However, declaring the 

epistemological position or ontological assumptions are important for making 

coherent claims of qualitative data and analysis.257 Further, understanding the 

underlying epistemology and ontology is perhaps more important for qualitative 
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than quantitative research as this can guard against biases. Whereas there are 

statistical and technical methods to mitigate biases in quantitative research.  

However, considering underlying philosophical assumptions are important in both 

quantitative and qualitative research. For example, ontological assumptions held 

by researchers can determine how they define reality and influence the 

approach to research such as how research questions are formulated.252 

Ontological assumptions in relation to this thesis can be discussed in terms of 

whether the key exposures (e.g., lifestyle factors and socioeconomic factors) are 

viewed as objective entities that exist separately and outside people (an 

‘objectivist’ view) or as social constructions that are created through the 

perceptions and actions of people (a ‘constructivist’ view). 

With the aim of answering RQ4 (What are the perceptions of key stakeholders 

around combinations of lifestyle factors in the context of socioeconomic 

deprivation?) and therefore of understanding the perspectives of individuals and 

context a more subjective or interpretive approach was most appropriate. This 

informed the decision to employ qualitative research methodology for this work 

package.  

3.6.2 Recruitment and participants 

Details around specific methods of recruitment and the participants are given in 

Chapter 7. A broader discussion of the reasons behind the recruitment strategy 

are discussed here. Within my supervisory team, we discussed who we felt 

constitutes key stakeholders in relation to lifestyle factors in the context of 

socioeconomic deprivation. We had the pragmatic consideration of time and 

resources for the project as well as fulfilling criteria for methodological rigour 

(i.e., diversity in recruitment and views collected). Planning for this project also 

took place during social restrictions of the COVID-19 pandemic which influenced 

the decisions around method of data collection (e.g., remote versus face-to-face 

meetings with research participants). I wanted to gather as broad a collection of 

views as possible, including the public as well as relevant professionals.  

For members of the public, I limited recruitment of participants to adults 

residing in Scotland. This was mainly a pragmatic decision as this would limit the 
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focus of recruitment to a Scottish pool of participants but also because 

responsibility for health and social care is devolved to Scotland and therefore 

views gathered could be better aligned for the Scottish context.  

For views of professionals, I decided to focus on primary care professionals 

providing care for those living in more deprived areas, again aiming to recruit 

those based in Scotland. The aim for this WP was to understand key 

stakeholders’ perspectives to fulfil a wider objective of informing intervention 

and policy around lifestyle in deprived contexts. As 56% of NHS contacts are 

undertaken in primary care and primary care is viewed as a trusted source of 

information and support within communities, future intervention and policy 

around lifestyle factors in deprived contexts will have important implications 

for, and likely involve, primary care.258 Further, with the relatively new role of 

community links workers (CLW) embedded in primary care in Scotland, whose 

remit closely aligns with the focus of this thesis, namely, to support those in 

deprived contexts ‘to live well’, views of primary care links workers were 

thought to be critical.259 Finally, my background as a general practitioner (GP) 

and working within a primary care research group meant that the wider primary 

care connections and resources available to me and my supervisory team would 

facilitate recruitment to this WP.  

However, in addition to primary care professionals, I also wanted to gather views 

of professionals who focus on population health. These professionals were 

considered key stakeholders due to the wider aim of the research to inform 

policy and interventions that might operate at population-level. I considered 

their views critical to understanding the population and societal-level influences 

on both lifestyle factors and socioeconomic deprivation. Therefore, I aimed to 

gather views of those with day-to-day working experience of population level 

factors that directly concern or were closely related to lifestyle factors and 

socioeconomic deprivation (i.e., public health consultants and policy makers). 

Again, for pragmatic reasons, I focussed on those who fit these criteria and 

worked in Scotland.   
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3.6.3 Ethics  

There was no NHS facility or data involved in this research and therefore ethical 

approval for this study was sought from the University of Glasgow’s College of 

Medical Veterinary and Life Sciences Ethics Committee (application number 

200210156). The application to the ethics committee along with copies of the 

participant information sheets are shown in Appendix 2. Consent forms for focus 

group and interview participants are given in Appendix 3 and Appendix 4, 

respectively.  

There were minimal ethical considerations as the risks to participants were low. 

The primary risks were around protection of personal information and 

anonymity. It was therefore made clear in the participant information sheets 

and consent forms that participation in the study was fully voluntary, that any 

data provided would remain anonymous, and that participants could withdraw 

from the study at any time. However, it was also made clear that once 

participant views were collected, transcribed, anonymised, and analysed it 

would be impossible to remove their contributions at that stage. The pool of 

eligible professionals for this study is relatively small in Scotland and, therefore, 

an additional protection for anonymity was discussed with professionals – that 

any quotes used in subsequent reports could be checked with the relevant 

participant prior to publication.  

Data is stored on encrypted university servers and only me and the immediate 

supervisory team (COD and FSM) have access to the data. Once all transcriptions 

and quotations for use were checked then all personal identifiers were deleted 

from the research data. All participants gave written and verbal consent. To 

assist in recruitment, participants were offered reimbursement for travel and a 

shopping voucher (public participants) or a small fee (professional participants) 

in line with NIHR guidance.260  

3.6.4 Data collection 

Data were collected via focus groups with members of the public and semi-

structured interviews with professional participants. Topic guides for the focus 

groups and interview schedules for the semi-structured interviews were 
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developed iteratively with my supervisory team and were informed by their 

knowledge and interests. The research team included two academic GPs and a 

primary care scientist with a background in health inequalities. Development of 

the topic guides and schedules also drew on WP1 and WP2, wider literature 

review, as well as prior quantitative analysis examining the effect of 

socioeconomic status on the association between an extended lifestyle sore and 

adverse health outcomes.24 The guides and schedules were also informed by 

discussion with the National Health Service Research Scotland Primary Care 

Patient and Public Involvement (NRS PPI) Group who were consulted as part of 

work for the funding application for this thesis. The topic guides and interview 

schedules are given in Appendix 5 and Appendix 6. 

3.6.4.1 Data collection via focus groups with the public 

Three focus groups were conducted online using either Zoom or MS Teams and 

were recorded using the facility available in the software. The audio recordings 

were transcribed using a professional transcription service. After initial review 

of the transcripts, it was felt that additional data could provide new 

interpretations when it was felt that perspectives from female and older 

participants were missing and therefore an additional focus group was arranged. 

At this stage of the project COVID-19 restrictions were reducing and therefore a 

face-to-face focus group was arranged. This focus group took place on university 

premises. Each focus groups lasted approximately 60-80 minutes. 

3.6.4.2 Data collection via interviews with professionals 

All interviews of professionals were conducted online via video conferencing 

software. Interviews lasted approximately 60 minutes and were recorded.  

3.6.5 Analysis 

Reflexive thematic analysis (RTA) was chosen as the method by which to analyse 

stakeholders’ perspectives. Compared with other forms of thematic analysis, 

such as codebook approaches, RTA is a form of thematic analysis that facilitates 

the subjectivity inherent in creating knowledge.261,262 Further the codes and 

themes are created via the researcher’s reflexive engagement with the data. 

RTA openly acknowledges the researchers prior experience in influencing the 
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results and even views this as an advantage over other methods as opposed to a 

risk in terms of biasing results. The overall aim of RTA, therefore, has less to do 

with reproducibility (as two researchers using RTA are expected to analyse and 

interpret the same data differently on account of their different prior 

experience, skills, and resources) and more to do with generating rich 

interpretations of the data.263 However, more than one researcher may work 

together in a reflexive and collaborative manner in order to achieve richer 

interpretations rather than aiming for consensus.263 A full description of the 

analytical process is contained in Chapter 7. 

3.7 Final discussion and synthesis 

The final synthesis and contextualisation of all findings from this thesis within 

existing literature is contained in Chapter 8. While the integration of 

quantitative and qualitative methodologies occurred sequentially, the final 

synthesis attempts to provide an overview of the combined mixed methods 

findings.264 The methods for this synthesis were largely informal and similar to 

what is described as a narrative summary.264 However, with attempts to 

critically interpret findings across methodologies, the synthesis is also informed 

by concepts from critical interpretative syntheses, which, whilst designed for 

reviews of mixed methods was still informative here.265,266  

As with all interpretation, while there are attempts to be transparent, the 

reflexive nature of the synthesis means it is not possible to be fully transparent 

even when all attempts to be transparent are made (e.g., unconscious bias can 

lead to the subtle emphasis of one result from one methodology over another 

from a different methodology). Methods to support transparency including 

presenting the results to the study advisory and PPI groups, presenting the work 

at conferences as well as discussing the findings and interpretation with my 

supervisory team. However, the obverse of this risk to reproducibility is 

flexibility, which facilitates the combining of disparate types of evidence. 

Further, rather than purely summarising or aggregating the data from this thesis, 

the synthesis aimed to generate new ideas and concepts that could inform policy 

and interventions that relate to multiple unhealthy lifestyle factors in the 

context of deprivation. Nevertheless, and stated here to increase transparency, 

the final synthesis should be read with the understanding that a level of 
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subjectivity and reflexivity has been applied to the selection and 

contextualisation of findings and to their interpretation.   

3.8 Chapter summary 

This chapter has presented the main methodological and theoretical 

considerations for this thesis. It contains the reasons behind the methodological 

choices and data selected for analysis and discusses the strength and 

weaknesses. This thesis uses mixed methodology, including a systematic review 

without meta-analysis (WP1), two quantitative analyses of a large cohort (WP2), 

and qualitative analysis of transcribed data from focus groups and interviews 

with members of the public and a range of relevant professionals.  

The methods employed here have facilitated:  

1. highlighting the gaps in the evidence around disproportionate harm from 

lifestyle factors in more deprived populations and synthesised the 

evidence that suggests an additive effect of deprivation on lifestyle 

associated harms. 

2. examination of the independent and combined associations of the 

functional and structural components of social connection and all-cause 

and CVD mortality.  

3. the creation of a novel weighted lifestyle score that incorporates 

measures of social connection and socioeconomic deprivation, which 

could be developed for clinical use. 

4. analysis of the detailed perspectives of key stakeholders that will inform 

lifestyle intervention and policy development in areas affected by 

socioeconomic deprivation.   
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4 The influence of socioeconomic status on the 
association between unhealthy lifestyle factors 
and adverse health outcomes: a systematic 
review 

4.1 Chapter summary 

This chapter is formed of a systematic review of studies that examine the 

associations between combinations of lifestyle factors and adverse health 

outcomes. This addresses the first research objective – to describe and 

synthesise the evidence for the effect of socioeconomic deprivation on the 

association between combinations of unhealthy lifestyle factors and adverse 

health outcomes.  

There is an additional sentence regarding the tool used to assess study quality, 

otherwise the text and figures in this chapter are as per: Foster HME, Polz P, Gill 

JMR et al. The influence of socioeconomic status on the association between 

unhealthy lifestyle factors and adverse health outcomes: a systematic review 

[version 2; peer review: 2 approved, 1 approved with reservations]. Wellcome 

Open Res 2023, 8:55 (https://doi.org/10.12688/wellcomeopenres.18708.2).  

Associated Supporting information (‘Extended data’) is given in Appendix 7 and 

is also available to download via figshare: 

https://doi.org/10.6084/m9.figshare.24649755.v1.  

The corresponding protocol for this review is given in (Appendix 1) as published: 

Foster H, Polz P, Mair F, et al. Understanding the influence of socioeconomic 

status on the association between combinations of lifestyle factors and adverse 

health outcomes: a systematic review protocol. BMJ Open 2021; 11:e042212. 

(https://doi.org/10.1136/bmjopen-2020-042212) 

     

https://doi.org/10.12688/wellcomeopenres.18708.2
https://doi.org/10.6084/m9.figshare.24649755.v1
https://doi.org/10.1136/bmjopen-2020-042212
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4.2 Abstract 

Background: Combinations of lifestyle factors (LFs) and socioeconomic status 

(SES) are independently associated with cardiovascular disease (CVD), cancer, 

and mortality. Less advantaged SES groups may be disproportionately 

vulnerable to unhealthy LFs but interactions between LFs and SES remain 

poorly understood. This review aimed to synthesise the available evidence for 

whether and how SES modifies associations between combinations of LFs and 

adverse health outcomes. 

Methods: Systematic review of studies that examine associations between 

combinations of >3 LFs (e.g., smoking/physical activity/diet) and health 

outcomes and report data on SES (e.g., income/education/poverty-index) 

influences on associations. Databases (PubMed/EMBASE/CINAHL), references, 

forward citations, and grey literature were searched from inception to 

December 2021. Eligibility criteria were analyses of prospective adult cohorts 

that examined all-cause mortality or CVD/cancer mortality/incidence. 

Results: Six studies (n=42,467–399,537; 46.5–56.8 years old; 54.6–59.3% 

women) of five cohorts were included. All examined all-cause mortality; 

three assessed CVD/cancer outcomes. Four studies observed multiplicative 

interactions between LFs and SES, but in opposing directions. Two studies 

tested for additive interactions; interactions were observed in one cohort (UK 

Biobank) and not in another (National Health and Nutrition Examination 

Survey (NHANES)). All-cause mortality HRs (95% confidence intervals) for 

unhealthy LFs (versus healthy LFs) from the most advantaged SES groups 

ranged from 0.68 (0.32–1.45) to 4.17 (2.27–7.69). Equivalent estimates from 

the least advantaged ranged from 1.30 (1.13–1.50) to 4.00 (2.22–7.14). In 19 

analyses (including sensitivity analyses) of joint associations between LFs, 

SES, and all-cause mortality, highest all-cause mortality was observed in the 

unhealthiest LF-least advantaged suggesting an additive effect. 

Conclusions: Limited and heterogenous literature suggests that the influence 

of SES on associations between combinations of unhealthy LFs and adverse 

health could be additive but remains unclear. Additional prospective analyses 

would help clarify whether SES modifies associations between combinations 

of unhealthy LFs and health outcomes. 
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Registration: Protocol is registered with PROSPERO (CRD42020172588;25 June 

2020).
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4.3 Introduction 

Unhealthy lifestyle factors (LFs) (e.g., smoking, alcohol, poor diet, low 

physical activity (PA)) are key modifiable risk factors for non-communicable 

diseases (NCDs) and mortality267. While single LFs have, by themselves, strong 

associations with NCDs and mortality, combinations of unhealthy LFs have 

stronger associations. Meta-analyses show that, compared with healthy LFs, 

combinations of at least three unhealthy LFs are associated with more than 

twice the risk of all-cause, cardiovascular disease (CVD), and cancer 

mortality, and CVD incidence 72,73. Examining adverse health outcomes 

associated with combinations of LFs can help to capture ‘real life’ risks more 

completely as unhealthy LFs tend to cluster together - individuals with one 

unhealthy LF often have more than one 15,62. And the impacts of one 

unhealthy LF may interact (additively or multiplicatively) with other 

unhealthy LFs 268-270. 

In addition to examining the associations between combinations of LFs and 

adverse health outcomes (e.g., all-cause, CVD, and cancer mortality, and 

CVD incidence), examining the effect of socioeconomic status (SES) on those 

associations can deepen understanding of the distribution of these lifestyle-

related adverse health outcomes among populations. As with most health 

outcomes, all-cause, CVD, and cancer mortality, and CVD incidence all follow 

clear and long-recognised SES-health gradients where individuals of less 

advantaged SES (e.g., those with lower educational attainment, lower 

income, or who live in areas of higher deprivation) tend to have higher rates 

of both morbidity and mortality 271,272. SES is a theoretical construct that 

differentiates sections of society by their means and access to resources 

(e.g., financial, educational, material) and by the ways in which they live 

(e.g., occupation type or class, housing type/conditions, neighbourhood/post 

code area) 272 . The broad scope that SES encompasses means 1) there are 

numerous ways in which SES can be operationalised or measured 130,132; and 2) 

there are numerous aspects of SES that could be expected to influence and 

have strong associations with both LFs and lifestyle-related adverse health 

outcomes 22,133. For example, there is higher prevalence of unhealthy LFs in 

less advantaged SES groups and clustering of multiple unhealthy LFs in such 

population groups is often cited as an explanation for observed lifestyle-
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related adverse health inequalities 15 . However, ‘differential exposure’ to 

unhealthy LFs only partially explains lifestyle-related health inequalities; 

higher prevalence of unhealthy LFs is estimated to account for 6–80% of SES 

related mortality inequalities 15,20,21,163,164. 

Beyond differential exposure, further explanations for lifestyle-related health 

inequalities may involve interactions between LFs and SES; so-called 

‘differential vulnerability’ 163 , where SES strengthens the association 

between lifestyle and adverse health outcomes. A study of over 300,000 UK 

Biobank (UKB) participants observed multiplicative interactions between a 

combination of unhealthy LFs and SES, where less advantaged SES groups had 

disproportionately higher lifestyle-related all-cause and CVD mortality 24 . 

Similar interactions between lifestyle and SES have been observed for single 

LFs: smoking, alcohol, and PA 175,176,273. A multiplicative interaction between 

LFs and SES supports a vulnerability hypothesis, where less advantaged groups 

are disproportionately vulnerable to the adverse effects of unhealthy LFs 

163,176. Whereas additive interactions, where the effects of a combination of 

unhealthy LFs and SES are added rather than multiplied 274 , can also highlight 

vulnerable groups and inform policy or interventions 172 . Mechanisms that 

explain differential lifestyle vulnerability or that explain how and why SES 

affects associations between lifestyle and adverse health outcomes are 

unclear but could include interactions with other factors associated with less 

advantaged SES (e.g., stress, reduced access to health care) or accelerated 

biological ageing via greater cumulative risks over the life-course (e.g., 

poorer childhood health or increased adverse childhood experiences) 

185,186,275. 

4.3.1 Aims 

Understanding whether SES influences the association between combinations 

of unhealthy LFs and adverse health outcomes could help reduce excess risk 

in less advantaged populations by deepening understanding of how complex 

lifestyle risks vary across society and by identifying higher risk LF 

combinations. This could inform health policy, guide the development of 

interventions targeting more vulnerable groups, and support health care 

professionals managing multiple risk factors in their patient population. This 
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systematic review aims to identify, describe, and synthesise the evidence for 

whether SES modifies associations between combinations of unhealthy LFs 

and adverse health outcomes (all-cause mortality, incidence and mortality 

from CVD or cancer). This review addresses the following research questions: 

Does SES modify the association between combinations of unhealthy LFs and 

adverse health outcomes? And if so, how? 

An important linguistic caveat: ‘lifestyle’ can imply choices made freely by 

individuals, leading to potential stigma. However, resource scarcity and the 

wider socioeconomic environment experienced by those in less advantaged 

SES groups clearly influences choices, for example, by making healthier 

choices less likely 276,277. Moreover, lifestyle choices in the context of poverty 

or material deprivation may represent ‘optimal’ choices given wider 

socioeconomic influences that shape decision making and abstract future 

planning 278,279. Nevertheless, the word lifestyle remains recognised in the 

context of modifiable behaviours and is therefore used here. 

4.4 Methods 

4.4.1 Search strategy and study selection 

This review followed a protocol and was conducted in accordance with 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines 280-282. The protocol is registered with a database of prospectively 

registered systematic reviews (PROSPERO CRD42020172588; 25 June 2020) 

31,283. 

Search strategies were developed with a specialist university librarian and 

adapted for three databases: PubMed (RRID:SCR_004846), EMBASE 

(RRID:SCR_001650), and EBSCO CINAHL (RRID:SCR_022707) (S1-3 Tables, 

Appendix 7) 284 . The search strategy of a previous systematic review of 

combinations of LFs and type 2 diabetes served as a template and was 

adapted to include SES related terms 71 . As per that previous review, this 

current review focusses on combinations of LFs, and therefore search terms 

relating to LFs included general terms like ‘lifestyle’ or ‘health behaviour’ 

rather than terms for individual LFs like ‘smoking’ or ‘alcohol’. Search terms 

also included terms for combinations of LFs (e.g., ‘combined’, ‘multiple’, 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=172588
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.elsevier.com/online-tools/embase
https://www.ebsco.com/products/research-databases/cinahl-database
https://www.ebsco.com/products/research-databases/cinahl-database
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‘score’). Searches from inception (PubMed-1966; EMBASE-1947; CINAHL-1984) 

to 17th December 2021 were supplemented by searches of references, 

forward citations, and grey literature 31 . 

4.4.2 Eligibility criteria and screening 

Inclusion criteria were developed using an adapted PICOS (population, 

intervention, comparator, outcome, study design) framework, with ‘I’ 

(intervention) replaced with ‘E’ (exposure) 285 . Inclusion criteria: 

1) Population: any general adult population (age ≥18 years). Studies of 

participants with an index condition were excluded. 

2) Exposure - examination of two main exposures: 

i. combination of ≥3 LFs: studies that also included 

metabolic/intermediate factors (e.g., blood pressure/body 

mass index (BMI)) as part of their combination of LFs were 

included so long as the combination also included ≥3 

‘behavioural’ LFs (e.g., smoking/PA/diet). 

ii. SES: any SES measure (e.g., income/education/poverty-

index). 

3) Comparator: data for the influence of SES on associations between 

combinations of unhealthy LFs and adverse health. 

4) Outcomes: at least one from: all-cause mortality, incidence and 

mortality from CVD or cancer. 

5) Study design: prospective observational cohort. All types of analysis 

were included, and no study was excluded based on analysis method. 

Exclusion criteria: not in English; abstracts/conference presentations only; 

ineligible design (e.g., review/case-control/cross-sectional/qualitative). 

Studies were uploaded to ‘DistillerSR’ software (Version 2.38. DistillerSR Inc.; 

2022. Accessed December 2021-February 2022; alternative software, Rayyan) 

and duplicates removed. Two reviewers (PP and HF/CO’D) screened titles and 

abstracts independently. Conflicts were resolved by discussion or included for 

full-text screening. Two reviewers (PP and HF) screened full-texts 

independently; conflicts were resolved by discussion with a third reviewer 

(CO’D). 

https://www.distillersr.com/
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4.4.3 Data extraction 

Two reviewers (HF and PP/CO’D) extracted data independently using a 

piloted proforma (S4 Table, Appendix 7) 284 . After peer review, the proforma 

was adapted to include the distribution of type and number of unhealthy LFs 

among participants 31 . Quality was measured using the Newcastle-Ottawa 

Scale for cohort studies (NOS), a common measure of quality in observational 

or nonrandomised studies 286 . Other measures of quality exist (e.g., Risk Of 

Bias In Non-randomized Studies - of Exposure (ROBINS-E) tool) 287, each with 

advantages and disadvantages, but NOS is straightforward to use, specific for 

observational studies, and adaptable 286,288. The NOS was adapted to include 

assessments of confounder adjustment, sensitivity analysis, and missing data 

methodology (S5 Table, Appendix 7) 31,284. To compare study results, the 

following data from SES stratified analyses for each outcome was used to 

form our ‘main comparator’: 1) risk estimates for participants with the 

unhealthiest LF combination (using healthiest LF combination as reference) in 

the most advantaged SES group (e.g., highest education, highest ranking 

occupation) were compared with 2) equivalent estimates (unhealthiest versus 

reference healthiest LF combination) in the least advantaged SES group (e.g., 

lowest education, lowest ranking occupation). Studies frequently used more 

than two categories/quantiles of LF combinations, however only the 

estimates for the healthiest and unhealthiest categories were extracted. For 

example, for a study with a lifestyle score based on eight LFs, which study 

authors classified into five categories (scores 0–3, 4, 5, 6, and 7–8), the 

estimates for scores 0–3 and 7–8 were extracted. Estimates from SES 

stratified analyses were used for the main comparator because some studies 

did not report analyses examining combined influence of LF and SES using a 

single reference group (i.e., analyses comparing all groups to the group with 

the healthiest combination of LFs and in the most advantaged SES group). 

However, results for these analyses were also extracted as they provide 

information on the combined influence of SES and lifestyle. To make direct 

comparisons, estimates from studies where the unhealthiest group was the 

reference were transformed to make the ‘healthiest’ group the reference. 

This transformation was achieved by dividing: 1) all hazard ratios (HRs) by the 

HR of the healthiest category (the healthiest category HR then becomes 

1.00), 2) all lower confidence intervals (CIs) by the lower CI of the healthiest 
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category, and 3) all upper CIs by the upper CI of the healthiest category. This 

then requires swapping the upper and lower CIs because transformed lower 

CIs become upper CIs. 

Meta-analysis was not appropriate due to the heterogeneity of included 

studies. Instead, results were reported and synthesised according to Synthesis 

Without Meta-analysis (SWiM) guidelines 32 . In accordance with transparent 

reporting of the synthesis methodology, this review adhered to the following 

approach - study results were grouped by outcome and compared by: 1) main 

models evaluating influence of SES; 2) model adjustment; 3) additional 

models, including sensitivity analyses; 4) tests for interactions; and 5) results 

for our main comparator. 

4.5 Results 

Results of the searches and screening are shown in a PRISMA flowchart (Figure 
4-1). 

 

Figure 4-1: PRISMA flow chart of searches and screening results. 
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4.5.1 Study populations 

Six studies of five cohorts were included in this review (Table 4-1) 24,289-293. 

Two studies analysed the same USA-based cohort, The Southern Community 

Cohort Study (SCCS), but each study examined different LFs and SES 

exposures and therefore both were included 289,291. Similarly, two studies 

analysed UKB and examined different exposure variables and outcomes 24,293. 

The remaining cohorts analysed were The Japan Collaborative Cohort Study 

(JCCS) 290 , the National Health Interview Survey (NHIS) 292 , and US National 

Health and Nutrition Examination Survey (NHANES) 293 . SCCS was designed to 

investigate ethnic inequalities in healthcare and 86% of participants were 

recruited from community health centres; JCCS, UKB, NHIS and NHANES are 

general population cohorts with NHIS and NHANES designed to be nationally 

representative 294,295. Participants per study ranged from 42,467–399,537; 

mean age ranged from 46.5–56.8 years; and the proportion of women from 

54.6–59.3%. Ethnic composition of populations analysed varied: SCCS cohort 

was 67% African American 289,291; JCCS ethnicity was not reported, but likely 

predominantly Japanese 290 ; UKB was 95% White British 24,293; NHIS ethnicity 

was not reported 292 ; NHANES was 73.6% White 293 . Average follow-up time 

ranged from 4.3–19.3 years. In assessing the influence of SES on associations 

between combinations of unhealthy LFs and health outcomes, all studies 

examined all-cause mortality. In addition, three studies examined CVD 

mortality 24,290,293; two examined CVD incidence 24,293; one examined heart 

disease mortality and incidence of myocardial infarction and stroke 293; two 

examined mortality from coronary heart disease (CHD), stroke, and cancer 

290,293; and one examined mortality from ‘non-CVD and non-cancer’ causes290 . 

The non-CVD and non-cancer results are not reported here as they are 

outside the scope of this review.
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Table 4-1: Characteristics of included studies. 

Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

Andersen 
et al., 
2016 289  

Southern 
Community Cohort 
Study  
 
USA  
 
Prospective cohort 
designed to assess 
ethnic disparities in 
health outcomes, 
86% recruited from 
community health 
centres  
 
79,101 participants 

Median age 
51 (IQR 13)  
 
59.3% 
women  
 
67% African 
American  

Max. 9 years 
(average not 
reported) 

Self-reported at baseline  
 
Based on guidelines -  
 
i) current or former smoking 
(WHO)  
 
ii) alcohol intake >1 drink/d for 
women; >2 drinks/d for men 
(2010 Dietary Guidelines for 
Americans)  
 
iii) PA <150 min/wk moderate or 
<75 min/wk vigorous aerobic, or 
equivalent combination (2008 PA 
Guidelines for Americans)  
 
iv) sedentary time within 3 
longest quartiles i.e., >5.75 h/d 
(Avoid inactivity and limit 
sedentary behaviours; American 
Cancer Society)  
 
v) diet quality (HEI) in 3 lowest 

Income self-reported at 
baseline  
 
Dichotomised as </≥ $15,000 
p.a. 

i) All-cause 
mortality via 
linkage to 
national 
registry 
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

quartiles i.e., <66.7 (USDA’s 
Center for Nutrition Policy and 
Promotion and previous 
publication)  
 
Five categories according to the 
number of lifestyle factor 
guidelines met (0, 1, 2, 3, ≥4). 

Eguchi et 
al., 2017 
290  

The Japan 
Collaborative 
Cohort Study  
 
Japan  
 
Prospective cohort 
of general 
population  
 
42,647 participants 

Mean age 
56.8 (SD not 
reported)  
 
56.8% 
women  
 
Likely to be 
mainly 
Japanese 
ethnicity 

Median 19.3 
years (IQR 11.6–
20.8) 

Self-reported at baseline  
 
i) current smoking  
 
ii) alcohol intake > 2 ‘gou’/d 
(>46 g ethanol/d)  
 
iii) PA: <0.5 h/d or <5 h/wk 
walking and/or in sports  
 
iv) sleep duration: <5.5 or >7.4 
h/d  
 
v) BMI: <21 or >25  
 
vi) fruit intake: <1x/d  

Education level as age at last 
formal education self-
reported at baseline  
 
Dichotomised as </≥ 16 years 
old 

i) All-cause 
mortality  
 
ii) CVD 
mortality  
 
iii) CHD 
mortality  
 
iv) Stroke 
mortality  
 
v) Cancer 
mortality  
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

 
vii) fish intake: <1x/d  
 
viii) milk intake: <almost daily;  
 
Five categories: according to 
healthy lifestyle score with one 
point for each lifestyle factor 
threshold met (0–3, 4, 5, 6, 7–8) 

 
All via death 
certificate 
review 

Andersen 
et al., 
2018 291  

Southern 
Community Cohort 
Study  
 
USA  
 
Prospective cohort 
designed to assess 
ethnic disparities in 
health outcomes, 
86% recruited from 
community health 
centres  
 
77,896 participants 

Median age 
51 (IQR 13)  
 
57.1% 
women  
 
66.1% 
African 
American 

Median 8 years 
(IQR not 
reported) 

Self-reported at baseline  
 
Based on guidelines -  
 
i) alcohol intake >1 drink/d for 
women, >2 drinks/d for men 
(2010 Dietary Guidelines for 
Americans)  
 
ii) PA <150 min/wk moderate or 
<75 min/wk vigorous aerobic, or 
equivalent combination (2008 PA 
Guidelines for Americans)  
 
iii) sedentary time within 3 

Neighborhood deprivation 
index (NDI): 2000 U.S. Census 
data linked to participant’s 
residential address 
incorporating education, 
employment, housing, 
occupation, and poverty  
 
Quartiles 

i) All-cause 
mortality via 
linkage to 
national 
registry 
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

longest quartiles i.e., >6.5 h/d 
(Avoid inactivity and limit 
sedentary behaviours; American 
Cancer Society)  
 
iv) diet quality (HEI) in 3 lowest 
quartiles i.e., <65.5 (USDA’s 
Center for Nutrition Policy and 
Promotion)  
 
Four categories: according to 
number of guidelines met (0, 1, 
2, 3–4) 

Foster et 
al., 2018 
24 

UKB  
 
UK  
 
Prospective cohort 
of general 
population  
 
328,594 

Mean age 
55.6 (SD 
8.1)  
 
54.6% 
women  
 
95% White 

Mean 4.9 years 
(SD 0.83, range 
3.3–7.9) for all-
cause and CVD 
mortality, 4.1 
years (0.81 SD; 
range 2.4–7.0) 
for CVD 
incidence 

Self-reported at baseline;  
 
Based on UK guidelines where 
available:  
 
i) current smoking  
 
ii) alcohol intake daily or almost 
daily  
 
iii) PA <150 min/wk moderate or 

Townsend deprivation index: 
national census data 
incorporating car ownership, 
household overcrowding, 
owner occupation, and 
unemployment aggregated for 
and linked to participant 
postcode of residence  
 
Quintiles  
 

i) All-cause 
mortality  
 
ii) CVD 
mortality  
 
iii) CVD 
incidence  
 
All via 
linkage to 
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

<75 min/wk vigorous  
 
iv) TV viewing time ≥4 h/d  
 
v) sleep duration <7 or >9 h/d  
 
vi) fruits and vegetables <400g/d  
 
vii) oily fish <1 portion/wk  
 
viii) red meat >3 portions/wk  
 
ix) processed meat >1 
portion/wk  
 
Three categories: according to 
lifestyle risk score with one point 
for each unhealthy definition 
met (0–2, 3–5, 6–9) 

Secondary SES measures for 
sensitivity analyses:  
 
i) Household income (£p.a.) 
self-reported at recruitment  
 
Five categories: >100,000; 
52,000-100,000; 30,000-
51,999; 18,000-29,999; 
<18,000  
 
ii) Educational attainment 
self-reported at recruitment  
 
Five categories: 
College/University degree; A 
levels or equivalent; O levels 
or equivalent; CSEs or 
equivalent; none of the above 

national 
registries 

Choi et 
al., 2022 
292  

National Health 
Interview Survey  
 
USA  
 

Age ≥30 
(average 
not 
reported)  
 

Mean 12.7 years Self-reported at baseline:  
 
i) current smoker and ex-smokers 
who quit <20 years ago  
 

Household income as a ratio 
of family income to federal 
poverty level  
 

i) All-cause 
mortality via 
linkage to 
national 
registry 
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

Prospective cohort 
of general 
population aged ≥30 
years  
 
189,087 

Proportion 
female not 
reported  
 
Ethnicity 
not 
reported 

ii) weekly alcohol intake >14 
drinks for men, >7 drinks for 
women (2016 NIAAA guidelines), 
or >5 drinks/d at least monthly  
 
iii) PA <150 min/wk moderate or 
<75 min/wk vigorous and/or 
strengthening activities <2 d/wk 
(2008 Physical Activity Guidelines 
for Adults)  
 
iv) BMI <18.5 or ≥35  
 
Five categories according to the 
number of lifestyle factors: 0, 1, 
2, 3, or 4 

Dichotomised as < or ≥200% of 
federal poverty level 

Zhang et 
al., 2021 
293  

US National Health 
and Nutrition 
Examination Survey 
(NHANES)  
 
USA  
 
Prospective cohort 

NHANES:  
 
Mean age 
46.5  
 
51.3% 
women  
 

NHANES:  
 
Mean 11.2 years  
 
UKB:  
 
Mean 11.0 years 
for all-cause 

Self-reported at baseline;  
 
i) smoked >100 cigarettes in 
lifetime  
 
ii) daily alcohol intake >1 drink 
for women, 2 drinks for men 
(National guidelines for USA and 

NHANES:  
 
i) family poverty to income 
ratio: low (≤1); middle (1-4); 
and high (≥4)  
 
ii) educational attainment: 
less than high school diploma; 

i) All-cause 
mortality  
 
ii) CVD 
mortality  
 
iii) CVD 
incidence  
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

of general 
population  
 
44,462  
 
&  
 
UKB  
 
UK  
 
Prospective cohort 
of general 
population  
 
399,537 

73.6% White  
 
UKB:  
 
Mean age 
56.1  
 
52.5% 
women  
 
95.6% White 

mortality,  
 
8.8 years for CVD 
incidence 

UK)  
 
iii) leisure time physical activity 
at level of lower two thirds of 
study participants  
 
iv) diet quality (HEI) at level of 
lower 2/5 th of participants for 
US NHANES (2015-20 Dietary 
Guidelines for Americans & 1992 
food guide from US Department 
of Agriculture); meeting 5/10 
diet recommendations for UKB 
(evidence-based 
recommendations)  
 
Three categories according to 
number of lifestyle factors 
(score): 0–1, 2, 3–4  
 
Sensitivity analyses included: a 
weighted lifestyle score to 
account for differing magnitude 
of associations between each LF 

high school graduate or 
equivalent; and college or 
above  
 
iii) occupation (US 
socioeconomic index): upper 
(index ≥50); lower (index 
<50); and unemployment  
 
iv) health insurance: private; 
public only; none  
 
Variables i)-iv) were self-
reported at recruitment and 
combined via latent class 
analysis to generate 3 latent 
classes/categories of low, 
medium, and high SES  
 
UKB:  
 
i) income (£p.a.): >100,000; 
52,000-100,000; 30,000-
51,999; 18,000-29,999; 

 
iv) heart 
disease 
mortality, 
NHANES only  
 
v) coronary 
heart disease 
mortality, 
UKB only  
 
vi) stroke 
mortality, 
UKB only  
 
vii) 
myocardial 
infarction 
incidence, 
UKB only  
 
vii) stroke 
incidence, 
UKB only  
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

and outcomes; and a 
combination of LFs that included 
BMI outwith 18.5–24.9. 

<18,000  
 
ii) educational attainment: 
College/University degree; A 
levels or equivalent; O levels 
or equivalent; CSEs or 
equivalent; NVQ, HND, HNC, 
or equivalent; other 
professional qualifications; 
none of the above  
 
iii) employment: employed 
(including self-employed, 
retired, unpaid/voluntary 
work, full/part time 
students); unemployed  
 
Variables i)-iii) were self-
reported at recruitment and 
combined via latent class 
analysis to generate 3 latent 
classes/categories of low, 
medium, and high SES  
 

 
All via 
linkage to 
national 
registries 
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Author, 
year 

Cohort  
Country  
Type  
N 

Age (years)  
Women (%)  
Ethnicity 

Follow up length Lifestyle factors and definitions 
of unhealthy (source or 
justification for unhealthy 
definition)  
Categories for analysis * 

SES measure  
Categories for analysis 

Outcome 

Secondary SES measures in 
sensitivity analyses included: 
each SES factor individually; 
Townsend index (UKB only) 

N, number of participants included in analysis; *Categories for analysis shows the number of categories used by study authors to analyse the associations between the 
combination of lifestyle factors and health outcome (e.g., a study of five lifestyle factors, with possible scores of 0 to 5, could be analysed using the score categories 
of 0, 1, 2, 3, and ≥4; i.e., with scores 4 and 5 grouped together); Outcomes, adverse health outcome used to assess interaction between lifestyle and SES (some studies 
reported additional health outcomes but these were not used to assess interaction); SES, socioeconomic status; IQR, Interquartile range; PA, physical activity; BMI, 
body mass index (kg/m 2); WHO, World Health Organisation; d, day; wk, week; h, hours; min, minutes; $, US dollars; pa per annum; £, British pounds; TV, television; 
HEI, Healthy Eating Index, which measures adherence to the Dietary Guidelines for Americans. HEI is based on 12 dietary components: total fruits; whole fruits; total 
vegetables; greens and beans; whole and refined grains; dairy; total protein foods; seafood and plant proteins; fatty acids; sodium; and calories from solid fats, 
alcohol, and added sugars (range 0–100; higher values indicate healthier diet); CVD, cardiovascular disease; CHD, coronary heart disease; UKB, UK Biobank; NIAAA, 
National Institute on Alcohol Abuse and Alcoholism; A level, General Certificate of Education Advanced Level; O-level, General Certificate of Education Ordinary Level; 
CSE, Certificate of Secondary Education; NVQ, National Vocational Qualification; HND/HNC, Higher National Diploma/Certificate. 
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4.5.2 Combinations of unhealthy lifestyle factors 

The number of LFs comprising the combination in each study ranged from 

four to nine and included: smoking, alcohol, PA, sedentary time, television 

(TV) viewing time, various individual dietary factors, a dietary index, and 

sleep duration (Table 4-1). Two studies included BMI in main analyses and one 

study included BMI in a sensitivity analysis 290,292,293. Alcohol and PA were 

included in all studies and dietary factors were missing from only one study 

292. Smoking was included in five studies but excluded from relevant analyses 

in the remaining study 291 . All LF data was collected via baseline 

questionnaire or interview. 

4.5.3 Definition or classification of unhealthy for individual 
lifestyle factors 

In each study individual LFs were dichotomised as healthy/unhealthy with 

one point per factor summed to create an unweighted score. Two studies also 

created weighted scores using the strength of association between individual 

LFs and outcomes 289,293 . However, only one of these examined the effect of 

SES on a weighted score for which results were extracted here 293 . Three 

studies summed healthy LFs to create ‘healthy’ scores 289,290,293, while the 

remaining three studies created ‘unhealthy’ scores (results were harmonised 

to show increasing risk with increasingly unhealthy lifestyle) 24,291,292. 

The definition of unhealthy for each individual LF included in the LF 

combinations varied (Table 4-1). Unhealthy smoking status was defined as 

current smoking 24,290 , current/any former smoking 289 , current/quitting <20 

years ago 292 , and smoking more than 100 cigarettes in a lifetime 293. 

Unhealthy alcohol intake was defined as: >1 drink/day for women or >2 

drinks/day for men 289,291,293, >5 drinks/day monthly 292, >46 g alcohol/day 290, 

and ‘daily/almost daily intake’, respectively 24. Unhealthy PA levels were 

defined as <150 minutes/week moderate or <75 minutes/week vigorous PA in 

four studies 24,289,291,292, as strengthening activities on <2 days/week 292, as 

not achieving either ≥0.5 hours/day walking or ≥5 hours/week 

walking/playing sports 290 , and as having leisure time PA levels in the lower 

two thirds of study participants 293 . Unhealthy sedentary time, considered in 

two studies, was defined as the three quartiles with longest sedentary time 
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(i.e., >5.75 and >6.5 hours/day), respectively 289,291. Unhealthy TV viewing 

time, examined in one study, was defined as ≥4 hours/day 24. Unhealthy sleep 

duration, examined in two studies, was classified as <5.5/>7.4 hours/day 290 

and <7/>9 hours/day 24 , respectively. 

Dietary factors examined varied considerably. Three studies of two USA-

based cohorts used a national dietary index (comprising fruit, vegetables, 

grains, proteins, fatty acids, sodium, and calories from fats, alcohol, and 

added sugars), defining unhealthy as either belonging to the three lowest 

quartiles 289,291 or two lowest quintiles 293 . The Japanese cohort study 

included three dietary components, defining unhealthy as: fruit <once/day; 

fish <once/day; and milk <almost daily 290 . One of the studies examining the 

UK-based UKB included four components, classifying unhealthy as: fruit and 

vegetables <400 g/day; oily fish <1 portion/week; red-meat >3 portion/week; 

and processed-meat >1 portion/week 24. Whereas the other study of UKB 

classified unhealthy as meeting at least five of 10 recommendations 293 . 

Justification for the classification of ‘unhealthy’ varied. One study cited WHO 

guidelines for the classification of unhealthy smoking 289. Four studies of USA-

cohorts used US national guidelines to define unhealthy alcohol intake and 

diet 289,291,293. And of those, two also used US guidelines to define PA and 

sedentary time 289,291. One study adapted a previous lifestyle score 7 , using 

UK guidelines or standards from the original score 24. One study did not report 

the basis for their definitions of unhealthy for eight LFs including a BMI 

outwith 21–25 290 . The other study that examined BMI in their main analyses 

based the definition of unhealthy (<18.5 or ≥35) on prior analysis of the data 

292. Unhealthy BMI (outwith 18.5–24.9) was based on previous research in the 

third study that included BMI in a sensitivity analysis 293 . 

Most studies had approximately normal distributions of the total number of 

unhealthy LFs among participants (S6 Table, Appendix 7) 284. One study of 

UKB, with nine LFs, had relatively few participants with six to nine unhealthy 

LFs 24. The other study of UKB, with four LFs, had more participants with 

unhealthy LFs 293 . The proportion of study participants with specific 

unhealthy LFs also varied. For example, the proportion of study participants 

with unhealthy smoking status ranged from 9.6% to 64%; some of this 
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discrepancy is likely due to differences in the definition of unhealthy (i.e., 

current versus current/former smoking). 

4.5.4 Socioeconomic status 

SES measures varied by study (Table 4-1). For main analyses, two studies used 

area-based deprivation indices: Neighborhood deprivation index (NDI) and 

Townsend deprivation index (TDI) 24,291. Data for both indices were obtained 

via national censuses from or near baseline. NDI comprises five ‘domains’: 

education, employment, housing, occupation, and poverty 291. Whereas TDI 

comprises data on car ownership, household overcrowding, owner 

occupation, and unemployment 24. Two studies used self-reported individual-

level measures of income at recruitment 289,292 and one of these 

operationalised income as a ratio of family income to the USA federal poverty 

level 292. One study used age at last formal education obtained via baseline 

self-report for the main analyses 290. Finally, one study of two cohorts used 

latent class analysis to generate an overall SES variable from four SES 

measures (income, occupation, education, and health insurance) in analysis 

of one cohort and three SES measures (income, education, and employment 

status) in analysis of the second cohort 293. In sensitivity analyses, two studies 

examined alternative SES measures 24. One study swapped area-based TDI for 

annual household income and, separately, individual-level educational 

attainment 24. The second study performed multiple sensitivity analyses of 

alternative SES measures by replacing a latent class SES variable with 1) each 

SES measure (income, occupation, education, health insurance, and 

employment status) used to generate the latent class; 2) an SES score based 

on each single SES measure; 3) and TDI 293. 

4.5.5 Categories for analysis 

Categorisation of the two main exposures (combination of LFs and SES) used 

in analyses varied (Table 4-1). Categories for combinations of LFs ranged 

from three to five and were not always related to the number of LFs included 

and often influenced by the number of participants with unhealthy LFs. For 

example, one study examined nine LFs and split participants into three 

categories: ‘healthy’ (score 0–2), ‘moderately healthy’ (score 3–5), and 
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‘unhealthy’ (score 6–9) 24; whereas another study included eight LFs and split 

participants into five categories 290. 

For SES measures, the following categories were used: income dichotomised 

as </≥ $15,000 US dollars per annum 289 ; age at last formal education 

dichotomised as </≥ 16 years 290 ; quartiles of NDI 291; quintiles of TDI 24; ratio 

of family income to federal poverty level dichotomised as < or ≥200% of 

federal poverty level 292; three latent classes of low, medium and high SES 

293. 

4.5.6 Analysis procedures 

Each study conducted descriptive analyses, examining independent 

associations between combinations of LFs and outcomes and between SES and 

outcomes. All studies used Cox-proportional hazard models in their main 

analyses to estimate HRs and 95% confidence intervals (CIs) for outcomes for 

each LF combination category, stratified by SES (Table 4-1). Three studies 

additionally stratified these analyses; one by ethnicity and sex together 

(African American/White and female/male) 289 , three by sex alone 290,291,293, 

one by ethnicity (White/Non-white) 293, and one by age (≥60/<60 years) 293. 

One study that stratified by sex alone, also performed a separate analysis on 

the total population (not stratified by sex) 290. Two studies did not 

additionally stratify by sociodemographics 24,292. The number of confounder 

variables chosen by studies ranged from five to 14 (Table 4-2). All studies 

adjusted for either age, age plus age squared, or used age as the time-

varying covariate. Studies varied in their additional analyses to investigate 

the influence of SES and included: single reference group analyses to 

investigate the joint associations of combinations of unhealthy LFs, SES, and 

outcomes 24,290,291,293; Kaplan-Meier survival curves for combinations of 

unhealthy LFs stratified by SES 290; tests for multiplicative interactions 

between combinations of unhealthy LFs and SES 24,289-293; and tests for 

additive interactions (Table 4-2)24,293.
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Table 4-2: Methods/results for influence of SES on association between combinations of unhealthy LFs and outcomes. 

Study Methods Covariates (n) Interaction tests 
between 

combinations of 
unhealthy LFs and 

SES 

Main 
interaction 

results  
(P interaction or 

RERI) 

Result summary 

Andersen 
2016 289 

1) Cox-proportional 
hazard models for all-
cause mortality for 
combination of 
unhealthy LF 
categories  
2) Models stratified by 
low/high income in 
sub-group analysis 

Enrolment source, education, 
marital status, neighbourhood 
deprivation, and BMI (5) 

Likelihood ratio 
tests, comparing 
main effects models 
with and without 
cross-product terms 

All-cause 
mortality:  
0.002 (African 
American men); 
0.89 (African 
American 
women); 0.04 
(White men); 
0.49 (White 
women) 

Significant multiplicative 
interaction for African American 
and White men only: highest HRs 
for combination of unhealthy LFs 
and high income  
Only stratified (sex, ethnicity) 
results available 

Eguchi 
2017 290  

1) Cox-proportional 
hazard models for 
outcomes for 
combinations of 
unhealthy LF 
categories, stratified 
by low/high education 
(analyses for total 
population and 
separate analyses 
further stratified by 
sex)  
2) Cox-proportional 
hazard models for 

Age, sex, history of 
hypertension, history of 
diabetes, perceived mental 
stress and regular employment 
(6) 

Cross-product of 
dichotomous 
education level and 
healthy lifestyle 
score (continuous) 
in models for total 
CVD and all-cause 
mortality outcomes 
only 

All-cause 
mortality: 0.11  
CVD mortality: 
0.23  
(both for total 
population 
only) 

1) No evidence of multiplicative 
interaction, with similar HRs for 
combinations of unhealthy LFs and 
both high and low SES  
2) Single reference group analysis 
provides evidence for additive 
interaction for all-cause and CVD 
mortality: higher HRs in least 
healthy combination of LFs and 
lowest education groups  
3) Survival curves suggest additive 
interaction: steeper curve (highest 
mortality) for combination of 
unhealthy LFs in low education 
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Study Methods Covariates (n) Interaction tests 
between 

combinations of 
unhealthy LFs and 

SES 

Main 
interaction 

results  
(P interaction or 

RERI) 

Result summary 

combinations of 
unhealthy LF 
categories and 
education level using 
single reference group 
(all-cause and CVD 
mortality only)  
3) Kaplan-Meier 
survival curves for 
combinations of 
unhealthy LF 
categories, stratified 
by low/high education 
(all-cause and CVD 
mortality only)  
4) Sensitivity analysis 
examining two 
modified LF 
combinations 

group  
4) Sensitivity analysis: i) extended 
definition of healthy sleep and ii) 
dichotomous diet score (five 
components) in addition to 
extended sleep definition - 
consistent with findings from main 
analysis 

Andersen 
2018 291 

1) Cox-proportional 
hazard models for all-
cause mortality for 
combinations of 
unhealthy LF 

Enrolment source, ethnicity, 
education,  
income, marital status, and 
insurance status (6) 

Likelihood ratio 
tests, comparing 
main effects models 
with and without 
cross-product terms  

All-cause 
mortality:  
0.28 (men);  
0.99 (women) 

1) No evidence of multiplicative 
interaction with similar HRs for 
combinations of unhealthy LFs in 
both high and low SES  
2) Single reference group analysis 
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Study Methods Covariates (n) Interaction tests 
between 

combinations of 
unhealthy LFs and 

SES 

Main 
interaction 

results  
(P interaction or 

RERI) 

Result summary 

categories, stratified 
by NDI quartiles  
2) Cox-proportional 
hazard models for all-
cause mortality for 
combinations of 
unhealthy LF 
categories, stratified 
by NDI quartiles using 
single reference (also 
stratified by sex) 

provides evidence for additive 
interaction in men and women for 
all-cause mortality: highest HRs in 
the least healthy combination of 
LFs and lowest SES (highest NDI) 
group 

Foster 
2018 24 

1) Cox-proportional 
hazard models for 
outcomes for 
combinations of 
unhealthy LF 
categories, stratified 
by SES quintiles (TDI, 
income, and education 
examined separately)  
2) Cox-proportional 
hazard models for joint 
associations of 
combinations of 

Age, sex, ethnicity, month of 
assessment, hypertension, 
systolic blood pressure, 
medication for 
hypercholesterolaemia or 
hypertension, and BMI (8) 

1) Interaction term 
between 
combinations of 
unhealthy LFs and 
SES variables in 
models  
2) Interaction 
sensitivity analyses 
(deprivation index):  
a) additional models 
with interaction 
term and i) 
dichotomous and ii) 

Deprivation 
index  
All-cause and 
CVD- mortality: 
<0.0001  
CVD incidence: 
0.11  
Income  
All-cause 
mortality: 0.001  
CVD mortality: 
<0.0001  
CVD incidence: 

1) Significant multiplicative 
interaction between combination 
of unhealthy LFs and 
deprivation/education for all-cause 
and CVD mortality but not for CVD 
incidence. Significant 
multiplicative interaction between 
combinations of unhealthy LFs and 
income for all outcomes  
2) Single reference analysis showed 
highest HRs for all-cause and CVD 
mortality in the least healthy 
combination of LFs and lowest SES 
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Study Methods Covariates (n) Interaction tests 
between 

combinations of 
unhealthy LFs and 

SES 

Main 
interaction 

results  
(P interaction or 

RERI) 

Result summary 

unhealthy LF 
categories and SES 
measures (single 
reference group) 

continuous 
combination of 
unhealthy LF 
variable  
b) Estimation of 
three measures of 
‘biological 
interaction’: RERI, 
AP, and synergy 
index  

0.009  
Education  
All-cause 
mortality: 0.002  
CVD mortality: 
0.047  
CVD incidence: 
0.051  
(all for total 
population 
only) 

groups  
3) Interaction sensitivity results 
consistent with main findings with 
significant interaction across three 
measures of additive interaction 

Choi 
2022 292  

1) Cox-proportional 
hazard models for all-
cause mortality for 
number of unhealthy 
LFs, stratified by 
high/low income group  

Age, age squared, sex, 
education, race/ethnicity, 
acculturation, income 
assistance, health insurance, 
and marital status (9) 

Unclear, but likely 
an interaction term 
between 
combinations of 
unhealthy LFs and 
income in models 

Primary 
outcomes  
All-cause 
mortality: <0.05 

Significant multiplicative 
interaction between combinations 
of unhealthy LFs and income for 
all-cause mortality. Mortality risk 
associated with each additional 
unhealthy LF was higher in higher 
income group. 

Zhang 
2021 293  

1) Cox-proportional 
hazard models for 
outcomes for 
combinations of 
unhealthy LF 
categories, stratified 

Age, sex, marital status 
(NHANES only), assessment 
centre (UKB only), self-
reported race/ethnicity, 
acculturation score, BMI, 
hypertension, diabetes, CVD, 

1) Interaction term 
between 
combinations of 
unhealthy LFs and 
SES variables in 
models  

All-cause 
mortality: 0.85; 
RERI =0 
(NHANES), 
<0.001; RERI >0 
(UKB)  

1) NHANES: no significant 
multiplicative (product term for 
interaction) or additive interaction 
(RERI) between combination of 
unhealthy LFs and SES for all-cause 
or heart disease mortality  



124 

Study Methods Covariates (n) Interaction tests 
between 

combinations of 
unhealthy LFs and 

SES 

Main 
interaction 

results  
(P interaction or 

RERI) 

Result summary 

by SES category  
2) Cox-proportional 
hazard models for 
outcomes joint 
associations of 
combinations of 
unhealthy LF 
categories and SES 
measures (single 
reference group)  
3) Sensitivity analyses 
for models stratified by 
SES category by 
examining subgroups: 
male/female, 
white/non-white 
ethnicity, age </≥60 
years  
4) Sensitivity analyses 
of joint associations 
substituting individual-
level latent class SES 
for:  
a) Each SES component 

cancer, lung disease (UKB 
only). (10-14) 

2) Estimation of 
RERI 

 
CVD mortality: 
0.002; RERI >0 
(UKB)  
 
CVD incidence: 
0.016; RERI >0 
(UKB)  
 
Secondary 
outcomes  
Heart disease 
mortality: 0.29; 
RERI =0 
(NHANES)  
 
Coronary heart 
disease 
mortality: 
0.008; RERI >0 
(UKB)  
 
Stroke 
mortality: 

UKB: both significant multiplicative 
and additive interactions between 
combination of unhealthy LFs and 
SES for all-cause mortality, CVD 
mortality, CVD incidence, coronary 
heart disease mortality, and stroke 
mortality but not for myocardial 
infarction incidence or stroke 
incidence  
2) Results for product term for 
interaction and RERI similar across 
sensitivity analyses (individual-
level SES, individual/area-level SES 
mutual adjustment)  
3) In both cohorts, joint association 
analysis showed highest HRs in the 
least healthy combination of LFs 
and lowest SES groups for all 
outcomes and across all sensitivity 
analyses  
4) Subgroup analyses showed 
significant multiplicative and 
additive interactions between 
combination of unhealthy LFs and 
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Study Methods Covariates (n) Interaction tests 
between 

combinations of 
unhealthy LFs and 

SES 

Main 
interaction 

results  
(P interaction or 

RERI) 

Result summary 

used to generate latent 
class, separately  
b) Townsend index 
(area-level) with 
adjustment for latent 
class SES (UKB only) 
and vice versa  

0.002; RERI >0 
(UKB)  
 
Myocardial 
infarction 
incidence: 
0.050; RERI >0 
(UKB)  
 
Stroke 
incidence: 
0.032; RERI >0 
(UKB) 

SES for most subgroups 
(sex/ethnicity/age) and primary 
outcomes in UKB but not in NHANES  
5) Subgroup analyses of the joint 
associations of combination of 
unhealthy LFs and SES showed 
higher HRs in men vs. women and 
in younger vs. older adults for all-
cause mortality in both cohorts, 
and in younger vs. older adults for 
CVD mortality in UKB 

[i] LFs, lifestyle factors; SES, socioeconomic status; P interaction, p-value for interaction between combinations of unhealthy LFs and SES; 
RERI, relative excess risk due to interaction; HR, hazard ratio; NDI, Neighborhood deprivation index; TDI, Townsend deprivation index; BMI, 
body mass index; CVD, cardiovascular disease; ‘Biological interaction’, the degree of interaction between risk factors in terms of deviation 
from additivity in adverse health outcome rates 296 ; AP, attributable proportion; UKB, UK Biobank; NHANES, US National Health and 
Nutrition Examination Survey. 
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4.5.7 Study quality 

Results for study quality as measured by the adapted NOS ranged from 5–9 (max. 

9; S7 Table, Appendix 7) 284. Only two studies examined more than one SES 

measure 24,293 and only three studies attempted to reduce the chance of reverse 

causality by demonstrating participants were free from disease at the start of 

the study24,290,293. 

4.5.8 The influence of socioeconomic status on lifestyle-
associated health 

Using the main comparator as an assessment of the influence of SES on the 

association between combinations of unhealthy LFs and outcomes, results across 

studies were mixed and varied by outcome (Figure 4-2 and Figure 4-3). A 

synthesis of results, including the main comparator, is structured by outcome 

below. 
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Figure 4-2: Hazard ratios for the association between combinations of unhealthy LFs and 
all-cause mortality in the most and least advantaged SES groups by study and population.  
Comparison of HRs from SES stratified analyses for the associations between combinations of 
unhealthy LFs and all-cause mortality in the most and least advantaged SES groups (main 
comparator). Combinations of healthy LFs in the same SES strata (most/least advantaged) are the 
reference group. Legend indicates the study, population, SES measure, and definition for the 
most/least advantaged SES groups.*Latent class analysis based on income, education, 
occupation/employment, and (for NHANES only) health insurance. 
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Figure 4-3: Hazard ratios for the association between combinations of unhealthy LFs and 
adverse health outcomes in the most and least advantaged SES groups by study and 
population.  
Comparison of HRs from SES stratified analyses for the associations between combinations of 
unhealthy LFs and adverse health outcomes in the most and least advantaged SES groups (main 
comparator). Combinations of healthy LFs in the same SES strata (most/least advantaged) are the 
reference group. Legend indicates the study, population, and SES measure.  
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4.5.8.1 All-cause mortality. 

Estimates from 13 main analyses were available for the main comparator for all-

cause mortality as some analyses were additionally stratified by sex or by both 

sex and ethnicity (Figure 4-2 and Table S8A, Appendix 7). All studies observed 

that, compared with healthy LFs, combinations of unhealthy LFs were generally 

associated with higher all-cause mortality. However, the difference between the 

higher all-cause mortality associated with a combination of unhealthy versus 

that associated with healthy LFs was greater in the most advantaged SES group 

in seven analyses, but greater in the least advantaged group in the remaining six 

analyses (Figure 4-2 and Table S8A, Appendix 7). However, there was 

considerable overlap of CIs from most and least advantaged SES groups and the 

difference between some estimates from most and least advantaged groups 

were similar. HRs (95%CIs) from the most advantaged groups ranged from 0.68 

(0.32–1.45) to 4.17 (2.27–7.69); equivalent estimates from the least advantaged 

groups ranged from 1.30 (1.13–1.50) to 4.00 (2.22–7.14). 

Two analyses were additionally stratified by sex alone and, for women, the 

difference in all-cause mortality associated with unhealthy versus healthy LFs 

was greater in the least advantaged group in one study 291 but greater in the 

most advantaged group in the other study 290 (and vice versa for men). The study 

that additionally stratified by both sex and ethnicity observed the difference in 

all-cause mortality associated with combinations of unhealthy versus healthy LFs 

was consistent for sex across two ethnic groups: greater in the least advantaged 

SES group for women of both African American and White ethnicity, but greater 

in the most advantaged SES group for men of both ethnicities 289. One study 

stratified by sex for sensitivity analysis and observed similar all-cause mortality 

associated with combinations of unhealthy versus healthy LFs for both sexes in 

the most versus least advantaged groups 293. However, the same study examined 

two cohorts and found that although the difference in all-cause mortality 

associated with combinations of unhealthy versus healthy LFs was small for men 

and women, it was greater in the most advantaged group in one cohort (NHANES) 

and in the least advantaged group in the other cohort (UKB) 293. Sensitivity 

analysis results from one study of two cohorts that additionally stratified by 

ethnicity alone (White/Non-White) were mixed 293. In the same study, sensitivity 

analysis stratified by age alone (≥60/<60 years old) suggested that all-cause 
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mortality associated with combinations of unhealthy LFs was relatively higher for 

those <60 years old in the least advantaged groups in both cohorts 293. Five main 

analyses from four cohorts examined the total population (not further stratified 

by sociodemographic variables) and the difference in all-cause mortality 

associated with unhealthy versus healthy LFs was greater in the most 

advantaged SES group in three cohorts (JCCS, NHIS, NHANES) 290,292,293 but 

greater in the least advantaged group in another cohort (UKB) 24,293. Similarly 

mixed results were found with the sensitivity analyses (Table S8, Appendix 7) 284. 

Results of tests for multiplicative interactions were also mixed (Table 4-2). A 

significant multiplicative interaction between the combination of LFs and SES 

was observed in four studies, but in opposing directions 24,289,292,293. A significant 

multiplicative interaction was observed, with greater all-cause mortality 

associated with combinations of unhealthy LFs in the most advantaged group in 

the entire cohort of one study 292 but only in men in another study 289. Whereas a 

significant multiplicative interaction was seen in two studies of UKB, where the 

difference in all-cause mortality associated with unhealthy versus healthy LFs 

was greater in the least advantaged group 24,293. The multiplicative interaction 

observed in UKB was observed consistently across a set of interaction sensitivity 

analyses (Table 4-2) 24,293. Two studies tested for and found significant additive 

interactions in the same cohort (UKB) 24,293 but one of these studies did not 

observe significant additive interactions in similar analysis of a second cohort 

(NHANES) 293 . Four studies of three cohorts examined combined associations of 

combinations of unhealthy LFs and less advantaged SES in eight analyses by 

comparing all groups to a single reference: the healthiest LF-most advantaged 

group 24,290,291,293. In these analyses, HRs (95%CIs) for all-cause mortality for the 

least healthy-least advantaged group ranged from 1.43 (1.11–1.84) to 3.53 (3.01–

4.14) (Table S9, Appendix 7) 284. The highest all-cause mortality was observed in 

the least healthy-least advantaged groups in seven of eight of these analyses, 

suggesting an additive interaction between unhealthy LFs and less advantaged 

SES. For sensitivity, two studies examined additional measures of SES separately 

in single reference group analyses and consistently observed the highest all-

cause mortality in the least healthy-least advantaged groups irrespective of SES 

measure 24,293. Further evidence for an additive interaction came from the 
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steeper Kaplan-Meier curves for an unhealthy combination of LFs in the least 

advantaged versus most advantaged group in one study 290. 

4.5.8.2 CVD mortality.  

Three studies examined CVD mortality in two cohorts. Compared with healthy 

LFs, combinations of unhealthy LFs were consistently associated with higher CVD 

mortality 24,290,293. In analyses stratified by SES alone, all three studies observed 

the difference in CVD mortality associated with unhealthy versus healthy LFs was 

greater in the least advantaged SES group: HRs (95%CIs) in the least advantaged 

groups were 2.78 (2.13–3.03) 290 , 3.36 (2.36–4.76)24, and 1.76 (1.53–2.04) 293, 

respectively. Equivalent estimates in the most advantaged groups were 1.96 

(1.92–3.03), 1.93 (1.16–3.20), and 0.97 (0.74–1.29) (Figure 4-3 and Table S8D, 

Appendix 7). One of these studies also stratified analyses by sex and found the 

difference in CVD mortality associated with unhealthy versus healthy LFs was 

greater in the most advantaged group for men but in the least advantaged group 

for women 290 . However, the unhealthy versus healthy LFs CVD mortality for 

women was similar in the most and least advantaged groups. Similar results were 

found in sensitivity analyses (Table S8, Appendix 7)284 . For LF-SES interactions 

for CVD mortality, one study provided evidence of an additive interaction 

through both single reference group analyses and steeper Kaplan-Meier survival 

curves 290. In this study’s single reference group analysis, the highest CVD 

mortality was associated with those in the least healthy-least advantaged group 

(Table S10, Appendix 7)284,290. However, the same study found no significant 

multiplicative interaction for CVD mortality (Table 4-2). By contrast, two other 

studies, both examining CVD mortality in UKB, reported a significant 

multiplicative interaction and in the single reference analysis, the least healthy-

least advantaged group had markedly higher hazards than the least healthy-most 

advantaged group: 4.59 (3.33–6.32) vs. 2.01 (1.21–3.33)24 and 2.65 (2.09–3.38) 

and 1.06 (0.80–1.39)293 , respectively (Table S10, Appendix 7)284. Both studies 

observed significant multiplicative interactions for CVD mortality consistently 

irrespective of SES measure and across interaction sensitivity analyses 24,293. 
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4.5.8.3 Other outcomes. 

Estimates for CVD incidence were provided by two studies of UKB and, in SES 

stratified analyses, compared with healthy LFs, combinations of unhealthy LFs 

were associated with higher CVD incidence 24,293. The difference in CVD 

incidence associated with combinations of unhealthy versus healthy LFs was 

greater in the least advantaged groups in both studies (Figure 4-3 and Table S8E, 

Appendix 7). In combined single reference analysis, HRs (95%CIs) for the least 

healthy-most advantaged versus least healthy-least advantaged groups were: 

1.30 (1.10–1.53) versus 1.75 (1.55–1.97) 24 and 1.18 (0.99–1.41) versus 2.09 (1.78–

2.46) 293, respectively (Table S10, Appendix 7)284. Results from tests for SES-LF 

interactions for CVD incidence were mixed. Significant additive and 

multiplicative interactions were observed in one study (examining four LFs and 

latent class SES)293 but not the other (examining nine LFs and area-based TDI)24. 

Two studies examined additional outcomes 290,293. One of these performed SES-

stratified analyses but did not report single reference group analyses or tests for 

interaction for these outcomes 290. In this study’s SES-stratified analyses, the 

difference in hazards associated with combinations of unhealthy versus healthy 

LFs for the total population was greater in the most advantaged group for 

mortality from stroke, and cancer but greater in the least advantaged group for 

CHD mortality (Figure 4-3 and Table S8F, Appendix 7). Equivalent estimates from 

analyses additionally stratified by sex were similar, although, in men, the 

difference in hazards for stroke mortality was greater in the least advantaged 

group (Figure 4-3 and Table S8F, Appendix 7). In SES-stratified analyses in the 

second study that examined additional outcomes in two cohorts, the difference 

in hazards associated with combinations of unhealthy versus healthy LFs for the 

total population was greater in the most advantaged group for mortality from 

‘heart disease’ in NHANES but greater in the least advantaged group for coronary 

heart disease and stroke, cancer, and stroke and myocardial infarction incidence 

in UKB 293. 

4.6 Discussion 

Our review shows that the influence of SES on the association between a 

combination of unhealthy LFs and adverse health outcomes is unclear. There are 
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several reasons for this. Firstly, few studies investigate this problem; only six 

studies met our eligibility criteria. Secondly, studies that do investigate this 

problem are heterogenous, varying by: cohort characteristics; lifestyle, SES, and 

covariate variables; outcomes assessed; and methodology by which SES influence 

was examined. Thirdly, where broadly similar estimates were compared directly 

(i.e., via our main comparator), results were mixed: the difference in hazards 

associated with combinations of unhealthy versus healthy LFs was greater in the 

most advantaged SES group for some studies or cohorts and outcomes but in the 

least advantaged group for others. Fourthly, results for tests for multiplicative 

interactions between combinations of LFs and SES were conflicting. For 

example, for all-cause mortality, two studies found no evidence of multiplicative 

interaction 290,291; two studies reported significant multiplicative interactions but 

observed a moderating influence of SES in opposing directions 24,289; while a fifth 

study, of two cohorts, found significant multiplicative interactions in one cohort 

but not the other 293. Finally, the quality of included studies varied, with only 

one scoring the highest possible quality score, so available study estimates may 

be biased. For example, a limitation to all studies examining SES measures is the 

difficulty of recruiting participants from less advantaged backgrounds, which 

introduces selection bias 297,298. 

The heterogeneity and nature of the LF exposure variables examined by the 

included studies warrants further discussion. Firstly, each LF was measured or 

surveyed differently (e.g., diet assessed via a national dietary index comprising 

numerous survey items compared with diet assessed by a few specific food 

items; SES assess). Secondly, studies varied in their definitions of unhealthy 

(dichotomisation) for the same LF (e.g., unhealthy alcohol intake defined as 

>14/>7 weekly drinks for men/women vs. drinking daily or almost daily). Thirdly, 

dichotomising the LF exposure prior to creating the LF score or combination fails 

to capture the more complex dose-response and non-linear associations LFs have 

with adverse health-outcomes299,300. Fourthly, risk estimates associated with 

combinations of different LFs are difficult to compare where combinations from 

different studies lack shared LFs (e.g., combination 1: smoking, alcohol, and 

physical inactivity vs. combination 2: sedentary time, unhealthy diet, and sleep 

duration). And fifthly, each LF will have differential contributions to the level of 

risk associated with the overall combination (e.g., smoking is likely to drive the 
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largest share of risk associated with CVD mortality) 301 , thus making comparisons 

of estimates associated with unweighted combinations of different LFs hard to 

interpret. However, because unhealthy LFs are known to cluster among 

individuals, participants who report the unhealthiest LF combinations might be 

comparable even when different LFs are examined 15,62,268-270,302. For example, 

among participants who report the unhealthiest combination of unhealthy LFs in 

‘study 1’, there will be some participants with similar numbers and types of 

unhealthy LFs as those in ‘study 2’ who also report the unhealthiest combination 

even if study 2 examines fewer LFs because of clustering. This similarity or 

comparability is more likely where studies share more LF components (e.g., 

study 1: alcohol, unhealthy diet, and physical inactivity vs. study 2: alcohol, 

unhealthy diet, physical inactivity, and smoking). Although, in studies that 

examine more LFs or have more categories for LF analysis, those classified as the 

unhealthiest may represent a more extreme group. Nevertheless, the aim of this 

review was to identify and appraise all studies that examined the effect of SES 

on the association between any LF combination and adverse health. Restricting 

the searches of this review to identify only those studies with the same or 

similar combinations of LFs would have yielded even fewer results and limited 

the synthesis. To explore the effect of specific LF combinations and of SES on 

the associations with adverse health outcomes, future research could attempt to 

identify the riskiest LF combinations, whether and how the riskiest combinations 

vary by SES, and whether and how SES affects the associations between specific 

combinations and adverse health outcomes. Further, there is currently a lack of 

guidance on how to live in healthy ways that considers LF combinations and 

there is no consensus definition for ‘unhealthy lifestyle’ overall. Numerous single 

LF specific guidelines exist, but these are often too complex to digest for most 

people and they often fail to account for interactions with other LFs or social 

contexts 303-305. Therefore, as part of precision medicine, future research could 

explore the non-linear associations and interactions for a wide range of LFs to 

define ‘unhealthy’ levels for LFs within specific (or personalised) combinations 

and across SES the spectrum. These efforts could provide new targets for 

intervention and inform policies attempting to address unhealthy LFs in the least 

advantaged sections of society 306 . 
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The range of SES measures used across studies highlights the myriad ways in 

which SES can be measured and ranked 130 . Although there is likely to be a high 

degree of correlation across SES measures, the impacts of different SES 

measures on the association between combinations of LFs and adverse health 

could be different 131 . For example, an individual-level measure (e.g., age at 

last formal education) could have a weaker modifying effect on the association 

between combinations of LFs and adverse health than an area-based deprivation 

index if wider socioeconomic factors included or captured by the index (directly 

or indirectly) have a greater effect on the association. For instance, proximity 

and access to healthy food or green spaces for PA could be more strongly 

associated with area-based SES indices than with individual-level SES measures 

307 . Having few studies using the same SES measure limited the ability to draw 

conclusions on how the SES measure influences SES effects. For example, of the 

six studies that examined all-cause mortality, two use income, one uses 

education, two use area-based indices, and one uses a combination of income, 

education level, occupation/employment, and health insurance in a latent class 

analysis. Future reviews, with a greater number of included studies, could 

stratify and synthesise results by SES measure to investigate this further. 

Irrespective of SES heterogeneity, if an effect of SES was identified that was 

consistent across a broad range of SES measures this would strengthen the 

evidence for a general SES effect. Whereas if SES effects were consistently 

associated with one type of SES measurement (e.g., income) and not others 

(e.g., area-based indices) this could generate hypotheses and inform research 

that aims to explain underlying mechanisms of SES effects 131 . The aim of this 

review was to identify all available evidence and therefore studies were not 

excluded on the basis of LF and SES exposure variables despite the expected 

difficulties in comparability. 

Notwithstanding study heterogeneity and the lack of data, the studies’ 

assessments of the influence of SES on the association between a combination of 

unhealthy LFs and adverse health outcomes point broadly towards an additive 

influence of SES. Examining the combined effect of SES and combinations of 

unhealthy LFs by way of a single reference group (the healthiest LF-most 

advantaged group), four studies of five cohorts provide evidence for an additive 

interaction for multiple outcomes 24,290,291,293. Two of these studies, both 
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examining UKB, also observed significant results from formal tests for additive 

interactions as well as significant multiplicative interactions in same direction 

24,293. Together, this evidence does not strongly support a vulnerability 

hypothesis but it does provide some evidence against the so-called Blaxter 

hypothesis 308 . The Blaxter hypothesis suggests that detrimental effects of 

unhealthy lifestyles are masked by other adverse factors also associated with 

less advantaged SES (e.g., insecure income, poor housing, more frequent 

adverse childhood experiences). If this hypothesis were correct, in analyses 

stratified by SES and in least advantaged SES groups, associations between 

combinations of LFs and adverse health would be similar whether the LFs were 

healthy or unhealthy (i.e., a combination of unhealthy LFs would have little 

influence on a population with an already high risk due to other factors). 

However, in all studies, compared to those with healthy LFs, there were higher 

hazards for adverse health outcomes in those with a combination of unhealthy 

LFs irrespective of SES level. One study observed a multiplicative interaction (in 

men only), where the difference in hazards associated with a combination of 

unhealthy versus healthy LFs was greater in the most advantaged SES group, 

which could support the Blaxter hypothesis 289. However, the authors did not 

report a single reference group analysis, which could help clarify the combined 

associations. Overall, the impression of an additive interaction between least 

advantaged SES and combinations of unhealthy LFs seen in four studies of five 

cohorts and a multiplicative interaction in the same direction in two studies 

suggests that the detrimental effects of combinations of unhealthy LFs are not 

masked by other harmful factors associated with less advantaged SES but are at 

least in addition to, and potentially synergistic with, those factors. This finding, 

if borne out in future research, would indicate that less advantaged SES 

populations have the highest absolute risks associated with combinations of 

unhealthy LFs and would, therefore, support a strategy of focussing lifestyle 

resources on less advantaged SES populations where need is greatest. 

4.6.1 Strengths and limitations 

This review is strengthened by a rigorous pre-specified protocol 283; a 

comprehensive search strategy including database, reference, citation, and grey 

literature searches 31; and by reviewers working independently. Further, data 

synthesis follows SWiM guidelines and is fully transparent 32. However, this 
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review is limited by the small number of studies included and by the high level 

of heterogeneity between studies, which precluded meta-analysis. Therefore, 

the conclusions drawn here about whether and how SES influences the 

association between combinations of unhealthy LFs and adverse health may be 

altered by future research. Importantly, differential vulnerability to 

combinations of unhealthy LFs could be due to differential exposure that is not 

captured via questionnaires. For example, excess alcohol in less advantaged SES 

populations may be more extreme than excess alcohol in more advantaged 

groups 191 . Similarly, residual confounding, with unaccounted for differences 

between more and less advantaged populations, could also explain observed 

differential vulnerability. Our search terms were extensive and the databases we 

searched likely contained the vast majority of eligible articles 309. Searching 

additional databases such as Scopus and Web of Science, which are noted for 

their use as citation indexes rather than primary sources 310, may have revealed 

additional eligible studies but this was beyond the time and human resources 

available for this project. Updating the searches could also identify newer 

studies, including studies that look at different health outcomes, such as specific 

cancers and studies from low- or middle-income countries 311,312. It is unlikely 

that the addition of these studies would change the result around the 

heterogeneity of data but it could reveal more consistency in terms of SES 

effects. Our eligibility criteria may have been too restrictive resulting in few 

studies and retrospective studies may have yielded additional evidence. 

Generally, however, retrospective observational studies may have more biases 

than well-designed prospective ones. Future prospective studies, where data are 

updated during follow-up, could reduce potential misclassification bias by 

capturing participants’ lifestyle changes. While the adverse health outcomes 

included here account for the vast majority of mortality and NCD burden 313, 

others, such as dementia and renal disease, are growing in prevalence and have 

similar lifestyle risk factors 314,315. Our decision to extract the ‘healthiest’ vs. 

‘unhealthiest’ in both the most and least advantaged groups as our main 

comparator may have limited our synthesis. Examining the effect of SES on 

associations between the extremes of lifestyle and adverse health outcomes may 

miss how SES might affect the relationships in more nuanced ways as it relies on 

the assumption that SES effects will be seen at the extremes of lifestyle. 

However, we also extracted results for interactions between SES and LFs, which 
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provided further evidence for whether and how SES effects associations between 

LFs and adverse health outcomes. As more studies examine associations between 

combinations of LFs and adverse health outcomes in more detail (e.g., by 

examining non-linear associations and using continuous rather than categorical 

or ordinal variables for LF combinations) 299,300, future reviews could examine 

how SES effects the shape of relationships between LFs and adverse health 

outcomes. The aim of this review was to identify and synthesise the evidence for 

SES modification of associations between LF combinations and adverse health 

outcomes, not to explain any identified effect modification. However, strong 

evidence for SES effect modification of such associations could prompt attempts 

to uncover underlying mechanisms, such as cumulative risks or accelerated 

biological ageing 185,186,275. 

4.7 Conclusions 

This is the first systematic review to examine if and how SES modifies 

associations between combinations of unhealthy LFs and adverse health 

outcomes. Prospective studies that examine this problem are few and 

heterogenous. The influence of SES on lifestyle-associated adverse health could 

be additive but remains unclear. New research using multiple datasets, a range 

of lifestyle and SES measures, and a comprehensive list of adverse health 

outcomes would improve understanding of SES influence on lifestyle risks and 

thereby inform lifestyle-related policy and interventions. 
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5 Social connection and mortality in UK Biobank: 
a prospective cohort analysis. 

5.1 Chapter summary 

This chapter provides an analysis of the associations and interactions between 

measures of social connection and adverse health outcome. This chapter 

addresses research objective 2), which was to examine the associations and 

interactions between measures of social connection and adverse health 

outcomes to help determine which measures of social connection could be 

included in a broad measurement of lifestyle i.e., a lifestyle score. 

Other than some brief additional text regarding test for interaction and the final 

two paragraphs of the ‘5.6.3 Comparison with wider literature’ section, which 

offer additional explanations for why the association with mortality was 

observed to be stronger for structural than functional isolation, the text and 

figures are presented as published in: Foster, H.M.E., Gill, J.M.R., Mair, F.S. et 

al. Social connection and mortality in UK Biobank: a prospective cohort analysis. 

BMC Med 21, 384 (2023).  

The related additional files are given in Appendix 8 and Appendix 9 or are 

available via https://doi.org/10.1186/s12916-023-03055-7.

https://doi.org/10.1186/s12916-023-03055-7
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5.2 Abstract 

Background: Components of social connection are associated with mortality, but 

research examining their independent and combined effects in the same dataset 

is lacking. This study aimed to examine the independent and combined 

associations between functional and structural components of social connection 

and mortality.  

Methods: Analysis of 458,146 participants with full data from the UK Biobank 

cohort linked to mortality registers. Social connection assessed using two 

functional (frequency of ability to confide in someone close and often feeling 

lonely) and three structural (frequency of friends/family visits, weekly group 

activities, and living alone) component measures. Cox proportional hazard 

models used to examine associations with all-cause and cardiovascular disease 

(CVD) mortality.  

Results: Over median 12.6 years (IQR 11.9 – 13.3) follow-up, 33,135 (7.2%) 

participants died, including 5,112 (1.1%) CVD deaths. All social connection 

measures were independently associated with both outcomes. Friends/family 

visit frequencies < monthly were associated with higher risk of mortality 

indicating a threshold effect. There were interactions between living alone and 

friends/family visits and between living alone and weekly group activity. For 

example, compared with daily friends/family visits-not living alone, there was 

higher all-cause mortality for daily visits-living alone (HR 1.19 [95% CI 1.12-

1.26]), for never having visits-not living alone (1.33 [1.22-1.46]), and for never 

having visits-living alone (1.77 [1.61-1.95]). Never having friends/family visits 

whilst living alone potentially counteracted benefits from other components as 

mortality risks were highest for those reporting both never having visits and 

living alone regardless of weekly group activity or functional components. When 

all measures were combined into overall functional and structural components 

there was an interaction between components: compared with participants 

defined as not isolated by both components, those considered isolated by both 

components had higher CVD mortality (HR 1.63 [1.51-1.76]) than each 
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component alone (functional isolation 1.17 [1.06-1.29]; structural isolation 1.27 

[1.18-1.36]). 

Conclusions: This work suggests 1) a potential threshold effect for 

friends/family visits, 2) that those who live alone with additional concurrent 

markers of structural isolation may represent a high risk population, 3) that 

beneficial associations for some types of social connection might not be felt 

when other types of social connection are absent, and 4) considering both 

functional and structural components of social connection may help to identify 

the most isolated in society.
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5.3 Background 

Social connection is a complex phenomenon that encompasses numerous 

emotional, physical, and behavioural aspects of human interaction. Social 

connection can be classified into inter-related conceptual components, including 

functional (e.g., subjective feelings of loneliness) and structural (e.g., objective 

frequency of social contacts) components.90,316 Deficits of either component are 

associated with higher risk of all-cause mortality and cardiovascular disease 

(CVD).95,97,100,222,317 The mechanisms by which components of social connection 

are associated with mortality are unclear and may vary by component, or by the 

measure used, but are thought to be mediated via direct (e.g., altered blood 

pressure, poorer immune function, neurodevelopmental impairment)85,318,319 and 

indirect effects (e.g., via poorer mental health or wellbeing, lower physical 

activity or higher tobacco and alcohol consumption).92,320-323 Further 

explanations involve reverse causality, whereby long term health conditions or 

disabilities can impair people’s ability to form or sustain relationships.324,325 

Nevertheless, the prevalence of a lack of social connection (9.2%-14.4% of the 

global population are estimated to feel lonely and 25% of adults worldwide may 

be socially isolated)98,99 and the associated mortality justify attempts to 

understand how each component impacts on mortality in order to develop 

targeted interventions (Table 5-1).  

Table 5-1: Components of social connection  
(Taken from Holt-Lundstad, 2018).316 

 

Component Definition Example 
measures 

Functional 
Functions provided by, or perceived to be 
available because of, social relationships 

Received support 
Perceptions of 
social support 
Perceived 
loneliness 

Structural 
Existence of and interconnections among 
different social relationships and roles 

Marital status 
Living alone or not 
Social networks 
Social integration 
Social isolation 
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Often, only moderate or weak correlations are observed between different 

components, which may reflect the dependent and independent relationships 

between them.326-329 For example, individuals with a shrinking social network 

might feel lonelier as a result, while others with a growing social network could 

also feel increasingly lonely if the quality of those relationships is poor. Adding 

to the challenge of understanding how different components of social connection 

are associated with adverse health outcomes is the numerous heterogenous ways 

by which studies have operationalised and measured different aspects of each 

component.89,92,94,103,330 Prior studies have often focussed on a single item 

measure, for example, showing that a ‘sense of loneliness’ (functional) or living 

alone (structural) are independently associated with higher risk of all-cause 

mortality.331,332 Alternatively, some studies have used composite scales or 

indices but still with a focus on a single component of social connection (e.g., 

Revised UCLA Loneliness Scale measuring the functional component or the 

Berkman-Syme Social Network Index measuring the structural component).333,334 

A meta-analysis of prospective studies examining the association between both 

subjective (functional) or objective (structural) isolation and all-cause mortality 

found the average effect sizes to be similar (26-32% increased likelihood of 

mortality) for each type of isolation.317 However, the effect sizes represent 

aggregate effects of different measures with no consideration of the strength of 

association of individual measures on health outcomes. Further, meta-analyses 

that have quantified associations between measures of social connection and 

mortality, have highlighted the lack of studies that include measures of both 

functional and structural components or that examine for potential synergistic 

interactions between them.97,100,317 Indeed a lack of research examining different 

components of social connection in the same dataset to disentangle their 

independent, additive, and multiplicative effects was highlighted in a recent 

U.S. Surgeon General’s Advisory.19 These are missed opportunities, as more 

detailed understanding of the health impact of different components of social 

connection and their interactions could help guide policy and interventions 

designed to increase and enhance social connectedness and improve related 

health outcomes.  
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Previous studies often refer to functional and structural components of social 

connection as loneliness and social isolation, respectively. However, the social 

connection framework offers advantages for conceptualising and studying both 

the separate and combined effects of different social measures. First, the 

terminology of social connection is more neutral than ‘loneliness’ or ‘isolation’ 

and thereby implies a spectrum of either beneficial or detrimental associations. 

Second, studies often lack methodological or theoretical underpinnings and use 

loneliness and social isolation as catch all phrases, which while supposedly 

‘widely understood’ may be interpreted differently depending on the 

researcher. Third, social connection offers a broad framework that encapsulates 

both loneliness and social isolation alongside but separately from other measures 

of social connection. For example, a subjective feeling of loneliness can be 

considered a measure of the functional component but so too can perceptions of 

social support, which may not always be perceived as loneliness. Therefore, the 

terminology of the social connection framework remains flexible and inclusive 

whilst avoiding some assumptions around loneliness or social isolation and, as a 

result, could help when interpreting estimates of the separate and combined 

effects of various social measures. 

The first aim of this study was to understand the strength of association between 

independent measures of functional and structural social connection and all-

cause and CVD mortality. The second aim was to understand if and how these 

measures interact with one another in combined associations with adverse 

health outcomes. Our study was guided by the following research questions (RQ): 

RQ1. What is the strength of association between two functional measures of 

social connection – frequency of ability to confide and perceived 

loneliness – and all-cause and CVD mortality, and is there an interaction 

between the measures? 

RQ2. What is the strength of association between three structural measures 

of social connection – frequency of friends and family visits, weekly 

leisure/social activities, and living alone – and all-cause and CVD 

mortality, and is there an interaction between these measures? 
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RQ3. What is the pattern of the combined association between measures of 

a) functional and b) structural components of social connection and all-

cause and CVD mortality? 

RQ4. Is there an interaction between functional and structural components of 

social connection for all-cause and CVD mortality?
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5.4 Methods 

5.4.1 Study design and participants 

We analysed baseline data from the UK Biobank study which recruited 502,536 

participants via postal invitation between 2006-2010. Participants attended one 

of 22 assessment centres in England, Scotland, or Wales to complete a 

questionnaire, nurse-led interview, and have physical measurements taken.246 

More details of UK Biobank procedures and assessments can be found online 

(biobank.ndph.ox.ac.uk/ukb/) and in the study protocol.335 We excluded those 

without full data on all variables used in analyses (n=44,390 [8.8%]) as detailed 

below (participant flowchart – Additional file 1: Fig. S1). Participants who 

reported ‘do not know’, or ‘prefer not to answer’ for any variable were 

considered missing.  

5.4.2 Outcome ascertainment 

UK Biobank participants consented to data linkage to national mortality 

registers. We examined two adverse health outcomes: all-cause and CVD 

mortality. Any International Classification of Diseases (10th Revision) code from 

I05-I99, Z86.7, G45, and G46 given as the primary cause of death were chosen to 

define CVD deaths after discussion by two primary care clinicians (HMEF and 

FSM). These codes likely represent chronic CVD diseases, including 

cerebrovascular disease, with only acute rheumatic fever (I00-I02) excluded. 

Dates and causes of death are contained within death certificates provided by 

linkage to the National Health Service (NHS) Information Centre (England and 

Wales) and the NHS Central Register (Scotland). Censoring dates varied by 

country of baseline assessment (England and Wales, 30 September 2021; 

Scotland, 31 October 2021). 

5.4.3 Functional and structural component measures 

Two functional and three structural component measures of social connection 

used in previous studies were examined in this study (Table 5-2).221-223,329 For 

frequency of friend and family visits, the categories of ‘never or almost never’ 

https://www.ukbiobank.ac.uk/
https://biobank.ndph.ox.ac.uk/ukb/
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and ‘no friends or family outside household’ were collapsed into a single 

category, ‘never’. This was justified on the basis that these responses are similar 

and there being few participants with no friends or family outside the household 

(n= 1,031). For simplicity, categories for ordinal variables were renamed as: 

‘daily’, ‘2-4 times a week’, ‘weekly’, ‘monthly’, ‘once every 3 months’, and 

‘never’. 

Table 5-2: Functional and structural component measures and categories 

Component Measure Categories 

Functional 

Frequency of ability to confide in 
someone close 

daily, 2-4 times a week, 
weekly, monthly, once every 3 
months, and never 

Often feeling lonely yes, no 

Structural 

Frequency of friends and family 
visits 

daily, 2-4 times a week, 
weekly, monthly, once every 3 
months, and never 

Weekly group activity yes, no 

Living alone yes, no 

 

5.4.4 Covariate data 

Baseline self-reported sex (female, male), ethnicity (White, Mixed, Asian or 

Asian British, Black or Black British, Chinese, or Other ethnic group), smoking 

status (current, never/former), alcohol intake (> vs ≤ 35 [females] and > vs. ≤  

50 [males] weekly units of alcohol – previously identified cut offs high risk 

drinking in England and UK Biobank),232,336 self-reported physical activity levels 

(< vs. ≥450 MET [metabolic equivalent of task] minutes per week as per UK 

physical activity guidelines)337,338 were used as potential explanatory variables. A 

count of baseline self-reported long-term conditions confirmed at nurse-led 

interview was based on a list of 43 long-term conditions.339 Month of assessment 

was included as a covariate as self-reported measures of social connection may 

vary by season.340 Socioeconomic position was measured using the area-based 

measure of deprivation, Townsend index (comprising car ownership, household 

overcrowding, owner occupation, and unemployment) and was based on 

preceding census data and postcode of residence at recruitment and analysed as 

a continuous variable.341 Body mass index (BMI) was calculated by trained 

personnel at baseline assessment and used as a continuous measure (kg/m2).  
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5.4.5 Statistical analysis 

We compared those participants with complete data to those with missing data 

using descriptive statistics. For our main analyses, we used time to event 

analysis (Cox proportional hazard models) to examine the associations between 

exposures and mortality outcomes for those participants with full data only. 

Follow up time was calculated as the time difference between date of 

assessment and either censor date or date of death, whichever occurred first. 

Table S1 (Appendix 8) shows the analyses performed and the corresponding 

research question each analysis addresses. Measures of social connection and the 

covariates included in our models may be highly correlated and lead to 

multicollinearity and model instability.342 Therefore to detect potential 

multicollinearity, we calculated generalised variance inflation factors (GVIF) for 

all variables included in our Cox models using a linear regression model with 

follow-up time as the outcome.343 

5.4.5.1 Functional component analyses 

First, we examined the association between each functional component measure 

(frequency of ability to confide in someone close and often feeling lonely) and 

adverse health outcomes separately, adjusting for the known and likely 

confounders: sex, ethnicity, Townsend index, and month of assessment, smoking 

status, alcohol intake, physical activity, BMI, long-term condition count, 

frequency of friend and family visits, weekly group activity, living alone, and 

mutually for frequency of ability to confide/often feeling lonely (analyses 1 & 2, 

Table S1, Appendix 8). Next, we examined the combined association of both 

functional component measures (with a single reference group of almost daily 

ability to confide in someone close and not often feeling lonely) and their 

interactions for adverse health outcomes (analysis 3, Table S1, Appendix 8). Full 

information is often lacking in study reports that would allow readers to assess 

the size and significance of interaction on both multiplicative and additive 

scales.344 To provide sufficient data for interpretation, we explored interactions 

on both multiplicative and additive scales by calculating estimates for 

multiplicative interaction, relative excess risk of interaction (RERI), attributable 

portion (AP), and a synergy index (SI).344 RERI, AP, and SI each provide 
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assessment of additive interaction of two binary exposures variables. RERI is 

often considered the standard measure for interaction on the additive scale. 

While others argue for the SI, which is the ratio of the combined and individual 

effects of two exposures, as this measure does not require both exposures to be 

risk factors for the outcome (whereas the other measures do). The AP provides 

different information and estimates the proportion of disease among those with 

both exposures that is attributable to their interaction. A RERI or AP > 0 means 

positive interaction while < 0 means negative interaction or less than additivity 

(and 0 means no interaction). An SI > 1 indicates an interaction that is greater 

than additivity and an SI < 1 indicates negative interaction or less than 

additivity. The interaction tests require four exposure groups which meant 

dichotomising the ordinal variable of frequency of ability to confide in someone 

close. To inform dichotomisation, we used results from the independent and 

mutually adjusted association between the ordinal variable and adverse health 

outcomes. Therefore, the dichotomous confide variable was coded as (≥ once 

every 3 months vs never). To examine interactions between functional and 

structural components we created a new dichotomous ‘functional isolation’ 

variable. Functional isolation was defined using the independent and mutually 

adjusted associations with adverse health outcomes of each functional 

component measure and therefore coded as either never able to confide or (yes) 

often feeling lonely. We examined the associations between this new variable 

and adverse health outcomes (analysis 4, Table S1, Appendix 8).  

5.4.5.2 Structural component analyses 

Next, we examined the association between each of the structural component 

measures (frequency of friends and family visits, weekly group activity, and 

living alone) and adverse health outcomes separately, with models adjusted as 

above but with mutual adjustment for each structural measure and the new 

functional isolation variable (analyses 5-7, Table S1, Appendix 8). Then, to 

examine joint associations and interactions between the structural component 

measures we examined associations and interactions between 1) frequency of 

friends and family visits and engagement in weekly group activity, 2) frequency 

of friends and family visits and living alone, and 3) weekly group activity and 
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living alone (analyses 8-9 & 11, Table S1, Appendix 8). To examine interactions, 

we dichotomised the ordinal variable of frequency of friends fand family visits as 

≥ monthly/< monthly based on its independent and mutually adjusted 

associations with adverse health outcomes. Where there was evidence for 

interaction, we also examined stratified associations (analyses 10 & 12, Table 

S1, Appendix 8). We then combined the three structural component measures 

into a new dichotomous ‘structural isolation’ variable, coding structural isolation 

as having less than monthly friends and family visits or no weekly group activity 

or living alone. We examined the association between this new variable and 

adverse health outcomes (analysis 13, Table S1, Appendix 8). 

5.4.5.3 Functional and structural components together 

To examine the combined effect of functional and structural measures together 

and to assess the impact on any dose response relationship, we examined 

associations between 1) frequency of ability to confide in someone close, often 

feeling lonely, structural isolation, and adverse health outcomes (analysis 14, 

Table S1, Appendix 8); and 2) frequency of friends and family visits, weekly 

group activity, living alone, functional isolation, and adverse health outcomes 

(analysis 15, Table S1, Appendix 8). Finally, we examined the combined 

associations and interaction between the two new overall functional and 

structural isolation variables and adverse health outcomes (analysis 16, Table S1, 

Appendix 8). 

5.4.5.4 Sensitivity analyses 

Accounting for participants’ prior health status is critical for estimating the 

associations between social connection and adverse health.317 To reduce the 

chance that findings could be explained by reverse causality (e.g., where poor 

baseline health status would explain both reduced social connectedness and 

higher mortality), we repeated all analyses after excluding all those who 

reported having CVD (diabetes, coronary heart disease, atrial fibrillation, 

chronic heart failure, chronic kidney disease, hypertension, stroke/transient 

ischaemic attack, or peripheral vascular disease) or cancer at baseline as well as 
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those who died within two years of recruitment (analysis 17, Table S1, Appendix 

8).  

All analyses were conducted using R statistical software version 4.2.0.
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5.5 Results 

5.5.1 Descriptive statistics 

44,390 (8.8%) participants with missing data were excluded. Compared with 

those with complete data, participants with missing data were more likely to be 

male, older, from minority ethnic backgrounds, have been assessed in spring or 

summer months (April-September), be from more deprived areas, be current 

smokers, have low physical activity levels, have a higher BMI, and have more 

long-term conditions (Table S2, Appendix 8). After excluding those without full 

data, 458,146 (91.2%) UK Biobank participants were included in the main 

analyses. The mean age of participants was 56.5 years (standard deviation [SD] 

8.1; range 38-73), 54.7% were women, and 95.5% were of white ethnicity (Table 

5-3). Generally, compared to all participants, those reporting any measure of 

reduced social connection were more likely to: be from a minority ethnic 

background, be more deprived, engage in more unhealthy behaviours (smoking, 

high alcohol intake, and low physical activity levels), have a higher BMI, and 

have more long-term conditions. Of those who reported each measure of 

reduced social connection there was variation in the percentage who were 

female: often feeling lonely (62.9% women); not engaging in weekly group 

activities (55.1% women); living alone (58.5% women); never able to confide in 

someone close (40.9% women); and friend and family visits less than monthly 

(42.0% women). GVIF values, calculated to detect multicollinearity, ranged from 

1.00 to 1.16 and were well below the proposed threshold of 10 (Table S3, 

Appendix 8).342 This reduced the concern of multicollinearity and strengthened 

the argument for including all the social connection measures as separate 

variables in the models.
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Table 5-3: Descriptive characteristics of study participants by measures of functional and structural components of social connection 

 

Functional component 
measures Structural component measures Total 

Never able to 
confide in 

someone close 
Often feels 

lonely 

Friends and 
family visits 

less than 
monthly 

Does not 
engage in 

weekly group 
activities Lives alone  

N 66,638 83,915 37,580 137,801 84,472 458,146 

Female 27,285 (40.9%) 52,818 (62.9%) 15,775 (42.0%) 75,912 (55.1%) 49,409 (58.5%) 250,761 (54.7%) 

Age 57.3 (7.9) 55.5 (8.0) 55.4 (7.9) 56.0 (8.0) 57.8 (7.9) 56.5 (8.1) 

Ethnicity 

White 63,067 (94.6%) 78,476 (93.5%) 34,328 (91.3%) 131,333 (95.3%) 80,670 (95.5%) 437,462 (95.5%) 

Mixed 424 (0.6%) 653 (0.8%) 305 (0.8%) 890 (0.6%) 622 (0.7%) 2,646 (0.6%) 

Asian* 1,166 (1.7%) 1,866 (2.2%) 872 (2.3%) 2,412 (1.8%) 717 (0.8%) 6,931 (1.5%) 

Black† 1,181 (1.8%) 1,748 (2.1%) 1,198 (3.2%) 1,625 (1.2%) 1,615 (1.9%) 6,499 (1.4%) 

Chinese 233 (0.3%) 202 (0.2%) 248 (0.7%) 452 (0.3%) 161 (0.2%) 1,148 (0.3%) 

‘Other’  567 (0.9%) 970 (1.2%) 629 (1.7%) 1,089 (0.8%) 687 (0.8%) 3,460 (0.8%) 

Month of assessment 

January 4,831 (7.2%) 5,693 (6.8%) 2,600 (6.9%) 9,858 (7.2%) 5,834 (6.9%) 32,468 (7.1%) 

February 5,655 (8.5%) 6,880 (8.2%) 3,009 (8.0%) 11,285 (8.2%) 7,086 (8.4%) 37,992 (8.3%) 

March 6,638 (10.0%) 8,329 (9.9%) 3,657 (9.7%) 13,711 (9.9%) 8,520 (10.1%) 45,314 (9.9%) 

April 5,842 (8.8%) 7,305 (8.7%) 2,986 (7.9%) 11,843 (8.6%) 7,189 (8.5%) 39,690 (8.7%) 

May 6,792 (10.2%) 8,879 (10.6%) 3,826 (10.2%) 14,199 (10.3%) 8,886 (10.5%) 46,858 (10.2%) 

June 6,697 (10.0%) 8,752 (10.4%) 3,850 (10.2%) 14,259 (10.3%) 8,951 (10.6%) 46,677 (10.2%) 

July 5,661 (8.5%) 7,359 (8.8%) 3,329 (8.9%) 12,063 (8.8%) 7,230 (8.6%) 38,956 (8.5%) 

August 4,927 (7.4%) 6,373 (7.6%) 2,788 (7.4%) 10,592 (7.7%) 6,479 (7.7%) 34,372 (7.5%) 

September 4,601 (6.9%) 5,961 (7.1%) 2,666 (7.1%) 9,688 (7.0%) 5,826 (6.9%) 32,942 (7.2%) 

October 5,501 (8.3%) 7,016 (8.4%) 3,277 (8.7%) 11,378 (8.3%) 6,822 (8.1%) 38,783 (8.5%) 

November 5,576 (8.4%) 6,861 (8.2%) 3,294 (8.8%) 11,220 (8.1%) 6,976 (8.3%) 38,202 (8.3%) 

December 3,917 (5.9%) 4,507 (5.4%) 2,298 (6.1%) 7,705 (5.6%) 4,673 (5.5%) 25,892 (5.7%) 
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Winter assessment‡ 32,118 (48.2%) 39,286 (46.8%) 18,135 (48.3%) 65,157 (47.3%) 39,911 (47.2%) 218,651 (47.7%) 

Townsend index -0.99 (3.27) -0.63 (3.34) -0.77 (3.36) -1.14 (3.14) -0.03 (3.43) -1.39 (3.04) 

Current smoker 9,035 (13.6%) 12,673 (15.1%) 4,983 (13.3%) 18,510 (13.4%) 13,083 (15.5%) 47,234 (10.3%) 

High alcohol intake 6,747 (10.1%) 7,625 (9.1%) 3,900 (10.4%) 9,238 (6.7%) 8,400 (9.9%) 41,125 (9.0%) 

Low physical activity 15,755 (23.6%) 20,149 (24.0%) 8,778 (23.4%) 37,802 (27.4%) 16,946 (20.1%) 89,942 (19.6%) 

BMI, kg/m2 28.0 (4.96) 28.0 (5.39) 27.5 (5.05) 27.7 (5.09) 27.6 (5.20) 27.4 (4.78) 

Number of Long-term 
conditions 

1.32 (1.31) 1.51 (1.41) 1.24 (1.27) 1.28 (1.30) 1.40 (1.35) 1.20 (1.23) 

Figures given are N (column %) or mean (SD); *Asian or Asian British; †Black or Black British. ‡October-March; Higher Townsend index equates to higher levels of 
deprivation; High alcohol intake, > 35 (females) and > 50 (males) weekly units of alcohol; Low physical activity, <450 MET minutes per week; BMI, body mass index.
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5.5.2 Association with adverse health outcomes 

After a median follow-up of 12.6 years (IQR 11.9 – 13.3) there were 33,135 

(7.2%) deaths, of which 5,112 (1.1%) were CVD deaths.  

5.5.3 Functional component measures – independent 
associations 

Models of the association between the frequency of the ability to confide in 

someone close and outcomes showed that participants who reported never being 

able to confide were associated with higher all-cause and CVD mortality 

compared with the reference group of those who reported being able to confide 

daily: HR 1.07 (95% CI 1.03-1.10) and 1.17 (1.09-1.26), respectively (Table 5-4 & 

Figure 5-1). Indeed, for both outcomes, there were no substantial differences in 

effect sizes across all categories of frequency in ability to confide in someone 

close apart from never able to confide. Models of the association between often 

feeling lonely and outcomes showed that compared to those who reported not 

often feeling lonely, those often feeling lonely were also associated with higher 

all-cause and CVD mortality: HR 1.06 (1.03-1.09) and 1.08 (1.00-1.16) (Table 5-4 

& Figure 5-1). 
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Table 5-4: Models of association between functional component measures and all-cause 
and CVD mortality. 

Outcome Measure N Deaths (%) HR LCI UCI 

All-cause 
mortality 

Frequency of ability to confide in someone close 

Daily 246,851 16,588 (6.7%) 1 (ref) - - 

2-4 times a 
week 

44,267 2,787 (6.3%) 0.99 0.95 1.03 

Weekly 50,320 3,556 (7.1%) 1.00 0.96 1.04 

Monthly 24,403 1,766 (7.2%) 1.01 0.96 1.06 

Once every 
3 months 

25,667 1,893 (7.4%) 0.99 0.94 1.03 

Never 66,638 6,545 (9.8%) 1.07 1.03 1.10 

Often feels lonely 

No 374,231 26,182 (7.0%) 1 (ref) - - 

Yes 83,915 6,953 (8.3%) 1.06 1.03 1.09 

Functional isolation* 

No 329,312 21,831 (6.6%) 1 (ref) - - 

Yes 128,834 11,304 (8.8%) 1.08 1.06 1.11 

       

CVD 
mortality 

Frequency of ability to confide in someone close 

Daily 246,851 2,425 (1.0%) 1 (ref) - - 

2-4 times a 
week 

44,267 380 (0.9%) 0.96 0.86 1.07 

Weekly 50,320 504 (1.0%) 0.99 0.90 1.09 

Monthly 24,403 272 (1.1%) 1.06 0.93 1.20 

Once every 
3 months 

25,667 300 (1.2%) 1.05 0.93 1.18 

Never 66,638 1,231 (1.8%) 1.17 1.09 1.26 

Often feels lonely 

No 374,231 3,932 (1.1%) 1 (ref) - - 

Yes 83,915 1,180 (1.4%) 1.08 1.00 1.16 

Functional isolation* 

No 329,312 3,140 (1.0%) 1 (ref) - - 

Yes 128,834 1,972 (1.5%) 1.16 1.09 1.23 
Models adjusted for sex, ethnicity, Townsend, month of assessment, smoking, alcohol, physical 
activity, BMI, long-term condition count, frequency of friend and family visits, weekly group activity, 
living alone, and mutually for frequency of ability to confide in someone close and often feels 
lonely. *Functional isolation defined as never able to confide in someone close or often feels lonely 
for which models were adjusted as above but without adjusting for frequency of ability to confide in 
someone close or often feels lonely.  HR, hazard ratio; LCI, lower confidence interval; UCI, upper 
confidence interval.
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5.5.4 Functional component measures – combined associations 
and interactions  

Models examining combined associations (Table S4, Appendix 8) and interactions 

(Table S5, Appendix 8) between frequency of ability to confide and often feeling 

lonely for adverse health outcomes did not provide clear evidence for 

interaction on either multiplicative or additive scales. Based on the pattern of 

their independent and mutually adjusted associations across both outcomes 

(Table 5-4), we combined both measures into a new dichotomous functional 

isolation variable, with isolation coded as reporting either never able to confide, 

often feeling lonely, or both. Compared to those with no functional isolation 

(self-reporting able to confide at least every 3 months and not often lonely), 

participants with functional isolation were associated with higher all-cause and 

CVD mortality: HR 1.08 (1.06-1.11) and 1.16 (1.09-1.23) (Table 5-4 & Figure 5-1).
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Figure 5-1: Models of association between functional and structural component measures 
and all-cause mortality.  
Models were adjusted for sex, ethnicity, Townsend, month of assessment, smoking, alcohol, 
physical activity, BMI, long-term condition count, and mutually for each of the functional and 
structural component measures. Functional isolation defined as either never able to confide or 
often feeling lonely. Structural isolation defined as having <monthly friends and family visits or not 
engaging in weekly group activity or living alone. 

5.5.5 Structural component measures – independent associations 

Fully adjusted models of associations between the frequency of friends and 

family visits and all-cause mortality showed that participants who reported visits 

with friends and family less often than once a month were associated with 

substantially higher risk of all-cause mortality: HRs (95% CI) for once every 3 

months and never were 1.11 (1.05-1.17) and 1.39 (1.30-1.49), respectively 

(Table 5-5 & Figure 5-1). The same pattern was observed for CVD mortality but 

with stronger associations and wider confidence intervals (Table 5-5). Compared 

with those who reported engaging in weekly group activity, those who reported 

not engaging in weekly group activity had higher all-cause and CVD mortality: 

HRs (95% CIs) were 1.13 (1.11-1.16) and 1.10 (1.04-1.17), respectively (Table 5-5 
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& Figure 5-1). Equivalent estimates for those who reported living alone, 

compared with those who lived with at least one other, were 1.25 (1.22-1.29) 

and 1.48 (1.38-1.57) (Table 5-5 & Figure 5-1).
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Table 5-5: Models of association between social isolation measures and all-cause and CVD 
mortality. 

Outcome Measure N Deaths (%) HR LCI UCI 

All-cause 
mortality 

Frequency of friends and family visits 

Daily 53,581 4,548 (8.5%) 1 (ref)   

2-4 times a 
week 

141,881 10,491 (7.4%) 0.98 0.95 1.02 

Weekly 163,720 10,693 (6.5%) 0.98 0.95 1.02 

Monthly 61,384 4,021 (6.6%) 1.02 0.98 1.07 

Once every 3 
months 

30,026 2,327 (7.7%) 1.11 1.05 1.17 

Never 7,554 1,055 (14.0%) 1.39 1.30 1.49 

Engages in weekly group activity 

Yes 320,345 22,047 (6.9%) 1 (ref)   

No 137,801 11,088 (8.0%) 1.13 1.11 1.16 

Lives alone 

No 373,674 24,228 (6.5%) 1 (ref)   

Yes 84,472 8,907 (10.5%) 1.25 1.22 1.29 

Structural isolation* 

No 242,570 14,952 (6.2%) 1 (ref) - - 

Yes 215,576 18,183 (8.4%) 1.23 1.20 1.26 

       

CVD 
mortality 

Frequency of friends and family visits 

Daily 53,581 694 (1.3%) 1 (ref)   

2-4 times a 
week 

141,881 1,524 (1.1%) 0.95 0.86 1.04 

Weekly 163,720 1,614 (1.0%) 0.95 0.87 1.04 

Monthly 61,384 627 (1.0%) 0.99 0.89 1.11 

Once every 3 
months 

30,026 418 (1.4%) 1.16 1.03 1.32 

Never 7,554 235 (3.1%) 1.53 1.32 1.78 

Engages in weekly group activity 

No 320,345 3,367 (1.1%) 1 (ref)   

Yes 137,801 1,745 (1.3%) 1.10 1.04 1.17 

Lives alone 

No 373,674 3,547 (0.9%) 1 (ref)   

Yes 84,472 1,565 (1.9%) 1.48 1.38 1.57 

Structural isolation* 

No 242,570 2,139 (0.9%) 1 (ref) - - 

Yes 215,576 2,973 (1.4%) 1.35 1.28 1.43 
Models adjusted for sex, ethnicity, Townsend, month of assessment, smoking, alcohol, physical 
activity, BMI, long-term condition count, new dichotomous loneliness variable – never or almost 
never able to confide in someone close OR often feeling lonely, and mutually for frequency of 
friend and family visits, weekly group activity, and living alone. *Structural isolation defined as 
friends and family visits <monthly or no weekly group activity or living alone for which models were 
adjusted as above but without adjusting for frequency of friends and family visits, weekly group 
activity, or living alone. HR, hazard ratio; LCI, lower confidence interval; UCI, upper confidence 
interval.
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5.5.6 Structural component measures – combined associations 
and interactions 

5.5.6.1 Frequency of friends and family visits and weekly group activity 

Models of combined associations between frequency of friends and family visits 

and weekly group activity (reference group of daily friends and family visits and 

engaging in weekly group activity) showed higher all-cause mortality associated 

with never having friends and family visits irrespective of whether participants 

reported engaging in weekly group activity (HR 1.50 [1.37-1.64]) or not (HR 1.49 

[1.36-1.65]) (Figure 5-2 & Table S6, Appendix 8). A similar pattern was present 

for CVD mortality (Figure 5-2 & Table S6, Appendix 8). There was a lack of 

evidence for an interaction between the two exposures of friend and family visit 

frequency (≥monthly versus <monthly) and weekly group activity for both all-

cause and CVD mortality (Table S7, Appendix 8).  
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Figure 5-2: Models of combined associations between frequency of friends and family visits, 
weekly group activity or living alone, and all-cause (ACM) or CVD mortality (CVDM).  
Models of combined associations between frequency of friends and family visits, weekly group 
activity or living alone, and all-cause (ACM) or CVD mortality (CVDM). Models adjusted for sex, 
ethnicity, Townsend index, month of assessment, smoking, alcohol intake, physical activity level, 
body mass index, long-term condition count, and mutually for weekly group activity, living alone, 
and functional isolation. 

5.5.6.2 Frequency of friends and family visits and living alone 

Combined associations between frequency of friends and family visits and living 

alone (reference group of daily friends and family visits and not living alone) 

showed those who reported living alone had markedly stronger associations with 

each of the adverse health outcomes at every level of friend and family visit 

frequency (Figure 5-2 & Table S8, Appendix 8). For example, compared with 

daily friends and family visits and not living alone, all-cause mortality HRs for 

those who reported never having friends and family visits were 1.33 (1.22-1.46) 

in those not living alone and 1.77 (1.61-1.95) in those living alone. Tests for 

interaction provided some evidence for a multiplicative interaction between 
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friend and family visit frequency and living alone for all-cause (HR 1.11 [1.03-

1.20]) but less so for CVD mortality (HR 1.07 [0.90-1.27]) (Table S9, Appendix 8). 

However, tests were suggestive of an additive interaction for CVD mortality 

(RERI 0.27 [-0.01, 0.57]; AP 0.13 [-0.02, 0.25]; SI 1.35 [0.99, 1.86]). This was 

consistent with the markedly higher HRs for CVD mortality in those never having 

friends and family visits who also lived alone (HR 2.23 [1.82-2.73]) compared 

with those never having friends and family visits but not living alone (HR 1.49 

[1.21-1.84]) (Table S8, Appendix 8). In view of the evidence for interaction, 

stratified models were performed. Examining participants who reported not 

living alone and living alone separately, showed that the relative association 

with all-cause mortality of never having friends and family visits, compared to 

daily visits, was very similar in those living alone HR (1.40 [1.26-1.55]) as when 

the same comparison was made in those not living alone (HRs 1.36 [1.24-1.50]) 

(Table S10, Appendix 8). The same pattern was seen for CVD mortality (Table 

S10, Appendix 8). This is consistent with a stronger independent association with 

adverse health outcomes for never having friends and family visits compared 

with living alone (Table 5-5 & Figure 5-1).  

5.5.6.3 Weekly group activity and living alone 

Combined associations between weekly group activity and living alone 

(reference group of [yes] engaging in weekly group activity and not living alone) 

showed those who reported living alone had markedly stronger associations with 

each of the adverse health outcomes whether they engaged in weekly group 

activity or not (Table S11, Appendix 8). For example, compared with those who 

reported engaging in weekly group activity and not living alone, all-cause 

mortality HRs for those who reported no weekly group activity were 1.11 (1.08-

1.14) in those not living alone and 1.46 (1.40-1.52) in those living alone. Tests 

for interaction provided some evidence for a multiplicative interaction between 

weekly group activity and living alone for all-cause (HR 1.07 [1.02-1.13]) but less 

so for CVD mortality (HR 1.05 [0.93-1.19]) (Table S12, Appendix 8). However, 

tests were more suggestive of an additive interaction for CVD mortality (RERI 

0.12 [-0.06, 0.30]; AP 0.07 [-0.04, 0.17]; SI 1.23 [0.90, 1.67]). Models stratified 

by living alone showed that, compared with those who reported engaging weekly 
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group activity, the association with all-cause mortality for those not engaging in 

weekly group activity was higher among those living alone (HR 1.19 [1.14-1.25]) 

than when the same comparison was made among those not living alone (HRs 

1.11 [1.08-1.14]) (Table S13, Appendix 8). The same pattern was seen for CVD 

mortality (Table S13, Appendix 8).  

5.5.6.4 Frequency of friends and family visits, weekly group activity, and 
living alone combined 

Based on the pattern of their independent associations with both adverse health 

outcomes, we combined all three structural component measures into an overall 

dichotomous structural isolation variable, with isolation coded as <monthly 

friends or family visits, or not engaging in weekly group activity, or living alone. 

Compared to those without, participants with structural isolation were 

associated with higher all-cause and CVD mortality: HR 1.23 (1.20-1.26) and 1.35 

(1.28-1.43) (Table 5-5 & Figure 5-1). 

5.5.7 Functional and structural component measures – combined 
associations and interactions  

5.5.7.1 Frequency of ability confide, often feeling lonely, and structural 
isolation  

Examining combined associations between the two functional component 

measures, structural isolation, and all-cause mortality showed that, when 

structural isolation was present, reporting never being able to confide was 

associated with similarly higher all-cause mortality regardless of often feeling 

lonely (HR 1.41 [1.34-1.49]) or not (HR 1.38 [1.32-1.44]) (Figure 5-3 & Table S14, 

Appendix 8). However, when structural isolation was absent, there was a greater 

difference in all-cause mortality associated with reporting never able to confide 

between those reporting often feeling lonely (HR 1.16 [1.07-1.26]) versus those 

reporting not often lonely (HR 1.07 [1.02-1.12]). A similar pattern was present 

for CVD mortality but with stronger associations and wider confidence intervals 

(Fig. S2 & Table S14, Appendix 8).  
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Figure 5-3: Models of combined associations between frequency of ability to confide in 
someone close, often feeling lonely, structural isolation, and all-cause mortality. 

 

5.5.7.2 Frequency of friends and family visits, weekly group activity, living 
alone, and functional isolation 

Joint associations between all three structural component measures and 

functional isolation showed that, compared to the reference group of those who 

reported daily friends and family visits, weekly group activity, not living alone, 

and without functional isolation, generally, there was a dose-response 

relationship where the addition of any of the three structural component 

measures or the addition of functional isolation was associated with higher all-

cause mortality (Figure 5-4 & Table S15, Appendix 8). The highest all-cause 

mortality was observed in those who reported never having friends and family 

visits, not engaging weekly group activity, and living alone, but without 

functional isolation (HR 2.34 [1.65-3.30]). However, at this maximal level of 

structural isolation there were relatively few participants without functional 
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isolation (n=170) leading to wide confidence intervals in this group and complete 

overlap with the estimate for otherwise equivalent participants but who did 

report functional isolation (HR 1.99 [1.71-2.31]). Similarly, there were 

comparable estimates with wide and almost completely overlapping confidence 

intervals for those who reported never having friends or family visits and living 

alone, but who also reported engaging in weekly group activity, either with 

functional isolation (HR 1.98 [1.72-2.27]) or without functional isolation (HR 2.21 

[1.68-2.90]). A similar pattern was present when CVD mortality was modelled as 

the outcome but with wider confidence intervals making interpretations more 

challenging (Fig. S3 & Table S15, Appendix 8). Overall, this is consistent with the 

larger independent effects of never having friends and family visits and living 

alone compared with weekly group activity or functional isolation (Figure 5-1).  

 

Figure 5-4: Models of combined associations between frequency of friends and family visits, 
weekly group activity, living alone, functional isolation, and all-cause mortality. 
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Further, in all categories of each of weekly group activity (yes/no), living alone 

(yes/no), and functional isolation (yes/no), there was incrementally lower all-

cause mortality associated with increasing frequency in friends and family visits 

up to a level of monthly with further increases in frequency in friends and family 

visits being associated with similar levels of all-cause and CVD mortality (Figure 

5-4 & Table S15, Appendix 8). This is consistent with the independent effect of 

frequency of friends and family visits (Table 5-5) where visit frequencies less 

than monthly were associated with adverse health outcomes. This suggests there 

may be a threshold effect for this type of social contact above or below which 

the health benefits may be felt or not.  

In those not living alone and with no functional isolation, not engaging in weekly 

group activity was associated with higher all-cause mortality compared to 

engaging in weekly group activity at each level of friends and family visit 

frequency apart from those who reported never having friends and family visits 

where the mortality was similar (Figure 5-4). The same was true in those not 

living alone but with functional isolation and the pattern was more striking still 

in those reporting living alone.  

5.5.7.3 Functional and structural isolation 

Combined associations of functional and structural components overall showed, 

compared to those with neither functional nor structural isolation, there was 

higher all-cause mortality associated with structural isolation alone (HR 1.21 

[1.17-1.24]) than with functional isolation alone (HR 1.11 [1.06-1.15) (Figure 5-5 

& Table S16, Appendix 8). However, participants with both components of 

isolation were associated with the highest all-cause mortality (HR 1.36 [1.32-

.1.40]). Consistent with this were results from tests for interaction which 

suggested an additive interaction: RERI 0.05 [-0.01, 0.10]; AP 0.03 [-0.01, 0.07]; 

SI 1.15 [0.97, 1.37] (Table S17, Appendix 8). The pattern was accentuated for 

CVD mortality and there was evidence of an additive interaction (Figure 5-5 & 

Tables S16 and S17, Appendix 8).  
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Figure 5-5: Models of combined associations between categories of functional and 
structural isolation and adverse health outcomes. 

 

5.5.8 Sensitivity analyses 

Similar results were seen across all sensitivity analyses where we excluded those 

with prior CVD or cancer or who died within 2 years of recruitment, albeit often 

with stronger associations and wider confidence intervals (Tables S18-S35, 

Appendix 9).  
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5.6 Discussion 

5.6.1 Principal findings 

This study shows that two measures of the functional component and three 

measures of the structural component of social connection were independently 

associated with all-cause and CVD mortality.  

A combination of both measures of the functional component was also 

associated with adverse health outcomes. Previous studies using these measures 

to define ‘loneliness’ in UK Biobank may have underestimated this component of 

social connection as loneliness was only defined when both criteria were met.221-

223 

The association between never being able to confide in someone close and both 

adverse health outcomes appeared to be stronger when structural isolation was 

present irrespective of a subjective feeling of loneliness. When structural 

isolation was absent, the effect of never being able to confide appeared to be 

stronger among those who felt lonely. This highlights the complexity present in 

social connection but also why it may be important to consider different 

measures when exploring combined effects of functional and structural 

components of social connection on health outcomes.  

Friends and family visit frequency of less than monthly was associated with 

higher all-cause and CVD mortality suggestive of a potential threshold effect, 

where visits up to a level of once a month could be required to maximise the 

benefits associated with these contacts. Further, never having friends and family 

visits was associated with highest all-cause and CVD mortality of any of the 

measures examined but associations were markedly lower for those reporting 

visits once every 3 months. If causal, this could suggest large health benefits 

may be associated with small changes in certain measures of social connection in 

those with a complete lack of that type of connection. Replicating this finding in 

other datasets and or identifying which measures of social connection would be 

most beneficial to target and the level of change which would maximise benefit 

could be extremely valuable.    
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The independent association between living alone and both all-cause and CVD 

mortality and the interactions with frequency of friends and family visits and 

with weekly group activity seen here suggests there may be high risks for living 

alone and even higher risks for living alone with additional levels of structural 

isolation (e.g., infrequent friends and family contacts or not engaging in regular 

group activity). Whilst it may be difficult or undesirable to change some 

individuals’ living circumstances, our results suggest further investigation into 

whether identifying those who live alone (e.g., by front-line clinicians) could be 

warranted.345,346  

When three structural component measures were examined in combination with 

functional isolation, the risks were similarly higher for all those with no friends 

or family contacts who also lived alone regardless of the presence of functional 

isolation or whether participants engaged in group activity. This result suggests 

there may be a hierarchy of components of social connection for those who 

experience numerous types of social disconnection. For example, our study 

showed the lower risk of mortality associated with regular group activity 

appeared to be masked by a lack of friends and family visits and living alone. 

Exploring this concept in other datasets could highlight targets for intervention 

for the most isolated in society.    

Overall combined associations of functional and structural isolation showed that 

those defined as isolated by both components had the strongest associations 

with adverse health outcomes and there was evidence for an additive interaction 

for CVD mortality. Thus, further highlighting the potential importance of 

considering both components together. 

5.6.2 Strengths and weaknesses  

This study shows the added value of examining the adverse health outcomes 

associated with different individual measures of functional and structural 

components of social connection and their joint associations and interactions. A 

major strength of this study includes the large sample size of UK Biobank, which 

allowed us to examine the combination of different measures and components of 

social connection whilst adjusting for numerous potential confounders. The large 
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sample size also allowed us to conduct sensitivity analyses and show that our 

findings are less likely to be due to reverse causality.  

There are some important limitations to our study. UK Biobank has a response 

rate of 5.5% and is not representative of the UK general population, which 

means there are risks of collider or selection bias.247 However, while prevalence 

estimates may be inaccurate, strengths of association are likely to be more 

generalisable.33 There remains a possibility of unmeasured confounding despite 

adjusting for numerous potential confounders. We have performed numerous 

analyses in this study which raises the issue of multiple testing. As a result, we 

only draw general conclusions where patterns of results (or differences in 

subgroups) are consistent across analyses of both outcomes and sensitivity 

analyses. The measures of social connection examined are self-reported which 

means our results could be affected by misclassification bias, leading to under or 

overestimates depending on the presence of random or systematic 

misclassification.216 The measures used here are also relatively crude and binary 

variables fail to capture severity or dose response relationships. There are 

numerous alternative measures of functional and structural components of social 

connection not examined in this study which may be of equal or greater 

importance.90 Indeed, relationship quality (e.g., marital strain) is another key 

component of social connection also associated with mortality.347-349 UK Biobank, 

and therefore this analysis, lacks data that assesses relationship quality for the 

whole cohort. However, our study shows that separate measures of different 

components of social connection can interact, and further research could 

examine additional and more complex measures in similar detail.  

5.6.3 Comparison with wider literature 

Previous UK Biobank analyses examining both functional and structural 

components of social connection have used the same measures as in our analysis 

but have coded the item responses into scales of loneliness and social isolation, 

respectively.221-223 For example, Elovainio et al. (2017) examined the association 

between loneliness and social isolation and mortality using the same measures as 

in our analysis to create social isolation and loneliness scores but they did not 

examine the association between each measure that comprised the score 

(frequency of friends and family visits) and for the ordinal variables (frequency 
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of ability to confide and frequency of friends and family visits) they did not 

estimate the level at which these measure were associated with outcomes. 

Further, their study did not examine for interactions between measures or 

between loneliness and social isolation. Our findings highlight the value of 

examining separate measures of functional and structural components of social 

connection.  

Previous studies have examined the interaction between functional and 

structural components of social connection, but their results are mixed and are 

based on different multi-item scales or indices of each component making 

comparisons difficult. Some studies found no interaction between the two 

components,222,334,350,351 while one found a positive interaction (where higher 

functional isolation strengthens the association between structural isolation and 

mortality and vice versa)352 and another found a negative interaction (where 

higher functional isolation weakens the association between structural isolation 

and mortality and vice versa).353 However, none of these studies examined 

additive interactions and none examined the associations or interaction between 

the separate measures that make up the multi-item scales or indices. Our study 

shows how examining the underlying associations of separate measures that 

make up each component may be warranted prior to defining isolation for each 

component. In our study there was evidence of an additive interaction between 

functional and structural components for CVD mortality and suggestive of the 

same for all-cause mortality. Overall, our findings highlight why considering both 

components together may be important, particularly when developing methods 

for identifying high-risk target populations for intervention.  

Our findings differ from those of a meta-analysis of prospective studies 

examining the association between objective social isolation (e.g., infrequent 

social contacts), living alone, subjective loneliness and all-cause mortality.317 In 

that study, average effects sizes were similar for social isolation, loneliness, and 

living alone (29%, 26%, and 32% increased likelihood of mortality, respectively). 

In contrast, we found greater effect sizes for those with the least frequent 

friends and family visits and for those who live alone compared with the effects 

sizes for not engaging in weekly group activity or those who felt lonely. The 

importance of having some friends and family visits highlighted here suggests 
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that these contacts could represent a more valuable type of social connection 

than others (e.g., social contact at a weekly group). For example, these contacts 

could reflect high quality social connections and, therefore, a lack of which 

would be strongly associated with adverse health outcomes. Additionally, these 

types of contacts may provide more practical support or be more likely to 

identify subtle deteriorations in the health and wellbeing of an individual. This is 

consistent with the smaller effect sizes for weekly group activity in our study, 

which featured in studies in the meta-analysis but often as part of multi-item 

measures of structural isolation where its individual impact was not assessed. 

The relatively lower effect size for functional isolation seen here compared with 

the equivalent results for loneliness from the meta-analysis, could be explained 

by a less stringent measure of functional isolation used here albeit with our 

measure being based on the associations between the individual constituent 

measures and adverse health outcomes. 

Previous work has highlighted a lack of evidence for a threshold effect of 

measures of social connection, where risk becomes more pronounced at a 

certain level of isolation.317 However, our study suggests that a threshold effect 

may exist as mortality associated with friends and family visits frequency was 

only higher at ‘about once a month’ and less often. Although this result may be 

due to the categories available (the response items in the original questionnaire) 

and there may indeed be a continuum of risk.  

The association with mortality was observed to be stronger for structural than 

functional isolation. There are various reasons why this may be the case. For 

example, the measures of the functional component of social connection 

examined in this thesis were single item measures. Whereas the most common 

measure in the epidemiological literature for loneliness is the R-UCLA, which has 

20 items.219 If multicomponent measures are required to accurately measure 

subjective feelings of loneliness, then the strength of association between single 

item measures of loneliness and mortality outcomes may produce 

underestimates. This in turn may be due to the ‘messier’ and less tangible 

nature of the subjective functional components of social connection compared 

with more objective structural components. For example, there could be greater 

variation in the interpretation of ‘do you often feel lonely’ compared with ‘how 
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often do friends and family visit you’, which could bias associations between 

single item measures of the functional component of social connection and 

mortality towards the null more than equivalent associations for single item 

measures of the structural component of social connection.  

Another potential reason for stronger mortality associations for structural 

components is that structural components may be more strongly associated with 

factors that are ‘higher upstream’ and are more closely linked to wider 

socioeconomic factors that also influence the risk of adverse health outcomes. 

For example, having frequent friends and family visits may be confounded by 

socioeconomic factors (e.g., having frequent visits from or frequently visiting 

friends and family may require time and resources) more than frequent feelings 

of loneliness which may be more influenced by individual-level ‘downstream’ 

factors. Therefore, estimates of the observed association between structural 

components and mortality in this analysis may be overestimates. 

5.6.4 Future research 

There is no standard measure for social connection. However, the independent 

risks of living alone, and the interactions with both friends and family visits and 

weekly group activity, seen here suggests that further work is warranted in 

ascertaining whether living alone could represent a single and simple measure 

that could be standardised and included in studies examining social 

connection.354 Our findings suggest that the benefits of group activity could be 

masked by an overriding negative effect of never having friends or family 

contacts. Further examination into the ways in which components of social 

connection interact could inform how intervention targets might be prioritised, 

particularly for those who are most isolated. Finally, more work is required to 

understand the role of potential mediators (e.g., mental health problems or 

health behaviours) to further elucidate the mechanistic pathways by which 

social disconnection might cause adverse health outcomes and inform future 

interventions.   
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5.7 Conclusions 

This study of UK Biobank is the first to examine two measures of the functional 

component and three measures of the structural component of social connection 

both independently and in combination. Our findings suggest that advice, 

interventions, and policy may need to be tailored to address different aspects of 

social connection and target highest risk groups. Specifically, we show that 

separate measures of different components of social connection may contribute 

different levels of risk of adverse health outcomes. And the combined 

associations and interactions of the measures examined here suggest that those 

who live alone with additional concurrent markers of structural isolation may 

represent a population who could benefit from targeted support. 
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6 Sociodemographic effects on the association 
between a weighted lifestyle score and mortality 
in the UK Biobank cohort. 

6.1 Chapter summary 

This chapter provides analyses for the development of a weighted lifestyle score 

using 11 lifestyle factors and to examine the effects of deprivation, sex, 

ethnicity, and age on the association between the weighted score and all-cause 

and CVD mortality. This chapter addresses research objectives 3) a-c), which 

were: 

a) to examine the strength of associations between a wide range of individual 

lifestyle factors (including measures of social connection) and adverse health 

outcomes 

b) use the magnitude of effect sizes for numerous lifestyle factors to create a 

weighted lifestyle score 

c) examine the effect of socioeconomic deprivation on the association between 

the weighted lifestyle score and adverse health outcomes. 

The text and figures are presented as submitted to BMC Public Health on 29th 

March 2024 (under peer review at the time of writing). Associated 

Supplementary material 1 and 2 are given here in Appendix 10 and Appendix 11, 

respectively. Before the manuscript is presented, there follows a brief 

description explaining how analyses in Chapter 5 informed the work in this 

chapter.  

The social connection analyses showed that each of the available measures of 

social connection in UK Biobank could be included. However, with the focus on 

producing a lifestyle score that could be used to support individuals enact 

healthy lifestyle change it was decided to focus on those measures of social 

connection that could be more amenable to individual-level action. For 

example, it is less clear how living alone or having reduced frequency of ability 

to confide in someone close could be considered lifestyle factors that are 
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amenable to healthy change via individual-level action. Whereas it is easier to 

envisage how increasing the frequency of friends and family visits or weekly 

group activity could be more readily modified by individuals either alone or via 

community-level interventions. Further, although important for health and inter-

related with lifestyle factors, living alone, having reduced frequency of ability to 

confide in someone close, and feeling lonely do not fit the definition of lifestyle 

factors used in this thesis. Therefore, frequency of friends and family visits and 

engaging in weekly group activity, two structural components of social 

connection, were included in this Chapter and the set of quantitative analyses 

that address RQ3. Also based on the preceding social connection analysis, friends 

and family visits less frequent than monthly was classified as unhealthy. This 

permitted these two measures of social connection to be combined into a 

dichotomous social participation lifestyle factor variable (as per the other 

lifestyle factors which were also dichotomised) where a low (‘unhealthy’) level 

of social participation was defined as either having friends and family visits less 

often than monthly or not engaging in weekly group activity. 
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6.2 Abstract 

Background: Unhealthy lifestyles are associated with disproportionate mortality 

among deprived populations. We aimed to create a weighted lifestyle score and 

examine the effects of sociodemographic variables on the association between 

the score and mortality.  

Methods: Prospective analysis of 462,235 UK Biobank participants aged 37-73 

years. A weighted lifestyle score was developed using 11 lifestyle factors (LFs): 

smoking/alcohol/physical-activity/TV-time/intake of red-meat/processed-

meat/salt/oily-fish/fruit and vegetables/sleep/social participation. Cox models 

of associations between individual LFs and all-cause mortality determined score 

weightings. Weightings were combined into a score to explore effects of 

deprivation/sex/ethnicity/age on the association between weighted score and 

all-cause/CVD mortality.  

Results: Over 12.0 years median follow up, 30,687 (6.6%) participants died 

including 4,632 (1.0%) CVD deaths. Each LF was independently associated with 

all-cause/CVD mortality. Weighted score (maximum 30 points indicating 

unhealthy) comprised 14 points for smoking, one each for unhealthy oily fish/red 

meat/processed meat/salt intake, and two each for remaining LFs. There was a 

dose-response association between all-cause/CVD mortality and increasing 

weighted score, with stronger associations both among more deprived and male 

participants. Compared with least deprived in the lowest score category, all-

cause mortality HRs (95%CIs) for those with highest scores were 2.67 (2.43, 2.92) 

and 4.71 (4.43, 5.01) among the least and most deprived, respectively. 

Equivalent HRs but with women in the lowest score category as reference, were 

3.07 (2.88, 3.26) for women and 4.66 (4.44, 4.89) for men. 

Conclusions: An extended weighted lifestyle score has strong associations with 

mortality, particularly among deprived and male participants, and could convey 

personalised risk and inform policy.  

Funding: HF and his supervisors (CO'D, FM, JG, DL) were supported by Medical 

Research Council Clinical Research Training Fellowship (grant number 

MR/T001585/1), and the funder played no role at any stage in this study 
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including the decision to publish. Remaining co-authors received no specific 

funding for this work. 

Keywords: Epidemiology, Lifestyle, Health behaviours, Health inequalities, 

Social medicine
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6.3 Introduction 

Lifestyle factors (LFs) such as smoking or alcohol intake are among the leading 

risk factors for death.1 LFs have greater impact on socioeconomically deprived 

populations, both via clustering and having disproportionately strong associations 

with mortality.15,355 LFs combined into scores can guide and support individuals 

make healthy behaviour change and delay adverse health.72,356 However, various 

barriers prevent widespread use and reduce the effectiveness of lifestyle scores 

among deprived populations where need for lifestyle support is greatest.357 

Scores often require anthropometric (e.g., weight) or physiological (e.g., blood 

pressure) measurements, requiring time and resources. Secondly, scores 

generally assign similar weightings to different LFs despite varying magnitudes of 

effect on risk. For example, in the American Hearts Association’s (AHA) Life’s 

Essential 8, smoking has the same weighting as physical inactivity.356 Finally, 

scores fail to account for additional risk associated with deprivation, itself a risk 

factor inter-related with LFs.24 Developing a simple lifestyle score that omits 

physiological measurements, is weighted for the relative effects of different LFs, 

and accounts for deprivation could provide a new tool for prioritising LFs for 

intervention.  

We previously created a lifestyle score (based on smoking, physical activity, 

short/long sleep duration, television viewing time, and intake of alcohol, fruit 

and vegetables, oily fish, red or processed meats) and showed that associations 

between an unhealthy score and mortality were stronger in more deprived 

groups.24 However, this score assumed the same level of risk associated with 

each LF. Further, there may be demographic variations in risk associated with 

lifestyle scores as there are sex and ethnic differences in metabolic factor-

associated mortality and also higher mortality in older ages with some LFs.358-360 

However, less is known about demographic variation in the mortality associated 

with combinations of ‘behavioural’ LFs. Identification of high risk groups could 

influence policy and interventions designed to address combinations of LFs.302  

This study aims to: 1) create a simple weighted lifestyle score reflecting the 

relative associations between a wide range of LFs and mortality, 2) examine 

whether and how deprivation affects the association between the weighted 
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score and mortality, and 3) examine whether sex, ethnicity, and age affect the 

association between the weighted score and mortality.  

6.4 Methods 

6.4.1 Study design, data, and participants 

We prospectively analysed data from UK Biobank, which recruited 502,459 UK 

adults between 2006–2010.246 Participants completed questionnaires and nurse-

led interviews at recruitment (see https://biobank.ndph.ox.ac.uk/ukb/).213  

6.4.2 Outcomes 

The outcomes were all-cause and cardiovascular (CVD) mortality. Details of 

deaths were provided by linkage to National Health Service (NHS) Information 

Centre (England and Wales) and the NHS Central Register (Scotland). Analyses 

were censored at the latest date available (Feb 28, 2021) or date of death, if 

earlier. Primary causes of death with International Classification of Diseases 

(10th Revision) codes I05–I99, Z86.7, G45, and G46 were classed as CVD 

deaths.361 

6.4.3 Exposures 

Participants self-reported a range of LFs. Based on previous work, 11 LFs were 

included: smoking, alcohol, physical activity, television (TV) time, sleep 

duration, social participation level, and intake of red meat, processed meat, salt 

added to food, oily-fish, and fruit and vegetables (Table S1, Appendix 10).24 Salt 

added to food and social participation were included to extend the range of LFs 

in a future clinical risk score.362,363 Social participation components considered 

modifiable on an individual-level (friends/family visits and group activity) were 

included.361 Each LF was dichotomised and coded as unhealthy/healthy as 

determined by available guidelines or latest evidence (Table S1, Appendix 10).  

6.4.4 Covariate data 

Socioeconomic deprivation was measured by Townsend index, calculated by UK 

Biobank using 2001 census data and residential postcode (higher scores indicate 

higher relative deprivation).341 Townsend index was analysed as a continuous 

https://www.ukbiobank.ac.uk/
https://biobank.ndph.ox.ac.uk/ukb/
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variable unless otherwise stated. Other potential confounding variables included 

were sex (female, male), ethnicity (White, mixed, Asian/Asian British, 

Black/Black British, Chinese, Other), ‘cholesterol lowering’ or ‘blood pressure’ 

medication (‘CVD medication’; yes, no), and long-term condition (LTC) count 

based on a list of 43 conditions.339 Self-reported LFs may vary by season and so 

date of assessment was included as winter/summer (Oct–Mar/Apr–Sep) months. 

Systolic blood pressure (mmHg) and body mass index (BMI, kg/m2) were analysed 

as continuous variables.  

6.4.5 Statistical analysis 

We excluded participants without full data. For main analyses, we used Cox 

proportional hazard models to examine associations between exposures and 

outcomes. We used age as the timescale because risk of death increases with 

age. Follow-up time was calculated as the difference in age (in days) between 

assessment and the earlier date of censoring or death.  

To create a weighted lifestyle score, we examined associations between each LF 

and all-cause mortality, adjusting for sex, ethnicity, deprivation, month of 

assessment, blood pressure, BMI, CVD medication, LTC count, and mutually for 

remaining LFs. The strength of these associations, based on hazard ratios (HRs), 

determined the weighting for each LF. In view of future clinical utility, we 

aimed to select a scale of weighting that resulted in a relatively simple score. 

Therefore, weightings were rounded to the nearest whole integer, so each LF 

associated with all-cause mortality contributed a whole integer value. We 

trialled various formulae (e.g., [HR-1]*10, [HR-1]*11…etc.) until the sum of all 

weightings provided a small total rounded to the nearest 10. The final formula 

for the weighting scale was (HR-1)*13, which resulted in a score range 0–30. Each 

participants’ weighted score was calculated as the sum of their weighted LFs. 

We then examined the association between the weighted score and both 

outcomes, modelling the score as a continuous variable. To examine 

sociodemographic effects on the association between weighted score and 

outcomes and maintain power, we categorised the weighted score into very low 

(<5), low (5-9), moderate (10-14), high (15-19), and very high (>19) score 

categories. We then modelled the associations between score category and 

outcomes. 
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To explore potential deprivation effects, we examined interactions on both 

multiplicative and additive scales by estimating the relative excess risk for 

interaction (RERI), attributable portion (AP), and synergy index (SI) with 

estimates expressed as HRs and 95% confidence intervals (95% CI).344 Estimating 

RERI, AP, and SI requires two dichotomous exposures. Therefore, the weighted 

score was dichotomised using score categories low and very low (≤9)/moderate, 

high, and very high (≥10). A representative Towsend index median (UK 2001 

census) was used to dichotomise deprivation (≤/> -0.83).364 Models were 

adjusted as before but with deprivation removed. To explore effect 

modification, we then examined the combined association between weighted 

score category, deprivation quartile (as per UK 2001 census), and outcomes.364 

To further explore deprivation effects, we examined the association between 

weighted score category and outcomes stratified by deprivation quartile.344 

To explore the effect of sex, models were adjusted for ethnicity, deprivation, 

month of assessment, blood pressure, BMI, CVD medication, and LTC count and 

used to examine: 1) interactions between sex and weighted score (≤9/≥10), 2) 

combined associations between weighted score category, sex, and outcomes, 

and 3) associations between weighted score category and outcomes stratified by 

sex. 

For ethnicity effects, models were adjusted for sex, deprivation, month of 

assessment, blood pressure, BMI, CVD medication, and LTC count and used to 

examine: 1) combined associations between weighted score category, ethnicity, 

and outcomes and 2) associations between weighted score category and 

outcomes stratified by ethnicity. Interaction estimates were not calculated 

because the requisite dichotomous variable would involve combining all non-

White groups, which is clearly too heterogenous.   

We were unable to examine the effect of age in the same way because including 

age in models where age is the timescale leads to overadjustment.365 Therefore, 

we used a ‘time-on-study’ timescale and adjusted for sex, ethnicity, 

deprivation, month of assessment, blood pressure, BMI, CVD medication, and 

LTC count to examine: 1) interactions between age (≤55/>55 years) and 

weighted score (≤9/≥10), 2) combined associations between weighted score 

category, age category (≤45, >45 to ≤55, >55 to ≤65, >65 years), and outcomes, 
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and 3) associations between weighted score category and outcomes stratified by 

age. 

6.4.6 Sensitivity 

To examine the effect of using CVD mortality to create the weighted score, we 

repeated CVD mortality analyses after creating an alternative weighted score by 

using associations between individual LFs and CVD-mortality. To reduce the 

chance of reverse causality being the explanation for findings (i.e., poor health 

leading to unhealthy LFs and mortality), we repeated main analyses after 

excluding those with self-reported CVD (diabetes, coronary heart disease, atrial 

fibrillation, chronic heart failure, chronic kidney disease, hypertension, 

stroke/transient ischaemic attack, or peripheral vascular disease) or cancer and 

those who died within two years of recruitment. 

6.5 Results 

6.5.1 Descriptive statistics  

Of 502,459 participants, 40,224 (8.0%) had data missing for at least one 

covariate and were more likely to be male, of minority ethnic backgrounds, 

more deprived, assessed during summer months, have higher BMI, take CVD 

medication, have more LTCs, and report smoking and unhealthy levels of 

physical activity, TV time, sleep, red meat intake, and added salt (Figure S1 & 

Table S2, Appendix 10).  

Of 462,235 participants with complete data, 179,307 (38.8%), 125,150 (27.1%), 

90,135 (19.5%), 67,643 (14.6%) participants were in deprivation quartiles 1 (least 

deprived) to 4 (most deprived), respectively (Table 6-1). Similar percentages of 

participants across deprivation quartiles were women and had similar month of 

assessment and mean blood pressure. However, those from more deprived 

quartiles were more likely to be younger, from minority ethnic groups, have 

higher BMI, take CVD medication, have more LTCs, and report unhealthy LFs.  

After a median 12.0 years (11.3–12.0 inter-quartile range) follow-up there were 

30,687 (6.6%) deaths, of which 4,632 (1.0%) were CVD deaths. 
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Table 6-1: Characteristics of participants by deprivation quartile 

 Deprivation quintile Total 

 1 (least 
deprived
) 

2 3 4 (most 
deprived
) 

N (row%) 179,307 
(38.8%) 

125,150 
(27.1%) 

90,135 
(19.5%) 

67,643 
(14.6%) 

462,235 
(100) 

Female 97,419 
(54.3%) 

69,205 
(55.3%) 

49,974 
(55.4%) 

36,078 
(53.3%) 

252,676 
(54.7%) 

Mean age (SD) 57.1 
(7.86) 

56.7 
(8.04) 

55.9 
(8.23) 

55.2 
(8.35) 

56.5 
(8.08) 

Ethnicity      

White 175,769 
(98.0%) 

121,190 
(96.8%) 

84,135 
(93.3%) 

59,509 
(88.0%) 

440,603 
(95.3%) 

Mixed 558 
(0.3%) 

575 
(0.5%) 

652 
(0.7%) 

854 
(1.3%) 

2639 
(0.6%) 

Asian/Asian British 1497 
(0.8%) 

1669 
(1.3%) 

2497 
(2.8%) 

2051 
(3.0%) 

7714 
(1.7%) 

Black/Black 
British 

460 
(0.3%) 

825 
(0.7%) 

1584 
(1.8%) 

3465 
(5.1%) 

6334 
(1.4%) 

Chinese 399 
(0.2%) 

318 
(0.3%) 

348 
(0.4%) 

270 
(0.4%) 

1335 
(0.3%) 

Other  624 
(0.3%) 

573 
(0.5%) 

919 
(1.0%) 

1494 
(2.2%) 

3610 
(0.8%) 

Townsend index      

Mean (SD) -4.09 
(0.793) 

-1.99 
(0.588) 

0.512 
(0.851) 

4.27 
(1.60) 

-1.40 
(3.03) 

Median [Min, Max] -4.00  
[-6.26, -
2.90] 

-2.05  
[-2.90, -
0.830] 

0.451  
[-0.830, 
2.13] 

3.92  
[2.13, 
11.0] 

-2.22  
[-6.26, 
11.0] 

Winter Assessment 86,331 
(48.1%) 

58,284 
(46.6%) 

43,585 
(48.4%) 

32,399 
(47.9%) 

220,599 
(47.7%) 

Systolic BP at 
assessment,  
Mean (SD) 

135 
(18.2) 

134 
(18.3) 

133 
(18.2) 

133 
(18.5) 

134 
(18.3) 

Body mass index 
(kg/m2), Mean (SD) 

27.0 
(4.37) 

27.3 
(4.62) 

27.6 
(4.99) 

28.2 
(5.46) 

27.4 
(4.75) 

Self-reported CVD 
medication  

46,196 
(25.8%) 

33,471 
(26.7%) 

24,704 
(27.4%) 

21,039 
(31.1%) 

125,410 
(27.1%) 

Long-term 
condition count, 
Mean (SD) 

1.11 
(1.15) 

1.16 
(1.20) 

1.23 
(1.26) 

1.40 
(1.39) 

1.19 
(1.23) 

Current smoker 11,584 
(6.5%) 

10,859 
(8.7%) 

11,218 
(12.4%) 

13,436 
(19.9%) 

47,097 
(10.2%) 

High alcohol intake 14,995 
(8.4%) 

11,014 
(8.8%) 

8799 
(9.8%) 

6796 
(10.0%) 

41,604 
(9.0%) 

Low PA level 33,506 
(18.7%) 

23,643 
(18.9%) 

17,389 
(19.3%) 

14,321 
(21.2%) 

88,859 
(19.2%) 

TV time ≥4 
hours/day 

46,178 
(25.8%) 

35,102 
(28.0%) 

26,423 
(29.3%) 

24,428 
(36.1%) 

132,131 
(28.6%) 

Sleep <7 or ≥9 
hours/day 

51,547 
(28.7%) 

38,497 
(30.8%) 

30,305 
(33.6%) 

26,685 
(39.4%) 

147,034 
(31.8%) 
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Fruit and 
vegetable intake 
<400 g/day 

31,300 
(17.5%) 

23,296 
(18.6%) 

18,670 
(20.7%) 

16,590 
(24.5%) 

89,856 
(19.4%) 

Oily fish intake <1 
portion/week 

74,811 
(41.7%) 

54,584 
(43.6%) 

41,358 
(45.9%) 

31,928 
(47.2%) 

202,681 
(43.8%) 

Red meat 
intake >3 
portions/week 

26,060 
(14.5%) 

17,984 
(14.4%) 

13,184 
(14.6%) 

11,512 
(17.0%) 

68,740 
(14.9%) 

Processed meat 
intake >1 
portion/week 

54,004 
(30.1%) 

38,242 
(30.6%) 

27,942 
(31.0%) 

22,518 
(33.3%) 

142,706 
(30.9%) 

Salt added to food 
usually or always 

25,637 
(14.3%) 

19,391 
(15.5%) 

15,513 
(17.2%) 

14,080 
(20.8%) 

74,621 
(16.1%) 

Low social 
participation 

57,758 
(32.2%) 

42,296 
(33.8%) 

33,259 
(36.9%) 

27,936 
(41.3%) 

161,249 
(34.9%) 

Weighted lifestyle 
score, Mean (SD) 

5.54 
(4.48) 

6.03 
(5.00) 

6.82 
(5.72) 

8.42 
(6.79) 

6.34 
(5.35) 

Weighted lifestyle 
score category 

     

<5 89,617 
(50.0%) 

58,298 
(46.6%) 

38,017 
(42.2%) 

22,515 
(33.3%) 

208,447 
(45.1%) 

5-9 71,980 
(40.1%) 

51,146 
(40.9%) 

36,639 
(40.6%) 

27,569 
(40.8%) 

187,334 
(40.5%) 

10-14 6087 
(3.4%) 

4818 
(3.8%) 

4238 
(4.7%) 

4088 
(6.0%) 

19,231 
(4.2%) 

15-19 5854 
(3.3%) 

4988 
(4.0%) 

4685 
(5.2%) 

4630 
(6.8%) 

20,157 
(4.4%) 

>19 5769 
(3.2%) 

5900 
(4.7%) 

6556 
(7.3%) 

8841 
(13.1%) 

27,066 
(5.9%) 

Weighted lifestyle 
score split at 
median (4) 

     

More healthy 113,419 
(63.3%) 

74,627 
(59.6%) 

48,962 
(54.3%) 

30,155 
(44.6%) 

267,163 
(57.8%) 

Less healthy 65,888 
(36.7%) 

50,523 
(40.4%) 

41,173 
(45.7%) 

37,488 
(55.4%) 

195,072 
(42.2%) 

Townsend index 
split at UK census 
median  

     

Least deprived 179307 
(100%) 

125,150 
(100%) 

0 (0%) 0 (0%) 304,457 
(65.9%) 

Most deprived 0 (0%) 0 (0%) 90,135 
(100%) 

67,643 
(100%) 

157,778 
(34.1%) 

 

6.5.2 Individual lifestyle factors and creation of weighted lifestyle 
score 

Each individual LF was independently associated with all-cause mortality. Figure 

6-1 shows the associations for each LF and their score weighting. Compared with 
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non-smoking, all-cause mortality HR (95% CIs) for smoking was 2.09 (2.03, 2.15), 

resulting in the highest score weighting (14 points). Equivalent results for low 

(versus high) oily-fish intake were 1.02 (1.00, 1.05), which, along with high red 

and processed meat intake and added salt, had the lowest weighting (1 point 

each). Associations between high alcohol intake, low physical activity, low social 

participation, high TV time, short/long sleep, and low fruit and vegetable intake 

and all-cause mortality were similar (HRs 1.12–1.19), resulting in weightings of 2 

points each. 

 

Figure 6-1: Models of independent associations between lifestyle factors and all-cause 
mortality. Weighting assigned to each lifestyle factor shown in red. 

 

Heavily influenced by smoking, the score had a bimodal distribution (Figure S2, 

Appendix 10). Most participants (415,138 [89.8%]) were non-smokers and 

therefore had very low/low scores (0-9). Fewer participants had moderate (10-

14) compared with high scores 15-19. The median weighted score was four and 

no participant had the maximum score 30. The median number of LFs was two 

for non-smokers and four for smokers (data not shown).  
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6.5.3 Association between weighted lifestyle score and outcomes 

Models of the association between the weighted score and outcomes showed an 

approximately linear dose-response relationship (Figure 6-2). Compared with 

those with a score of zero, HRs (95%CI) for those with a score of 29 were 12.38 

(7.31, 20.96) and 11.10 (2.75, 44.75) for all-cause and CVD mortality, 

respectively. Fewer participants and events at scores >25 resulted in wider 

confidence intervals for these scores. Confidence intervals were also wider 

between scores 12-15 as there were both few non-smokers that reported high 

number of other LFs (maximum score for non-smokers was 16) and few smokers 

without other LFs. The gradient of the association between weighted score and 

all-cause mortality appeared slightly steeper at scores >16 (i.e., among smokers) 

implying that additional LFs were associated with higher all-cause mortality 

among smokers than non-smokers. However, that pattern was less clear for CVD 

mortality. A clear dose-response relationship was seen modelling the association 

between weighted score categories and outcomes (Figure 6-3). 
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Figure 6-2: Association between weighted lifestyle score and all-cause and CVD mortality. 



190 

 
 

 

Figure 6-3: Association between weighted lifestyle score categories and all-cause and CVD mortality.
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6.5.4 The effect of socioeconomic deprivation 

There was evidence of a significant interaction on both additive and 

multiplicative scales between the weighted score (≤9/≥10) and deprivation (≤/> 

median) for both all-cause and CVD mortality (Table S3, Appendix 10). 

Interaction estimates for all-cause mortality were: multiplicative 1.22 

(1.16,1.29), RERI 0.73 (0.62, 0.84), AP 0.26 (0.22, 0.29), and SI 1.65 (1.52, 

1.78). CVD mortality interaction estimates were similar. These results indicate 

that a moderate, high, or very high score had greater effect in the more 

deprived group. Consistent with this, combined associations between weighted 

score category, deprivation quartile, and outcomes showed a higher HR for the 

same score category with increasing deprivation (Figure 6-4). For example, 

compared with those in the least deprived quartile with very low scores, all-

cause mortality HRs (95% CI) for those with very high scores were 2.67 (2.43, 

2.92) and 4.71 (4.43, 5.01) among the least and most deprived quartiles, 

respectively. Equivalent results for CVD mortality revealed a more accentuated 

pattern, albeit with wider and overlapping confidence intervals. With 

participants stratified by deprivation, compared with those with very low scores, 

stronger mortality associations were seen among those with very high scores 

with increasing level of deprivation (Figure S3, Appendix 10). Within each 

quartile of deprivation, compared with those with very low scores, all-cause 

mortality HRs (95% CI) for their counterparts with very high scores were 2.55 

(2.35, 2.77), 2.92 (2.70, 3.16), 3.27 (3.02, 3.54), and 3.54 (3.27, 3.82) in the 

least to most deprived quartiles, respectively.
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Figure 6-4: Combined association between weighted lifestyle score, deprivation, and all-cause and CVD mortality. 



193 

 
 

6.5.5 The effect of sex 

Evidence for interaction between sex and the weighted score for all-cause and 

CVD mortality was observed on the additive scale only and indicated the relative 

effect of a weighted score ≥10 was similar in men and women (Table S4, 

Appendix 10). However, models of combined associations showed men had 

markedly higher hazards than women with the same score category (Figure S4, 

Appendix 10). The pattern was most pronounced for CVD mortality where results 

highlighted the effect of male sex alone. For example, compared with women 

with very low scores, men with very low scores had similar CVD mortality HRs 

(95%CI) to women with very high scores: 3.63 (3.22, 4.10) and 3.77 (3.09, 4.60), 

respectively. While the highest absolute rate of deaths was seen in men, when 

associations were stratified by sex, the effect of increasing weighted score 

category appeared slightly greater in women (Figure S5, Appendix 10). However, 

the pattern was similar for women and men and there were fewer deaths and 

wider confidence intervals of estimates among women. 

6.5.6 The effect of ethnicity 

Models of combined associations showed that participants with similar scores 

had broadly similar hazards across ethnicities with a dose-response relationship 

with increasing score category (Figure S6, Appendix 10). However, there were 

relatively few participants from minority ethnic groups compared with White 

participants resulting in wide confidence intervals, which made results difficult 

to interpret in some groups. Stratified by ethnicity, the weighted score showed 

similar effects across ethnic groups (Figure S7, Appendix 10). 

6.5.7 The effect of age 

There was evidence of interaction on both multiplicative and additive scales 

between age (≤55/>55) and weighted score (≤9/≥10) for both all-cause and CVD 

mortality (Table S5, Appendix 10). Here a negative multiplicative interaction 

(all-cause mortality HR 95% CI 0.88 [0.83, 0.94]) indicated that the effect of 

scores ≥10 was greater in those aged ≤55 than those >55. However, there 

remained evidence of additive interaction for both all-cause and CVD mortality 

with a much larger ‘effect’ for age >55 than scores ≥10 (Table S5, Appendix 10). 

The absolute rate of deaths increased markedly with age and models of 
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combined associations showed, compared with the youngest with very low 

scores, HRs were highest in the oldest group with very high scores (Figure S8, 

Appendix 10). Stratified by age, the pattern of associations was broadly similar 

across age categories (Figure S9, Appendix 10). However, consistent with the 

negative multiplicative interaction above, compared with those in the very low 

score category, HRs for those with very high scores were generally lower for 

those aged >65 and highest in those aged >45 to ≤55 for both all-cause and CVD 

mortality. 

6.5.8 Sensitivity analyses  

Supplementary material 2 (Appendix 11) contains a more detailed description of 

sensitivity analysis results. Using CVD mortality associations to create the score 

(Table S7 and Figure S10, Appendix 11), again resulted a bimodal distribution of 

the weighted score comprising non-smokers and smokers (Figure S11, Appendix 

11). There was a dose-response association between this weighted score and 

CVD mortality and with larger increments among smokers (Table S8, Appendix 

11). 

Similar results were observed after excluding those with CVD, cancer, or an 

early death (Tables S9-S11, Figures S12-S22, Appendix 11).  

 

6.6 Discussion 

6.6.1 Summary of findings 

This study shows how a new weighted lifestyle score comprising 11 LFs is 

associated with all-cause and CVD mortality. The strength of association 

between the weighted score and mortality outcomes was greater among more 

deprived participants. While the strength of association between weighted score 

and mortality outcomes was similar among women and men, markedly higher 

risks overall were seen in men compared with women. Higher mortality risks 

associated with the weighted score were seen in the oldest (>65) compared with 

youngest (≤45) group overall. However, within age categories, there were 
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relatively stronger associations with mortality in a middle-aged group (>45 to 

≤55). Results were similar across sensitivity analyses. 

6.6.2 Comparison with previous literature 

Consistent with previous studies, the 11 LFs examined had varying strengths of 

independent associations with all-cause and CVD mortality.366 Thus, a weighted 

lifestyle score could guide prioritisation of LFs for support. Smoking had 

markedly stronger associations compared with other LFs, consistent with 

smoking as a leading risk factor for adverse health outcomes.1 However, the 

distribution of the weighted score highlighted the clustering of LFs, underscoring 

potential benefits of supporting behaviour change across a range of LFs.82 It also 

suggests how the lifestyle score may be especially helpful for smokers, among 

whom there was greater co-occurrence of LFs, as these could be prioritised for 

smokers not yet ready to quit. Further, the stronger dose-response relationship 

between the score and mortality among smokers than non-smokers, indicated a 

potential interaction between smoking and the other LFs. Healthy change for 

other LFs could see a disproportionate benefit for smokers, which could be 

motivating for smokers not yet prepared to quit.  

The disproportionately strong associations between weighted lifestyle score and 

mortality outcomes in deprived participants in this and other studies further 

strengthens arguments to target deprived populations for lifestyle 

support.24,293,357 A measure of deprivation could be included in lifestyle scores to 

convey lifestyle risk more accurately. Adding deprivation to risks scores is not 

new (e.g., ASSIGN and QRISK) but has not been applied to lifestyle scores of 

behavioural factors.367,368 While the powerful role of social determinants of 

health was cited as influencing the recent update of AHA’s lifestyle score, a 

socioeconomic measure was not included.356  

Lifestyle score risks here were greater overall in men, but in stratified analyses 

we found the relative effect of the weighted lifestyle score appeared slightly 

greater in women, particularly for CVD mortality. This differs from results of a 

meta-analysis which found similar effect sizes for LF combinations in both 

women and men for all-cause and CVD mortality.72 Our result is consistent with 

known sex differences in the magnitude of excess risk conferred by LFs, such as 
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smoking having a relatively greater impact on CVD risk in women than men.358 

The implication is that there may be disproportionate benefits for women who 

make healthy behavioural change across these 11 LFs but greatest population 

health benefit would come from addressing multiple LFs in men. This chimes 

with the recognised need for interventions targeting physical activity and diet in 

men, but our study suggests there would be benefits in broadening this to 

include additional LFs.369 

Our analyses of the effect of age showed a strong association between weighted 

score and mortality across all age groups but also suggested that middle-aged 

groups (e.g., <65 years) could be targeted. Consistent with this, sub-group 

analysis from a meta-analysis showed stronger associations between combined 

LFs and CVD mortality in those <60 compared with those aged >60.72 

6.6.3 Strengths and limitations 

Rich and linked prospective data provided by UK Biobank allowed assessment of 

all-cause and CVD mortality associated with a wide range of LFs, including less 

considered factors (e.g., social participation). We were able to use individual LF 

effect sizes to create a weighted lifestyle score while adjusting for numerous 

potential confounders. Despite potential for interactions between LFs and, 

therefore, the importance of mutual adjustment, few studies control for as 

many LFs as this study. The large cohort size permitted sensitivity analyses 

where those with poor baseline health were excluded whilst retaining statistical 

power.  

As with all observational studies, there is a chance of residual confounding. 

There is also a risk of collider bias as UK Biobank participants are more affluent, 

less ethnically diverse, and have fewer LFs than the UK general population.247 

The lack of ethnic diversity curtailed our assessment of the effects of ethnicity. 

Multiple testing is an issue as we performed numerous tests and, therefore, we 

only draw on findings that were consistent across analyses. Misclassification of 

LFs through misreporting could have influenced associations. LFs can change 

over time and the assessment of LFs was on average 12 years prior to the study 

end.370 However, lifestyle trajectories generally remain stable as those with 

unhealthy LFs tend to retain them over time. Differences in misreporting by 
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characteristics (e.g., sex) could have affected our results but whether these 

differences exist is unclear. Dichotomisation of LFs oversimplifies relationships 

between LFs and health and interactions between LFs. Future studies could 

assess LFs in greater detail, both in terms of trajectories with multiple 

assessments over follow up and in terms of exploring LFs as continuous variables. 

A direct comparison with other lifestyle scores would be important as scores 

vary in their performance of predicting adverse outcomes. Further, many other 

outcomes (e.g., cancer/dementia) are associated with LFs and could be included 

when examining these relationships and designing lifestyle scores. Lifestyle 

scores could be part of precision medicine that includes precision over LFs and 

socioeconomic circumstances.6 With widening health inequalities and parallel 

widening LF inequalities there is an urgent need to support improving multiple 

LFs in deprived populations. 

 

6.7 Conclusion  

This study has created an extended weighted lifestyle score that could convey 

personalised lifestyle mortality risk and inform policy and practice for harm 

reduction. It also shows the higher mortality risk associated with a weighted 

lifestyle score both among more deprived populations and men. Replication of 

these findings in different datasets would strengthen the case for use of this 

lifestyle score in clinical practice.   
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7 Exploring public, practitioner, and policy maker 
perspectives of unhealthy lifestyle factors in the 
context of socioeconomic deprivation: A 
qualitative study. 

 

7.1 Chapter summary 

This chapter addresses research objective 4) to explore how key stakeholders 

view combinations of lifestyle factors in the context of deprivation. The text is 

presented as the manuscript submitted to BMC Public Health in May 2024. 
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7.2 Abstract 

7.2.1 Introduction 

Understanding public and professional views on unhealthy lifestyle factors in the 

context of socioeconomic deprivation is critical to intervention development and 

reducing harm associated with such lifestyle factors in the most disadvantaged 

sections of society. The aim of this study was to explore the views of the public, 

healthcare professionals, and policymakers in relation to wider combinations of 

unhealthy lifestyle factors in the context of socioeconomic deprivation.   

7.2.2 Methods 

Adults in Scotland were recruited between August 2022 and June 2023 via social 

media, third sector organisations, and professional networks. Twenty-five 

members of the public took part in four focus groups. Eighteen semi-structured 

interviews were conducted with professionals: 12 primary care practitioners and 

six public health practitioners and policy makers. Reflexive thematic analysis 

was undertaken.  

7.2.3 Results 

Four main themes were developed from the data: 1) Evolving number and 

complexity of lifestyle factors – the number of lifestyle factors which adversely 

impact health has grown, with increasingly complex interactions and impact on 

people’s lives, 2) Social determinants of lifestyle – numerous and directly 

influencing links were made between socioeconomic conditions and unhealthy 

lifestyle factors by all participant types, 3) Poverty as a fundamental social 

determinant – poverty was identified as a core and exacerbating factor in 

influencing unhealthy lifestyle factors, 4) Agency versus structure in influencing 

lifestyle – individual agency to address lifestyle factors was seen as limited by 

the structural constraints of people’s lives. Among professionals, understanding 

the challenging social determinants of unhealthy lifestyle factors was countered 

by a desire to support healthy change in individuals affected by socioeconomic 

deprivation. 
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7.2.4 Conclusion 

Public and professional views around lifestyle factors highlight an evolving 

complexity of new and more lifestyle factors and their interplay. Their views 

around the social determinants of lifestyle and structural limits to agency around 

lifestyle strengthen arguments for a reduced emphasis on individual-level 

responsibility for unhealthy lifestyle factors as well as deeper integration of 

social determinants into lifestyle interventions. In addition to addressing poverty 

and socioeconomic inequalities directly, innovative policy, planning, and 

legislation that incorporates wider approaches could tackle upstream 

determinants of numerous unhealthy lifestyle factors simultaneously. 

7.2.5 Patient or Public Contribution 

Members of the public who participated in this study have made contributions by 

sharing their views and perspectives. The National Health Service Research 

Scotland Primary Care Patient and Public Involvement (NRS PPI) Group 

contributed to the development of this work. The NRS PPI Group was consulted 

as part of preparatory work for HMEF’s doctoral thesis funding application The 

findings of the qualitative work were presented to them and they informed the 

interpretation of those findings and related work presented at conferences and 

public engagement events. 
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7.3 Introduction 

Unhealthy lifestyle factors such as smoking, alcohol consumption, poor diet, and 

physical inactivity are leading risk factors for noncommunicable diseases and 

premature death.371 A wider range of lifestyle risk factors are emerging,7 

including poor sleep,57 sedentary behaviours,372 updated dietary measures,373 

and markers of social connection (e.g., social participation levels).17  

Unhealthy lifestyle factors tend to cluster in individuals and combinations of 

unhealthy lifestyle factors have stronger associations with adverse health 

outcomes than single ones.15,374 Further, there is a well-recognised and steep 

socioeconomic gradient in both mortality and lifestyle factors: more deprived 

populations have higher mortality and higher prevalence and clustering of 

unhealthy lifestyle factors.15,23 Unhealthy lifestyle factors are also associated 

with disproportionate harm in socioeconomically deprived populations.375  

Therefore, the evidence strongly suggests that even greater lifestyle support for 

individuals and communities affected by deprivation would tackle a wider range 

of lifestyle factors and their clusters and would maximise health benefits. While 

population-level interventions to improve lifestyle factors can have 

disproportionate benefit among more deprived populations,376,377 successful 

interventions that are proportionate to need (‘proportionate universalism’) at 

individual or community-levels are rare.142,378,379 One reason for this lack of 

success is likely to be the tension inherent in how interventions and policies are 

operationalised, namely at the level of individuals, communities, or wider 

society.138 Barriers to progress may also be due to the lack of integration or 

acknowledgement of ‘upstream’ drivers in interventions targeting individuals or 

communities.380  

One way of considering the drivers of unhealthy lifestyle factors so that they 

may be better incorporated into individual and community-levels lifestyle 

interventions is through the lens of structural or social determinants of 

health.142,143 The ability to change and sustain healthier ways of living requires 

not only individual agency, the capacity of individuals to make lifestyle choices, 

but also wider social and political environments that enable healthy living.124 

These wider ‘upstream’ structural conditions determine the extent to which 
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individuals can modify behaviours and sustain healthier ways of living over a 

lifetime.381 For example, socioeconomic status and financial, employment, and 

environmental factors all intersect in ways which influence choices and 

opportunities.382 However, lifestyle factors are often viewed as matters of 

individual agency or responsibility; thus lifestyle interventions have often drawn 

on psychology or economics with an aim to inform individuals why and how to 

make healthier choices.30,383 Indeed, even when interventions start with a focus 

on upstream structural determinants, they often ‘drift’ downstream to rely on 

individual-level motivation and shift responsibility to individuals.384,385  

At least three issues may contribute to the focus on and drift towards individual 

responsibility for lifestyle. Firstly, the commercial determinants of health mean 

that corporations are incentivised to resist control and perpetuate the paradigm 

that targeting individual responsibility is the optimal mechanism by which to 

reduce harm from their products (e.g., tobacco or energy-dense-nutrient-poor 

food).386 Secondly, individual responsibility for lifestyle is often the predominant 

narrative in print media, a potential source of influence on public perspectives 

and, therefore, on support for policies and interventions.387,388 Thirdly, there 

remains a lack of appreciation among decision makers that lifestyle factors are 

social practices carried out within peoples’ lives and characterised by social 

networks embedded in local contexts that facilitate and limit individual and 

group choices. 

Similarly, shared characteristics of individuals and communities, which affects 

their ‘risk of risks’, are often viewed as only distantly or not directly or causally 

related to lifestyle factors.389 For example, poverty and racism are shared 

experiences for populations which act as ‘fundamental causes’ of disease but are 

rarely addressed directly in lifestyle interventions.390,391 Therefore, lifestyle 

interventions with a focus on individuals and communities affected by 

deprivation could be improved by accounting for how the intervention will work 

when fundamental causes or upstream drivers remain operational.  

New understanding of how to optimise support for healthy living for individuals 

and communities experiencing deprivation could be found: 1) in the growing 

range of lifestyle factors identified as important risk factors, 2) by considering 
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several lifestyle factors simultaneously to help individuals prioritise a suite of 

risk factors and increase awareness of the interactions between lifestyle 

factors,392 3) via the clustering of unhealthy lifestyle factors among individuals 

and communities affected by deprivation, which presents opportunities to 

address these collectively, and 4) via deeper integration and consideration of 

the social and commercial determinants of health into individual and 

community-level interventions. Exploring key stakeholders’ views of these 

concepts could inform development of future lifestyle interventions and 

contribute to overcoming existing barriers to successful interventions.197 

However, few studies have examined stakeholders’ perceptions of the growing 

range of lifestyle factors and their interaction with social contexts. This 

qualitative study aimed to explore the views of the public, healthcare 

professionals, and policymakers in relation to wider combinations of unhealthy 

lifestyle factors in the context of socioeconomic deprivation. The aim was not to 

ask for views on how to improve lifestyle factors, although those views were 

expected and welcomed, but to explore views around lifestyle factors more 

generally and understand how they are conceptualised and considered from key 

stakeholder perspectives.   

7.4 Methods 

Work reported here formed the final part of a mixed methods study, which had 

the overall aim of understanding the risks of mortality and morbidity associated 

with combinations of unhealthy lifestyle factors across the socioeconomic 

spectrum.  

7.4.1 Study design 

This study used focus groups with members of the public and one-to-one semi-

structured interviews with professionals conducted between August 2022 and 

June 2023.  

7.4.2 Study recruitment and participants 

We used social media to recruit adult members of the public who were resident 

in Scotland. The study was advertised via the authors’ personal and wider 
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professional social media channels including University affiliated channels and 

those of third sector partners (The ALLIANCE and The Poverty Alliance). We 

recruited healthcare professionals (‘practitioners’) via professional networks 

including The Scottish Deep End Project using a combination of social media and 

group email adverts. Policymakers and public health professionals (PPHPs) were 

recruited via email using a combination of snowball sampling, existing 

professional networks, and contact with relevant organisations (Convention of 

Scottish Local Authorities). Professional participants had to be working in 

Scotland to be eligible. We focussed on Scotland to provide potentially more 

contextually relevant findings; health is a devolved responsibility with often 

clear policy and organisational differences between the UK’s devolved nations. 

We collected data from 25 members of the public in four focus groups. Public 

participants were aged between 24 and 78 years; 18 were women, 7 were men. 

Occupations included managers/senior officials, professional occupations, skilled 

trades, sales occupations, plant and machine operatives, and elementary 

occupations (major groups of the Standard Occupational Classification 2000),393 

while some worked part time or were unemployed, students, or retired. For 

interviews with professionals, we aimed to recruit those who either provide 

face-to-face lifestyle or health behaviour advice or who have day-to-day public 

health or policy making experience directly applicable to unhealthy lifestyle 

factors or social determinants of health. Semi-structured interview data were 

collected from 18 professionals (six community links workers [CLWs: non-clinical 

practitioners based in primary care in areas of socioeconomic disadvantage, who 

work with patients to navigate health and community services],394 one 

community nurse, one community pharmacist, four general practitioners [GPs], 

three public health professionals, and three policymakers).  

7.4.3 Data collection 

Three focus groups and all interviews were conducted online via video 

conferencing software (Zoom or MS Teams). One focus group took place face-to-

face on university premises. Focus groups lasted approximately 60-80 minutes; 

interviews lasted up to 60 minutes. Focus group guides and interview schedules 

were developed iteratively, drawing on findings from the project’s related 

studies,24,375,395,396 from review of pertinent literature, and from the knowledge 

https://www.alliance-scotland.org.uk/
https://povertyalliance.org/
https://www.gla.ac.uk/schools/healthwellbeing/research/generalpractice/deepend/
https://www.cosla.gov.uk/
https://www.cosla.gov.uk/
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and interests of the study team, which included two academic GPs and a non-

clinical scientist with an interest in health prevention and health inequalities. 

7.4.4 Data analysis 

Audio data were transcribed, anonymised, and analysed using reflexive thematic 

analysis.261,397 A reflexive approach to the data was chosen for several reasons. 

Firstly, it provided flexibility when analysing the pre-defined wide range of 

topics discussed in the focus groups and interviews. Secondly, because this 

qualitative work was informed by the wider project’s related quantitative 

research (a systematic review and prospective cohort analyses),24,375,395,396 a 

reflexive and interpretative approach allowed the researchers to acknowledge 

and utilise their prior understanding, varying fields of expertise, and literature 

bases to interpret the data.397  

Transcripts were imported into NVIVO 14 to aid analysis. HF read all the 

transcripts in detail, with COD and FM reading a selection of early interviews. All 

three noted codes in the data, in part resulting from questions asked during data 

collection but also information that came from participants without prior 

elicitation. Regular analysis sessions were held to discuss the codes. HF 

continued to code the remaining transcripts, meeting regularly with COD to 

discuss and refine these. An initial ‘long-list’ of codes was refined, for example 

merging codes that described similar data. Codes were then grouped into 

common areas or themes. Later stages of coding and refinement included 

discussing the coding and interpretation with FM and presenting the analysis to 

an advisory board and to a PPI group. 

7.5 Results 

Data are presented in relation to four generated themes – evolving complexity of 

unhealthy lifestyle factors, the social determinants of lifestyle, poverty as a 

fundamental determinant of lifestyle, and agency versus structure in relation to 

lifestyle factors. Example quotes are provided verbatim (in italics) for each 

theme. The corresponding participant type, gender (F/M), and, for public 

participants, age in years is given in parentheses following each quote.  
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7.5.1 Evolving complexity of unhealthy lifestyle factors 

All participants described a wide array of unhealthy lifestyle factors and how 

this has evolved over time to become more complex. While public participants 

often referred to ‘conventional’ unhealthy lifestyle factors such as smoking and 

diet, they also described a broader range of unhealthy lifestyle factors including 

social media use, use of digital technology/smartphones, and inadequate sleep. 

Public participants frequently suggested direct links between unhealthy lifestyle 

factors and individual-level social circumstances (e.g., shift work affecting 

sleep), but also characterised wider societal changes such as new technology or 

increasing levels of loneliness as unhealthy lifestyle factors themselves. 

I think loneliness has a big impact, and I think it's getting worse, because 

there's a lot more single people. And aye that came to roost, sort of 

during COVID, because people suddenly realised that they were alone, 

and you know, it's very hard. I live alone, and loneliness can be, how can I 

put it, it can swamp you, you know, it can overwhelm you. (Public 

participant, 58F) 

Practitioners also recognised a wider range of unhealthy lifestyle factors and 

described a shift from a relatively narrow focus on the more ‘traditional’ factors 

of smoking, alcohol consumption, diet, and physical activity to a much wider 

concept that encompassed anything that people do regularly which could 

influence their health. This included sleep, medication concordance, health 

seeking behaviours (e.g., attending medical appointments), breastfeeding, 

gambling, sexual risk behaviour, caffeine or energy drink consumption, social 

media and mobile phone use, social isolation, exposure to sunshine, and time 

spent in green or blue space. However, smoking and alcohol consumption were 

still cited as the most important lifestyle factors affecting health.  

‘Yeah. I mean I think the very traditional…maybe the bit that I would 

have said if I was ten years ago is, yeah, things about diet, activity, which 

I would have called exercise, smoking, alcohol, drugs, I may or may not 

have mentioned, but I think those are the core bits.’ (GP, F) 



207 

 
 

PPHPs had the broadest view of unhealthy lifestyle factors, discussing unhealthy 

lifestyle factors in terms of both individual lifestyle factors and upstream social 

drivers that influenced opportunities and available choices.   

So when I think about health behaviours, I think actually about what’s 

driving those behaviours and the environment that are leading them to do 

that. (PPHP, M) 

The growing complexity of unhealthy lifestyle factors was characterised as an 

expansion of the number of unhealthy lifestyle factors to include more facets of 

daily living as opposed to a shift of focus away from more traditional unhealthy 

lifestyle factors. The language used to describe unhealthy lifestyle factors had 

also evolved. Practitioners described how ‘exercise’ was now referred to as 

‘physical activity’, to acknowledge an awareness that physical movement and 

activity in a broader sense was associated with health benefits. CLWs used 

language such as ‘social connection’, highlighting awareness of broader and 

newer concepts that encompass social isolation and loneliness. Public 

participants also described awareness of more ‘up to date’ terminology for 

conventional factors (e.g., ‘excessive alcohol consumption’ as opposed to 

‘drinking’).  

Yeah, you know, I would say, negatively, you know, I wouldn’t just say, 

drinking of alcohol, yeah, I would use the word, excessive consumption of 

alcohol. You know, which some people, it has become a habit for them, 

and yeah, so this excessive consumption of alcohol actually brings harm to 

the body’s system, yeah. (Public participant, 26F) 

For practitioners, the new language appeared to help them consider what 

patients might perceive as feasible in terms of healthy lifestyle change. For 

CLWs, this paralleled a more critical appreciation of social circumstances as they 

would weigh up what level or type of lifestyle change was feasible for individuals 

given their wider social context. This involved exploring and understanding 

relevant financial and practical considerations as well as the individuals’ own 

perceptions of what was achievable while using a language of broader and more 

nuanced descriptions of unhealthy lifestyle factors.  
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…we really want to encourage people to become more active. And […] 

something is better than nothing, you know, like just start? Okay two 

minutes, it’s fine, it’s two minutes more than you were doing 

before…people are coming from a baseline of nothing’ (CLW, F) 

...you know, that would be a great thing for [them] to go and do, it’d get 

[them] out, socialising, would help [their] mental health, but at the end 

of the day [they] can’t afford to do it; and there’s nothing on [their] 

doorstep.’ (CLW, F) 

There was also an awareness of the complex interplay between unhealthy 

lifestyle factors. Public participants recognised that unhealthy lifestyle factors 

impact one another (e.g., screen time affecting sleep) but also that multiple 

unhealthy lifestyle factors increased the risk to health. Although single 

unhealthy lifestyle factors were often a focus for practitioners, often when 

specific factors were felt to be most relevant to a health problem, unhealthy 

lifestyle factors were rarely considered in isolation and practitioners seemed to 

perceive unhealthy lifestyle factors as social practices. For example, smoking, 

alcohol consumption, and socialising were described as a linked triad of 

behaviours whereby reducing one unhealthy lifestyle factor could impact on 

others. Likewise, discussions around sleep invariably led to consideration of 

other unhealthy lifestyle factors that impact sleep, such as screen time, and 

caffeine or alcohol consumption.  

You will get people who will say, I can’t do this because of that, and I 

can’t do that because of this. Or if I cut down on this, I can’t see my… 

Like, if I don’t drink, I can’t see my friends, because you only socialise 

through the pub. Or if I stop smoking, I can’t see my friends because then 

I can’t go for a drink, because if I do, I’ll want to have a cigarette. 

(Nurse, F) 

PHPs and policymakers, while acknowledging clustering of unhealthy lifestyle 

factors within individuals, also described lifestyle factor interplay at the 

population-level. By considering the shared drivers for numerous unhealthy 

lifestyle factors, PPHPs suggested that several unhealthy lifestyle factors could 
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be addressed simultaneously via consideration of health and wellbeing more 

broadly and at the level of communities rather than via specific unhealthy 

lifestyle factors enacted by individuals.  

What we haven’t been able to do, has been to join those up and think, 

alright, well actually what does a healthy community look like, what 

would you have? What do you need in order to be healthy, and how do 

you mitigate some of these unhealthy influences in order that they don’t 

cluster because there’s nothing else in communities? (PPHP, F) 

7.5.2 The social determinants of lifestyle  

All participants saw difficult social and economic circumstances as a direct 

challenge to healthy ways of living. From the financial cost of a healthy diet or a 

gym pass, through to transport availability to access health and wellbeing 

services, and ease of access to green space, participants drew numerous and 

detailed links between wider social circumstances and unhealthy lifestyle 

factors. Their perceptions of inextricable pathways from socioeconomic 

conditions to unhealthy lifestyle factors were voiced from the outset and some 

participants’ definitions of lifestyle factors were indistinguishable from 

socioeconomic factors.  

So, I think it's [unhealthy lifestyle factors] everything, exercise, what you 

eat, drinking, smoking, drugs, just your family history. And how you've 

been taught about cooking, and what education you've had. And just what 

kind of stress you're under, and the environment that you live in, I think’ 

(Public Participant, 58F) 

Members of the public gave occupational status and education as examples of 

unhealthy lifestyle factors, which are not generally considered unhealthy 

lifestyle factors by healthcare and research professionals. There was also a 

distinction between perceptions of the public and practitioners with those of 

PPHPs. While public participants and practitioners often implied causal links 

between wider social circumstances and unhealthy lifestyle factors, they more 

readily discussed unhealthy lifestyle factors, and behaviour change, at the level 

of individual action. In contrast, PPHPs consistently took a broader view and 
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were reluctant to use the terms ‘lifestyle factor’ or ‘health behaviour’. Instead, 

PPHPs responded to questions around unhealthy lifestyle factors with reference 

to what they considered to be upstream drivers. ‘Lifestyle’ or ‘health behaviour’ 

were seen as unhelpful as they referred to downstream proxies that drew 

attention away from the upstream influences and drivers.  

I suppose there’s also a general sense that the behaviour sits within a 

wider context of other things, that affect your health, and so I suppose, 

one of the things that I’m keen to do, is not overtly focus on the 

behaviour, at the expense of all the other things, that wider context that 

that behaviour is occurring in, that is also a factor in the outcome of poor 

health, whatever.’ (PPHP, F) 

A focus on downstream unhealthy lifestyle factors was perceived as shifting 

blame to individuals and risked both vilifying people in difficult circumstances 

and increasing health inequalities. PPHPs saw unhealthy lifestyle factors, and 

the choices that individuals make, as inseparable from their social 

circumstances. The value of focussing on upstream drivers of unhealthy lifestyle 

factors was further apparent in PPHPs’ feelings of frustration by the siloing of 

funding and legal frameworks around unhealthy lifestyle factors (e.g., tobacco 

legislation, alcohol or fast-food licencing, local council planning regulations) 

which typically follow ‘traditional’ lifestyle factor boundaries. This was viewed 

as reducing opportunities to address a wider range of unhealthy lifestyle factors 

and healthy living more generally.  

So alcohol licensing sits apart, tobacco licensing sits apart and the 

regulation of fast food premises and so on. What we haven’t been able to 

do, has been to join those up and think, alright, well actually what does a 

healthy community look like, what would you have? (PPHP, F) 

Related to blame and stigma, all participants linked the experience of 

discrimination in forms of racism, bullying, and perceived stigma to unhealthy 

lifestyle factors. Unhealthy lifestyle factors seen as providing ‘comfort’ or ‘a 

safe space’ from discrimination. 
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…sometimes people pick up these lifestyles of smoking and drinking as a 

result of being depressed from things like this [racism]. They see 

unhealthy lifestyles as a jacket of comfort to wear to just get on. I think 

inclusiveness and elimination of racism will go a long way. (Public 

Participant, 26M) 

7.5.3 Poverty as a fundamental determinant of lifestyle 

Poverty emerged as an all-encompassing factor that presented challenges to 

healthy living. Connections were made between poverty and more conventional 

lifestyle factors like smoking, alcohol, and drug use and also between poverty 

and emerging factors such as social participation levels, sedentary behaviours, 

and screen time. 

I guess, constant stress and lack of resource. So, I mean, access to 

transport, things like that, people know they can’t get around. So people 

tell me, well I can’t do that [physical activity class], because I can’t 

afford the bus, and the bus doesn’t run, and therefore that’s not an 

option for me...Or, you know, it’s, I do want to eat more healthily, but I 

really can’t afford it. (CLW, F) 

Poverty meant not only a lack of financial and material resources which 

curtailed healthy lifestyle opportunities but also a lack of time and ‘headspace’ 

to consider healthier options which could even make an unhealthy choice a 

rational choice given the circumstances.  

If you’re a single parent, you know, managing the household and children, 

dealing with the precariousness of poverty and insecure work. So the time 

to then think about eating healthily and looking after yourself and going 

and doing some exercise is really limited… (PPHP, F) 

…what struck me was that there’s a logic here to making choices, and this 

is how the conditions you find yourself in financially, actually influence 

your choices about [lifestyle], it’s not that you’re necessarily choosing to 

have an unhealthy diet or whatever. (PPHP, F) 
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Poverty was also deeply linked to unhealthy lifestyle factors via its impact on 

mental health. From a lack of money leading to anxiety, to benefits sanctions 

causing distress, or a lack of hope due to poor housing, all made unhealthy 

lifestyle factors more likely. Links between mental health and unhealthy 

lifestyle factors ranged from the severe, such as drug or alcohol dependence 

following adverse childhood experiences, to less severe such as the ‘highs’ felt 

from sugary or processed food to ‘give you a kick in an otherwise quite bleak 

day’ (GP, F). The links made between adverse childhood experiences or 

psychological trauma, deprivation, and unhealthy lifestyle factors were 

widespread and perceived as a challenge to lifestyle interventions.  

There’s reasons why people can’t, you know, aren’t being physically 

active and everything, and it’s not normally just a simple fix. Most of the 

people we see are extremely complex and quite often have that past 

trauma and it’s, it is then, it takes it away from, you know, just the 

simple…yeah, let’s have a wee plan and this is what we do and we work 

to that. Because of so much that they’re dealing with and all the things 

for us.’ (CLW, F) 

Unhealthy lifestyle factors were seen as ‘coping mechanisms’ and as 

understandable responses to adverse living conditions and past experiences. 

Therefore, to make healthy lifestyle change, new coping mechanisms were 

required before people could address unhealthy lifestyle factors they may be 

relying on.  

…So like alcohol or smoking, can also offer respite from things that are 

happening in someone’s environment too. […] Like, say, for example, if 

somebody has like high anxiety and smoking helps them with that, then 

it’s helping their health in another way, but it may be kind of […] Like if 

they’ve got kids or if they drink a lot of alcohol and they have a stressful 

upbringing or something like that, a trauma response, then that can 

subdue that. (Public participant, 26F) 

Poverty was thus a key driver that not only directly led to unhealthy lifestyle 

factors but also exacerbated or primed a host of other factors that negatively 
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influenced unhealthy lifestyle factors. For example, poverty was seen as 

impacting people’s self-esteem and lowering their expectations for health, 

thereby increasing fatalism and acceptance of poorer health at a younger age. 

Poorer housing associated with poverty was felt to affect peoples’ sense of 

safety and hope and linked to insufficient facilities to prepare healthy food.  

So it’s no coincidence that people in their sixties are walking round with 

sticks in certain areas, whereas in other areas they’re not. We can all see 

that, but I guess the expectation about health and what people can 

accept, to a certain degree, is maybe influenced by what we can see 

around us. And I guess that’s from little kids, right up. If you’re used to 

seeing people in their sixties, with high levels of disability, it’s not so 

shocking if that happens to you. (CLW, F) 

7.5.4 Agency versus structure in relation to lifestyle factors 

Despite detailed descriptions of how challenging social circumstances made 

healthy ways of living difficult, most participants felt that individuals maintain 

some level of agency with which to make healthy choices. However, the 

opportunities for healthy choices or lifestyle change and the level of agency to 

make those choices were seen on a spectrum contingent on wider social 

circumstances. Circumstances felt to facilitate agency were not just 

socioeconomic factors but also psychological and related to timing, with 

practitioners often citing components of the Transtheoretical (Stages of Change) 

Model.398  

Even people who have been in the depths of substance use, can go on and 

make an amazing recovery, and live some of the healthiest lifestyles. But 

that’s a journey they have to go on themselves. And it relies on people 

being with them at the right stage, at the right time, to open that 

understanding. (CLW, F) 

The awareness of structural challenges to agency around unhealthy lifestyle 

factors generated a tension or dissonance, particularly among practitioners and 

PPHPs, as they tried to estimate the level of agency that should be accorded to 

individuals considering the structural challenges that they knew the individuals 
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faced in daily life. Among practitioners, this tension manifested as a balancing 

act between their understanding of the social determinants of unhealthy 

lifestyle factors and trying to support and improve the health and wellbeing of 

individual patients. On one side there was an appreciation of the lack of 

opportunities for healthy ways of living, while on the other there was a strong 

sense of duty to instil hope that healthy change was possible and to cultivate 

any residual agency despite difficult circumstances. For PPHPs, although the role 

of the social determinants of unhealthy lifestyle factors dominated their views, 

an apparent tension between agency and structure was still manifest in their 

views. This was expressed in terms of PPHPs’ concerns of a disproportionate 

focus on helping people already living with unhealthy lifestyle factors at the 

expense of wider prevention efforts and a desire to redress that balance without 

neglecting those with unhealthy lifestyle factors.  

You need both prevention and the cessation, so we can’t just prevent our 

way out of smoking and we can’t just write off these tens of thousands of 

people who are smoking and basically leave them to die, so we have to 

help them. I think it’s about having both approaches, so I think we need 

to think about what the proportions are that are appropriate to the 

issue. So it’s not a one prevention is good, upstream is good, downstream 

is bad, that actually you do need to have both of them. But I think that a 

lot of the focus has been on the downstream stuff, and so a lot of what 

you see in public health is to make the case for upstream and prevention, 

and I think that’s right. But we need to not forget about the downstream 

still needs to actually happen as well. (PPHP, M) 

7.6 Discussion 

We have presented key stakeholders’ perspectives on unhealthy lifestyle factors 

in the context of socioeconomic deprivation. This includes perceptions of an 

evolving complexity of unhealthy lifestyle factors, with a greater and wider 

number of health and social factors considered ‘unhealthy lifestyle factors’, a 

greater appreciation of interactions between lifestyle factors, and their 

understanding of the influence of socioeconomic conditions. Poverty emerged as 

a fundamental social determinant alongside the influence of social context on 
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people’s lives in shaping both the prevalence of unhealthy lifestyle factors and 

the ability to enact and sustain healthy lifestyle change. The role of individual 

agency was viewed within these structural constraints, leading to tensions 

between a desire to support individuals lead healthier lives while recognising the 

limits posed by wider structural forces.  

7.6.1 Comparison with literature 

The expansion of unhealthy lifestyle factors over time from a few specific 

‘traditional’ unhealthy lifestyle factors to a wider range of factors mirrors the 

changes observed in epidemiological literature.7,10 Here, among practitioners, 

the expansion paralleled an increasingly nuanced and detailed exploration of 

people’s lives and wider social circumstances in order to support healthy living 

and change, which highlights a growing understanding of the inextricable role of 

social determinants on lifestyle. This reflects the academic literature which has 

long considered the impact of poverty and other social determinants of health 

on lifestyle and on the differential impact on the health of poorer 

communities.124,390,391 

The various perceptions of the role of social determinants and the extent of 

individual responsibility or agency for unhealthy lifestyle factors are important 

to discuss in view of the reliance on individual responsibility in previous 

interventions.30 All participants recognised that limits to healthy living could be 

outside the control of individuals, while also accepting a role for individual 

responsibility. Views captured here suggest high levels of understanding of the 

influence of social contexts on lifestyle, including among members of the public, 

which is in contrast to dominant media portrayals.388 A qualitative study 

exploring public views around food choice and related public health policies 

found there were numerous examples of an ‘illusion of food choice’ especially in 

difficult social and economic circumstances.399 However, the same study also 

highlighted the range of views in terms of responsibility for healthy eating versus 

government regulation or influence on food choice. Practitioners’ views here 

straddled both individual responsibility and wider social influences as their sense 

of duty to support individuals was balanced by their understanding of the 

individuals’ wider social context. PPHP views aligned with a greater role for 

social determinants as they expressed a need to redress the individual-level 
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unhealthy lifestyle factors albeit without wanting to neglect those living with 

unhealthy lifestyle factors. The discrepancy of views between professional types 

is likely to be linked to their professional perspectives: individual versus 

population. Therefore, a distinction between ‘sick individuals and sick 

populations’ is seen here in the perceptions of professionals dealing with 

unhealthy lifestyle factors of individuals versus those addressing unhealthy 

lifestyle factors of populations.400 A recent qualitative study of GPs discussing 

obesity found, perhaps unexpectedly, that those working in more deprived areas 

were more likely to ascribe individual responsibility for obesity than GPs working 

in more affluent areas.401 The authors suggest that more challenging working 

conditions, greater ‘empathy fatigue’, and more frequent experiences of 

treatment failure (ineffective weight management options) among those working 

in more deprived areas could result in feelings of frustration and blaming 

patients for obesity. This was not apparent in this study, despite all the GPs and 

most of the other practitioners working in areas of high deprivation. However, 

practitioners in this study acknowledged both individual-level responsibility as 

well as social circumstances as influences over unhealthy lifestyle factors.  

Participants’ views of the greater role of social determinants for lifestyle and of 

agency limited by structure fit with the health lifestyle theory conceptualised by 

Cockerham.120 Cockerham develops previous sociological theories to describe a 

paradigm where ‘life choices (agency)’ and ‘life chances (structure)’ interact to 

influence individuals’ ‘dispositions to act (habitus)’ and explain unhealthy 

lifestyle factors as wider social practices. Cockerham also describes sociological 

legacies that have resulted in an over-emphasis on individual-choice over 

opportunities and develops health lifestyle theory with the aim to ‘bring 

structure back’.120 The desire to support individual-level lifestyle change seen 

among practitioners and PPHPs here may also contribute to ‘lifestyle drift’, 

which is: 

‘the tendency for policy to start off recognizing the need for action on 
upstream social determinants of health inequalities only to drift 
downstream to focus largely on individual lifestyle factors’.30,384  

Further, the desire to support agency around lifestyle and instil hope at the 

same time as appreciating the structural limits to life chances resonates with a 
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similar finding of ‘contradictory’ beliefs in an ethnographic study of health-

promoting community workers.402 Moreover, even terms concepts such as 

‘upstream driver’ or ‘social determinants’ could also contribute to lifestyle drift 

if they are perceived by decision makers as concerned with issues more distantly 

related to unhealthy lifestyle factors when in fact, and in line with views seen 

here, they are much closer and causally linked. 

7.6.2 Implications 

The increasing complexity in unhealthy lifestyle factors – the increasing number, 

type, definition/concept, and deeper appreciation of the interactions between 

lifestyle factors - seen here suggests that practitioners and those who support 

individuals with unhealthy lifestyle factors would benefit from increased 

resources and training on supporting healthy lifestyle change. The perceived 

causal influence of social determinants for unhealthy lifestyle factors means 

greater integration and direct acknowledgement of these determinants in 

individual and community-level interventions would be acceptable but rarely 

exists in extant interventions.380 For example, perceived interpersonal and 

structural racism is associated with unhealthy lifestyle factors (e.g., poorer diet) 

but rarely acknowledged or directly addressed in health behaviour 

interventions.403-405  

One way of greater integration of social determinants into lifestyle interventions 

might be in considering the conscious workload required by an intervention. 

Marteau et al. propose that interventions can target either conscious (e.g., 

providing risk information or signposting to resources) or non-conscious (e.g., 

taxation incentivising reformulation of harmful products) processes. 

Interventions targeting conscious processes requires conscious effort from 

individuals to enact change compared with those that target non-conscious 

processes.406 Highlighting the conscious processes involved in interventions could 

help policymakers and researchers consider the resources required of individuals 

to make and sustain healthy lifestyle change. This could help mitigate against 

the risk of exacerbating health inequalities via interventions that target 

conscious processes as these ‘make higher demands on people’s cognitive, 

social, and material resources’.406 For example, the lack of time and head space 

seen in this study’s participants’ characterisation of poverty is consistent with 
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lower conscious processing resources in communities experiencing socioeconomic 

deprivation and explain why an intervention might exacerbate health 

inequalities. Similarly, highlighting the burden of work required to lead a 

healthy life or a ‘prevention burden’ offers a way of viewing and supporting 

unhealthy lifestyle factors that could account, at least in part, for the social 

determinants of unhealthy lifestyle factors.407,408 Alternatively, and consistent 

with how participants viewed the interrelationships between social 

circumstances and lifestyle and between lifestyle factors themselves to form 

social practices, Frohlich et al. suggest studying the relationships between 

agency, lifestyle (social practices), and structure to provide deeper 

understanding of what health inequalities are and propose an idea of ‘collective 

lifestyles’ that can bridge structure and agency and explain unhealthy 

lifestyles.409  

The wide and deep links between wider socioeconomic circumstances and 

unhealthy lifestyle factors identified in all key stakeholders’ views supports a 

reduced emphasis on individual-level responsibility for unhealthy lifestyle 

factors. This strengthens an already strong evidence base that shows while 

individual or community-level lifestyle interventions may have an important role 

to play, policy and decision makers should strongly prioritise population-level 

interventions to improve lifestyle factors. Extensive evidence for an 

‘effectiveness hierarchy’ exists for numerous unhealthy lifestyle factors 

(smoking, alcohol consumption, diet, and physical activity) whereby population-

level interventions are more effective, equitable, quicker, and cost efficient 

than individual or community-level interventions.410 The views captured here 

suggest that these key stakeholders would support a focus on population-level 

lifestyle interventions.  

The perspectives of agency versus structure in unhealthy lifestyle factors 

identified here suggests future research examining whether and how 

practitioners balance expectations for healthy living and their desire to support 

healthy change with their deep appreciation of the structural determinants of 

unhealthy lifestyle factors could inform practice and interventions. For 

population-level interventions, perceptions here support focussing on broader 

concepts of healthy living and wellbeing and rethinking the siloing of legislation, 
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policies, and funding streams by different unhealthy lifestyle factors. This 

qualitative study also has direct implications for further planned work, including 

the development of a weighted lifestyle score for clinical use through co-design 

with communities affected by deprivation.  

7.7 Conclusion 

Public and professional views of unhealthy lifestyle factors in the context of 

socioeconomic deprivation delineate nuanced views of evolving complexity and 

interplay of unhealthy lifestyle factors and their underlying socioeconomic 

drivers. Among practitioners, deep appreciation of the social determinants of 

unhealthy lifestyle factors coexisted with a sense of duty to instil hope for 

healthy lifestyle change in individuals affected by socioeconomic deprivation. 

However, perceptions across participants captured here diminishes the role of 

individual-level responsibility and agency for healthy choices and supports closer 

integration of social and behavioural determinants of health. Innovative policy, 

planning, and legislation is required to incorporate wider approaches that can 

tackle upstream determinants of numerous unhealthy lifestyle factors 

simultaneously. 
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8 Discussion 

8.1 Chapter summary 

This chapter provides a discussion of the findings presented in Chapters 4-7 and 

is structured as follows: 1) summary of the findings for each of the four research 

questions (RQ1-4), 2) synthesis of all the findings contextualised in relation to 

existing literature to inform current theory and practice, 3) strengths and 

limitations of this thesis, 4) implications for practice and policy, 5) suggestions 

for future research, and 6) final conclusion. 

8.2 Summary of findings 

8.2.1 RQ1: What is the existing evidence for socioeconomic 
influences on the association between combinations of 
lifestyle factors and adverse health outcomes? 

A systematic review without meta-analysis was used to collate and synthesise 

the available evidence to answer this question. Six prospective studies of five 

cohorts from Japan, UK, and USA were found that fit the inclusion criteria and 

that examined the potential influence of SES on the association between 

combinations of unhealthy lifestyle factors and adverse health outcomes. In 

those studies, there was wide heterogeneity in:  

1. the lifestyle factors and SES indicators examined, 

2. the thresholds or definitions used to classify unhealthy levels for each 

lifestyle factor, 

3. the methods used to examine for interactions between SES and 

combinations of lifestyle factors, and 

4. study quality.  

However, all studies examined a measure of alcohol intake and physical activity, 

and smoking was missing from relevant analysis in only one study. Further, all 

studies examined all-cause mortality as at least one of the outcomes and all 
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used Cox-proportional hazard ratios to model the associations between 

exposures and outcomes.  

The results of included studies were mixed, with higher mortality and morbidity 

risks associated with combinations of unhealthy lifestyle factors seen in the most 

advantaged SES group in some studies and in the least advantaged group in 

others. Therefore, with few and heterogenous studies and results to draw on, 

the literature available to answer this RQ is limited. Nevertheless, in four 

studies examining five cohorts, and via their results modelling the combined 

associations between combinations of lifestyle factors, SES, and adverse health 

outcomes, the evidence indicated that SES had an additive effect. This would 

suggest that the detrimental health effects from combinations of unhealthy 

lifestyle factors experienced by populations can be felt in addition to (and are 

not masked by) further detrimental health effects due to less advantaged SES.    

8.2.2 RQ2: What are the associations and interactions between 
components of social connection and adverse health 
outcomes? 

Analysis of the prospective cohort UK Biobank was used to address RQ2. This 

involved examining the independent and combined associations as well as 

interactions between two functional and three structural components of social 

connection and all-cause and CVD mortality. This study found: 

1. that each measure of social connection was, after mutual adjustment,  

independently associated with all-cause and CVD mortality.   

2. a potential threshold effect for one of the structural components, 

whereby a lower risk of mortality associated with increasing friends and 

family visits was maximal at a level of monthly visits i.e., visits more 

frequent than monthly were not associated with any lower mortality risk.  

3. an interaction between living alone and other structural components. 

While living alone itself was associated with higher risks of all-cause and 

CVD mortality, the combinations of living alone and never having friends 

and family visits or living alone and not engaging in weekly group activity 

were associated with even higher risks.  
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4. that strong associations between living alone or never having friends and 

family visits and adverse health outcomes appeared to mask beneficial 

lower risk of mortality associated with regular group activity. 

5. that while structural components of living alone and never having friends 

and family visits appeared to have stronger associations with all-cause and 

CVD mortality compared with functional components, a lack of both 

functional and structural components of social connection had even 

stronger associations with mortality.  

Together these findings highlight that even with somewhat crude measures of 

social connection it is possible to explore some of the complexity of social 

connection in its association with adverse health outcomes. Further, the results 

showing evidence of an additive interaction highlight the importance of 

considering the combined influence of functional and structural components 

together. 

In terms of the wider thesis objective of exploring components of social 

connection so that a measure of social connection could be included in a 

weighted lifestyle score, these analyses showed that each of the available 

measures of social connection in UK Biobank could be included. However, with 

the focus on producing a lifestyle score that could be used to support individuals 

to enact healthy lifestyle change it was decided to focus on those measures of 

social connection that could be more amenable to individual or community-level 

action and which could be supported by health and allied professionals. 

Therefore, these two structural components of social connection, namely, 

frequency of friends and family visits and engaging in weekly group activity, 

were included in the next set of quantitative analyses that address RQ3. Further, 

based on the results of the social connection analysis, friends and family visits 

less frequent than monthly was classified as unhealthy.  

This informed the creation of the dichotomous social participation lifestyle 

factor variable with low levels of social participation defined as either having 

friends and family visits less often than monthly or not engaging in weekly group 

activity. 
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8.2.3 RQ3: How does socioeconomic status influence the 
association between a weighted lifestyle score and adverse 
health outcomes? 

Analyses of the prospective cohort UK Biobank was again used to address this 

research question. There were three main aspects to these analyses, the findings 

of which do not all directly address RQ3 but are nonetheless included here as 

they relate to the wider thesis aim of understanding the associations between 

lifestyle factors and adverse health outcomes and understanding how those 

associations might vary in different socioeconomic contexts.  

The first main aspect of the analysis involved creating the weighted lifestyle 

score. The weightings to be applied to each lifestyle factor in the score were 

generated by estimating the independent associations of 11 individual lifestyle 

factors and all-cause mortality. Each of the lifestyle factors, after mutual 

adjustment, were associated with all-cause mortality. Smoking had the strongest 

association, resulting in a score weighting of 14 points. High alcohol intake, low 

physical activity, low social participation, high TV time, short/long sleep, and 

low fruit and vegetable intake all had similar strengths of association with all-

cause mortality resulting in weightings of 2 points each. Low oily-fish, high red 

meat, and high processed meat intakes, and high added salt frequency had 

weaker associations and a weighting of 1 point each. Weightings of each 

unhealthy lifestyle factor were summed so that each participant was assigned a 

weighted lifestyle score (maximum unhealthy score was 30). Both the continuous 

score and the score as a 5-catgeory variable (<5, 5-9, 10-14, 15-19, >19) had 

near linear dose-response relationships with all-cause mortality.  

The second main aspect of the analysis involved examining how socioeconomic 

deprivation affected the association between the weighted lifestyle score 

categories and all-cause and CVD mortality. The results showed deprivation 

heightened the risk associated with an unhealthy weighted lifestyle score. 

Specifically, there was a multiplicative interaction between weighted score and 

deprivation for both outcomes and stratified analyses showed associations 

between weighted score and outcomes were stronger with increasing 

deprivation. Further, combined associations between weighted score, 

deprivation, and outcomes showed participants with the unhealthiest scores 
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from the most deprived backgrounds had the strongest associations with the 

mortality outcomes.   

The third main aspect of the analysis involved examining the effect of sex, age, 

and ethnicity on the association between weighted lifestyle score and outcomes. 

These mortality analyses showed that for an unhealthy compared with a healthy 

weighted score there were 1) markedly higher risks overall for men compared 

with women, 2) higher risks overall for older rather than younger participants 

but relatively higher risks in the middle age groups (>45 to ≤55 and >55 to ≤65), 

and 3) no discernible differences by ethnic group.  

8.2.4 RQ4: What are the perceptions of key stakeholders around 
combinations of lifestyle factors in the context of 
socioeconomic deprivation? 

To answer RQ4, perspectives of key stakeholders were collected via four focus 

group discussions with members of the public and 18 semi-structured interviews 

with relevant professionals. Transcripts were analysed qualitatively using 

reflexive thematic analysis. Four major themes were identified and summarised 

below:  

1. Evolving complexity of unhealthy lifestyle factors 

Stakeholders described an increasing number of lifestyle factors or health 

behaviours known to be associated with adverse health outcomes and 

which were considered for healthy change in both practice and policy. 

Evolving complexity included changing terminology and concepts around 

lifestyle factors (e.g., exercise now known as a broader concept of 

physical activity) as well as the appearance of new technology or other 

behaviours only more recently considered lifestyle factors (e.g. social 

media use or time spent immersed in natural environments). Complexity 

was also perceived in an increasingly complex interplay between lifestyle 

factors. This interconnectedness of lifestyle factors was often expressed 
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as a problem or challenge related to healthy change as addressing one 

lifestyle factor could be contingent on or inadvertently affect another. 

2. The social determinants of lifestyle  

The social determinants of unhealthy lifestyle factors were perceived to 

be widespread with difficult social and economic circumstances seen as a 

direct challenge to healthy ways of living. Among all participants, 

perceptions of lifestyle factors were closely intertwined with 

socioeconomic factors so that some definitions given for lifestyle factors 

were indistinguishable from what are more usually considered to be 

socioeconomic factors. Among public health practitioners, lifestyle factors 

were considered proxies for or extensions of socioeconomic factors. These 

practitioners also perceived an historic focus on the individual and 

behavioural aspects of lifestyle factors that distracted attention away 

from addressing the fundamental socioeconomic or structural drivers for 

unhealthy lifestyle factors.  

3. Poverty as a fundamental determinant of lifestyle 

Poverty was frequently used to mean a single and all-encompassing factor 

that explained unhealthy lifestyle factors. Poverty was seen to bring 

about unhealthy ways of living via numerous dynamic and interacting 

mechanisms including reduced access to financial and material resources. 

Other examples of mechanisms in which poverty either directly or 

indirectly led to an unhealthy lifestyle were loss of hope, previous 

psychological trauma, poorer mental health, lower self-esteem, lower 

health expectations, stigma, and the lack of ‘head space’ in which to 

consider healthy choices due to competing priorities. Through these 

mechanisms unhealthy lifestyle factors were seen as a logical or 

reasonable response to, or as offering relief from, or as functioning as a 

coping mechanism for challenging socioeconomic circumstances. 
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4. Agency versus structure in relation to lifestyle factors 

A theme of agency versus structure in relation to lifestyle factors was 

characterised by perceptions of a spectrum of what healthy lifestyle 

change was possible for individuals in view of their deep and wide 

appreciation of socioeconomic drivers for unhealthy lifestyle factors. For 

some professionals this created a tension that manifested as seeing a 

need to and wanting to offer hope for positive and healthy change on one 

side versus a detailed understanding of the major challenges faced by 

individuals due to structural inadequacies that were far beyond individual 

control. This also manifested as a balancing act for the professionals that 

support individuals with lifestyle changes as they weighed up what level 

of agency over lifestyle could be expected of individuals given the 

practitioner’s understanding of their socioeconomic circumstances.    

8.3 Synthesis to inform theory and practice 

As stated in Chapter 3 (Methodology) this synthesis was informed by methods 

that attempt to combine findings from mixed methods research (quantitative 

and qualitative findings). 

8.3.1 Differential vulnerability to multiple unhealthy lifestyle 
factors 

The systematic review identified mixed evidence for differential vulnerability to 

a combination of unhealthy lifestyle factors in lower SES populations. Of the six 

included studies, four reported multiplicative interactions between a 

combination of unhealthy lifestyle factors and adverse health outcomes. 

However, two of those studies identified a negative multiplicative interaction 

where the relative risk of a combination of unhealthy lifestyle factors was higher 

in the higher SES group (and only in men in one of the studies).289,292 Whereas 

the other two studies that observed a significant multiplicative interaction found 

the relative risk was greater in the lower SES group (and only in one cohort in 

one of the studies that examined two cohorts).24,293  

The weighted lifestyle score analysis that forms Chapter 6 now adds to this 

evidence base, showing how deprivation can heighten the risk associated with 
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unhealthy lifestyle factors in a weighted lifestyle score comprised of 11 lifestyle 

factors.  

Evidence from the weighted lifestyle score analysis in this thesis as well as the 

two studies in the systematic review that report multiplicative interactions in 

support of differential vulnerability all come from analyses conducted in UK 

Biobank.24,293 Therefore, evidence from other datasets is needed to increase 

confidence in the findings around the potential synergy or multiplicativity of 

interaction between multiple unhealthy lifestyle factors and lower SES. 

Further evidence for differential vulnerability came from the two studies that 

performed formal statistical tests for additive interactions.24,293 Significant 

additive interactions were observed in both studies where the highest overall 

risks were seen in the unhealthiest lifestyle-lowest SES group. However, Zhang 

et al. performed analyses of two cohorts in their study and only observed the 

significant additive interaction in analysis of UK Biobank and not in analysis of 

NHANES.293  

These additive interactions indicate an interaction on the additive scale or 

‘super-additivity’ whereby the combined effects of lower SES and a combination 

of unhealthy lifestyle factors is greater than the sum of their independent 

effects.178,411,412  

Comprehensive assessment of additive interactions are rarely reported by 

studies that examine interactions despite there being a public health argument 

that positive interactions on an additive scale highlight how the public health 

relevance of one exposure is dependent on the other interacting exposure.344 For 

example, in this case, an additive interaction indicates that the number of 

adverse health outcomes due to multiple unhealthy lifestyle factors depends on 

the number of people with unhealthy lifestyle factors who are also from lower 

SES backgrounds (or that the number of adverse health outcomes due to lower 

SES depends on the number of individuals from lower SES backgrounds who also 

have multiple unhealthy lifestyle factors).413 The implication is that where 

intervention resources are limited, these additive interactions highlight 

potential at-risk groups in whom most benefit will be felt from reduction in one 
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of the interacting exposures (multiple unhealthy lifestyle factors and lower 

SES).178,411 

More consistent with additivity, rather than departure from additivity or super-

additive effects, there was more evidence of higher overall risks associated with 

the combined effect of both lower SES and unhealthy lifestyle factors (see 

Tables S9 and S10, Appendix 7 for results of combined analyses for studies 

included in the systematic review). Compared with those with no unhealthy 

lifestyle factors who were also in the highest SES group, the greatest mortality 

risks were more consistently seen in those with the unhealthiest lifestyle who 

were also in the lowest SES group.  

The systematic review suggests, therefore, that there is currently a small 

amount of evidence for an SES-based differential vulnerability to a combination 

of unhealthy lifestyle factors. Together with evidence for an independent effect 

of deprivation on top of an effect of multiple unhealthy lifestyle factors this 

strengthens arguments to target both lifestyle and socioeconomic factors to 

improve population health. Moreover, the results from the systematic review 

and weighted lifestyle score analysis indicate that addressing lifestyle factors 

(behavioural determinants of health) alone will not fully diminish socioeconomic 

gradients in adverse health outcomes.  

8.3.2 Differential vulnerability – integrating qualitative findings 
and implications for interventions and policy 

When the epidemiological risks from the combined and potentially interacting 

exposures of multiple unhealthy lifestyle factors and lower SES are considered in 

conjunction with the views of key stakeholders seen in the qualitative work 

package in this thesis, the need for interventions to consider and or address both 

exposures simultaneously is further highlighted. Participants’ views of the 

manifold paths of influence from difficult social and economic circumstances to 

all types of unhealthy lifestyle factors, implies that interventions or policies that 

target unhealthy lifestyle factors with little or no consideration for the 

socioeconomic factors, which limit or facilitate people’s choices, will be less 

successful. For example, perceptions of greater empathy (i.e., acknowledging 

the context or underlying reasons for unhealthy lifestyle factors) have been 
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associated with greater patient ‘enablement’ and improved health outcomes and 

may be particularly important for health promotion interactions with those living 

with socioeconomic deprivation.414-416     

However, there is also a risk that explicitly targeting resources and interventions 

towards those experiencing deprivation could increase perceptions of stigma. 

For example, there may be risks inherent in giving ‘lifestyle advice’, particularly 

when the social determinants of lifestyle are acknowledged directly as it may 

deter those who fear blame or feel shame for their illness from seeking help.44 

A meta-ethnographic review of 17 qualitative studies that examined UK 

residents’ (mainly from lower SES backgrounds) views around links between 

socioeconomic circumstances and health or health inequalities identified 

perceptions that were similar to those captured in the study in Chapter 7.417   

Reduced access to facilities (e.g., play parks, and poor transport links) were 

linked to poor diets and low levels of physical activity. However, the authors 

also identified how difficult socioeconomic circumstances (e.g., poor housing) 

were a source of shame and perceived stigma that impacted behaviour (e.g., 

unwilling to host friends and family). The authors suggest that the sense of 

shame due to being from a deprived area was a reason why participants rarely 

acknowledged the existence of socioeconomic health inequalities directly even 

though they readily described socioeconomic influences on health and lifestyle. 

The authors conclude that highlighting socioeconomic health inequalities could 

itself increase peoples’ feeling of injustice and stigmatisation and thereby 

worsen a psychosocial factor thought to exacerbate health inequalities.  

8.3.3 Social connection as an unhealthy lifestyle factor in the 
context of deprivation 

The social connection analyses shows that different measures of social 

connection are each important for health and that their combinations could be 

even more impactful. With the reasons given in Chapter 2 for why social 

connection should be considered as a lifestyle factor or alongside other lifestyle 

factors, the analysis informed which components of social connection could be 

included in a lifestyle score. There are many reasons for including a measure of 

social connection in a lifestyle score that aims to support more deprived 
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communities. For example, the inter-relatedness of social connection and 

unhealthy lifestyle factors are likely to be even stronger in areas of deprivation, 

where unhealthy lifestyle factors cluster, which means that improving social 

connectedness could support healthy lifestyle factors in areas of 

deprivation.17,323,418-420  

Further, a review of literature examining relationships between a range of 

sociodemographic characteristics and functional components of social 

connection provides evidence for the association between lower SES 

(unemployment status and worse financial situations) and loneliness.91 While 

research examining SES inequalities in social isolation is lacking, there is a 

general trend that those of lower SES are more likely to be isolated.421 

There is direct evidence too of the inter-relationship between social connection,  

unhealthy lifestyle factors, and deprivation. For example, in a cross sectional 

survey, 5113 residents from more deprived areas of Denmark had higher odds of 

reporting loneliness compared with individuals from a nationally representative 

sample dataset.422 And in the same study, both social isolation and loneliness 

were independently associated with higher odds of reporting unhealthy lifestyle 

factors (smoking, low fruit and vegetable intake, physical inactivity) and even 

more strongly associated with having multiple unhealthy lifestyle factors. 

However, compared to those from the highest SES group who were not socially 

isolated/lonely, those both from the lowest SES group and who were also socially 

isolated/lonely had the highest odds of having single and multiple unhealthy 

lifestyle factors. A cross-sectional study with data from 4,814 middle to older 

aged adults in Germany also found a heighted chance of having unhealthy 

behaviours with the combination of both lower levels of social connection and 

higher levels of deprivation than either one alone.423  

It stands to reason therefore, that addressing social connection alongside 

unhealthy lifestyle factors with targeted support to more deprived areas could 

have additional benefits and therefore represent opportunities for intervention 

and policy development. For example, supporting physical activity groups in 

more deprived communities may have a dual benefit of increasing social 

connection and simultaneously increasing physical activity. Indeed, a recent 

systematic review of studies that evaluated interventions for either loneliness or 
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social isolation found that social aspects of interventions that target physical 

activity (e.g., group exercise) could alleviate loneliness.424  

The qualitative findings in this thesis also support this argument. For example, 

the analysis of stakeholders’ views highlights how and why unhealthy lifestyle 

factors are part of complex and interacting social practices implicating the 

critical nature of social connections and human interactions.17,120,122   

However, problems that have higher prevalence in more deprived areas, such as 

childhood maltreatment or multimorbidity (i.e. having more than one long-term 

health condition), are also associated with both social disconnection and 

deprivation, which highlight the complexity and difficulty of addressing social 

connection in more deprived areas.425-427 Moreover, by definition, resources that 

could support healthy levels of both social connection and other lifestyle factors 

are scarcer in more deprived areas (e.g., access to green spaces), which 

heightens the challenge.428 

Nevertheless, the potential benefits of integrating attempts to improve social 

connection with those that address other unhealthy lifestyle factors are clear. 

The inclusion of measures of social connection measures in a lifestyle score are 

part of wider attempts to achieve that and to raise awareness of the health risks 

associated with a lack of social connection.19,422  

8.3.4 Challenges and opportunities in addressing multiple 
unhealthy lifestyle factors 

The qualitative work also supports a wider recognition of the dynamic landscape 

of lifestyle factor epidemiology.7,10 The increasing numbers of lifestyle factors 

considered important to health and their interplay potentially represents a 

challenge that could add to perceptions of confusion and contradictory health 

messages around lifestyle factors.429-431 However, the increasing number of 

lifestyle factors under consideration also represent new or additional factors for 

individuals, communities, and policy makers to consider and therefore address. 

Acknowledging and integrating understanding of the complex interplay of 

lifestyle factors into interventions and policy could facilitate improvements in 
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lifestyle factors where lifestyle factor interplay could lead to dual or synergistic 

benefits (e.g., physical activity and social connection).424 

Further, as stated in Chapter 6, a weighted lifestyle score that considers 

multiple lifestyle factors provides a tool which can assist individuals and support 

health professionals to prioritise which factor(s) to address. Thus, a weighted 

lifestyle score could help resolve some of the challenges that could be 

associated with the evolving complexity of lifestyle factors. 

8.3.5 Multiple unhealthy lifestyle factors in the context of 
socioeconomic deprivation 

Attempting to address multiple unhealthy lifestyle factors in the context of 

socioeconomic deprivation is itself both a challenge and opportunity to support 

healthy living. Firstly, the socioeconomic gradient of unhealthy lifestyle factors 

means that focussing on the context of deprivation is a way of targeting lifestyle 

resources and tailoring lifestyle interventions to where they are most 

needed.15,161 Secondly, considering multiple lifestyle factors together 

acknowledges the idea of the complex interplay between lifestyle factors 

developed in this thesis and begins to integrate the understanding of lifestyle 

factors as interacting social practices. Thirdly, the social determinants of 

unhealthy lifestyle factors and viewing poverty as a fundamental determinant 

manifest in stakeholder views in this thesis, suggest that in order to be 

effective, policies and interventions for lifestyle factors as social practices must 

fully integrate the understanding of the influence of poverty and social context.2 

As stated previously, much prior effort to address unhealthy lifestyle factors 

have overlooked wider social contexts. For example, systematic reviews of 

lifestyle factor interventions designed to reduce smoking, increase physical 

activity, or increase healthy eating in low-income groups highlight the 

individual-level nature of many existing interventions and the focus on 

behavioural change techniques.26,28 A related systematic review and meta-

analysis of interventions targeting the same lifestyle factors in low-income 

groups focussed on identifying which components of the intervention 

(behavioural change techniques) and ‘context’ or delivery of intervention were 

associated with effectiveness.27 The authors identified that the specific 
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techniques (e.g., encouraging self-monitoring, face-to-face contacts with 

facilitators) associated with effectiveness were different for different lifestyle 

factors. However, here ‘context’ relates to details of the intervention and 

nature of intervention delivery (i.e., who provided the intervention and how, 

where, and when was it provided). Whereas the wider social context of the 

participants or intervention settings is largely missing from evaluations of these 

interventions. Interestingly, this meta-analysis, while not focussing on multiple 

lifestyle factor interventions, found there was a suggestion that interventions 

targeting more than one lifestyle factor were associated with greater 

effectiveness when the overall aim was promoting weight loss but not when the 

aim was increasing physical activity.27 This again highlights the interplay 

between lifestyle factors and suggests that improvements in certain unhealthy 

lifestyle factors may be contingent on the aims of the intervention (e.g., an 

overall aim of making lifestyle change versus improving general wellbeing). 

8.3.6 Agency, structure, and the social determinants of lifestyle  

The qualitative WP in this thesis raised important issues around agency versus 

structure in relation to lifestyle factors. The discussion in Chapter 7 describes a 

tension or dissonance among professionals who want to support individuals and 

populations make healthy lifestyle change and lead healthier lives whilst also 

appreciating the limits to people’s agency imposed by the social determinants of 

lifestyle. This reemphasises the need to address social and contextual factors 

that limit healthy choices. As stated by Michael Marmot, ‘if the major 

determinants of health [lifestyle] are social, so must be the remedies.’432   

Views of participants in WP3, where unhealthy lifestyle factors were seen as 

natural responses to or coping mechanisms for difficult circumstances, also fit 

with an alternative explanation for the social patterning of unhealthy lifestyle 

factors where opportunities to make healthy lifestyle choices are not so much 

considered limited but viewed as rational or optimal from a given perspective 

and context.278,417,433-435 

 

However, whether an individuals’ choices are limited by social contexts or are 

rational given their context, both indicate that there should be greater emphasis 

on altering the wider context to facilitate healthy living.194 Indeed, structural 
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interventions for structural problems are increasingly being implemented (e.g., 

governmental and institutional mechanisms to address commercial determinants 

of health) and their success would facilitate individual and community-level 

interventions that support healthy living.436 Additionally, framing structural 

interventions as ways of increasing agency for healthy living could capitalise on 

the perceptions of agency for lifestyle choices seen in this thesis and increase 

support for wider structural change.437 

8.3.7 Integrating social determinants of lifestyle into clinical 
practice 

This thesis reinforces arguments to increase the focus on the links between 

context and lifestyle and to deepen the integration of our understanding of 

social determinants of lifestyle when trying to support healthy living. This is 

especially the case for populations experiencing socioeconomic deprivation. 

From a clinician’s perspective, there is growing appreciation of the need to 

integrate SDH into clinical tools and guidelines. For example, the additional risks 

associated with deprivation have been incorporated into CVD risk scores 

(ASSIGN, QRISK) that lower treatment thresholds for CVD medication.367,368 

However, there is little consideration on how these principles could be applied 

to lifestyle interventions or guidance.  

The 2019 American College of Cardiology/American Heart Association guideline 

on the primary prevention of CVD recommends that clinicians evaluate the SDH 

to inform management.438 Here, the incorporation of SDH in recommendations 

for clinicians focusses on considering how wider social contexts could influence 

individuals’ ability to adhere to healthy lifestyle factors (e.g., reduced potential 

to adhere to a ‘heart-healthy diet’ by those from more socioeconomically 

disadvantaged backgrounds). Related US-based recommendations on how 

clinicians and health care systems should address SDH again mainly focus on 

screening for and awareness of SDH and subsequent tailoring of management 

advice (e.g., simplifying medications for those with lower health literacy).439 

While tailoring expectations for adherence to lifestyle or medication advice 

could be important for effective clinician-patient relationships, it is, by itself, 

unlikely to lead to either healthier living or a reduction in inequalities.  
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Existing single lifestyle factor guidelines, such as the UK Chief Medical Officers' 

Physical Activity Guidelines, only briefly acknowledge awareness of ‘health 

inequalities in relation to physical inactivity’.338 Equivalent US guidelines 

explicitly focus on ‘selected aspects of health-related quality of life’ and do not 

include ‘other aspects of quality of life, such as those related to finances, 

relationships, or occupations.’303 However, the risks of differential vulnerability 

to lifestyle and limits posed by social determinants of lifestyle identified in this 

thesis suggest that lifestyle factor guidelines could do more to directly 

acknowledge and address lifestyle inequalities. Also, failing to address the 

interrelationship of single lifestyle factors with others, including social 

connection, and interplay with the wider social context more explicitly, existing 

lifestyle guidelines could contribute to ‘lifestyle drift’ by focussing explicitly on 

behaviours rather than social context. 

For example, there are currently no lifestyle recommendations or interventions 

that provide increased and proportionate lifestyle support for more 

socioeconomically disadvantaged groups, nor do recommendations alter 

thresholds for lifestyle interventions based on the higher risks experienced by 

those in lower SES populations.378 However, similar to CVD risk scores that guide 

CVD medication management, findings from the weighted lifestyle score analysis 

in this thesis indicate a way of integrating the additional risk associated with 

deprivation with the risks of unhealthy lifestyle factors to inform lifestyle 

support.367,368  

Further, existing lifestyle recommendations and guidance contain no mentions of 

support or advocacy for population-level interventions that can influence the 

ability of individuals and communities to adhere to healthy living guidance (e.g., 

affordability, accessibility, and availability of health harming products like 

tobacco or energy dense and nutrient poor foods). Lifestyle factor guidance for 

individuals and supporting clinicians could better incorporate our understanding 

around the social determinants of lifestyle by promoting examples of policies 

and interventions that facilitate healthy lifestyle change in more deprived 

communities (e.g., minimum unit pricing of alcohol or levies on sugar sweetened 

beverages).376,377,440,441 
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8.3.8 Integrating lifestyle into measures of SES 

Views of participants in WP3 of the inextricable links between social 

circumstances and unhealthy lifestyle factors resonate with some of the original 

and underlying theories and development of SES measures where lifestyle factors 

were integral to the social structuring and ranking of societies.36,116,120,144 And, as 

alluded to in the introduction, lifestyle factors have long been considered part 

of a definition of deprivation and as a key social determinant of health.119,146,442 

Therefore, conceptualising multiple unhealthy lifestyle factors as a part of 

deprivation rather than as explanatory mediators of health inequalities, would 

be another way of ‘bringing structure back’ into the forefront of lifestyle related 

policymaking and intervention design.120 This could be part of an effort to 

reappropriate the term ‘lifestyle’ to include fuller consideration of opportunities 

as well as choices as it was perhaps originally intended by Weber.36,37,124 

Considering multiple unhealthy lifestyle factors as part of socioeconomic 

deprivation could help shift the focus from individual responsibility for lifestyle 

towards the social and contextual drivers of unhealthy lifestyle factors. This 

shift in perspective could help stem the ‘lifestyle drift’ of policy and 

interventions because addressing unhealthy lifestyle factors would then mean 

addressing socioeconomic deprivation.384   

Others have recognised that differences in adverse health outcomes observed in 

those that share similar levels of SES could indicate there may be important 

aspects missing from existing measures of SES.443 This implies there are other 

experiential aspects of poverty and deprivation that are not currently captured 

in existing measures of SES (e.g., stigma). Findings from this thesis around 

reduced agency due to structural limits for healthy living suggest that multiple 

unhealthy lifestyle factors could be considered part of the experience of poverty 

and therefore could be included in new measures of deprivation. For while SIMD 

includes a measure of alcohol or drug-related hospital admissions, the common 

indices of deprivation described in Chapter 2 (Townsend, Jarman, Carstairs, 

EIMD, and SIMD) do not include direct measures of lifestyle factors in their 

components or domains.151-154,341  
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8.4 Strengths and limitations of this thesis 

The strengths and limitations pertaining to each work package of this thesis are 

discussed in the relevant results chapters (4 to 7). This section presents a 

reflection on overall strengths and limitations of the wider thesis.  

Searches for the systematic review (Chapter 4) were originally conducted from 

database inception to March 2020 but were updated after submission for 

publication to December 2021. Articles published since then would have been 

missed. Therefore, an updated search of PubMed was conducted in September 

2023 and a forward citation search of the most highly cited included study 

(Zhang et al. 2021)293 was conducted in October 2024 to scope the extent of 

newer literature. These searches identified more recent eligible articles that 

examined additional outcomes (e.g., site specific cancers)311 and were based in 

different settings (e.g., Korea,311 and China 312,444). While some heterogeneity 

exists in the detail of these newer papers, their results still broadly suggest that 

the detrimental effect of socioeconomic deprivation on health is in addition to 

that of a combination of unhealthy lifestyle factors. Updating the systematic 

searches in full would likely reveal further studies which would influence the 

synthesis of evidence for RQ1.      

After identifying the importance of the independent effects of both functional 

and structural components of social connection in Chapter 5, only two structural 

components were included in the weighted lifestyle score analyses. This does 

overlook the importance of subjective elements of social connection. However, 

the definition of lifestyle factors used in this thesis, while necessary to delineate 

the object and target of interest in the research, made it difficult to justify 

including subjective measures of social connection as lifestyle factors. Similarly, 

measures of the quality of social connections are lacking in UK Biobank and 

therefore from this thesis. However, future work, both in terms of development 

of a lifestyle score to be used clinically and in terms of new quantitative 

analyses, incorporating both functional and quality components of social 

connection into measures and tools for healthy living could be fruitful.  
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8.4.1 UK Biobank analyses 

The use of UK Biobank as a resource for the quantitative analyses represents 

both a strength and limitation. As discussed in Chapter 3, there are advantages 

and disadvantages to UK Biobank. However, conducting similar quantitative 

analyses in different datasets is required to increase confidence in the 

generalisability of these results. As well as additional datasets, examination of 

different demographic groups would be important to extend the type of research 

and analyses in this thesis. For example, it would be important to examine the 

potential combined impact of lifestyle and SES in datasets with improved 

representation of minority ethnic groups and datasets with participants from 

younger age groups. 

Another example where UK Biobank data resource appears to be both an 

advantage and disadvantage is the rich variety of baseline exposure and health 

related outcome variables available. There are numerous additional variables 

available within UK Biobank that could have been examined as exposure 

variables, such as objectively measured physical activity (accelerometer data), 

different alcohol measures, measures of relationship quality, more detailed 

dietary assessments, and repeated baseline assessments. Each variable has 

advantages and disadvantages and therefore, bar examining all of them, which 

would be unwieldy, they represent both opportunities for additional examination 

at the same time as somewhat arbitrary choices. The main advantage of the 

baseline variables used in this thesis is that they are available for nearly all UK 

Biobank participants. Whereas subsamples with more detailed data are only 

available for fewer participants. For example, repeat baseline assessment is only 

available for around 20,000 participants. And, as with the other subsamples that 

had additional and more detailed assessments (e.g., online follow-up dietary 

questionnaire or accelerometer data) participants with additional or repeat 

assessments are even more likely to be of White ethnicity, older, of higher SES, 

and therefore represent an even more highly selected population than UK 

Biobank as a whole, which already has a significant healthy volunteer bias.247,445    

Therefore, while there may have been enough participants within subsamples 

(e.g., 20,000 for repeat assessment or 231,287 for happiness and satisfaction 

variables) to sustain statistical power across the large number of interaction 
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analyses in this thesis, there is also a greater risk of selection and collider bias. I 

chose to have higher numbers of participants and lower risk of selection bias.  

With additional time and resources, additional analyses could have been 

performed that further utilise the rich UK Biobank resource. For example, 

examining available hospital admission data could provide results on the 

strength of association between social connection variables or combinations of 

lifestyle factors and additional outcomes, such as CVD and cancer incidence. 

Therefore, future work could test whether similar results are observed for 

numerous different exposure and outcome variables that are available in UK 

Biobank.  

The lack of representativeness of the UK Biobank cohort has been highlighted in 

both Chapters 5 and 6 but is worth discussing again here. As with many research 

cohorts, it is well recognised that UK Biobank participants are, on average, more 

affluent, more likely to be from a White ethnic background, and have fewer 

recognised disease risk factors than the general population.247 However, the UK 

Biobank has an atypically low response rate (5%) compared with other research 

cohorts (response rates ~60%) whilst also being uncommonly large and rich in 

data.446 This raises questions about the validity or generalisability of UK Biobank 

findings.  

To discuss this issue further here, I use an example of CVD deaths in both 

quantitative analyses. However, this discussion could apply to many other 

outcome or baseline variables available in UK Biobank or its linked registry data.  

In the social connection analysis (Chapter 5) there were 33,135 (7.2%) deaths, of 

which 5,112 (1.1%) were CVD deaths. Similarly, in the weighted lifestyle score 

analysis (Chapter 6) there were 30,687 (6.6%) deaths, of which 4,632 (1.0%) were 

CVD deaths. These results are similar to those reported in the UK Biobank Death 

Summary Report (March 2024) because, in each case, the percentage of all 

deaths due to CVD is approximately 15%.447  

Office for National Statsitics (ONS) data for 2021 (the final year of follow up in 

the UK Biobank analyses in this thesis) shows that, in England and Wales, 15% of 

all deaths in all age groups were due to ischaemic heart disease (ICD-10 codes 
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I20 to I25) and cerebrovascular diseases (ICD-10 codes I60 to I69).448 These 

causes likely represent most but not all deaths defined as CVD deaths in analyses 

in Chapters 5 and 6, which included more diseases of the circulatory system 

(i.e., ICD-10 codes I05 to I99, Z86.7, G45, and G46). However, these ONS data 

relate to only one year rather than 12 or so years of follow up in the UK Biobank 

analyses.  

Making a fairer comparison using the ONS downloadable dataset for 2021 by 

limiting the data to 45–74-year-olds (an age group more similar to most UK 

Biobank participants) and expanding the definition of CVD deaths to all ICD-10 

codes I00 to I99 (all diseases of the circulatory system), ONS data show that 

38,456 (22%) of all 173,092 deaths in this age group were CVD deaths.449 

Therefore, compared with all 45–74 year olds in England and Wales in 2021, a 

population more representative of the UK general population but of similar age 

to those in UK Biobank, UK biobank participants appear to have a lower 

percentage of deaths due to CVD (15%).   

Comparing the 2021 ONS report to the 2024 UK Biobank death summary report 

highlights other differences in the commonest causes of death.447,448 For 

example, the ONS report shows that 10% of all deaths (total population) are due 

to dementia while only 5% of UK Biobank deaths are dementia deaths. However, 

there are some figures that are more similar to UK Biobank in the 2021 ONS 

downloadable data: 13-16% of deaths among 50-64 year-olds were due to CVD 

(ICD-10 I00 to I99);  and equivalent percentages for 65-79 year-olds and those 

aged 80 years or more were 11-16% and 15%, respectively.449  

The selective nature of UK Biobank (e.g., participants who are younger, more 

educated, and more predominantly of a White ethnic background than the UK 

general population) very likely explains the discrepancies observed in the 

commonest causes of death and the percentage of all deaths that are CVD. This 

has implications for the observed associations within UK Biobank and remains a 

topic of epidemiological debate. Some authors argue that the selective nature of 

UK Biobank and healthy volunteer bias pose a risk of collider bias, which can 

lead to spurious associations being observed that do not exist among the general 

population.248,450 However, others assert that both a sufficient range within 

variables (e.g., for Townend index, enough participants from affluent, deprived, 
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and mid-range backgrounds) and a sufficiently large number of participants 

mean that the strength of associations observed between exposures and 

outcomes are likely to be generalisable to the wider population even if the 

prevalence of exposures and outcomes are not.33,245,247,451 

Batty et al. have tested this assertion by comparing UK Biobank with pooled data 

from 18 more representative cohorts (health surveys in England and Scotland) 

and examined the associations between common risk factors and cause-specific 

deaths.446 They found, compared with the pooled survey data, CVD mortality 

rates (as well as those from all cancers, and tobacco and obesity linked cancers) 

were markedly lower in UK Biobank while the rate of suicide was higher. 

However, they also found that the direction and strength of association between 

well recognised risk factors (e.g., age, sex, smoking, physical inactivity, and 

alcohol consumption) and CVD mortality were similar in both UK Biobank and the 

pooled survey data.  

While it is important to avoid reliance on evidence from a single dataset with 

which to change practice or policy, the UK Biobank remains a rich 

epidemiological resource with which to test hypotheses and contribute to 

evidence that can influence practice and policy. As others have stated, there 

can be utility in non-representative cohorts as exemplified by the Framingham 

study and the British Doctors’ study which have had major influence on practice 

and policy.9,452 However, as per any other single dataset or study, findings from 

UK Biobank must be interpreted with keen consideration of the limitations and 

wider evidence. 

One limitation of the UK Biobank analyses presented in this thesis is a lack of 

testing of the proportional hazards assumption. A fundamental assumption of the 

Cox proportional hazard model is that the hazard for a study participant is a 

fixed proportion of the hazard for any other participant and that ratio remains 

constant over time.453 Therefore, the hazard ratios presented in this thesis 

represent a weighted average of the true hazards over the study periods.454 

Testing for violations of the proportional hazards assumption could provide 

additional valuable information for time-varying adverse health effects of the 

key exposure variables in this thesis (i.e., a lack of social connection, 

combinations of unhealthy lifestyle factors, and deprivation). For example, the 
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impact of the feeling of loneliness on mortality may not be linear and may be 

greater the longer that feeling is present. And the effect of a combination of 

unhealthy lifestyle factors on CVD mortality could increase over time if 

protective compensatory mechanisms degrade over time. However, exploration 

of the time-varying effects of these key exposure variables would also best be 

done with data that includes many repeated assessments for exposures 

throughout follow-up, which was not available for UK Biobank participants.  

The main results from the quantitative analyses of UK Biobank in this thesis rely 

on the outputs of Cox Proportional hazard models. The models provide estimates 

of the strength of association between exposures and outcomes (hazard ratios) 

as well as information on the uncertainty of those estimates (confidence 

intervals). However, p-values, which are also an output from Cox models, were 

not provided in this thesis. There is a long history of misinterpretation and 

application of p-values in epidemiology, with the particularly common problem 

of assigning arbitrary significance thresholds to p-values.240,241,455 Nevertheless, 

while p-values and confidence intervals are closely related, reporting p-values in 

this thesis could have provided further information regarding hypothesis testing.   

Whilst the covariates included in the Cox models in the quantitative analyses are 

important potential confounders of the examined associations, they are not the 

only potential confounders and their measurement (e.g., single baseline 

measure or self-report error) and nature (e.g., researcher derived categories) 

could have influenced results. For example, whilst the list of 43 long-term 

conditions is comprehensive and based on previous evidence, it takes no account 

of the severity of conditions or treatment received.339,456 Further information 

that would permit model adjustment for disease severity and treatment would 

add rigour to analyses by taking account not only of the number of long-term 

conditions but also the severity or level of control of each condition. And, 

although BMI, which is strongly correlated with many dietary measures, was 

controlled for in the models, there may be specific dietary factors (e.g., ultra 

processed food) that could confound the association between exposures and 

outcomes. Therefore, controlling for specific dietary factors in future social 

connection analyses and examining alternative dietary measures as part of a 

lifestyle score would be important. Additionally, a list of long-term conditions is 

one of many ways to measure multimorbidity (and, therefore, baseline health in 
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observational studies) and future analyses could explore the effect of adjusting 

for other common measures of multimorbidity such as weighted indices e.g., the 

Charlson Comorbidity index.457   

The sensitivity analyses (excluding those with baseline self-reported CVD or 

cancer or who died soon after recruitment) performed in the quantitative 

analyses were done to assess for reverse causality. The fact that results were 

similar in both the main and sensitivity analyses suggests that it was not poor 

baseline health that explained the observed associations (i.e., poor baseline 

health did not appear to lead to both exposures and outcomes). The list of 

conditions excluded in the sensitivity analyses, while by no means exhaustive, 

included CVD and cancer diagnoses which are among the most common causes of 

death in men and women in the UK.448 Excluding those who died within 2 years 

of recruitment would, by association, also exclude some participants with poor 

baseline health due to mental health problems or musculoskeletal diseases (or 

any other diseases) that are likely to act as mediators between exposures and 

outcomes. However, it would be important for future studies to examine the 

impact of excluding participants with other baseline self-reported conditions 

that are likely to lie on the complex and multidirectional causal pathways (e.g., 

depression or arthritis) that link these exposures to adverse health outcomes. 

Indeed, future analyses that incrementally exclude different sets of diseases 

could explore the impact of excluding various baseline health conditions on the 

strength of association between social connection and mortality or between 

combinations of unhealthy lifestyle factors and mortality. Such future studies 

could shed light on the potential causality implicated in the exposure-outcome 

associations observed in this thesis. 

The use of a single area-based measure of SES in the weighted lifestyle score 

analysis is a limitation. For example, components of Townsend index (e.g., 

overcrowding or car ownership) have been criticised as now being less relevant 

for many sections of society.458 Therefore, examining the effect of different SES 

measures, including individual-level measures (e.g., income, education level), 

on the weighted lifestyle score-health outcome associations would be important 

as different effects by SES measure could have implications for causal 

inferences.    
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This thesis did not look at the link between lifestyle (including markers of social 

connection), deprivation, and other adverse health outcomes that are of growing 

importance in view of shifting demographic patterns and ageing populations. For 

example, both social disconnection and other unhealthy lifestyle risk factors are 

associated with dementia, diabetes, and frailty.58,93,459,460  

8.4.2 Qualitative findings 

The qualitative work did not examine perceptions of deprivation or examine the 

ways in which stakeholders conceptualise poverty. Rather, the topic guide 

steered discussion towards how participants felt financial circumstances or 

deprivation were linked to unhealthy lifestyle factors, how much control 

individuals have over lifestyle given their social circumstances, and how people 

from more disadvantaged backgrounds could be supported to lead healthy lives. 

Therefore, this means additional insights into why participants perceive the links 

they do between deprivation and lifestyle may have been missed. Finally, public 

participants were not purposively recruited from lower SES groups and therefore 

the views analysed here may not reflect those with experience of socioeconomic 

deprivation. However, participants were recruited with assistance from third 

sector organisations (The ALLIANCE and The poverty Alliance) with close links to 

members of the public who may have experience of challenging social and 

economic circumstances and the range of occupational types of recruited 

participants was broad.   

There was a discrepancy in views by professional types: public and practitioner 

participants more readily discussed lifestyle factors at the level of individual 

action whereas PPHPs were keener to focus on wider societal influences on 

lifestyle. Nevertheless, all participants described the strong influence of 

socioeconomic circumstances on lifestyle. Indeed, this is what lead to a tension 

in practitioners’ views; a desire to support individuals and instil hope for healthy 

change on one side and their understanding of the structural limits to lifestyle 

on the other. This tension highlighted a balancing act that patient-facing 

practitioners attempted to perform by accounting for socioeconomic conditions 

when supporting and advising individuals. There is a risk that this finding of a 

desire to instil hope for healthy lifestyle change could be interpreted as best 

practice without due consideration of the structural limits on lifestyle. As a 
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result, practitioners could be encouraged to promote healthy lifestyle change 

excessively, which could perpetuate feelings of inadequacy in individuals or 

victim blaming. However, it remains an empirical question whether, for 

example, practitioners should encourage hope for healthy lifestyle change in the 

face of challenging conditions of poverty. As there is also a risk of not 

intervening on a lack of hope, which, as highlighted in Chapter 7, was linked 

with unhealthy lifestyle factors. All of this motivates further research into if and 

how primary care and community workers should support individuals affected by 

socioeconomic deprivation and unhealthy lifestyle factors.    

8.4.3 Integration of qualitative and quantitative findings 

A major strength of this work is the integration of results from both qualitative 

and quantitative studies that examine complex aspects of the associations and 

interactions between behavioural and other social determinants of health. It 

highlights, in new ways, the importance of considering socioeconomic context 

with lifestyle factors and this will be of critical relevance to policymakers and 

health professionals. 

This mixed methods thesis synthesises broad types of new evidence. Firstly, via a 

systematic review of the wider literature on differential vulnerability, which has 

not been done before, this thesis highlights that the wider evidence suggests an 

additive effect of deprivation on the association between a wide combinations of 

unhealthy lifestyle factors and adverse health. Secondly, it highlights the 

complexity and health importance of social connection by examining different 

components of social connection in a widely used research dataset (UK Biobank) 

in a new way. Thirdly, it uses the new quantitative findings on social connection 

to include measures of social connection in the development of a novel weighted 

lifestyle score. This, in turn, raises the profile and awareness of social 

connection by considering it a ‘lifestyle factor’ which is rarely done. Fourthly, it 

examines the mortality associated with the new lifestyle score and thereby adds 

to the evidence around differential vulnerability for an unhealthy lifestyle in 

more derived groups. Finally, views of key stakeholders on these issues highlight 

the inextricable links between poverty and wider socioeconomic circumstances 

in explaining unhealthy lifestyle factors and, therefore, the need for policy and 

interventions to focus on the social determinants of lifestyle.   
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Considering the qualitive findings around professionals’ perceptions (evolving 

complexity of lifestyle factors, social determinants of lifestyle, and a desire to 

support individuals) with results from the weighted lifestyle score analysis 

suggests a tool such as a weighted lifestyle score that also accounts for 

deprivation could support professionals as they guide individuals living in more 

deprived contexts through a complex array of lifestyle factors. This has positive 

implications for future intervention development, implementation, and 

acceptability. Further, stakeholder perspectives on lifestyle factors in deprived 

contexts has informed the next steps in how to develop the lifestyle score as a 

clinical tool, namely that contextual factors (e.g., the individual’s local area and 

resources, their financial wellbeing, their mental health, and their wider social 

support), need to be a core consideration of any related advice and support. 

Therefore, any response or action to using the score needs to embed the 

understanding of social determinants and structural drivers for each lifestyle 

factor. 

While this thesis discusses the social determinants of lifestyle and cites political 

contexts as an example of a structural determinant of health, a discussion 

around political ideology as a structural determinant of lifestyle could have 

added another important area for contextualising the findings from this thesis. 

Political ideology (e.g., a right-left spectrum with conservatism at one end and 

liberalism or progressivism at the other) could influence policy responses to 

lifestyle factors. For example, conservative governments may favour policies 

that impose fewer infringements on individual liberties versus more left-wing 

governments. This has direct implications for the findings of this thesis which 

support a reduced emphasis of individual-level approaches for lifestyle policies 

whilst highlighting the social determinants of lifestyle. This would imply a 

greater likelihood of victim blaming with conservative-based lifestyle policies 

which rely on individual-level responsibility. However, a unidimensional left-

right political spectrum is potentially oversimplistic with multidimensionality or 

spectra of political ideologies more likely representative of the political 

environment and policy responses.461,462 Therefore, how political values, 

ideologies, and parties influence lifestyle policy and the wider social 

determinants of lifestyle warrants detailed discussion and investigation that is 

largely beyond the scope of this thesis.   
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8.5 Implications for practice  

The implications for practice from the findings of each the results chapters are 

summarised in turn here.  

Firstly, an SES differential vulnerability to multiple unhealthy lifestyle factors 

could encourage health workers and allied professionals that health benefits for 

addressing unhealthy lifestyle factors may be higher in more deprived groups. 

However, tailoring lifestyle advice and interventions to integrate knowledge of 

the social determinants of lifestyle are crucial.  

Secondly, results from the social connection analysis suggest clinicians and 

community workers should consider the combined risks to individuals who are 

classified as isolated by both subjective and objective measures of social 

connection. And identifying those who live alone could be a helpful standardised 

marker of isolation and signifier of risk.345,346 

Thirdly, a weighted lifestyle score could assist individuals and health 

professionals in addressing a wide range of lifestyle factors. Additionally, 

analysis here shows that the additional risk associated with deprivation could be 

integrated into health workers assessments of risk from multiple unhealthy 

lifestyle factors.  

Fourthly, increasing lifestyle support and training for front line workers could 

assist them in dealing with the evolving complexity of lifestyle factors and 

therefore in supporting health living in individuals and communities.  

8.6 Implications for policy 

The main implication for policy from this thesis is the need to further deepen 

the integration of our understanding of the social determinants for unhealthy 

lifestyle factors into relevant policy and guidelines. Existing policies have 

focussed on single lifestyle factors, on the individual, and not on social context, 

and have overseen a widening of health and lifestyle inequalities in the UK.29,170 

The combined and potentially synergistic risks associated with multiple 

unhealthy lifestyle factors and socioeconomic deprivation suggest that policies 
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concerned with lifestyle factors should focus on supporting healthy living in 

more socioeconomically deprived populations.  

Further, the identification of poverty as a fundamental determinant of 

unhealthy lifestyle factors along with its well-recognised direct impact on health 

means more is required at policy-level to address poverty. The entanglement of 

life circumstances and lifestyle factors highlighted in this thesis provides further 

evidence for the need to alleviate poverty directly in order to improve health 

outcomes, especially those health outcomes that are strongly associated with 

lifestyle factors.    

Policy concerned with social connection or social isolation and loneliness should 

address numerous facets or types of these problems to identify those most at 

risk and reduce the associated adverse health. Further, this thesis highlights how 

and why social connection could be considered alongside other lifestyle factors.  

Finally, Chapter 7 highlights poverty and the social determinants of lifestyle and 

supports the argument for reduced individual-responsibility for unhealthy 

lifestyle factors. This has potential implications for the word ‘lifestyle’ itself and 

perceptions of what ‘lifestyle’ means in policy and decision making. Using the 

word ‘lifestyle’ throughout this thesis while discussing the additional risks and 

influences of wider socioeconomic and structural forces beyond individual-level 

control promotes an understanding of the word that acknowledges limits to 

agency and the role of structure. As stated before, this more nuanced 

conceptualisation of ‘lifestyle’ is potentially as originally intended by Weber to 

whom the word and its meaning is often attributed in sociology.37 However, with 

its current understanding as being a suite of ‘modifiable’ risk factors it could be 

that the word lifestyle will continue to be understood simply in terms of 

individual-level choice and therefore perpetuate ‘lifestyle-drift’ and risk victim 

blaming. Other terms such as ‘risk factors’ or ‘health behaviours’ appear to have 

the advantage of being less clearly associated with individual-level choice. And 

other terms offer other advantages of promoting positive benefits such as 

‘healthy living’ and ‘wellbeing’. Nevertheless, the word ‘lifestyle’ remains 

widely used in medicine and epidemiology and promoting a more nuanced and 

accurate understanding of the word and its influences could reduce the risks of 

victim blaming and ‘lifestyle drift’. Interestingly, ‘lifestyle’ was used throughout 
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discussions with the qualitative research participants who clearly felt there were 

socioeconomic limits to individual choice for healthy ways of living. This suggests 

that based on the understanding of the word ‘lifestyle’ among these key 

stakeholders, which included members of the public, the risks associated with 

using it could be overstated. 

8.7 Suggestions for future research 

Suggestions for future research is noted in each of the results chapters and are 

summarised again here.  

The evidence base for differential vulnerability to multiple unhealthy lifestyle 

factors across SES gradients could be strengthened not only with examination for 

differential vulnerability in a variety of datasets and population types but also 

by examining a wider range of adverse health outcomes.463 Further, measures of 

absolute difference in risk or additive hazard models would provide evidence for 

the scale of adverse health outcomes due to differential vulnerability.464 More 

evidence for differential vulnerability would motivate further research into 

potential explanatory mechanisms. 

Definitions of unhealthy lifestyles could be refined by exploration of the non-

linear associations and interactions for a wide range of lifestyle factors to define 

unhealthy lifestyle across the SES spectrum. This could provide new targets for 

interventions and policies that aim to address unhealthy lifestyle factors in more 

deprived populations. 

From the social connection analyses, the interactions between living alone and 

both friends and family visits and weekly group activity suggest that future 

research should explore whether living alone could be developed as a 

standardised measure for examining social connection. Similarly, future work 

examining interactions between components of social connection could inform 

interventions for those who have multiple markers of social disconnection. 

The weighted lifestyle score created in this thesis could be further refined and 

validated through similar analyses in additional datasets that could provide 

evidence for generalisability and further motivate its use as a clinical tool. 
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Examining the impact of various measures of SES on the association between 

weighted lifestyle score and adverse health outcomes could be informative. 

More research examining modes of delivery of lifestyle scores that address 

multiple lifestyle factors could inform how to improve effectiveness e.g., 

addressing lifestyle factors in sequence or simultaneously. 

Finally, future research could examine how practitioners balance a desire to 

support healthy lifestyle change in socioeconomically deprived contexts given 

their appreciation of the social determinants of lifestyle. Research like this 

would inform practice, for example, on how to adjust expectations and set goals 

around healthy living.  

8.8 Conclusion 

Adverse health outcomes associated with multiple unhealthy lifestyle factors 

may vary across the socioeconomic spectrum due to the differential effects of 

lifestyle factors. This differential vulnerability, together with evidence for the 

steep socioeconomic gradient in lifestyle factors (differential exposure), could 

help to explain some of the gradients in SES-based health inequalities. 

Therefore, maximal population health benefits could arise from targeting 

resources and support to improve multiple unhealthy lifestyle factors in more 

deprived areas. 

A weighted lifestyle score comprised of multiple traditional and emerging 

lifestyle factors and that accounts for the additional risks associated with 

socioeconomic deprivation could be developed as a clinical tool to support 

individuals and professionals around healthy lifestyle change. 

However, lifestyle factors and socioeconomic circumstances are deeply 

intertwined and therefore healthy living interventions and policies cannot afford 

to overlook wider social contexts. Combining lifestyle factor epidemiology with a 

sociological understanding of lifestyle factors could lead to more effective 

interventions. Fundamental integration of the understanding for contextual 

drivers for healthy living in all levels of policy and interventions may still be 

lacking. Redefining deprivation to incorporate unhealthy lifestyle factors more 

explicitly in current SES measures could be one way to redress that.   
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Appendix 1: Manuscript for systematic review protocol 
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Appendix 2: Ethics application and participant information sheet 

 
 
 

College of Medical, Veterinary & Life Sciences Ethics Committee for 
Non-Clinical Research Involving Human Participants  

 

APPLICATION FORM FOR ETHICAL APPROVAL FOR RESEARCH 
INVOLVING FACE TO FACE CONTACT WITH PARTICIPANTS 

 
 

NOTES: 
THIS APPLICATION FORM SHOULD BE TYPED NOT HANDWRITTEN. 
 
ALL QUESTIONS MUST BE ANSWERED. “NOT APPLICABLE” IS A SATISFACTORY ANSWER 
WHERE APPROPRIATE. 
 

 
The University now requires that all research proposals involving the collection, 
processing and/or storage of data derived from human participants, that are submitted 
to a College Research Ethics committee for review, must be accompanied by a Data 
Protection Impact Assessment (DPIA). 
 

• Information on DPIAs and Privacy Notices 

• Information on the General Data Protection Regulation (GDPR) 

• Information on Research Data Management 

• University of Glasgow policy on surveys of students for research purposes 
 
If your research involves participants outside Great Britain, Northern Ireland, the 
Channel Islands or the Isle of Man, pregnant participants or more than 5000 
participants the project MUST be referred to the Research Support Office and insurance 
coverage confirmed before ethical approval is sought. Please contact Dr Debra Stuart in 
the University’s Research Governance Office: debra.stuart@glasgow.ac.uk 
 
  

https://www.gla.ac.uk/myglasgow/dpfoioffice/gdpr/dpia/
https://www.gla.ac.uk/myglasgow/dpfoioffice/gdpr/privacy%20notices/
https://www.gla.ac.uk/myglasgow/dpfoioffice/gdpr/
https://www.gla.ac.uk/myglasgow/datamanagement/
https://www.gla.ac.uk/myglasgow/senateoffice/policies/studentengagement/studentsurveys/policyonstudentsurveys/
mailto:debra.stuart@glasgow.ac.uk
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Project Details 
 

1. Project title 

 
Understanding interactions between lifestyle and deprivation to support policy and 
intervention development. 
2. Name and position of Principal Researcher  

 
Dr Hamish Foster, Clinical Academic Fellow, PhD candidate 
3. Has this application been previously submitted to this or any other ethics committee?  If 

‘Yes’, please state the title and reference number. 

 
No 
4. List who is doing the research and their qualifications. 

 
Dr Hamish Foster 
HF, the primary investigator, is a Clinical Research Fellow and GP. He is a PhD candidate 
at University of Glasgow and has had some qualitative research experience prior to his 
PhD. He works in one of the most socioeconomically deprived practices in Scotland and 
has developed links with colleagues across Glasgow. He will be supported by his 
supervisors who have extensive experience in qualitative methods and will attend FG 
and interview moderation courses prior to data collection. 
 
Prof Kate O’Donnell 
KOD is a primary care researcher with over 20 years’ experience of evaluating large 
scale primary care innovation and policy, including Keep Well and the Links Worker 
Programme in Scotland. Much of her work is mixed methods and informed by 
theoretical frameworks 
(http://www.gla.ac.uk/researchinstitutes/healthwellbeing/staff/kateodonnell/). KOD 
has experience in conducting work with hard-to-reach groups, focusing on their views 
of their health and wellbeing. She has supervised 15 postgraduate research students to 
successful completion. 
 
Prof Frances Mair 
FM is a general practitioner and Head of General Practice and Primary Care at UoG. FM 
leads an extensive programme of work using mixed methods research and focussing on 
optimising the care of patients with chronic illness and multimorbidity. FM’s work 
considers the wider socioeconomic environment and social contexts and the 
importance of understanding implementation issues to help bridge the translational 
gap between research and practice/policy. 
 
Professors Jason Gill and Duncan Lee are also part of the supervisory team, but 
principally involved with the earlier quantitative work. 
5. Is this a student research project? If yes, confirm if undergraduate, post graduate 

research (PGR) or post graduate taught (PGT) and confirm supervisory arrangements. 
 

Yes, this is a PGR project. Primary supervisors: Professors Kate O’Donnell and Frances Mair. 

Secondary supervisors: Professors Jason Gill, and Duncan Lee.  

6. Describe the purpose of the research proposed. 
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Summary & Importance: Unhealthy lifestyle factors (e.g. smoking, physical inactivity) 
are the main risk factors for non-communicable diseases which, in turn, are the 
commonest causes of death worldwide. Socioeconomically deprived populations have 
the highest mortality and morbidity rates which is partly explained by having the 
greatest prevalence of unhealthy lifestyle factors.15 
 
Deeper explanations for lifestyle-related health inequalities include synergistic 
interactions between lifestyle factors, where combinations of unhealthy lifestyle 
factors have a multiplicative adverse effect on health. However, interactions between 
lifestyle factors and deprivation, where deprived populations experience 
disproportionate harm from unhealthy lifestyles factors, are also implicated.24 To date, 
there has been limited examination of these types of interactions. It is unclear which 
lifestyle factor combinations incur the greatest risk and whether high-risk combinations 
vary by deprivation with previous studies only focussing on a few well-recognised 
lifestyle factors.  
 
This PhD aims to address these evidence gaps and deepen our understanding of the 
complex interplay between lifestyle, deprivation, and ill-health. It will examine the 
interactions between combinations of lifestyle factors (including emerging lifestyle 
factors e.g., sleep duration56) and deprivation. This will inform the development of 
policy and interventions at both individual and population-level that aim to better 
support healthy lifestyles in deprived populations and reduce the excess lifestyle-
related mortality and morbidity.  
 
Background: Our understanding of lifestyle associated risks is increasing and beginning 
to reflect the more complex reality where multiple lifestyle factors are involved. Single 
lifestyle factors are strongly associated with mortality, but combinations of factors have 
been shown to interact synergistically.374 For example, the mortality associated with 
smoking and high alcohol intake together is more than the sum of the risks associated 
with each factor alone. Moreover, ‘new’ lifestyle factors (e.g., sleep duration56, or 
television (TV) viewing times465) have been shown to be associated with increased 
mortality, and combinations of ‘new’ and ‘conventional’ factors (e.g., smoking, physical 
activity, alcohol, and diet) are also associated with increased mortality.10 
 
However, our understanding of how the risks associated with these broader 
combinations of lifestyle factors vary with deprivation remains poor and under-
investigated. This is despite a well-known socioeconomic gradient, where deprived 
groups are more likely to have multiple co-occurring unhealthy lifestyle factors.15 There 
is some evidence for interactions between some conventional lifestyle factors and 
deprivation. For example, deprived populations are at greater risk of harm from lower 
levels of alcohol intake compared to more affluent populations, even after controlling 
for drinking patterns.175 Excess harm in deprived groups has also been associated with 
smoking and physical inactivity.176 However, studies in this area: i) rarely assess 
combinations of lifestyle factors that include ‘new’ factors; ii) are yet to clarify which 
combinations pose the greatest risks; and iii) lack outcomes other than all-cause and 
cardiovascular disease (CVD) mortality.  
 
We recently reported a survival analysis of the UK Biobank cohort in Lancet Public 
Health,24 which demonstrated an interaction between a combination of lifestyle factors 
and deprivation for all-cause and CVD mortality. The combination of factors 
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incorporated new and conventional factors (smoking, alcohol, physical activity, TV 
viewing time, sleep duration, and four dietary components). Our results show that a 
broad combination of lifestyle factors is associated with disproportionate harm in 
deprived populations. In other words, deprived participants experienced much more 
lifestyle-related ill-health than their affluent counterparts even when they had a similar 
lifestyle. This strengthens arguments for developing lifestyle policies and interventions 
that better support deprived populations and for extending the range of lifestyle 
factors that interventions target. 
 
This mixed methods PhD is building on this previous work by developing a more 
detailed understanding of the risks associated with a wider range of lifestyle factors 
(including factors we have already studied but also other factors such as social 
participation levels and salt/sugar intake) and their interactions with deprivation. This 
work will identify combinations of lifestyle factors that are most strongly associated 
with adverse health outcomes in deprived populations. Outcomes of interest include 
all-cause mortality, cardiovascular morbidity and mortality and cancer morbidity and 
mortality. This will be explored by quantitative studies using data from two pre-existing 
cohorts. Work analysing the first cohort (UK Biobank) is already covered by ethical 
approval (NHS National Research Ethics Service (16/NW/0274); the second quantitative 
study will utilise data from a Norwegian cohort (the HUNT dataset), and ethical 
approval has been granted by the local Norwegian ethics committee which scrutinises 
studies using HUNT data. 
  
However, while such quantitative analyses are important to describe the situation, it is 
vital to understand the views of the public, professionals, and policymakers in relation 
to the findings and their implications. Therefore, the final study of this PhD is a 
qualitative exploration of key stakeholder views of the barriers and facilitators to 
incorporating this evidence into daily life, practice, and policy to support healthy living 
in deprived areas. It is this qualitative work for which this application seeks ethical 
approval. The new evidence generated from this PhD, including the qualitative 
component, will inform both government policy and public health interventions as well 
as the future development of novel interventions that can target high-risk individuals. 
 
Research Plan: A qualitative study involving the public and health care professionals 
living and working in areas of socioeconomic deprivation, and policymakers working in 
public health and primary care.  
 
Research questions 
RQ1: How do the public, healthcare professionals, and policymakers view high risk 
lifestyle factor combinations in the context of deprivation?  
RQ2: What are the barriers and facilitators to incorporating the new evidence about 
the association of deprivation and lifestyle with poor health outcomes into daily life, 
practice, and policy to support healthy living in deprived areas? 
7. Does this research involve interaction with NHS colleagues or the use of NHS buildings, 

facilities or data? 
  

Health care professionals (community nurses, general practitioners, and public health 
practitioners) will be invited to participate, and they may happen to work in the NHS. 
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However, the research will not involve NHS facilities or data and all recruitment will 
take place outwith the NHS.  
8. Who are the participants? Describe how potential participants will be identified and 

approached. Justify inclusion of any vulnerable groups. Include any recruitment adverts / 
materials with your application. 
 

This will be a qualitative study with data collected via audio recording from two main 
groups of participants: 1) members of public for focus groups (FGs) and 2) health care 
professionals and policymakers for in-depth interviews. 
 

(i) Identified 

 
a) Focus Group participants (members of the public) 
FG participants will be invited through the research team’s extensive links with the 
following community and third sector organisations: The Alliance (www.alliance-
scotland.org.uk); The Poverty Alliance; Scottish Community Development Centre; 
REACH Community Service; the Community Links Worker Network. Key contacts within 
these organisations will be asked to cascade publicity material about the project to 
their members. This material will outline the aim of the project, what activities 
participants will engage in, and how the information generated with be used. Key 
contacts will also be asked to identify individuals who might wish to participate; we will 
cascade information about this project through their organisational links; and we will 
advertise through Twitter and Facebook. Examples of our invitation material including 
images that will be used both in conjunction with study advertisements and as prompts 
in FGs are included (see 2022_05_04_Invitations_to_Participate_v1.docx, 1-
_Lifestyle.jpg. 2-_Financial.jpg, 3-both.jpg). 
 
b) Interview participants (professionals) 
Clinicians will be identified via the research team’s longstanding links with primary care 
clinician groups such as GPs in the Deep End and RCGP. Public health professionals and 
policy makers will be identified via extensive links with staff from Public Health 
Scotland and Scottish Government. Study information and invitations will be cascaded 
via these links and within organisational networks. Examples of our invitation material 
including images that will be used both in conjunction with study advertisements and 
as prompts in interviews are included (see 
2022_05_04_Invitations_to_Participate_v1.docx, 1-_Lifestyle.jpg. 2-_Financial.jpg, 3-
both.jpg). 
 

(ii) Approached 

 
Potential participants who respond to adverts or to contacts within linked organisations 
will be asked to provide their email address or phone number. They will then be sent a 
copy of the appropriate Participant Information Sheet and be asked to respond if 
willing to participate (see 2022_05_03_Participant_Information_focus_groups_v2.docx, 
2022_05_03_Participant_Information_interviews_v2.docx). In some cases, for example, 
people nominated within organisations, professionals and policymakers, information 
material will be sent to named individuals. In those circumstance, HF will contact them 
5 to 10 days after sending study information to see if they are interested in 
participating. FG times will be pre-arranged; individual interviews will take place at a 
time suitable for the interviewee.  
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9. Describe how you will obtain consent. 

Prior to FGs or interviews, potential participants will be sent a study information pack, 
comprising the appropriate Participant Information Sheet, a copy of the Topic Guide 
with the topics for discussion, and a Consent Form. This will be sent by email or, if 
preferred, by post. Before the interview or FG begins, written consent, in the form of 
their name on the consent form, will be obtained. Consent forms will be returned 
electronically, or in a reply-paid envelope, to HF. At the beginning of each FG/interview, 
HF will go through the Participant Information Sheet and the Consent Form, to ensure 
that the written consent is fully understood. At the start of the audio recording, verbal 
consent will be obtained and audio recorded. The contact details, consent form, and 
data of potential participants who decline to participate and of those who withdraw 
from the study will be destroyed.  

 

PLEASE NOTE: Some participants might be recruited because of they are part of patient 
groups e.g., through the Alliance. Whilst their views as patients with health problems 
are of great interest, all recruitment will take place outwith the NHS. 
 
10. Include the text you will use to inform participants about the study.  

 
“PARTICIPANT INFORMATION SHEET 

 

1. Study title:  

 

‘Understanding the relationships between lifestyle and social/financial circumstances and 

how they affect people’s health’ 

 

2. Invitation paragraph 

 

You are being invited to take part in a research study. Before you decide, it is important for 

you to understand why the research is being done and what it will involve. Please take time 

to read the following information carefully and discuss it with others if you wish. Ask us if 

there is anything that is not clear or if you would like more information. If you decide to 

take part in this study, you will be given a copy of this Participant Information Sheet and 

the signed consent form to keep 

 

3. What is the purpose of this study? 

 

We know that different things that we do can affect our health e.g., smoking or drinking 

heavily, but it is not always easy to know how to make changes, especially if people are also 

dealing with lack of money or other resources. Research has also identified a growing 

number of things that can affect our health. The purpose of his this study is to explore what 

people think about the risks to their health from combinations of health behaviours or 

lifestyle factors (e.g., the amount they smoke or drink alcohol, their diet, and the amount of 

time they spend being physically active, sitting, sleeping, and engaging with social activities 

like sports or social clubs) together with their social and financial circumstances and to 

explore ways of addressing these that don’t add extra burden to people’s lives. 
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We know that there are many aspects of people’s lives that can affect their risk of having 

health problems. Health behaviours are only one part of that. The constraints and 

challenges they people experience due to wider social and financial conditions, such as a 

lack of money or employment, are also very important. 

 

The aim of this research is to achieve a better understanding of the views of both public 

and professionals and therefore guide governments, charities, health professionals, and 

researchers in developing better ways of supporting people to live healthy lives.  

 

This research is different from previous studies because it will ask participants to consider 

many different lifestyle factors at the same time as their social and financial circumstances.  

 

We want to explore the views held by members of the public and health professionals in 

terms of:  

 

1) understanding specific combinations of health behaviours that pose very high risks for 

health (e.g., regular cigarette smoking and drinking alcohol and eating too much processed 

meat) 

2) how the risk from combinations of multiple health behaviours might change according 

to social and financial conditions 

3) how people consider and address combinations of health behaviours considering their 

social and economic circumstances 

4) what could make a difference to support healthy living in those affected by difficult 

social and financial circumstances.  

 

4. Why have I been invited to participate? 

 

We want to get views and opinions of members of the public from a range of backgrounds. 

However, we have a particular interest in hearing from people who may have experience of 

challenging social or economic circumstances. 

 

We aim to recruit 24 members of the public to take part in focus groups (guided discussions 

with groups of 6-8 people). Once we have agreement from enough participants, we will 

stop inviting new participants. We are also interested in hearing from health and public 

health professionals who are involved in working with those affected by socioeconomic 

adversity. Therefore, as a separate part of this study we will also be recruiting 16 

professionals for interviews.  

 

You can only take part in this study if:  

• you are over 18 years old 

• you speak and understand English; unfortunately, we do not have a budget for 

translators 

 

5. Do I have to take part? 
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No, it is up to you to decide whether to take part. If you do decide to take part, you are free 

to withdraw at any time without giving a reason. Also, if you take part, you will be given 

this information sheet to keep and you will be asked to sign a consent form.  

 

6. What will happen to me if I take part? 

 

If you say you are willing to take part in the study, you will be contacted by a researcher 

who will be able to answer any questions you have about the research. If you decide to 

participate, the researcher will send you a consent form by email (or post if you prefer) 

which you will be asked to complete and return to the researcher (postage will be paid if 

you cannot use email). The researcher will then sign the consent form as well and return 

the completed consent form to you, which you can keep. 

 

The study involves taking part in a single focus group carried out either face-to-face or 

online with up to 8 other members of the public and one researcher. The focus group will 

last about one to one and a half hours. The decision to meet face to face and the location 

of the meeting will be made via discussion with the researcher and may change if needed 

due to COVID restrictions. A time and location that is mutually convenient will be arranged. 

The University of Glasgow’s General Practice and Primary Care building on Horselethill 

Road is available to use as a safe and central location. Alternative options include local 

community or health centres.  

 

We will pay for travel expenses if required, and we will give you a £20 gift voucher to thank 

you for your time. The focus group, whether face-to-face or via Microsoft Teams/Zoom, will 

be audio recorded.  

 

What will happen in the focus group: 

 

During the focus group the researcher will welcome everyone to the meeting, they will 

introduce themselves and explain the purpose of the research and how focus groups work. 

These focus groups will work by: 

1. having a relaxed atmosphere – it could seem daunting to some people, but the 

researcher will help create a non-judgmental space and encourage everyone to respect 

each other’s views 

2. people taking part by discussing their own experiences; the researcher will explain that 

there are no wrong answers!  

3. allowing each person taking part a chance to speak 

4. using a pre-made guide (see Topic Guide) to provide questions to stimulate relevant 

discussion 

 

The recordings from the focus group will be typed up by a professional transcription service 

and any identifying information (names, addresses) will be removed. The typed-up 

transcript will be stored on a secure university server. The focus groups are part of a wider 

study, due to finish in March 2023. 

 

7. What do I have to do? 
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To take part, we ask that you to attend the focus group and take part in the discussion. You 

do not need to do anything else for this part of the study. 

 

8. What are the possible disadvantages and risks of taking part? 

 

Different people have different experiences and there can be disagreement among 

participants during the discussion. The researcher will explain the group rules at the start of 

the discussion. These rules prioritise respect throughout as well as confidentiality of each 

other’s information, especially outside the focus-group. The researcher will also ensure that 

everyone is able to give their opinion. 

 

We recognise we will be discussing and collecting potentially sensitive information 

regarding your health and way of life. We will follow all relevant legislation in managing 

and processing this data. 

 

9. What are the possible advantages and benefits of taking part? 

 

You will receive no direct benefit from taking part in this study. However, the information 

that is collected during this study will give us a better understanding of what helps and 

what prevents people from considering combinations of health behaviours in light of their 

social and financial circumstances. This information may be used to design services and 

supports that better meet people’s needs. 

 

10. Will my taking part in this study be kept confidential? 

 

All information collected about you will be kept strictly confidential, including the 

responses you provide during the focus groups. You will be identified by an ID number, and 

any information about you will have your name and address removed so that you cannot 

be recognised from any information you provide. Please note that assurances on 

confidentiality will be strictly adhered to unless evidence of serious harm, or risk of serious 

harm, is uncovered. In such cases, the University may be obliged to contact relevant 

statutory bodies/agencies. 

 

Any data in paper form will be stored in locked cabinets in rooms with restricted access at 

the University of Glasgow. All data in electronic format will be stored on secure password–

protected computers. No one outside the research team or appropriate governance staff 

will be able to find out your name, or any other information which could identify you. 

 

11. What will happen to my data? 

 

University of Glasgow is the sponsor for this study based in the UK. We will be using 

information from you to undertake this study and will act as the data controller for this 

study. This means that we are responsible for looking after your information and using it 

properly.  

Researchers from the University of Glasgow collect, store, and process all personal 

information in accordance with the General Data Protection Regulation (2018). 
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Your rights to access, change or move your information are limited, as we need to manage 

your information in specific ways for the research to be reliable and accurate. If you 

withdraw from the study, we will keep the information about you that we have already 

obtained. To safeguard your rights, we will use the minimum personally identifiable 

information possible. 

 

You can find out more about how we use your information here: 

https://www.gla.ac.uk/myglasgow/dpfoioffice/guidanceonresearch/  

 

The data will be stored in archiving facilities in line with the University of Glasgow retention 

policy of up to 10 years. After this period, further retention may be agreed, or your data 

will be securely destroyed in accordance with the relevant standard procedures. 

Your identifiable information might be shared with people who check that the study is 

done properly and, if you agree, in coded form with other organisations or universities to 

carry out research to improve scientific understanding. Your data will form part of the 

study result that will be published in expert journals, presentations, student theses and on 

the internet for other researchers to use. Your name will not appear in any publication. 

 

12. What will happen to the results of the research study? 

 

The results of the study will be published in academic journals, presented at conferences, 

and be used in Dr Foster’s thesis for his PhD. We also plan to feedback the findings of our 

research to the community via presentations at public events and by working with our third 

sector partners (The Poverty Alliance, and ALLIANCE Scotland). Direct quotes from the 

transcripts of the focus groups may be used in these publications – these will be presented 

anonymously with no information that would be able to link the quotes back to a 

participant. 

 

13. Who is organising and funding the research? 

 

This research is being funded by the Medical Research Council. You can find more 

information on the overall research project here: 

https://gtr.ukri.org/projects?ref=MR%2FT001585%2F1  

 

14. Who has reviewed the study? 

 

The project has been reviewed by the Ethics Committee based at the University of 

Glasgow’s College of Medical, Veterinary & Life Sciences. 

 

15. Contact for Further Information 

 

Thank you for reading this information sheet. If you have any further questions, please 

contact:  

Dr Hamish Foster  

Email: hamish.foster@glasgow.ac.uk 

Tel: 0141 330 8333 
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If you have complaints about this study, please contact: 

 

Dr David Blane, david.blane@Glasgow.ac.uk  

or  

Dr Bhautesh Jani, bhautesh.jani@Glasgow.ac.uk” 

 

Please see the included equivalent information sheet for interviewees 

(2022_05_03_Participant_Information_interviews_v2.docx). 

11. Describe the research and what will be expected of participants. 

If you are performing a survey, what you will ask participants? You should upload a 
topic guide / example interview with your application. 
If you are performing a behavioural experiment, you should describe this in detail. 
 
We plan to collect data from: 
• 3 x FGs with 6-8 members of the public per group (2hrs/FG). If focus groups are 
problematic for some people, we will offer an individual or group interview. 
• 8 interviews with primary care practitioners (60 minutes each)  
• 8 interviews with public health professionals and policymakers (60 minutes 
each)  
 
Data collection procedures 
 
The research procedures and how they affect participants differ according to the mode 
of data collection (i.e., focus group vs. interview). Topic guides for both FGs and 
interviews are uploaded. 

 

Study outline for a focus group member: 

 

Initial contact and consent- 
a) Participant alerted to research e.g., via social media, via ALLIANCE meeting, Links 

worker, or other organisation 

b) Those interested in participation contact HF by email or telephone and leave their 

contact details (email or telephone number) which will be recorded in a password 

protected Excel recruitment file on a UoG server. In some cases, where an individual was 

nominated by an organisation, HF will contact them 5-10 days after sending study 

information 

c) HF provides participant with study information to permit valid consent 

d) HF arranges participant to sign and return the consent form for those who agree to 

participate. HF permanently deletes contact details for those who fail to be contacted after 

two attempts or decline participation 

e) HF contacts consenting participant to arrange a mutually convenient date and time for 

FG (or Zoom/MS Teams call). Allergies and dietary requirements will be checked at this 

point as lunch/meal will be offered after face-to-face FG  

f) HF assigns participant a unique study code/identifier in secure Excel recruitment file 

g) HF gives participant study information again with reminders of FG process 

mailto:bhautesh.jani@Glasgow.ac.uk
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h) HF sends participant a reminder 2 days prior to FG (via email or telephone as previously 

agreed by participant) 

Focus group-  

a) Participant attends local facility (e.g., community centre, health centre, GPPC building) 

at agreed time and welcomed by HF – or joins video link if not able to meet face-to-face 

b) Participant invited to introduce themselves to other members of the group; HF 

introduces themselves and reminds all participants of the study aims, and objectives; the 

FG process and confidentiality; how their data will be stored, protected, and used; how 

study findings will be used (e.g., publication of findings, conference presentations); that 

they may withdraw at any point; participants invited to ask any questions prior to starting 

the recording (20 minutes) 

c) Participant notified that recording has started and contributes to group discussion with 

intermittent involvement and guidance from HF (30-60 minutes) 

d) FG ends, participant notified that recording has stopped, invited to ask questions, and 

offered the opportunity to be contacted regarding study findings 

e) Participant offered lunch if meeting face-to-face (30 minutes), which will be provided 

by study budget 

f) Participant thanked and reimbursed for travel costs (up to £30, if meeting face-to-face) 

and offered a £20 gift voucher as a thank you for their contribution (for both face-to-face 

and video link participants) 

Post analysis- 

a) Participant who requests to be contacted regarding study findings will be directed to 

any published material and sent a lay summary of study findings 

 

Study outline for an interviewee: 

 

Initial contact and consent- 

a) Participant alerted to research e.g., via social media, Deepend GP meeting, other 

organisational contact, or via direct contact with research team 

b) Those interested in participation contact HF by email or telephone and leave their 

contact details (email or telephone number) which will be recorded in a password 

protected Excel file on a UoG server. In some cases, where individual was nominated by an 

organisation, HF will contact them 5-10 days after sending study information. 

c) Participant contacted by HF who provides study information to permit valid consent 

d) HF arranges the participant to sign and return the consent form for those who agree to 

participate (contact details are permanently deleted for those who fail to be contacted 

after two attempts or decline to participation)  

e) HF contacts participant who consents to arrange a mutually convenient date and time 

for face-to-face, telephone, or video link (Zoom/MS Teams) interview  

f) HF assigns participant a unique study code/identifier in secure Excel recruitment file 

g) HF gives participant study information again with reminders of interview process 

h) HF sends participant reminder 1-2 days prior to interview (email or telephone call as 

previously agreed by participant) 

Interview-  

a) Face-to-face interview - participant attends local facility and welcomed by HF at agreed 

time (e.g., GPPC building); Telephone or video-link interview - participant contacts at 

agreed time 
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b) Participant reminded of the study aims, and objectives, reminded of interview process, 

confidentiality, reminded of how their data will be stored and protected, how study 

findings will be used (e.g., publication of findings, conference presentations), and invited to 

ask any questions prior to audio recording (5-10 minutes) 

c) Participant notified that interview/audio recording started and contributes to 

discussion in response to questions from HF (30-60 minutes) 

d) Interview ends and participant notified that recording stopped, invited to ask 

questions, and offered the opportunity to be contacted regarding study findings 

e) Participant thanked and reimbursed for travel costs (up to £30) and offered 

reimbursement in line with NIHR INVOLVE rates (£30.10 for nurses, £80 for GPs/public 

health professionals) as a thank you for their contribution 

Post analysis- 

a) Participant who requests to be contacted regarding study findings will be directed to 
any published material and sent a lay summary of study findings 

 
Interview and focus group methods 
Participant numbers and meeting length are based on substantial previous qualitative 
data collection experience of the supervisory team. The volume of data generated from 
the above plan will very likely lead to qualitative data saturation and information 
redundancy,466 where no new qualitative insights can be gleaned from additional 
FGs/interviews. To ensure sufficient data collection and to ensure data saturation is 
reached, we have ‘over-budgeted’ in the above plan. Therefore, if data saturation (in 
terms of no new substantive issues being raised by participants) is reached prior to the 
planned number of FGs and interviews have been recorded, then we will reduce the 
total number of FGs and interviews accordingly and provide justification.  
 
FGs and interviews will be led by the primary researcher (HF), supported by primary 
supervisor COD, and guided by topic guides. Topic guides have been developed in 
discussion within the research team and will be informed by Normalisation Process 
Theory (NPT).467,468 NPT is a social theory used to understand the implementation and 
embedding of complex interventions into daily life and working practices. This 
highlights the action and work involved in lifestyle, practice, or policy change in light of 
the new evidence around lifestyle risk. Results from the on-going quantitative analyses, 
conducted as part of this PhD, will also inform topic guides as to the type of lifestyle 
factors/health behaviours and socioeconomic indicators to be discussed. Further, HF 
will attend two qualitative interview and focus group courses and will be supported by 
his supervisors with extensive experience in generating and analysing qualitative data.  
 
Focus groups will be conducted using Zoom/MS Teams (determined by participant 
preference), or in-person (If COVID19 restrictions allow and participant chooses this). 
In-person sessions would take place in a venue local to participants. This will also be 
the plan for the interviews with primary care professionals and policymakers. Consent 
will be obtained and recorded from all participants prior to the focus group or 
interview beginning. 
 
Data Analysis. 
FGs and interview audio recordings will be professionally transcribed by a University 
approved transcription company and analysed in NVivo software using a coding 
framework underpinned by NPT. Transcribed files will be uploaded to secure UoG 
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servers. Transcripts will be reviewed against audio files by HF to check for inaccuracies. 
HF, with support from COD and FM will ensure the transcript is anonymised before 
analysis. Once transcripts have been reviewed, the audio file will be destroyed. 
 
The process of coding will be informed by the Framework approach.469,470 This is a five-
step process: (1) Familiarisation through reading of the transcripts, (2) Developing a 
thematic framework, (3) Indexing by applying the framework to all the transcripts, (4) 
Charting of data across the transcripts, (5) Mapping and interpretation of the data, and 
comparing across cases. 
 
Initial analysis will be thematic,471 to identify the main themes and sub-themes in the 
data. Analysis will also draw on NPT, to explore participants understanding of the 
interactions between lifestyle factors and deprivation and the work that would be 
required to develop and implement potential interventions. Data will be coded to 
identify key barriers and facilitators, while paying attention to codes and themes within 
the data. This will include consideration of the work required of individuals and 
communities to enact lifestyle change in view of wider socioeconomic and structural 
influences on lifestyle.  
 
Analysis will be led by HF and supported by COD. Coding clinics will be held with the 
supervisory team to discuss the analysis and interpretation of data. 
 
12. Does the research involve any sensitive or potentially upsetting questions? If so, how will 

you deal with after care of participants? If the interview could lead to disclosure of 
illegality, professional conduct or at risk status, describe how you will deal with this and 
make the process clear in the information sheet and consent forms 
 

We consider there to be a low level of risk to participants of this study. As all 
recruitment is outwith the NHS there is no connection between the study and any 
medical care a person might be receiving. Reassurance will be given to potential 
participants if this is raised. FG participants may experience discomfort if personal or 
sensitive lifestyle/health related topics are raised during the discussion. These 
participants will be informed, both in the participant information sheet and again prior 
to recording a FG, that if they feel upset or distressed by the discussion then they are 
free to ask for the recording to stop and to leave the study. FG participants could also 
raise concerning symptoms and, in which case, will be signposted to their GP. If 
interview participants (professionals) reveal serious professional misconduct, then a 
member of their management team will be informed – this is explained on the consent 
form. Also included on the consent form for both FG and interview participants is a 
sentence explaining that criminal acts that come to light during discussion will be 
reported to relevant authorities. 

 

13. Where will the research take place?  
If you will use software for an online interview, please describe the software and how 

this will be done. 

 

Both FG and interview participants will be offered a choice of online or face-to-face 
sessions. Face-to-face FGs or interviews will take place at GPPC, 1 Horselethill Road or 



274 

 
 

another safe and convenient location such as a community centre. If they chose an 
online session, they will be offered either MS Teams or Zoom. Once a date and time has 
been agreed, a link to the online meeting will be emailed to participants. At the start of 
the FG or interview HF will explain the purpose of the research and group rules (if FG) 
and the consent process. Participants will be notified when recording has started and 
consent will be verbally recorded prior to discussion commencing.  

 

14. Will you record audio or video of any interviews?  
If so, describe how this will do done, how transcription will be performed and when any 

recordings will be deleted. 

 

Audio data will be recorded in face-to-face sessions by way of a digital audio recorder. 
Audio data will be recorded from online sessions via the record function on Zoom/MS 
Teams. After completion of each FG/interview, audio data only will be saved to a 
secure UoG server and audio data deleted from the audio recorder at the earliest 
opportunity (done by HF). Any automatically generated video data files from Zoom/MS 
teams will be deleted immediately. Audio files will be converted to ZIP files and sent via 
the University’s encrypted server to a professional transcription service (Smallbiz) to be 
converted to Microsoft Word files (organised by HF).  

 

Transcriptions will be depersonalised and linked only to participant identifiable 
information through a unique study code (done by HF and supervisors COD and FM). 
Once anonymised transcription files have been checked for accuracy against the 
corresponding audio file then the audio file will be deleted.  
 
15. Will you obtain and store any personal data? Please detail the information security 

measures that will be in place. 

 
The research team (HF, COD, FM) will have access to all data collected and no other 
researchers will have access to personal data. Data will be managed and stored in 
accordance with UoG policy. Participant identifiable data (e.g., contact details, consent 
forms), FG/interview audio files, and transcripts will be stored in separate locations on 
secure university servers only accessible by the research team. All related paper 
documentation will be stored in locked offices and in a locked cabinet in a secure UoG 
building (GPPC, House 2 or the Clarice Pears building, home of the Institute of Health & 
Wellbeing from February 2023).  
 
Transcriptions will be depersonalised and linked only to participant identifiable 
information through a unique study code. Audio files on encrypted digital recorders will 
be password protected and deleted at the earliest opportunity. Care will be taken if 
travelling with the audio recorder. Audio files uploaded to UoG servers will be deleted 
at the earliest opportunity - as soon as they have been transcribed and transcriptions 
checked for accuracy. Care will be taken during the analysis and reporting of the data 
that no individual will be identifiable.  
 
At the end of the study period (March 2023) identifiable participant data (names, email 
addresses, consent forms) will be stored for a period of 10 years, at which point it will 
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be deleted. Fully anonymised transcript data will be stored for future ethically 
approved research by permitted researchers for a period of 10 years. 
 
16. Is there a risk that participants could be identified from their responses? 

 
There is extremely low risk that participants could be identified from their responses. 
Only members of the research team at UoG will have access to the participant’s 
identifiable and focus group/interview data. These data will be managed and stored in 
accordance with UoG policy. Participant identifiable data (name, email address), audio 
recording and transcript files will be stored in separate locations on secure university 
servers. Only HF and his primary supervisor (COD) will have access to the key file that 
links participants’ details to their audio recording. Care will be taken during the analysis 
and reporting of the data that no individual will be identifiable.  
 
Focus group/interview audio data: FGs and interviews will be recorded using the 
recording function of Zoom or MS Teams (only audio files will be used; video files will 
be deleted immediately). If data collection is in-person, FGs and interviews will be 
recorded using an encrypted digital audio recorder. All participants taking part will be 
reminded of the confidentiality of the discussion before the start of the group. The 
audio recorder will be password protected and care will be taken when travelling with 
the recording device. Audio files will be uploaded to a secure University sever as soon 
as possible after focus group/interview and deleted from digital recorder. Audio files 
will be converted to ZIP files and sent via the University’s encrypted server to a 
professional transcription service (Smallbiz) to be converted to Microsoft Word 
transcription files. Transcription files will be downloaded and saved on a secure 
University server. Transcriptions files will be depersonalised and checked for accuracy 
against the audio files, after which the audio files will be deleted. Transcription files will 
only be linked to participant identifiable information through a unique study identifier. 
Care will be taken during the analysis and reporting of the data that no individual will 
be identifiable. 
 
17. Summarise your data management plan, including plans for dissemination of findings. 

 
Data will be collected at three points. The processes will be the same for both groups of 
participants (members of the public and professionals). 
 
University of Glasgow is the data controller for this work.  
 
Initial expression of interest 
 
1. People interested in participating will contact the research lead (Dr H Foster) by email, 

Twitter, or Facebook. 
2. Contact details will be left – email and/or telephone number. 
3. Contact details will be stored securely on password protected Excel Recruitment file until 

contacted.  
4. Excel file will be stored on UoG server. 
5. Those who agree to participate will have a unique ID added to their contact details. All 

further research material e.g., consent forms; interview transcript will use this unique ID. 
6. Those who decline to participate will be removed from the Excel Recruitment file. 

 
Consent forms 
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1. Prior to the focus group or interview participants will compete the consent form and email 

it back to the researcher. Consent forms will have the ID number assigned in Step 1. If 
participants do not consent they will leave the study and we will remove their contact 
details from the above Excel Recruitment file. 

2. Before commencing focus group or interview, participants will be led through the consent 
form and asked to give verbal consent which will be recorded on the Zoom/MS Team 
interview. 

3. All consent forms will be stored electronically in the study site file, in a separate location 
from the Excel recruitment file. 

 
Focus group/Interview transcripts 
 
Online focus groups and interviews will be recorded on Zoom/MS Teams, whereas 
those conducted face-to-face will be recorded using an encrypted audio recorder. 
Audio files will be uploaded to a UoG approved transcribing company by secure file 
transfer. Companies used will be Smallbiz or 1st Class secretarial Services. Once 
transcripts are checked for accuracy and anonymised, the audio file will be destroyed. 
 
Participants will be asked for demographic information, such as gender, age, ethnicity, 
relationship status, and who they live with. However, we will not retain personally 
identifiable data beyond the interview transcription. The team are experienced in 
reporting qualitative data and ensuring that people are not personally identifiable.  
 
The processes described here are processes that we have successfully used in several 
similar projects. The collection of limited personal data, data that the participant freely 
gives (e.g., they choose to contact us to express an interest in taking part), and storage 
of data on UoG servers in password protected files ensure privacy and confidentiality. 
 
Anonymised interview transcripts will be shared amongst the research team for coding 
and analysis. This will be done using shared folder which only principal researchers (Dr 
Hamish Foster, Professor Catherine O’Donnell, and Professor Frances Mair) have 
access. 
 
Dissemination of findings 
Anonymised quotes from focus groups and interviews may be included in reports, 
manuscripts, and presentations. Reports will be published on websites, shared with 
third sector partners (ALLIANCE/The Poverty Alliance, GPs in the Deepend), and posted 
on social media. Manuscripts will be published in academic journals and presentations 
will be delivered at public engagement events and national and international 
conferences.   
 
Data storage: 

1. Initial expression of interest 

 

Data collected: Name, email and/or telephone number, as preferred by the 
contact. 

Frequency: Data will be collected once. 

Data storage: Data kept only if participant takes part and will be retained for 
10 years  
Data deleted if person decides not to participate. 
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Data stored in password protected Excel Recruitment file and 
stored on UoG server. 

Number of people: Up to 50 people for 10 years; data from more people will be 
stored till prospective participants decline to participate and 
that number depends on people contacting research lead 

 
2. Consent Forms. 

 

Data collected: Consent form (Including unique study ID, name, and signature 
of participant) 

Frequency: Data will be collected once per participant 

Data storage: Stored on UoG server in study site file in a different location 
from Excel recruitment file. 
Consent forms retained for 10 years  

Number of people: Public participants: Up to 30 individuals 
Professional participants: Up to 20 individuals. 

 
3. Audio recording data. 
 

Data collected: Audio data file 

Frequency: Audio data will be collected once each from approximately 3 
focus groups and 16 interviews – i.e., approximately 20 audio 
data files. 

Data storage: Data recorded face-to-face will initially be stored on an 
encrypted digital recorder and transferred to UoG server and 
deleted from recorder at the earliest opportunity. Audio data 
recorded from MS Teams/Zoom and those transferred from 
the recorder will be stored on UoG server in study site file in a 
different location from Excel recruitment file. Access will be 
limited to the lead researcher and supervisors (HF, COD, FM) 
Stored for approximately 6 months till they have been 
transcribed to a word document, anonymised, and checked 
after which they will be deleted. 

Number of people: Public participants: Up to 30 individuals 
Professional participants: Up to 20 individuals. 

 
4. Transcribed and anonymised interview/Focus group data. 
 

Data collected: Anonymised word document file 

Frequency: Approximately 20 Word files 

Data storage: Stored on UoG server in study site file in a different location 
from Excel recruitment file and consent forms. 
Retained for 10 years  

Number of people: Public participants: Up to 30 individuals 
Professional participants: Up to 20 individuals. 

 

7. How is the research being funded? 

 
Via a Medical Research Council Clinical Research Training Fellowship (grant number 
MR/T001585/1) awarded to Dr H Foster. 
8. What is the start and end date of the research? 
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Proposed starting date:  
 
15/06/2022 
 
      Expected completion date:     
 
01/11/2022 
 
9. Describe any potential conflicts of interest. 

 
Researcher Name: Dr Hamish Foster 
conflict of interest - No 
 
Researcher Name: Prof Kate O’Donnell 
conflict of interest - No 
 
Researcher Name: Prof Frances Mair 
conflict of interest - No 

INCLUDE A COPY OF THE SURVEY, ANY OTHER PARTICIPANT FACING DOCUMENTS 
AND THE RESEARCHERS’ CVs WITH THE APPLICATION. 

 
 
Confirmation and Signatures 
 

 
Please initial box to confirm that all relevant research data generated during 
and after the study will be collected and held in compliance with the General 
Data Protection Regulation (May 2018).  
 
 
Please initial box to confirm data will be held securely for a period of ten 
years after the completion of the research project, or for longer if specified by 
the research funder or sponsor, in accordance with the University’s Code of 
Good Practice in Research.   
 
 
 
Please initial box to confirm that you have read the University of Glasgow’s Data 
Protection Policy  and the University’s mandatory online GDPR and Information Security 
modules have been successfully 
completed.  
 
 
 
 
Please initial box to confirm appropriate insurance arrangements are in place. 
 
 

HF 

HF 

H
F 

H
F 

https://www.gla.ac.uk/research/strategy/ourpolicies/
https://www.gla.ac.uk/research/strategy/ourpolicies/
https://www.gla.ac.uk/myglasgow/dpfoioffice/policiesandprocedures/dpa-policy/
https://www.gla.ac.uk/myglasgow/dpfoioffice/policiesandprocedures/dpa-policy/
https://moodle.gla.ac.uk/login/index.php
https://moodle.gla.ac.uk/login/index.php
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Name ______Dr Hamish Foster__________________    Date _____06/05/2022_____ 
(Proposer of research) 
Please type your name on the line above. 
 
For student projects: 
 
I confirm that I have read and contributed to this submission and believe that the 
methods proposed, and ethical issues discussed are appropriate. 
 
I confirm that the student will have the time and resources to complete this project.  
 
Name _________Prof Catherine O’Donnell__________________    Date 
___06/05/2022______ 
(Supervisor of student) 
Please type your name on the line above. 
 
 
 
 
Please upload the completed and signed form, along with other required documents by 
logging in to the Research Ethics System at - https://frontdoor.spa.gla.ac.uk/login/ 
 
 

https://frontdoor.spa.gla.ac.uk/login/
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Appendix 3: Consent form - focus groups 
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Appendix 4: Consent form - interviews 
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Appendix 5: Topic guide - focus groups 
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Appendix 6: Topic guide - interviews 
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Appendix 7: Supporting information for systematic review (Chapter 4) 
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Appendix 8: Social connection analysis - Additional file 1 (Chapter 5) 
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Appendix 9: Social connection analysis - Additional file 2 (Chapter 5) 
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Appendix 10: Weighted lifestyle score analysis - Supplementary material 1 
(Chapter 6) 
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Appendix 11: Weighted lifestyle score analysis - Supplementary material 2 
(Chapter 6) 
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