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Abstract  

Background: Geographical inequalities in children’s dental health, associated with area-

level deprivation, could be explained by variation in sugar-promotion in local 

environments. Investigating the nature and variation of such local-level sugar-promoting 

environments can inform public health planning.    

Aim: To investigate local-level socio-environmental contributors to sugar intake in 5-to-

11-year-olds and develop a reliable index that quantifies sugar-promotion in small-areas 

of England and explains geographical inequalities associated with dental caries in 

children.  

Methods: The research design had three interlinked phases: 1. Development of a testable 

framework of sugar-promoting socio-environmental factors through two structured 

reviews of the systematic reviews of dental caries and obesity literature. 2. Development 

and validation of a multidimensional index using large national datasets and quantitative 

techniques to collectively measure factors across Middle-layer Super Output Areas 

(MSOAs), and lower- and upper-tier local authorities (LAs) in England. 3. Predictive 

analyses to assess the relative importance of the index in explaining excessive sugar 

intake, dental caries prevalence, and tooth extractions in 5-11-year-olds.  

Results: Study-1: Socio-environmental factors in neighbourhood-, school-, and family-

environments, qualitatively contribute to sugar intake, dental health, and weight status in 

children. Study-2: A newly-developed MSOA-level index included 30 indicators within 

3 environmental domains; and indicated higher sugar-promotion in cities, inner London, 

and coastal areas. At LA-level, indices showed higher sugar-promotion in deprived, 

urban, and northern parts of England. Study-3: In logistic regression controlling age, 

gender, and ethnicity, the upper-tier LA-level index remained positively associated with 

excessive sugar intake. In simple linear regression, an increased index score was 

significantly associated with 4.7% increase in the percentage of severely decayed teeth 

in lower-tier LAs. In multilevel logistic regression, MSOA-level index and age were 

positively associated with tooth extraction. School- and family-environment domains 

predicted 380% increase and 37% decrease in chances of tooth extraction, respectively.   

Conclusion and key contribution: The qualitative predictors of sugar-promotion can be 

quantified using an index within small geographies. This could inform targeted and 

locally-relevant dental health promotion activities.   
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1.0  Chapter One- Introduction 
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1.1 Introduction to thesis 

Despite being largely preventable, dental caries (otherwise known as tooth decay), is a 

highly prevalent dental disease which affects around half of the global population (Wen 

et al., 2021). Both internationally (Petersen et al., 2005; Baelum et al., 2007; Marcenes 

et al., 2013; Dye, 2017; Kassebaum et al., 2015, 2017; Meier et al., 2017; GBD 2017 

Oral Disorders Collaborators., 2020; Wen et al., 2021), and within England (Public 

Health England., 2017a, 2019a), dental decay is recognised as a major public health 

problem, especially amongst children, and has a substantial impact on their day-to-day 

life and overall health (Wanyonyi et al., 2016; Watt et al., 2018). The disease causes pain, 

eating difficulties, sleep disturbances, loss of school days, and localized and systemic 

infections, thereby affecting children’s quality of life, and impeding their general 

development (Public Health England, 2017a). The disease is also known to have a life-

long impact on the overall health of individuals (Ruiz et al., 2022).  

At the national level, tooth decay remains a chief reason for the hospital admission of 

children (Public Health England, 2021a). Whilst preventive and restorative measures are 

preferred to treat dental caries to retain the natural dentition for as long as possible, an 

extensively decayed tooth requires an extraction (Office for Health Improvement and 

Disparities et al., 2021). Providing dental treatments is especially challenging in primary-

school-age children, as they often require speciality care including the provision of 

conscious sedation or general anaesthesia (GA) (National Health Service, 2019a; Public 

Health England, 2021a; Wanyonyi et al., 2016). Furthermore, the treatments cost families 

their time and the National Health Service its resources (Kastenbom et al., 2019; NHS 

Digital, 2020). Therefore, this thesis focuses on exploring the ways to tackle dental health 

issues in 5-to-11-year-old children, who usually attend primary schools, in England.  

Whilst the routine national surveys (Public Health England., 2018a, 2019b, 2020, 2021b), 

undertaken over the past few years, in children living in England have observed marginal 

declines in the prevalence of dental decay, the findings have revealed striking and 

persistent inequalities in the burden of disease across different places and population 

groups. Such inequalities arise from unequal distributions of socio-environmental factors 

related to economic policies and systems, development agendas, social norms, social 

policies, and political systems (Dahlgren and Whitehead, 1991; Marmot, 2005; Marmot 

and Wilkinson, 2006). Preventing dental decay and reducing unfair dental health 
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inequalities by understanding and targeting such socio-environmental determinants are 

on the current public health agenda (World Health Organisation, 2008, 2010; Public 

Health England., 2019a, 2017a, 2017b, 2016).  

In England, the inequalities are reflected in geographical patterns of the disease burden 

that are associated with area-level deprivation (Wanyonyi et al., 2016, 2017; West et al., 

2020). However, the exact mediators of this relationship remain underexplored. The 

authors suggest that the considerable amount of geographical inequality in dental health 

could be explained by varying local conditions resulting from the unequal distribution of 

such mediating socio-environmental factors (Wanyonyi et al., 2016, 2017; West et al., 

2020). However, there remains a dearth of evidence on the contribution of such socio-

environmental factors to child dental health outcomes and subsequent inequalities. 

Free sugar intake is identified as a key aetiological factor for the occurrence of dental 

caries (Stephan, 1940; Keyes and Jordan, 1963; Rugg-Gunn, 2013; Moynihan and Kelly, 

2014; World Health Organisation, 2015; Kidd and Fejerskov, 2016; Moynihan, 2016). 

Reducing free sugar intake remains a current and central public health agenda to improve 

child dental health (World Health Organisation, 2015; Public Health England., 2017c). 

However, evidence suggests that sugar consumption rates vary with income, where 

individuals from poor socioeconomic backgrounds consume higher amounts of sugar as 

compared to those from higher socioeconomic backgrounds (Kinirons et al., 1992; Bates 

et al., 2020; Ashford et al., 2021). This indicates the role of contextual factors in how 

people consume sugar.  

In response to the World Health Organization’s current recommendation of reducing 

daily sugar intake to as low as 5% of total energy intake to achieve a significant 

reduction in the prevalence of dental caries (Moynihan and Kelly, 2014; World Health 

Organisation, 2015; Moynihan, 2016), the UK government has introduced various public 

health strategies (HM Revenue and Customs, 2016; Public Health England, 2017c). 

Whilst these strategies have shown little success (Public Health England, 2019c), the 

geographical inequalities in child dental health remain persistent in England (Public 

Health England, 2020), highlighting the significance of the unidentified and unquantified 

local socio-environmental factors which may influence sugar consumption, and thereby 

dental health.  
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Although many dental health promotion activities are being implemented across local 

areas (Public Health England, 2018b), sugar consumption-related socio-environmental 

factors of dental health are rarely targeted, and hence the routine work of understanding 

their impact is lacking. This limits the understanding of the nature and variation in ‘sugar-

promoting environments’ and their influence on dental health. Therefore, it is vital to 

understand these unmapped local-level socio-environmental factors influencing sugar 

consumption and dental health. With national policies in place, this research uses an 

opportunity to further explore the nature of sugar-promoting environments, their 

variation across different localities, and their relative impact on dental health inequalities.   

With this in mind, the research presented in this thesis, endeavours to uncover the 

unexplained socio-environmental factors influencing free sugar intake in children, and to 

investigate their impact on geographical inequalities relating to dental caries prevalence 

in primary-school-age children. In summary, this is a three-phased research project. The 

first phase includes the creation of a testable framework of sugar-related socio-

environmental factors. The second phase comprises the development and validation of a 

multidimensional index, a composite scale that simultaneously quantifies the distribution 

of these factors across small areas in England and ranks them based on the area-level 

intensity of sugar promotion (Twigg et al., 2006; Nardo et al., 2008; Richardson et al., 

2010; Green et al., 2018; Ministry of Housing Communities and Local Government, 

2019). The third phase evaluates this index by examining relationships between the 

composite index and outcomes related to sugar consumption and dental health amongst 

children.   
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1.2 Study site  

England was selected as the study site for this research involving the examination of the 

role of surrounding conditions in influencing sugar consumption thereby giving rise to 

geographical inequalities in child dental health. This selection was made for three key 

reasons including, the fundamental need to tackle persisting geographical inequalities in 

child dental health across this country (Public Health England., 2019b, 2020, 2021b), the 

availability of pre-existing data on relevant topics, and the availability of a consistent 

system for defining and classifying small geographical areas located within the country 

(Office for National Statistics, 2019). These reasons are discussed in detail in the relevant 

chapters.  

England is a part of a unitary state of the United Kingdom (UK) which is formed of four 

countries including, Scotland, England, Wales, and Northern Ireland. According to the 

Census 2011 (Office for National Statistics, 2016), the total population size of England 

was 53 million. This was a 7% rise since 2001. There were 41,675,496 adults (males: 

20,262,822, females: 21,412,674). While 14% of these were born outside the UK, 87% 

were white. There were 22.1 million households, with an average of 2.4 residents per 

household. Twenty-three per cent of the individuals aged between 16-to-74 had no 

educational qualifications, whereas the other 27% had gained the highest level of 

education (i.e., level 4 or above). While more than 5% of the people in this age group 

were unemployed across all parts of the country, this proportion rose to 8% for residents 

of northern England. More than 21% (i.e., 11,336,960) of the total population was under 

18 years of age. Of these children, 5,806,326 were male, and 5,530,634 were female. For 

both males and females, the white to other than white ratio was 78.5 to 21.5 per cent.  

The latest census in 2021 (Office for National Statistics, 2022b), demonstrated that the 

total population size of England grew by around 3.5 million. According to this report, a 

total of 56,489,800 people now reside across 23,435,700 households in England (Office 

for National Statistics, 2022b). Of this, 51.04% of residents are female. A total of 17.41% 

of residents are under 15 years of age. In particular, there are 3,077,000 children aged 

four years or under (51.26% females), 3,348,600 children aged 5-to-9 years (51.37% 

females), and 3,413,100 children aged 10-to-14-years (51.36% females).   

From the geographical perspective, England is divided into nine regions, North-West, 

Yorkshire and the Humber, North-East, West Midlands, East Midlands, South-West, East 
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of England, South-East and London (Office for National Statistics, 2022a). Their 

geographical boundaries are depicted in Figure 1.1.  

 

Figure 2.1 Geographical regions of England (Office for National Statistics, 2011) 

For administrative purposes, the regions are subdivided into Local Authorities (LAs). 

There are five different types of LA which include, county councils, district councils, 

unitary authorities, metropolitan authorities, and London boroughs (Department for 

Levelling Up, Housing and Communities and Ministry of Housing, Communities and 

Local Government, 2016). The structure of the local council can be of a single- or two-

tier. In a single-tier structure, a council remains responsible for the provision of all local 

services such as town planning, housing, education, environmental health, economic 

development, social services, fire and civil defence, police, transport, libraries, policing, 
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social services, waste collection and waste disposal. Such a single-tier structure is 

common in London, metropolitan areas and parts of shire England. In a two-tier structure, 

these responsibilities are shared between the county and the district councils. This 

structure is used in most of England. At present, there are a total of 333 LAs in England. 

Table A1.1 in Appendix 1.1 gives details about the number of LAs by their type.  

While the LAs can vary greatly in their population sizes, a set of finer geographies called 

Output Areas (OAs) was designed and introduced in 2001 to facilitate data collection for 

the decennial census (Office for National Statistics, 2019). OAs are designed using the 

clusters of adjacent unit postcodes and are the lowest geographical unit for the reporting 

of the census. They are aligned to the local authority district boundaries and are 

homogenous in terms of their population size, tenure of household, dwelling type, and 

urban/rural nature of the locality. According to the 2011 census, there are a total of 

171,372 OAs in England. Their population ranges from 100 people or 40 households to 

625 people or 250 households.  

Following the 2001 census, Super Output Areas (SOAs) were introduced to further 

improve reporting of the small area statistics (Office for National Statistics, 2019). SOAs 

are formed through the aggregation of OAs. There are two main tiers of SOAs. The first 

tier is of lower layer super output areas (LSOAs) and the second is of the middle layer 

super output areas (MSOAs). The LSOAs comprise 1000 to 3000 people living in 400 to 

1200 households, whereas the population size of the MSOAs ranges between 5000 and 

15000 individuals living in 2000 to 6000 households. According to the 2011 census, there 

are 32844 LSOAs and 6791 MSOAs in England. Due to the homogeneity in the 

population sizes and characteristics, these geographies are preferred for statistical 

reporting across various government sectors and policy arenas. Each OA, LSOA, and 

MSOA has been assigned a unique name and a code which can be used for reporting 

purposes. The multidimensional index formed as part of this research was developed at 

the MSOA level, which is discussed in-depth in Chapter five.  
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1.3 Thesis structure 

This section provides an overview of the whole thesis by summarising the content within 

each chapter.  

Chapter two contains an in-depth review of the relevant literature. Firstly, this chapter 

describes the evolution of health as a concept and debates the influence of the local 

context in determining population health while detailing key geographical concepts such 

as place, communities, neighbourhoods, social capital and cohesion. Secondly, this 

chapter gives an overview of the current knowledge about the role of social determinants 

in health inequalities and shifts towards discussing the contemporary issues around oral 

health, particularly concerning dental caries. While doing so, it recognises the global and 

national burden of dental caries, and its impact on children, parents, and health systems. 

Thirdly, it stresses the presence of stark geographical inequalities in the burden of disease 

amongst children. It discusses the role of sugar in the occurrence of dental caries and 

debates the possible role of sugar-related socio-environmental factors in giving rise to 

geographical inequalities. This chapter then acknowledges sugar as a common risk factor 

for dental caries and obesity, discusses geographical patterns in the experience of obesity 

amongst children living across England, illustrates how they mirror the patterns related 

to dental caries, and highlights the need to outline the socioenvironmental factors through 

a separate review of obesity-related literature. The discussion then moves toward 

understanding the concept of multidimensional indices, and their use in investigating 

health inequalities through a review of three key indices. Lastly, this chapter identifies 

gaps in the existing literature and provides a rationale for new research involving index 

development to investigate the sugar-related socio-environmental factors affecting child 

dental health.  

Chapter three elaborates on the aim and specific objectives of the research presented in 

this thesis. This chapter then gives details about the overall research design and provides 

a schematic representation of all three phases of the research. Later, it details the study 

population, operational definition of the ‘environment’, and ethical issues considered for 

this research.  

Chapter four presents study one of the overall research. This study involves the creation 

of a testable framework of sugar-related socioenvironmental factors affecting child 

dental health. It gives details of the umbrella review of obesity-related literature and the 
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scoping review of the dental literature including, research questions, materials and 

methods, and findings. It then provides a summary of the findings of both reviews 

through the development of the testable framework of sugar-promoting environments. 

Chapter five discusses study two of the research which involves the creation of the Index 

of Sugar Promoting Environments Affecting Child Dental Health (ISPE-ACDH) to 

quantify the distribution of the factors identified in the testable framework. First, the 

chapter presents the design of this study involving two main phases i.e., index 

development and index validation. Then, it presents the details of phase one, where it 

illustrates a crude model of the index and elaborates a methodological programme 

involving seven steps for index development. Later, the chapter moves on to discuss the 

materials and methods used for the completion of each step. Alongside this, it also covers 

the findings of each step. Lastly, the chapter explains the methods used for phase two 

and gives the results of the validated index.    

Chapter six covers study three of the research. First, this chapter examines the 

relationship between the index and free sugar consumption in children at the national 

level. Then, it evaluates the association between the index and the outcomes related to 

dental caries in children using national and local data. Each of these sections involves 

descriptions of datasets employed, types of analyses undertaken, and the results of these 

investigations.  

Chapter seven presents the key findings of all three studies and discusses these in-depth 

in the context of the background literature of the research. It then debates the strengths 

of these studies and acknowledges the limitations of various methodological approaches 

undertaken during their completion.  

Chapter eight summarises the overall research by providing key conclusions in the 

context of the aim and objectives of the research. It then offers recommendations for 

future research, proposes potential implications for dental services, and offers additional 

recommendations for policy-making purposes.      
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2.0  Chapter Two- Literature Review 
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“We live in a Newtonian world of Einsteinian physics ruled by Frankenstein logic.”  

- David Russell 
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2.1 Introduction to the literature 

This literature review explores how local environments and actors within these 

environments could be associated with geographical inequalities in child dental health. 

Section 2.1 introduces the contents of this chapter. Section 2.2 outlines the literature 

search strategy. Section 2.3 defines and discusses health, oral health, and health 

promotion. Section 2.4 explores how human health is influenced by the local 

environment of individuals as a concept of human geography. Section 2.5 covers the 

social determinants of health and health inequalities. Section 2.6 discusses global oral 

health. Section 2.7 provides an overview of dental caries and its epidemiology. Section 

2.8 discusses the role of sugar consumption in the occurrence of dental caries and other 

health conditions, and debates how neighbourhood environmental conditions and dental 

health inequalities could be linked. Section 2.9 discusses the concept of multidimensional 

indices and reviews three key indices. Section 2.10 provides a summary of the literature, 

and the gaps in the literature and determines the rationale for this research. 
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2.2 A search strategy for the literature review 

A literature review was undertaken to establish the background and synthesise the 

existing literature associated with the research question and identify gaps in the literature. 

The review informed the research objectives and the study design. It allowed for a 

theoretical underpinning for the proposed work. The literature search involved the 

development of a conceptual framework of the key concepts (Aurini et al., 2016; 

Neupane, 2020), based on the research title ‘Capturing Sugar Promoting Environments 

and Understanding the Link with Dental Health Outcomes’ (Figure 2.1). This method of 

conceptualising pathways of the literature review was selected over the other methods 

including, mind maps and lists, due to a reasonable grasp of the subject related to the 

topic of interest (Aurini et al., 2016; Neupane, 2020), acquired from multiple sources 

including, World Health Organization’s (WHO) framework for the social determinants 

of health  (World Health Organisation, 2010), the reports of national dental surveys of 

children including, Children’s Dental Health Survey (CDHS) 2013 (Holmes et al., 2015a; 

Office for National Statistics Social Survey Division, 2015), and National Dental 

Epidemiological Programme (NDEP) Surveys (Public Health England., 2017a, 2019a), 

and studies exploring the role of local-level socio-environmental conditions on individual 

dental needs (Wanyonyi et al., 2016, 2017; West et al., 2020). Key concepts including, 

dental caries, an association between sugar consumption and dental caries, and the 

influence of national and local socioeconomic, political, and cultural conditions on dental 

health were recognised to understand the possible links between sugar promotion in the 

local environments and geographical inequalities in the prevalence of dental caries in 

children. The key concepts then facilitated the identification of the keywords and the 

overall literature-searching process.  

An extensive search for the relevant literature related to each key concept was 

undertaken. For this purpose, the EBSCO-host Discovery Service (EDS) by EBSCO 

(https://library.port.ac.uk/discovery.html), an online literature search engine providing a 

single point of access to different articles, books, journals, databases, and other academic 

resources was used. Access to this service was gained from the University of Portsmouth 

library service. Advanced searches were carried out using the hierarchical sets of relevant 

keywords. Boolean search commands were used throughout to identify similar terms. 

Various databases including ScienceDirect, MEDLINE, Dentistry and Oral Sciences 

Source, Cochrane, PsycINFO, Science Citation Index, Social Sciences Citation Index, 

https://library.port.ac.uk/discovery.html
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SocINDEX, and Emerald Insight were searched for relevant academic research papers. 

Reference lists of the relevant journal articles and institutional web pages were hand-

searched to identify additional journal papers and reports.  

The grey literature constituting the information produced outside the traditional 

commercial publishing organisations (Adams et al., 2016), was searched using official 

websites of professional organisations such as the World Health Organisation (WHO), 

Public Health England (PHE), National Health Service (NHS), Office of National 

Statistics (ONS), FDI-NCD alliance, Lancet Oral Health Series, Institute of Health 

Metrics and Evaluation, National Audit Office, and the National Archive database to find 

the references related to recent surveys and policy-related information. The E-books were 

searched using the University of Portsmouth Library Catalogue and Oxford University 

Press Scholarship database. An alert system was set up on Google Scholar to identify 

recently published literature during the continuation of the study. Periodic hand searches 

were also carried out using the EBSCO to identify recent publications. Finally, 

academicians and public health planners were informed about the research through the 

PowerPoint presentations delivered at the International Centre for Oral Health 

Inequalities Research and Policy (ICOHIRP), the International Association for Dental 

Research (IADR), and the University of Portsmouth, and through formal meetings 

requesting them to contact the researcher in the event of identification of relevant studies. 

 

 

 

 

 

 

 

 

 

Figure 2.1 Framework of key concepts for the literature review  

Sugar-promotion in the local 

environments 

National socioeconomic, political, 

and cultural context 

 
Local-level socioeconomic, 

political, and cultural conditions 

 

S
o

ci
al

 c
ap

it
al

 a
n
d
 c

o
h
es

io
n
 

Excessive sugar consumption by 

children 

 

Geographical inequalities in the 

prevalence of dental caries in 

children 



35 
 

2.3 Health  

There has been an evolution in the definition of health, the influences, and the systems 

that govern how health is promoted and how health care is administered. In 1946, the 

World Health Organisation (WHO), in its constitution, recognised ‘health’ as ‘a state of 

complete physical, mental, and social well-being, and not merely the absence of disease 

or infirmity’ (International Health Conference, 1946; World Health Organization, 2020). 

Origins of this definition are found in the writings of Sigerist (Sigerist and Boise, 1932; 

Sigerist, 1941), and Gautier and Biraud (Gautier and Biraud, 1945), where they described 

health as not just the sheer absence of disease but a positive state of life. This definition 

extended its scope beyond somatic aspects of health and acknowledged the impact of 

extrinsic influences on overall well-being (Nobile, 2014; Larsen, 2021).  

Although seen as revolutionary (Larsen, 2021), this definition was criticised for its 

idealistic and impractical nature (Callahan, 1973). Callahan argued that it was possible 

to be compatible with mental and social well-being while experiencing some degree of 

disease, and therefore, health should be considered solely as physical well-being and the 

absence of significant impairment of function (Callahan, 1973). Such a definition implies 

that a person would be considered healthy even though they feel depressed or socially 

deprived as long as they can function well. Callahan’s view (Callahan, 1973), overlooks 

inequalities in human physical as well as psychosocial well-being arising from their 

socioenvironmental conditions (Eckersley et al., 2001; Piovesan et al., 2010; Rogers et 

al., 2019; Perez et al., 2022).   

In the late-1970s, the WHO, at the international conference of Alma Ata, reaffirmed 

health as ‘a state of complete physical, mental, and social wellbeing, and not merely the 

absence of disease or infirmity, is a fundamental human right and that the attainment of 

the highest possible level of health is a most important world-wide social goal whose 

realization requires the action of many other social and economic sectors in addition to 

the health sector’ (World Health Organization, 1978). Whilst this notion of health was 

initially criticised for being broad (Pannenborg, 1978), it was eventually accepted for its 

holistic standpoint and has since become the backbone for various international health 

promotion policies and activities (Greenfield and Nelson, 1992; Larson, 1999; Nobile, 

2014).  
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In the 1980s, the WHO declared the ‘Health for all by 2000’ agenda to promote health 

by achieving social equity and justice (Bryant, 1980; World Health Organization, 1981). 

Navarro criticized this agenda for its discrepancy between the ideology and on-ground 

reality across many countries and asserted that the strategy was designed by the 

hegemonic and capitalist institutions and was imposed upon the disadvantaged 

populations suffering the largest burden of disease (Navarro, 1984). It could be argued 

that these claims are relevant in the modern-day as well, where the global and national 

health strategies often use a ‘one-size-fits-all’ approach and overlook the requirement of 

tailored policies based on different needs of the different populations belonging to the 

different socioeconomic classes and living within realms of different political structures.  

In the following years, the international health community, meeting in Ottawa, construed 

health as a result of an interplay between people and their local environments (World 

Health Organization, 1986). The Ottawa charter encouraged inter-sectorial action to 

create supportive environments, monitor changing environments, and empower 

communities to take effective actions to promote health (World Health Organization, 

1986). The health equity agenda (World Health Organization, 1981), and the Ottawa 

Charter (World Health Organization, 1986), shaped subsequent health promotion 

movements (World Health Organization, 2005). In 2005, the WHO formed the 

Commission on Social Determinants of Health to better understand the influences of 

societal conditions on health and health equity (World Health Organisation, 2008). 

Whilst such global endeavours could be a step closer in understanding how to achieve 

health equality, implementation of the strategies that are tailored to address determinants 

within local contexts needs more emphasis to address persisting health inequalities.  

In 2000, the United Nations (UN) declared the Millennium Development Goals (MDGs) 

for 2015 to combat poverty, hunger, and disease by targeting contextual determinants of 

health (World Health Organization, 2000). The MDGs mainly focussed on general health 

conditions including, maternal health, HIV/AIDS, malaria, and tuberculosis. However, 

oral health-related conditions were not explicitly acknowledged in these goals. These 

goals have been superseded by the UN Sustainable Development Goals (SDGs) for 2030 

(World Health Organization, 2015b). These include providing quality education, 

achieving food security, and improving nutrition (World Health Organization, 2015b). 

The SDGs are relevant for both general and oral health and seek to promote health and 

tackle health inequalities within the world population.   
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2.4 Understanding the influence of the local environment on health 

The role of the local environment in the determination of the health of individuals has 

been recognised across various scientific disciplines. In this section, interlinks between 

people’s health and their local contexts are carefully explored while discussing the key 

concepts related to human geography including, places, communities, neighbourhoods, 

and social capital and cohesion.   

2.4. 1 Health and place 

Contemporary attempts at conceptualizing ‘place’ can be traced back to the late 1970s 

when humanistic geographers described the place as a combination of ‘location’ 

recognizable using a particular set of coordinates, ‘locale’ involving physical and visible 

aspects including, buildings, schools, streets, and shops, and a ‘sense’ comprising both 

personal and shared representations for the people about a site. This concept challenged 

the earlier notions from the 1960s that considered people as impassive objects and 

disregarded their meanings resulting from their own experiences in a particular site 

(Tuan, 1977). The works of Paul Vidal de la Blache, Carl Sauer, David Seamon, and 

Allen Pred considered a place as a transforming and dynamic space through lived and 

meaningful experiences of people and focussed on understanding how people relate to 

their environments (Cresswell, 2020). 

Although places were thought to be associated with subjective experiences in the early 

1980s (Relph, 1976), such a notion lacked consideration of power and its role in the 

construction, reproduction, and contestation of places (Cresswell, 2020). Humanistic 

geographers inspired by Marxism argued that places are shared, therefore, their meanings 

are often influenced by social processes and people who have the power (Harvey, 1993). 

Sibley, in ‘Geographies of exclusion’, recognised that houses and immediate 

surroundings of individuals are influenced by social and spatial orders, where those who 

do not fit in, including children, the homeless, and people from lower socioeconomic and 

ethnic minority backgrounds are affected the most (Sibley, 1995). Thus, the idea of a 

place as a site of belonging and exclusion can give rise to systematic differentiation, 

where the power is unequally distributed amongst the people based on different identities, 

including, socioeconomic class, gender, ethnicity, and physical abilities. However, such 

social constructs of a place are frequently challenged by those who feel ‘excluded’ and 

‘out of place’. Places are, therefore, unfinished, and always transforming.  
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In the 21st century, Cresswell proposes that a place is a unique assemblage representing 

a gathering of diverse elements including, material things, meanings, and practices. 

(Cresswell, 2020). Therefore, it could be argued that such elements which form the whole 

entity of a place can be altered and improved to provide a more equalised distribution of 

wealth and power, thereby achieving more inclusivity and social justice. Does a place 

matter concerning human health though? Twigg and colleagues demonstrate the link 

between locality and health behaviours including smoking and drinking (Twigg et al., 

2000). Macintyre and colleagues emphasise that the distinction between places and 

people is an artificial construct as different social and environmental aspects of places 

significantly influence human health (Macintyre et al., 2002a). The importance of 

studying places was once again revealed with recognition of the relationship between 

places and obesity prevalence in England (Moon et al., 2007).  

Macintyre and colleagues, in their paper on conceptualisation and measurement of place 

effects on health, published in the year 2002, argue that the impact of places on human 

health has been explored less due to wariness about the use of ecological data, level of 

developments in areas of data collection, statistics, research methods, and dominance of 

behavioural, cultural, psychological studies in the health-related research (Macintyre et 

al., 2002a). The authors provide a conceptual framework of the local determinants that 

may influence human health. These include- 1. physical features e.g., air and water 

quality, and climate. 2. healthy environments e.g., housing, employment conditions, and 

safe play areas for children, 3. public and private services e.g., education, health system, 

and transport, 4. socio-cultural features e.g., political, and economic conditions, 

community networks and support, cultural norms, and values, and 5. area reputation e.g., 

perceptions of planners and investors concerning a locality (Macintyre et al., 2002a).  

2.4. 2 Environment 

The environment refers to the context in which things happen (Eden, 2009). The word 

‘context’, originally developed from the Latin term ‘contexere’ i.e., ‘to weave or join 

together’, now refers to the setting in which something exists. Thus, the local 

environments commonly refer to small geographies that provide a setting or a context 

within which individuals build close social connections. Gregory and colleagues (2009), 

state that contextual effects refer to the impact of the local environment on individuals’ 

attitudes and behaviours, which are shaped by their social interactions. Therefore, it could 

be argued that attitudes and behaviours that shape individual health, may vary amongst 
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individuals who are exposed to varying local environmental influences and experience 

varying degrees of social interactions and support. 

The context, being a subjective term, meanings of environment can vary. In 1977, 

Bronfenbrenner proposed the ‘ecological systems theory’, which acknowledged a nested 

arrangement of socio-environmental structures that influence a child’s development 

(Bronfenbrenner, 1979). These were namely, microsystem, mesosystem, exosystem, 

macrosystem, and chronosystem. The microsystem refers to the immediate environment 

containing elements including, parents, grandparents, teachers, and health systems that 

are in direct contact and are capable of altering a child’s beliefs. The mesosystem 

concerns interactions between microsystems that influence a child’s development. The 

exosystem encompasses different structures such as parental socio-economic conditions, 

government support, school governance, and health services, which influence children’s 

microsystems whereas, the macrosystem incorporates cultural elements including, 

socioeconomic status, geographical location, ethnicity, and poverty (Bronfenbrenner, 

1979). The macrosystem refers to the already established society and culture, where a 

child resides and the chronosystem refers to all socio-environmental changes that occur 

over a lifetime, e.g., a child starting a school (Bronfenbrenner, 1979). 

Bronfenbrenner revised this theory to ‘bioecological systems theory’ (Bronfenbrenner, 

1995), to acknowledge the role of individual biological factors such as age, gender, and 

ethnicity, affecting individual development alongside socio-environmental contributors 

mentioned earlier. He argued that a child’s development is an outcome of multiple 

complex and reciprocal interactions between an active, evolving biopsychological child, 

and their immediate external environmental elements including, persons, objects, and 

systems. Lippard and team (Lippard et al., 2018), confirmed the applicability of this 

framework by identifying links between teacher-child relationships and children’s 

academic achievements. Whilst this theory provides a holistic conceptual framework to 

classify various environmental structures, the actual socio-environmental elements 

remain underexplored.   

In 1999, Swinburn and colleagues (Swinburn et al., 1999a), came up with a framework 

called an Analysis Grid for Environments Linked to Obesity (ANGELO), to facilitate the 

examination of the impact of environmental factors related to obesity environment on 

obesity. In particular, this framework is more specific to the environmental factors 
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impacting individual behaviours related to the consumption of food products including, 

sugars, fats, fruits, and vegetables, and physical activity. According to this framework, 

the environment can be divided into two dimensions viz., size (micro and macro) and 

type (physical, economic, political, and sociocultural). The micro-environments are the 

settings where people meet and interact, which can include, households, schools, retail 

outlets, restaurants, and community centres. The macro-environments are related to the 

built environment or infrastructure which may promote or prevent unhealthy food-related 

behaviours. Such factors could include dental services, public services, and advertising.  

Physical and financial conditions include factors related to accessibility and availability 

of different foods (e.g., the density of retail shops in an area, their proximity, and 

household income). Material conditions involve housing and neighbourhood 

environmental conditions (e.g., neighbourhood deprivation and the number of people 

living in a household), whereas the political environment includes food-related rules and 

regulations (e.g., availability of free school meals, food-related policies in schools, and 

childcare). The sociocultural elements incorporate interpersonal interactions, family 

culture, and social support (e.g., school health education and family food practices).  

It could be argued that the design of the ANGELO framework is more specific as 

compared to Macintyre’s framework (Macintyre et al., 2002a), as it focusses only on the 

environmental issues around food and physical activity. Also, this framework is more 

comprehensive and allows the inclusion of multiple environmental settings and types of 

environmental elements. For these reasons, it has been previously used in various studies 

to define and explore the environments and their impacts on human health (van der Horst 

et al., 2006; Giskes et al., 2011; Pillay et al., 2022).  

2.4. 3 Communities and neighbourhoods 

Community refers to a group of people that share commonalities (Townshend et al., 

2020). Due to these commonalities, people feel a sense of belonging and solidarity to a 

particular community which inspires them to build interpersonal relationships. These 

commonalities could be related to various forms including, place, ethnicity, religious 

background, intergenerational ties, kinship, and shared interests. Whilst the community 

does not need to be physical, neighbourhoods are thought to represent a spatial form of 

communities comprising people living in small places and sharing local identities, social 

networks, and social circumstances.  
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Between the 1950s and 1980s, western governments developed neighbourhoods through 

the creation of built settlements (Townshend et al., 2020). During this period, their 

approach of urban planning shifted from high-rise buildings to sub-urban areas and gated 

communities. However, the latter approaches saw increased inequality across different 

income groups and reduced social involvement. This demonstrates that although the 

communities represent a sense of camaraderie, they can also facilitate the processes of 

social exclusion (Sibley, 1995). In the 1990s, western governments embraced a New 

Urbanism approach involving communities that provided more opportunities for social 

involvement and a distinct sense of place through the development of safe roads, green 

spaces, civic halls, and commercial buildings (Townshend et al., 2020). However, these 

areas lacked adequate employment opportunities and retail outlets which led to increased 

commuting.  

Consequently, contemporary urban planning is inclined towards the creation of transit-

oriented developments involving the promotion of connectivity between small sub-urban 

areas and urban economic centres through the use of public transportation. Whilst this 

approach offers sustainable living spaces to people from sub-urban areas, increased 

commuting may result in a lack of time to maintain health and health behaviours. 

Furthermore, individuals from the lower socio-economic classes including, manual 

labourers and small entrepreneurs, who cannot afford the daily commuting expenses, are 

more likely to reside in urban centres as employment and business opportunities are 

concentrated in urban economic centres. This may give rise to pockets of deprivation in 

urban economic centres.  

Neighbourhoods represent relatively homogenous groups of people who share local 

environments, build social relations, offer mutual aid, protect local territories, and 

advocate for positive change (Townshend et al., 2020). Whilst, they are viewed positively 

for creating long-lasting personal and social bonds and improving the well-being of their 

members, it is recognised that some neighbourhoods can be restrictive through the 

imposition of norms. Therefore, the impact of different neighbourhoods on the lives of 

members could vary. Consequently, they have been utilized to examine the impact of the 

immediate environment on health and health inequalities (Twigg et al., 2000; Macintyre 

et al., 2002; Moon et al., 2007; Richardson et al., 2010; Wanyonyi et al., 2016, 2017; 

Broomhead, 2017; Green et al., 2018). However, such an inquiry is limited to the 

examination of neighbourhood deprivation, physical activity, green spaces, air quality, 
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transport, accessibility to healthcare, and retail environment. Whilst researchers have 

endeavoured to measure the isolated impacts of these factors, their collective impact on 

the inequalities in child dental health remains underexplored.   

2.4. 4 Social capital and cohesion 

While the neighbourhoods represent the opportunities for facilitating social interactions, 

social capital represents the resources and assets derived from these networks (Hanlon, 

2020). The creation of social capital is influenced by the extent to which people within a 

community actively participate and contribute to their social network, which acts as a 

platform for mutual support and growth. To add value to the community, each member 

is obliged to follow the norms within their network and support others with a distinct set 

of resources that they possess. These resources may include information, skills, authority, 

or financial capital. Thus, all members of the community are benefitted from the use of 

the social network.  

Social capital can take three main forms which include, bonding, bridging, and linking 

(Hanlon, 2020). Bonding represents intimate interpersonal relations and cohesive 

behaviours within a compact community which may offer protection against external 

threats but can impose barriers to accessing resources that are available in other networks. 

While bridging facilitates the connections between individuals of different social and 

ethnic backgrounds, linking refers to the ability to network with people holding a higher 

degree of power. Bridging and linking can promote those from lower levels of the social 

hierarchy and offer greater personal and public benefits (Granovetter, 1973).     

In 1986, Bourdieu recognised the influence of social capital on the creation and 

maintenance of social hierarchical structures (Bourdieu, 1986). He suggested that people 

tend to interact with those whom they feel the most relatable in terms of their resources 

including financial, cultural, and work-related backgrounds. Therefore, individuals 

invest in such networks where they may obtain maximum benefits for themselves and 

their families. This trait of human behaviour leads to the formation of social stratification, 

where people within a society are clustered based on their capabilities to offer resources. 

Coleman argued that rational people tend to maintain interpersonal connections with 

those networks whose interests and aspirations are relevant to their own because they can 

reap the highest personal gains from such social capital (Coleman, 1988).  
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As opposed to Coleman’s work on interpersonal relations, Putnam’s work was focused 

on more macro-level forms of social capital that could range from a small neighbourhood 

to a country (Putnam, 1995, 2000). He emphasised that while mutual trust and reciprocity 

are essential requirements for creating and accumulating social capital, they are 

influenced by the level of political engagement of all members of a neighbourhood and 

the resources available to them. According to Putnam, if a neighbourhood comprises 

more civic-minded individuals, then such individuals will tend to help each other and 

strive to attain mutual benefits rather than focussing on self-gains. Such neighbourhoods 

will therefore be more indiscriminating and will provide an equal advantage to all 

through their social and economic developments.  

Supporting Bourdieu’s structural theory, DeFilippis and Holt argued that economic 

capital is affected by persistent inequalities in the distribution of power and political 

economy, leading to spatial differences in social capital (DeFilippis, 2001; Holt, 2013). 

Putnam’s theory, however, as it makes use of hierarchical geographies, is commonly used 

in human geography and environmental health disciplines. Social capital is therefore a 

multidimensional concept in itself. While it could serve as a discriminatory tool, it can 

be employed to offer a resourceful and trustworthy network thereby advocating for 

positive outcomes (Hanlon, 2020). It can, therefore, be employed to promote health in 

small neighbourhoods. Furthermore, Putnam’s ecological approach to social capital 

could be useful to identify close networks noted by Coleman and account for the social 

stratifications that exist within a society observed by Bourdieu.  
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2.5 Health inequalities and social determinants of health (SDH) 

This section outlines the concept of social determinants of health and reviews the 

philosophy and research related to their influence on health inequalities, and the global 

endeavours to achieve health equity in chronological order.   

In 1980, the Department of Health and Social Security in England published Sir Douglas 

Black’s report on health inequalities (Department of Health and Social Security, 1980). 

This ground-breaking evidence demonstrated how morbidity and mortality rates were 

unequally distributed across Britain (Gray, 1982). In 1997, the Secretary of State for 

Health commissioned an independent inquiry into health inequalities as a result of the 

repercussions of the Black report and the WHO’s introduction of the ‘health for all by 

2000’ policy (Acheson et al., 1998). This report by Sir Donald Acheson, once again 

observed a persisting and widening health gap between the wealthy and poor despite a 

decline in mortality rates.  

The contribution of these two reports remains in their recognition and emphasis that 

rising inequalities in health were the product of socioeconomic inequalities and 

disparities in income, education, employment, material environment, and lifestyle 

(Department of Health and Social Security, 1980; Gray, 1982; Acheson et al., 1998; 

Black et al., 1999; Spencer, 1999). While both Black and Acheson reports explicitly 

specified the families with children as a priority area for public health policy (Department 

of Health and Social Security, 1980; Acheson et al., 1998), Spencer highlighted that the 

greatest burden of inequalities remained on children where more than a million children 

were living in houses with no wage earners (Spencer, 1999). To tackle inequalities, 

Acheson's report made explicit recommendations about meeting material needs 

concerning houses, schools, food, and neighbourhood conditions (Acheson et al., 1998). 

2.5.1 Models of social determinants of health 

Incipiently, authors such as Dahlgren, Whitehead, Exworthy, Graham, Marmot, and 

Wilkinson, and sought to describe the relationship between the neighbourhood 

environment and the critical role it has in maintaining and promoting human health 

(Dahlgren and Whitehead, 1991; Exworthy et al., 2003; Graham, 2004; Marmot and 

Wilkinson, 2006; Marmot et al., 2010). They state that the health of an individual is 

influenced by the neighbourhood environmental conditions in which they are born, live, 

grow, and age, which are themselves controlled by wider political forces and systems. It 
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was recognised that unequal distribution of various physical, financial, social, cultural, 

and political factors was the cause of health inequalities, and they were collectively called 

the social determinants of health (SDH)  (Dahlgren and Whitehead, 1991; Graham, 2004; 

Marmot, 2005).  

Unequal distribution of the resources and power influenced by policies at the global, 

national, and local levels affects the distribution of the SDH in any particular community 

(Marmot, 2005; Marmot and Wilkinson, 2006). Because of this, the individuals 

experience varying degrees of positive and negative exposures to the SDH. This results 

in the inequalities in socioeconomic positions of the people and subsequently creates 

health inequalities within and across different communities. Marmot and Wilkinson refer 

to the existence of persistent and universal social gradients within societies and suggest 

that those who are at the lowest positions of the social hierarchy, experience a higher 

burden of mortality and morbidity (Marmot and Wilkinson, 2006). While the burden of 

the disease is highest amongst the poorest, those who are in the middle of the gradient 

suffer a higher burden compared to those who are at the highest positions (Marmot and 

Wilkinson, 2006; Sabbah et al., 2007).  

As a result of this understanding, various models determining the important SDH 

positively or negatively influencing our health have been put forward for policy planning 

and implementation purposes (Dahlgren and Whitehead, 1991; Marmot and Wilkinson, 

2006; World Health Organization, 2010). They commonly depict interlinking pathways 

through which biological, behavioural, cultural, societal, and political factors influence 

health. Dahlgren and Whitehead's model (Figure 2.2) which demonstrates various 

determinants of health representing a range of factors from socio-environmental 

conditions to individual-level factors in concentric circles, remains one of the most 

recognised models (Dahlgren and Whitehead, 1991).  

Examples of financial factors include circumstances related to income, employment, and 

occupation types. Cultural factors refer to various customs and norms that are present 

within a particular society, an example of these could be food-related practices in a 

community. Physical factors include availability and quality of housing, water, health 

services, schools, and roads, whereas social factors refer to community networks, the 

level of support received by an individual from a community. While this model does not 

recognise the political factors which encompass the levels of political awareness, civic 
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engagement, and availability and accessibility to various opportunities for the people in 

a community, it is widely used in both general as well as dental health research to 

understand the key determinants and explore inequalities in health.  

 

Figure 2.2 A model of determinants of health (Dahlgren and Whitehead, 1991) 

Challenging the utility of the models of social determinants, Graham argued that although 

such models facilitate the identification and categorisation of the key determinants of 

health into a hierarchy, their usefulness for the policymakers is limited as they do not 

facilitate any quantification of the influence of each factor or allow the comparison of 

magnitudes of influences with one another (Graham, 2004). Also, the use of the models 

in explaining both the health determinants and inequalities in health is debated as the 

possibility of blurring the distinction between the health determinants and the societal 

processes which affect their unequal distribution cannot be denied and this can influence 

the effectiveness of the interventions. Nevertheless, the models could be employed as the 

initial crafts for the quantification of the determinants and their influences on human 

health that could shed light on exactly which societal processes need to be targeted via 

public health interventions.  

Recently, Pearce and colleagues (2019), have developed a framework of social 

determinants that are specific to children’s health (Figure 2.3) through adaptations of the 

works of Bronfenbrenner (1979), and Dahlgren and Whitehead (1991). Similar to 

Dahlgren and Whitehead’s original model (1991), an individual, in this instance, a child 

lies at the centre of this model, representing individual-level non-modifiable factors such 

as age, gender, and ethnicity. The layers then progress to include the factors from the 
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most to the least proximal environments of children. The first most proximal layer 

comprises parenting styles, whereas the next layer consists of parental characteristics 

such as their own physical and mental health, and health-related behaviours. The layers 

then progress to include, factors related to household resources such as parents’ income, 

employment status, educational qualifications, housing conditions, and social networks. 

Beyond this lie the structural determinants that directly or indirectly influence child 

health. The direct influences include schools, childcare, and health systems, whereas the 

indirect factors comprise the conditions associated with parents’ work (e.g., work hours). 

The outermost layer is dedicated to the macro-level socio-environmental conditions. The 

significance of this model concerning the previous one (1991), lies in the fact that it 

distinguishes influences related to parental socioeconomic conditions, characteristics and 

parenting styles, and recognises the role of school and childcare settings in child dental 

health.        

 

Figure 2.3 Framework of social determinants of child health as adapted by Pearce 

et al (2019) from Bronfenbrenner (1979), and Dahlgren and Whitehead (1991) 

The authors (Pearce et al., 2019), further highlight multiple pathways through which the 

unequal distribution of these determinants gives rise to health inequalities in children. 

The ‘material’ pathway (Pearce et al., 2019), focuses on differences in the availability of 

resources that determine individual living conditions including, housing, food 

availability and quality, and warm clothing, that can lead to health inequalities. This 

pathway recognises that children from higher socioeconomic positions have greater 

access to resources needed to adopt healthy food choices, whereas children from lower 
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socioeconomic positions have less control over their home environment which affects 

their dietary behaviours.  

The ‘psychosocial’ pathway (Pearce et al., 2019), has two component pathways. The first 

pathway suggests that individuals from socially disadvantaged positions, as a 

consequence of low education and employment rates, and poor housing conditions, may 

experience feelings of inferiority and lack of control, which would influence their health 

via neuroendocrine pathways. The second pathway insinuates that individuals from lower 

socioeconomic conditions could be affected via psychosocial stressors, which would 

impact their health and health-related behaviours. The authors propose that young 

children may determine their perceptions relating to social conditions and status through 

the feelings and behaviours of their parents and caregivers. These perceptions could be 

further impacted in adolescence via their peers. 

The ‘behavioural’ pathway (Pearce et al., 2019), indicates that individuals from lower 

socioeconomic positions are more likely to adopt unhealthy behaviours including diet, 

physical activity, alcohol consumption, and smoking. The authors recognise that children 

have less control over their health-related behaviours, and therefore, parental behaviours 

such as feeding styles, interaction quality, and parenting styles, play a significant role 

concerning their health. Whilst this pathway may not fully account for the health 

inequalities between the affluent and deprived, it should be noticed that health behaviours 

are determined via material and psychosocial conditions, which are in turn led by SDH.  

The ‘structural’ pathway (Pearce et al., 2019), of health inequalities proposes that the 

discrepancy in the socioeconomic, political, cultural, and commercial structures, which 

control the distribution and accessibility of power, resources, and services within the 

immediate neighbourhood of the individuals, gives rise to health inequalities. Pearce and 

colleagues (2019), note that the availability of health services, schools, quality houses, 

healthy food shops, and area-level deprivation, are some examples of the structural 

factors that may affect child health. Furthermore, the factors such as parental 

socioeconomic and work-related conditions can impact child health through material and 

psychosocial pathways. These structural factors are recognised as the root causes of 

health inequalities, as they create inconsistencies in socioeconomic conditions by 

affecting education, employment, and government benefits. According to the 

fundamental causes theory, structural factors keep influencing socioeconomic conditions 
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via one or another pathway, thus, addressing them is the most effective way to tackle 

health inequalities in children.     

2.5.2 Promoting health and addressing social determinants of health  

The lingering question becomes how the understanding of the interplay between SDH 

and health, can be used to promote health and address SDH. While the Alma-Ata 

conference called for urgent action to protect the fundamental human right of complete 

physical, mental, and social well-being of all the people in the world and urged for strong 

support and integrated action from all health, social as well as economic sectors (The 

International Conference on Primary Health Care, 1978), Ottawa charter recommended 

five key action areas and three strategies, for promoting health (World Health 

Organization, 1986). As evident in figure 2.4, this charter emphasises building supportive 

environments and reinforcing community action for promoting health. 

 

Figure 2.4 The Ottawa Charter (World Health Organization, 1986) 
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2.5.3 Promoting dental health and SDH 

Whilst the inequalities in health (Acheson et al., 1998; Black et al., 1999; Marmot, 2005), 

and dental health (Watt and Sheiham, 1999a; Sabbah et al., 2007; Watt, 2007), have long 

been noticed and achieving health equity described as ‘the absence of unfair and 

avoidable or remediable differences in health among social groups’ remains the public 

health agenda (Commission on Social Determinants of Health World Health 

Organisation, 2008). As Marmot argues, ‘health inequalities are not inevitable and can 

be significantly reduced… avoidable health inequalities are unfair and putting them right 

is a matter of social justice’ (Marmot et al., 2010).  

SDH provide an impetus to act and prevent health conditions before their occurrence 

rather than keep treating them after their incidence (Marmot, 2005; Marmot and 

Wilkinson, 2006). Watt highlights that as SDH are the primary causes of oral health 

inequalities, the dental health system’s approach to focussing on behavioural, i.e., 

‘downstream’ and ‘victim blaming’ approach, has failed to close the health gap between 

deprived and affluent populations (Watt, 2007). He argues that ‘upstream’ public health 

actions at the local and national levels are crucial in reducing oral health inequalities 

(Watt, 2007).  

To achieve health equity, the WHO recommends three areas of action which are: to 

improve conditions of daily life, tackle the inequitable distribution of power, money, and 

resources at all levels, and measure the problem and evaluate the impact of actions 

(Commission on Social Determinants of Health World Health Organisation, 2008). In 

line with the last recommendation, a thorough understanding of the determinants of 

health and quantification of their influences seems crucial to tackle health inequalities, 

as such knowledge can be useful in appropriate policy planning to monitor and alter the 

factors which influence health. 

Figure 2.5 shows a conceptual framework published by the WHOs Commission on Social 

Determinants of Health. While this framework is based on various frameworks of SDH, 

it provides a comprehensive list of SDH and their mechanisms of action through which 

they give rise to health inequalities (World Health Organization, 2010). The framework 

depicts that social, economic, and political mechanisms create a hierarchy of 

socioeconomic positions in society. This hierarchy in turn creates a gradient of health 
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status as people belonging to different socioeconomic groups experience different 

exposures to health determinants.  

In reverse, inequality in health can influence the socioeconomic position which 

consequently can affect socioeconomic and political components. The most important 

feature of this model is the consideration of the feedback, where a reciprocal interaction 

between the health status and determinants of health is acknowledged (Hosseini Shokouh 

et al., 2017). It can be argued that even though this model effectively reflects the role of 

socioeconomic and political factors in determining health status, it does not reflect the 

neighbourhood-level variations in the health of people in presence of national-level 

policies to a fuller extent.    

 

Figure 2.5 The CSDH conceptual framework (World Health Organisation, 2010) 
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2.6 Oral health  

This section reflects on the key developments in the definition of oral health and provides 

an overview of contemporary levels of the burden of oral health conditions amongst 

individuals around the globe.  

In 1993, Dolan characterised oral health as having a comfortable and functional dentition 

enabling people to live a social life (Dolan, 1993). Soon after that, Sheiham and Spencer 

interpreted oral health as the ability to eat, speak and socially interact without any 

discomfort or pain (Sheiham and Spencer, 1997).  

In 2016, FDI World Dental Federation provided a new definition of oral health as 

‘multifaceted and includes the ability to speak, smile, smell, taste, touch, chew, swallow, 

and convey a range of emotions through facial expressions with confidence and without 

pain, discomfort, and disease of the craniofacial complex’ (Glick et al., 2016). The 

organisation emphasized oral health as an integral part of health that influences the 

quality of life and overall well-being (Glick et al., 2016). The definition further 

acknowledged oral health as a fluid state affected by various attributes including varying 

physical and social circumstances, coping abilities, and psychological attitudes of people 

living in varying environments (Glick et al., 2016).  

Whilst the FDI definition was seen as a more comprehensive description of oral health 

that enables the integration of oral health with general health strategies (United-Nations, 

2015; Nevins, 2016; Eckert, 2017; Lee et al., 2017), Hescot suggested the need to 

operationalise the definition through the development of the indicator-based tools for 

quantifying physiological and psycho-social aspects of oral health and oral health 

conditions, and to strengthen scientific research on common links between general and 

oral health (Hescot, 2017).  
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2.6.1. The global prevalence of oral health conditions  

In 2003, Peterson, in the World Oral Health Report, acknowledged that despite some 

improvement in the oral health of the global population, oral health diseases remained a 

significant issue (Petersen, 2003). Whilst the disease burden varied across and within 

countries, it particularly affected deprived populations of both developed and developing 

countries. He recognized various oral health conditions including dental caries, 

periodontal disease, tooth loss, and oral cancer as the major public health problems, due 

to their high prevalence, individual and social implications, and persisting incidence rates 

across the populations despite the scientific ability of prevention and treatment (Petersen 

et al., 2005).  

The GBD 2017 study, revealed that, globally, a total of 3.5 billion (95% uncertainty 

interval [95% UI], 3.2 to 3.7 billion), people were affected by oral conditions in that year 

(GBD 2017 Oral Disorders Collaborators., 2020). Of these, around 2.3 billion (95% UI, 

2.1 to 2.5 billion) and 532 million (95% UI, 443 to 622 million) individuals suffered from 

untreated caries in permanent teeth and deciduous dentition, respectively. Whilst the 

proportion of people having periodontitis was 796 million (95% UI, 671 to 930 million), 

267 million (95% UI, 235 to 300 million) lost at least one tooth. Other than this, 139 

million (95% UI, 133 to 146 million) people experienced other oral conditions. These 

proportions suggest the massive burden of oral health conditions on the global 

population. It is estimated that around 45% of the global burden of dental disease is 

related to dental caries, which incorporates the direct burden of dental decay and the 

indirect burden related to tooth loss (Vujicic and Listl, 2021).  

In 2021 Wen and the team indicated that untreated dental caries in permanent teeth was 

the most prevalent health condition in GBD 2019 (Wen et al., 2021). While the disease 

affected a total of two billion people (95% UI= 1.8 to 2.3 billion), the age-standardised 

prevalence was 25,625.5 (22,281.1 to 29,372.0) per 100,000 person-years. For children 

aged 5-14 years, dental caries in deciduous dentition was the most common disease 

impacting a half billion (95% UI= 0.4 to 1.6 billion) individuals with an age-standardized 

prevalence of 7,672.9 (6,113.1 to 9,339.6).  

Figure 2.6 demonstrate the global prevalence of dental caries in the deciduous dentition 

of males of all ages. The prevalence increases from birth and reaches its peak at 12 years 

of age, then gradually declines during teenage (Institute of Health Metrics and 
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Evaluation, 2019). Figure 2.7 showing the global prevalence of dental caries in 

permanent dentition in the same-sex group, displays a similar trend where, a sharp 

increase in the prevalence can be seen until the age of twelve years (Institute of Health 

Metrics and Evaluation, 2019). This signifies the necessity of preventing the disease at 

an early age to tackle the public health problem of dental caries. 

 

Figure 2.6 Prevalence of dental caries in deciduous teeth in males - GBD 2019 (X-

axis: Age, Y-axis: Prevalence) (Institute of Health Metrics and Evaluation, 2019) 

 

Figure 2.7 Prevalence of dental caries in permanent teeth of males before 

edentulism correction- GBD 2019 (X-axis: Age, Y-axis: Prevalence) (Institute of 

Health Metrics and Evaluation, 2019)  
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2.7 Dental caries 

This section characterizes dental caries and discusses the development in the 

understanding of its aetiology in detail and the central role of sugar. It then highlights the 

gravity of the disease amongst children around the world and within England and its 

implications. The section then provides an overview of the spatial inequalities in the 

distribution of the disease burden amongst children living across different areas in 

England, emphasising the need to address geographical inequalities in child dental health.   

2.7.1 What is dental caries?  

Dental caries, also known as tooth decay, is a chronic infectious disease of teeth 

characterised by demineralisation of the tooth structure as a result of the acid production 

by micro-organisms present in the dental plaque, which is an oral biofilm present on the 

surface of a tooth (Selwitz, 2007). Despite being largely preventable, dental caries is the 

most common non-communicable disease (NCD) affecting half of the total population in 

the world (Kassebaum et al., 2015; GBD 2017 Oral Disorders Collaborators., 2020). This 

disease shares a common link of sugar consumption with other NCDs such as obesity 

and diabetes (Sheiham and Watt, 2000). Both internationally and within England, dental 

decay is recognised as a major public health problem and prevention of this disease is 

currently on the public health agenda (Public Health England, 2016a, 2017a, 2019a; 

World Health Organisation, 2017).  

2.7.2 Aetiology  

Research suggests that when an individual consumes sugar, the breakdown of these 

sugars into acids through a chemical action takes place within his/her oral cavity; and 

these acids are responsible for the demineralisation and destruction of the tooth which 

gives rise to dental cavities (Kidd and Fejerskov, 2016). 

Solutions to prevent dental caries and tackle inequalities in this disease lie in its aetiology. 

The first description of this disease can be found in the chemo-parasitic theory proposed 

by Miller in 1890 (Köhler, 1974). While 19th-century theory by Miller suggested that the 

action of demineralisation occurs continuously (Köhler, 1974), a modern understanding 

is that such a process is more of a cyclic nature and occurs in episodes of demineralisation 

and remineralisation (Stephan, 1940). Whilst saliva and fluorides play an important role 

in initiating the remineralisation process, the presence of free sugars in the oral cavity 

interferes with it. Thus, the initiation of dental caries can be reversed, if the intake of 
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sugars is prevented (Stephan, 1940; Rugg-Gunn, 2013; World Health Organisation, 

2017). A diet low in sugars and high in calcium favouring remineralisation is recognised 

as an effective intervention to inhibit the development of dental caries.  

In 1963, Keyes and Jordan presented a model of the caries theory (figure 2.8) which 

involved 3 main prerequisites for dental caries activity: the host i.e., tooth, diet, and 

micro-flora i.e., dental plaque and suggested that the development of dental caries can be 

halted by altering these factors (Keyes and Jordan, 1963). They concluded that the control 

strategies should focus on four areas: improvement in diet-related behaviour, increasing 

enamel resistance, suppression of the oral pathogenic bacteria, and operative procedures. 

Since then, various strategies and models for preventing tooth decay have been invented 

and saliva, immune system, education, sugar consumption, and fluoride exposure are 

recognised as the key modifiable factors to prevent and control the disease (Touger-

Decker and van Loveren, 2003). Reduction in sugar intake seems a promising strategy 

according to a public health perspective as it is effective, efficient, and practically 

achievable (Rugg-Gunn, 2013).  

Dental caries occurs as a result of demineralisation of the tooth structure because of the 

chemical action between microbial biofilm (i.e., plaque surrounding the tooth surface) 

and free sugars within food and drinks consumed by an individual (Touger-Decker and 

van Loveren, 2003; World Health Organization, 2018). Oral microorganisms such as 

streptococci and lactobacilli convert free sugars into acids. Exposure to such acids causes 

demineralisation of the tooth enamel and dentine which leads to tooth structure 

destruction. This mainly occurs where exposure to free sugars is prolonged, mechanical 

removal of the plaque through tooth brushing is irregular, and intake of fluorides is 

inadequate. Structural destruction of the enamel and dentine results in the formation of 

cavities in teeth (Touger-Decker and van Loveren, 2003; World Health Organization, 

2018).  

Recent research recognises the multifactorial nature of the disease and suggests that the 

dynamic relationship between tooth, dental plaque, and sugar intake is influenced by 

internal environment involving biological factors, and external environments including 

socio-behavioural, psychosocial, societal, and political factors (World Health 

Organisation, 2017, 2018, 2019). Earlier, dental caries was looked upon as a solely 

behavioural issue related to sugar consumption, however, modern understanding is that 
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behaviours themselves are structured by macro and micro-level policies, socioeconomic 

conditions, physical, and cultural environments of the individuals (World Health 

Organization, 2010).  

It has been suggested that dental caries can be prevented if the exposure of any of the 

three factors i.e., tooth, oral microflora, and sugars within the oral cavity is disrupted 

(Keyes and Jordan, 1963), and the feasible thing to prevent is ‘sugar’. Therefore, in recent 

years, various global (World Health Organization, 2015a), and national (HM Revenue 

and Customs, 2016; Public Health England., 2015, 2017b), public health policies are 

focused on minimizing sugar consumption by people.  

 

 

 

 

 

 

 

 

Figure 2.8 Aetiology of dental caries adapted from Keyes and Jordan (1963) 

2.7.3 How do we measure dental caries?  

The initial forms of the disease can be limited to clinically undetectable or detectable 

changes in the sub-surfaces of the tooth. As the disease advances, the cavitation of the 

tooth enamel and further involvement of dentinal and pulpal tissues of the tooth is 

observed (Featherstone, 2004; Kidd and Fejerskov, 2004; Pitts, 2004). The detection and 

measurement of dental caries occur at three levels, i.e., the tooth, individual and 

population level (Pitts, 2004). First, dental caries is detected at the tooth level, and their 

severity level is decided using various diagnostic threshold classifications. Second, the 

total experience of dental caries is calculated for an individual. Last, disease level is 

computed for the population to monitor the changes in oral health over time.  

Host (saliva 

and teeth) 
Microflora 

Substrate (diet 

including sugars) 

Caries 
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In various epidemiological surveys, the Decayed, Missing, Filled Teeth Index (noted as 

DMFT for permanent teeth, and dmft for primary teeth) is a commonly used method for 

the assessment of dental caries (World Health Organization, 2013). To compute the 

DMFT index score, the oral health of individuals is initially assessed using the WHO oral 

health assessment criteria provided in Table 2.1. Based on this coding system, all 

permanent teeth are assigned with one of the 3 components: a. ‘D’ for teeth with codes 1 

and 2, b. ‘F’ for teeth with code 3, c. ‘M’ for teeth with codes 4 (for individuals of all 

ages) or 5 (for individuals aged more than 30 years). Teeth with codes 6, 7, and 8 are not 

included in the DMFT index calculation. The index can be broken down into its parts to 

assess each component separately.  

Table 2.1 WHO oral health assessment coding for primary and permanent teeth 

(World Health Organization, 2013) 

Code Condition/status 

Primary teeth Permanent teeth  

Crown Crown Root  

A 0 0 Sound 

B 1 1 Caries 

C 2 2 Filled, with caries 

D 3 3 Filled, no caries 

E 4 - Missing due to caries 

- 5 - Missing for any other reason 

F 6 - Fissure sealant 

G 7 7 Fixed dental prosthesis abutment, special crown, or 

veneer/implant 

- 8 8 Unerupted tooth (crown)/unexposed root 

- 9 9 Not recorded 

Although the DMFT index captures the overall dental caries experience amongst people, 

it can be argued that the application of this index is limited to measuring the clinical 

aspects of the disease only. One of the main limitations of this index is that it does not 

measure the intensities of the risk factors, including sugar consumption rates, which 

significantly affect the prevalence of dental caries across population groups. Similar to 

the DMFT index, the Decayed, Missing, Filled Surfaces Index (noted as DMFS for 

permanent teeth, and dmfs for primary teeth) can also be calculated where surfaces are 

calculated instead of teeth (World Health Organization, 2013). Other systems classifying 

diagnostic thresholds of the disease include the Dundee Selectable Threshold Method 

(DSTM), Nyvad Criteria, Caries Assessment Spectrum and Treatment (CAST), and 

International Caries Detection and Assessment System (ICDAS) (Campus et al., 2019).  
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2.7.4 The global burden of dental caries amongst children 

Between 1981 and 1998, the level of dental caries experience, measured by the DMFT 

(Decayed, Missing, Filled Teeth) index, declined from 4.6 to 3.5 for 12-year-old children 

living in developed countries (Petersen et al., 2005). In contrast to this, there was an 

increase of 0.8 for the children of the same age living within developing countries. In 

2004, DMFT remained higher for the American (DMFT= 3.0) and European (DMFT= 

2.6) 12-year-olds as compared to their African (DMFT= 1.7) counterparts despite the 

declining trend (Petersen et al., 2005).  

A decade later, Fédération Dentaire Internationale- World Dental Federation (FDI) 

reported similar trends suggesting stark variations in dental caries levels among 12-year-

olds across the lower, middle, and high-income countries (FDI-World Dental Federation, 

2015). Whilst, the burden was maximum in middle-income countries, more than 50% of 

dental caries was left untreated in high-income countries. Even though the prevalence was 

lowest in low-income countries, the majority of the cases remained untreated (FDI-World 

Dental Federation, 2015).        

The Global Burden of Disease (GBD) study (GBD 2017 Oral Disorders Collaborators., 

2020), provides internationally comparable data and tools to monitor and analyse the 

distribution of various oral and general health conditions over time. The main marker of 

the GBD study, disability-adjusted life years (DALYs), which indicates years of ‘healthy 

life’ lost due to the disease, are calculated through summation of the years of life lost due 

to premature mortality and years lived with disability (YLDs). As oral conditions 

occasionally lead to death, DALYs for oral conditions represent YLDs, which are 

computed through the multiplication of prevalence quantifying frequency, disability 

weight measuring severity, and total duration of the condition. YLDs for populations, thus 

measure the discrepancy between current and ideal health states where people would have 

lived their standard life expectancy free of disease. 

According to the GBD 2017 study, untreated dental caries in deciduous dentition 

accounted for 0.1 million all ages YLDs (95% UI, 0.06 to 0.3 million), but significantly 

affected 5-to-9-year-olds, with the prevalence rate being more than 40% (GBD 2017 Oral 

Disorders Collaborators., 2020). Whilst the additional analysis showed that, between 1990 

and 2017, all age YLDs due to this condition decreased in high-income countries, they 

increased for those living in low-income nations. Regarding the untreated dental caries in 
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permanent dentition, whilst the prevalence rate showed an increasing trend between 1-to-

10-years of age, around 1.6 million all ages YLDs (95% UI, 0.7 to 3.1 million) were 

observed. All ages YLDs due to untreated dental caries increased between 1990 and 2017 

for the lower-income countries.  These results are in line with the trends identified by 

Peterson (Petersen, 2005).  

The results of the 2019 GBD study showed the declining percentage of total YLDs 

associated with dental caries in both deciduous and permanent dentition of 5-to-14-year-

olds living in the least deprived countries as measured by the Sociodemographic Index 

(SDI) (Institute for Health Metrics and Evaluation, 2019). These trends are demonstrated 

in figures 2.9 and 2.10. Increasing trends were once again observed for the middle and 

lower deprivation quintiles of the SDI. The reduction in the percentage of YLDs due to 

dental caries could be interpreted as a gradual enhancement in dental health-related 

quality of life of individuals living in affluent countries, as a result of public health 

efforts. 

 

Figure 2.9 Percent of total YLDs associated with dental caries in deciduous teeth 

of 5-to-14-year-olds living across countries of low to high Sociodemographic Index 

(SDI) values between 1990 to 2019- GBD 2019 (X-axis: Year, Y-axis: Percent of total 

YLDs) (Institute for Health Metrics and Evaluation, 2019) 
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Figure 2.10 Percent of total YLDs associated with dental caries in permanent teeth 

of 5-to-14-year-olds living across countries of low to high Sociodemographic Index 

(SDI) values between 1990 to 2019- GBD 2019 (X-axis: Year, Y-axis: Percent of total 

YLDs) (Institute for Health Metrics and Evaluation, 2019) 

2.7.5 Surveillance of dental caries in England 

Within England, the prevalence of dental caries amongst children is monitored through 

two types of routine national oral health surveys, i.e., decennial surveys, and biannual 

surveys. 

Decennial surveys, titled children’s dental health surveys, first conducted in 1973, are 

commissioned by the Health and Social Care Information Centre (Holmes et al., 2015b). 

They collect data related to the dental health of children of age 5, 8, 12, and 15 years. 

The most recent decennial survey, the children’s dental health survey 2013, was the fifth 

survey of the series. According to the report, obvious tooth decay experienced in the 

primary teeth, measured by dmft index, was found in 31% and 45% of 5- and 8-year-olds 

respectively. Additionally, obvious tooth decay experienced in permanent teeth, 

measured by DMFT index, was observed in 32% and 44% of 12- and 15-year-old 

children, respectively. These results showed a decline of 9% and 11% for the respective 

age groups compared to the 2003 survey. However, excessive sugar consumption was 

observed in 16% of 12-year-olds and 14% of 15-year-olds, where their drinking of sugary 

drinks exceeded four times a day. It was further noticed that this behaviour was more 

common in children from deprived families.  
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Whilst the decennial surveys are designed to collect detailed information on children’s 

oral health status, they also gather information on various risk factors of dental caries 

including, parental socioeconomic conditions, education, occupation type, family 

culture, and level of deprivation within the area of residence (Holmes et al., 2015b). 

Additionally, the surveys also incorporate data on the oral health-related attitudes and 

behaviours of children and their parents. These surveys, therefore, provide valuable 

information on child dental health and a few risk factors associated with dental caries.  

Although these surveys collect limited data on sugar consumption rates amongst children 

(Holmes et al., 2015b), data on various socioenvironmental aspects influencing these 

rates including, the overall environment within schools where children spend a large 

amount of time, school policies related to sugary foods, and impact of the sugar-selling 

retail outlets nearby children’s residence and schools, are not collected. This limits the 

exclusive use of these data to analyse the different patterns in sugar consumption rates, 

the impact of various determinants of sugar consumption and their influence on the 

prevalence of dental caries. Moreover, the data of these surveys are generally published 

at regional levels for ethical purposes. This limits the analysis of these data to assess the 

significance of the risk factors of dental caries at a lower geographical level.  

Biannual surveys are conducted under the National Dental Epidemiological Programme 

(NDEP) by Public Health England, an executive agency of the Department of Health and 

Social Care. These surveys are carried out amongst children aged 3, 5, and 12 years 

attending different schools and nurseries located across Local Authorities (LAs) in 

England. According to a recent survey report, the prevalence of dental caries among 3-

year-olds was 10.7% in 2019-2020 (Public Health England, 2021b). These results 

indicate little progress made until the last survey, conducted in 2013, suggested a 

prevalence of 11.7% for this age group. Whilst 23.4% of the five-year-olds experienced 

obvious decay in 2019 (Public Health England, 2020), this proportion is essentially 

similar to the one observed in 2017 (23.3%) (Public Health England, 2018c). 

According to the survey conducted on 12-year-old children attending state-funded 

schools in the academic year 2008/09, more than thirty-three per cent of pupils 

experienced dental caries (Public Health England, 2019b). As compared to the previous 

surveys for these age groups, these numbers show some improvements in the proportion 

of children with no obvious decay and the average DMFT levels for England (Public 
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Health England., 2019b, 2019c; 2020). Most alarmingly, the PHE NDEP surveys show 

severe and persisting variations in the dental health status of children of all ages living 

across different geographical places, and from different population groups.      

In contrast to the decennial surveys, these surveys do not incorporate any component on 

risk factors of dental caries in their data collection. Therefore, the use of these is limited 

to monitoring improvements in dental health status rather than the actual measurement 

of the risk factors that give rise to dental health diseases. While the surveys serve the 

purpose of observing the change that occurred up to the point of data collection, they do 

not provide any information on how the change should be achieved in the future, as a 

consequence of a lack of information about the distribution of risk factors within a 

particular area. Although decennial surveys may be used for this purpose to a certain 

extent, the 10-year time gap in the data collection severely limits the necessary and timely 

political action to tackle the public health problem of dental caries.    

Figures 2.11 and 2.12 show the prevalence rates of dental caries in deciduous and 

permanent dentition in males living in England in comparison with the global rates in the 

same, reported in the GBD 2019 study (Institute of Health Metrics and Evaluation, 2019). 

However, the age-wise trends are fairly similar to the global trends, where the prevalence 

rates for both types of dentition show a sharp increase in the first 12 years of life. 

Therefore, it could be argued that these years are the most important concerning dental 

health and public health policies, and programmes should target these age groups to 

reduce the lifelong burden of dental decay.  
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Figure 2.11 Prevalence of dental caries in deciduous teeth in males living in 

England- GBD 2019 (X-axis: Age, Y-axis: Prevalence) (Colour coding: Green: Global 

fit, Blue: Country fit, Purple: Region fit) (Institute for Health Metrics and Evaluation, 

2019) 

 

Figure 2.12 Prevalence of dental caries in permanent teeth before edentulism 

correction in males living in England- GBD 2019 (X-axis: Age, Y-axis: Prevalence) 

(Colour coding: Green: Global fit, Blue: Country fit, Purple: Region fit) (Institute for 

Health Metrics and Evaluation, 2019)   
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2.7.6 Impact of dental caries 

Dental caries impacts health and well-being in a myriad of ways. The impact during 

childhood influences the life course. The key areas where dental caries has a significant 

influence are considered in the following sub-sections. 

2.7.6.1 Quality of life and health in general  

In 2006, Nuttall and colleagues surveyed parents’ perceptions about the impact of oral 

health conditions on the personal and social aspects of the lives of children living in the 

United Kingdom (UK) (Nuttall et al., 2006). The study sample was derived from parents 

of the participants of the decennial oral health survey of children conducted in 2003. 

According to the parent reports, nearly a quarter of children of all ages experienced some 

form of impact due to oral health conditions within 12 months of the decennial survey. 

Nearly 10% of 8-year-olds who had obvious tooth decay suffered from pain. 

Additionally, it was observed that the proportion of 8-,12-, and 15-year-olds with obvious 

dental decay experiencing impacts related to oral function, self-confidence, orally related 

activity, and emotional impact was higher compared to those of the same ages but without 

dental decay. Whilst few children experienced more concerning impacts such as social 

functioning, general health, and life overall, these proportions were greater for those who 

had dental caries experience.  

Sheiham, in his review, acknowledged that the presence of untreated dental caries affects 

body weight, physical and cognitive development, and overall quality of life of pre-

school children (Sheiham, 2006). Children who have untreated dental caries have poor 

dietary intake as they suffer from difficulties and severe pain while chewing food. 

Additionally, they experience suppression of growth, and reduction in haemoglobin due 

to the chronic infection in the oral cavity. Advanced stages of tooth decay led to 

subsequent tooth loss (Heilmann et al., 2015). Kaur and the team recognised that 

untreated dental decay, in both aesthetic and masticatory zones amongst adolescents, 

substantially influences (p< 0.05) their self-esteem (Kaur et al., 2017). These results are 

in line with the findings identified in earlier studies (Nuttall et al., 2006; Sheiham, 2006).  

In England, it is recognised that the advanced stages of tooth decay require dental 

extractions under general anaesthesia (GA) or sedation within hospital services (Public 

Health England, 2021c). Dental extraction remains the most common reason for hospital 

admission for 6 to 10-year-old children. In the year 2019-2020 alone, a total of 55,137 
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completed consultant episodes were recorded for tooth extractions in children and 

adolescents (Public Health England, 2021c). Untreated dental caries was the main cause 

of 65% of these extractions among 0- to 19-year-olds. While children experiencing tooth 

loss suffer from several consequences including, difficulties in speaking and chewing 

food, and lowered self-esteem, such impairment can also have a long-lasting impact on 

the quality of life in their adulthood. Dental caries, thus, affects the overall health and 

well-being of children and it is essential to tackle this public health problem to provide 

children with a great start in life (Public Health England, 2017a).  

2.7.6.2 Education and personal development  

Oral health is an integral part of overall health; when children are not healthy, this affects 

their ability to learn, thrive and develop. Good dental health can contribute to school 

readiness (Sheiham, 2005). The presence of dental caries leads to disturbances in sleep, 

and lowered ability to concentrate and learn new things (Sheiham, 2006). Seirawan and 

team (Seirawan et al., 2012), studied the impact of untreated dental caries on the 

academic performance of disadvantaged children aged 6-8 and 14-16 years, attending 

schools across Los Angeles, USA. The logistic regression models revealed that the 

chances of having a lower than the median Grade Point Average (GPA), an objective 

measure of school performance, were four times higher amongst children suffering from 

dental pain [OR=3.7, (CI= 1.8, 7.6)]. Additionally, it was noticed that toothache 

[OR=5.7, (CI=3.5, 9.3)], and inaccessibility to dental care [OR=3.0, (CI=1.8, 5.0)], 

significantly affected school attendance, where children missed more than one day of 

school due to the dental problems.  

While similar findings are reported by other authors as well (Krisdapong et al., 2013; 

Heilmann et al., 2015; Naavaal and Kelekar, 2018; Rebelo et al., 2019; Perazzo et al., 

2020), a few studies have suggested that the school environment, including school 

location (Rajab et al., 2014), and academic climate (da Franca Bandeira Ferreira Santos 

et al., 2020), and have a significant influence on child dental health. The authors argue 

that schools are important avenues for the development of a child through health 

education and promotion, and therefore have a pivotal role concerning children’s dental 

health. Therefore, it could be argued that the relationship between child dental health and 

school education is reciprocal.  
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Within England, Goodwin and the team surveyed to explore the impact of untreated 

dental caries requiring tooth extractions under General Anaesthesia (GA) on children’s 

school performance (Goodwin et al., 2015). The results of this study on the implications 

of dental caries and their severity are depicted in Figure 2.13. Twenty-six per cent of 

parents stated that their child had to remain absent from school. Around 67% and 38% 

of parents reported that their child suffered from pain and sleepless nights, respectively, 

which could have impacted children’s ability to concentrate on studies, thereby 

worsening their school performance (Sheiham, 2006).  

 

Figure 2.13 Implications of dental caries (Goodwin et al., 2015; Public Health 

England, 2017a) 

2.7.6.3 Perceptions about social and personal attributes 

Psychological studies show that the presence of visible dental caries is a psychological 

predictor of the perceived social and personal characteristics of a person (Feng et al., 

2001; Somani et al., 2010). In 2001, Feng and colleagues studied the impact of various 

dental appearances on perceptions about personal attributes by conducting a cross-

sectional analytical interview study. Study participants, who were Chinese adults, were 

shown photographs of 5 men with 3 degrees of dental state and asked to make judgements 

about them. The results of analysis of variance (ANOVA) models suggested that the 

absence of dental caries was significantly associated with perceived higher self-

confidence (F=4.61, p=0.033), whereas participants thought that the chances of men with 

dental decay attending the university were low (F=9.65, p=0.002). 
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These results are congruent with the study conducted by Somani and colleagues, where 

they suggested that visibility and extent of dental decay are determining factors in making 

social judgements about people (Somani et al., 2010). The authors identified a clear 

pattern where the presence of visible dental caries, especially in the central incisors, was 

associated with poor social judgement measured using a five-component scale assessing 

perceived thoughts on an individual’s social competence, intellectual ability, 

psychological adjustment, extroversion, and concern for self-appearance (Somani et al., 

2010).  

2.7.6.4 Economic impact 

Dental caries is an expensive disease to treat and has a significant economic influence on 

global, national, and individual levels. This disease is not only associated with direct 

economic costs arising from the treatment, but it also leads to indirect economic 

implications as a result of loss in productivity, and absence from work. Listl and 

colleagues revealed that, globally, a total of $442 billion, including a direct cost of $298 

billion, was spent on dental diseases in 2010 (Listl et al., 2015). While the direct cost 

accounted for around 4.6% of the global health expenditure, indirect costs corresponded 

to the range of financial losses incurred due to the 10 most common causes of death 

around the globe. According to the latest analysis conducted using GBD 2015 data, the 

economic impact related to dental diseases showed an increasing trend, where total and 

direct costs escalated to $544.41 billion and $356.80 billion, respectively (Righolt et al., 

2018). Untreated dental caries and severe tooth loss accounted for 12% and 67% of the 

indirect costs of $187.61 billion.  

The findings reflected geographical inequalities in the distribution of dental expenditure, 

where High-Income North America and Western Europe regions accounted for 37% and 

28% of the total worldwide expenditure, respectively (Righolt et al., 2018). The unequal 

distribution was once again observed concerning the per capita average dental 

expenditures, adjusted for purchasing power parity where, contrary to the average global 

expenditure of $49, High-Income North America and Western Europe regions had 

expenditures of $372 and $264, respectively. While the above-mentioned estimates give 

a fair idea about the global economic impact of dental diseases, the individual impact of 

dental caries is assumed to be directly proportional to the disease burden, as measured in 

DALYs or YLDs (Vujicic and Listl, 2021).  
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Within England, National Health Service (NHS) spends around £3.4 billion per year on 

primary and secondary dental care services (NHS England, 2014). From 2015 to 2016, 

the NHS spent around £50.5 million on tooth extractions for 0-19-year-olds in England 

(Public Health England, 2017a). While the majority of these cases were the result of 

severe tooth decay, this amount represented the biggest share of the total amount spent 

by the NHS on healthcare for this age group.  

Figure 2.14 demonstrates annual funding, including NHS funding and income generated 

from the patient charges, for primary dental care between 2014-15 and 2018-19 as 

reported by the National Audit Office (National Audit Office, 2020). Over these five 

years, a 10% decline was observed in the funding allocated by NHS England contrary to 

the 12% increase in the income generated from patient charges, after adjusting for 

inflation. This reflects the rising financial burden of dental care on individual patients, 

which may have the potential to worsen dental health inequalities, due to variations in 

individual purchasing power.  

 

Figure 2.14 NHS Funding for primary dental care and total income from patient 

charges (adjusted for inflation) (National Audit Office, 2020) 
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2.7.7 Geographical inequalities in the prevalence of dental caries in children living 

in England 

Over the last two decades, steady improvements are observed in the dental health of 

children living in England. For example, around 23% of 5-year-olds experienced obvious 

tooth decay in 2019 as compared to the 31% of their counterparts in 2008 (Public Health 

England, 2020). Despite this progress, clear geographical variations in the prevalence 

and severity of dental caries have consistently been observed at regional, local authority 

and small area levels through the routine national and local oral health surveys conducted 

in children (Public Health England, 2016b, 2018b, 2018c, 2019b, 2019c, 2021a, 2020).  

2.7.7.1 Regional variations in child dental health 

Figure 2.15 represents regional variation in the prevalence of dental decay experienced 

by 3-year-old children as observed in the 2020 NDEP oral health survey (Public Health 

England, 2021d). While the lowest prevalence was observed in the East of England 

(6.7%), around 15% of three-year-olds in Yorkshire and the Humber had tooth decay 

experience.     

 

Figure 2.15 Regional variation in the prevalence of experience of tooth decay (%) 

in 3-year-olds in England, 2020 (Public Health England, 2021d) 

The geographical variations are also observed concerning the prevalence of experience 

of dental decay, as measured by the average number of dentinally decayed, missing, or 
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filled teeth (d3mft), in five-year-old children (Public Health England, 2016b, 2018a, 

2020). The NDEP 2015 survey demonstrated that d3mft varied from 0.6 in the South-

East to 1.3 in the North-West regions (Public Health England, 2016b). Similar patterns 

were observed in the 2017 and 2019 NDEP surveys as well (Public Health England, 

2018b, 2020). Figure 2.16 shows the regional variations in the prevalence of experience 

of dental decay according to the latest report of the oral health survey of five-year-olds 

(Public Health England, 2020). While the lowest level of prevalence of experience of 

dental decay was observed in the South-East (17.6%), North-West remained the region 

with the highest prevalence rate of 31.7%.  

 

Figure 2.16 prevalence of experience of dental decay (d3mft) in 5-year-olds in 

England by region, 2019 (Public Health England, 2020) 

The regional patterns are consistent with findings of the oral health survey of twelve-

year-olds as well, where South-East and South of England once again remained the 

regions with the lowest prevalence rates as opposed to the North-West and Yorkshire and 

the Humber regions with the highest prevalence rates (Public Health England, 2019b). 
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These consistent patterns demonstrate that clear geographical distinctions exist in dental 

caries prevalence, and the reasons for these may lie in the area-level factors affecting 

children’s dental health even in the presence of uniform national-level intervention 

policies.  

2.7.7.2 Local authority level variations in child dental health 

It is observed that the geographical inequalities in dental caries prevalence are not only 

limited to the regions but have further pervaded to the local authority (LA) level as well. 

According to the Public Health England report on local variations in dental health (Public 

Health England., 2018), thirty LAs were observed to have the highest levels of dental 

disease among 5-year-olds, out of which only ten demonstrated a trend of improvement 

from 2008 to 2017. However, the influence of the local context in these areas remains 

unclear (Public Health England., 2018).  

According to the latest oral health survey of five-year-olds, the prevalence of experience 

of tooth decay ranged from 1.1% for Hastings LA in the South-East to 50.9% for 

Blackburn with Darwen LA in North-West (Public Health England, 2020). Figure 2.17 

demonstrates the local authority level inequalities in d3mft levels of 5-year-olds from the 

North-West region participating in this survey. While North-West has been recognised 

to have persistently high prevalence rates for this age group, the prevalence for the LAs 

such as South Lakeland, Allerdale, and Ribble Valley was less than half of the prevalence 

observed in Blackburn with Darwen. 

An analysis comparing the prevalence of dental caries in 3 and 5-year-old children at the 

LA level suggested that although the influence of age was expected, the variation in 

prevalence levels among 5-year-olds across different LAs could not be fully explained 

by the disease levels at the age of 3 years (Public Health England, 2019d). This suggests 

the likelihood of different patterns and stages of tooth decay across different LAs. Thus, 

how different localities differ in their environment, which factors in a particular 

neighbourhood give rise to dental caries, which inhibit such development, and how these 

environmental factors are responsible for creating such geographical inequalities in 

dental health needs to be investigated.  
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Figure 2.17 Prevalence of experience of dental decay (%) in 5-year-olds in the 

North-West region by the local authority (Public Health England, 2020) 

2.7.7.3 Variation in child dental health by the area level deprivation  

In 1997, Jones and team conducted an ecological study, to examine the relationship 

between the Jarman index scores of area deprivation based on 1991 census data and 

aggregated scores of dmft index of 5-year-olds living across the 92 electoral wards (1991-

94) in the north of England (Jones et al., 1997). The findings of the multiple linear 

regression suggested a significant correlation (r=0.57, r2=0.33), between the mean dmft 

levels for wards and the level of deprivation indicated by Jarman scores, even in the 

presence of artificial fluoridation.   

In 1998, the Labour Government commissioned an independent inquiry under Sir Donald 

Acheson to help plan strategies to tackle health inequalities (Acheson et al., 1998). In 

1999, Watt and Sheiham published a review comprising evidence on oral health 

inequalities through the examination of over 30 years of national and district-level oral 

health survey data and the policy recommendations submitted to the inquiry (Watt and 

Sheiham, 1999). The authors identified the trends of increasing inequalities in the 

prevalence of dental caries in children living in the UK by region of residence, area 

deprivation levels, social class, and dental attendance.  

The latest national oral health survey reports of three (Public Health England, 2021b), 

five (Public Health England, 2020), and twelve-year-old (Public Health England, 2019b), 
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children have recognised the stark inequalities in child dental health by the level of 

deprivation in their area of residence, as measured by the Indices of Multiple Deprivation 

(IMD) (Ministry of Housing Communities and Local Government, 2019b, 2019a, 2019c, 

2019d), which is discussed in detail in Section 2.9.2.1. In 2019-2020, the prevalence of 

the experience of dental caries was three times higher for 3-year-olds living in the most 

deprived areas (16.6%) as compared to those living in the least deprived areas (5.9%). A 

similar pattern was evident in the other age groups as well (Public Health England, 

2019b, 2020). Figure 2.18 shows that 34.3% of 5-year-olds in the most deprived areas 

were likely to have dental caries experience as opposed to 13.7% of their counterparts 

living in the least deprived areas (Public Health England, 2020).  

 

Figure 2.18 Differences in the prevalence of experience of tooth decay in 5-year-

olds in England by Indices of Multiple Deprivation (IMD) quintiles, 2019 (Public 

Health England, 2020) 

Inequalities by area-level deprivation have not only been observed in the prevalence of 

dental caries but also in the severity of disease and treatment needs. At the national level, 

the Hospital Episodes Statistics data reported that in 2019-2020 alone, a total of 35,190 

children under 19 years of age had their teeth extracted due to untreated dental caries 

(Public Health England, 2021c). A clear gradient was observed in the rate of extractions 

per 100,000 population by IMD quintile, where the rate of extractions was nearly four 

times higher for the children living in the most deprived quintile than those from the least 

deprived quintile. This trend of persisting inequalities in the severity of dental caries is 

noticed since 2014-2015.     
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In 2016, Wanyonyi and the team observed a clear social gradient amongst patients 

receiving conscious sedation services in 2012 and 2014 within the NHS primary dental 

care in England (Wanyonyi et al., 2016). The findings suggested that the proportion of 

patients receiving conscious sedation at least once in both years was more than two times 

higher for those from the most deprived as compared to those from the least deprived 

IMD quintiles (31.5% vs 12.5%). Further to this, inequalities in the uptake of treatment 

were also observed by age, where the social gradient was clearer in children and young 

adults in contrast to the older adults, and by geography, where disparities were observed 

across regions and local authorities. The authors suggested that these patterns were 

similar to the ones observed concerning the dental caries experience and hospital tooth 

extractions.  

These findings suggest that the inequalities are not only persistent concerning the disease 

prevalence rates but can also be seen concerning the disease severity. The burden of the 

disease is thus higher amongst those who belong to the most deprived areas. However, 

the exact determinants of the area deprivation affecting oral health remain 

underexamined. While the differences concerning the various oral health behaviours 

including diet, and dental attendance could be contributing factors to the social gradient, 

the external determinants related to the surroundings of the individuals and health 

systems providing access to care need further exploration. 
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2.8 Sugars  

This section initially describes various characteristics and types of sugar. The section 

then elaborates on current recommendations related to sugar consumption. It then 

discusses its role as a risk factor for the occurrence of dental caries and other general 

health conditions. It then moves on to discuss the recent trends in sugar consumption 

observed in the UK population and elaborates on various public health policies and 

programmes implemented across different countries and within England to tackle 

excessive sugar consumption. Later, the section highlights a need to investigate 

geographical inequalities in sugar promotion and their determinants to tackle inequalities 

in child dental health. Lastly, the section discusses the similarities in geographical 

patterns related to the prevalence rates of dental caries and obesity in children and debates 

the significance of exploring local environments and their components that may 

contribute to such inequalities.    

2.8.1 What are sugars? 

Department of Health’s Committee on Medical Aspects of Food Policy (COMA) 

describes that sugars are soluble carbohydrates either naturally present or added in our 

foods or drinks (1989, 1991). When humans consume food, the constituent sugars are 

released in the oral cavity, which can lead to the development of dental caries (described 

in Section 2.7.2). The energy released through the metabolic breakdown of sugars either 

gets immediately utilised or is stored as glycogen or fat. Whilst glycogen serves as a 

temporary energy source, the energy in the form of fat, if stored in excessive amounts, 

can lead to overweight or obesity (discussed in Section 2.8.4).  

Earlier, the Department of Health categorized sugars into intrinsic and extrinsic sugars 

based on whether or not they are integrated into the cellular structure of food (Department 

of Health Committee on Medical Aspects of Food Policy, 1989). Whilst naturally 

available intrinsic sugars (e.g., fructose) were known to cause less harm to health, the 

commercial and excessive use of extrinsic sweeteners (e.g., glucose syrups, sucrose), 

added by manufacturers into the food products was seen as a major public health concern. 

Extrinsic sugars were thought to be more cariogenic as their free form and extensive 

availability in the oral cavity would lead to metabolic disintegration by oral 

microorganisms (Department of Health Committee on Medical Aspects of Food Policy, 

1989). These sugars were further classified into milk and non-milk extrinsic sugars 

(NMES), where the latter was reported to be more cariogenic.  
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According to the WHO’s recent guidance, the term ‘sugars’ involves intrinsic and free 

sugars (World Health Organization, 2015a).  Intrinsic sugars are incorporated in intact 

fruits, vegetables, and milk. The WHO Nutrition Guidance Expert Advisory Group 

(NUGAG) Subgroup on Diet and Health defines ‘free sugars’ as ‘monosaccharides and 

disaccharides added to foods and beverages by the manufacturer, cook or consumer, and 

sugars naturally present in honey, syrups, fruit juices, and fruit juice concentrates’ (World 

Health Organization, 2015a). Free sugars are recognised to be the most cariogenic type 

of sugars and their excessive consumption is recognised to be harmful to oral health 

(Moynihan and Kelly, 2014; World Health Organisation, 2015, 2017).  

2.8.2 Recommendations about sugar intake amounts    

Globally, the WHO has been providing guidance relating to sugar intake since the early 

90s. Its prior suggestion was to reduce daily sugar consumption to as low as 10% of the 

total energy intake (World Health Organization, 1990). Within England, the COMA 

published a report in 1991 backing up the WHO’s suggestion (Department of Health 

Committee on Medical Aspects of Food Policy, 1991). However, due to the recent rise 

in the global prevalence rates of dental caries and obesity (Kassebaum et al., 2015, 2017), 

the WHO is currently emphasising reducing the daily intake of free sugars to as low as 

5% of the total energy intake in both children as well as adults (World Health 

Organization, 2015a). In line with this, NHS England has recommended a 5% threshold 

for the British population (National Health Service, 2017, 2018), and elaborated on these 

recommendations as shown in Table 2.2.  

Table 2.2 Recommendations about sugar intake (National Health Service, 2017) 

Age group Recommendation (in 

grams/day) 

Recommendation (No. of sugar 

cubes) 

Children - 4 to 6 years less than 19 grams of sugar/ 

day 

approximately up to 5 sugar cubes 

Children - 7 to 10 years less than 24 grams of sugar/ 

day 

approximately up to 6 sugar cubes 

Adults less than 30 grams of sugar/ 

day 

approximately up to 7 sugar cubes 
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2.8.3 The research around the role of sugars in the occurrence of dental caries 

The role of sugars in the development of dental caries was first noticed in the 1940s (Jay, 

1940). Since then, considerable research has been conducted in this area through various 

animal, lab-based, and human studies (Rugg-Gunn, 2013). Recent studies confirm the 

existence of the dose-response relationship between sugar and dental caries (Sheiham 

and James, 2014; Moynihan and Kelly, 2014; Moynihan, 2016). Moderate quality 

evidence from a systematic review of the studies, conducted in humans, suggests that 

reducing daily sugar intake to less than 10% of the total energy intake can lower dental 

caries incidence (Moynihan and Kelly, 2014). This 10% threshold has been argued upon, 

as a study investigating the effectiveness of this threshold on the life-long burden of 

caries, demonstrated log-linear relationships in sugar consumption from 0% to 10% of 

the total energy intake with a 10 times rise in dental caries, if observed over several years 

of sugar exposure (Sheiham and James, 2014). Thus, the researchers have now proposed 

a further recommendation of reducing sugar intake to as low as 3% or at least less than 

5% of the total energy intake even in the presence of optimum fluoride exposure 

(Sheiham and James, 2014). However, it is recognised that sugar intake, in itself, is 

influenced by contextual factors (Kinirons et al., 1992). Thus, the differences in the 

distribution of these factors can generate inequalities in sugar consumption thereby, in 

child dental health (Dahlgren and Whitehead, 1991; Exworthy et al., 2003; Graham, 

2004; Marmot and Wilkinson, 2006; Marmot et al., 2010). This issue is discussed in 

depth in Section 2.8.8.      

2.8.4 Effect of sugars on general health  

Sugar is recognised as a common risk factor for multiple general and dental health 

conditions (Department of Health Committee on Medical Aspects of Food Policy, 1989; 

Sheiham and Watt, 2000). Whilst the impact of sugars relating to dental caries is 

discussed in the earlier Section 2.8.2, it is recognised that high sugar consumption can 

lead to the development of obesity as well (Department of Health Committee on Medical 

Aspects of Food Policy, 1989; Sheiham and Watt, 2000; Public Health England., 2019d). 

Obesity is characterised by an imbalance of the energy within a body, where the energy 

consumed by an individual surpasses the energy spent, resulting in an increase in fat 

production and a state of excessive weight gain (Department of Health Committee on 

Medical Aspects of Food Policy, 1989). An individual with a Body Mass Index (BMI), 

a measure of body fat calculated as a person’s weight in kilograms divided by the square 



79 
 

of their height in metres (i.e., kg/m2), of over 30 is identified as obese (Public Health 

England, 2019e). An individual whose BMI is between 25 and 30 is characterised as 

overweight. Such excessive weight gain, itself, is known as a major risk factor for 

diabetes, hypertension, and cardiovascular disease (Department of Health Committee on 

Medical Aspects of Food Policy, 1989).  

Initially, it was thought that sugars promote obesity via the following pathways: 1. 

lowering energy expenditure, 2. excessive transfer of energy from sugars into fat, and 3. 

provoking energy-dense food consumption (Department of Health Committee on 

Medical Aspects of Food Policy, 1989). However, a sufficient amount of evidence to 

back these theories was lacking at that time. Later, a clear, and positive association 

between free sugar intake and body weight of children and adults was confirmed through 

meta-analyses of the randomised controlled trials (World Health Organization, 2015a). 

Furthermore, excessive sugar consumption is linked to the development of diabetes, 

atherosclerotic cardiovascular disease, and behavioural disturbances (Department of 

Health Committee on Medical Aspects of Food Policy, 1989). A limited amount of 

evidence also relates sugars to the development of gallstones, Crohn’s disease, colorectal 

and breast cancer, kidney stones, and inborn metabolic disorders (Department of Health 

Committee on Medical Aspects of Food Policy, 1989). This highlights the role of sugars 

in human health and the significance of controlling their excessive use in everyday life.     

2.8.5 Trends related to sugar intake  

According to the National Diet and Nutrition Survey Rolling Programme (NDNS-RP), 

an annual cross-sectional survey of individuals aged 1.5 and above living in the UK, 

involving an interview and a 4-day diet diary along with the other assessment methods 

to quantify diet and nutritional intake, free sugar intake of children as a percentage of 

their total energy intake has significantly declined between 2008/09 and 2016/17 (Public 

Health England, 2019f). Sugar intakes were reduced by 2.7%, 2.4% and 3.5% among 

children of 1.5-to-3, 4-to-10-, and 11-to-18-year-old age groups, respectively. 

Comparatively, a less reduction was observed in adults. Even so, over the 9 years of this 

survey, average intakes of individuals of all age groups have always exceeded the current 

recommendation of reducing sugar intake to as low as 5% of the total energy intake.  

In the recent wave of NDNS-RP, undertaken in 2018/19, an inverse relationship between 

the percentage of individuals consuming sugar-sweetened soft drinks and their household 



80 
 

income was evident across all age and sex groups, except in 11-to-18-year-old boys and 

adults aged 65 years and over. This shows the influence of income, a contextual factor, 

on sugar consumption (Public Health England, 2019f). For teenage boys, peer influence 

could be a key influencing factor for high levels of sugar intake, irrespective of their 

socioeconomic conditions, whereas the reasons for this trend in older adults could be 

associated with increased tooth sensitivity and limited mobility affecting food choices 

(Kotronia et al., 2021).  

The results for the survey years 2016/17 to 2018/19 once again highlighted that the free 

sugar intake levels in the UK population exceeded recommended levels of 5% of the total 

energy intake (Bates et al., 2020a). The data showed a declining trend since 2008, where 

sugar intake plunged by 3.8%, 3.9%, and 4.9% amongst children aged 1.5-to-3, 4-to-10, 

and 11-to-18 years, respectively (Bates et al., 2020a). However, the amounts of sugars 

consumed by 4-to-10-year-old boys and 11-to-18-year-old girls were highest among all 

age groups, with mean free sugar intake as a percentage of the total energy of 12.4% and 

12.5%, respectively (Bates et al., 2020a). Only 2% of 4-to-10-year-olds and 7% of 11-

to-18-year-olds limited their sugar consumption levels up to 5% of the total energy intake 

(Bates et al., 2020a).  

The results of the time trend analyses of NDNS-RP data further revealed that although 

the percentage of consumers drinking sugar-sweetened soft drinks declined across all age 

groups over the past 11 years, rising patterns were revealed in the percentages of children 

aged between 4-to-10 years, and elderly over 65 years of age eating sugar confectionery 

(Bates et al., 2020b). While declining trends were observed concerning children eating 

chocolates, the opposite trend was seen among adults and older people (Bates et al., 

2020b). Whilst the above-mentioned patterns reveal the complexity around controlling 

sugar consumption among individuals of all ages, they also reveal the possibility that the 

determinants of sugar consumption could be different for individuals of different age 

groups. This indicates the necessity to separately investigate different age groups and 

associated determinants of sugar to facilitate the implementation of tailored preventive 

strategies.  

In addition to the traditional NDNS-RP, a follow-up survey was recently undertaken by 

Ashford and colleagues to assess the impact of the Covid-19 pandemic on individual 

diets in the UK (Ashford et al., 2021). The data were collected between August and 
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October 2020 and included information on diet, food security, financial security, and 

dietary and health-related behaviours since the beginning of the pandemic in the UK in 

February 2020. The findings suggested an increase in the frequency of snack 

consumption between meals (Ashford et al., 2021). Although the falling trends were 

noticed, the levels exceeded the maximum recommended thresholds for free sugar intake 

in children. Moreover, the impact of context was once again revealed when the 

participants from households with lower food or financial security reported higher levels 

of sugar consumption during this period (Ashford et al., 2021).  

Thirty-three percent of the households comprising children reported that their financial 

conditions were worsened during the pandemic, and they were likely to consume fewer 

fruits and vegetables, but a higher proportion of sugar-sweetened soft drinks (Ashford et 

al., 2021). Whilst 68% of the participants revealed a reduction in the frequency of visiting 

grocery shops, those who were struggling financially were more likely to report shopping 

for food items on discounts or special offers and changing the usual type of food products 

or grocery stores (Ashford et al., 2021). Ten percent of the households reported that they 

ordered food from the food delivery services at least once a week (Ashford et al., 2021). 

These findings underline the impact of uncertain socioeconomic conditions on the dietary 

behaviours of individuals and families, including their sugar consumption.  

2.8.6 Policies and programmes for preventing excessive sugar consumption 

As sugar consumption is influenced by different macro-, meso- and micro-level factors, 

prevention strategies targeting excessive intake of sugars through different types of food 

products are often targeted at these levels (von Philipsborn et al. 2016; 2019). Macro-

level preventive strategies usually involve global- and national-level policies related to 

tax policies and subsidies, supply chain interventions, nutrition standards, food labelling, 

advertising, and marketing regulations. Meso-level strategies target food environmental 

settings such as schools, local retail services, and workplaces. Micro-level strategies 

focus on interpersonal networks with family and peers and target intra-personal factors 

such as personal knowledge, skills, attitudes, socioeconomic status, age, gender, and 

ethnicity. Some examples of such strategies that are being implemented at global and 

national scales are presented below.     

According to the FDI-World Dental Federation report, multiple countries as Barbados, 

Belgium, Chile, Dominica, Finland, France, French Polynesia, Hungary, Mauritius, 

Mexico, Norway, Samoa, and the United States of America (USA) have introduced taxes 
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on sugary foods and drinks as their first line of intervention strategies (FDI-World Dental 

Federation, 2016). These taxes are mainly implemented on manufacturing and importing 

sugar-sweetened beverages (SSBs). For example, French Polynesia has put a tax on the 

manufacturing of SSBs, confectionery and ice creams. FDI recommends that such taxes 

should be implemented as a component of more comprehensive strategies, which should 

be strengthened through the generation of support from the local and industrial 

stakeholders, regular supervision, and evaluation of their effectiveness.  

Another key intervention implemented across different cities around the world is the 

creation of healthy environments in schools and neighbourhoods. Examples of this 

strategy include the ‘Smart Choices’ and ‘Shop Healthy NYC’ programmes in Australia 

and USA, respectively (FDI-World Dental Federation, 2016). The Smart Choices 

programme was introduced by the state government of Queensland, Australia in 2005 to 

target all aspects of food and drinks environments within and outside of the primary and 

secondary schools and ensure the provision of healthy food and drink supplies to the 

pupils (Lee et al., 2005; Queensland Government, 2020). The school breakfast 

programmes, tuckshops, vending machines, school camps, fundraising programmes, 

classroom rewards, school events such as celebrations and sports days, and food used in 

curriculum activities were targeted through this programme. The strategy involved the 

division of available food products into three main categories. i.e., ‘green’ suggests 

having plenty, ‘amber’ asks to select carefully, and ‘red’ notices to have occasionally. 

The red foods involved confectionary, sugary drinks, sweet snacks, ice creams, 

chocolates, and custards. The programme targeted and discontinued the regular 

availability of all red foods from school premises, limiting their availability to two 

celebration occasions per school term. The surveys evaluating this programme reported 

its higher implementation rates across curriculum activities (97%), school breakfast 

programme (92%), classroom rewards (86%), vending machine advertising (84%), and 

vending machine stock (83%) (Dick et al., 2012). Implementation of this strategy was 

made successful through the engagement of all key members of the school community 

along with the children’s parents.  

The Shop Healthy NYC programme was initiated by the New York City Health 

Department in collaboration with the New York City Center for Economic Opportunity 

in 2012 (The New York City Department of Health and Mental Hygiene and The New 

York City Center for Economic Opportunity, 2013). This was a voluntary programme 
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that aimed to increase access to healthier foods in high-need areas i.e., low-income 

neighbourhoods with higher rates of obesity. The programme brought out sustainable 

changes in neighbourhood food environments by targeting three key population groups 

i.e., retailers, suppliers/ distributors, and community members (The New York City 

Department of Health and Mental Hygiene and The New York City Center for Economic 

Opportunity, 2013). The retailers of various stores including, supermarkets, corner stores, 

farmers’ markets, and mobile fruit- and vegetable vendors, were identified and invited to 

participate. Goals were set for the recruited stores, and educational materials on the 

importance of healthier foods were posted to them. They were then trained and provided 

with technical assistance and incentives to increase stocks of healthy foods and drinks 

and promote their use. Collaborations were sought with the suppliers and distributors to 

encourage and facilitate purchases of healthier foods through advertising, discounting, 

and other marketing strategies. The programme encouraged the community members to 

support participating retailers and increase demand for healthy foods through educating 

and publicising.  

Key findings of the year 1 evaluation of this programme for three small areas of New 

York City (Bassett, 2014), suggested that the percentage of stores advertising healthier 

foods rose from 42% to 90%, the percentage of stores offering healthier deli options 

improved from 4 to 77%, and the sales of healthier foods increased to 59%, where the 

stores saw either increase (42%) or same (46%) levels of profit. The initiatives such as 

‘Smart Choices’ and ‘Shop Healthy NYC’ signify the role of all key members of the 

school and neighbourhood food environments in achieving programme goals. 

Additionally, the programmes highlight the effectiveness of targeting local 

environmental settings through need-based interventions to instil behaviours relating to 

healthy food consumption.     

In response to the recommendation of WHO, the UK Government has introduced the 

Soft Drinks Industry Levy (SDIL), commonly known as the ‘sugar tax’ on soft drinks 

that are produced or imported within the country since April 2018 (HM Revenue and 

Customs, 2016). This involves a charge of 24 pence on the drinks containing 8 grams of 

sugar per 100 millilitres and 18 pence a litre on those with 5-8 grams of sugar per 100 

millilitres, directly payable by the production companies. The revenue raised from the 

tax is used towards the funding of schools to provide a balanced diet and encourage 

physical activity. However, despite the implementation of SDIL, the variations in sugar 
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consumption remain significant across the population groups living across different areas 

of the UK (Public Health England, 2019c).  

In response to the increased prevalence of childhood obesity, the UK Government has 

recently set out a plan of action (Public Health England, 2017c). As part of this plan, a 

structured sugar reduction programme has been introduced in 2015 to challenge in-home 

(e.g., manufacturers and retailers) and out-home (e.g., cafes and restaurants) sectors of 

the foods and drinks industry; and reduce the use of sugars by at least 20% by 2020 from 

everyday food products to achieve at least 5% reduction in its first year. The 

responsibility of leadership and implementation of this programme has been imparted to 

Public Health England (PHE). In 2017, the PHE published guidelines for the effective 

implementation of this programme and recommended various strategies including, 

reducing the amounts of sugar in foods, reducing portion sizes of foods, and encouraging 

purchases of low-sugar alternatives (Public Health England, 2017c). The initial phase of 

the programme targeted 9 varieties of food products which were breakfast cereals, 

yoghurts, biscuits, cakes, confectionery, pastries, puddings, ice-creams, and sweet 

spreads, but left some products such as flavoured kinds of milk. 

A progress report of this programme for the period of 2015 to 2018, shows that less than 

3% overall reduction (in total sugar per 100g) was achieved in three years (Public Health 

England, 2019c). For the in-home sector, reductions to some extent have been observed 

for yoghurts and breakfast cereals. However, very little progress has been made for most 

foods. Moreover, the categories such as puddings and sweet confectionary have shown 

slight rises in the amounts of added sugar. Measuring progress for the out-home sector is 

difficult due to the absence of a single source of data relating to the amounts of sugar 

sold in local cafes, takeaways, and restaurants; and no legal requirement for such food 

providers to publish nutrition information on their websites or menus. Whilst the limited 

data shows that this sector has made more progress than the in-home sector, a possibility 

of measurement bias cannot be dismissed as these findings are based on the use of 

different metrics and baseline data.  

According to the same report (Public Health England, 2019c), the average amount of 

sugar in soft drinks subjected to SDIL has declined by 28.8%. As a result, the amount of 

sugar sold in these drinks has also reduced (-21.6%) in the last three years since the 

programme’s implementation. However, the total tons of sugar sold through different 
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food products included in the sugar reduction programme show a rise of 2.6%. Thus, 

there is a possibility that this reduced amount of sugar sold through the soft drinks 

subjected to SDIL, is being compensated through the other food products from in-home 

and out-home sectors. Although the results show a reduction in the total sugar purchased 

through sugary drinks across all socioeconomic groups, such a decline is observed to be 

the smallest for the most deprived socioeconomic group. This suggests that multiple 

factors influence sugar consumption-related behaviours of individuals and differences in 

sugar intake levels of different population groups can be explained through the 

consideration of all such factors. One of the serious limitations of the sugar reduction 

programme is that it is voluntary in nature and food producers are not legally obligated 

to adhere to the guidelines of this programme. While this report highlights various 

challenges around controlling sugar in the environment, it recognizes that comprehensive 

strategies, administered at the local level, can be useful to achieve sugar reduction.  

The PHE recognizes a significant role of small and medium-sized enterprises (SMEs) 

and food businesses in controlling sugary food sales, therefore, has attempted to involve 

these stakeholders. It has published a toolkit to help local councils across England in their 

strategic planning for supporting SMEs in offering healthier alternatives to sugary food 

products. In line with this, the Food Innovation Network (FIN), a virtual support system 

has been established in England to assist SMEs with their innovative ideas related to the 

food businesses and help address sugar-promoting environments (Knowledge-Transfer-

Network, 2016). Despite multiple national policies and programmes in place, a failure to 

achieve a significant reduction in sugar consumption in the country, and the existence of 

geographical inequalities in sugar consumption rates amongst individuals living across 

small areas of England, demonstrate complexities around the prevention of excessive 

sugar intake and indicates a need to target local-level environments alongside national-

level public health endeavours.  
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2.8.7 Policies and programmes involving the prevention of excessive sugar 

consumption to tackle the burden of dental caries 

While the WHO strives to attain universal health coverage and provide an appropriate 

workforce to deliver oral healthcare across the globe (World Health Organization, 2018), 

a significant proportion of individuals do not receive such care due to its costly nature. 

The coverage levels of dental care for adults, based on their expressed needs, range from 

35% in lower-income countries to 82% in high-income countries (World Health 

Organization, 2018). However, the treatments of dental diseases are more costly than 

their prevention. Providing treatments requires multiple resources including, trained 

dental professionals, dental setup, dental materials, and instruments. Thus, achieving 

100% coverage only through treatment may not be an easily achievable, efficient, and 

sustainable option for every country. On the other hand, the prevention of dental diseases 

through public health policymaking and planning offers several advantages. As these 

strategies are targeted at communities, a large number of people can profit from their 

implementation. Additionally, they target dental as well as general diseases at the same 

time; thus, can be beneficial for the overall health of people (Sheiham and Watt, 2000). 

For example, implementing strategies to target excessive sugar consumption can prevent 

higher prevalence rates of dental caries as well as obesity in children (Public Health 

England, 2019e).      

The WHO has introduced the Global Oral Health Programme within the Department of 

Non-communicable Disease Prevention and Health Promotion (NPH), after recognising 

dietary habits, smoking and other tobacco use, alcohol consumption and stress as 

common risk factors for many Non-communicable Diseases (NCDs) (Sheiham and Watt, 

2000; World Health Organization, 2003). This programme is in line with the Shanghai 

Declaration on promoting health in the 2030 Agenda for Sustainable Development 

(World Health Organization, 2016). It highlights three priority action areas including, 

promoting a healthy anti-cariogenic diet, providing an implementation framework using 

Ottawa Charter for Health Promotion as a guide, and contributing to the global strategy 

on diet, physical activity, and health (World Health Organization, 1986). It assists 

WHO’s member states by developing and disseminating advocacy materials, capacity 

building, providing technical assistance, strengthening the oral healthcare system, and 

reinforcing the oral health information system. Promoting anti-cariogenic foods is a 
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positive and significant step, taken at a global scale, which recognises the importance of 

addressing oral health to benefit general health.  

Within England, to serve the population and to fulfil their changing dental health needs  

(Steele and O’ Sullivan, 2011), and demands (National Health Service, 2019a) of the 

ageing population (Office of National Statistics, 2019a), prevention of dental caries since 

early childhood has been emphasised in the public health arena. Implementation of the 

sugar tax is one of the strategies implemented nationally (HM Revenue and Customs, 

2016). Public Health England (PHE) has launched the Children’s Oral Health 

Improvement Programme which intends to provide the best start in life to every child by 

allowing them to be caries-free (Public Health England, 2016a). The action plan of this 

programme for 2016-2020 emphasises reducing excessive sugar consumption to address 

inequalities in child dental health alongside other interventions.  

The responsibility to improve the general and dental health of the people has been 

imparted to the local authorities (LAs) in England under the Health and Social Care Act 

of 2012 (The Stationary Office UK, 2012). Consequently, LAs are responsible for 

commissioning oral health promotion programmes in their jurisdiction (Public Health 

England, 2018b). Out of 30% of the total programmes commissioned, 65 policies were 

related to sugar reduction, and restriction of food takeaways near schools (Public Health 

England, 2018b). A stocktake exploring oral health improvement intervention 

programmes targeting children up to the age of 5-years showed that around 77% of the 

LAs in England commissioned such programmes (Public Health England, 2018b). 

However, only 57% of these were related to healthy food and drink policies that included 

local healthy eating programmes, accreditation schemes, awards, and campaigns in 

various childhood settings such as childcare centres, schools, family centres and hubs, 

and playgroups.  

An example of local-level programmes for preventing the incidence of tooth decay is the 

Smile4Life programme (Public Health England, 2017d). This programme was developed 

especially for the children living in Lancashire and Cumbria, the parts of England where 

the prevalence of tooth decay is consistently high. It aimed at bringing a sustained oral 

health behaviour change by integrating healthcare, social systems, and everyone related 

to the development of children and young people. Actions were concentrated on 

encouraging a healthy diet, regular tooth brushing, a healthy lifestyle, and regular dental 
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check-ups by creating supportive environments. After the success of this programme, it 

has been now recommended for other local authorities and adults as well. Despite being 

effective to some extent, public health programmes are not uniformly implemented 

across different localities of England. Consequently, there remain spatial disparities in 

the promotion of healthy foods that are low in free sugars, which may ultimately 

contribute to the geographical inequalities in child dental health.  

2.8.8 Understanding geographical inequalities in sugar promotion and their 

determinants to tackle inequalities in child dental health  

The recent activities in the public health arena are focused on the use of upstream 

approaches to regulating sugar consumption (HM Revenue and Customs, 2016; Public 

Health England, 2017b, 2019f), thereby addressing the issues surrounding child dental 

health (Watt, 2007). Although, significant improvements are observed concerning the 

prevalence of dental caries amongst children in recent times, widening inequalities in the 

disease burden across different localities within England have been of concern (Public 

Health England, 2019b, 2019c, 2020). Furthermore, it is recognised that such 

geographical inequalities are associated with contextual deprivation in the area of 

residence of children (Macintyre et al., 2002; Marmot, 2005; Marmot and Wilkinson, 

2006; Marmot et al., 2010; Marmot and Bell, 2012; Wanyonyi et al., 2016, 2017).  

Whilst the evidence suggests that excessive sugar consumption is linked to a higher 

prevalence of dental caries (Moynihan and Kelly, 2014; Sheiham and James, 2014), it 

is indicated that sugar consumption varies by social class (Kinirons et al., 1992). 

Although a recent national survey has suggested that the average intakes of sugars are 

lower than the previous surveys in all age and sex groups as described in earlier section 

2.8.5, higher sugar consumption rates are often observed amongst individuals from 

low socioeconomic groups who are more likely to live in the most deprived areas of 

England (Bates et al., 2020a, 2020b; Ashford et al., 2021). This suggests that the 

inequalities in dental caries and sugar consumption are both associated with 

deprivation in the area of residence of the individuals (Wanyonyi et al., 2017; Public 

Health England., 2019a).  

It is recognised that area-level deprivation is an outcome of the differences in the 

distribution of various socio-environmental factors (Ministry of Housing Communities 

and Local Government, 2019a, 2019b, 2019f). Consequently, it could be postulated 
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that inequalities in socio-environmental conditions arising from variation in the 

distribution of such factors, may be responsible for different socio-environmental 

experiences of individuals living across different neighbourhoods, which, in turn, could 

shape their behaviours relating to sugar consumption through promotion or inhibition of 

exposures to sugars. This assumption is in line with the impact of social determinants of 

health as detailed in Sections 2.4 and 2.5. Thus, such sugar-promoting or inhibiting 

environments, shaped by different socio-environmental factors, could be responsible for 

spatial inequalities in child dental health (Public Health England., 2020, 2021).  

Although geographical variations in dental health are often attributed to inequalities in 

deprivation (Wanyonyi et al., 2016, 2017; Public Health England, 2018d, 2019b, 2020, 

2021), sugar-promoting environments and their social, physical, financial, political, and 

cultural components that give rise to inequalities in sugar consumption and the burden 

of dental disease in children, have been poorly understood. The exact impact of these 

components on geographical inequalities in sugar consumption rates and prevalence rates 

of dental caries in children remains underexplored and unquantified. Thus, it is needful 

to investigate these contextual factors within local environmental settings which possibly 

mediate the relationship between sugar consumption and dental caries in children. 

Comprehensive knowledge about such factors that promote or hinder sugar consumption 

rates, thereby creating inequalities in child dental health, and their distribution across 

neighbourhoods of the country could help to understand how to close the gap in the dental 

health status of children belonging to the deprived and affluent socioeconomic groups.  
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2.8.9 Link between dental caries and obesity 

In 2015, the PHE published an evidence summary investigating the link between dental 

caries and obesity (Public Health England, 2015). As part of this study, the authors 

reviewed the published literature relevant to this research area and analysed cross-

sectional, LA-level data on the prevalence rates of dental caries and obesity collected as 

part of national surveys i.e., NDEP, and National Child Measurement Programme 

(NCMP), respectively. The results of this study demonstrated a positive correlation 

between the prevalence of both above-mentioned diseases; and showed that the obese 

children had higher dental caries levels as compared to the children of healthy weight. 

This study indicated that dental caries and obesity were more likely to be present within 

the same population groups (Public Health England, 2015b).  

Recently, the PHE published another report on a linear relationship between dental caries 

and body mass index (BMI) in children, and their geographical patterns based on the 

level of deprivation in their area of residence (figure 2.19) (Public Health England, 

2019e). Strengthening the results of the previous study (Public Health England, 2015b), 

this report concluded that 27% of very overweight children suffered from dental disease 

compared to 22.5% of healthy weighted children. Whilst the link between dental caries 

and BMI remained significant even after controlling for ethnicity, socioeconomic status, 

and water fluoridation status, it was noticed that the children who suffered the most from 

both conditions were more likely to live in the areas with high levels of contextual 

deprivation.  

 

Figure 2.19 Relationship between dental caries experience and Body Mass 

Index (BMI) in children (Public Health England, 2019e) 
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Both above-mentioned reports confirmed the existence of a correlation between obesity 

and dental caries in children living in England (Public Health England, 2019e, 2015b), 

and pointed towards ‘sugar’ as a common risk factor for the causation of these 

preventable health conditions  (Department of Health Committee on Medical Aspects of 

Food Policy, 1989; Sheiham and Watt, 2000; Public Health England., 2019d). Since it 

has been noted that these health conditions are linked to area-level deprivation, the 

authors emphasized a need to target sugar and its wider socio-environmental factors to 

facilitate a proportionate universalism approach, public health planning to allocate the 

resources to different localities and deliver them with interventions and services 

proportionate to their degree of need whereby all areas are benefitted but the most 

deprived ones receive the maximum support (Carey et al., 2015; Kassebaum et al., 2017; 

Public Health England, 2019a), to address geographical inequalities in the general and 

dental health of children effectively and efficiently (Public Health England, 2019e).  

Whilst these reports remained in line with various guidelines and plans for implementing 

public health interventions to target different socio-environmental factors related to sugar 

(World Health Organization, 2015; FDI-World Dental Federation, 2016; Schwendicke et 

al., 2016; HM Revenue and Customs, 2016; Public Health England., 2017, 2019a), a 

thorough exploration of these factors is imminent. Within England, the recent NCMP 

surveys, have consistently reported rising levels of the prevalence of childhood obesity 

(National Health Service, 2019b). According to the latest report of NCMP for 2018/2019, 

the prevalence of obesity in reception year children (i.e., aged 4 to 5 years) increased to 

9.7% from 9.5% which was reported in the previous survey year (National Health 

Service, 2019b). The results revealed that more than 20% of all children from year six 

(i.e., aged between 10 to 11 years), were obese.  

A recent national survey highlighted a striking geographical divide in obesity prevalence 

across the government office regions, where the prevalence rates were highest in London, 

West Midlands, and Northeast, and lowest in Southwest, Southeast, and East of England 

(National Health Service, 2019b). Such variation was observed at the LA level as well. 

Additionally, a positive correlation between obesity and area level of deprivation was 

confirmed through this survey. In line with the previous surveys, the findings suggested 

that children living in disadvantaged urban communities, and multicultural cities were 
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more likely to be obese as compared to those living in the countryside or urban fringes 

(Figure 2.20) (National Health Service, 2019b). 

 

Figure 2.20 Inequalities in the obesity prevalence among primary school children 

aged 4 to 5 and 10 to 11 years living across different areas in England (National 

Health Service, 2019b) 

It is recognised that such patterns observed concerning the geographical inequalities in 

obesity prevalence mirror spatial patterns noted in the prevalence of dental caries (Office 

for Health Improvement and Disparities, 2022). Figures 2.21 and 2.22 demonstrate the 

local profiles for obesity and dental caries, respectively, where it can be seen that the 

clusters of children living in the most deprived areas are more likely to suffer from both 

obesity and dental disease than their counterparts residing in affluent areas. This 

congruency in the geographical patterns of dental caries and obesity (National Health 

Service, 2019b; Office for Health Improvement and Disparities, 2022), could be 

attributed to the contextual differences in sugar consumption. This further indicates a 

need to examine inequalities in these diseases regarding one another as they possibly 

arise from similar local socio-environmental experiences of children that impact their 

behaviours relating to sugar consumption.  

Whilst the researchers have endeavoured to dissect obesogenic environments (Swinburn 

et al., 1999a), socio-environmental factors that create such varying socioenvironmental 

conditions promoting or inhibiting sugars, thereby giving rise to such inequalities in child 

health outcomes remain underexplored. Sugar being a common risk factor (Sheiham and 

Watt, 2000), factors linked with obesity could share some similarities with those 

associated with dental caries. Consequently, it is crucial to explore sugar-related socio-
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environmental factors affecting the weight status of children to enable robust outlining 

of the factors worth testing in the environment which may lead to high sugar consumption 

and dental disease amongst children. 

 

Figure 2.21 Patterns of geographical inequalities in obesity prevalence by the level 

of deprivation in the area of residence (Office for Health Improvement and 

Disparities, 2022) 

 

Figure 2.22 Patterns of geographical inequalities in dental caries prevalence by the 

level of deprivation in the area of residence (Office for Health Improvement and 

Disparities, 2022) 
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2.9 Multidimensional indices and their role in health-related research  

This section initially describes the concept of multidimensional indices and comments 

on their usage across various disciplines including, public health, environmental health, 

and human geography. Later, it presents a review of three key indices that have been 

specifically developed to explore the impacts of local environments on human health in 

the UK.  

2.9.1 What are multidimensional indices? 

A multidimensional index, in the context of public health, is a composite scale used to 

simultaneously quantify varying intensities of multiple factors related to a particular issue 

across different places and times, thus, enabling the classification and ranking of 

geographies based on the severity of the issue to aid effective and efficient public health 

planning (Townsend, 1988; Carstairs, 1995; Corvalán et al., 2000; Twigg et al., 2006; 

Nardo et al., 2008; Richardson et al., 2010; Bell and Hayes, 2012; Saisana and Tarantola, 

2016; Exeter et al., 2017; Maier, 2017; Green et al., 2018; Ministry of Housing 

Communities and Local Government, 2019a). Such tools are especially valuable to 

examine various multidimensional issues relating to health, area deprivation, and 

environment, which are consequences of the combined influences of several individual 

factors.  

The ability to quantify the distribution of multiple contextual factors at a time facilitates 

the examination of severity levels of a particular issue across small areas within a country 

and thus, helps prioritise these areas according to their need for improvisation (Green et 

al., 2018; Ministry of Housing Communities and Local Government, 2019a, 2019b). 

Furthermore, such indices can identify exact factors which need to be targeted and altered 

to tackle geographical inequalities concerning a particular issue in a particular locality 

(Ministry of Housing Communities and Local Government, 2019a; Nardo et al., 2008). 

Therefore, these tools empower public health planners to accurately distribute their 

limited resources while achieving significant improvements through the adaptation of the 

proportionate universalism approach (Carey et al., 2015).  

Being a set of several component indicators, the multidimensional indices eliminate the 

need of examining individual determinants; thus, saving time and resources required for 

primary data collection (Nardo et al., 2008). Also, they are easier to interpret, and rather 

provide a complete overview of a particular issue as opposed to individual determinants. 
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For these reasons, the indices are increasingly becoming popular amongst researchers, 

policymakers, and the general public in recent years (Ministry of Housing Communities 

and Local Government, 2019a, 2019b, 2019f, 2019c, 2019d).  

Both internationally and within England, multidimensional indices which are collectively 

known as Area Based Deprivation Indices (ABDIs) have been routinely developed and 

employed to examine geographical inequalities in health based on area deprivation 

(Schuurman et al., 2007). One of the well-known and contemporary examples of such 

deprivation indices in England is the Indices of Multiple Deprivation (IMD) (Ministry of 

Housing Communities and Local Government, 2019a, 2019b). Other examples of this 

type of indices include Townsend Index (Townsend, 1988), Carstairs and Morris Index 

(Carstairs, 1995; Carstairs and Morris, 1989; Morris and Carstairs, 1991), 

Socioeconomic factor index (Frohlich and Mustard, 1996), General Deprivation Index 

(Langlois and Kitchen, 2001), Deprivation Index for Health and Welfare Planning in 

Quebec (Pampalon and Raymond, 2000), and Vancouver Area Neighbourhood 

Deprivation Index (Bell and Hayes, 2012). 

Previously, the researchers have utilized multidimensional indices in various academic 

settings including, environmental health sciences and human geography, to explore the 

collective influence of exposure to various social and environmental conditions on 

people’s health (Twigg et al., 2006; Richardson et al., 2010; Green et al., 2018). These 

indices consist of different domains measuring physical, political, economic, social, and 

cultural aspects of the local environment, and help detect spatial patterns concerning 

various health conditions. Both the ABDIs and socioenvironmental indices are similar in 

their methodologies of development. 

To develop an index for a particular issue, initially, several component indicators are 

calculated to quantify the distribution of its determinants across different areas within a 

country (Corvalán et al., 2000; Richardson et al., 2010; Green et al., 2018; Ministry of 

Housing Communities and Local Government, 2019a). These indicators are derived to 

act as proxies for the direct exposure data, which are often unavailable and difficult to 

collect. For this purpose, pre-existing but recent and relevant data acquired from multiple 

sources are usually employed, which are routinely collected across several countries, 

including England (UK Data Archive et al., 2012). The indicators are then aggregated 

into a composite index via several statistical techniques. This scale ranks the areas to 
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understand geographical variations based on the intensities of the component indicators. 

Thus, data derived from such an index, if examined against health outcomes, can be 

useful to explore and quantify the relationships between its component elements and 

human health (Corvalán et al., 2000).  

Within dentistry, estimates of sugar-related socioenvironmental determinants influencing 

dental caries prevalence in children are unknown, and such quantification is an urgent 

need. This issue can be resolved through the creation of a multidimensional index. Such 

an index could provide a simple and efficient tool for classifying and ranking different 

small areas across the country based on their level of sugar promotion. This can aid in 

comparing and prioritising areas based on their environmental sugar promotion to tackle 

geographical inequalities in dental caries prevalence. Although the use of such indices is 

fairly new in the field of dentistry, such indices have been created and used concerning 

general health conditions (Twigg et al., 2006; Green et al., 2018; Richardson et al., 2010), 

and their methodological aspects can be adapted concerning dentistry.  

2.9.2 Review of existing key indices 

Three indices were reviewed in detail to gain insights into their methodologies, strengths, 

and limitations. These include 1. English Indices of Multiple Deprivation 2019 (Ministry 

of Housing Communities and Local Government, 2019a), 2. Summary Measures of 

Health-related Multiple Physical Environmental Deprivation Indices (Richardson et al., 

2010), and 3. Index of Access to Healthy Assets and Hazards’ (AHAH) (Green et al., 

2018).  

These tools were selected for being developed within the UK and for their contemporary 

nature. Also, the methods underpinning their creation have informed the methods used 

in this thesis. The IMD 2019 is funded by the Ministry of Housing, Communities and 

Local Government and designed for use by local governments to aid public health 

planning (Ministry of Housing Communities and Local Government, 2019a). The other 

two indices developed by Richardson et al (2010), and Green et al. (2018), are more 

bespoke. Richardson and the team used the index to measure the effects of various 

environmental aspects including, air pollution, radiation, industrialization, and 

urbanization, whereas, Green and colleagues employed the index to examine the impact 

of accessibility to the local environmental features including, retail outlets, health 
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services, and green spaces, on human health. The details of these indices are provided 

below.    

2.9.2.1 Indices of Multiple Deprivation [IMD]  

Background information  

In 1997, a team from the University of Manchester updated the Index of Local Conditions 

(1991) and created a new Index of Local Deprivation (ILD) (Department of the 

Environment Transport and the Regions, 1998). The Department of the Environment, 

Transport, and the Regions (DETR) commissioned this work to consider updated 

indicators’ data and acknowledge the changed boundaries of the local authorities 

(Department of the Environment Transport and the Regions, 1998). Whilst the attempts 

were made to include indicators covering all major aspects of deprivation, both versions 

lacked quantification of risks of being deprived based on belongingness to the vulnerable 

population groups such as single-parent families and old age.  

In 2000, DETR commissioned a review of ILD to counter limitations and methodological 

inaccuracies (National Archives, 2010). The new Indices of Deprivation (ID) were 

released in 2000 (National Archives, 2010). Although, these employed a similar 

methodological approach as a precursor, a few additional domains, which are essentially 

groups of indicators, including, income, employment, health, educational skills and 

training, housing, access to services, crime and social order, physical environment, were 

included in this version. Each of these domains quantified various aspects of deprivation 

at a range of geographical levels. Electoral wards were used as primary geographical 

units of observation in these indices in contrast to the earlier versions which mainly relied 

on district-level analyses. However, these indices were criticised for providing limited 

information on the construction and composition of the index, methodological 

inaccuracies including, double counting of the indicators across more than one domain, 

and derivation of the statistical weights of individual domains of the index (Deas et al., 

2003).  

In 2004, the ID 2000 was again updated, where Super Output Areas (SOAs) were used 

as primary geographical units for measuring deprivation (Office of the Deputy Prime 

Minister UK and Social Disadvantage Research Centre, 2004). Since inception, these 

measures of deprivation have consistently evolved with an enhanced understanding of 

various aspects of deprivation, and availability of the updated data and newer processing 
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techniques. These indices are now routinely published to provide insights on area-based 

deprivation in all countries of the UK i.e., England (Ministry of Housing Communities 

and Local Government, 2019c), Wales (Welsh Government, 2019), Scotland (Scottish-

Government, 2016), and Northern Ireland (Northern Ireland Statistics and Research 

Agency, 2017).  

The English Indices of Multiple Deprivation (IMD) 2019  

In September 2019, the Ministry of Housing, Communities and Local Government 

(MHCLG) published the English Indices of Multiple Deprivation (IMD), the sixth 

release in this series of statistics (Ministry of Housing Communities and Local 

Government, 2019f, 2019c). It is jointly constructed by Deprivation.org and Oxford 

Consultants for Social Inclusion (OCSI). The IMD 2019 measures relative deprivation 

(Ministry of Housing Communities and Local Government, 2019b), which provides 

cumulative scores, quintiles, and deciles of deprivation levels based on 

socioenvironmental conditions of people living across small geographies called Lower-

layer Super Output Areas (LSOAs), census-based areas in England representing an 

average population of 1,500 people (discussed in chapter 5) (Office for National 

Statistics, 2019). The IMD 2019 plays a critical role in identifying deprived areas in 

England by ranking every LSOA based on its level of deprivation (Ministry of Housing 

Communities and Local Government, 2019f). The IMD is widely accepted in the various 

sectors of the government and in the public health arena for identification of the areas 

with a higher need for prioritizing services and policy change (Wanyonyi et al., 2016, 

2017; Public Health England, 2019b, 2020, 2021). 

Key methodological aspects  

The IMD 2019 is based on a similar approach, structure, and methodology to their 

previous version i.e., IMD 2015, representing seven domains of deprivation namely, 

income; employment; education; skills and training; health and disability; crime; barriers 

to housing and services; and living environment (Ministry of Housing Communities and 

Local Government, 2019f, 2019a, 2019b, 2019c). These domains are individual sub-

indices consisting of specific indicators that enable quantification of a particular aspect 

of deprivation that they represent. 

The IMD 2019 comprises a total of 39 indicators which are created using the most recent 

data (Ministry of Housing Communities and Local Government, 2019f, 2019a, 2019b, 
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2019c). Additionally, two supplementary indices, namely, the Income Deprivation 

Affecting Children Index and the Income Deprivation Affecting Older People Index are 

created as part of the IMD. Summary measures for the overall IMD, each domain, and 

supplementary indices have been created for both lower-level geographies i.e., LSOAs, 

and higher geographies such as LAs, Local Enterprise Partnerships, and Clinical 

Commissioning Groups (CCGs) (Ministry of Housing Communities and Local 

Government, 2019a, 2019b). The IMD is primarily designed to be a relative scale for 

measuring deprivation across small areas in England, where the area ranks are further 

grouped in quintiles or deciles (Ministry of Housing Communities and Local 

Government, 2019f). Using these tools, one can describe how a particular area is 

relatively deprived as compared to others by specifying its rank or describing whether 

that area falls among the most deprived 20% or 10% of all areas in England.  

Important results and conclusions 

Key findings of the IMD 2019 suggest that about 88% LSOAs which were recognised as 

the most deprived as per IMD 2015, remained in the same category of deprivation 

(Ministry of Housing Communities and Local Government, 2019c). Although, no LSOA 

ranks in the most deprived 10% of areas nationally for all domains, all 32,844 LSOAs 

rank in the most deprived 10% for at least one domain (Ministry of Housing Communities 

and Local Government, 2019f, 2019c, 2019a). Looking at a higher-level spatial scale, it 

has been observed that 60% of all local authorities contain at least one LSOA that belongs 

to the most deprived decile of the IMD. Concerning income deprivation among children, 

Middlesbrough and Blackpool are noticed as the most deprived districts (Ministry of 

Housing Communities and Local Government, 2019f, 2019c, 2019a). 

The use of IMD in dentistry 

Although the IMD has been vastly used in health-related research, very few attempts 

have been made to employ them in dentistry. A secondary analysis conducted using 2009 

Adult Dental Health Survey (ADHS) data found that the IMD scores were significantly 

associated with the number of dental caries (odds ratio [OR] = 0.93, P = 0.000), perceived 

dental need (OR = 1.111, P = 0.000), and Oral Health Impact Profile (OHIP)-14 score to 

measure oral health-related quality of life (OHRQoL) (OR = 0.94, P = 0.000) (Mohd 

Radzi, 2019). The results of the other study using the IMD scores demonstrated that 

people living in less deprived areas were more likely to receive advice related to oral 

hygiene and regular dental visits (Ahmadi et al., 2019).  
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The IMD was used in a longitudinal study where, a significant negative association was 

observed between OHRQoL among children and their socioeconomic status (SES), as 

measured by the IMD scores (Benson et al., 2015). Another research looking at an 

association between malocclusion and OHRQoL and a variation in this relationship based 

on SES, where SES was calculated using the pupils’ eligibility for free school meals 

(FSM) and IMD, found that malocclusion among 15-year-olds was significantly 

associated with the most and least deprived IMD quintiles (Ravaghi et al., 2019).  

Limitations and strengths   

Despite being widely used for targeting resources, policy, and provision of analytical 

knowledge to support local commissions for public health improvements (Ministry of 

Housing Communities and Local Government, 2019f), and in research related to 

inequalities, the IMD has several limitations. Being relative measures, they cannot be 

used for measuring the real change in deprivation in an area over time. A comparison 

cannot be performed for any specific area scores with those according to the previous 

versions of the IMD. As this index does not provide any threshold to describe an area as 

‘deprived’, it is not possible to measure how much deprived or affluent a particular area 

is. As these are not absolute scales, it cannot be concluded that one LSOA ranked as 50th 

most deprived is twice as deprived as the one ranked 100th most deprived on the same 

scale. Even though the IMD is place-related, it does not allow the identification of 

deprived people within any area, thus there is a possibility of the presence of people who 

are non-deprived but living in a deprived area and vice versa.  

The IMD does not allow comparison with areas outside England and is limited to the 

national level only (Ministry of Housing Communities and Local Government, 2019a). 

Whilst the health deprivation and disability domain contains indicators such as years of 

potential life lost, comparative illness and disability ratio, rate of emergency admission 

to hospital, and proportion of people suffering mood and anxiety disorders (Ministry of 

Housing Communities and Local Government, 2019b, 2019a), it excludes the 

measurement of any indicators that are known to directly contribute to the deprivation 

related to oral health (Ministry of Housing Communities and Local Government, 2019a, 

2019b), despite of defining this domain to be inclusive of impairment of quality of life 

through poor physical health (Ministry of Housing Communities and Local Government, 

2019a, 2019b).  
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Even so, the strengths and advantages of the IMD cannot be overlooked. Not only these 

have provided a good methodological example for the creation of a composite index, but 

these also demonstrate the complexity of the multi-dimensional nature of a particular 

issue. The IMD provides a simple and inexpensive guiding tool to people from various 

sectors. The area ranks are commonly used all over England for research and decision-

making purposes. Following the example of the IMD, similar area-based deprivation 

indices have been created and used to explore geographical inequalities in health in 

various countries such as Germany (Maier, 2017), Spain (Cebrecos et al., 2018), and New 

Zealand (Exeter et al., 2017). 

2.9.2.2 Summary measures of health-related multiple physical environmental 

deprivations for epidemiological research  

Background information 

In 2010, Richardson and colleagues developed two summary measures, an index 

(MEDIx) and a classification system (MEDClass), to quantify various aspects of physical 

environmental deprivation related to health conditions experienced by people living in 

the UK (Richardson et al., 2010). The component indicators that are either detrimental 

or beneficial to health were informed through an extensive literature review (Richardson 

et al., 2009). Health detrimental indicators measured air pollution, cold climate, and 

industrial facilities, whereas health beneficial indicators quantified ultraviolet radiation 

and green space. MEDIx is useful to differentiate small areas according to their level of 

environmental deprivation whereas, MEDClass is helpful for grouping together the areas 

based on their similarity of environment-related characteristics.  

Key methodological aspects 

A robust study design involving a literature review ensured the highest quality of the 

study (Richardson et al., 2010). Indicators were included in the study only if reliable data 

were available with exposure levels above 10% for the UK population. Furthermore, the 

research team conducted preliminary analyses to ensure that these environmental 

elements were significantly associated with the health conditions experienced by the UK 

population. The census 2011 data were used to derive denominators of an indicator. 

Careful assessments were undertaken to evaluate the utility of the index and classification 

system.    
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Important results and conclusions 

The results of applying these measures to the UK geography highlighted inequalities in 

physical environmental deprivation across electoral wards of the UK (Richardson et al., 

2010). The findings indicated that the MEDIx was useful for identifying environmental 

deprivation concerning the levels of urbanization and industrialization. The MEDClass 

confirmed similar results as well. The authors stress the multi-dimensional nature of 

health-related environmental deprivation and the necessity to measure all attributes that 

simultaneously influence the health of people living within a particular locality. 

Limitations and strengths 

Although this study looks at physical environmental determinants concerning multiple 

health conditions, the utility of this in dentistry is limited by its composite dimensions 

such as ultraviolet radiation, air pollution, and industrialization which are not known to 

be associated with dental diseases. However, the rigorous methodology applied in this 

study is useful in the construction of a new index.   

2.9.2.3 A small area index of Access to Healthy Assets and Hazards’ (AHAH) for 

Great Britain 

Background information 

This index was created to understand the impact of geographical accessibility to certain 

environmental features on the health and well-being of individuals living in Great Britain 

(GB) (Green et al., 2018). It contained 14 indicators in total that are further categorised 

into 3 domains, namely, retail environment, health services and physical environment. 

The retail environment domain includes indicators related to the accessibility of various 

retail outlets such as fast-food centres, convenience stores, and supermarkets. The 

indicators for the proximal distances to various types of health services including dental 

practices were included in the AHAH. The environmental quality domain included the 

indicators on the number of green spaces and air quality. These accessibility indicators 

were essentially road network distances (in kilometres) to each type of facility concerning 

all postcodes in Great Britain. 

Key methodological aspects 

The usefulness of this index was assessed at both ecological and individual levels (Green 

et al., 2018). Ecological analyses employed population density data from the 2011 census 

to measure the relationship between the index and the level of urbanization. For 
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individual-level analyses, logistic regression analyses were undertaken to assess the 

relationship between the AHAH and individual health-related variables such as whether 

an individual had to limit long-term illness and self-rated health status. Linear regression 

was carried out to identify the association between the AHAH and well-being measures 

such as physical health score, mental health score, and psychological distress. The 

relation between the AHAH and deprivation ranks of the IMD was examined via 

Pearson’s correlation analyses.  

Important results and conclusions 

This study did not provide the expected results concerning ecological patterns in health-

related outcomes (Green et al., 2018). However, clear inequalities in health were 

identified by the level of urbanization, remoteness of rural regions, and location within 

the city. The study also found a relationship between the AHAH and individual well-

being. Although not all indicators are directly linked with dental caries except for 

accessibility to dental services and fast-food outlets, the AHAH stands as a good example 

for the creation of a composite measure. The methodological ways of combining different 

types of datasets and the use of LSOAs as primary geographical units are particularly 

relevant.  

Limitations and strengths 

The AHAH, being mainly related to accessibility issues, is of limited use to understand 

the relationship between the prevalence of dental caries and various influences in the 

social environment. However, the methods underpinning this index provide useful 

guidance on contemporary and reliable data sources. It provides detailed information on 

the calculation, standardisation and normalisation of indicators, and the use of correlation 

matrix analyses for index validation. 

In summary, even though all three indices focus on different aspects, they provide 

important clues for the robust construction of a multidimensional index. Although they 

are not particularly developed to examine issues surrounding dental health, they confirm 

that these multidimensional tools are useful for measuring the combined effects of 

different factors related to a particular phenomenon in a particular place (Nardo et al., 

2008).   
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2.10 Evidence gaps and rationale for a new research 

As evident from this literature review, dental caries is a preventable disease (World 

Health Organization, 2018), however, needs implementation of effective public health 

policies to achieve a true reduction in its prevalence (World Health Organisation, 1986a, 

2008; 2010, 2019). This major public health issue of dental caries is further complicated 

by the existence of geographical inequalities in the disease prevalence, which are 

observed through the routine national surveys of children living across small areas of 

England (Public Health England, 2016b, 2018b, 2018c, 2020). These geographical 

inequalities in child dental health are largely attributed to contextual deprivation in their 

area of residence (Watt and Sheiham, 1999b; Wanyonyi et al., 2016, 2017; Public Health 

England., 2018d, 2019b, 2020, 2021). The evidence suggests that various physical, 

financial, social, political, and cultural factors within a local environment may contribute 

to area-level deprivation by impacting socioenvironmental conditions of the individuals 

living in a particular neighbourhood, thereby influencing their health-related behaviours 

and outcomes (Swinburn et al., 1999; Macintyre et al., 2002). However, the true 

components within local environmental settings where children grow and educate, that 

possibly mediate the relationship between their contextual experiences and dental health, 

remain underexplored and unquantified.     

As it is established that sugar is a key aetiological factor for the occurrence of dental 

caries (Rugg-Gunn, 2013; Moynihan and Kelly, 2014), and their consumption is 

influenced by the social and environmental factors of the individuals (Kinirons et al., 

1992; Public Health England, 2019f; Ashford et al., 2021); the local-level socio-

environmental factors that promote sugar exposure and consumption may contribute to 

geographical inequalities in the prevalence of dental caries in children. Whilst there exist 

several models of socioenvironmental determinants of health (Dahlgren and Whitehead, 

1991; Swinburn et al., 1999; Macintyre et al., 2002; World Health Organization, 2010; 

Pearce et al., 2019), the comprehensive knowledge about exactly which factors influence 

sugar-related behaviours in children is lacking in the current literature. While this 

literature review indicates the existence of the multifactorial aetiology of dental caries 

linked to sugars, such knowledge is inadequate for policy-making purposes (Graham, 

2004), as there is a dearth of evidence on how these factors are distributed across different 

neighbourhoods in England, and what is their exact contribution to geographical 

inequalities in child dental health.  
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It is possible that the intensities of these factors could vary in the presence of different 

local interventions (Public Health England, 2017b, 2018a); thus, one factor that is very 

influential within one locality may not be as influential in another locality. This may 

subsequently alter the proportions of combined influences of the multiple factors 

associated with sugar consumption and child dental health in various localities. Thus, 

quantifying both the individual and combined influences of the socioenvironmental 

factors influencing sugar consumption is crucial to understand how different factors 

acting with different intensities in different localities give rise to dental health 

inequalities. Such quantification will help public health planners and policymakers with 

the knowledge of specific factors that need to be targeted and altered in a particular area. 

Such evidence-based planning could achieve maximum benefits from the accurate 

allocation of the limited resources for limiting dental caries prevalence and subsequent 

inequalities in child dental health.  

Multidimensional indices are useful tools to account for varying intensities of individual 

factors associated with a particular multidimensional phenomenon across different places 

while simultaneously measuring their combined effects (Nardo et al., 2008). The creation 

of such an index will capture the distribution of sugar-related socio-environmental factors 

influencing the dental health of children living across small areas in England (Richardson 

et al., 2010; Green et al., 2018; Ministry of Housing Communities and Local 

Government, 2019a). The resultant ‘Index of Sugar Promoting Environments Affecting 

Child Dental Health (ISPE-ACDH)’ will facilitate the much-needed classification of 

neighbourhoods according to their levels of sugar promotion which can be seen as a pre-

requisite for the application of the proportionate universalism approach in public health 

planning and policy making (Carey et al., 2015; Kassebaum et al., 2017; Public Health 

England, 2019a). Such an index, once designed and validated, can be applied to the 

national and local areas to gain further understanding of the geographical inequalities in 

child dental health. Furthermore, as sugar is a common risk factor for multiple health 

conditions (Department of Health Committee on Medical Aspects of Food Policy, 1989; 

Sheiham and Watt, 2000), understanding the sugar-promoting and discouraging 

environments through the use of a quantitative tool will facilitate implementation of the 

public health interventions to combat inequalities in other health conditions, including 

obesity and diabetes mellitus.  
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With this in mind, the focus of this thesis is to explore the socioenvironmental factors 

that influence sugar consumption in children and impact their dental health, develop a 

multidimensional index that measures the distribution of such factors across small areas 

in England, and quantify their impact on sugar-related behaviours and dental health 

outcomes in children.    
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3.0 Chapter Three- Research Design 
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“There is no such thing as a special category of science called applied science; there is 

science and its applications, which are related to one another as the fruit is related to the 

tree that has borne it.” 

― Louis Pasteur, 1969 
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3.1 Introduction 

This chapter is categorised into 8 sections. Section 3.1 introduces this chapter. Section 

3.2 describes the aim that directed the overall research, and outlines the specific 

objectives used to conduct this research. Section 3.3 describes the overall research design 

and its three interlinked phases. Section 3.4 schematically represents this design. Section 

3.5 describes the population studied. Section 3.6 describes the definition of the 

environment used for the purposes of this research. Section 3.7 discusses the ethical 

considerations of this research, and Section 3.8 summarises this chapter. 

3.2 Aim and objectives of the overall research  

The aim of this study is to uncover unexplained local-level socio-environmental 

contributors to the free sugar intake of 5-to-11-year-old children, and to understand their 

influence on the geographical inequalities in the burden of dental caries amongst children 

of this age group living across small areas of England by considering the development 

and use of a multi-dimensional index to facilitate evidence-based public health planning 

for reducing inequalities and achieving sustained and long-term improvements in child 

dental health. 

Specific objectives 

1. To collate sugar-related socio-environmental factors associated with the prevalence 

of dental caries in 5-to-11-year-old children by conducting a scoping review of the 

systematic reviews and primary research studies in dentistry, and an adjunct umbrella 

review of the systematic reviews of obesity, to enable the creation of a testable 

framework of ‘Sugar-Promoting Environments’.  

2. To capture the variation in the distribution of sugar-related socio-environmental 

factors of child dental health in small areas of England by developing a multi-

dimensional ‘Index of Sugar Promoting Environments Affecting Children’s Dental 

Health (ISPE-ACDH)’ through secondary analyses of existing national survey data 

identified using the testable framework.  

3. To test the validity of the index (ISPE-ACDH) by analysing the correlation between 

components of the index.  

4. To evaluate the relative importance of the index (ISPE-ACDH) in explaining 

geographical inequalities in the rates of free sugar intake and the burden of dental caries 

amongst 5-to-11-year-old children living in England by performing predictive analyses 

using pre-existing data on dietary and dental outcomes.  
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3.3 The design of the overall research  

A three-phased research design was considered ideal to address the objectives outlined 

in Section 3.2. Each phase embodied a separate study, and the approach heavily involved 

secondary analyses of pre-existing data acquired from various resources (Johnston, 

2017). The environment was defined (described in Section 3.6), using a pre-existing 

framework (Swinburn et al., 1999b); and three different studies from human geography 

and environmental health disciplines (Twigg et al., 2000; Richardson et al., 2010; Green 

et al., 2018), and three frameworks of index creation (Nardo et al., 2008; Allik et al., 

2019; Ministry of Housing Communities and Local Government, 2019), were used as a 

foundation for this research. The approach taken was pragmatic, and data were analysed 

using hybrid methods. In particular, three studies were undertaken to successfully 

achieve the objectives of the research. These studies are briefly described below. 

Study one (Chapter Four) was undertaken to achieve objective one of the overall research 

and involved the exploration of sugar-related socio-environmental contributors to child 

health through two structured reviews of the systematic reviews. These included an 

umbrella review of the systematic reviews (Aromataris et al., 2020), concerning obesity, 

and a scoping review of the systematic reviews and primary research studies (Peters et 

al., 2020), concerning dental caries amongst children. Data were of a qualitative nature 

and were reviewed via content analyses (Holsti, 1969). The socio-environmental factors 

collated as part of these structured reviews of the systematic reviews, along with their 

sub-themes and main themes, were incorporated into a testable framework of Sugar 

Promoting Environments, which formed a basis for the following study.  

Study two (Chapter Five) endeavoured to achieve objectives two and three of the overall 

research and comprised the development and validation of a multidimensional index 

(Nardo et al., 2008), which was titled an Index of Sugar Promoting Environments 

Affecting Child Dental Health (ISPE-ACDH). In brief, the creation of this index involved 

a seven-step programme (Twigg et al., 2000; Nardo et al., 2008; Richardson et al., 2010; 

Green et al., 2018; Allik et al., 2019; Ministry of Housing Communities and Local 

Government, 2019). In step one, quantitative data were acquired from multiple sources 

and several datasets including, Points of Interest (POI) data from the Ordnance Survey 

(2022), Indices of Multiple Deprivation (IMD) (Ministry of Housing Communities and 

Local Government, 2019c), Office for Standards in Education, Children’s Services, and 

Skills (Ofsted) (2020), School, Pupils, and their Characteristics (school census) 
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(Department for Education, 2020), Census (Office for National Statistics, 2016), 

Children’s Dental Health Survey (CDHS) (Holmes et al., 2015a), Department of Work 

and Pensions (DWP) data (2021), Office for National Statistics (ONS) data (2020c), and 

Census boundary data (UK Data Service and Edina Digimap, 2021), were selected for 

the further analyses. Specific variables were also identified to compute the indicators to 

measure the distribution of the factors presented within the testable framework.  

In step two, all data were processed to calculate the indicators scores for small areas in 

England, employing the variables identified in step one, via statistical techniques 

including, data imputation, aggregation, Geographic Information System (GIS) analyses, 

and small area synthetic estimation (Twigg et al., 2000; Nardo et al., 2008; Richardson 

et al., 2010; Green et al., 2018; Allik et al., 2019; Ministry of Housing Communities and 

Local Government, 2019). In the third step, preliminary analyses were undertaken to 

assess the distribution of all indicators. Additionally, Principal Component Analysis 

(PCA) (Nardo et al., 2008), and Cronbach’s alpha analysis (Dalyanto et al., 2021), were 

undertaken in this step to help decide on the retention or elimination of the indicators. In 

step four, all retained indicators were standardised to provide them with a normal 

distribution and enable their comparison with one another.  

Step five comprised aggregation of the indicators into relevant sub-domains representing 

sub-themes, whereas step six involved aggregation of these sub-domains into domains 

representing the main themes of the socio-environmental factors within the testable 

framework. The final step seven was dedicated to the aggregation of all domains into a 

multidimensional index i.e., ISPE-ACDH. The aggregated model of the index was further 

validated through correlation matrix analyses. Whilst the ISPE-ACDH was originally 

developed for the small areas called Middle-layer Super Output Areas (MSOAs) (Office 

for National Statistics, 2019), it was further aggregated at the level of lower- and upper-

tier local authorities (LAs) (Department for Levelling Up, Housing and Communities and 

Ministry of Housing, Communities and Local Government, 2016), for the further 

analyses.        

Study three (Chapter Six) was undertaken to achieve objective four of the overall 

research and included an investigation of the relative contribution of this index in 

geographical inequalities in sugar consumption and dental health of children living in 

England. A total of three examinations were carried out to investigate the feasibility of 
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the index at three geographical levels including, MSOAs, lower- and upper-tier LAs. In 

the first examination, the relationships of area-level sugar promotion, as measured by the 

index and its domains, with the level of sugar intake in children living across upper-tier 

LAs were quantitatively assessed via logistic regression analyses (Schneider et al., 2010). 

The data on sugar intakes were acquired from the National Diet and Nutrition Survey 

(NDNS) (Bates et al., 2020a). The second examination, involving linear regression 

analyses (Schneider et al., 2010), was carried out to examine the associations of the index 

and its components with the prevalence of severely decayed teeth in children living 

across lower-tier LAs in England. The data on child dental health were acquired from the 

National Dental Epidemiological Programme (NDEP) survey (Public Health England, 

2020). The third examination looked at the feasibility of the index in predicting child 

dental health outcomes particularly, tooth extraction outcomes in children living in 

MSOAs of a LA in South-East England and visiting a state-funded primary dental care 

service in the area. The data on tooth extractions, originally derived from the electronic 

dental records of the service, were acquired from an open-access publication (Wanyonyi 

et al., 2017). The analyses involved logistic regression (Schneider et al., 2010), and 

multilevel modelling (Browne, 2019).     
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3.4 Schematic representation of the overall research design 

Figure 3.1 presents the overall research design involving three main studies and depicts 

the key components of these studies.    

 

 

 

 

 

 

 

 

 

 

  

  

 

 

Figure 3.1 Schematic representation of the overall methodology 

Study 1: The creation of the testable framework of socioenvironmental 

factors influencing free sugar intake and dental health of children 

Study 2: The development and validation of the Index of Sugar Promoting 

Environments Affecting Child Dental Health (ISPE-ACDH) 

 

Development of the Index Validation of the Index 

An Index of Sugar Promoting Environments Affecting 

Child Dental Health (ISPE-ACDH) 

The relationship between the 

Index and free sugar intake 

The relationship between the 

Index and dental caries 

prevalence 

Study 3: An evaluation of the feasibility of the index in explaining the 

outcomes related to the free sugar intake and dental health of children 

 

An umbrella review of the 

systematic reviews of obesity 

 

A scoping review of the 

systematic reviews and primary 

research in dentistry 

A testable framework of Sugar Promoting Environments  
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3.5 Study population 

The study population of this research was 5-to-11-year-old children living across small 

geographical areas within England. The age group of 5-to-11 years was selected as a 

study population due to consistent reports of the national oral health surveys informing 

persisting geographical inequalities in the dental health of children (Office for National 

Statistics Social Survey Division, 2015; Public Health England, 2020, 2018c; Public 

Health England., 2018; Public Health England, 2016b). Children of this age group 

usually attend primary schools in England (Department for Education, 2020; UK 

Government., 2022).  

3.6 Defining environment 

For this study, the definition of the environment was adapted from the ANGELO 

framework (described in-depth in Chapter 2 Section  2.4.2), and it was defined to include 

physical, financial, material, political, and sociocultural conditions in the context of 

children that may influence their dietary behaviours and health (Swinburn et al., 1999). 

This study examined socio-environmental influences in both micro and macro 

environments that act at the local level and are relevant to the study population. As 

described in the literature review (Chapter 2), the ANGELO framework was chosen as it 

is specifically designed to examine the socio-environmental factors associated with the 

food environment, and its feasibility is confirmed through multiple studies (van der Horst 

et al., 2006; Giskes et al., 2011; Pillay et al., 2022).  

3.7 Ethical considerations 

This research involved the use of pre-existing data. The methodology did not involve any 

direct contact with human participants, or the use of personal identifiers such as names, 

and contact details. Therefore, the external ethics committee approval was not required 

for this research (ETHICS-10161). This was cross-checked using the Ethics Screening 

Tool, a questionnaire, which helps to assess the need for ethics committee approval. 

3.8 Summary    

In summary, this research endeavours to identify socio-environmental factors related to 

the free sugar intake and dental health of children, measure their distribution across 

different places in England and quantify their contribution to geographical inequalities 

in child dental health. As described in this chapter, the focus of this research remains on 

the development of a multidimensional index through the use of pre-existing data and the 
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application of multidisciplinary methods to facilitate the much-needed classification of 

neighbourhoods according to their levels of sugar promotion, to inform public health 

planning. The following chapters describe the methods used to undertake each of the 

three studies of this research and consecutively present their findings.  
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4.0  Chapter Four- Study One: The Development of a Testable 

Framework of Sugar Promoting Environments  
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“Fairy tales are more than true: not because they tell us that dragons exist, but because 

they tell us that dragons can be beaten.” 

- Neil Gaiman, 2006 
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4.1 Introduction 

This chapter presents study one of the overall research and involves unpacking and 

outlining these socio-environmental factors concerning sugar-promoting environments. 

It builds on the literature review chapter which supported the theories that outline the 

impact of physical, financial, material, political, and sociocultural factors on health-

related behaviours and outcomes (Dahlgren and Whitehead, 1991; Marmot, 2005; 

Marmot and Wilkinson, 2006; World Health Organisation, 2008, 2010). For this study, 

these factors are collectively called ‘socio-environmental factors’ (Swinburn et al., 1999; 

Macintyre et al., 2002; Ng et al., 2020; Akter et al., 2021; Mitchell et al., 2021). 

This study addresses objective 1. The results of which form the foundation for the 

development of the multidimensional index in study two. As a reminder, this objective 

of the overall research was: 1. To collate sugar-related socio-environmental factors 

associated with the prevalence of dental caries in 5-to-11-year-old children by 

conducting a scoping review of the systematic reviews and primary research studies in 

dentistry, and an adjunct umbrella review of the systematic reviews of obesity, to enable 

the creation of a testable framework of ‘Sugar-Promoting Environments’.     

The literature review (chapter 2 Section 2.8.9) suggested that dental disease and obesity 

share ‘sugar’ as a common risk factor (Sheiham and Watt, 2000), and striking similarities 

in the geographical patterns of their prevalence rates amongst children in the UK (Public 

Health England., 2015, 2019a). Consequently, it became crucial to explore the socio-

environmental factors linked to sugar exposure that affect the weight status of children 

to enable robust outlining of the factors worth testing in the environment which may lead 

to high sugar consumption and dental disease amongst children and enable the creation 

of a testable framework of sugar-promoting environments. Therefore, an additional 

umbrella review of systematic reviews (Aromataris et al., 2020), relating to obesity was 

undertaken before the scoping review of the dental research, and both of these structured 

reviews of the systematic reviews are presented in this chapter. This chapter is divided 

into six sections. Section 4.1 and Section 4.2 provide an introduction and a schematic 

representation of the overall research methodology. Section 4.3 describes the importance 

of undertaking the structured reviews. Section 4.4 encapsulates the methods used to 

undertake these reviews. Section 4.5 outlines their findings, and Section 4.6 provides a 

testable framework of the sugar-promoting environments.    
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4.2 Schematic representation of the overall methodology 

Figure 4.1 depicts the methodology of the entire three-phased research and highlights the 

specific phase that is being described in this chapter.  

 

 

 

 

 

 

 

 

 

 

  

  

 

 

      Figure 4.1 Schematic representation highlighting study one of the overall 

methodology  

Study 1: The creation of a testable framework of socioenvironmental 

factors influencing free sugar intake and dental health of children 

Study 2: The development and validation of the Index of Sugar Promoting 

Environments Affecting Child Dental Health (ISPE-ACDH) 
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Study 3: An evaluation of the feasibility of the index in explaining the 
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4.3 Use of the umbrella and scoping reviews to identify sugar-related 

predictors of obesity and dental caries  

An umbrella review is one of the main types of the structured reviews of the systematic 

reviews related to health and medical sciences (Aromataris et al., 2020). They are 

primarily undertaken when a vast amount of literature is available on a given topic of 

interest, and the aim is to address the broad scope of issues related to that topic. The 

umbrella reviews are helpful to compare and contrast findings available in published 

literature and outline an existing body of information. Their definitive feature is that they 

only consider the inclusion of the highest level of evidence i.e., systematic reviews and 

meta-analyses. Thus, umbrella reviews enable maintaining the ‘gold standard’ of the 

evidence reported through systematic reviews. Being reviews of the reviews, they 

provide the evidence within shorter timeframes for advancing research and 

policymaking. As multiple systematic reviews were available concerning obesity, the 

umbrella review was deemed an appropriate study type to outline sugar-related socio-

environmental factors.  

The umbrella review was undertaken to address the following question:  

What are the local-level sugar-related socio-environmental factors that influence the 

weight status of 5-to-11-year-old children? 

Following an umbrella review of the obesity-related literature, a scoping review was 

undertaken to explore the dental literature. Scoping reviews are also known as ‘mapping 

reviews’ or ‘scoping studies’ (Anderson et al., 2008; Ehrich et al., 2002). Tricco and 

colleagues suggest that scoping reviews are useful to explore the extent of the available 

literature around a particular topic, map the key concepts, and summarize this evidence 

to inform future research (Tricco et al., 2016). Tricco’s purposes mirror the indications 

suggested by Munn and the team for undertaking scoping reviews (Munn et al., 2018). 

Whilst the indications suggested by Munn and the team include identification of the 

diversity of the pre-existing evidence, understanding the extent of the literature before 

conducting a systematic review, recognizing any gaps in the current knowledge, 

clarification of the key concepts and definitions, and investigating methodologies used 

in relevant studies, one main indication is to identify the key characteristics or factors 

related to a particular issue (Munn et al., 2018).  
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In 2005, de Chavez and colleagues conducted a scoping review to identify the key 

concepts related to well-being across multiple disciplines to inform future research on 

health and health promotion (de Chavez et al., 2005; Peters et al., 2020). According to 

the authors, this methodological design of the review was selected over the design of a 

systematic review due to the lack of clear conceptual and operational definitions of well-

being. This created a need to reflect upon the concepts related to this issue rather than 

articulate implications for the clinical practice (Liberati et al., 2009; Peters et al., 2020). 

Similar to the issues surrounding well-being, the dental literature remains underexplored 

where there is a lack of clear and comprehensive understanding of sugar-related socio-

environmental factors affecting child dental health. This provided a strong rationale for 

conducting a scoping review of dental literature to identify and outline these factors.  

Peters and colleagues note that since one of the indications for the scoping reviews is to 

explore various types of evidence, unlike umbrella reviews, they have a broader scope 

and can involve systematic reviews as well as primary research (Peters et al., 2020). In 

contrast to mixed methods systematic reviews which involve statistical meta-analysis of 

quantitative data (e.g., prevalence, incidence, and diagnostic accuracy), and meta-

synthesis of qualitative data (e.g., expert opinion) (Lizarondo et al., 2019), the focus of 

scoping reviews remains on understanding different types of evidence (qualitative and/or 

quantitative) and represent them by mapping or charting data to assist decision-making 

in health-related research (Peters et al., 2020). Furthermore, there is no mandatory 

requirement for carrying out the critical appraisal of the included studies and reporting 

the risk of bias while conducting the scoping reviews (Peters et al., 2020). For these 

reasons, the scoping review was selected as a method of choice to explore the dental 

literature.         

This scoping review was undertaken to answer the following question:  

What are the local-level sugar-related socio-environmental factors that influence the 

prevalence of dental caries in 5-to-11-year-old children? 
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4.4 Materials and methods of the structured reviews of the systematic reviews 

Both the umbrella review of the obesity-related literature and the scoping review of the 

dental literature were undertaken using the methodologies suggested by Aromataris et al 

and Peters et al, respectively, in the Joanna Briggs Institute’s (JBI) manual (Aromataris 

et al., 2020; Peters et al., 2020). The JBI manual provides comprehensive guidance on 

planning, undertaking, and reporting the various types of structured reviews of the 

systematic reviews. The materials and methods used to conduct both structured reviews 

are discussed below.  

The following methodological steps were undertaken as part of both structured reviews 

of the systematic reviews: (a) specifying the research question using Population, 

Phenomenon of Interest (i.e., concept), and Context (PICO) framework, (b) defining 

inclusion and exclusion criteria, (c) developing and employing a search strategy to 

undertake the systematic literature search, (d) screening and selection of the studies, (e) 

assessment of the methodological quality through critical appraisal of the studies, (f) data 

collection and synthesis. All the above-mentioned steps are described in detail in the 

following sub-sections.   

4.4.1 Specifying the research question using the Population, Concept/ 

Phenomenon of Interest, and Context (PICO) framework 

The main concepts of the research question were identified by specifying it using the 

PICO framework to inform the search strategy and allow the development of robust 

inclusion and exclusion criteria (Aromataris et al., 2020; Peters et al., 2020). The details 

on each of these elements are provided in the following Table 4.1.  

Table 4.1 Definitions of the elements of the PICO framework 

PICO element Definition of PICO element based 

on the research question for the 

umbrella review 

Definition of PICO element 

based on the research question 

for the scoping review 

Population   5-to-11-year-old children 5-to-11-year-old children 

Phenomenon of 

Interest/Concept 

The socio-environmental factors in 

children’s local environment 

influence their sugar consumption 

and weight status. 

The socio-environmental factors in 

children’s local environment 

influence their sugar consumption 

and dental health.  

Context Studies conducted across various 

countries in the world; amongst 

children of any type of gender, and 

ethnicity 

Studies conducted across various 

countries in the world; amongst 

children of any type of gender, and 

ethnicity 
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4.4.2 Defining inclusion and exclusion criteria 

For each structured review, systematic literature searches were undertaken to identify the 

relevant studies published between January 2000 and September 2022. Explicit inclusion 

criteria were developed based on the definitions of PICO elements to facilitate these 

searches. These are given in Table 4.2.   

Table 4.2 Description of the inclusion criteria used for the structured reviews of 

the systematic reviews 

Type of 

criterion 

Description of the criterion used 

for the umbrella review 

Description of the criterion used 

for scoping review 

Types of 

participants 

5-to-11-year-old children  5-to-11-year-old children  

Phenomenon of 

Interest 

The socio-environmental factors 

including, physical, social, 

economic, political, and cultural 

factors (Swinburn et al., 1999b), in 

children’s local environment, 

influence their sugar intake and 

weight status. 

The socio-environmental factors 

including, physical, social, 

economic, political, and cultural 

factors (Swinburn et al., 1999b), in 

children’s local environment, 

influence their sugar intake and 

dental health. 

Outcomes • Outcomes related to weight 

status: overweight, obesity 

prevalence, BMI, adiposity 

• Outcomes related to dental 

caries: dental caries prevalence, 

levels of DMFT/dmft (decayed, 

missing, filled teeth in permanent 

or primary dentition), levels of 

DMFS/dmfs (decayed, missing, 

filled surfaces of teeth in 

permanent or primary dentition), 

risk of having dental caries, 

obvious decay, increased chance 

of experiencing dental caries 

Context Studies conducted across the globe, 

examining children of any type of 

gender, and ethnicity 

Studies conducted across the globe, 

examining children of any type of 

gender, and ethnicity 

Types of studies • Systematic reviews and/or meta-

analyses of primary research 

studies  

• Published between January 2000 

and September 2022 

• Available in full texts (online or 

print) 

• Studies conducted for the 

academic purposes 

• Published in the English language 

• Systematic reviews and/or meta-

analyses, and primary research 

studies including, randomised/ 

non-randomised controlled trials, 

cohort, case-control, and cross-

sectional studies 

• Published between January 2000 

and September 2022 

• Available in full texts (online or 

print) 

• Studies conducted for the 

academic purposes 

• Published in the English 

language 

Whilst the outcomes related to sugar including, the amount, frequency, percentage, and 

rates of sugar consumption, as well as purchasing behaviours, when reported alongside 
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relevant health outcomes, were considered for inclusion, not all studies explicitly 

reported the sugar-related link between socio-environmental factors and health 

outcomes. Even so, these studies were included in the structured reviews of the 

systematic reviews as this link could be acknowledged through the pre-existing 

knowledge related to the impact of the social determinants on health behaviours and 

outcomes, and their pathways of action (discussed in chapter 2) (World Health 

Organisation, 2008, 2010; Broomhead, 2017). 

Additionally, clear exclusion criteria were defined before undertaking the systematic 

literature searches for both structured reviews. These were as follows: 

1. The study population did not include 5-to-11-year-old children. This criterion was 

developed to exclude two main types of studies. First, the studies that explored the 

links between socio-environmental factors and the health of children under 5 years of 

age only. Children under 5 years of age mainly rely on their parents, especially their 

mothers, for their food intake. They generally attend nurseries or daycare centres, but 

not primary schools. Second, the studies that exclusively investigated the relationships 

between socio-environmental factors and the health of teenage children. The exclusion 

of these studies was necessary as they were not the target population of the overall 

three-phased research, and the socio-environmental factors that may influence their 

health could differ from the factors associated with children aged 5 to 11 years, who 

mainly attend primary schools.  

2. The study population involved children with special care needs or children 

experiencing other health conditions e.g., type 1 diabetes. This was deemed necessary 

as the overall research targeted the general paediatric population.    

3. They reported the behavioural outcomes related to sugar intake but did not comment 

on the health-related outcomes i.e., weight status or dental caries. This was in line with 

the research questions of the structured reviews of the systematic reviews.  

4. The abstract was published in English, but the full text was available in a language 

other than English.  
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4.4.3 Developing and employing a search strategy to undertake the systematic 

literature search 

The process of searching and identifying the relevant studies to be included in each 

structured review of the systematic reviews is elaborated below.  

At first, two lists of keywords for sugar-related socio-environmental factors influencing 

two types of health outcomes i.e., obesity (Table A4.1 in Appendix 4.1) and dental caries 

(Table A4.2 in Appendix 4.2), were prepared based on the knowledge gained via the 

literature review and the initial searches undertaken to identify the keywords. The 

keywords were categorised into a hierarchy to run advanced literature searches. The first 

level of this hierarchy contained a set of terms related to either of the health outcomes. 

The second comprised the keywords related to sugar intake and sugary food products. 

The third level encompassed the terms related to socio-environmental factors. An 

additional fourth level was created for the umbrella review. This incorporated keywords 

that restricted the literature search for the relevant type of studies i.e., systematic reviews 

and/or meta-analyses of primary research.  

Then, the formal literature searches were undertaken using the EBSCO-host service.  The 

databases used to identify the studies for inclusion within the structured reviews along 

with the providers and publishers of all identified records for the umbrella and scoping 

reviews are given in Appendices 4.3 and 4.4, respectively. The Boolean logic and 

truncation techniques were applied throughout the literature search to identify and 

capture similar terms. The restrictions related to timeframe, language, academic journals, 

and full-text availability, as informed by the inclusion criteria, were selected using filters 

available in the EDS.   

Later, hand searches were undertaken where the references of the relevant articles were 

scanned to identify additional papers. This method is also known as the snowball method. 

Lastly, the alerts were set up on Google Scholar and Mendeley websites to identify and 

acquire the latest studies and update the findings of the reviews throughout the overall 

research.  
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4.4.4 Screening and selection of the studies 

Screening and selection of the studies for the umbrella review 

A total of 1543 potentially relevant papers were identified through the formal literature 

search undertaken for the umbrella review. Additionally, 22 records were obtained via 

hand searches. After removing duplicates, the titles and abstracts of 913 records were 

screened for their relevance to the research topic. This allowed for the exclusion of 860 

records. The full texts of the remaining 53 papers were examined using pre-defined 

inclusion and exclusion criteria.  

Although the literature search was carried out by the student researcher, a discussion 

about the selection of the papers was conducted between the student researcher and the 

first supervisor after the initial screening of the full texts of the 53 papers. All selected 

papers were then discussed with the other supervisors to achieve the final consensus on 

the selection of the papers. Finally, a total of thirteen systematic reviews were deemed 

eligible for inclusion in the umbrella review. The details of the literature search and 

selection process are depicted in the PRISMA flow chart (Figure 4.2).  

Screening and selection of the studies for the scoping review 

A total of 5881 potentially relevant studies were identified via a formal literature search 

undertaken for the scoping review. Nine papers were acquired through hand searches. 

Out of these, the titles and abstracts of 4204 papers were screened after the removal of 

duplicates. At this stage, 4120 studies were excluded for not being relevant to the aim, 

objectives, and research question of review. This was followed by an assessment of 84 

full-text articles using pre-defined inclusion and exclusion criteria.  

Upon initial screening of these papers, the selected papers were discussed with the first 

supervisor to ensure the accuracy of the selection. Selected papers were shown to the 

other supervisors and the final consensus was achieved to retain a total of 29 papers for 

inclusion in the scoping review. These included 4 systematic reviews, 2 non-randomised 

controlled trials, 2 observational, 3 case-control, and 18 cross-sectional studies. The 
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details of the literature search and selection process are given in the PRISMA flow chart 

(Figure 4.3)   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 A PRISMA flow chart of the literature search and paper selection for 

inclusion in the umbrella review related to childhood obesity 
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Figure 4.3 A PRISMA flow chart of the literature search and paper selection for 

inclusion in the scoping review related to dental caries in children  
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4.4.5 Assessment of the methodological quality through critical appraisal of the 

studies 

All eligible systematic views and primary research studies were critically appraised for 

their methodological quality before including them in the structured reviews. Although 

it is not mandatory to assess the quality of the studies included in the scoping review 

(Peters et al., 2020), such an assessment was deemed necessary to guide the inclusion of 

studies to provide a robust understanding of sugar-related socio-environmental factors. 

The JBI quality assessment tools were employed to assess the quality of the studies 

(Aromataris et al., 2020; Peters et al., 2020).   

4.4.6 Data collection and synthesis  

For each structured review, the included studies were examined and data on study details 

and sugar-related socio-environmental factors were extracted. Separate data extraction 

tables were created to collect and organize information from the obesity-related 

systematic reviews (Table A4.3 in Appendix 4.5), dental caries-related systematic 

reviews (Table A4.4 in Appendix 4.6) and primary research studies (Table A4.5 in 

Appendix 4.7). The data extraction was informed by the standardized formats for the 

systematic reviews and primary research studies (Table 4.3), suggested in the JBI 

manual, to ensure consistency and accuracy throughout the data collection.  

Table 4.3 Description of data collected by the type of included study 

The data collected from the systematic 

reviews 

The data collected from the primary 

research studies 

Title of the paper, author, year of publication Title of the paper, author, year of publication 

A clear description of the aim and objectives  A clear description of the aim and objectives  

The number, and types of primary research 

studies included in the systematic reviews  

Any particular environmental setting or 

context investigated through the systematic 

review  

The country of origin of the primary research 

study and any particular environmental setting 

investigated 

The characteristics of the population studied 

within component studies i.e., children’s age, 

gender if any particular gender was studied, 

total number of children included in the 

systematic review, if available  

The characteristics of children included in the 

study i.e., children’s age, gender if any 

particular gender was studied, and total 

number of children studied  

A clear description of any particular 

phenomena of interest or interventions 

explored in the systematic reviews 

If applicable, any particular intervention type 

explored in the study, comparator, and their 

details e.g., duration of intervention  

Findings related to the socio-environmental 

factors of sugar consumption and child health 

reported in the systematic reviews 

Findings related to the socio-environmental 

factors of sugar consumption and child dental 

health reported in the studies 

Conclusions reported by the authors  Conclusions reported by the authors 
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All collected data were synthesized through adaptation of the content analysis technique 

(Holsti, 1969), which involves an objective and systematic identification of the specific 

characteristics to make inferences about the information presented in the qualitative data. 

At first, the available data were thoroughly examined to identify various socio-

environmental factors related to sugar. Then, these factors were allocated with different 

codes. Later, the factors were categorized into sub-themes, and main themes according 

to the similarity in their topics. Lastly, all main themes were grouped into overarching 

levels based on the type of socio-environmental setting. 

4.5 Data summary 

Data synthesis revealed that three main socio-environmental settings including, family-, 

school-, and neighbourhood-environment, were congruent across the studies included in 

both the umbrella and the scoping reviews. Consequently, these settings were utilized to 

summarize and report the findings related to sugar-related socio-environmental factors 

identified through these structured reviews of the systematic reviews, and their themes 

and sub-themes. Table 4.4 presents all socio-environmental factors along with their sub-

themes and main themes identified through both structured reviews. The findings are 

summarised in the following sub-sections.  
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Table 4.4 Sugar-related socio-environmental factors with their themes and sub-

themes as identified through the structured reviews of the systematic reviews 

Sugar-related socio-environmental factors 

identified through the umbrella review of 

the obesity-related literature 

Sugar-related socioenvironmental factors 

identified through the scoping review of 

dental literature 

Family-level socio-environmental factors 

Theme 1: Parent-related factors 

sub-theme 1: parental socioeconomic 

conditions 

• parental socioeconomic status 

• employment status 

• occupation type 

sub-theme 1: parental socio-economic 

conditions 

• parental socioeconomic status 

• employment status 

• occupation type 

sub-theme 2: parental support 

• involvement  

• encouragement 

• parenting styles 

• feeding styles 

• long maternal working hours 

• regulation of TV viewing  

 

sub-theme 2: parental support 

• involvement 

• encouragement 

• parenting styles 

• feeding styles 

• aid (i.e., problem-solving) 

• oral health literacy 

• psychological conditions- e.g., maternal 

depression 

• interpersonal atmosphere (e.g., coercion) 

• interaction quality  

sub-theme 3: parental behaviours and 

attitudes 

• perceptions and attitudes about diet  

• duration of TV viewing  

sub-theme 3: parental behaviours and 

attitudes 

• perceptions and attitudes about diet 

• high consumption of sugary food 

• perceptions and attitudes about dental health 

• dental attendance  

• attitudes shaped by the experience during 

the last dental visit 

sub-theme 4: parental characteristics 

• educational attainment  

• weight status 

sub-theme 4: parental characteristics 

• educational attainment 

• family status (single parent) 

• oral health status 

Sub-theme 5: Conditions related to 

accommodation 

• household deprivation 

- 

Theme 2: Overall family-related factors 

sub-theme 1: family characteristics 

• family size i.e., household overcrowding 

• supportive family environment 

sub-theme 1: family characteristics 

• family size i.e., household overcrowding 

• supportive family environment  

• number of siblings 

• grandparent's role as a caregiver 

School-level socioenvironmental factors 

Theme 1: Internal school environment 

sub-theme 1: supportive school 

environment  

• academic environment i.e., quality of 

education or syllabus 

sub-theme 1: supportive school 

environment  

• academic environment i.e., quality of 

education or syllabus 
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• school facilities- e.g., availability of sugary 

foods in school premises, availability of 

replacement drinks  

• school facilities- e.g., access to vending 

machines, types of food products kept for 

sale in vending machines 

• school type (public or private) 

sub-theme 2: staff/ teacher’s support 

• teacher’s involvement in pupils’ 

development 

- 

sub-theme 3: school-level strategies 

• school policies- e.g., regulating 

availability, accessibility, and prices of 

sugary food products in school vending 

machines, provision of free school meals, 

policy for food being served, use of 

nutritional guidelines, changes to canteens, 

regulations on TV viewing  

• school-based interventions- e.g., theory-

based health education, targeting all sugary 

food, targeting SSBs, classroom activities 

and banners, health education material for 

parents, behaviour change theories, 

replacement drinks 

• characteristics of school-based 

interventions- e.g., duration of the 

intervention, use of a combination of 

environmental, educational, physical 

activity, and parental involvement 

strategies 

sub-theme 2: school-level strategies 

• school policies- e.g., limiting availability 

and accessibility to sugary food products in 

school vending machines 

• school-based interventions- e.g., targeting 

all sugary food, promoting healthy food 

Theme 2: External school environment 

- sub-theme 1: school location  

• school deprivation status 

- sub-theme 2: retail environment outside 

school 

• presence of sugar-selling retail outlets 

outside school premises  

Neighbourhood-level socio-environmental factors 

Theme 1: Neighbourhood environmental characteristics 

sub-theme 1- retail outlets 

• availability of sugar-selling retail outlets 

• accessibility to sugar-selling retail outlets 

Sub-theme 1- retail outlets 

• availability of sugar-selling retail outlets 

• accessibility to sugar-selling retail outlets 

- Sub-theme 2: dental services 

• availability of dental services 

• accessibility to dental services  

sub-theme 3: surrounding conditions 

• neighbourhood deprivation/ empowerment 

level 

sub-theme 3: surrounding conditions 

• neighbourhood deprivation/ empowerment 

level 

• level of urbanisation/ rurality 

Theme 2: Neighbourhood-level regulation 

sub-theme 1: neighbourhood-level 

strategies 

• local policies- e.g., menu labelling in 

restaurants to inform about calories and 

nutrients in food products 

- 
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• local interventions- e.g., subsidies for 

healthy foods, restrictions on the 

advertisements of unhealthy foods, 

educational interventions for healthcare 

and childcare providers, parents, and 

children at the community centres 

 

4.5.1 Family-environment level influences 

Four systematic reviews were included within the umbrella review (Kuhl et al., 2012; 

Osei-Assibey et al., 2012; Chambers et al., 2015; Mech et al., 2016), and twenty-two 

papers were included in the scoping review (Alraqiq et al., 2021; Carvalho et al., 2014; 

Dantas Cabral de Melo et al., 2015; de Jong-Lenters et al., 2014; de Melo et al., 2019; 

Elamin et al., 2021; Firmino et al., 2016; Ha et al., 2021, 2019; Hooley et al., 2012; 

Kalezić et al., 2021; Kumar et al., 2016; Kyaw Myint et al., 2020; Mahboobi et al., 2021; 

Maliderou et al., 2006; Morita et al., n.d.; Patil et al., 2021; Pereira et al., 2021; Peres et 

al., 2019; Pinto et al., 2020; Sava-Rosianu et al., 2021; van den Branden et al., 2013), 

reported about the parental and family-level socio-environmental factors related to sugar. 

Two main themes i.e., parent-, and overall family-related factors, were identified through 

these studies. For parent-related factors, four common sub-themes, parental 

socioeconomic conditions, parental support, parental behaviours and attitudes, and 

parental characteristics were recognised through both reviews. An additional sub-theme 

called conditions related to accommodation emerged through the obesity-related 

literature.  

Parental socioeconomic conditions involved three socio-environmental factors including, 

socioeconomic status, employment status, and occupation type. For the parental support 

sub-theme, involvement, encouragement, parenting styles, and feeding styles were 

identified as common factors. Whilst the umbrella review recognised additional factors 

called long maternal working hours and regulation of TV viewing, the scoping review 

emphasised the factors such as oral health literacy, aid (i.e., problem-solving), 

psychological conditions (e.g., maternal depression), interpersonal atmosphere (e.g., 

coercion), and interaction quality. In addition to the above studies, two other systematic 

reviews reported the value of parental support in terms of their involvement in school-

level interventions for effectively reducing sugar intake, thereby preventing or managing 

obesity (Abdel Rahman et al., 2018; Brown et al., 2016).  
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Parents’ perceptions and attitudes about diet were a common factor within both structured 

reviews of the systematic reviews for the behaviours and attitudes sub-theme. Apart from 

this, the duration of TV viewing was an additional factor identified in the umbrella 

review. The scoping review revealed some other factors including, high consumption of 

sugary food, perceptions and attitude about dental health, dental attendance, and attitudes 

shaped by the experience during the last dental visit. Concerning parental characteristics, 

educational attainment was the key factor recognised through both structured reviews. 

While obesity-related literature pointed out the role of parents’ weight status in children’s 

experience of obesity, the dental literature suggested that the single-parent family status 

and parent’s oral health status were the additional factors that were related to household 

sugar promotion and dental disease. Household deprivation was the key socio-

environmental factor in the conditions related to the accommodation sub-theme.  

For the overall family-related factors, the family characteristics, comprising the family 

size (i.e., household overcrowding) factor, was a common sub-theme. A prospective trial 

(Freeman and Oliver, 2009), highlighted the importance of a supportive family 

environment in achieving significant results through school-level interventions for 

reducing sugary food snacking and tooth decay prevalence. The dental literature reported 

that the number of siblings, and the grandmother’s role as a daytime caregiver, were two 

additional factors that were associated with sugar-led dental caries.  

Studies included within both structured reviews of the systematic reviews recognised an 

additional theme called individual-level factors. The sub-themes and factors for this 

theme included children’s characteristics (age, gender); and behaviours (high duration of 

TV viewing, food habits and preferences, frequent and high amounts of sweets and SSBs 

consumption, sugar consumption in between meals, irregular dental attendance, and 

visiting dentist only in case of emergency). However, these factors, being non-

changeable and at the level of the child itself, were not considered ‘socioenvironmental 

factors’.  

Furthermore, a few studies utilized family immigration status as a proxy for individual 

ethnicity. Although the dental literature recognises ethnicity as a significant predictor of 

sugar consumption and child dental health outcomes, it is worth noting that this is a non-

modifiable variable, and therefore, should be treated as an individual-level factor. The 

focus of this study remained on investigating socioenvironmental factors associated with 
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sugar and child health. Therefore, ethnicity was not considered a variable of interest in 

this study.      

4.5.2 School-environment level influences 

Total nine systematic reviews (Abdel Rahman et al., 2018; Avery et al., 2015; Brown et 

al., 2016; Jaime and Lock, 2009; Kuhl et al., 2012; Micha et al., 2018; Nathan et al., 

2019; Osei-Assibey et al., n.d.; Zhang et al., 2018), explored the effect of sugar-

promoting environments in school settings on the weight status of the children. Ten 

papers within dentistry (Amato et al., 2021; Carvalho et al., 2014; de Melo et al., 2019; 

Elamin et al., 2021; Freeman and Oliver, 2009; Maliderou et al., 2006; Nobrega et al., 

2017; Raj Samuel et al., 2020; Sava-Rosianu et al., 2021; Thornley et al., 2017), reported 

on the impact of school-level factors on sugar intake and dental caries prevalence. A 

common theme, an internal school environment, emerged through both structured 

reviews. The sub-themes for this theme were supportive school environment, staff/ 

teacher’s support, and school-level strategies.  

Both obesity-related and dental literature acknowledged the significance of a supportive 

school environment. The sugar-related environmental factors under this sub-theme were 

academic environment (i.e., quality of education or syllabus), school facilities e.g., 

availability of sugary foods in school premises, availability of replacement drinks in 

school premises, access to vending machines, and types of food products kept for sale in 

vending machines, and school type (private or public). Another sub-theme was staff/ 

teacher’s support, which involved a factor called teacher’s involvement in pupils’ 

development. 

A total of three factors were identified for the school-level strategies sub-theme. The first 

was the school policies e.g., regulating availability, accessibility, and prices of sugary 

food products in school vending machines, provision of free school meals, policy for 

food being served, use of nutritional guidelines, changes to canteens, and regulations on 

TV viewing. The second was school-based interventions such as theory-based health 

education, targeting all sugary food, targeting SSBs, classroom activities and banners, 

health education material for parents, behaviour change theories, replacement drinks, and 

promoting healthy food. The third and last factor of this sub-theme was the characteristics 

of school-based interventions such as the duration of the intervention, the use of a 
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combination of environmental, educational, physical activity, and parental involvement 

strategies.  

A structured review of dental literature identified another main theme called an external 

school environment. The factors within this theme were further categorised into two sub-

themes. The first sub-theme was the school location, which involved the factor called 

school deprivation status. A systematic review suggested that children attending schools 

located in disadvantaged areas had higher caries prevalence than those going to schools 

situated in affluent areas (Nobrega et al., 2017). A similar relationship was reported in 

two other studies as well (Amato et al., 2021; Sava-Rosianu et al., 2021). The second 

sub-theme was the retail environment outside school. Freeman and Oliver pointed out 

the significance of the presence of sugar-selling retail outlets outside school premises in 

children’s diet and dental health (Freeman and Oliver, 2009).    

4.5.3 Neighbourhood-environment level influences 

A total of seven systematic reviews related to obesity (Abdel Rahman et al., 2018; 

Chambers et al., 2015; Cobb et al., 2015; Kuhl et al., 2012; Mech et al., 2016; Osei-

Assibey et al., n.d.; Sisnowski et al., 2017), and thirteen studies within dentistry (Alraqiq 

et al., 2021; Dantas Cabral de Melo et al., 2015; Elamin et al., 2021; Freeman and Oliver, 

2009; Guracho et al., 2021; Ha et al., 2021, 2019; Hooley et al., 2012; Mahboobi et al., 

2021; Maliderou et al., 2006; Nobrega et al., 2017; Pattussi et al., 2006; Peres et al., 

2019)., reported various neighbourhood-level socioenvironmental factors related to sugar 

significantly influence child health outcomes.  

Both structured reviews reported factors around a common theme- neighbourhood 

environmental characteristics. This was further categorized into three sub-themes. The 

first was retail outlets. This included two key factors- availability and accessibility of 

sugar-selling retail outlets such as supermarkets, convenience stores, grocery stores, 

takeaways, and restaurants. The second sub-theme of dental services was reported within 

the dental literature only and involved factors- the availability and accessibility of dental 

services. The third sub-theme was surrounding conditions. Two factors viz., 

neighbourhood deprivation/ empowerment levels, and the level of urbanisation/ rurality 

were reported around this sub-theme.  

An additional study (Jamieson et al., 2013) was identified while conducting the scoping 

review, which investigated the relationship between area-level disadvantage, as a 
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measure of neighbourhood deprivation, and DMFT (decayed, missing, filled teeth in 

permanent dentition) levels among a birth cohort of adolescents and young adults. The 

findings showed the presence of marked variations in DMFT by geographical area, where 

the people residing in deprived communities (measured in terms of access to services, 

infrastructure and facilities of communication), experienced higher DMFT as compared 

to the ones living in affluent areas. Even though the results of this study were congruent 

with the results of other included studies, this study was excluded from the analysis as it 

involved adolescents and young adults only.  

Another important theme, i.e., neighbourhood-level regulation, emerged through the 

literature related to obesity. The sub-theme was neighbourhood-level strategies, which 

comprised two factors, viz., local policies (e.g., menu labelling in restaurants to inform 

about calories and nutrients in food products), and interventions (e.g., subsidies for 

healthy foods, restrictions on the advertisements of unhealthy foods, educational 

interventions for childcare providers, parents, and children at the community centres).   

A few other commercial factors that are rather controlled at the macro than the micro-

environmental level, were identified through the obesity-related literature. These were 

snack food shelf space, availability of sugary foods, the dietary variety available within 

sugary food products, availability of alternative healthy beverages, statutory regulations 

for TV advertisements for sugary food products, food packaging, and portion sizes. 

However, these factors were deemed out of the scope of this research as the aim was to 

identify the local-level socioenvironmental factors.  
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4.6 Summary of the findings and development of the testable framework of 

Sugar Promoting Environments 

The findings of both structured reviews of the systematic reviews suggested that various 

sugar-related socio-environmental factors within the family, school, and neighbourhood 

settings substantially affect children’s health. A comparison of the evidence obtained 

from each of the structured reviews (as performed in Table 4.4), demonstrates a very high 

level of similarity in terms of sugar-related socio-environmental factors. Such a 

comparison not only helps validate the findings of the scoping review of the dental 

literature, but also shows the potential for making a significant difference in dental as 

well as general health outcomes by targeting and altering these factors (Sheiham and 

Watt, 2000). These findings are summarised within a testable framework of the ‘Sugar 

Promoting Environments’ (Figure 4.4). This framework provides a piece of robust and 

comprehensive evidence on sugar-related socio-environmental factors which served as 

an initial canvas for the development of the multidimensional index.   
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Figure 4.4 Testable framework of Sugar Promoting Environments 

 

 

NEIGHBOURHOOD ENVIRONMENT 

• Neighbourhood environmental characteristics  

a. Retail outlets-  

availability and accessibility of sugar-selling retail outlets  

b. Dental services-  

availability and accessibility of dental services 

c. Surrounding conditions-  

neighbourhood deprivation/ empowerment level, level of urbanisation/ rurality 

 

• Neighbourhood-level regulation 

a. Neighbourhood-level strategies-  

local policies, local interventions 
 

 

SCHOOL ENVIRONMENT 

• Internal school environment 

a. Supportive school environment-  

academic environment i.e., quality 

of education/ syllabus, school 

facilities, school type 

b. Staff/ teachers support-  

teacher’s involvement in pupils’ 

development  

c. School-level strategies- 

school policies, school-based 

interventions, characteristics of 

school-based interventions 

 

• External school environment  

a. School location-  

school deprivation status 

b. Retail environment outside school- 

presence of sugar-selling retail 

outlets outside school premises 

FAMILY ENVIRONMENT 

• Parent-related factors 

a. Parental socio-economic 

conditions-  

parental socioeconomic status, 

employment status, occupation type 

b. Parental support-  

involvement, encouragement, 

parenting styles, feeding styles, aid 

(i.e., problem-solving), oral health 

literacy, long maternal working 

hours, psychological conditions, 

interpersonal atmosphere, 

interaction quality, regulation of TV 

viewing   

c. Parental behaviours and attitudes- 

perceptions and attitudes about diet, 

high consumption of sugary food, 

perceptions and attitudes about 

dental health, dental attendance, 

attitudes shaped by the experience 

during the last dental visit, duration 

of TV viewing 

d. Parental characteristics- 

educational attainment, family 

status (single parent), oral health 

status, weight status  

e. Accommodation conditions- 

household deprivation 

 

• Overall family-related factors 

a. Family characteristics-  

family size, supportive family 

environment, number of siblings, 

grandparent’s role as a caregiver 
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5.0  Chapter Five- Study Two: The Development and Validation of 

the Index of Sugar Promoting Environments Affecting Child 

Dental Health (ISPE-ACDH) 
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“Yes, we have to divide up our time like that, between our politics and our 

equations. But to me our equations are far more important, for politics are only a 

matter of present concern. A mathematical equation stands forever. ” 

― Albert Einstein (1879-1955) 
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5.1 Introduction 

This chapter describes the methods used to conduct study two of the overall research, 

involving the development of the Index of Sugar Promoting Environments Affecting 

Child Dental Health (ISPE-ACDH) and its validation.  

This study was undertaken to address the second and third objectives of the overall 

research which are given below:  

2. To capture the variation in the distribution of sugar-related socio-environmental 

factors of child dental health in small areas of England by developing a multi-

dimensional ‘Index of Sugar Promoting Environments Affecting Children’s 

Dental Health (ISPE-ACDH)’ through secondary analyses of existing national 

survey data identified using the testable framework. 

3. To test the validity of the index (ISPE-ACDH) by analysing the correlation 

between components of the index.  

While the current section introduces this chapter, Section 5.2 offers a schematic 

representation of the overall research methodology and points out the current phase 

of the research being described in this chapter. Section 5.3 gives an overview of the 

materials and methods including a description of the study design. Section 5.4 details 

the methods used for the development of the index along with the results related to 

the descriptive statistics and summary of each component of the index at the small 

area level in England. Section 5.5 specifies the methods and results related to the 

index validation. 
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5.2 Schematic representation of the overall methodology  

Figure 5.1 represents the overall methodology of the research and accentuates the 

current phase of the research detailed in this chapter.  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 5.1 Schematic representation highlighting study two of the overall 

methodology  

Study 1: The creation of a testable framework of socioenvironmental 

factors influencing free sugar intake and dental health of children 

Study 2: The development and validation of the Index of Sugar Promoting 

Environments Affecting Child Dental Health (ISPE-ACDH) 

 

Development of the Index Validation of the Index 

An Index of Sugar Promoting Environments Affecting 

Child Dental Health (ISPE-ACDH) 

The relationship between the 

Index and free sugar intake 

The relationship between the 

Index and dental caries 

prevalence 

Study 3: An evaluation of the feasibility of the index in explaining the 

outcomes related to the free sugar intake and dental health of children 

 

An umbrella review of the 

systematic reviews of obesity 

 

A scoping review of the 

systematic reviews and primary 

research in dentistry 

A testable framework of Sugar Promoting Environments 
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5.3 Overall study design 

This study was quantitative and involved collection and analysis of existing, open-

access secondary data acquired from several resources (detailed in Section 5.4.4) 

(Johnston, 2017). The methodology of this study surrounding index creation was 

further divided into two main phases. Phase one involved the development of the 

index, whereas phase two involved the validation of this newly developed index. 

Whilst phase one was carried out before phase two, the results of phase two were 

used to adapt approaches used in the final index creation. The overall methodology 

involved adaptation and combination of the various methods used in the three 

multidimensional indices (Richardson et al., 2010; Green et al., 2018; Ministry of 

Housing Communities and Local Government, 2019a), reviewed in the literature 

review (Chapter two Section 2.9). The methodology was further informed by the 

material from the technical framework by Nardo and the team (Nardo et al., 2008), 

and the conceptual framework by Allik and colleagues (Allik et al., 2019). In 

addition, a specific technique called small area synthetic estimation, established 

within the human geography field (Twigg et al., 2000, 2006; Moon et al., 2007), was 

incorporated into the development of this index.      

5.3.1 Study population 

The study population of this research was 5-to-11-year-old children living across 

small geographical areas within England. This age group was selected due to the 

continuing reports of the national oral health surveys highlighting geographical 

inequalities in this demographic (Office for National Statistics Social Survey 

Division, 2015; Public Health England, 2020, 2018c; Public Health England., 2018; 

Public Health England, 2016b). Children of this age group usually attend primary 

schools in England (Department for Education, 2020; UK Government., 2022).  
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5.4 Phase 1: Index creation  

This phase was carried out to fulfil objective 2: To capture the variation in the 

distribution of sugar-related socio-environmental factors of child dental health in 

small areas of England by developing a multi-dimensional ‘Index of Sugar 

Promoting Environments Affecting Children’s Dental Health (ISPE-ACDH)’ 

through secondary analyses of existing national survey data identified using the 

testable framework. 

5.4.1 Crude model of the index 

Before describing the creation of the final index in detail, Figure 5.2 demonstrates a 

crude model of index creation. First, suitable data to capture relevant indicators were 

derived for the socioenvironmental factors identified in the testable framework of 

sugar-promoting environments (Chapter 4). Then, these indicators were grouped into 

different sub-domains reflecting the testable framework. Later, these sub-domains 

were merged into three main domains which represented the key socio-

environmental settings (i.e., neighbourhood, school, and family), informed by the 

findings of umbrella and scoping reviews of literature related to obesity and dental 

caries, respectively. Finally, all domains were aggregated to form the index of sugar-

promoting environments affecting children’s dental health.  

 

Figure 5.2 Crude model of the index 
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5.4.2 Geographical level of the index  

The index was developed at the Middle-layer Super Output Area (MSOA) level 

(Office for National Statistics, 2019). Figure 5.3 demonstrates the geographical 

boundaries of all 6791 MSOAs in England. These census-based geographies are 

routinely used in the creation of multidimensional indices because of their 

availability for the whole UK and their contiguity with administrative boundaries 

(Richardson et al., 2010). The MSOAs were selected as geographical units for the 

index development as they are sensitive to the finer scale socioenvironmental 

variations but large enough to provide adequate populations for ecological analyses. 

They are often used in statistical reporting across several other policy arenas, which 

facilitates comparison of the general progress being made across these arenas.   

 

Figure 5.3 Middle-layer Super Output Areas (MSOAs) boundaries in England 

(UK Data Service and Edina Digimap, 2021) 
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While the Lower-layer Super Output Areas (LSOAs) have been previously used in 

the creation of other indices (Green et al., 2018; Ministry of Housing Communities 

and Local Government, 2019a, 2019c, 2019b, 2019f), they were thought to be very 

small geographies which may not allow for the sufficient sample size for the 

development of the index. Figure A5.1 in Appendix 5.1 presents the geographical 

boundaries of the LSOA boundaries in England.  

Another possibility was to produce the index at the electoral ward level. Although 

wards are similar in size to the MSOAs, their boundaries often change for election 

purposes. Therefore, they are not usually used in official statistical reporting. The 

MSOAs are also preferred because their design is based on fixed population size 

(Office for National Statistics, 2019). Additionally, the MSOA-level variables can 

be easily aggregated to calculate the scores for the higher geographical levels such 

as Local Authorities (LAs) and regions. This ability to aggregate the scores of the 

index at higher geographical levels facilitates its routine use for the assessment of 

geographical inequalities in outcomes related to dental health and sugar consumption 

in children (Ministry of Housing Communities and Local Government, 2019b; 

Office for National Statistics, 2019). 
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5.4.3 Technical aspects of the index creation 

The methodology of the index creation was divided into seven technical steps. These 

are shown in Figure 5.4. Each step is described in detail in the following sections.  

 

Figure 5.4 Seven-step programme of the index creation 

  

Step 7: Aggregation of the domains to form the multidimensional index

Step 6: Aggregation of the sub-domains into relevant domains

Step 5: Aggregation of the indicators into relevant sub-domains 

Step 4: Normalization of the indicator scores 

Step 3: Preliminary analyses

Step 2: Data processing to calculate MSOA level indicator scores

Step 1: Data acquisition, data review and selection of the specific variables 
for computation of the indicators
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5.4.4 Step 1: Data acquisition, data review, and selection of the specific 

variables for computation of the indicators 

One of the prerequisites of index creation is to identify available data that are 

analytically sound and relevant (Nardo et al., 2008). This section provides 

information on data sources, and identification, acquisition, review, and final 

selection of the datasets used in the ISPE-ACDH (UK Data Service and Edina 

Digimap, 2021).  

5.4.4.1. Data sources, identification, and acquisition   

For index creation, three types of data were required. The first were 

socioenvironmental data identified as being related to sugar consumption and the 

prevalence of dental caries. The second set of data were related to the counts needed 

to represent various denominators used in indicator calculation (e.g., child 

population counts). Finally, information on small area boundaries (i.e., MSOAs), 

and their various look-up files were required to digitally map and aggregate the final 

index.     

Numerous resources were screened to identify the relevant datasets. Registrations 

were made with different data archiving websites including UK Data Service, 

National Offender Management Information System (NOMIS), Consumer Data 

Research Centre (CDRC), NHS Digital, and Department of Work and Pensions, for 

accessing, searching, and acquiring datasets. In addition to registration, an 

educational user licence was signed with Edina Digimap service to acquire Points of 

Interest data.  

Throughout data selection and where relevant, sources were screened based on the 

theoretical links (as identified in the literature) between data items and dental health. 

Additionally, UK-based publications were explored and experts in dental and human 

geography fields were consulted to help identify and acquire socioenvironmental 

datasets at the small area level. Where datasets were published at higher 

geographical levels, organisations were contacted via email or phone calls to request 

such data at lower geographical levels. Contacting the organisations was deemed 

unnecessary, where datasets were openly accessible at suitable geographical levels. 

All acquired datasets and their sources are listed in Table A5.1 in Appendix 5.2.  
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Denominators, representing a total number of individuals at risk of exposure, were 

sought for the majority of the indicators included in the index. Where possible, the 

data for denominators were sourced from the same dataset that contained indicator 

data. However, mid-year population estimates were acquired from the Office for 

National Statistics (ONS) to use as an alternative in case of unavailability of such 

data (Ministry of Housing Communities and Local Government, 2019a, 2019b; 

Office of National Statistics, 2019b). While census 2011 data could also have been 

used for this purpose (Richardson et al., 2010), preference was given to mid-year 

population estimates, as the latter was based on more recent data.  

Census 2011 digitised boundary data for Middle-layer Super Output Areas (MSOAs) 

were acquired from the UK data service to estimate area-level distributions of the 

specific indicators (UK Data Service and Edina Digimap, 2021).    

5.4.4.2. Data review, time point, and selection  

All identified and acquired datasets were thoroughly reviewed based on the 

following eligibility criteria (Twigg et al., 2000, Nardo et al., 2008, Ministry of 

Housing Communities and Local Government, 2019b): 

1. Relevance to the components of the testable framework 

2. Relevance to the population being studied 

3. National-level availability 

4. Annual or biannual data collection frequency 

5. Open accessibility 

6. Free usability for construction of the index at a small area level  

A summary table was created to extract the information on the data topic, 

participants, variables available in the data, geographical coverage, geographical 

levels published within data, year of latest available publication, frequency data 

collection, and primary source of the data. Results of the data review are provided in 

Table A5.2 in Appendix 5.3. Assessments were also made of the quality reports of 

the surveys. In case of the availability of multiple ideal datasets on one topic, 

preference was given to the most recent dataset. Table 5.1 provides details of all 

selected datasets for inclusion in the index and their topics.  
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Table 5.1 All selected datasets for inclusion in the index and their topics 

Selected dataset Data topic 

Points of Interest (POI) (2019)- 

Ordnance Survey (Ordnance Survey 

Limited, 2022) 

Neighbourhood environment related to the 

retail outlets and dental services  

Indices of multiple deprivation (IMD) 

(2019) (Ministry of Housing 

Communities and Local Government, 

2019c) 

Neighbourhood socioenvironmental 

conditions related to people’s income, 

education, employment, health, crime, 

barriers to housing and services, living 

environment  

Ofsted School inspection reports (Office 

for Standards in Education, 2020) 

Internal school environment 

School, Pupils, and Their Characteristics 

(School Census) (2020) (Department for 

Education, 2020) 

Pupil level sociodemographic and 

socioeconomic characteristics, school meals 

policy 

Census (2011) (Office for National 

Statistics, 2016) 

Family-level sociodemographic and 

socioeconomic characteristics  

Children's Dental Health Survey 

(CDHS) (2013) (Holmes et al., 2015a) 

Children’s oral health outcomes, behaviours, 

parent’s socioeconomic circumstances, and 

their support to maintain child oral health     

Department of Work and Pensions 

(DWP) data on children living in poverty 

(2020) (Department of Work and 

Pensions, 2021) 

Proportions of children living in low-income 

families 

Department of Work and Pensions 

(DWP) data on families receiving 

government benefits (2020) (Department 

of Work and Pensions, 2021) 

Proportions of children belonging to families 

receiving government benefits  

Office for National Statistics (ONS): 

Mid-year population estimates (2019) 

(Office for National Statistics, 2020c) 

Numbers and sociodemographic 

characteristics of the individuals living in 

small areas 

Census boundary data (2011) (UK Data 

Service and Edina Digimap, 2021) 

Digitised boundaries of small areas in 

England  

 

5.4.4.3. Selection of the specific variables for computation of the indicators 

Although, as part of the data review, multiple variables were identified that seemed 

relevant to the factors identified in the testable framework, each of these variables 

was individually assessed for its suitability to compute the indicators for the 

development of the index. These assessments were made using the following 

eligibility criteria (Ministry of Housing Communities and Local Government, 

2019a; Nardo et al., 2008):   

1. The variables were appropriate measures of socio-environmental factors 

influencing sugar consumption and child dental health (fit for the purpose) 

2. They were specific to their respective domain of the testable framework 

3. They could quantify major features of their respective domain 
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4. They were available for the whole of England at small geographical scales i.e., 

Middle-layer Super Output Area (MSOA) level, Lower-layer Super Output Area 

(LSOA), Output Areas (OA), or Postcode levels. 

5. They were available from datasets which were sufficiently robust, freely available 

for research purposes, and updated regularly. 

6. They could be updated when the newer version of the survey dataset would be 

available. 

The use of proxy variables was considered, where suitable variables were 

unavailable or were published at the higher geographical levels such as ward, LA, or 

region. Table 5.2 provides the details of all selected variables for developing 

indicators of the neighbourhood environment domain. Suitable national-level data 

were not identified for the socioenvironmental factor called ‘local area level 

interventions’.    

Table 5.2 Variables selected for development of the indicators of the 

Neighbourhood Environment domain 
Neighbourhood Environment Domain 

Factors Selected variables 

(Numerator) 

Selected variables 

(Denominator) 

Data Sources 

Main Theme 1: Neighbourhood environmental characteristics  

Sub-domain 1: Retail outlets 

1. Availability of 

sugar-selling 

retail outlets 

 

2. Accessibility to 

sugar-selling 

retail outlets 

 

Location (postcode) of 

sugar-selling retail 

outlets (Types of 

selected retail outlets: 

1. Bakeries, 2. Cafes 

Snack Bars and Tea 

Rooms 3. 

Confectioners 4. 

Convenience Stores 5. 

Fast food and 

Takeaways 6. 

Restaurants 7. Super 

Markets 8. Cash And 

Carry 9. Delicatessens 

10. Fast-food Delivery 

Services 11. Grocers, 

Farm Shops, And Pick 

Your Own 12. Markets 

13. Tea And Coffee 

Merchants) 

Location of 

population-weighted 

Output Area (OAs) 

centroids 

1. Points of 

Interest (Sept 

2020)  

2. Census 

boundary data 

(2011) 

Sub-domain 2: Dental services 
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Table 5.3 depicts the variables selected for the computation of the school 

environment domain indicators. No data were identified that specifically 

represented the factor ‘characteristics of the interventions implemented in school’ at 

the national level. However, the inclusion of the Ofsted overall effectiveness score, 

which quantifies the overall performance of state-funded primary schools in 

England, could reflect the overall internal school environment including the above-

mentioned factor to a certain extent as it includes a component of school policies and 

interventions.    

  

1. Availability of 

dental services 

 

2. Accessibility to 

dental services  

Location (postcode) of 

dental services (Types 

of selected dental 

services: 1. NHS, 2. 

Mixed, 3. Private) 

Location of 

population-weighted 

Output Area (OAs) 

centroids  

 

1. Points of 

Interest (Sept 

2020)  

2. Census 

boundary data 

(2011)  
Sub-domain 3: Surrounding conditions 

Neighbourhood 

deprivation/ 

empowerment 

level 

IMD barriers to 

housing and services 

domain score for 

LSOA 2019 

Total population of 

LSOAs in 2015 

excluding prisoners  

 

Index of 

Multiple 

Deprivation 

(2019)   

Level of 

urbanisation/ 

rurality 

 

Mid-year population 

estimate: 2019: 

Number of People per 

MSOA 

Census MSOA 

boundaries (to 

compute the area of 

MSOA) 

 

1. Office for 

National 

Statistics 

(2020):  Mid-

year 

population 

estimates 

(2019)    

2. Census 

boundary data 

(2011)   

Main Theme 2: Neighbourhood-level regulation 

Sub-domain 1: Neighbourhood-level strategies 

Local policies Suitable data 

unavailable 

NA NA 

Local 

interventions 

Suitable data 

unavailable 

NA NA 
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Table 5.3 Variables selected for development of the indicators of School 

Environment domain 

School Environment Domain 

Factors Selected variables 

(Numerator) 

Selected variables 

(Denominator) 

Data Sources 

Main Theme: Internal school environment 

Sub-domains: 1. Supportive school environment, 2. Staff/teacher’s support, 

and 3. School-level strategies 

1. Academic 

environment 

(i.e., Quality of 

education/ 

syllabus) 

2. School 

facilities 

3. Teacher’s 

involvement in 

pupils’ 

development 

4. School 

policies 

5. School-based 

interventions 

Ofsted overall 

effectiveness score 

of state-funded 

primary schools in 

England 

 

Number of pupils in 

each state-funded 

primary school 

Ofsted School 

Inspections (Oct 

2020)  

Characteristics 

of school-based 

interventions 

Suitable data 

unavailable 

NA NA 

School type– 

private or public 

Suitable data 

unavailable 

NA NA 

Main Theme 2: External school environment 

Sub-domain 1: School location  

School 

deprivation 

status  

Index of Multiple 

Deprivation (IMD) 

score for LSOA 

Total population of 

LSOAs in 2015 

excluding prisoners 

Indices of Multiple 

Deprivation (2019)  

 Number of pupils 

eligible for free 

school meals in 

each state-funded 

primary school in 

England 

Total number of 

pupils in each state-

funded primary school 

in England 

School, Pupils and 

their characteristics 

(2019-2020)  

Sub-domain 2: Retail environment outside school 

Presence of 

sugar-selling 

retail outlets 

outside school 

premises 

Location (postcode) 

of sugar-selling 

retail outlets 

Location (postcode) 

of state-funded 

primary schools in 

England   

1. Points of Interest 

(POI) (Sept 2020)  

2. Ofsted School 

Inspections (Oct 

2020)  

Table 5.4 provides details of the variables selected for the computation of the 

indicators for the family environment domain. As evident from this Table, suitable 

data were not identified for four socioenvironmental factors, namely, 1. Long maternal 
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working hours, 2. Maternal depressive symptoms, 3. Parental dental caries status/ 

caries experience, 4. The number of siblings.  

Table 5.4 Variables selected for development of the indicators of Family 

Environment domain 

Family Environment Domain 

Factors Selected variables 

(Numerator) 

Selected variables 

(Denominator) 

Data Sources 

Main Theme 1: Parent-related factors 

Sub-domain 1: Parental socioeconomic conditions 

Parental 

socioeconomic 

status 

Number of children 

living in absolute 

low income per 

MSOA in (2019-

2020) 

Mid-year population 

estimate: 2019: Number 

of Children Under 16 

years of Age per MSOA 

1. Department 

of work and 

pensions 

(2020)  

2. Office for 

National 

Statistics 

(2019) 

 Number of children 

living in relative 

low-income per 

MSOA in (2019-

2020) 

Mid-year population 

estimate: 2019: Number 

of Children Under 16 

years of Age per MSOA 

1. Department 

of work and 

pensions 

(2020)  

2. Office for 

National 

Statistics 

(2019) 

 Number of single-

parent families with 

dependent children 

which received 

Universal Credit 

(from January 2020 

to December 2020) 

Number of families with 

dependent children in 

MSOA by household 

composition: Lone 

parent 

1. Department 

of work and 

pensions 

(2020)  

2. Census 

(2011)  

 Number of couple 

families with 

dependent children 

which received 

Universal Credit 

(from January 2020 

to December 2020) 

Number of families with 

dependent children in 

MSOA by household 

composition: 1. Married 

or same-sex civil 

partnership couple, 2. 

Cohabiting couple 

1. Department 

of work and 

pensions 

(2020)  

2. Census 

(2011)  

 Number of 

households in 

MSOA by car or van 

availability: 1.  No 

cars or vans 

Number of households 

in MSOA by car or van 

availability: All 

categories (1.  No cars 

or vans, 2. one car or 

van, 3. two cars or vans, 

4. three cars or vans, 5. 

four or more cars or 

vans)  

Census (2011)  
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 Number of 

households in 

MSOA by tenure: 1. 

Social rented, 2. 

Private rented 

Number of households 

in MSOA by tenure: All 

categories (1. Owned, 2.  

Shared ownership (part 

owned and part rented), 

3. Social rented, 4. 

Private rented, 5. Living 

rent-free) 

Census (2011)  

Employment 

status 

Number of people 

not in employment 

people who received 

universal credit in 

(2020-2021) 

Number of people in 

employment people who 

received universal credit 

in 2020-2021 

Department of 

work and 

pensions (2020)  

 Number of adults in 

MSOA by NS-SEC 

category: 1. NS-SeC: 

8. Never worked and 

long-term 

unemployed 

Number of adults in 

MSOA by NS-SEC 

category: All categories 

(1. NS-SeC: 1. Higher 

managerial, 

administrative and 

professional 

occupations, 2. NS-SeC: 

2. Lower managerial, 

administrative and 

professional 

occupations, 3. NS-SeC: 

3. Intermediate 

occupations, 4. NS-SeC: 

4. Small employers and 

own account workers, 5. 

NS-SeC: 5. Lower 

supervisory and 

technical occupations, 6. 

NS-SeC: 6. Semi-

routine occupations, 7. 

NS-SeC: 7. Routine 

occupations, 8. NS-SeC: 

8. Never worked and 

long-term unemployed, 

9. NS-SeC: L15 Full-

time students) 

Census (2011)  

Occupation type Number of adults in 

MSOA by NS-SEC 

category: 1. NS-SeC: 

1. Higher 

managerial, 

administrative, and 

professional 

occupations 

Number of adults in 

MSOA by NS-SEC 

category: All categories 

Census (2011)  

Sub-domain 2: Parental support 

1. Parental 

involvement 

2. Encouragement 

3. Aid (problem-

solving) 

1. Whether 

responding adult 

takes a child to the 

dentist (yes/ no), 2. 

Dental attendance of 

1. Number of the 

couple- or single-parent 

households with 

dependent children in 

MSOA  

1. Child Dental 

Health Survey 

(2013)  

2. Census 

(2011)  
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4. Oral health 

literacy 

 

child (regular check-

ups/ when having 

trouble or never 

visited a dentist), 3. 

Whether a parent 

used sugar-free 

chewing gum for 

their child in the last 

year (mentioned/ not 

mentioned) 4. 

Family status of 

parent 5. NS-SeC 

classification of 

parent’s occupation 

2. Number of employed/ 

unemployed (i.e., 

National Statistics 

Socioeconomic 

Classification (NS-SEC) 

(1=higher managerial to 

4=never worked)) 

people of economically 

active age 

1. Parenting 

styles 

2. Feeding styles 

3. Long maternal 

working hours 

4. Psychological 

conditions 

5. Interpersonal 

atmosphere 

6. Interaction 

quality 

7. Regulation of 

TV viewing 

Suitable data 

unavailable 

NA NA 

Sub-domain 3: Parental behaviours and attitudes 

1. Perceptions 

and attitudes 

about diet 

2. High 

consumption of 

sugary food 

3. Perceptions 

and attitudes 

about dental 

health 

4. Dental 

attendance 

5. Attitudes 

shaped by the 

experience 

during last 

dental visit 

6. Duration of TV 

viewing 

Suitable data 

unavailable 

NA NA 

Sub-domain 4: Parental characteristics 

Educational 

attainment 

1. Number of adults 

with Highest Level 

of Qualification: 

Level 4 

qualifications and 

above  

Number of adults in 

MSOA: Highest level of 

qualification: All 

categories (1. No 

qualifications, 2. Level 1 

qualifications, 3. Level 2 

Census (2011)  
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2. Number of adults 

with Highest Level 

of Qualification: No 

qualifications 

qualifications, 4. 

Apprenticeship, 5. Level 

3 qualifications, 6. Level 

4 qualifications and 

above, 7. Other 

qualifications) 

Family status 

(single or dual-

parent family) 

Number of single-

parent families with 

dependent children 

in MSOA 

(Household 

Composition: One 

family only: Lone 

parent: Dependent 

children) 

Number of families with 

dependent children in 

MSOA by household 

composition: All 

categories (1. Married or 

same-sex civil 

partnership couple: 

Dependent children, 2. 

Cohabiting couple: 

Dependent children, 3. 

Lone parent: Dependent 

children, 4. Other 

household types: With 

dependent children) 

Census (2011)  

1. Oral health 

status 

2. Weight 

status 

Suitable data 

unavailable 

NA NA 

Sub-domain 5: Accommodation conditions 

Household 

deprivation 

Number of 

households in 

MSOA by household 

deprivation: 1. 

Household deprived 

in 2 dimensions, 2. 

Household is 

deprived in 3 

dimensions, 3. 

Household is 

deprived in 4 

dimensions 

Number of households 

in MSOA by household 

deprivation: All 

categories (1. 

Household is not 

deprived in any 

dimension, 2. 

Household is deprived 

in 1 dimension, 3. 

Household is deprived 

in 2 dimensions, 4. 

Household is deprived 

in 3 dimensions, 5. 

Household is deprived 

in 4 dimensions) 

Census (2011)  

 Number of 

households in 

MSOA by central 

heating type: No 

central heating 

Number of households 

in MSOA by central 

heating type: All 

categories (gas, electric 

(including storage 

heaters), oil, solid fuel 

(for example wood, 

coal), any other, two or 

more types of central 

heating, and no central 

heating) 

Census (2011)  

Main Theme 2: Overall family-related factors 

Sub-domain 5: Family characteristics 
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Family size 

(household 

overcrowding) 

Number of persons 

per room in 

household by 

MSOA: 1. Over 1.5 

persons per room, 2. 

Over 1.0 and up to 

1.5 persons per room 

Number of persons per 

room in household by 

MSOA: All categories 

(1. Up to 0.5 persons per 

room, 2. Over 0.5 and 

up to 1.0 persons per 

room, 3. Over 1.0 and 

up to 1.5 persons per 

room, 4. Over 1.5 

persons per room) 

Census (2011)  

1. Supportive 

family 

environment 

2. Number of 

siblings 

3. Grandparent’s 

role as a 

caregiver 

Suitable data 

unavailable  

NA NA 
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5.4.5 Step 2: Data processing to calculate MSOA level indicator scores 

In this step, MSOA level indicator scores were calculated for all of the selected 

indicators. Initially, data were examined and processed to deal with any missing 

values and outliers (detailed below) and set datasets at an appropriate geographical 

level. Before outlining the techniques employed to develop the indicators, the 

following section describes descriptive analyses of the data items. 

5.4.5.1. Dealing with missing values and outliers 

Missing values within individual data sets often affect the robustness of the 

composite indicator (Nardo et al., 2008). Therefore, all datasets were reviewed for 

the presence of any missing values before the computation of the indicators. Missing 

values can have random or non-random patterns within the data and only random 

patterns are usually assessed through statistical tests (Nardo et al., 2008). 

Furthermore, random patterns can be categorised as ‘missing completely at random’, 

where values are independent of other variables and ‘missing at random’, where the 

values are influenced by variables other than the variable of interest in data. In the 

‘not-missing at random’ pattern, the missing values depend on the values 

themselves.  

Missing values within data can be dealt through the application of three different 

techniques, including, deleting cases, single imputation, and multiple imputations 

(Nardo et al., 2008). Whilst case deletion is a simple technique to deal with missing 

values, it relies on the assumption that there are no systematic differences between 

complete and incomplete samples, and all values are randomly missing. Also, if 

several cases are deleted, it can result in high-standard errors. Therefore, while 

processing the data, this technique was employed only if less than 5% of the cases 

were missing in the dataset (Nardo et al., 2008).  

Other methods to deal with missing values include single imputations of various 

values, e.g., mean/median/mode, regression, hot-and cold-deck, expectation-

maximisation, or multiple imputations, e.g., Markov Chain Monte Carlo (MCMC) 

algorithm (Nardo et al., 2008). In this study, the values were substituted with the 

local authority level mean of a relevant indicator, if more than 5% of the cases were 

missing from the data. This reduced a bias resulting from the assumption that the 

data were missing at random and facilitated making the best use of pre-existing and 
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costly data (Nardo et al., 2008). Local authorities are the most relevant geographies 

to MSOAs (Office for National Statistics, 2019). These are at a higher level than 

MSOAs but a lower level than government office regions on the hierarchy of census 

geographies (Office for National Statistics, 2019). Data were also assessed for the 

presence of any outliers using the box plots before indicators’ computation.       

5.4.5.2. Matching of the geographical variables to MSOAs 

The index was developed at the MSOA level, so available data for LSOAs were 

aggregated to the relevant MSOA via look-up tables provided via the GeoConvert 

tool that facilitates the matching of geographical areas based on 2011 Census 

Geographical Area Classification (UK Data Service Census Support., 2015). Where 

datasets were in the format of maps, ArcGIS Pro software (ESRI, 2021) was 

employed to overlay these datasets against census boundary data containing the 

MSOA boundaries (UK Data Service and Edina Digimap, 2021). The GIS 

functionality was then used to identify relevant MSOAs for data points from the 

resultant overlay (ESRI, 2021).  

5.4.5.3. Descriptive analyses of the data 

All datasets were descriptively analysed to understand the distribution of variables 

of interest before calculating MSOA level indicator scores (Hanneman et al., 2012). 

This involved assessment of mean, range, and data distribution using frequency 

tables, bar charts, and box plots.    

5.4.5.4. Calculation of MSOA-level indicator scores for neighbourhood 

environment domain 

In line with the testable framework, indicators of the neighbourhood environment 

domain are categorised into a total of three sub-domains, i.e., retail outlets, dental 

services, and surrounding conditions. The materials and methods used for the 

calculation of these indicators are described below.  

5.4.5.4.1. Indicator scores for the ‘retail outlets’ sub-domain  

This sub-domain included the calculation of two types of indicators. The first 

involved assessment of the availability of sugar-selling retail outlets, and the second 

involved calculation of their accessibility for the people living within MSOAs.  

To measure the availability of sugar-selling retail outlets, the density of the outlet 

indicators across MOSAs was calculated. These were calculated separately for a total 
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of 13 types of sugar-selling retail outlets. These types were: 1. bakeries, 2. cafes, 

snack bars and tea rooms, 3. cash and carry, 4. confectioners, 5. convenience stores 

and independent supermarkets, 6. delicatessens, 7. grocers, farm shops and pick your 

own, 8. fast-food and takeaway outlets, 9. fast-food delivery services, 10. markets, 

11. restaurants, 12. supermarket chains, 13. tea and coffee merchants.  

Points of interest data contained information on the locations of a few other types of 

food retail outlets as well. These included: 1. alcoholic drinks including off licences 

and wholesalers, 2. banqueting and function rooms, 3. butchers, 4. fish and chip 

shops, 5. fishmongers, 6. frozen foods, 7. green and new age goods, 8. herbs and 

spices, 9. livestock markets, 10. organic, health, gourmet, and kosher foods, 11. pubs, 

bars, and inns. However, they were excluded from the analysis due to unavailability 

of the solid evidence about their impact on sugar consumption. As the study 

population was primary school-age children, the outlets such as pubs, bars, and inns, 

which may sell sugary foods and drinks, were not considered in the development of 

the index. The formula used for the calculation of the density of sugar-selling retail 

outlets was as follows: 

Density of sugar-selling retail outlets in the MSOA=  
Number of sugar-selling retail outlets in the MSOA

Area of the MSOA in square kilometres
 

The density indicator scores were calculated using ArcGIS Pro software (ESRI, 

2021). Two datasets were used for this purpose. The first dataset, the Points of 

Interest data (September 2020), contained postcodes of the sugar-selling retail 

outlets and the second, census 2011 boundary data, contained digital information on 

the shapes of MSOAs in England. Both datasets were imported into ArcGIS Pro and 

overlaid with each other. Table A5.3 in Appendix 5.4 shows the total number of 

different types of retail outlets found across England according to the Points of 

Interest data. Figure 5.5 demonstrates the distribution of all the sugar-selling retail 

outlets across MSOAs for England.  
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Figure 5.5 Distribution of selected sugar-selling retail outlets across MSOAs in 

England 

For each type of sugar-selling retail outlet, the numerator and denominator values 

were derived for all MSOAs using the ‘summarize within’ tool available within the 

ArcGIS Pro software. Data were imported into Statistical Package for the Social 

Sciences (SPSS) (IBM Corporation., 2019), where the new variables of densities of 

each type of retail outlet across MSOAs were computed using the above-mentioned 

formula.  

Table 5.5 provides details about the mean, standard deviation, and range of the 

indicator scores for the densities of retail outlets.  
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Table 5.5 Distribution of the indicator scores for densities of sugar-selling 

retail outlets (i.e., number of sugar-selling retail outlets per square kilometres)  

Retail outlet type Mean SD Range 

Minimum Maximum 

Bakeries 0.517 1.291 0.000 26.297 

Cafes, snack bars and tea rooms 2.367 6.512 0.000 157.008 

Cash and carry 0.075 0.367 0.000 8.475 

Confectioners 0.176 0.740 0.000 18.790 

Convenience stores and independent 

supermarkets 

3.358 5.231 0.000 46.331 

Delicatessens 0.204 0.721 0.000 11.728 

Grocers, farm shops and pick your own 0.571 1.971 0.000 35.471 

Fast-food and takeaway outlets 3.435 6.506 0.000 97.083 

Fast-food delivery services 0.097 0.316 0.000 4.022 

Markets 0.058 0.418 0.000 15.640 

Restaurants 2.195 7.438 0.000 248.274 

Supermarket chains 0.339 0.565 0.000 6.760 

Tea and coffee merchants 0.032 0.230 0.000 6.961 

To measure the accessibility factor, the proximity of the sugar-selling retail outlets 

to the population-weighted centroid of each Output Area (OA) within MSOA was 

calculated for all 13 types of sugar-selling retail outlets (mentioned in the above 

section).  

The following formula was used to compute these indicators: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 between population weighed output area centroids and the closest sugar-selling 

retail outlets (in kilometres) per MSOA = 

∑((𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑟𝑒𝑎 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 ′1′ 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑐𝑙𝑜𝑠𝑒𝑠𝑡 𝑠𝑢𝑔𝑎𝑟 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡) +

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑟𝑒𝑎 𝑐𝑒𝑛𝑟𝑜𝑖𝑑 ′2′ 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑐𝑙𝑜𝑠𝑒𝑠𝑡 𝑠𝑢𝑔𝑎𝑟 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡) +

⋯)/(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑟𝑒𝑎𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑀𝑆𝑂𝐴)  

The indicators were calculated using ArcGIS Pro software. This involved mapping 

locations of each type of sugar-selling retail outlet acquired through Points of Interest 

data (September 2020). Additionally, population-weighted centroids and MSOA 

boundaries acquired through the census 2011 boundary data were plotted within the 

same map. At first, the distances between each population-weighted centroid and its 

closest sugar-selling retail outlet were computed using the ‘near distance’ tool 

available within ArcGIS Pro. All output area centroids were then linked with the 

MSOAs. This enabled the matching of the output area centroids to the MSOAs 

codes. These data, therefore, provided information about each population-weighted 
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centroid, its nearest sugar-selling retail outlet, and the code of MSOA to which it 

belongs.  

Later, these data were imported into SPSS for further analysis. The indicator score 

was then calculated by deriving the average of distances between population-

weighted centroids and the closest sugar-selling retail outlets in each MSOA. For 

this, numerators, i.e., the sum of all distances between population-weighted centroids 

and their closest sugar-selling retail outlets, and denominators, i.e., the total number 

of population-weighted centroids of all output areas within MSOA, were derived for 

all MSOAs through data aggregation.  

Table 5.6 gives details about the mean, standard deviation, and range of the indicator 

scores for the proximity to retail outlets.  

    Table 5.6 Distribution of the indicator scores for proximity to sugar-selling 

retail outlets (i.e., an average of distances between population-weighted centroids 

and the nearest sugar-selling outlet in kilometres) 

Retail outlet type Mean SD Range 

Minimum Maximum 

Bakeries 1.420 1.474 0.100 15.770 

Cafes, snack bars and tea rooms 0.955 0.980 0.050 9.040 

Cash and carry 5.263 5.400 0.160 59.730 

Confectioners 2.858 2.709 0.120 23.250 

Convenience stores and independent 

supermarkets 

0.516 0.528 0.060 6.610 

Delicatessens 3.063 3.128 0.150 58.450 

Grocers, farm shops and pick your own 1.855 1.863 0.110 50.670 

Fast-food and takeaway outlets 0.870 1.321 0.060 50.580 

Fast-food delivery services 3.399 3.689 0.240 79.440 

Markets 6.719 6.971 0.240 67.650 

Restaurants 0.969 0.985 0.040 12.470 

Supermarket chains 1.196 1.247 0.190 13.900 

Tea and coffee merchants 7.000 6.417 0.210 98.090 

 

5.4.5.4.2. Indicator scores for the ‘dental services’ sub-domain 

Similar to the ‘retail outlets’ sub-domain. the dental services sub-domain involved 

two main types of indicators. The first type measured the availability of dental 

services, whereas the second type quantified their accessibility for the people living 

in MSOAs. 

To measure the availability of dental services, their density in each MSOA was 

calculated using a similar approach outlined in Section 5.4.5.4.1. For this purpose, 
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postcodes data of a total of 9897 dental services were derived from the Points of 

Interest survey (Sept 2020) data. These included information on the locations of 

NHS, private, and mixed dental services. As children get free dental treatment within 

NHS dental services, and socioeconomic variables are considered separately in the 

family environment domain, all dental services were assessed collectively, rather 

than examining the proportions of NHS versus private dental services. Figure 5.6 

demonstrates the distribution of dental services across MSOAs within England. The 

mean, SD, and range of density-related indicator scores were 0.604, 1.354, 0.000-

61.778, respectively. To measure the accessibility factor, the proximity of dental 

services to the population-weighted centroid of each Output Area (OA) within each 

MSOA using ArcGIS Pro. The indicator scores were calculated using a similar 

approach detailed in Section 5.4.5.4.1. For this indicator, the mean score was 1.1915 

(SD: 1.542). The scores ranged from 0.110 to 59.380.   
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Figure 5.6 Locations of dental services across MSOAs in England 

5.4.5.4.3. Indicator scores for the ‘surrounding conditions’ sub-domain  

This sub-domain involved the calculation of the indicators to measure 

neighbourhood deprivation and the level of urbanization in each MSOA.   

For quantifying the neighbourhood deprivation factor, pre-existing scores of the 

‘barriers to housing and services’ domain of IMD 2019 were employed. These scores 

are published at the LSOA-level. Therefore, data were aggregated to the MSOA level 

using a method which took into account the population-weighted scores of LSOA-

level scores of this data item. This method is recommended in the IMD user guide 

(Ministry of Housing Communities and Local Government, 2019a) and the formula 

for the calculation of this indicator is given below: 

  



168 
 

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐼𝑀𝐷 𝐵𝑎𝑟𝑟𝑖𝑒𝑟𝑠 𝑇𝑜 𝐻𝑜𝑢𝑠𝑖𝑛𝑔  & Services domain score for the MSOA 

= ∑

[
 
 
 

(𝐷𝑜𝑚𝑎𝑖𝑛 𝑆𝑐𝑜𝑟𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′1′𝑜𝑓 𝑡ℎ𝑒 𝑀𝑆𝑂𝐴 ∗ 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′1′) +

(𝐷𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′2′𝑜𝑓 𝑡ℎ𝑒 𝑀𝑆𝑂𝐴 ∗ 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′2′) + ⋯

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑙𝑙 𝐿𝑆𝑂𝐴𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑀𝑆𝑂𝐴

]
 
 
 

 

The data on the total population of LSOAs for mid-2015 (excluding prisoners) were 

used to derive the MSOA level scores. There were provided within the IMD dataset 

itself but were originally published by the Office for National Statistics as part of the 

mid-year population estimates data in England. Numerators and denominators were 

separately computed in SPSS. For calculating numerators, IMD domain scores of 

LSOAs were multiplied by the total population of LSOAs at first. Then, aggregated 

sums of these counts were computed for all MSOAs. Similarly, denominators were 

calculated by totalling LSOA-level population counts for each MSOA. The scores 

of this indicator ranged between 1.480 and 59.920. The mean score was 21.873 (SD: 

8.681).  

To measure the level of urbanization factor, population density indicators were 

calculated for each MSOA. The total number of people of all ages living in MSOAs 

was calculated using the ONS 2019 mid-year estimates (Office of National Statistics, 

2019b). The areas of MSOAs in square kilometres were derived using census 2011 

boundary data (UK Data Service and Edina Digimap, 2021). Densities were 

calculated as described above. The mean of this indicator score was 3499.552 with 

an SD of 3817.969. The scores ranged between 5.580 and 29435.120. 

Table 5.7 summarizes the details of the socio-environmental factors for the 

neighbourhood environment domain, the indicators computed to represent these 

factors in the index, and the data and methods used for these calculations in brief. 

Table 5.7 List of all computed indicators for the neighbourhood environment 

domain 

Indicators of the neighbourhood environment domain 

Factors Indicators Data Source and 

Analyses 

Sub-domain 1: Retail Outlets 

1. Availability and 

accessibility to sugar-

selling retail outlets 

1.  Density of sugar-selling retail 

outlets per MSOA (Bakeries, 

Cafes, Confectioners, 

Convenience stores, Fast-food 

and takeaways, Restaurants, 

Supermarkets, Tea and coffee 

merchants, Cash and carry, 

Points of Interest 

(Sept 2020). Census 

boundary data 2011. 

GIS Analyses: Point 

density, Near 

distance calculation, 

SPSS analysis 
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Fast-food delivery services, 

Markets, Delicatessens, Grocers, 

farm shops and pick your own) 

2.  Average of distances between 

population-weighed output area 

centroids and the closest sugar-

selling retail outlets (in 

kilometres) per MSOA 

Sub-domain 2: Dental Services 

1. Availability and 

accessibility to dental 

services 

1. Density of dental services per 

MSOA 

2. Average of distances between 

population weighed output area 

centroids and the closest dental 

services (in kilometres) per 

MSOA 

Points of Interest 

(Sept 2020). GIS 

Analyses: Point 

density, Near 

distance calculation, 

SPSS analysis 

Sub-domain 3: Surrounding Conditions 

1.Neighbourhood 

deprivation/empowerment 

level  

1.   Population-weighted score of 

IMD Barriers To Housing & 

Services domain score per 

MSOA 

Index of Multiple 

Deprivation 2019.  

Data aggregation 

2. Level of 

urbanisation/rurality 

2.   Population density per MSOA Office of National 

Statistics mid-2019. 

SPSS analysis 

 

5.4.5.5. Computation of MSOA-level indicator scores for school environment 

domain  

Indicators of the school environment domain are divided into two main sub-domains 

that mirror the structure of the testable framework. The first is the internal school 

environment whereas the second is the external school environment. The details of 

the calculation of all indicators of these sub-domains are given in the following sub-

sections.   

5.4.5.5.1. Indicator scores for the ‘internal school environment’ sub-domain 

This sub-domain comprised three indicators in total. The materials and methods for 

the calculation of each of these indicators are described in detail below.  

To measure the factors such as school management and leadership, school policies 

and interventions, staff support, and quality of education, a new indicator called 

‘population-weighted school overall effectiveness score of schools’ was calculated. 

This was achieved using the Office for Standards in Education, Children's Services 

and Skills (Ofsted) data derived from the latest available inspection reports (28th 

September 2006- 31st October 2020) at the time of writing (Office for Standards in 

Education, 2020). These relate to the state-funded primary schools including, 
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community, voluntary (aided and controlled), academy (converter and sponsor-led), 

foundation, and free schools in England (Office for Standards in Education, 2020). 

Ofsted is a non-ministerial, independent department that conducts regular 

inspections of all educational institutions in England under Section 5 and Section 8 

of the Education Act 2005 (Office for Standards in Education, 2019). Whilst Section 

8 inspections are carried out under special circumstances, every school is inspected 

once in five school-years through the Section 5 inspections.  

Trained inspectors carry out the inspections using an educational inspection 

framework (Office for Standards in Education, 2019). School inspection reports data 

contain information on the ‘overall effectiveness score (OES) of each inspected 

school (Office for Standards in Education, 2020). The OES is a categorical variable 

containing a total of four scores, i.e., 1= outstanding, 2= good, 3= school requires 

improvement and 4= inadequate. School inspectors judge this score using pre-

defined criteria and using multiple off-site and on-site evaluation methods for the 

four key aspects: 1.‘quality of education’ including the factors such as curriculum 

design, delivery, and its impact on pupil attainment, 2.‘behaviour and attitudes’ 

integrating assessment of the general behaviour and attendance of pupils in schools, 

3.‘personal development’ encompassing indicators associated with the overall health 

and wellbeing of pupils, and 4.‘leadership and management’ incorporating school 

vision, ethos, governance, and staff development.  

The OES is commonly used by the department of education to monitor the progress 

and maintain the performance of state-funded schools. It also serves as a measure of 

reliability for the parents’ while selecting schools for their children. The impact of 

OES health behaviours such as vaccine uptake has been previously studied in 

England (Fletcher et al., 2019). Ofsted publishes and updates the data on OES 

monthly (Office for Standards in Education, 2020).  

The following formula was used to compute the ‘population-weighted mean overall 

effectiveness score (OES) per MSOA’:  

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑚𝑒𝑎𝑛 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑠 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴

=  ∑[
(
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑠𝑐ℎ𝑜𝑜𝑙 𝑜𝑓 𝑀𝑆𝑂𝐴 ∗ 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑢𝑝𝑖𝑙𝑠 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑠𝑐ℎ𝑜𝑜𝑙 𝑜𝑓 𝑀𝑆𝑂𝐴
)

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑢𝑝𝑖𝑙𝑠 𝑖𝑛 𝑎𝑙𝑙 𝑠𝑐ℎ𝑜𝑜𝑙𝑠 𝑜𝑓 𝑀𝑆𝑂𝐴
] 

For this purpose, the school postcodes, available in the Ofsted school inspection 

reports, were linked to MSOA codes using GeoConvert software, as discussed above 
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(UK Data Service Census Support., 2015). Out of 16792 primary schools, the 

postcodes of eight schools were not matched. Data on the school inspection reports 

including overall effectiveness scores and the number of pupils were also missing. 

Out of these 8 schools, seven were free schools and one was an academy converter. 

It was therefore decided to omit these schools from the database and the indicator 

score was computed using the remaining 16784 schools.  

Population-weighted means were calculated to accommodate the different number 

of schools per MSOA and a different number of pupils per school (Buckley and 

King-Hele, 2014). This new variable was validated via logistic regression and 

multilevel modelling analysis using the dental outcomes data for 5-to-11-year 

paediatric patients visiting the University of Portsmouth Dental Academy and living 

in the Portsmouth local authority of England. The publication can be found at the 

back of this thesis (Ganbavale et al., 2022). This score ranged from 0.280 to 4.000. 

The mean score was 1.9649 with an SD of 0.464. 

Furthermore, two indicators were calculated to determine the proportion of deprived 

schools at the area level. The first one was the ‘percentage of pupils eligible for free 

school meals per MSOA’. This was computed using the School, Pupils, and their 

Characteristics 2019-2020 data produced by the Department of Education. These 

data contained information on a total of 16784 state-funded primary schools, 

including, community, voluntary (aided and controlled), academy (converter and 

sponsor led), foundation, and free schools in England. The postcodes of these 

schools were matched with MSOA codes, and the data were then imported into the 

SPSS software for further analysis. The indicator was calculated using the following 

formula:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑢𝑝𝑖𝑙𝑠 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒 𝑓𝑜𝑟 𝑓𝑟𝑒𝑒 𝑠𝑐ℎ𝑜𝑜𝑙 𝑚𝑒𝑎𝑙𝑠 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴 

= ∑[

(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑢𝑝𝑖𝑙𝑠 𝑘𝑛𝑜𝑤𝑛 𝑡𝑜 𝑏𝑒 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒 𝑓𝑜𝑟 𝐹𝑆𝑀 𝑖𝑛 𝑎𝑙𝑙 𝑠𝑐ℎ𝑜𝑜𝑙𝑠 𝑜𝑓 𝑀𝑆𝑂𝐴)

∗ 100
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑢𝑝𝑖𝑙𝑠 𝑖𝑛 𝑎𝑙𝑙 𝑠𝑐ℎ𝑜𝑜𝑙𝑠 𝑜𝑓 𝑀𝑆𝑂𝐴

] 

 

The mean of this score was 22.291 with an SD of 12.930, whereas the range was 

0.670 to 70.430.  

The second indicator of school deprivation was the ‘population-weighted IMD score 

of MSOA’ derived using the IMD scores for LSOAs. The IMD 2019 data were used 



172 
 

for this purpose. The methodology was similar to the one used for the computation 

of the ‘population-weighted score of IMD barriers to housing and services domain 

score for an MSOA’ (Section 5.4.5.4.3). The following formula was used to derive 

this indicator: 

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐼𝑀𝐷 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴

= ∑

[
 
 
 

(𝐼𝑀𝐷 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′1′𝑜𝑓 𝑀𝑆𝑂𝐴 ∗ 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′1′) +

(𝐼𝑀𝐷 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′2′𝑜𝑓 𝑀𝑆𝑂𝐴 ∗  𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒 𝑜𝑓 𝐿𝑆𝑂𝐴 ′2′) + ⋯

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑙𝑙 𝐿𝑆𝑂𝐴𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑀𝑆𝑂𝐴

]
 
 
 

 

The scores of this indicator ranged between 2.180 and 86.900. The mean score was 

21.585 (SD: 13.208).  

5.4.5.5.2. Indicator scores for the ‘external school environment’ sub-domain 

For the external school environment domain, a new indicator called ‘average number 

of sugar-selling retail outlets within a one-kilometre radius of schools in each 

MSOA’ was derived to assess the retail environment near the schools. This indicator 

was calculated using Ofsted school inspection data (October 2020), the Points of 

Interest data (September 2020), and Census boundary data 2011. Again, GIS 

functionality was used to aid this calculation. First, postcodes of 16784 state-funded 

primary schools were overlaid against the locations of 13 types of sugar-selling retail 

outlets (mentioned in Section 5.4.5.4.1). These were integrated with MSOA 

boundaries. Then, buffer zones of a 1-kilometre radius were created around each 

school. This allowed for calculating the total number of sugar-selling retail outlets 

in individual radii of all schools located across England. Later, these data were 

imported into SPSS and the average scores were calculated for each MSOA via data 

aggregation. This accounted for the varying numbers of schools across MSOAs and 

enabled the development of the indicator at the MSOA level. The formula used to 

compute this indicator is as follows: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑔𝑎𝑟 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 1 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑟𝑒 (𝑘𝑚) 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴 =  

∑

[
 
 
 

(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 1 𝑘𝑚 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙 1 𝑜𝑓 𝑀𝑆𝑂𝐴) +
(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 1 𝑘𝑚 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙 2 𝑜𝑓 𝑀𝑆𝑂𝐴) + ⋯

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑀𝑆𝑂𝐴

]
 
 
 

 

For this indicator, the mean score and SD were 41.240 and 62.323, respectively. 

The scores ranged from zero to 1375.000.  



173 
 

5.4.5.5.3. Dealing with the missing values for school environment indicators  

Three indicators of the school environment domain, namely, 1. Population-weighted 

mean overall effectiveness score of schools, 2. Percentage of pupils eligible for free 

school meals, and 3. The average number of sugar-selling retail outlets within a 1-

kilometre radius of schools within MSOA, were developed using the school 

postcodes. During the computation of these indicators, it was noticed that the schools 

were located only within 6460 out of the 6791 MSOAs of England. Consequently, 

the scores were not computed for a total of 331 MSOAs for the above-mentioned 

indicators. These missing values were substituted using the local authority district-

level indicator scores. These scores were separately calculated using similar methods 

described in the earlier sections.  

While the use of national or regional level averages was possible for estimating the 

missing values, the local authority districts were thought to be more detailed in terms 

of their ability to capture variance to report at the MSOA level. It can be argued that 

the missing values could have been substituted using ‘zeros’ to avoid any influence 

of MSOAs with no schools on the indicator scores. However, ‘real’ zero counts were 

present for one indicator i.e., the ‘average number of sugar-selling retail outlets 

within a 1-kilometre radius of schools within MSOA’. This meant that there were 

some schools in a few MSOAs which did not have any retail outlets in their 1-

kilometre radii. Therefore, substituting zeros for the missing values of the indicators 

would not have facilitated the examination of the differences between MSOAs 

containing schools with no sugar-selling retail outlets nearby, and MSOAs 

containing no schools at all.  

Such substitution would have caused additional issues during assigning ranks to the 

indicator scores as well. E.g., when the scores of the indicator ‘average number of 

sugar-selling retail outlets within a 1-kilometre radius of schools within MSOA’ are 

assigned with ranks from lower to higher levels of sugar promotion, then MSOAs 

with score zero i.e., MOSAs having schools with no sugar-selling retail outlets 

nearby, will get rank 1. If zeros are substituted for MSOAs with the missing values 

as well, these MSOAs will also get the rank 1. This will be interpreted as these 

MSOAs have the lowest level of sugar promotion for that particular indicator. 

However, they do not contain schools at all.  
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Concerning the ‘population-weighted mean overall effectiveness score of schools’ 

indicator, scores were not calculated for 14 additional MSOAs. This was due to the 

missing values in the Ofsted dataset for two key data points i.e., overall effectiveness 

score and the number of pupils in schools. These missing values were also 

substituted with the local authority district-level scores. Table 5.8 provides a brief 

description of all indicators of the school environment domain.   

Table 5.8 List of all computed indicators for school environment domain 

Indicators of the school environment domain 

Factors Indicators Data Source and Analyses 

Sub-domain 1: Internal School Environment 

1. School 

Management 

and 

Leadership 

2. School 

policies and 

interventions 

3. Staff 

Support 

4. Quality of 

Education 

1. Population-weighted mean 

overall effectiveness score of 

schools per MSOA 

Office for Standards in 

Education,  

Children’s Services and 

Skills (Ofsted)- School 

Inspections data on state-

funded primary schools (Oct 

2020). 

SPSS analysis.  

5.  School 

deprivation 

status 

2. Percentage of pupils eligible for 

free school meals per MSOA 

3. Population-weighted IMD score 

per MSOA 

School, Pupils and their 

characteristics 2019-2020. 

GIS & SPSS analysis. 

IMD 2019, Data aggregation 

Sub-domain 2: External School Environment 

1.  Average 

distance of 

nearest retail 

outlets to 

schools per 

MSOA 

1. Average number of sugar-selling 

retail outlets within 1-kilometre 

(km) radii of all schools per 

MSOA 

Ofsted Data (Oct 2020) + 

Points of Interest (Sept 

2020), and Census boundary 

data 2011. 

GIS analysis- Buffer 

analysis, SPSS analysis 

 

5.4.5.6. Computation of MSOA-level indicator scores for family environment 

domain  

Indicators of the family environment domain are categorized into five sub-domains 

similar to the classification of the socio-environmental factors of this domain in the 

testable framework. These sub-domains include parental socioeconomic conditions, 

accommodation, parental support, parental characteristics and family characteristics. 

The materials and methods employed to derive the indicators of each sub-domain 

are described below.  
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5.4.5.6.1. Indicator scores for the ‘parental socioeconomic conditions’ sub-

domain 

This sub-domain is comprised of three socioenvironmental factors i.e., household 

income, employment status, and occupation type. Multiple indicators were 

computed to aid the quantification of these factors. 

For the household income factor, a total of four indicators were formed. The first 

indicator was the ‘percentage of children living in absolute low income’. For this, 

the numerator data i.e., the number of children living in ‘absolute low income’ across 

the MSOAs of England for the financial year 2019-2020, were acquired from Stat-

Xplore. This an online tool provided by the Department for Work and Pensions 

(DWP) which facilitates access to data on benefits offered by the UK government to 

the citizens (Department of Work and Pensions, 2021). ‘Absolute low income’ was 

defined as equivalised income (i.e., adjusted for the household size and composition 

of the family), being lower than 60% of the median income of 2010/11 adjusted for 

inflation. The Households Below Average Income (HBAI) survey was used to 

compute these Figures. For this purpose, the gross income was considered as the 

income before housing costs, acquired from earnings, state support and pensions. 

Individuals were considered ‘children’ if they were under 16 years of age, or between 

16-19-years-olds living with parent/s, are in full-time education, or unwaged 

government training, but were not married, in civil partnerships, or living with their 

partners. Families, defined as either a single adult or a couple with any dependent 

children, were included in the calculations only if they had claimed Child Benefit 

and at least one of the other benefits including, Universal Credit, Tax Credit, and 

Housing Benefit in the same year i.e., 2019-2020. The denominator data were 

acquired from the Office for National Statistics' mid-year population estimates for 

2019 by taking the sum of all individuals aged 0 to 16 by MSOA (Office of National 

Statistics, 2019b).  

The following formula was used to compute this indicator: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑙𝑖𝑣𝑖𝑛𝑔 𝑖𝑛 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴 

=

(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑙𝑖𝑣𝑖𝑛𝑔 𝑖𝑛 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑝𝑒𝑟 𝑀𝑆𝑂𝐴 𝑖𝑛 2019 − 20)

∗ 100
𝑂𝑁𝑆 𝑚𝑖𝑑 − 2019 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑠 𝑓𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟

𝑜𝑓 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑢𝑛𝑑𝑒𝑟 16 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑎𝑔𝑒
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The scores of this indicator ranged between 1.530 and 73.850. The mean score was 

18.191 (SD: 10.064).  

The second indicator was the ‘percentage of single and couple families with 

dependent children receiving universal credit in 2020’. Universal Credit (UC) is a 

monthly allowance offered by the UK government to eligible individual claimants 

of Great Britain to provide additional support with their living expenses (Department 

of Work and Pensions, 2021). It is offered via jobcentres and has replaced other 

benefits including, income-based jobseeker's allowance, income-related 

employment and support allowance, income support, child tax credit, working tax 

credit, and housing benefit. The allowance was first launched in 2014 in South 

London and its roll-out was completed in 2018. It covers costs related to child tax, 

childcare, and housing costs, and is mainly provided to unemployed individuals, 

those who earn low wages or live with special health conditions, or who have caring 

responsibilities preventing them from working.  

The following formula was used to calculate the indicator: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑛𝑔𝑙𝑒 𝑎𝑛𝑑 𝑐𝑜𝑢𝑝𝑙𝑒 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠 𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑟𝑒𝑐𝑒𝑖𝑣𝑖𝑛𝑔 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝑐𝑟𝑒𝑑𝑖𝑡 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴 

= ∑[

(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑖𝑛𝑔𝑙𝑒 𝑝𝑎𝑟𝑒𝑛𝑡 𝑎𝑛𝑑 𝑐𝑜𝑢𝑝𝑙𝑒 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠
𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑖𝑛 𝑀𝑆𝑂𝐴 𝑤ℎ𝑜 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝐶𝑟𝑒𝑑𝑖𝑡 𝑖𝑛 2020)

(
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑖𝑛𝑔𝑙𝑒 𝑝𝑎𝑟𝑒𝑛𝑡 𝑎𝑛𝑑 𝑐𝑜𝑢𝑝𝑙𝑒 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠 

𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑖𝑛 𝑀𝑆𝑂𝐴
)

 

 ] 

Numerator data were acquired from the Stat-Xplore tool of the DWP (Department 

of Work and Pensions, 2021). It comprised of numbers of single-parent and couple 

families per MSOA, having dependent children, receiving UC in 2020. Data were 

provided for each month of the year. These data were added to separately calculate 

numerator totals for MSOAs.  

Denominator data, comprising a number of single-parent and couple families with 

dependent children per MSOA, were obtained from the census 2011. These were 

also added together to get denominator totals for MSOAs. Percentages were finally 

calculated to get MSOA level scores for the indicator as shown in the above-

mentioned formula. The scores of this indicator ranged between 1.980 and 88.980. 

The mean score was 21.787 (SD: 11.881).  

The third indicator was the ‘percentage of households that do not own a car or van’. 

The numerator and denominator data were acquired from the census 2011 (Office 

for National Statistics, 2016).  
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The indicator was calculated using the following formula: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴 𝑡ℎ𝑎𝑡 𝑑𝑜 𝑛𝑜𝑡 𝑜𝑤𝑛 𝑎 𝑐𝑎𝑟 𝑜𝑟 𝑣𝑎𝑛

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴 𝑡ℎ𝑎𝑡 𝑑𝑜 𝑛𝑜𝑡 𝑜𝑤𝑛 𝑎 𝑐𝑎𝑟 𝑜𝑟 𝑣𝑎𝑛 ∗ 100

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴
 

The fourth indicator was the ‘percentage of households that rent an accommodation’. 

The numerator and denominator data were acquired from the census 2011 small area 

data (Office for National Statistics, 2016). The denominator i.e., total households 

included the following types of households: 1. owned, 2. part-owned and part-rented, 

3. social rented, 4.  private rented, and 5. living rent-free.  

The indicator was derived using the following formula: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴 𝑡ℎ𝑎𝑡 𝑟𝑒𝑛𝑡 𝑎𝑛 𝑎𝑐𝑐𝑜𝑚𝑚𝑜𝑑𝑎𝑡𝑖𝑜𝑛

=
(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑜𝑐𝑖𝑎𝑙 𝑟𝑒𝑛𝑡𝑒𝑑 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 + 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 𝑟𝑒𝑛𝑡𝑒𝑑 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠) ∗ 100

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴)
 

The scores of this indicator ranged between 3.170 and 89.790. The mean score was 

33.827 (SD: 16.958). 

For the ‘employment status’ factor of the parental socioeconomic conditions sub-

domain, an indicator representing the percentage of all working-age adults who have 

never worked or who are long-term unemployed (analytical category 8 of the 

National Statistics Socio-Economic classification i.e., NS-SEC) (see Table A5.4 

Appendix 5.5 for all eight categories of NS-SEC) (Office for National Statistics, 

2010a), was calculated. This information was derived from the 2011 census data 

(Office for National Statistics, 2016).  

The following formula was employed for the calculation of this indicator:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 − 𝑎𝑔𝑒 𝑎𝑑𝑢𝑙𝑡𝑠 𝑏𝑒𝑙𝑜𝑛𝑔𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑁𝑆𝑆𝐸𝐶 8 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=  
(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 − 𝑎𝑔𝑒 𝑎𝑑𝑢𝑙𝑡𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴 𝑤𝑖𝑡ℎ𝑖𝑛 𝑁𝑆𝑆𝐸𝐶 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 8 ) ∗ 100

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 − 𝑎𝑔𝑒 𝑎𝑑𝑢𝑙𝑡𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴
 

The scores of this indicator ranged between 0.940 and 32.740. The mean score was 

5.523 (SD: 4.113). 

For the ‘occupation type’ factor of the parental socioeconomic conditions sub-

domain, the ‘percentage of working age adults in NSSEC category 1 i.e., higher 

managerial and administrative professional occupation’ was calculated for each 

MSOA using census 2011 data (Office for National Statistics, 2016).  

The following formula was used for the same: 
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𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 − 𝑎𝑔𝑒 𝑎𝑑𝑢𝑙𝑡𝑠 𝑏𝑒𝑙𝑜𝑛𝑔𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑁𝑆𝑆𝐸𝐶 1 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=  
(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 − 𝑎𝑔𝑒 𝑎𝑑𝑢𝑙𝑡𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴 𝑤𝑖𝑡ℎ𝑖𝑛 𝑁𝑆𝑆𝐸𝐶 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 1) ∗ 100

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 − 𝑎𝑔𝑒 𝑎𝑑𝑢𝑙𝑡𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴
  

The scores of this indicator ranged between 0.980 and 35.470. The mean score was 

10.364 (SD: 5.528). 

5.4.5.6.2. Indicator scores for the ‘accommodation conditions’ sub-domain 

A total of two indicators were computed for the ‘household deprivation’ factor.  

The first indicator was the ‘percentage of deprived households’. This indicator was 

calculated by using census 2011 data for small areas (Office for National Statistics, 

2016).  

The following formula was employed to compute the same: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑑𝑒𝑝𝑟𝑖𝑣𝑒𝑑 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑑𝑒𝑝𝑟𝑖𝑣𝑒𝑑 𝑖𝑛 𝑜𝑛𝑒 𝑑𝑖𝑚𝑒𝑛𝑡𝑖𝑜𝑛 +
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑑𝑒𝑝𝑟𝑖𝑣𝑒𝑑 𝑖𝑛 𝑡𝑤𝑜 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 +

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑑𝑒𝑝𝑟𝑖𝑣𝑒𝑑 𝑖𝑛 𝑡ℎ𝑟𝑒𝑒 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 +
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑑𝑒𝑝𝑟𝑖𝑣𝑒𝑑 𝑖𝑛 𝑓𝑜𝑢𝑟 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠) ∗ 100

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴
 

In addition to the household types included in the numerator, the denominator 

included the number of households which were not deprived. The scores of this 

indicator ranged between 6.300 and 57.280. The mean score was 24.716 (SD: 9.128). 

The second indicator was the ‘percentage of households with no central heating’. 

The census 2011 data (Office for National Statistics, 2016), were used for the 

computation of this indicator using the following formula: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 𝑛𝑜 𝑐𝑒𝑛𝑡𝑟𝑎𝑙 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑡ℎ𝑎𝑡 𝑑𝑜 𝑛𝑜𝑡 ℎ𝑎𝑣𝑒 𝑐𝑒𝑛𝑡𝑟𝑎𝑙 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 ∗ 100

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑀𝑆𝑂𝐴
 

The denominator comprised the households with gas, electric, oil, solid fuel (e.g., 

wood, coal), any other type of central heating and the households that use two or 

more types of central heating.  The scores of this indicator ranged between 0.080 and 

26.29. The mean score was 2.669 (SD: 1.755). 

5.4.5.6.3. Indicator scores for the ‘parental support’ sub-domain 

An indicator called ‘percentage of families offering low overall support to their 

dependent children per MSOA’ was computed for the parental involvement and aid 

factor. In England, data on the family level socioenvironmental factors including, 

parental involvement and support, are not routinely collected and published at the 

small area level. To overcome this constraint, the ‘small area synthetic estimation 
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(SASE)’ technique, was employed to develop an indicator quantifying the proportion 

of families where parents offer a low level of support to children to help maintain 

and promote their oral health.  

Whilst the SASE method is new in the field of dentistry. It has been previously used 

in various disciplines including, human geography and environmental health (Twigg 

et al., 2000, 2006; Moon et al., 2007), and in the computation of the Indices of 

Multiple Deprivation (IMD) (Ministry of Housing Communities and Local 

Government, 2019b, 2019a). SASE involves the use of large, hierarchical datasets 

to predict the probabilities of a particular behaviour, or an outcome based on distinct 

characteristics of the individuals, and the generation of the small-area level estimates 

of that behaviour or an outcome using another local-level data by employing those 

same individual characteristics (Twigg et al., 2000).  

5.4.5.6.3.1. Datasets 

Two main datasets were used for the development of the parental support indicator. 

Both were open-access datasets acquired through the UK Data Service (UK Data 

Archive et al., 2012).  

The first dataset was the UK-based decennial oral health survey titled ‘Children’s 

Dental Health Survey (CDHS) 2013’ (Holmes et al., 2015a; Office for National 

Statistics Social Survey Division, 2015) was used for the SASE process. These data 

contained information on oral health and oral health-related behaviours of 5-, 8-, 12-

, and 15-year-old children, and sociodemographic, socioeconomic, and behavioural 

variables relating to their parents. Although CDHS 2013 data were published at the 

regional level, they contained information on the primary sampling units (PSU) 

representing pseudonymised codes for the local authorities (LAs), which were the 

lowest geographical unit of sampling. Country and region names were disclosed for 

each participant. Additionally, the postcodes of children’s residence and schools 

were used to derive the IMD quintiles for LSOAs (Ministry of Housing Communities 

and Local Government, 2019c), within which the children resided and attended 

schools and these deprivation data were included in the dataset.    

Another dataset was the census 2011 (Office for National Statistics, 2016), which 

contained information on the sociodemographic and socioeconomic variables of the 

families with dependent children living in MSOAs of England, which was used to 
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derive an indicator. As participation in the census is mandatory, these data provide 

a complete picture of the characteristics of the UK population. Data were processed 

in the Statistical Package for the Social Sciences (SPSS) software version 26.0 (IBM 

Corporation., 2019).  

5.4.5.6.3.2. Data processing for the SASE 

At first, an outcome variable called ‘overall parent support’ was computed using 

CDHS 2013 data (Holmes et al., 2015a; Office for National Statistics Social Survey 

Division, 2015). For this purpose, three variables were selected which were available 

for all four age groups (i.e., 5, 8, 12, and 15 years), of the survey. These were: 1. 

Whether the responding adult takes a child to the dentist (yes/ no), 2. Dental 

attendance of the child (regular check-ups/ when having trouble or never visited a 

dentist), 3. Whether a parent used sugar-free chewing gum for their child in the last 

year (mentioned/ not mentioned). Cases with missing data for any of these 3 

variables were excluded from further analyses. Although the overall index aimed to 

look at children aged 5 to 11 years of age, cases of all age groups (i.e., 5, 8, 12, and 

15 years), were retained in the analyses because of constraints in the availability of 

small area cross-tabulations derived from the census 2011.1 Even so, such inclusion 

meant that all children aged between 5 and 11 years, were included in the analyses.  

All three variables were then recoded into a common binary variable called ‘parent 

support’, where ‘low parent support’ or ‘high parent support’ values were assigned 

to each response based on the hypothetical directions identified through the dental 

literature. A new binary variable called ‘overall parental support’ was then created 

using these new values. For this, ‘low overall parental support’ meant that none or 

only one of the three recoded variables suggested high parental support. ‘High 

overall parental support’ meant that at least two or all three variables suggested high 

parent support.  

Three independent variables were then selected from the CDHS 2013 data and were 

converted into binary variables (Office for National Statistics Social Survey 

Division, 2015). First, IMD quintiles for the LSOAs of children’s homes or schools 

were recoded into the most deprived (quintiles 1 and 2) and the least deprived 

 
1 Small area cross-tabulations on family status and economic status of the families with dependent children were key 
requirement for deriving indicator scores from the SASE process. The details on how these are used are given in Section 

5.4.5.6.3.3.3. 
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(quintiles 3, 4, and 5) categories. Although IMD quintiles are published at the LSOA 

level, it is possible to aggregate their data at the MSOA level (Ministry of Housing 

Communities and Local Government, 2019a), which was a preferred geographical 

level for the development of the ISPE-ACDH. Therefore, this variable was selected 

for the SASE process. Second, family status was recoded into couple or lone-parent 

family categories based on parents’ responses on whether or not they were living 

with their partners. Lastly, the employment status variable was recoded into 

employed and unemployed categories, using categorical data from parents’ 

responses related to the NS-SEC (1=higher managerial to 4=never worked) (Office 

for National Statistics, 2010a). Family and employment status were selected for the 

SASE process due to their availability in both the CDHS 2013 data and census-based 

small area cross-tabulations.  

5.4.5.6.3.3. Development of the indicator 

The steps performed during the development of this indicator along with their results 

are provided below.   

5.4.5.6.3.3.1. Distribution of the variables of interest  

The sociodemographic characteristics of the study sample and variables of interest 

available in the CDHS 2013 data were examined through descriptive data analysis 

(Hanneman et al., 2012), using SPSS (IBM Corporation., 2019). 

Table A5.5 in Appendix 5.6 provides details of the sociodemographic characteristics 

of the sample population and other variables of interest related to the CHDS 2013 

data. A total of 2177 children were retained in the analysis, after data cleaning. This 

included, 30.9% five-year-olds, 27.9% eight-year-olds, 22.8% twelve-year-olds, and 

18.3% fifteen-year-olds. More than half of the children were female. Whilst the 

lowest (7.3%) number of children were living in the East Midlands, 13.6% were 

living in the Southeast. Whilst 45.6% of children were living in quintiles 1 and 2 of 

IMD (i.e., most deprived), 22% were living in lone-parent families. Three per cent 

of the parents reported that they were unemployed. Although less than 5% of parents 

reported that they do not accompany their child for dental visits, only 21.7% reported 

that they used sugar-free chewing gums for their children in the last year. Around 

8% of children reported that they don’t regularly visit the dentist. 
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5.4.5.6.3.3.2. Multilevel modelling analysis using CDHS data  

A multilevel modelling analysis of the CDHS 2013 data was undertaken to predict 

the probabilities of a parent offering ‘low overall support’ to their children depending 

on their IMD categories, family status, and employment status using MLwiN 

software package version 3.05 (Charlton et al., 2020). Additionally, an interaction 

effect of being unemployed and a lone parent on chances of offering ‘low overall 

support’ was tested. Three levels, i.e., children (n=2177), nested within primary 

sampling units (PSUs) (n=79) and regions (n=9), were employed in the model. All 

models were initially estimated using Iterative Generalised Least Squares (IGLS) 

and then finalised using Markov chain Monte Carlo (MCMC) estimation to reduce 

the impact of small sample size on the results (Browne, 2019). The Raftery-Lewis 

diagnostic was used to confirm the stability of the final model (Raftery and Lewis, 

1992; Roy, 2019). This was achieved after the completion of 50,000 iterations. 

Regional residuals were also generated to take into account the effect of regional 

differentials on the probability of a child being exposed to ‘low overall parental 

support’. 

The results for the multilevel model are provided in Table 5.9. The model revealed 

that living in the most deprived areas, as measured by IMD quintiles 1 and 2 

(p=0.000), was significantly associated with a low overall parental support variable, 

even though the other variables (i.e., lone and unemployed parents), were taken into 

account. Additionally, an interaction effect for being both a lone and unemployed 

parent (p=0.004), remained significantly associated with low overall parental 

support. Logits from this model were further used to derive the logits for various 

combinations of the predictor variables.  

Table 5.9 Results of the final multilevel model employing CDHS 2013 data 

Predictor variables Logit Standard 

Error 

Credible 

Interval 

2.5% 

Credible 

Interval 

97.5% 

Bayesian-

p 

Constant -3.095 0.174 -3.445 -2.762 0.000 

Lone Parent -0.003 0.204 -0.419 0.388 0.497 

Unemployed -0.232 0.691 -1.779 0.957 0.396 

IMD quintile 1 and 2 

(Most deprived area 

of residence) 

0.958 0.191 0.582 1.333 0.000 

Lone 

Parent*Unemployed 

1.906 0.792 0.475 3.632 0.004 

DIC: 1158.030 Burnin: 500 Chain Length: 50000 
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The values of logits calculated for each combination of predictor variables are 

provided in Table A5.6 in Appendix 5.7. These were calculated through the addition 

of logits of relevant variables available in the multilevel model. For example, logit 

of Lone Parent* Unemployed was calculated as logits of (constant + lone parent + 

unemployed + lone parent*unemployed). Table A5.7 in Appendix 5.8 provides the 

residual values derived for all regions of England. They were later added to the logits 

of the predictor variables shown in the previous Table.  

5.4.5.6.3.3.3. Calculation of the indicator scores 

Using results from the final multi-level model, probabilities of the number of 

families offering ‘low overall parental support’ were calculated for each category of 

the binary independent variables i.e., IMD quintiles (most deprived/ least deprived), 

family status (couple family/ lone parent), and employment status (employed/ 

unemployed) from the CDHS 2013 data (Holmes et al., 2015a), using SPSS (IBM 

Corporation., 2019). Area deprivation (IMD) The probabilities were then matched 

with the census 2011 data (Office for National Statistics, 2016), to generate the 

estimates of the number of families with dependent children which represent the 

same categories of the binary independent variables living across MSOAs of 

England. Figure 5.7 provides an overview of the steps involved in the calculation of 

the final indicator, i.e., ‘the percentage of families with dependent children offering 

low overall support per MSOA’. The scores of this indicator ranged between 3.720 

and 15.220. The mean score was 7.309 (SD: 2.889). 
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Figure 5.7 Description of the steps involved in deriving the estimates for the 

indicator  

Step 1

•Deriving logit for each combination of the variables from multilevel model

•E.g. Logit for LoneParent*Employed combination = Logit for Lone Parent 
+ Employed + IMD Logit + Regional Residual

Step 2

•Deriving anti-logit for each combination of the variables

•E.g. Anti-logit for Lone Parent*Employed combination = 
(EXP(Logit_LoneParent_Employed)  / (1 + 
EXP(Logit_LoneParent_Employed)))

Step 3

•Deriving LSOA level estimates for 'number of families offering low overall 
support' using census small area characteristics for each combination of the 
variables

•E.g. (AntiLogit for LoneParent*Employed) * (Number of Lone parent 
families in Employment)

Step 4

•Deriving total estimates for the 'number of families offering low overall 
support' at LSOA level

•i.e. Total Estimated families in LSOAs Offering Low Overall Support= 
[(LSOA estimates for Couple*Employed families offering low overall 
support) + (LSOA estimates for Couple*Unemployed families offering low 
overall support) + (LSOA estimates for LoneParent*Employed families 
offering low overall suppport) + (LSOA estimates for 
LoneParent*Unemployed families offering low overall support)]

•Deriving total number of families in LSOA i.e. [(Total Couple*Employed 
families) + (Total Couple*Unemployed families) + (Total 
LoneParent*Employed families) + (Total LoneParent*Unemployed 
families)]

Step 5

•Deriving total estimated for the 'number of families offering low overall 
support at MSOA level

•i.e. Total estimated families in each MSOA offering low overall support = 
(total number of families offering low overall support in LSOA 1 of 
MSOA) + (Total number of families offering low overall support in LSOA 
2 of MSOA) + ....

•Deriving total number of families in MSOA 

•i.e. (Total number of families in LSOA 1 of MSOA) + (Total number of 
families in LSOA 2 of MSOA) + ....

Step 6

•Deriving an indicator of 'percentage of families offering low overall support 
in MSOAs of England'

•i.e. Percentage of families with dependent children offering low overall 
support in MSOA= (Total Estimated Families in MSOA Offering Low 
Overall Support/ Total Families In MSOA) * 100
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5.4.5.6.4. Indicator scores for the ‘parental characteristics’ sub-domain  

Two indicators were computed for the ‘parental educational attainment’ factor. 

The first one was the ‘percentage of individuals aged 16 years and above with no 

qualifications’. The census 2011 data (Office for National Statistics, 2016), for the 

MSOAs were utilized to calculate the indicator. The details on different levels of 

qualifications presented in the 2011 census (Office for National Statistics, 2013), are 

provided in Table A5.8 in Appendix 5.9.  

The indicator was calculated using the following formula: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑤𝑖𝑡ℎ 𝑛𝑜 𝑞𝑢𝑎𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑤𝑖𝑡ℎ 𝑛𝑜 𝑞𝑢𝑎𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 ∗ 100 

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑎𝑔𝑒𝑑 16 𝑎𝑛𝑑 𝑎𝑏𝑜𝑣𝑒 𝑖𝑛 𝑀𝑆𝑂𝐴)
 

The scores of this indicator ranged between 2.220 and 55.590. The mean score was 

25.451 (SD: 8.904). 

The second indicator was the ‘percentage of individuals aged 16 years and above 

with level 4 qualifications i.e., university and above’. The methodology and dataset 

(Office for National Statistics, 2016), were the same as those of the above-mentioned 

indicator, and the formula was: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑤𝑖𝑡ℎ 𝑙𝑒𝑣𝑒𝑙 4 𝑞𝑢𝑎𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑤𝑖𝑡ℎ 𝑙𝑒𝑣𝑒𝑙 4 𝑞𝑢𝑎𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 ∗ 100 

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑎𝑔𝑒𝑑 16 𝑎𝑛𝑑 𝑎𝑏𝑜𝑣𝑒 𝑖𝑛 𝑀𝑆𝑂𝐴)
 

The scores of this indicator ranged between 5.590 and 67.860. The mean score was 

24.495 (SD: 9.397). 

For the ‘family status’ factor, the ‘percentage of single-parent households with 

dependent children’ was derived at the MSOA level using census 2011 data (Office 

for National Statistics, 2016). Census data included four categories related to the 

households with dependent children, i.e., couple (married/ same-sex partnership), 

couple (cohabitating), lone parent, and other.  

The following formula was employed for this purpose:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑛𝑔𝑙𝑒 𝑝𝑎𝑟𝑒𝑛𝑡 ℎ𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑖𝑛𝑔𝑙𝑒 𝑝𝑎𝑟𝑒𝑛𝑡 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑖𝑛 𝑀𝑆𝑂𝐴 ∗ 100

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛
 

5.4.5.6.5. Indicator scores for the ‘family characteristics’ sub-domain 

This subdomain involved the calculation of the ‘percentage of overcrowded 

households’ to represent the ‘family size’ factor.  The census 2011 data (Office for 
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National Statistics, 2016), on small areas, were used for this purpose. Census data 

included four categories of households, households with up to: 0.5 persons per room, 

0.5-1.0 persons per room, 1.0-1.5 persons per room, and more than 1.5 persons per 

room. The indicator was computed using the following formula: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑜𝑣𝑒𝑟𝑐𝑟𝑜𝑤𝑑𝑒𝑑 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑎𝑛 𝑀𝑆𝑂𝐴

=

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 1.0 𝑡𝑜 1.5 𝑝𝑒𝑟𝑠𝑜𝑛𝑠 𝑙𝑖𝑣𝑒 𝑝𝑒𝑟 𝑟𝑜𝑜𝑚 +
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑟𝑒 𝑡ℎ𝑎𝑛 1.5 𝑝𝑒𝑟𝑠𝑜𝑛𝑠 𝑙𝑖𝑣𝑒 𝑝𝑒𝑟 𝑟𝑜𝑜𝑜𝑚) ∗ 100

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠)
 

The scores of this indicator ranged between 0.070 and 39.980. The mean score was 

4.443 (SD: 5.156). 

Table 5.10 provides information on all indicators computed for the family 

environment domain.  

Table 5.10 List of all computed indicators for the family environment domain 

Indicators of the family environment domain 

Factors Indicators Data Source and 

Analyses 

Sub-domain 1: Parental Socioeconomic Conditions 

1. Household 

Income 

1. Percentage of children living in absolute 

low income per MSOA 

2. Percentage of single and couple families 

with dependent children receiving 

universal credit per MSOA 

3. Percentage of households that do not 

own a car or van per MSOA 

4. Percentage of households that rent an 

accommodation per MSOA 

Department of work 

and pensions (2019-

20). ONS mid-year 

population estimates. 

Census 2011. 

Data imputation and 

SPSS analysis 

2.Employment 

Status 

5.  Percentage of working-age adults 

belonging to the NSSEC 8 category (i.e., 

Never worked or long-term unemployed) 

per MSOA 

Census 2011. 

Data imputation and 

SPSS analysis 

3. Occupation 

type 

6. Percentage of working-age adults 

belonging to the NSSEC 1 category (i.e., 

Higher Managerial and Administrative 

Professional Occupation) per MSOA  

Census 2011. 

Data imputation and 

SPSS analysis 

Sub-domain 2: Accommodation 

1. Household 

deprivation 

1. Percentage of deprived households per 

MSOA in two or more dimensions 

2. Percentage of households with no central 

heating per MSOA 

Census 2011. 

Data imputation, 

aggregation, and SPSS 

analysis 

Sub-domain 3: Parental Support 

1. Parental 

involvement 

and aid 

3. Percentage of families offering low 

overall support per MSOA 

Child Dental Health 

Survey 2013 and 

Census 2011. 

Small area synthetic 

estimation 
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Sub-domain 4: Parental Characteristics 

1. Parental 

educational 

attainment 

1. Percentage of individuals with no 

qualifications per MSOA  

2. Percentage of individuals with level 4 

qualifications (i.e., university and 

above) per MSOA 

Census 2011. 

Data imputation and 

SPSS analysis 

2. Family 

status 

 

3. Percentage of single-parent households 

with dependent children per MSOA 

Census 2011. 

Data imputation and 

SPSS analysis 

Sub-domain 5: Family Characteristics 

1. Family size 

 

1.  Percentage of overcrowded households 

per MSOA 

 

Census 2011. 

Data imputation and 

SPSS analysis 
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5.4.6 Step 3: Preliminary analyses 

Preliminary analyses were undertaken to confirm the suitability of the indicators for 

inclusion in a domain and to understand any implications related to weighting and 

aggregation procedures (Nardo et al., 2008). These analyses involved the 

undertaking of a total of three types of analyses using the indicators for each domain. 

The first was descriptive analysis. This was performed to confirm that no indicator 

had any missing values and to assess the mean, standard deviation, and range of all 

indicators. The indicators were then standardised by calculating z-scores to provide 

a uniform mean of zero and a standard deviation of one for all indicators before 

carrying out further analyses (Jollife and Cadima, 2016). This was performed to 

avoid any undesirable consequences of different units of measurement used across 

different indicators (Jollife and Cadima, 2016).  

The second approach to confirm the suitability of the indicators was to apply 

Principal Component Analyses i.e., PCA involving the use of a correlation matrix 

(Aitchison, 1983; Jollife and Cadima, 2016). This analysis was undertaken using the 

indicators within each domain to facilitate an understanding of which indicators need 

to be retained to preserve the maximum amount of statistical information (i.e., 

variance), and how these indicators could be grouped to derive an aggregated domain 

score thereby, increase the interpretability of data (Jollife and Cadima, 2016). PCA 

facilitates understanding dimensionality within large datasets through the 

identification of sub-sets of the variables that contain the most amount of variance 

(Davies and Higham, 2000; Nardo et al., 2008; Jollife and Cadima, 2016). PCA 

identifies the latent sources of variance that could account for correlations among 

many seemingly diverse variables thereby, creating new variables termed- ‘principal 

components’- that are less correlated and retaining the maximum proportion of 

variance in input data (Jollife and Cadima, 2016). Additionally, identification of the 

lack of correlation between principal components is a useful property to recognise 

the presence of any underlying dimensions i.e., sub-domains in data (Nardo et al., 

2008). Therefore, this technique was employed to potentially eliminate specific 

indicators and test the presence of the sub-domains as guided by the testable 

framework (Chapter 4).   

The derivation of a correlation matrix is an essential preliminary step in PCA to 

examine the presence of linear relationships between indicators. This was employed 
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to identify pairs of the indicators demonstrating too strong inter-correlation. In this 

instance, one of the indicators from such a pair was excluded from further analysis, 

to avoid issues with multicollinearity, which is a condition in which the independent 

variables are highly correlated with one another (Nardo et al., 2008). The method 

used to decide on eliminating a particular indicator from such a pair is described in 

Section 5.5.6.3.2. The presence of multicollinearity can significantly influence the 

overall variance of data and undermine the statistical significance of the independent 

variables in any associative analysis (Nardo et al., 2008). An approach which uses a 

correlation matrix was selected over the use of a covariance matrix as it is invariant 

to the linear changes concerning the units of measurement of the variables (Jollife 

and Cadima, 2016).   

PCA is based on a few assumptions (Nardo et al., 2008), which were fulfilled as part 

of these analyses. These assumptions are detailed in Appendix 5.10. The alternatives 

to PCA are factor analyses, Cronbach’s alpha, cluster analyses, correspondence 

analyses, canonical correlation analyses, and discriminant function analyses (Nardo 

et al., 2008).   

The third approach to assess the suitability of the indicators was the use of 

Cronbach’s coefficient alpha (C-alpha), which is a measure of internal consistency 

between individual variables (Cronbach, 1951; Nardo et al., 2008; Tavakol and 

Dennick, 2011). This coefficient assesses the correlation in a set of indicators and 

facilitates understanding of how well they quantify a particular phenomenon. The 

coefficient is zero when the individual indicators are completely uncorrelated and 

one when these are perfectly correlated, but 0.60 is usually used as a cut-off value 

(Nardo et al., 2008; Tavakol and Dennick, 2011). In this approach, c-alpha was used 

to measure the level of internal consistency in a set of indicators that were retained 

through PCA (Nardo et al., 2008). Z-scores of the indicators with a standard 

deviation of 1 were used for this calculation (Nardo et al., 2008). While both PCA 

and C-alpha did not measure the actual influence of the component indicators of a 

particular domain on a phenomenon being quantified, these analyses provided a way 

to examine the degree of variation and reliability in the component indicators, 

respectively.  
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The decisions on retention or elimination of the indicators were made based on the 

results of these analyses and theoretical knowledge gathered from study 1 (see the 

contents of Chapter 4). The results of preliminary analyses for the indicators of each 

domain are provided in the following sections. 

5.4.6.1. Neighbourhood environment domain: Results of preliminary 

analyses undertaken to assess the suitability of the indicators for inclusion in 

the domain 

5.4.6.1.1. Descriptive analysis 

A total of thirty indicators were computed for the neighbourhood environment 

domain. The results of the descriptive analyses suggested that there were no missing 

values. However, a wide variation was observed in the range, mean, and standard 

deviation of all indicators. Therefore, the indicator scores were standardized using 

z-scores to give a mean of zero and a standard deviation of one. The results of this 

step are provided in Table 5.11. 

Table 5.11 Descriptive statistics of indicators of the neighbourhood 

environment domain 

Descriptive statistics of indicators of the neighbourhood environment domain 

across 6791 MSOAs 

Indicator Minimum 

z score 

Maximum 

z score 

Mean SD 

Sub-domain 1: Retail outlets 

Density of bakeries -0.400 19.959 0.000 1.000 

Density of cafes, snack bars, and tea 

rooms 

-0.363 23.743 0.000 1.000 

Density of cash and carry -0.204 22.863 0.000 1.000 

Density of confectioners -0.237 25.148 0.000 1.000 

Density of convenience Stores -0.641 8.214 0.000 1.000 

Density of delicatessens -0.283 15.962 0.000 1.000 

Density of fast-food and takeaways -0.528 14.393 0.000 1.000 

Density of fast-food delivery services -0.306 12.384 0.000 1.000 

Density of grocers, farm shops, and 

pick your own 

-0.289 17.702 0.000 1.000 

Density of markets -0.139 37.223 0.000 1.000 

Density of restaurants -0.295 33.082 0.000 1.000 

Density of supermarkets -0.601 11.357 0.000 1.000 

Density of tea and coffee merchants -0.139 30.039 0.000 1.000 

Distance to bakeries  -0.893 9.730 0.000 1.000 

Distance to cafes, snack bars, and tea 

rooms  

-0.926 8.251 0.000 1.000 

Distance to cash and carry -0.944 10.084 0.000 1.000 

Distance to confectioners -1.012 7.527 0.000 1.000 

Distance to convenience stores -0.864 11.526 0.000 1.000 
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5.4.6.1.2. PCA with the use of the correlation matrix  

These analyses were separately conducted for the indicators of each sub-domain. 

The results of these are discussed below. 

5.4.6.1.2.1. Sub-domain 1: Retail outlets 

All 26 indicators of this sub-domain were analysed using the correlation matrix and 

PCA to examine the linear relationships and the underlying variance between these 

indicators. The correlation matrix showed a negative relationship between indicators 

quantifying the availability and accessibility of sugar-selling retail outlets. While the 

Kaiser-Meyer-Olkin (KMO) test suggested a magnitude of variance to be 0.944, the 

value of Bartlett’s test of sphericity was also significant (0.000) (refer to Appendix 

5.10). The fulfilment of these assumptions suggested the appropriateness of 

undertaking PCA. Although the scree plot identified five principal components with 

eigenvalues more than one, the first two components explained 35.969% and 

16.887% of the total variance, respectively. The rest of the components cumulatively 

explained 15% of the variance in the input data. The rotated component matrix 

computed using the varimax rotation technique (Nardo et al., 2008), suggested a 

pattern of distribution whereby the indicators quantifying availability and 

accessibility of the sugar-selling retail outlets were loaded under different principal 

components. To determine these patterns in detail, separate PCA were performed 

using the indicators quantifying the availability (i.e., density) and the accessibility 

(i.e., proximal distance), of sugar-selling retail outlets. 

Distance to delicatessens -0.932 17.704 0.000 1.000 

Distance to fast food and takeaways -0.611 37.611 0.000 1.000 

Distance to fast-food delivery services -0.856 20.612 0.000 1.000 

Distance to grocers, farm shops, and 

pick your own 

-0.938 26.192 0.000 1.000 

Distance to markets -0.929 8.739 0.000 1.000 

Distance to restaurants -0.947 11.666 0.000 1.000 

Distance to supermarkets -0.805 10.187 0.000 1.000 

Distance to tea and coffee merchants  -1.058 14.192 0.000 1.000 

Sub-domain 2: Dental services 

Density of dental services -0.446 45.178 0.000 1.000 

Distance to dental services -0.703 37.732 0.000 1.000 

Sub-domain 3: Surrounding conditions 

Population-weighted score of IMD 

barriers to housing & services domain 

score 

-2.348 4.382 0.000 1.000 

Population density -0.915 6.793 0.000 1.000 
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When investigated further using the indicators quantifying the accessibility factor, 

the correlation matrix did not identify any pair of indicators with a ‘very high’ level 

of correlation (Hinkle et al., 2003; Mukaka, 2012). The level of correlation, however, 

ranged from ‘low positive’ to ‘high positive’. The KMO test suggested that the 

magnitude of the variance was 0.956. Bartlett’s test of sphericity was significant 

(p=0.000). These suggested that the main assumptions for the PCA were fulfilled. 

Whilst the scree plot identified two principal components with eigenvalues of more 

than 1.000, the first component explained 56.295%, and the second component 

explained only 8.832% of the total variance. The rotated component matrix revealed 

that a few indicators had cross-loadings in the two components, but the indicators 

relating to the seven types of sugar-selling retail outlets i.e., 1. bakeries, 2. cafes, 

snack bars, and tea rooms, 3. confectioners, 4. convenience stores, 5. fast-food and 

takeaways, 6. restaurants, and 7. supermarkets had higher loadings in the first 

principal component. To confirm these results, further analysis was conducted using 

the z-scores of the indicators of seven types of sugar-selling retail outlets only. The 

results of the correlation matrix by the type of sugar-selling retail outlet are provided 

in Table 5.12. 

Table 5.12 Correlation matrix of the indicators related to the accessibility of 

the retail outlets 

Correlation matrix of the indicators related to the accessibility of the retail 

outlets 

 Bakerie

s 

Cafes, 

snack 

bars, and 

tea 

rooms 

Confe

ctione

rs 

Conv

enien

ce 

stores 

Fast-food 

and 

takeaway

s 

Resta

urants 

Super

market

s 

Bakeries 1.000 0.755 0.592 0.742 0.689 0.718 0.715 

Cafes, 

snack bars, 

and tea 

rooms  

0.755 1.000 0.579 0.753 0.686 0.741 0.733 

Confection

ers 

0.592 0.579 1.000 0.545 0.496 0.554 0.526 

Convenien

ce stores 

0.742 0.753 0.545 1.000 0.741 0.753 0.731 

Fast-food 

and 

takeaways  

0.689 0.686 0.496 0.741 1.000 0.693 0.742 

Restaurants  0.718 0.741 0.554 0.753 0.693 1.000 0.725 

Supermark

ets  

0.715 0.733 0.526 0.731 0.742 0.725 1.000 

*Significant correlation (p<0.005)  
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The KMO test revealed the magnitude of variance to be 0.942 and Bartlett’s test of 

sphericity suggested a significance of 0.000. These fulfilled the key assumptions for 

undertaking PCA. The scree plot confirmed the presence of a single principal 

component with an eigenvalue larger than 1.000. The results of the total variance 

explained by each component are given in Table 5.13. The first component explained 

72.605% of the variance. 

Table 5.13 Total variance explained for the indicators related to the 

accessibility of the retail outlets 

Total variance explained for the indicators related to the accessibility of the retail 

outlets 

Component Initial Eigenvalues Extraction Sums of Squared 

Loadings 

Total % of 

Variance 

Cumulative 

% 

Total % of 

Variance 

Cumulative 

% 

1 5.082 72.605 72.605 5.082 72.605 72.605 

2 0.578 8.255 80.860    

3 0.331 4.723 85.583    

4 0.282 4.028 89.611    

5 0.269 3.844 93.455    

6 0.239 3.411 96.867    

7 0.219 3.133 100.000    

The results of the component matrix are given in Table 5.14. 

Table 5.14 Component matrix for z scores of the indicators related to the 

accessibility of the retail outlets 

Component matrix for the indicators related to the accessibility of the retail 

outlets 

Indicator  Component 

1 

Distance to convenience stores 0.888 

Distance to cafes, snack bars, and tea rooms 0.884 

Distance to bakeries 0.877 

Distance to restaurants  0.873 

Distance to supermarkets 0.872 

Distance to fast food and takeaways  0.850 

Distance to confectioners 0.705 

 

A similar methodology was used for the indicators measuring availability i.e., 

densities of the sugar-selling retail outlets, where PCA was performed using z-scores 

of the indicators for the seven types of retail outlets i.e., 1. bakeries, 2. cafes, snack 

bars, and tea rooms, 3. confectioners, 4. convenience stores, 5. fast-food and 
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takeaways, 6. restaurants, 7. supermarkets. Table 5.15 provides the results of the 

correlation matrix analysis by the type of sugar-selling retail outlet.  

Table 5.15 Correlation matrix of the indicators related to the density of the 

retail outlets 

Correlation matrix of z scores of the indicators related to the density of the retail 

outlets 

 Bakeri

es  

Cafes, 

snack 

bars, 

and tea 

rooms  

Confe

ctione

rs  

Convenie

nce stores  

Fast-

food and 

takeawa

ys  

Restaur

ants 

Super

marke

ts 

Bakeries 1.000 0.771 0.588 0.677 0.710 0.752 0.397 

Cafes, 

snack bars, 

and tea 

rooms 

0.771 1.000 0.574 0.724 0.792 0.900 0.418 

confection

ers 

0.588 0.574 1.000 0.501 0.594 0.607 0.197 

convenienc

e stores  

0.677 0.724 0.501 1.000 0.861 0.631 0.456 

Fast-food 

and 

takeaways  

0.710 0.792 0.594 0.861 1.000 0.724 0.467 

Restaurant

s 

0.752 0.900 0.607 0.631 0.724 1.000 0.349 

Supermark

ets 

0.397 0.418 0.197 0.456 0.467 0.349 1.000 

The results of the KMO test (variance=0.866) and Bartlett’s test of sphericity 

significance=0.000), confirmed that the assumptions for the PCA were met.  A scree 

plot showed one principal component with an eigenvalue higher than 1.000. Table 

5.16 provides the results of the total variance explained by each component. More 

than 67% of the total variance was explained by the first component. 

Table 5.16 Total variance explained for the indicators related to the density of 

the retail outlets 

Total variance explained for the indicators related to the density of the retail 

outlets 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of 

Variance 

Cumulative 

% 

Total % of 

Variance 

Cumulative 

% 

1 4.729 67.562 67.562 4.729 67.562 67.562 

2 0.852 12.176 79.738    

3 0.478 6.823 86.561    

4 0.450 6.426 92.987    

5 0.281 4.015 97.002    

6 0.123 1.756 98.758    

7 0.087 1.242 100.000    



195 
 

Table 5.17 gives the results of the component matrix.  

Table 5.17 Component matrix for the indicators related to the density of retail 

outlets 

 

5.4.6.1.2.2. Sub-domain 2: Dental services 

This sub-domain comprised two indicators. The results of the correlation matrix 

analysis, presented in Table 5.18, suggested a negative relationship between the two 

indicators.  

Table 5.18 Correlation matrix of indicators of dental services sub-domain 

Correlation matrix of the z scores of the indicators of dental services sub-domain  

 Density of dental 

services 

Distance to 

dental services 

Density of dental services 1.000 -0.228 

Distance to dental services -0.228 1.000 

According to the KMO test, the magnitude of variance was 0.500. Bartlett’s test of 

sphericity provided a significance level of 0.000, suggesting the existence of 

structural differences in input data and meeting a requirement for undertaking PCA. 

The scree plot suggested the presence of one component with an eigenvalue of more 

than 1.000. Table 5.19 provides the details of the total variance explained by each 

identified component. Component one explained 61.415% of the total variance. 

Table 5.19 Total variance explained for the indicators of dental services sub-

domain 

Total variance explained for the indicators of dental services sub-domain 

Compo

nent 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of 

Varianc

e 

Cumulativ

e % 

Total % of Variance Cumulative % 

1 1.228 61.415 61.415 1.228 61.415 61.415 

2 0.772 38.585 100.000    

Component matrix for the z scores of the indicators related to the density of retail 

outlets 

Indicator Component 

1 

Density of cafes, snack bars, and tea rooms 0.921 

Density of fast-food and takeaways 0.910 

Density of restaurants 0.884 

Density of bakeries 0.866 

Density of convenience stores 0.856 

Density of confectioners 0.710 

Density of supermarkets 0.534 
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The results of the component matrix are provided in Table 5.20. As noticed in the 

correlation matrix, these results suggested that the indicators had opposite directions.  

Table 5.20 Component matrix of the indicators of dental services sub-domain 

Component matrix of z scores of the indicators of dental services sub-domain 

Indicator Component 

1 

Density of dental services 0.784 

Distance to dental services -0.784 

 

5.4.6.1.2.3. Sub-domain 3: Surrounding conditions 

This subdomain included two indicators, i.e., population-weighted MSOA level 

scores of IMD Barriers to Housing and Services domain and the number of people 

per square kilometre of MSOA. The linear relationship between these indicators was 

assessed using the correlation matrix. Table 5.21 provides the results of the same. 

There was low but a positive correlation between these two indicators (r=0.237). 

Table 5.21 Correlation matrix of the indicators of surrounding conditions sub-

domain 

Correlation matrix of the z scores of the indicators of surrounding conditions sub-

domain 

 Population-weighted 

score of IMD barriers 

to housing and 

services domain 

Population density 

Population-weighted score of IMD 

barriers to housing & services 

domain 

1.000 0.237 

Population density 0.237 1.000 

 

The KMO and Bartlett’s tests suggested a variance of 0.500 and a significance of 

0.000. Therefore, undertaking PCA was deemed appropriate. One component was 

identified through the scree plot which has an eigenvalue of 1.237. This component 

explained 61.87% of the total variance in the input data. The details of these are 

provided in Table 5.22.   

Table 5.22 Total variance explained for the indicators of surrounding 

conditions sub-domain 

Total variance explained for the indicators of surrounding conditions sub-domain 

Compo

nent 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of 

Variance 

Cumulativ

e % 

Total % of 

Variance 

Cumulative % 

1 1.237 61.871 61.871 1.237 61.871 61.871 

2 0.763 38.129 100.000    
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Table 5.23 shows the results of the component matrix. 

Table 5.23 Component matrix for the indicators of surrounding conditions 

sub-domain 

Component matrix for z scores of the indicators of surrounding conditions sub-

domain 

Indicator Component 

1 

Population density 0.787 

Population-weighted score of IMD barriers to housing & services 

domain 

0.787 

 

5.4.6.1.3. Cronbach’s coefficient alpha  

The Cronbach’s alpha value for the standardised indicators of the neighbourhood 

environment domain was 0.775, which was above the set cut-off value and suggested 

a reliable level of internal consistency (Dalyanto et al., 2021). 

5.4.6.1.4. Indicators retained for the inclusion of the neighbourhood 

environment domain of the index 

Based on the results of preliminary analyses and knowledge gained from the relevant 

literature, a total of 18 indicators were retained in the neighbourhood environment 

domain. Whilst 12 indicators were excluded from the retail outlets subdomain 

(Section 5.4.6.1.2.1), all indicators of dental services and surrounding conditions 

were retained in the neighbourhood environment domain.  

The list below details all indicators retained in the neighbourhood environment 

domain of the index:  

1. The density of sugar-selling retail outlets per MSOA (types of sugar-selling retail 

outlets: 1. bakeries, 2. cafes, snack bars, and tea rooms, 3. confectioners, 4. 

convenience stores, 5. fast-food and takeaways, 6. restaurants, 7. supermarkets) 

2. Average of distances between population weighed output area centroids and the 

closest sugar-selling retail outlets (in kilometres) per MSOA (types of sugar-selling 

retail outlets: 1. bakeries, 2. cafes, snack bars, and tea rooms, 3. confectioners, 4. 

convenience stores, 5. fast-food and takeaways, 6. restaurants, 7. supermarkets) 

3. Density of dental services per MSOA  

4. Average of distances between population weighed output area centroids and the 

closest dental services (in kilometres) per MSOA  
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5. Population-weighted score of IMD Barriers To Housing & Services domain score 

per MSOA  

6. Population density per MSOA 

5.4.6.2. School environment domain: Results of preliminary analyses 

undertaken to assess the suitability of the indicators for inclusion in the 

domain 

5.4.6.2.1. Descriptive analysis 

A total of four indicators were computed for the school environment domain. The 

descriptive analysis did not identify any missing values. All indicator scores were 

standardised using z-scores. Table 5.24 provides the results of this analysis including 

the range (minimum and maximum), mean, and standard deviation of each indicator. 

Table 5.24 Descriptive statistics of the indicators of the school environment 

domain 

Descriptive statistics of the indicators of school environment domain across 6791 

MSOAs 

Indicator Minimum 

z score 

Maximum 

z score 

Mean SD 

Sub-domain 1: Internal school environment 

Population-weighted mean overall 

effectiveness score of schools 

-1.469 4.945 0.000 1.000 

Percentage of pupils eligible for free 

school meals 

-1.672 3.722 0.000 1.000 

Population-weighted IMD score -3.634 4.382 0.000 1.000 

Sub-domain 2: External school environment 

Average number of sugar-selling retail 

outlets within 1-kilometre (km) radii of 

all schools 

-0.661 21.400 0.000 1.000 

 

5.4.6.2.2. PCA and correlation matrix analysis  

5.4.6.2.2.1. Sub-domain 1: Internal school environment  

Initially, the linear relationship between indicators of the internal school 

environment sub-domain was tested using the correlation matrix. The results are 

shown in Table 5.25. Whilst the population-weighted IMD score was highly 

correlated with the percentage of pupils eligible for free school meals (r=0.800), it 

was ‘weakly’ correlated with the population-weighted mean overall effectiveness 

score (r=0.190) (Hinkle et al., 2003; Mukaka, 2012).  
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Table 5.25 Correlation matrix of the indicators of the internal school 

environment domain 

 

While the value of the KMO test was 0.530, Bartlett’s test of sphericity provided a 

significance level of 0.000. Thus, these key assumptions of PCA were fulfilled. The 

scree plot identified a single principal component with an eigenvalue of more than 

1.000. This component explained 63.837% of the total variance (Table 5.26).   

Table 5.26 Total variance explained for the indicators of the internal school 

environment sub-domain 

The results of the component matrix are provided in Table 5.27. 

Table 5.27 Component matrix of the indicators of the internal school 

environment sub-domain 

 

Correlation matrix of the z scores of the indicators of the internal school 

environment domain 

 Population-

weighted IMD 

score 

Percentage of 

pupils eligible for 

free school meals 

Population-weighted 

mean overall 

effectiveness score of 

schools 

Population-weighted 

IMD score 

1.000 0.800 0.190 

Percentage of pupils 

eligible for free school 

meals 

0.800 1.000 0.269 

Population-weighted 

mean overall 

effectiveness score of 

schools 

0.190 0.269 1.000 

Total variance explained for the indicators of the internal school environment sub-

domain 

Component Initial Eigenvalues Extraction Sums of Squared 

Loadings 

Total % of 

Variance 

Cumulative 

% 

Total % of 

Variance 

Cumulative % 

1 1.915 63.837 63.837 1.915 63.837 63.837 

2 0.889 29.634 93.471    

3 0.196 6.529 100.000    

Component matrix of z scores the indicators of the internal school environment 

sub-domain 

Indicator Component 

1 

Percentage of pupils eligible for free school meals 0.933 

Population-weighted IMD score 0.911 

Population-weighted mean overall effectiveness score of schools 0.463 
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5.4.6.2.2.2. Sub-domain 2: External school environment  

As a single indicator, i.e., the average number of sugar-selling retail outlets within 

1-kilometre (km) radii of all schools per MSOA, was computed for the external 

school environment sub-domain, it was not possible to perform the correlation 

matrix and PCA for this sub-domain. However, after examining the results of the 

preliminary analysis of the indicators of the ‘retail outlets’ sub-domain of the 

neighbourhood environment domain, it was decided to re-configure the indicator of 

this external school environment sub-domain to align both indicators in terms of 

types of sugar-selling retail outlets. Seven including, 1. bakeries, 2. cafes, snack bars, 

and tea rooms, 3. confectioners, 4. convenience stores, 5. fast-food and takeaways, 

6. restaurants, 7. supermarkets, rather than thirteen different types of sugar-selling 

retail outlets were considered during the computation of this amended indicator. The 

methodology remained the same as mentioned in Section 5.4.6.1.2.1.    

5.4.6.2.3. Cronbach’s coefficient alpha of internal school environment domain 

indicators 

The Cronbach’s alpha for these standardised indicators was 0.680 which was above 

the set cut-off value (0.600) and suggested a reliable level of internal consistency 

(Dalyanto et al., 2021), between the indicators of the internal school environment 

sub-domain, and therefore there use for the further analysis was deemed appropriate. 

5.4.6.2.4. Indicators retained for inclusion in the index 

Based on the theoretical understanding from the testable framework and the results 

of the preliminary analyses coupled with the expert opinion, it was decided to retain 

all four indicators (i.e., three indicators of the internal school environment and one 

of the external school environment) of the school environment domain in the index. 

These were:  

1. Population-weighted mean overall effectiveness score of schools per MSOA  

2. Percentage of pupils eligible for free school meals per MSOA  

3. Population-weighted IMD score per MSOA  

4. Average number of sugar-selling retail outlets within 1-kilometre (km) radii of 

all schools per MSOA (types of sugar-selling retail outlets: 1. bakeries, 2. cafes, 

snack bars, and tea rooms, 3. confectioners, 4. convenience stores, 5. fast-food and 

takeaways, 6. restaurants, 7. supermarkets) 



201 
 

5.4.6.3. Family environment domain: Results of preliminary analyses 

undertaken to assess the suitability of the indicators for inclusion in the 

domain 

5.4.6.3.1. Descriptive analysis 

Thirteen indicators of the family environment domain were computed to z-scores 

and analysed descriptively. There were no missing values present in these data. The 

results including the range (minimum and maximum), mean, and standard deviation 

of each indicator are provided in Table 5.28. 

Table 5.28 Descriptive statistics of the indicators of the family environment 

domain 

Descriptive statistics of the indicators of the family environment domain across 6791 

MSOAs 

Indicator Minimum 

z score 

Maximum 

z score 

Mean SD 

Sub-domain 1: Parental socioeconomic conditions 

Percentage of children living in absolute 

low income 

-1.655 5.529 0.000 1.000 

Percentage of single and couple families 

with dependent children receiving 

universal credit 

-1.667 5.654 0.000 1.000 

Percentage of households that do not own 

a car or van 

-1.481 3.813 0.000 1.000 

Percentage of households that rent an 

accommodation 

-1.807 3.299 0.000 1.000 

Percentage of working-age adults 

belonging to the NSSEC 8 category (i.e., 

Never worked or long-term unemployed) 

-1.113 6.618 0.000 1.000 

Percentage of working-age adults 

belonging to the NSSEC 1 category (i.e., 

Higher Managerial and Administrative 

Professional Occupation) 

-1.697 4.540 0.000 1.000 

Sub-domain 2: Accommodation 

Percentage of deprived households in two 

or more dimensions 

-2.017 3.567 0.000 1.000 

Percentage of households with no central 

heating 

-1.477 13.456 0.000 1.000 

Sub-domain 3:  Parental support 

Percentage of families offering low 

overall support to their dependent 

children 

-1.242 2.737 0.000 1.000 

Sub-domain 4: Parental characteristics 

Percentage of individuals with no 

qualifications 

-2.608 3.384 0.000 1.000 

Percentage of individuals with level 4 

qualifications (i.e., university and above) 

-2.011 4.614 0.000 1.000 

Percentage of single-parent households 

with dependent children 

-1.904 3.884 0.000 1.000 
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Sub-domain 5: Family characteristics 

Percentage of overcrowded households -0.847 6.892 0.000 1.000 

 

5.4.6.3.2. Correlation matrix analysis for all indicators computed for the 

family environment domain 

Initially, all indicators were analysed using a correlation matrix to identify the pairs 

with very strong correlations. This was deemed necessary due to possible underlying 

interdependence as a consequence of individual socioeconomic conditions. For each 

identified pair of indicators having a ‘very strong’ correlation, i.e., r>0.800 (Hinkle 

et al., 2003; Mukaka, 2012), one indicator was excluded. Table 5.29 provides details 

about such pairs, and the indicators retained for further analyses. A total of five 

indicators were excluded at this stage.  

Table 5.29 Exclusion of the indicators of the family environment domain 

based on the correlation matrix analysis 

Indicator 1 Indicator 2 Correlation 

coefficient 

Indicator 

retained 

Percentage of households 

that do not own a car or van 

Percentage of 

households that rent an 

accommodation 

0.909 Percentage of 

households that 

rent an 

accommodation 

Percentage of working-age 

adults belonging to the 

NSSEC 8 category (i.e., 

Never worked or long-term 

unemployed) 

Percentage of children 

living in absolute low 

income 

0.830 Percentage of 

children living in 

absolute low 

income 

Percentage of deprived 

households in two or more 

dimensions 

Percentage of families 

offering low overall 

support to their 

dependent children 

0.866 Percentage of 

families offering 

low overall 

support 

Percentage of deprived 

households in two or more 

dimensions 

Percentage of 

working-age adults 

belonging to the 

NSSEC 8 category 

(i.e., Never worked or 

long-term 

unemployed) 

0.819 None 

Percentage of families 

offering low overall support 

to their dependent children 

Percentage of single-

parent households with 

dependent children 

0.801 Percentage of 

families offering 

low overall 

support 

Percentage of individuals 

with no qualifications 

Percentage of 

individuals with level 

4 qualifications (i.e., 

university and above) 

-0.854 Percentage of 

individuals with 

level 4 

qualifications 

(i.e., university 

and above) 
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5.4.6.3.3. PCA and correlation matrix analyses of sub-domains 

5.4.6.3.3.1. Sub-domain 1: Parental socioeconomic conditions 

All four indicators of this sub-domain were analysed via PCA. The results of the 

correlation matrix analysis (Table 5.30) showed that the percentage of dependent 

children living in absolute low-income indicator was highly and moderately 

correlated with the percentage of families with dependent children receiving 

universal credit (r=0.736), and the percentage of rented households (r=0.545) 

indicators, respectively (Hinkle et al., 2003; Mukaka, 2012). The percentage of 

individuals in the NSSEC 1 category i.e., higher managerial and administrative 

professional occupation was negatively associated with all other indicators. 

Table 5.30 Correlation matrix of the indicators of parental socioeconomic 

conditions sub-domain 

Correlation matrix of the z scores of the indicators of parental socioeconomic 

conditions sub-domain 

 Percentage 

of children 

living in 

absolute 

low income 

Percentage of 

single and 

couple 

families with 

dependent 

children 

receiving 

universal 

credit 

Percentage 

of 

households 

that rent an 

accommoda

tion 

Percentage of 

working-age 

adults belonging 

to the NSSEC 1 

category (i.e., 

Higher 

Managerial and 

Administrative 

Professional 

Occupation) 

Percentage of 

children living in 

absolute low income 

1.000 0.736 0.545 -0.682 

Percentage of single 

and couple families 

with dependent 

children receiving 

universal credit 

0.736 1.000 0.731 -0.643 

Percentage of 

households that rent 

an accommodation 

0.545 0.731 1.000 -0.316 

Percentage of 

working-age adults 

belonging to the 

NSSEC 1 category 

(i.e., Higher 

Managerial and 

Administrative 

Professional 

Occupation) 

-0.682 -0.643 -0.316 1.000 
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The KMO test provided a magnitude of variance to be 0.704, whereas the 

significance of 0.000 was observed through Bartlett’s test of sphericity. The 

fulfilment of these assumptions confirmed that it was appropriate to undertake PCA. 

The scree plot identified one principal component with an eigenvalue of 2.844 which 

explained 71.109% of the total variation in the input data (Table 5.31).   

Table 5.31 Total variance explained for the indicators of parental 

socioeconomic conditions sub-domain 

Total variance explained for the indicators of parental socioeconomic conditions 

sub-domain 

Component Initial Eigenvalues Extraction Sums of Squared 

Loadings 

Total % Of 

Variance 

Cumulative 

% 

Total % of 

Variance 

Cumulativ

e % 

1 2.844 71.109 71.109 2.844 71.109 71.109 

2 0.714 17.848 88.957    

3 0.273 6.834 95.791    

4 0.168 4.209 100.000    

 

The results of the component matrix are given in Table 5.32. 

Table 5.32 Component matrix of the indicators of parental socioeconomic 

conditions sub-domain 

Component matrix of z scores of the indicators of parental socioeconomic conditions 

sub-domain 

Indicator Component 

1 

Percentage of single and couple families with dependent children receiving 

universal credit 

0.929 

Percentage of children living in absolute low income 0.886 

Percentage of working-age adults belonging to the NSSEC 1 category (i.e., 

Higher Managerial and Administrative Professional Occupation) 

-0.782 

Percentage of households that rent an accommodation 0.764 

 

5.4.6.3.3.2. Other sub-domains of the family environment domain: 

accommodation, parental support, parental characteristics, and family 

characteristics 

As a single indicator was retained in each of these sub-domains, it was not possible 

to conduct the correlation matrix and PCA.  

5.4.6.3.4. Cronbach’s coefficient alpha  

The internal consistency of all eight indicators of the family environment domain 

was analysed using Cronbach’s alpha. This was 0.683. Being above a set cut-off 
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value of 0.600, the results suggested that the indicators had a reliable level of internal 

consistency (Dalyanto et al., 2021).  

5.4.6.3.5. Indicators retained for inclusion in the index 

Following is a list of indicators of the family environment domain retained in the 

final index, based on the results of the preliminary analyses and the expert opinion:  

1. Percentage of children living in absolute low income per MSOA  

2. Percentage of single and couple families with dependent children receiving 

universal credit per MSOA  

3. Percentage of households that rent an accommodation per MSOA  

4. Percentage of working-age adults belonging to the NSSEC 1 category (i.e., 

Higher Managerial and Administrative Professional Occupation) per MSOA  

5. Percentage of households with no central heating per MSOA  

6. Percentage of families offering low overall support per MSOA  

7. Percentage of individuals with level 4 qualifications (i.e., university and above) 

per MSOA  

8. Percentage of overcrowded households per MSOA  
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5.4.7 Step 4: Normalization of the indicator scores 

Before aggregating the indicators into their respective domain scores two key issues 

needed to be tackled. Firstly, it was evident from the results of study 1 involving the 

development of the testable framework of sugar-related socio-environmental factors 

(Chapter 4), and the results of the correlation matrix analyses (step 4 above), that the 

indicators have opposite directions in terms of their impact. Based on hypothetical 

directions as understood through the literature, the indicators which were promoting 

sugar consumption thereby, being detrimental to dental health, were defined as 

‘sugar-promoting detrimental’ indicators (Green et al., 2018). Similarly, the other 

indicators which were thought to be discouraging sugar consumption thereby, 

promoting dental health, were defined as ‘sugar discouraging beneficial’ indicators 

(Green et al., 2018). Secondly, the computation of the indicators involved the use of 

multiple pre-existing datasets which were acquired from many sources. Therefore, 

these indicators varied in their measurement units and data distributions.  

To aggregate the indicators into a domain score, it was necessary to transform them 

to a common scale for ease of comparison, while respecting both the results of the 

testable framework and the properties of the data (Nardo et al., 2008). To tackle these 

issues, Nardo et al suggests normalizing the data before commencing any 

aggregation (Nardo et al., 2008). Additional advantages of normalization include the 

provision of a common scale to all indicators, minimization of the impact of any 

outliers that may be present within data, and transformation of highly skewed data 

of any indicators into a normal distribution (Nardo et al., 2008).  

All selected indicators within each domain were normalized through the use of a 

ranking technique, where the scores of all indicators for MSOAs were ranked from 

the lowest to the highest ‘sugar-promoting environmental levels’ based on 

hypothesized directions of influence of the indicators (Bacon-Shone, 1992; Green et 

al., 2018; Nardo et al., 2008; Ministry of Housing Communities and Local 

Government, 2019a). Consequently, the ‘sugar-promoting detrimental indicators’ 

and the ‘sugar discouraging beneficial indicators’ were assigned with the ranks in 

opposite directions. Mean ranks of tied values were assigned to the MSOAs in 

presence of any ties concerning their indicator scores.  
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The ranking ultimately offered all indicators in the same direction thereby, made 

indicator scores of MSOAs more comparable by nullifying any cancellation effects 

occurring due to opposite directions of indicators (Ministry of Housing Communities 

and Local Government, 2019b; Green et al., 2018). This technique was particularly 

chosen for the normalization of the data due to the unavailability of information on 

thresholds related to exposures of the indicators (Green et al., 2018). Additionally, 

this method is not affected by any outliers, and it is simple to conduct (Nardo et al., 

2008). Furthermore, the use of this technique in the index allows for the comparison 

of MSOAs performance, and assessment of the impact of policy implementation if 

the index is regularly updated over time (Nardo et al., 2008). 

Another way for normalizing the indicators is to classify MSOAs into exposure 

quintiles (Richardson et al., 2010). In this method, MSOAs with exposure higher 

than the mean exposure are given a score of +1 whereas, MSOAs with exposure 

below the mean exposure are assigned a score of -1 for the sugar-promoting 

detrimental indicators. These scores are assigned in the opposite direction for the 

sugar-discouraging beneficial indicators. Although this method is simple, it relies on 

the randomness of the threshold levels of the indicators and overlooks the absolute 

level information (Nardo et al., 2008). Other techniques of normalization include the 

calculation of z-scores, Min-Max, recoding the numerical data into a common 

categorical scale, and measurement of the distance to the reference threshold (Nardo 

et al., 2008). 

The ranking method is commonly used and preferred due to its familiarity for the 

stakeholders and the researchers (Nardo et al., 2008; Green et al., 2018; Ministry of 

Housing Communities and Local Government, 2019a), which could help update the 

index in future as well. Normalization of the data ensured a common distribution of 

all indicators, enabled comparison of their scores for MSOAs, and allowed their 

aggregation into their respective sub-domains and domains (Ministry of Housing 

Communities and Local Government, 2019a; Nardo et al., 2008).  
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5.4.8 Step 5: Aggregation of the indicators into relevant sub-domains  

To aggregate the indicators into the sub-domains, ranks of their scores were 

standardized by calculating z-scores to provide all indicators with a common mean 

of zero and a standard deviation of one. This was deemed necessary due to variations 

in means and standard deviations of a few indicators’ ranks as a consequence of the 

presence of ties in the indicator scores for some MSOAs.  

Initially, the possibility of using statistical weights was considered for the 

aggregation of the indicators into relevant sub-domains. However, there was a lack 

of pre-existing statistical knowledge about the causal relationship between the 

indicators and the phenomenon being measured (i.e., sugar promotion in the 

environment affecting child dental health), to support the use of any specific values 

of statistical weights (Nardo et al., 2008). To counter this issue, equal weights were 

applied to each indicator and subdomain scores were calculated using the additive 

aggregation technique (Nardo et al., 2008; Gan et al., 2017). Richardson et al 

(Richardson et al., 2010), and Green et al (Green et al., 2018), have previously 

employed equal weights in their studies to treat all indicators as equally important. 

One key limitation of using equal weights is that these can pose issues related to the 

double counting of a particular influence when two indicators included in the index 

have a strong correlation (Nardo et al., 2008). In this study, this issue was tackled 

through the identification of pairs of highly correlated indicators (i.e., r>0.800), and 

the elimination of one of those indicators (see Section 5.4.6.).    

Other weighting methods include use of the statistical weights based on the results 

of the principal components analyses (PCA) or factor analyses (FA) (Nardo et al., 

2008). These analysis techniques offer the values of statistical weights for the 

indicators that are loaded within a component, or a group based on their degree of 

correlation. However, PCA or FA do not facilitate aggregation of the indicators that 

are loaded in different components. Other alternatives are the methods such as the 

benefit of the doubt, the opinion of the experts, politicians, and citizens, and the 

budget allocation approach (Nardo et al., 2008). Equal weighting was preferred for 

its simplicity, applicability in the absence of any preliminary statistical knowledge, 

and usability in offering all indicators with equal importance, as described earlier in 

this section.  
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The additive aggregation technique, which is a type of linear aggregation (Nardo et 

al., 2008), was used to aggregate the indicators into relevant subdomains. This 

entailed the summation of the ranks of indicators to calculate a subdomain score of 

a particular MSOA. The use of this method is preferred when all indicators share a 

common distribution. This method was selected for being a transparent and simple 

process of aggregation. Other advantages of this method are that it is independent of 

the outliers and retains the proportions of weights given to component indicators. It 

also eases up the validation of the index. 

Alternatives to this method include linear aggregation of the weighted indicators, 

and geometric, and multi-criteria aggregation. Both linear and geometric aggregation 

techniques offer compensability, where, for a particular area, a shortfall in the score 

of one indicator is compensated by a surplus in another. While the proportion of such 

compensability remains constant in linear aggregation, it is influenced by the overall 

index score for an area in geometric aggregation. This implies that, when a geometric 

aggregation is applied, an MSOA with a lower score on only a single indicator, may 

need to gain much higher scores for all other indicators to improve its overall rank 

on the overall index. Thus, in this study, the linear aggregation technique was 

preferred where the goal was to assess the overall performance of small areas.    

The following formulae were employed to calculate the sub-domain scores of the 

three domains:  

1. Neighbourhood environment domain 

• Retail outlets sub-domain  

𝑅𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[ 𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑢𝑔𝑎𝑟 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 𝑝𝑒𝑟 𝑀𝑆𝑂𝐴′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 +

𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑟𝑒𝑎 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝑠 𝑎𝑛𝑑  

𝑡ℎ𝑒 𝑐𝑙𝑜𝑠𝑒𝑠𝑡 𝑠𝑢𝑔𝑎𝑟 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 (𝑖𝑛𝐾𝑚) 𝑝𝑒𝑟 𝑀𝑆𝑂𝐴’ 𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟]  

Types of sugar-selling retail outlets considered: 1. bakeries, 2. cafes, snack bars, 

and tea rooms, 3. confectioners, 4. convenience stores, 5. fast-food and takeaways, 

6. restaurants, 7. Supermarkets 

• Dental services sub-domain 

𝐷𝑒𝑛𝑡𝑎𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 = 

[(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑑𝑒𝑛𝑡𝑎𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟) +

(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑟𝑒𝑎 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝑠   
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𝑎𝑛𝑑 𝑡ℎ𝑒 𝑐𝑙𝑜𝑠𝑒𝑠𝑡 𝑑𝑒𝑛𝑡𝑎𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟  

• Surrounding conditions sub-domain 

𝑆𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝐼𝑀𝐷 𝐵𝑎𝑟𝑟𝑖𝑒𝑟𝑠 𝑡𝑜 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑎𝑛𝑑 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟)  

+ (𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟)  

2. School environment domain 

• Internal school environment sub-domain 

 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑐ℎ𝑜𝑜𝑙 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑚𝑒𝑎𝑛 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑠′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟) +

(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑢𝑝𝑖𝑙𝑠 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒 𝑓𝑜𝑟 𝑓𝑟𝑒𝑒 𝑠𝑐ℎ𝑜𝑜𝑙 𝑚𝑒𝑎𝑙𝑠′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟) +

(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐼𝑀𝐷 𝑠𝑐𝑟𝑜𝑟𝑒′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟)] 

• External school environment sub-domain 

𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑐ℎ𝑜𝑜𝑙 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑔𝑎𝑟 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 1 𝑘𝑚 𝑟𝑎𝑑𝑖𝑖 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑐ℎ𝑜𝑜𝑙𝑠′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟]  

Types of sugar-selling retail outlets considered: 1. bakeries, 2. cafes, snack bars, 

and tea rooms, 3. confectioners, 4. convenience stores, 5. fast-food and takeaways, 

6. restaurants, 7. supermarkets 

3. Family environment domain 

• Parental socioeconomic conditions 

𝑃𝑎𝑟𝑒𝑛𝑡𝑎𝑙 𝑠𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑙𝑖𝑣𝑖𝑛𝑔 𝑖𝑛 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 +

 (𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑛𝑔𝑙𝑒 𝑎𝑛𝑑 𝑐𝑜𝑢𝑝𝑙𝑒 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠 

𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑟𝑒𝑐𝑒𝑖𝑣𝑖𝑛𝑔 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝑐𝑟𝑒𝑑𝑖𝑡′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟) +

(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑡ℎ𝑎𝑡 𝑟𝑒𝑛𝑡 𝑎𝑐𝑐𝑜𝑚𝑚𝑜𝑑𝑎𝑡𝑖𝑜𝑛′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟) +

(𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑎𝑔𝑒 

𝑎𝑑𝑢𝑙𝑡𝑠 𝑏𝑒𝑙𝑜𝑛𝑔𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑁𝑆𝑆𝐸𝐶1 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟)]  

• Accommodation 

𝐴𝑐𝑐𝑜𝑚𝑚𝑜𝑑𝑎𝑡𝑖𝑜𝑛 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 𝑛𝑜 𝑐𝑒𝑛𝑡𝑟𝑎𝑙 ℎ𝑒𝑎𝑡𝑖𝑛𝑔′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟] 

• Parental support 

𝑃𝑎𝑟𝑒𝑛𝑡𝑎𝑙 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠 𝑜𝑓𝑓𝑒𝑟𝑖𝑛𝑔 

𝑙𝑜𝑤 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 𝑡𝑜 𝑡ℎ𝑒𝑖𝑟 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟] 

• Parental characteristics 

 Parental characteristics subdomain score of an MSOA =

[zscore of rank of ′percentage of individuals with level 4 qualifications′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟                            

• Family characteristics 
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𝐹𝑎𝑚𝑖𝑙𝑦 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 =

[𝑧𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑟𝑎𝑛𝑘 𝑜𝑓 ′𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑜𝑣𝑒𝑟𝑐𝑟𝑜𝑤𝑑𝑒𝑑 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠′ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟]  

Table 5.33 details the mean, SD, and range of each subdomain.  

Table 5.33 Distribution of the sub-domain scores 

Sub-domain Mean SD Range 

Minimum Maximum 

Retail outlets 0.000 10.624 -20.063 25.119 

Dental services 0.000 0.696 -1.959 2.679 

Surrounding conditions 0.000 1.428 -3.114 3.448 

Internal school environment 0.000 2.373 -5.130 5.152 

External school environment 0.000 1.000 -1.723 1.731 

Parental socioeconomic conditions 0.000 3.508 -6.852 6.849 

Accommodation 0.000 1.000 -1.731 1.731 

Parental support 0.000 1.000 -1.731 1.731 

Parental characteristics 0.000 1.000 -1.731 1.731 

Family characteristics 0.000 1.000 -1.731 1.731 
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5.4.9 Step 6: Aggregation of the sub-domains into relevant domains 

The sub-domain scores were aggregated into relevant domains through the additive 

aggregation technique which is described above in Section 5.4.5. (Nardo et al., 2008; 

Gan et al., 2017). The following formulae were used to calculate domain scores:  

1. Neighbourhood environment domain 

𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟ℎ𝑜𝑜𝑑 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 = [(𝑟𝑒𝑡𝑎𝑖𝑙 𝑜𝑢𝑡𝑙𝑒𝑡𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒) +

(𝑑𝑒𝑛𝑡𝑎𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝑠𝑢𝑏 − 𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒) + (𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒)]  

2. School environment domain 

𝑆𝑐ℎ𝑜𝑜𝑙 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 = [(𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑐ℎ𝑜𝑜𝑙 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒) +

(𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑐ℎ𝑜𝑜𝑙 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒)]  

3. Family environment domain 

𝐹𝑎𝑚𝑖𝑙𝑦 𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 = [(𝑝𝑎𝑟𝑒𝑛𝑡𝑎𝑙 𝑠𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒) +

(𝑎𝑐𝑐𝑜𝑚𝑚𝑜𝑑𝑎𝑡𝑖𝑜𝑛 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒) + (𝑝𝑎𝑟𝑒𝑛𝑡𝑎𝑙 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒) +

(𝑝𝑎𝑟𝑒𝑛𝑡𝑎𝑙 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒) + (𝑓𝑎𝑚𝑖𝑙𝑦 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 𝑠𝑢𝑏𝑑𝑜𝑚𝑎𝑖𝑛 𝑠𝑐𝑜𝑟𝑒)]   

All domain scores were then ranked from the lowest to the highest level of sugar 

promotion. Additionally, these ranks were categorized into quintiles of sugar 

promotion (Ministry of Housing Communities and Local Government, 2019a). This 

procedure was deemed important for policy-making purposes, as it highlights the 

small areas with the highest level of sugar promotion in England by the type of 

environmental setting i.e., neighbourhood, school, and family. The categories of the 

quintiles are described below: 

1. Quintile one: lowest level of sugar promotion 

2. Quintile two: lower level of sugar promotion 

3. Quintile three: moderate level of sugar promotion 

4. Quintile four: high level of sugar promotion 

5. Quintile five: highest level of sugar promotion 

Table 5.34 details the mean, SD, and range of each domain.  

Table 5.34 Distribution of the domain scores 

Domain Mean SD Range 

Minimum Maximum 

Neighbourhood environment 0.000 11.580 -21.853 29.145 

School environment 0.000 2.856 -6.570 6.766 

Family environment 0.000 6.186 -13.338 12.509 
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5.4.10 Step 7: Aggregation of the domains to form the multidimensional 

index 

The ranks of all domain scores were standardized using z-scores. These domain 

scores were then aggregated to compute the scores of the complete index. Additive 

aggregation technique and equal weighting were used for this purpose (Nardo et al., 

2008; Gan et al., 2017; Green et al., 2018). The following formula was used to 

calculate the index scores: 

𝐼𝑛𝑑𝑒𝑥 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑎𝑛 𝑀𝑆𝑂𝐴 = [(𝑧𝑠𝑐𝑟𝑜𝑒𝑠 𝑜𝑓 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟ℎ𝑜𝑜𝑑 𝑑𝑜𝑚𝑎𝑖𝑛 𝑟𝑎𝑛𝑘) +

(𝑧𝑠𝑐𝑜𝑟𝑒𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙 𝑑𝑜𝑚𝑎𝑖𝑛 𝑟𝑎𝑛𝑘) + (𝑧𝑠𝑐𝑜𝑟𝑒𝑠 𝑜𝑓 𝑓𝑎𝑚𝑖𝑙𝑦 𝑑𝑜𝑚𝑎𝑖𝑛 𝑟𝑎𝑛𝑘)  

Aggregation of the domains provided a complete multidimensional Index of Sugar 

Promoting Environments Affecting Child Dental Health (ISPE-ACDH). The scores 

of the index were then ranked based on the level of sugar promotion, where the first 

rank meant that the MSOA had the lowest level of sugar promotion (Nardo et al., 

2008; Green et al., 2018). Furthermore, the quintiles of sugar promotion (Ministry 

of Housing Communities and Local Government, 2019a) were computed using 

similar categories of quintiles, as described in step 6.  
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5.5 Phase 2: Index validation   

This phase was carried out to fulfil objective 3: To test the validity of the index 

(ISPE-ACDH) by analysing the correlation between components of the index. 

Index validation provides a chance to re-evaluate the suitability of the components 

of the index and their proposed combination (Nardo et al., 2008; Allik et al., 2019). 

Therefore, this procedure helps to enhance the robustness and transparency of the 

index (Nardo et al., 2008). The index was validated at the sub-domain and domain 

levels.  

5.5.1. Validation of the index at the sub-domain level 

The relationship between sub-domain scores of the index was examined using the 

correlation matrix analysis, employing the Pearson correlation coefficient (Green et 

al., 2018). The analysis involved the subdomains of all three domains of the index. 

Each subdomain had 6791 scores based on MSOAs in England. The results of the 

correlation matrix are given in Table 5.35. The results identified three pairs of 

subdomains with high levels of correlation (Hinkle et al., 2003; Mukaka, 2012). 

These were: 1. parental socioeconomic conditions and external school environment 

(r=0.881), 2. parental support and external school environment (r=0.856), and 3. 

parental support and parental socioeconomic conditions (r=0.878). While all pairs 

were significantly correlated, no single pair demonstrated a very high level of 

correlation i.e., r>0.900 (Hinkle et al., 2003; Mukaka, 2012). Thus, no sub-domains 

were excluded from the index.   
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Table 5.35 Correlation matrix of the sub-domain scores of the index 

 

Note: 

D1S1: Neighbourhood domain- Retail outlets subdomain 

D1S2: Neighbourhood domain- Dental services subdomain 

D1S3: Neighbourhood domain- Surrounding conditions subdomain 

D2S1: School domain- Internal school environment subdomain 

D2S2: School domain- External school environment subdomain 

D3S1: Family domain- Parental socioeconomic conditions subdomain 

D3S2: Family domain: Accommodation subdomain 

D3S3: Family domain: Parental support subdomain 

D3S4: Family domain: Parental characteristics subdomain 

D3S5: Family domain: Family characteristics subdomain 

 

Correlation matrix of the sub-domain scores of the index 

 D1S1  D1S2  D1S3 D2S1 D2S2 D3S1 D3S2 D3S3 D3S4 D3S5 

D1S1  1.000 0.258 0.476 -0.029 0.651 0.446 0.369 0.454 -0.480 0.574 

D1S2  0.258 1.000 0.215 -0.019 0.303 0.209 0.081 0.237 0.094 0.270 

D1S3  0.476 0.215 1.00 -0.067 0.445 0.341 0.262 0.409 -0.160 0.679 

D2S1 0.029 -0.019 -0.067 1.000 0.187 0.223 0.096 0.178 0.255 0.081 

D2S2 0.651 0.303 0.445 0.187 1.000 0.881 0.435 0.856 0.383 0.751 

D3S1 0.446 0.209 0.341 0.223 0.881 1.000 0.382 0.878 0.542 0.732 

D3S2  0.369 0.081 0.262 0.096 0.435 0.382 1.000 0.372 0.037 0.364 

D3S3 0.454 0.237 0.409 0.178 0.856 0.878 0.372 1.000 0.447 0.716 

D3S4 -0.048 0.094 -0.160 0.255 0.383 0.542 0.037 0.447 1.000 0.158 

D3S5 0.574 0.270 0.679 0.081 0.751 0.732 0.364 0.716 0.158 1.000 
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5.5.2. Validation of the index at the domain level 

In addition to the sub-domain level analysis, the index was also validated at the level 

of domains, where the correlations between domains of the index were assessed 

(Green et al., 2018). Similar methods were employed for this analysis and a 

correlation matrix analysis was performed. A total of 6791 scores, equivalent to the 

total number of MSOAs in England, were included in each domain of the index. 

Table 5.36 provides the results of this analysis. Scores of the family and school 

environments were highly correlated with each other (r=0.857) (Hinkle et al., 2003; 

Mukaka, 2012). Whilst, a low level of correlation was observed between family and 

neighbourhood environment (r=0.493), school and neighbourhood domains were 

moderately correlated (r=0.573). As no pair of domain scores indicated a very high 

level of correlation (r>0.900), it was not deemed necessary to eliminate any domain.   

Table 5.36 Correlation matrix of the domain scores of the index 

Correlation matrix of the domain scores of the index 

 Family 

environment 

domain score  

Neighbourhood 

environment 

domain score  

School 

environment 

domain score 

Family environment domain 

score 

1.000 0.493** 0.857** 

Neighbourhood environment 

domain score 

0.493** 1.000 0.573** 

School environment domain 

score 

0.857** 0.573** 1.000 

** suggests that the correlation is significant at the 0.01 level (2-tailed). 
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5.6 Summary of the key findings  

The validated model of the MSOA-level Index of Sugar Promoting Environments 

Affecting Child Dental Health (ISPE-ACDH) captured small areas with high levels 

of sugar promotion across the country. The scores of the index ranged from -5.530 

to 5.910. The mean was 0.000 and the SD was 2.616.  

The scores of the neighbourhood-environment domain (mean=0.000, SD= 11.580) 

ranged between -21.853 to 29.145, whereas that of the school-environment domain 

(mean=0.000, SD= 2.856) ranged from -6.570 to 6.766. The range of family-

environment domain scores (mean=0.000, SD= 6.186) was -13.338 to 12.509.  

Figures 5.8 shows the patterns of area-level sugar promotion as measured by 

quintiles of the ISPE-ACDH for the MSOAs in England. Multiple pockets of sugar-

promoting environments reflecting clear geographical inequalities in the distribution 

of sugar-related socio-environmental factors were observed across England. The 

findings suggested that the MSOAs belonging to quintile 5 had the highest levels of 

sugar promotion in all individual domains, whereas MSOAs belonging to quintile 1 

had the lowest levels of sugar promotion across all individual domains. Retaining a 

similar pattern, the MSOAs that had moderate levels of sugar promotion at the level 

of domains, belonged to the quintile 3 of the overall index.  

The highest levels of sugar promotion were observed in the MSOAs within and 

around seven large cities in the country including, Newcastle upon Tyne, Liverpool, 

Manchester, Sheffield, Birmingham, London, and Portsmouth. The levels of sugar 

promotion were comparatively higher in the inner parts of London as compared to 

its outskirts. Furthermore, the results revealed that the MSOAs located in coastal 

parts demonstrated higher sugar promotion than those situated in non-coastal areas 

of the country.  
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           Figure 5.8 Quintiles of sugar promotion as measured by ISPE-ACDH for 

MSOAs in England based on census 2011 
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6.0  Chapter Six- Study Three: An Evaluation of the Feasibility of 

the Index  
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6.1 Introduction 

Chapter five discussed the development of the index to quantify area-level sugar 

promotion. This chapter describes study three of the overall research; undertaken to 

assess the feasibility of this index in explaining the outcomes related to free sugar intake 

and dental caries in children.   

As a reminder, study three addressed the fourth objective of the overall research. This 

objective was:   

4. To evaluate the relative importance of the index (ISPE-ACDH) in explaining 

geographical inequalities in the rates of free sugar intake and the burden of dental caries 

amongst 5-to-11-year-old children living in England by performing predictive analyses 

using pre-existing data on dietary and dental outcomes.  

The chapter is divided into five sections. Whilst Section 6.1 introduces the chapter, 

Section 6.2 outlines the overall methodology of this research and highlights the current 

phase through the use of a flow diagram. Section 6.3 details how the MSOA-level index 

was aggregated to higher geographies for undertaking different investigations to assess 

the feasibility of the index. Section 6.4 assesses the link between area-level sugar 

promotion, as quantified by the index, and outcomes relating to free sugar intake amongst 

children across England, whereas Section 6.5 examines the index against dental caries 

outcomes at the national and local levels.  
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6.2 Schematic representation of the overall methodology 

Figure 6.1 depicts the overall methodology of the entire three-phased research and 

highlights the specific phase that is being described in this chapter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 6.1 Schematic representation highlighting study three of the overall 

methodology 

Study 1: The creation of the testable framework of socioenvironmental 

factors influencing free sugar intake and dental health of children 

 

An umbrella review of the 

systematic reviews of obesity 

A scoping review of the 

systematic reviews and primary 

research in dentistry 

 

Study 2: The development and validation of the Index of Sugar Promoting 

Environments Affecting Child Dental Health (ISPE-ACDH) 

 

Development of the Index Validation of the Index 

An Index of Sugar Promoting Environments Affecting 

Child Dental Health (ISPE-ACDH) 

The relationship between the 

Index and free sugar intake 

The relationship between the 

Index and dental caries 

prevalence 

Study 3: An evaluation of the feasibility of the index in explaining the 

outcomes related to the free sugar intake and dental health of children 

 

A testable framework of Sugar Promoting Environments  
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6.3 Aggregation of the index to higher geographical levels  

Whilst the ISPE-ACDH was developed at the MSOA level, the use of these census-based 

geographies allows for the aggregation of the index to higher geographies including, the 

lower and upper-tier local authorities (Ministry of Housing Communities and Local 

Government, 2019a; Office for National Statistics, 2019). For purposes of the feasibility 

analysis, the index and domain scores were aggregated at these LA levels and two 

additional versions of the index were created. These were: 1. lower-tier LA level index 

and 2. upper-tier LA level index. Such aggregations were deemed necessary to facilitate 

the linking of the index to the outcomes data on free sugar intake and child dental health 

(described in the following Sections 6.4 and 6.5).  

The lower- and upper-tier LA boundaries remain similar for five types of LAs including, 

unitary authorities, metropolitan districts, London boroughs, the city of London, and the 

Isles of Scilly (Department for Levelling Up Housing and Communities and Ministry of 

Housing Communities and Local Government, 2016). However, they differ in terms of 

the county and district councils. Whilst the upper-tier LAs represent 24 county councils; 

these counties are further divided into 181 district councils in lower-tier LAs. 

Consequently, datasets published at lower-tier LA levels often provide finer information 

than those published at the upper-tier LAs. However, a few datasets are restricted to 

upper-tier LA levels to maintain the confidentiality of the survey participants.  

The lower-tier LA-level index was developed for a total of 317 LAs (Office for National 

Statistics, 2020a). The upper-tier LA-level index was developed for a total of 121 areas 

where the London boroughs were grouped into the inner and the outer London based on 

the Nomenclature of Territorial Units for Statistics (NUTS) classification (Table A6.1 in 

Appendix 6.1) (Office for National Statistics, 2022c). The NUTS is a hierarchy of 

administrative areas used for statistical purposes across the European Union. 

In addition to the MSOA-level index, three datasets were employed to facilitate the 

process of index aggregation. These were: 1. a lookup table to match MSOAs (census 

2011) to lower-tier local authorities (December 2019 version) (Office for National 

Statistics, 2020a), 2. a lookup table to match the lower-tier local authorities to upper-tier 

local authorities (December 2019 version) (Office for National Statistics, 2020b), and 3. 

mid-2019 population estimates containing information about the number of persons of 
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all ages, i.e., from 0 to 90 years and above, living in each MSOA of England (Office for 

National Statistics, 2020c).  

To compute the index at the lower-tier LA level, MSOA-level index data were matched 

with lower-tier LAs using an ONS lookup table (Office for National Statistics, 2020a). 

Additionally, these data were augmented with the mid-2019 population estimates for 

MSOAs (Office for National Statistics, 2020c). Population-weighted index scores were 

then computed for lower-tier LAs, using a method employed in the calculation of the 

IMD scores for higher geographies (Ministry of Housing Communities and Local 

Government, 2019a). 

The following formula was used for this purpose:  

𝐿𝑜𝑤𝑒𝑟 − 𝑡𝑖𝑒𝑟 𝐿𝐴 − 𝑙𝑒𝑣𝑒𝑙 𝑖𝑛𝑑𝑒𝑥 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝐿𝐴 − 1 = ∑[(𝐼𝑛𝑑𝑒𝑥 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑀𝑆𝑂𝐴 − 1 𝑜𝑓 𝐿𝐴 − 1 ∗

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑀𝑆𝑂𝐴 − 1) + (𝐼𝑛𝑑𝑒𝑥 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑀𝑆𝑂𝐴 − 2 𝑜𝑓 𝐿𝐴 − 1 ∗ 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑀𝑆𝑂𝐴 − 2)]/

[(𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑀𝑆𝑂𝐴 − 1) + (𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑀𝑆𝑂𝐴 − 2) + ⋯]  

To compute the index at the upper-tier LA level, MSOA-level index data were matched 

with the lower- and then, with the upper-tier local authorities using the ONS lookup 

tables (Office for National Statistics, 2020a, 2020b). Population-weighted scores were 

then derived for the index and individual domains using a similar methodology described 

above.  

The lower-tier LA-level index scores ranged from -3.880 to 3.748. The mean and SD 

were -0.377 and 1.678, respectively. The mean and SD for the neighbourhood-, school-, 

and family-environment domains were -1.503 (SD:7.793), -0.372 (SD:1.712), and -0.377 

(SD: 1.678), respectively. The neighbourhood domain score ranged between -14.336 and 

26.224. For the school domain, the range was -4.332 to 3.467 whereas, for the family 

domain, it was -3.880 to 3.748. The upper-tier LA-level index scores ranged between -

3.211 and 3.029. The mean score was 0.035 (SD:0.564). The ranges for individual 

domain scores were neighbourhood-environment (-1.068 to 1.537), school-environment 

(-1.237 to 1.184), and family-environment (-1.411 to 1.311). The means and SDs for the 

neighbourhood-, school-, and family-environment domains were -0.041 (SD:0.504), 

0.068 (SD: 0.504), and 0.066 (SD: 0.571), respectively.  

Figure 6.2 demonstrates variation in sugar promotion across lower-tier LAs in England 

as measured by the index. Findings demonstrated two clear geographical patterns.  First, 

levels of sugar promotion were higher in the LAs located in the northern parts as 
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compared to the southern parts of the country. For example, Blackpool, Manchester, 

Liverpool, Nottingham, Kingston upon Hull, Stoke-on-Trent, Burnley, Salford, 

Hyndburn, Bradford, Middlesbrough, Walsall, Oldham, Newcastle upon Tyne, 

Tameside, Blackburn with Darwen, Rochdale, Knowsley, and Preston, were in quintile 

5 (i.e., the highest level of sugar promotion) of the index. In contrast, Eden, Guildford, 

West Berkshire, Stroud, Wealden, Mole Valley, Mid Sussex, East Hampshire, West 

Oxfordshire, South Oxfordshire, Surrey Heath, Cotswold, Horsham, Winchester, Vale of 

White Horse, Wokingham, Waverley, Chiltern, and Hart, were in quintile 1 (i.e., the 

lowest level of sugar promotion) of the index.  

Second, the index revealed the presence of distinct clusters of sugar promotion across the 

country, where LAs that were close to one another substantially differed in their levels 

of sugar promotion. For example, Ipswich belonged to quintile 5, whereas the adjacent 

LA mid-Suffolk was in quintile 1. Similarly, Birmingham, Sandwell, Coventry, Walsall, 

and Wolverhampton were in quintile 5, whereas Dudley, South Staffordshire, and 

Bromsgrove were in quintile 1. An equivalent pattern was observed in and around 

Manchester and Derby as well. The LAs such as Portsmouth, Southampton, and 

Plymouth in South England had the highest levels of sugar promotion, whereas nearby 

LAs including, East Hampshire, Winchester, Test Valley, New Forest, and South Hams 

had the lowest levels of sugar promotion.  

When examined at the upper-tier LA level, the index revealed an additional pattern, 

whereby; the levels of sugar promotion were higher in boroughs located within inner 

London as compared to outer London (Office for National Statistics, 2022c).  Boroughs 

including, Tower Hamlets, Hackney, Newham, Islington, Southwark, Barking and 

Dagenham, Lambeth, Waltham Forest, Haringey, Camden, Hammersmith and Fulham, 

Lewisham, Brent, Westminster, Enfield, Ealing, Greenwich, Kensington and Chelsea, 

Hounslow, Croydon, City of London, and Wandsworth, were in quintile 5 (i.e., the 

highest level of sugar promotion) of the index. Boroughs including, Merton, Redbridge, 

Hillingdon, Barnet, Havering, Bexley, and Harrow were in quintile 4 (i.e., high level of 

sugar promotion), whereas Bromley and Richmond upon Thames were in quintile 3 (i.e., 

medium level of sugar promotion).  
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Figure 6.2 Quintiles of sugar promotion as measured by ISPE-ACDH for the 

lower-tier LAs in England (ONS, 2019) 
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6.4 Evaluation of the feasibility of the index in explaining the outcomes related 

to the free sugar intake amongst children living in England 

This section discusses the examination of the relative importance of the index in 

explaining the outcomes related to free sugar intake in children living in England.  

6.4.1 Aim 

This investigation aimed to examine the relationship between area-level sugar promotion 

across upper-tier LAs in England, as measured by the index, and the level of free sugar 

intake in 5-to-11-year-old children living across these geographical areas, through the 

use of national survey data on dietary behaviours.  

6.4.2 Materials and methods 

This section gives details about datasets employed in this investigation and the methods 

used to process and analyse these data. All data were processed and analysed using SPSS 

version 26.0 (IBM Corporation., 2019). 

Datasets 

Two main datasets- 1. The upper-tier LA level index (i.e., ISPE-ACDH), and 2. the 

National Diet and Nutrition Survey Rolling Programme (NDNS-RP) for the survey years 

9-to-11 (i.e., 2016/17 to 2018/19) (Bates et al., 2020a), containing information on the 

area-level sugar promotion across England and the outcomes related to the free sugar 

intake in children, respectively, were used for this analysis.  

The NDNS-RP is a national-level, cross-sectional survey undertaken to collect 

quantitative data on dietary behaviours including, free sugar intake, nutrient intake, and 

nutritional status of the general population aged 1.5 years and above, living in private 

households in the UK (Public Health England, 2019f). This survey is jointly funded by 

Public Health England and the UK Food Standards Agency since 2008. The National 

Centre for Social Research and Medical Research Council conduct this survey on an 

annual basis which involves interviews, and blood and urine examinations of 

approximately 1000 individuals. These data are frequently used across the health 

departments of the UK government to monitor the progress towards diet and nutrition of 

the population. They also form a robust base for the policy recommendations of the 

Scientific Advisory Committee on Nutrition, and the Food Standards Agency in the UK. 

The NDNS-RP data are published at the regional level (Bates et al., 2020a). Therefore, a 

special data request was made to the National Centre for Social Research (Appendix 6.2), 
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and the data were acquired at the upper-tier LA-level with London boroughs grouped 

into inner and outer London areas based on the NUTS classification (Table 6.1 in 

Appendix 6.1) (Office for National Statistics, 2022c).  

While one alternative was to predict the small-area level estimates of free sugar intake 

via small-area synthetic estimation, using the open-access data from the NDNS survey 

(Bates et al., 2020a), this was rejected since the index itself involved the use of this 

technique for computation of an indicator called ‘low overall parental support’. 

Consequently, such an analysis would have involved assessing one set of synthetic 

estimates against another set of synthetic estimates. Such an investigation was presumed 

to generate unreliable results considering both datasets would be the ‘estimates’ of the 

distribution of the variables of interest, but not their true measurements. Additionally, 

common usage of the census data for both sets of synthetic estimates may have generated 

false correlations between the estimates, albeit based on different relationships.         

Data from the Children’s Dental Health Survey (CDHS) 2013 (Office for National 

Statistics Social Survey Division, 2015), could have been employed for this analysis as 

well. Although these data contained information on the free sugar intake and frequencies 

of eating various types of sugary foods, the variables were largely limited to children 

aged 12 and 15 years. In contrast, the NDNS data contained in-depth information on free 

sugar intake for all age groups and were available for more recent years.  

Data processing 

Both the upper-tier LA-level index and individual domain scores were standardized by 

calculating z-scores. This provided these scores with a mean of zero and a standard 

deviation of one. The index data were then linked to the NDNS-RP data via LA codes 

and survey data for children aged 5 to 11 years were selected for further investigation.  

The NDNS-RP data contained a numeric continuous variable on the percentage of free 

sugar intake. This was recoded into a binary variable named ‘the percentage of free sugar 

intake more than 5% of the total energy intake (yes/no)’, based on sugar-related 

recommendations by Sheiham and James (Sheiham and James, 2014). A value of 1 on 

this variable represented 5% or more free sugar intake and a 0 represented less than 5%. 

Similarly, a variable on ethnicity was recoded to a binary variable to have two categories 

of ethnic groups i.e., ‘white’ and ‘other than white’.  

Data analyses  



228 
 

Descriptive analysis was undertaken to examine the presence of any missing values, the 

mean, standard deviation, and the range of independent variables i.e., age, gender, 

ethnicity, index scores, domain scores, and the dependent variable i.e., the percentage of 

the free sugar intake more than 5% of the total energy intake amongst 5-11-year-olds. 

Initially, bivariate logistic regression models were built to assess the relationships 

between each independent variable and the dependent variable (Schneider et al., 2010). 

Two multivariate logistic regression models were then built to separately evaluate the 

influence of the index and individual domains on children’s free sugar intake while 

controlling for their age, gender, and ethnicity (Schneider et al., 2010).  

6.4.3 Results 

The sample included 487 children living across 84 upper-tier LAs. Table 6.1 describes 

frequencies and percentages of age, gender and free sugar intake of 5-to-11-year-old 

children surveyed as part of NDNS-RP between 2016/17 and 2018/19. Around half of 

these were female. Four hundred and seventy-four children reported that their daily free 

sugar intake was more than 5% of their total energy intake.  

Table 6.1 Results of descriptive analysis of variables of interest within NDNS-RP 

data  

Variables of interest 

(n=487) 

Categories Frequency  % 

Age  5-year-olds 80 16.427 

 6-year-olds 68 14.963 

 7-year-olds 66 13.552 

 8-year-olds 52 10.677 

 9-year-olds 64 13.141 

 10-year-olds 82 16.837 

 11-year-olds 75 15.400 

Gender  Male 230 47.227 

 Female 257 52.772 

Ethnicity White 396 81.314 

 Other than white 91 18.685 

Percentage of free sugar 

intake 

Less than 5% of the total energy 

intake 

13 2.669 

 More than 5% of the total energy 

intake 

474 97.330 

Table 6.2 provides details about the mean, standard deviation, and range of the index and 

individual domain scores, which were numeric continuous variables of interest. The 

mean index score was -0.053 (SD: 1.015). The neighbourhood environment domain 
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scores ranged between -1.407 and 3.130, whereas the range of the school environment 

domain was -2.100 to 2.035. The mean of the family domain was -1.107 (SD: 0.932). 

Table 6.2 Results of descriptive analysis of upper-tier LA-level index linked to 

NDNS-RP data  

Variables of interest 

(n=487) 

Mean SD Range Minimum Maximum 

Index score -0.053 1.015 3.689 -1.702 1.987 

Neighbourhood domain 

score  

0.077 1.177 4.538 -1.407 3.130 

School domain score -0.103 0.949 4.136 -2.100 2.035 

Family domain score  -0.107 0.932 4.069 -1.889 2.180 

The results of the bivariate logistic regression models are given in Table 6.3. The models 

indicated that age was statistically significantly associated (p≤0.05), with the outcome 

variable when the threshold of free sugar intake was 5% or more of the total energy 

intake. The index score and all individual domain scores showed positive associations 

with excessive sugar intake, however, similar to gender and ethnicity, these associations 

were not statistically significant (p≤0.05). 

Table 6.3 Results of the bivariate logistic regression analyses for free sugar intake 

more than 5% of the total energy intake dependent variable  

Models  Predictor variable Reference 

category 

Odds 

ratio 

95% Confidence 

Interval 

p-value 

Lower Upper 

Model 1 Age - 1.523 1.099 2.111 0.011* 

Model 2 Gender Female  0.957 0.317 2.889 0.937 

Model 3 Ethnicity  White 0.760 0.205 2.819 0.681 

Model 4 Index score - 1.217 0.687 2.157 0.501 

Model 5 Neighbourhood 

domain score 

- 1.011 0.632 1.619 0.963 

Model 6 School domain 

score 

- 1.304 0.709 2.398 0.394 

Model 7 Family domain 

score 

- 1.367 0.743 2.513 0.315 

*Significant association (p<0.05) 

Table 6.4 provides details about the multivariate logistic regression model involving age, 

gender, ethnicity, and the index score as independent variables. This model revealed that 

the likelihood of having free sugar intake of more than 5% of the total energy intake 

increased by 52% with each year increase in age (p≤0.05). The model showed that the 

index score was directly proportional to the free sugar intake variable. However, this was 

not a significant association (p>0.05). Although the model suggested that the chances of 

having an excessive sugar intake were lower amongst children who were female, or who 
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belonged to an ethnic group other than white, these associations remained statistically 

insignificant (p>0.05).    

Table 6.4 Results of the multivariate logistic regression using index score and free 

sugar intake more than 5% of the total energy intake dependent variable 

A further multivariate model using individual domain scores (rather than the total index 

score) alongside, age, gender, and ethnicity, demonstrated that only age was significantly 

associated with free sugar intake (Table 6.5). Although not statistically significant 

(p>0.05), the odds ratio reflected a positive relationship between school and family 

domain scores and excessive intake of free sugars. Whilst the model indicated that 

gender, ethnicity, and neighbourhood domain scores remained statistically insignificant 

predictors of excessive sugar consumption, the results suggested that having a male 

gender was positively associated with excessive sugar consumption whereas belonging 

to other than white ethnicity or living in areas with higher neighbourhood domain score 

were associated with a lower likelihood of excessive sugar consumption.   

Table 6.5 Results of the multivariate logistic regression using domain scores and 

free sugar intake of more than 5% of the total energy intake dependent variable 

 

  

Predictor 

variable 

Reference 

category 

Odds 

ratio 

95% Confidence Interval p-value 

Lower Upper 

Age - 1.526 1.102 2.115 0.011* 

Gender Female 1.032 0.335 3.176 0.956 

Ethnicity White 0.642 0.158 2.607 0.535 

Index 

score 

- 1.325 0.729 2.410 0.356 

Constant - 1.942 - - 0.572 

*Significant association (p<0.05) 

Predictor 

variable 

Reference 

category 

Odds 

ratio 

95% Confidence 

Interval 

p-value 

Lower Upper 

Age - 1.525 1.101 2.111 0.011* 

Gender Female 1.075 0.347 3.335 0.900 

Ethnicity White 0.738 0.175 3.118 0.680 

Neighbourhood 

domain score 

- 0.832 0.415 1.667 0.604 

School domain 

score 

- 1.032 0.124 8.611 0.977 

Family domain 

score 

- 1.592 0.221 11.447 0.644 

Constant - 2.022   0.551 

*Significant association (p<0.05) 
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6.5 Evaluation of the feasibility of the index in explaining the outcomes related 

to dental caries amongst children living in England 

The feasibility of the index in explaining child dental outcomes was investigated using 

two pre-existing and open-access datasets published at two geographical levels. The first 

were the national routine dental epidemiological survey data containing information on 

the prevalence of dental caries amongst 5-year-old-children living across the lower-tier 

local authorities within England. The second were local data on electronic patient records 

reflecting the dental health needs of children residing within a local authority in South-

East England and attending an NHS primary dental service in the area. These data were 

published at the LSOA level. More explanation on LSOAs is given in Chapter 1 Section 

1.1. The details about the investigations made using both above-mentioned datasets are 

provided in the following sub-sections.  

6.5.1 Analyses of the feasibility of the index in explaining child dental outcomes 

using routine national survey data 

This section describes the aim, materials and methods, and results of the investigation 

undertaken to assess the feasibility of the index using the national survey data on the 

prevalence of dental caries in 5-year-olds. 

6.5.1.1 Aim 

This investigation aimed to examine the relationship between area-level sugar promotion 

across lower-tier LAs in England, as measured by the index, and the outcomes related to 

the prevalence of dental caries in 5-year-old children living across these areas, through 

the use of national survey data on dental epidemiology.   

6.5.1.2 Materials and methods 

This section details data utilized for this examination and the techniques used to process 

and analyse these data using the SPSS version 26.0 (IBM Corporation., 2019).  

Datasets 

This investigation involved the use of two main datasets including, 1. lower-tier LA-level 

index, and 2. National Dental Epidemiology Programme (NDEP)- Oral Health Survey 

data on five-year-olds living in England (Public Health England, 2020).  

This was the fifth national-level, cross-sectional, biannual survey, undertaken as part of 

the NDEP of the Public Health England (PHE) in the academic year 2018-2019 (Public 

Health England, 2020). PHE coordinated this survey at the national level through a 
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collaboration with the British Association for the Study of Community Dentistry 

(BASCD) for training and calibrating the examiners, thereby ensuring robust survey 

methodology (Nugent, 1997; Pine et al., 1997; Pitts et al., 1997). Local authorities 

commissioned local dental providers to undertake the fieldwork using the national 

protocol and to collect clinical information on dental caries prevalence in 5-year-olds 

attending state-funded schools across England. The survey data (Public Health England, 

2020), were made publicly available at the level of lower-tier and upper-tier LA levels in 

2020 (Department for Levelling Up Housing and Communities and Ministry of Housing 

Communities and Local Government, 2016).    

The NDEP 2019 oral health survey data contained two key variables. The first was the 

‘percentage of dentinally decayed, missing due to dental decay, and filled teeth (i.e., 

d3mft)’ in 5-year-olds across LAs. This variable quantified the proportion of children 

experiencing dental caries. The second was the ‘percentage of children with one or more 

untreated dentinally decayed teeth (i.e., d3t)’ in these children. This variable quantified 

the proportion of children who experienced severe dental caries but did not receive dental 

care. While d3t is a component of the d3mft, it was considered in isolation as the number 

of ‘filled teeth’ in d3mft could have been inflated due to the teeth restorations performed 

for preventive purposes. Such a consideration was thought to shed light on the link 

between sugar-promoting environments and unmet dental needs.  

Data processing  

Since the NDEP 2019 data were published at the lower-tier LA level, the lower-tier LA-

level index was employed for this investigation. At first, the index and domain scores 

were standardized via z-scores. These scores were then linked to the NDEP 2019 data. 

Finally, data were cleaned and LAs containing any missing values for the variables 

related to the prevalence of dental caries were omitted from the further analyses. 

Data analyses  

Initially, data were analysed descriptively to examine the mean, standard deviation, and 

range of each independent variable i.e., index scores, and domains’ scores, and each 

dependent variable i.e., the percentage of d3mft, and the percentage of d3t. Both 

dependent variables contained numerical continuous data. Therefore, simple and multiple 

linear regression analyses were undertaken by individually considering each dependent 
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variable (Schneider et al., 2010). Distinct models, involving the index and its domains, 

were built for each dependent variable.  

6.5.1.3 Results  

Descriptive analysis suggested that there were 272 lower-tier LAs that contained the data 

on child dental outcomes (Table 6.6). The mean of the index score was 0.071 with a 

standard deviation of 1.013. The means of the percentages of d3mft and d3t were 22.543 

(SD:8.494), and 19.599 (SD:8.298), respectively.  

Table 6.6 Results of descriptive analysis of variables of interest within lower-tier 

LA-level index and NDEP data 

Variables of interest 

(n=272) 

Mean SD Range Minimum Maximum 

Index score 0.071 1.013 4.544 -2.087 2.457 

Neighbourhood domain 

score  

0.025 1.035 5.204 -1.646 3.557 

School domain score 0.078 1.000 4.555 -2.312 2.242 

Family domain score  0.090 0.982 4.707 -2.181 2.525 

Percent d3mft 22.543 8.494 49.840 1.060 50.900 

Percent d3t 19.599 8.298 46.600 1.060 47.660 

The results of the simple linear regression models for the percentage of d3mft variable 

are provided in Table 6.7. The models highlighted that all independent variables were 

significantly associated with this variable (p<0.05). Model 1 suggested that the index 

explained 35% of the variance in the percentage of d3mft. It predicted that the percentage 

increased by 5% with a unit increase in the score of the index.   

Table 6.7 Results of the simple linear regression analyses for the percentage of 

d3mft dependent variable 

Models  Predictor 

variable 

r square  Beta 95% Confidence 

Interval 

p-value 

Lower Upper 

Model 1 Index score 0.353 5.045 4.226 5.864 0.000 

Model 2 Neighbourhood 

domain score 

0.190 3.707 2.791 4.623 0.000 

Model 3 School domain 

score 

0.316 4.777 3.935 5.618 0.000 

Model 4 Family domain 

score 

.381 5.240 4.439 6.041 0.000 

Table 6.8 shows the results of the multiple linear regression model controlling for all 

domains, demonstrating that neighbourhood-, and family-environment domains were 

significantly associated with the percentage of d3mft (p<0.05). The model explained 39% 

of the variance in the dependent variable. The results suggested that the percentage of 
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d3mft was raised by 1.3% and by 6.3% with a raised score of the neighbourhood-, and 

family-environment domain, respectively while controlling for all other variables.  

Table 6.8 Results of the multiple linear regression using domain scores and the 

percentage of d3mft dependent variable 

Table 6.9 presents the simple linear regression models for the percentage of d3t variable. 

The findings suggested that the index and all individual domains were significantly 

associated with this variable (p<0.05). Again, put in a bit more detail Model 1 indicated 

that 32% of the variance in the dependent variable was explained by the index. The results 

of this model showed that the percentage of d3t raised by 4.7% with an increased score 

of the index.  

Table 6.9 Results of the simple linear regression analyses for the percentage of d3t 

dependent variable 

Models  Predictor variable r square Beta 95% Confidence 

Interval 

p-value 

Lower Upper 

Model 1 Index score 0.323 4.717 3.899 5.535 0.000* 

Model 2 Neighbourhood 

domain score 

0.170 3.418 2.512 4.324 0.000* 

Model 3 School domain 

score 

0.288 4.455 3.617 5.294 0.000* 

Model 4 Family domain 

score 

0.358 4.966 4.170 5.763 0.000* 

*Significant association (p<0.05) 

A multiple linear regression model adjusted for all domains revealed that the percentage 

of d3t was significantly associated with neighbourhood-, and family-environment 

domains (p<0.05) (Table 6.10). This model explained 37% of the variance in the 

dependent variable. According to this model, the percentage of d3t raised by 1.2% and 

by 6.4% with an increased score of the neighbourhood-, and family-environment domain, 

respectively.  

Predictor variable r square Beta 95% Confidence 

Interval 

p-value 

Lower Upper 

Neighbourhood domain 

score  

0.397 1.372 0.347 2.397 0.009* 

School domain score -1.931 -4.272 0.410 0.105 

Family domain score 6.333 4.141 8.525 0.000* 

Constant 22.084 21.289 22.880 0.000 

*Significant association (p<0.05) 
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Table 6.10 Results of the multiple linear regression using domain scores and the 

percentage of d3t dependent variable 
 

 

6.5.2 Analyses of the feasibility of the index in explaining the outcomes related to 

the prevalence of dental caries in children using local-level dental data 

This section details the aim, materials and methods, and results of the analysis performed 

to examine the feasibility of the index using local-level, cross-sectional data from 

electronic dental records of 5-to-11-year-olds visiting a state-funded primary dental care 

setting in South-East England. Whilst these were initially processed and analysed using 

SPSS version 26.0 (IBM Corporation., 2019), the final multilevel modelling exercise was 

undertaken using MLwiN software (version 3.05) (Charlton et al., 2020). 

6.5.2.1 Aim 

This investigation aimed to examine the relationship between area-level sugar promotion 

across the MSOAs within a LA in the South of England, as measured by the index, and 

the dental needs of 5-to-11-year-old patients attending a primary-dental-care setting in 

the area. 

6.5.2.2 Materials and methods 

This section informs about the data employed in this part of the investigation and 

discusses how they were processed and analysed.  

Datasets 

The analyses involved the use of two key datasets i.e., 1. the index, and 2. electronic 

dental records (2008-2012) of 5-to-11-year-old paediatric patients visiting the University 

of Portsmouth Dental Academy (UPDA), located in Portsmouth LA of South-East 

England (Wanyonyi et al., 2017). The UPDA data are cross-sectional and are published 

at the individual level (Wanyonyi et al., 2017). These data contain information on 

patients’ age (in years), gender, the experience of tooth extraction (yes/no), and the 

lower-layer super output area (LSOA) code of the patients’ residence. Whilst children 

Predictor variable r square Beta 95% Confidence 

Interval 

p-value 

Lower Upper 

Neighbourhood domain 

score  

0.374 1.249 .229 2.268 0.017* 

School domain score -2.297 -4.627 0.032 0.053 

Family domain score 6.475 4.294 8.656 0.000* 

Constant 19.159 18.368 19.951 0.000 

*Significant association (p<0.05) 
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may need tooth extractions for orthodontal reasons, severe dental decay, representing 

unmet dental needs, remains a chief reason for undergoing tooth extractions amongst 

children. This is reflected through the data on hospital care provided within hospitals of 

England (Public Health England, 2021a). 

Data processing  

At first, the LSOA codes available within the UPDA data were matched with the MSOA 

codes using the GeoConvert tool (UK Data Service Census Support., 2015). Then, any 

cases of the patients who attended the UDPA from outside of Portsmouth LA were 

omitted during the cleaning stage. Last, these data were augmented with the standardized 

scores of the index and individual domains, via the MSOAs of patients’ residence. 

Data analyses  

Initially, data were analysed descriptively to examine the distribution of the independent 

variables i.e., age, gender, the index and three domain scores, and the dependent variable 

i.e., tooth extraction (yes/no). Then, bivariate logistic regression analysis was performed 

to assess the relationship between each independent variable and tooth extraction. Later, 

two separate multivariate models were built to examine the impact of index score and 

individual domain scores on tooth extraction, while adjusting for paediatric patients’ age 

and gender.  

Lastly, multilevel logistic regression modelling analyses were undertaken to isolate the 

area-level significance of the index and domain scores concerning tooth extractions. 

These were the two-level models where children (i.e., level 1) were nested within 

MSOAs (i.e., level 2). Age and gender were treated as level 1 variables, whereas the 

index and domain scores were employed as level 2 variables. The analyses were 

performed using the MLwiN software package (version 3.05) (Charlton et al., 2020). As 

the sample size was small, both models were initially estimated using Iterative 

Generalised Least Squares (IGLS) and then by Markov chain Monte Carlo (MCMC) 

techniques (Browne, 2019). The models were considered stable once the Raftery-Lewis 

diagnostic condition was satisfied (Raftery and Lewis, 1992), and up to 2,00,000 and 

1,25,000 iterations were completed to ensure the stability of the models involving index 

and domain scores, respectively. 
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6.5.2.3 Results  

Table 6.11 details the frequencies and percentages of age, gender, and tooth extraction 

variables. Data comprised 429 patients, with a mean age of 7.780 years (SD:1.976), living 

across 23 MSOAs in Portsmouth LA. Around half of the patients were female (50.1%). 

Seventy (16.3%) patients had undergone tooth extraction over four years.  

Table 6.11 Results of descriptive analysis of variables of interest within UPDA 

data 

Variables of interest 

(n=429) 

Categories Frequency  % 

Age  5-year-olds 68 15.900 

 6-year-olds 75 17.500 

 7-year-olds 62 14.500 

 8-year-olds 58  13.500 

 9-year-olds 57 13.300 

 10-year-olds 64 14.900 

 11-year-olds 45 10.500 

Gender  Male 214 49.900 

 Female 215 50.100 

Tooth extractions Other (i.e., No record of 

undergoing any tooth 

extraction) 

359 83.700 

 Extraction 70 16.300 

Table 6.12 describes the mean, standard deviation, and range of the numerical continuous 

variables of interest. The mean index score was 1.184, with a standard deviation of 0.645. 

Neighbourhood-, school-, and family-environment domain scores had means of 1.187 

(SD:0.647), 1.073 (SD:0.600), and 0.838 (SD:0.724), respectively. 

Table 6.12 Results of descriptive analysis of MSOA-level index linked to UPDA 

data 

Variables of interest (n=429) Mean SD Range Minimum Maximum 

Index score 1.184 0.645 2.762 -0.709 2.053 

Family domain score  0.838 0.724 3.081 -1.435 1.645 

Neighbourhood domain score  1.187 0.647 2.303 -0.274 2.028 

School domain score 1.073 0.600 2.713 -0.948 1.764 

The bivariate models demonstrated that age was significantly associated with tooth 

extraction (p<0.05) (Table 6.13). The school domain score nearly reaches traditional 

levels of significance. Again, put in more detail, all odds ratios suggested that the index 

and domain scores were positively associated with tooth extraction outcomes.    
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Table 6.13 Results of the bivariate logistic regression analyses for tooth extraction 

dependent variable 

Models  Predictor variable Reference 

category 

Odds 

ratio 

95% Confidence 

Interval 

p-

value 

Lower Upper 

Model 1 Age - 1.165 1.021 1.328 0.022* 

Model 2 Gender Male 1.323 0.790 2.214 0.287 

Model 3 Index score - 1.303 0.854 1.987 0.220 

Model 4 Neighbourhood 

domain score 

- 1.168 0.781 1.746 0.449 

Model 5 School domain score - 1.584 0.968 2.592 0.067 

Model 6 Family domain score - 1.130 0.786 1.624 0.509 

*Significant association (p<0.05) 

Multivariate logistic regression adjusted for age, gender, and index score, demonstrated 

that age was statistically significantly associated with tooth extraction (p≤0.05) (Table 

6.14). The chances of undergoing tooth extraction raised by 17% with each year increase 

in age (p=0.020, CI=1.025-1.336). Gender and index score were not significantly related 

to tooth extraction in the model.  

Table 6.14 Results of the multivariate logistic regression using index score and 

tooth extraction dependent variable 

In a further multivariate model, which included the individual domains, the results 

indicated that age, school-, and family-domain scores were statistically significantly 

associated with tooth extraction (p≤0.05), whereas gender and neighbourhood domain 

scores were not (Table 6.15). The model showed that the chances of undergoing tooth 

extraction significantly increased by 16% with age, and 350% in patients from the 

MSOAs with the higher level of sugar promotion within schools and declined by 38% 

amongst the patients from the MSOAs with a higher proportion of families experiencing 

poor socioeconomic conditions and lower parental support. 

Predictor variable Reference 

category 

Odds 

ratio 

95% Confidence 

Interval 

p-

value 

Lower Upper 

Age - 1.171 1.025 1.336 0.020* 

Gender Male 1.341 0.798 2.254 0.268 

Index score - 1.338 0.870 2.058 0.185 

Constant - 0.033   0.000 

*Significant association (p<0.05) 
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Table 6.15 Results of the multivariate logistic regression using domain scores and 

tooth extraction dependent variable 

Similar to the multivariate model, the multilevel logistic regression model involving 

index scores, and adjusted for age and gender, showed that the likelihood of undergoing 

tooth extraction increased by 17% with each year increase in age (p=0.008, CI=1.179-

1.347) (Table 6.16). The link between gender and tooth extraction remained statistically 

insignificant. While the index score was not statistically significantly associated, the 

model reflected that it was directly proportional to tooth extraction. This model explained 

18% of the variance in tooth extraction. 

Table 6.16 Results of the final multilevel logistic regression model using index 

score and tooth extraction dependent variable 

In the multilevel model involving domain scores, the impact of age remained 

approximately similar to that of the earlier multivariate model (Odds ratio: 1.174, CI= 

1.021-1.351) (Table 6.17). The impact of school domain score on the chances of tooth 

extraction was raised to 380% from 350% in the previous model. The estimated influence 

of family domain score reduced from 38% to 37%. Similar to the earlier model, gender 

was not significantly associated with tooth extraction in this model. The neighbourhood 

domain score was positively associated with the likelihood of tooth extraction; however, 

its influence remained statistically insignificant. This model explained 12% of the 

variance in tooth extraction. 

Predictor variable Reference 

category 

Odds 

ratio 

95% Confidence 

Interval 

p-value 

Lower Upper 

Age - 1.168 1.021 1.336 0.024* 

Gender Male 1.386 0.820 2.343 0.223 

Neighbourhood domain 

score  

- 1.094 0.690 1.734 0.704 

School domain score - 4.505 1.543 13.153 0.006* 

Family domain score - 0.389 0.175 0.865 0.021* 

Constant - 0.018   0.000 

*Significant association (p<0.05) 

Predictor 

variable 

Reference 

category 

Odds ratio 95% Confidence 

Interval 

p-

value 

Lower Upper 

Age - 1.179 1.032 1.347 0.008* 

Gender Male 1.371 0.802 2.349 0.125 

Index score - 1.364 0.802 2.386 0.121 

Constant (logits) - -3.560  -4.938 -2.244 0.000 

Variance:0.181, DIC: 379.840, pD: 9.643, Burnin:500, Chain length: 200000, Thinning:1 

*Significant association (p<0.05) 
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Table 6.17 Results of the final multilevel logistic regression model using domain 

scores and tooth extraction dependent variable 

 

  

Predictor variable Reference 

category 

Odds ratio 95% Confidence 

Interval 

p-

value 

Lower Upper 

Age - 1.174 1.021 1.351 0.011* 

Gender Male 0.407 0.824 2.396 0.104 

Neighbourhood 

domain score 

- 1.069 0.618 1.831 0.399 

School domain score  4.806 1.491 17.409 0.003* 

Family domain score  0.370 0.137 0.930 0.017* 

Constant (logits) - -4.165 -5.744 -2.633 0.000 

Variance:0.127, DIC: 377.860, pD: 9.695, Burnin:500, Chain length: 125000, Thinning:1 

*Significant association (p<0.05) 
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7.0 Chapter Seven- Discussion 
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7.1 Introduction  

This chapter provides an in-depth discussion of the overall research beginning with 

Section 7.2 which considers the key findings of the overall research and discusses the 

relevance and applicability of the findings and methods beyond England. Section 7.3 

debates the strengths of each component study of this research whereas, Section 7.4 

acknowledges the methodological limitations relating to these studies.  

7.2 Key findings 

The main findings associated with all three component studies of the overall research are 

presented below:  

1. The testable framework of Sugar Promoting Environment developed by undertaking 

structured reviews of the systematic reviews related to dental caries and obesity 

demonstrated that various physical, social, financial, cultural, and political factors 

within three settings including, neighbourhood-, school-, and family-environment, 

significantly contribute to the free sugar intake of children and thereby affect their 

dental health and weight status. The neighbourhood-level factors relate to the sugar-

selling retail outlets, dental services, and surrounding conditions that characterize a 

particular neighbourhood, and various social and political strategies that regulate it. 

Whilst the school-level factors associate with both the internal and external school 

environment that support the overall development of pupils and regulate the food 

environment within and outside of the school premises, the family-level factors 

relate to children’s parents including, their socio-economic conditions, support, 

behaviours and attitudes, characteristics, and accommodation, and the characteristics 

of their overall family. 

2. The validated model of the Index of Sugar Promoting Environment Affecting Child 

Dental Health (ISPE-ACDH) included a total of 30 indicators categorised into 3 

domains- neighbourhood-, school-, and family-environments. This index 

demonstrated clear inequalities in area-level sugar promotion across the MSOAs in 

England as measured by the scores and quintiles of ISPE-ACDH. The scores of the 

MSOA-level index (mean=0.000, SD= 2.616) ranged between -5.530 to 5.910, 

where a higher score meant a higher level of sugar promotion. The ranges of lower-

tier LA-level (mean= -0.377, SD= 1.678), and upper-tier LA-level indices (mean= 

0.035, SD:0.564) were -3.880 to 3.748 and -3.211 to 3.029. The MSOA-level index 
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suggested that the area-level sugar promotion was higher in and around metropolitan 

cities, inner parts of London, and coastal parts of the country. Retaining a similar 

pattern, the findings of the lower and upper-tier LA-level indices further highlighted 

that the level of sugar promotion was higher in the northern parts than in the southern 

regions of the country. Additionally, distinct clusters of sugar promotion were 

noticed in areas that were highly deprived or in close proximity to urban economic 

and shopping centres.  

3. The logistic regression models controlled for age, gender, and ethnicity revealed that 

the upper-tier LA-level index score was positively associated (Odds ratio= 1.325, 

95% CI= 0.729 to 2.410) with free sugar intake of more than 5% of the total energy 

intake amongst children aged 5-to-11-years. A separate model adjusted for age, 

gender, ethnicity, and individual domain scores indicated that domain scores for 

school- (Odds ratio= 1.032, 95%CI= 0.124 to 8.611) and family- environment (Odds 

ratio=1.592, 95%CI= 0.221 to 11.447) were positively associated with excessive 

sugar intake. However, these relationships were not statistically significant (p>0.05). 

Simple linear regression models examining the relationship between lower-tier LA-

level index and dental caries prevalence in 5-year-olds showed that an increased 

score of the index was significantly associated with 5% increase (r-square= 0.353, 

beta= 5.045, 95% CI= 4.226 to 5.864, p=0.000) in the percentage of d3mft (i.e., 

dentinally decayed, missing, and filled teeth), and 4.7% increase (r-square= 0.323, 

beta= 4.717, 95% CI= 3.899 to 5.535, p=0.000) in the percentage of d3t (i.e., 

dentinally decayed teeth). The index explained 35% and 32% of the variance in the 

percentage of d3mft and d3t, respectively.  

Multiple linear regression models, controlling for all individual domains of the 

lower-tier LA-level index, showed that an increase of a neighbourhood- and family-

environment domain score was associated with 1.3% (r-square= 0.397, beta= 1.372, 

95% CI= 0.347 to 2.397, p=0.009), and 6.3% (r-square= 0.397, beta= 6.333, 95% 

CI= 4.141 to 8.525, p=0.000) increase in the percentage of d3mft, respectively. A 

similar model, adjusted for all domains indicated that neighbourhood-, and family-

environment domain scores were significantly associated with the percentage of d3t 

as well (p<0.05) and predicted an increase of 1.2% (r-square= 0.374, beta= 1.249, 

95% CI= 0.229 to 2.268, p=0.017) and 6.4% (r-square= 0.374, beta= 6.475, 95% 

CI= 4.294 to 8.656, p=0.000) respectively.  
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A multilevel logistic regression model, adjusted for age and gender, showed that 

there was a positive association between the MSOA-level index score and receipt of 

tooth extraction treatment, however, this relation was not statistically significant 

(odds ratio=1.364, 95%CI= 0.802 to 2.386, p=0.121). A similar model adjusted for 

age, gender, and domain scores, predicted 380% increase (odds ratio=4.806, 

95%CI= 1.491 to 17.409, p=0.003) and 37% decrease (odds ratio=0.370, 95%CI= 

0.137 to 0.930, p=0.017) in the likelihood of undergoing tooth extraction with an 

increase in school- and family-environment domain scores, respectively.  

Age remained a significant predictor of excessive sugar intake, dental caries 

prevalence and receipt of tooth extraction in children in this study. In the following 

sub-sections, these findings are discussed in detail within the context of the literature 

review (Chapter 2) to deduce the reasoning behind their existence. The order of the 

presentation is based on the order of the component studies.     

7.2.1 Structured reviews of the systematic reviews related to obesity and dental 

caries  

As hypothesised, the socio-environmental factors identified through two structured 

reviews of the systematic reviews related to obesity and dental caries in children, shared 

multiple similarities. Both of these reviews recognised the role of the neighbourhood, 

school, and family environments concerning these sugar-led health outcomes in children. 

These findings are in line with the results of the previous studies undertaken by Public 

Health England, which identified a linear relationship between the prevalence rates of 

childhood obesity and dental caries, and the existence of clusters of children experiencing 

both health conditions, which are especially located across the most deprived areas of 

England (Public Health England., 2015, 2019).  

7.2.2 Neighbourhood environment in sugar promotion and child health  

Both obesity-related and dental literature acknowledged the role of the neighbourhood 

environment concerning child health outcomes. The availability and accessibility of 

sugar-selling retail outlets and dental services, along with neighbourhood deprivation, 

level of urbanisation, and area-related social and public health policies and interventions 

were the key socio-environmental factors associated with sugar promotion in 

neighbourhoods. These findings are consistent with various themes as proposed in 

Macintyre’s conceptual framework of local determinants of general health (2002) and 
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include physical features, healthy environments, public and private services, 

sociocultural features, and area reputation. This reaffirms commonalities between the 

socio-environmental factors that influence general as well as dental health.   

Furthermore, studies conducted in England (Wanyonyi et al., 2017), and internationally 

(Jamieson et al., 2013), have recognized the role of neighbourhood deprivation 

concerning the dental health of adolescents as well as adults. This echoes the significance 

of surrounding conditions concerning inequalities in health and oral health across all ages 

as debated by Dahlgren, Watt and Sheiham, Whitehead, Exworthy, Graham, Marmot, 

and Wilkinson (1991; 1999; 2003; 2004; 2005; 2006; 2009; 2010). These findings further 

indicate the significance and relevance of the Ottawa charter (World Health Organisation, 

1986; Potvin and Jones, 2011), which highlights the need to build supportive 

environments to date. Furthermore, the findings reinforce a recommendation made by 

Watt (2007), to focus on upstream actions at the local environmental level to tackle oral 

health inequalities rather than blaming the victims (i.e., individuals) for their health 

experiences.  

7.2.3 School environment in sugar promotion and child health 

This study identified various socio-environmental factors that act within and outside of 

school premises and contribute to sugar promotion in children, thereby impacting their 

weight status and dental health. These factors related to the internal school environment 

included the academic environment (i.e., quality of education/ syllabus), school facilities, 

school type, teacher’s involvement, school policies, school-based interventions and their 

characteristics. School deprivation status, and the presence of sugar-selling retail outlets 

outside of school premises, were recognised as factors relating to the external school 

environment.   

The significance of the school environment has also been recognised concerning the oral 

health of adolescents as well. A study conducted in Brazil (da Franca Bandeira Ferreira 

Santos et al., 2020), argues that a favourable school academic climate, as defined by the 

higher educational aspirations of students, is linked to tooth loss prevalence. Moysés et 

al. (2003), proposed that the schools that are supportive of the implementation of policies 

around a comprehensive school curriculum are more likely to have a higher percentage 

of caries-free children.   
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Children spend a large amount of time in school; thus, the socio-environmental elements 

significantly contribute to their overall health (Pearce et al., 2019). A study conducted in 

the UK suggested a causal link between the duration of school education and tooth loss 

in later life (Matsuyama et al. 2019). Therefore, this setting needs careful consideration 

to tackle oral health inequalities in child dental health. While schools have been 

traditionally used to promote child health, efforts have largely remained limited to the 

implementation of behavioural interventions such as supervised tooth brushing 

(Marshman et al., 2019), and routine dental check-ups (Public Health England et al. 

2021). This research endeavours to draw attention to the socio-environmental factors that 

are the root causes of unhealthy behaviours amongst children that ultimately impact their 

oral as well as general health.   

7.2.4 Family environment in sugar promotion and child health  

The literature identified through two structured reviews of the systematic reviews 

emphasizes the influence of socio-environmental conditions in the family on children’s 

behaviours around sugar and their health conditions. The socio-environmental factors 

within this environmental level were largely associated with parents. Parent-level factors 

including, parental socioeconomic status, employment status, and occupation type, which 

characterise socioeconomic conditions experienced by children, were acknowledged in 

the majority of the studies. These are consistent with the findings of a study conducted 

by Kinirons and colleagues in Northern Ireland, which found variation in sugar intake of 

11-to-12-year-olds according to their social class (1992), whereby children from the 

lower socioeconomic classes consumed higher amounts of sugary food compared to 

those from more privileged classes. Furthermore, the contribution of socioeconomic 

conditions to sugar consumption has been consistently noticed through recent surveys on 

diet and nutrition undertaken in the UK (Bates et al., 2020b; Ashford et al., 2021).  

Other socioenvironmental factors were also associated with the support offered by 

parents to their children which plays a significant role in instilling healthy behaviours in 

them. These included involvement in children’s choices related to food consumption, 

encouragement for maintaining healthy behaviours, parenting styles, feeding styles, aid 

for maintaining oral health behaviours, oral health literacy, working hours, psychological 

conditions, interpersonal atmosphere, interaction quality, and regulation of TV viewing. 

In addition, the parent-level factors included parental behaviours and attitudes such as 
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perceptions and attitudes about diet, high consumption of sugary food, perceptions and 

attitudes about dental health, dental attendance, attitudes shaped by the experience during 

the last dental visit, and duration of TV viewing. Educational attainment, family status 

(i.e., living in a single or dual-parent family), oral health status, and weight status, were 

a few factors related to the parental characteristics that influence children’s sugar intake 

and health. The obesity-related literature reported the contribution of accommodation 

conditions, especially household deprivation, to children’s diet and weight status. In 

addition, the structured reviews recognised a few other factors that were thought to act at 

the overall family level. These comprised, family size, supportive family environment, 

number of siblings, and grandmother’s role as a daytime caregiver.  

All the above-mentioned factors align with the conceptual framework published by the 

WHOs Commission on Social Determinants of Health (World Health Organization, 

2010), which described how the individual socioeconomic position as measured by social 

class, education, occupation, and income, influences material conditions of an individual 

(e.g., living conditions and food availability), and psychological conditions (e.g., 

maternal depression), and health behaviours such as sugar consumption. In addition, 

these socio-environmental factors within the family environment are also coherent with 

the framework of social determinants of child health and represent material and 

psychosocial pathways to child health inequalities (Pearce et al., 2019). It must be noted 

that all these factors are modifiable and can be altered through the application of social 

and public policies around child poverty, the labour market, housing, education, health, 

and social protection (World Health Organization, 2010; Pearce et al., 2019). 

7.2.5 The development of a robust multidimensional index 

This research demonstrates that it is eminently feasible to construct a robust model of the 

multidimensional index to quantify the distribution of sugar-related socio-environmental 

elements within a neighbourhood, school, and family settings positioned across small 

geographical areas in England. The development of the Index of Sugar Promoting 

Environments Affecting Child Dental Health (ISPE-ACDH) involved several procedures 

including, developing an evidence-based framework of socio-environmental factors 

linked to sugar based on two structured reviews of the systematic reviews of dental and 

obesity-related literature, principal components analysis, Cronbach’s alpha, correlation 

matrix, and feasibility examinations using sugar intake and child dental health outcomes 



248 
 

data. Consequently, this research provided a robust model of the index to capture sugar-

promoting environments affecting child dental health. Furthermore, data employed to 

develop component indicators were primarily obtained from widely available and freely 

accessible sources in this country. Therefore, it is possible to update this index at regular 

intervals for public health monitoring and planning purposes, thus, making it a feasible 

public health tool.  

In comparison to the Index of Multiple Deprivation (IMD 2019) (Ministry of Housing 

Communities and Local Government, 2019f, 2019a, 2019b, 2019c), the ISPE-ACDH 

was tailored specifically to address dental health needs of children of 5-to-11-year-old 

who generally attend primary schools in England. Furthermore, the multiple 

commonalities in the findings of these two indices ensured the robustness of the ISPE-

ACDH. Unlike the Index Access to Healthy Assets and Hazards’ (AHAH) for Great 

Britain (Green et al., 2018), the ISPE-ACDH comprehensively looked at all aspects of 

the social environment, particularly family-level socioeconomic conditions and school 

environment that are known to be associated with dental access (Wanyonyi et al., 2015; 

Ganbavale et al., 2022). The level of urbanisation was found to be a significant 

contributor to individual health within both ISPE-ACDH and AHAH. 

It should be noted that some datasets were more accessible than others. For example, the 

information on barriers to housing and services (Ministry of Housing Communities and 

Local Government, 2019c), population density (Office for National Statistics, 2020c), 

school performance (Office for Standards in Education, 2020), school meals (Department 

for Education, 2020), parental socioeconomic conditions (Department of Work and 

Pensions, 2021), parental characteristics (Office for National Statistics, 2016), 

accommodation conditions (Office for National Statistics, 2016), and household 

overcrowding (Office for National Statistics, 2016), were publicly available, and 

postcodes of sugar-selling retail outlets and dental services (Ordnance Survey Limited, 

2022) were made available under an educational license. In contrast, national-survey data 

on multiple parent-level factors such as parenting support and working hours (Holmes et 

al., 2015a), behaviours and attitudes about diet (Bates et al., 2020a; Public Health 

England et al., 2017), sugary food consumption (Bates et al., 2020a; Public Health 

England et al., 2017), dental attendance (Holmes et al., 2015a), and experiences during 

last dental visits (Holmes et al., 2015a); and child-level outcomes including, free sugar 

intake (Bates et al., 2020a; Public Health England et al., 2017), and dental caries 
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prevalence (Public Health England, 2020), were not disclosed at a small-area level for 

academic research purposes, despite multiple requests. Whilst multilevel modelling and 

small area synthetic estimation technique was utilised to calculate overall parental 

support indicator, and GIS analyses were employed to examine density and proximity of 

sugar-selling retail outlets, it would have been more useful if all datasets, for example, 

were available at MSOA level.  

Whilst the index quantified multiple factors that were commonly associated with dental 

caries and childhood obesity, a few indicators involved within the index were largely 

linked with dental caries only. For example, an indicator of parental support was 

developed by using variables such as aid offered by parents to children to attend the 

dentist and establishing and maintaining healthy habits relating to sugar consumption and 

regular dental attendance. Whilst it is possible that these factors could impact childhood 

obesity as well, there was no evidence to support this hypothesis. Similarly, the impact 

of the availability of and accessibility to dental services was emphasized only in the 

dental literature. Therefore, this index was thought to be a tool to capture sugar-

promoting environments that affect child dental health. Even so, the exploration of how 

this index is linked to the outcomes related to obesity, for example, body mass index 

(BMI), is encouraged in future research. 

7.2.6 The geography of sugar promotion 

The MSOA-level index revealed the pockets of area-level sugar promotion across the 

country, which confirmed the existence of geographical inequalities in sugar promotion. 

Upon careful examination of these patterns, it becomes clear that the MSOAs which 

belonged to quintile 1 of the overall index (i.e., the lowest level of sugar promotion), had 

lower levels of sugar promotion across all socio-environmental domains i.e., 

neighbourhood-, school-, and family- environment. The MSOAs that had moderate levels 

of sugar promotion across the domains, reflected similar patterns in the composite index 

as well. However, the MSOAs in quintile 5 (i.e., the highest level of sugar promotion), 

were impacted by the socio-environmental elements within all three environmental 

domains.  

Whilst the MSOAs that belonged to quintile 5 were spread across the country, the 

majority of these were in and around the six large cities, including, Newcastle upon Tyne, 

Liverpool, Manchester, Sheffield, Birmingham, London, and Portsmouth in England. 
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These findings are consistent with findings of the recent national survey of 5-year-olds, 

which recognised the highest prevalence rates of dental caries across these parts of 

England (Public Health England, 2020). Not only do these cities have higher densities of 

sugar-selling retail outlets, but their population densities are greater as well (Office for 

National Statistics, 2020d), which may influence their dental services access (Gallagher 

and Hutchinson, 2018). The majority of these areas have higher proportions of poor-

performing schools coupled with greater densities of sugar-selling retail outlets. While 

some areas have comparatively good internal school environments, pupil behaviours are 

impacted by greater accessibility to sugar-selling retail outlets near their schools.  

Furthermore, the residents in the MSOAs in quintile 5 may have high monthly expenses, 

due to the higher costs associated with house rents (Office for National Statistics, 2022d), 

and transportation (Campaign for Better Transport and Clean Cities Campaign, 2022), 

limiting their ability to have access to, and select healthy food products (Kinirons et al., 

1992; Pearce et al., 2019). Urban cities have clusters of MSOAs that belong to the highest 

deprivation quintiles of IMD (Ministry of Housing Communities and Local Government, 

2019f). 

7.2.7 Coastal and non-coastal areas and sugar promotion 

Interestingly, the MSOA-level index revealed that the area-level sugar promotion was 

comparatively higher in the MSOAs situated in coastal than in those located in non-

coastal areas. The reasons for such inequalities could be associated with differences in 

family-level socio-economic conditions, and educational attainment levels (Office for 

National Statistics, 2020e). Whilst population growth has declined in 71% of coastal 

towns between 2009 and 2018, the employment rates are also lowering in these towns 

(Office for National Statistics, 2020e). In contrast, such trends have only been reported 

for 47% of the non-coastal towns. During the same period, a drop in employment was 

observed in half of the coastal towns, compared with 37% of the non-coastal ones. 

Additionally, the seaside areas suffer due to the lower proportions of individuals with 

degree-level education. The influx of tourists is usually greater in the coastal towns 

(Office for National Statistics, 2020e), which can indirectly result in the promotion of 

sugar-selling retail businesses.    
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7.2.8 A north-south divide 

A clear North-South divide was observed in area-level sugar promotion as revealed by 

the lower-tier LA-level index. For example, Manchester, Liverpool, and Newcastle upon 

Tyne, which belonged to quintile 5 (i.e., the highest level of sugar promotion) of the 

index, were concentrated in the northern parts of the country. On the contrary, LAs from 

south England, e.g., Guildford, Mid Sussex, East Hampshire, and Winchester, belonged 

to quintile 1 (i.e., the lowest level of sugar promotion) of the index. This pattern imitated 

the geographical pattern observed concerning dental caries prevalence amongst 5-year-

old children through the routine national survey (Public Health England, 2020). This 

finding echoed the link between area-level sugar promotion and geographical inequalities 

in child dental health.   

7.2.9 Clusters of sugar promotion 

A distinct pattern emerged through the lower-tier LA level index, where a few groups of 

LAs within the country were geographically close to one another, but drastically differed 

in their level of sugar promotion. For example, Portsmouth, Southampton, and Plymouth 

in South England belonged to quintile 5 (i.e., the highest level of sugar promotion) of the 

index, and LAs nearby including, East Hampshire, Winchester, New Forest, and South 

Hams, belonged to quintile 1 (i.e., the lowest level of sugar promotion) of the same scale. 

This pattern of clusters represents substantial differences in the socio-economic status of 

individuals living across these close proximities. 

Furthermore, LAs in quintile 5 largely represent clusters of urban economic centres 

containing shopping centres and sugar-selling retail outlets. The pattern of urban 

economic centres promoting sugar consumption aligns with the geographical patterns 

observed in the level of urbanisation as measured by population density (Office for 

National Statistics, 2020d), and area deprivation (Ministry of Housing Communities and 

Local Government, 2019f). It is possible that urban economic centres, densely packed 

with families from the lower socio-economic classes residing for employment reasons, 

contribute to the higher levels of sugar promotion, and give rise to the inequalities in 

child dental health via multiple pathways including, material, psychosocial, behavioural, 

and structural (Pearce et al., 2019).        

This pattern of clusters of sugar promotion is in line with the social gradient observed 

concerning dental health (Sabbah et al., 2007). This link is further reflected at a 
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contextual level, through the works of Wanyonyi and colleagues that demonstrated 

variation in the uptake of dental care by the level of area deprivation (Wanyonyi et al., 

2017). A similar geographical pattern is observed concerning dental caries prevalence as 

well (Public Health England, 2020). The resemblance in the patterns is as anticipated, 

and it could be explained through the pathways of health inequalities, where the unequal 

distribution of the socio-environmental factors affects individual purchasing powers and 

support gained through social capital (Bourdieu, 1986; Putnam, 1995, 2000; DeFilippis, 

2001; Holt, 2013), thereby impacts oral health behaviours and outcomes (World Health 

Organisation, 2010; Broomhead, 2017).  

Families of children belonging to higher socioeconomic classes can live in less deprived 

areas with low population densities and purchase daily food products from their 

neighbourhoods which have more favourable conditions concerning the sugar-selling 

retail environment. It is also feasible, that such children may benefit from higher levels 

of social and political support (Bourdieu, 1986; Putnam, 1995, 2000; DeFilippis, 2001; 

Holt, 2013), at the neighbourhood- and school levels, which could increase their oral 

health awareness (Kinirons et al., 1992), and provide them with more opportunities to 

improve and maintain healthy behaviours related to sugar consumption (World Health 

Organisation, 2010; Broomhead, 2017; Pearce et al., 2019). Furthermore, they may have 

easier access to dental care due to the lower population-to-dentist ratios (Gallagher and 

Hutchinson, 2018), because of low population densities in their neighbourhoods, and 

their higher purchasing powers reducing dependence on access to limited availability of 

NHS dentists (Pearce et al., 2019). Consequently, they may experience lower levels of 

dental caries (World Health Organisation, 2010; Broomhead, 2017).  

In contrast, children living in areas with higher levels of sugar promotion are more 

exposed to sugar-selling retail outlets. Their families receive less social and political 

support (Putnam, 1995, 2000), and is reflected in their awareness, and social and cultural 

norms related to food consumption, particularly, sugar consumption (World Health 

Organisation, 2010; Broomhead, 2017; Pearce et al., 2019). Low oral health awareness, 

reduced purchasing powers of their parents (Kinirons et al., 1992; Pearce et al., 2019), 

and higher population densities in their areas of residence (Gallagher and Hutchinson, 

2018), mean that these children are less likely to regularly access dental care (Pearce et 

al., 2019). Furthermore, they live in areas having higher concentrations of poor-

performing schools and receive lower levels of support from their immediate contacts 
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other than their families (Office for Standards in Education, 2019; Pearce et al., 2019; 

Ganbavale et al., 2022). Unfavourable policies within their schools mean that these 

children gain fewer opportunities to improve their oral health behaviours, and thereby 

more positive oral health outcomes (Office for Standards in Education, 2019; Pearce et 

al., 2019; Ganbavale et al., 2022). As a result, these children are more likely to experience 

higher levels of dental caries (World Health Organisation, 2010; Broomhead, 2017).  

7.2.10 Sugar promotion in inner and outer London 

The geographical patterns of area-level sugar promotion remained congruent with the 

patterns of dental health inequalities across London boroughs. Boroughs such as Tower 

Hamlets, Hackney, Southwark, Lewisham, Westminster, Greenwich, and the City of 

London were in quintile 5 (i.e., the highest level of sugar promotion) of the index. 

Furthermore, boroughs e.g., Barnet, Bexley, and Harrow were in quintile 4 (i.e., high 

level of sugar promotion), and Bromley and Richmond upon Thames were in quintile 3 

(i.e., medium level of sugar promotion). The overall pattern showed that the area-level 

sugar promotion was higher in inner London as compared to outer London (Office for 

National Statistics, 2022c). This pattern corresponds with a geographical pattern of dental 

caries prevalence in children observed through the latest national dental epidemiological 

survey of 5-year-olds (Public Health England, 2020), and could be explained by similar 

reasons as detailed in Section 7.2.9.   

7.2.11 Environmental sugar promotion and free sugar intake 

The predictive analyses involving, bivariate and multivariate logistic regression models, 

suggested that the index was positively associated with free sugar intake when measured 

as more than 5% of the total energy intake. Similar patterns were observed when the 

models were built using domains instead of index scores. These analyses indicated that 

children living in areas with higher levels of sugar promotion (as measured by the index 

and individual domains), were more likely to consume more sugary food. However, these 

models highlighted that the index and the domains were not sensitive enough to capture 

significant differences (p<0.05), in free sugar intake when examined at the upper-tier LA 

level. While age was significantly associated with free sugar intake, gender and ethnicity 

remained statistically insignificant predictors.  

One possible explanation for the p-values demonstrating statistically insignificant 

relationships between the parameters is that these values were indicative of the sensitivity 
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of the relationships to small changes in the data. However, another possibility is that these 

p-values could also have been negatively impacted by the small sample size (Thiese et 

al., 2016). In most cases, the counts employed to compute different indicators were 

thought to be of universal nature as these were based on the administrative and census 

data endeavouring to collate information from the entire population in England. 

However, the index was sometimes reliant on sampled data acquired from different 

surveys as well. For example, the indicator measuring the overall parental support was 

derived via synthetic estimation of CDHS 2013 data (Holmes et al., 2015b), acquired 

from the sampled population. Furthermore, the NDNS-RP data (Bates et al., 2020b), 

contained a small sample of 487 children aged between 5 and 11 years living across only 

84 out of 121 upper-tier LAs in England, where the London boroughs were 

compartmentalized into an inner and outer London. These issues demonstrate the 

complexities around interpreting the meaning of p-values in such models. Therefore, 

statistical trends were considered as valuable as the achievement of the expected level of 

significance (i.e., p<0.05) in this investigation (Thiese et al., 2016).  

As the MSOA-level index was aggregated to this geographical level to undertake 

predictive analyses, it is also possible that the findings of these spatial analyses performed 

at a higher geographical level could have been impacted by the modifiable areal unit 

problem (MAUP). The MAUP is a common issue in spatial analyses, where the same 

basic data (in this context, the index), yields different results from correlation or 

regression analyses when they are aggregated at different geographical levels (Gehlke 

and Biehl, 1934; Robinson, 1956; Batty and Sikdar, 1982a, 1982b, 1982c, 1982d; 

Fotheringham and Wong, 1991). A classic example of the MAUP is Robinson’s analyses 

(Robinson, 1956), of the correlation between race and illiteracy levels at the US state-, 

region-, census tract- and individual- level, where the direction changed entirely from a 

high positive correlation at the higher geographical levels to no such relationship at the 

individual level.   

The MAUP mainly arises when analyses utilize geographical units that are different in 

size (Gehlke and Biehl, 1934; Robinson, 1956; Batty and Sikdar, 1982a, 1982b, 1982c, 

1982d; Fotheringham and Wong, 1991). In this research, the upper-tier LAs, which are 

much larger compared to the MSOAs (Office for National Statistics, 2011), were used to 

aggregate the index and the NDNS-RP (Bates et al., 2020a, 2020b), data. Therefore, such 

aggregation may have averaged out the individual and small area-level differences in free 
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sugar intake. Since statistical findings of the predictive analyses are influenced by 

arbitrary boundaries used to define the natural neighbourhoods, authors such as Batty 

and Sikdar (Batty and Sikdar, 1982a, 1982b, 1982c, 1982d), recommend undertaking 

spatial analyses at various geographical levels to account for the impact of MAUP. Whilst 

appropriate data to undertake such analyses were not available at the time of undertaking 

this research, it might be worth testing the feasibility of the index against free sugar intake 

outcomes at the MSOA and lower-tier LA levels in the future, to confirm the existence 

of the relationship between the index and free sugar intake. While such an analysis at 

these finer geographies, especially within MSOAs and London, would be prone to spatial 

autocorrelation (Haining, 2001), it would try to seek out a large individual-level dataset 

to allow for a full multilevel approach that would isolate area-level effects from 

individual-level impacts. 

7.2.12 The index and dental caries prevalence 

The predictive analyses comprising, simple linear regression models, demonstrated that 

the index was significantly associated (p<0.05), with the prevalence of dental caries as 

measured by the percentages of d3mft (i.e., dentinally decayed, missing, and filled teeth), 

and d3t (i.e., dentinally decayed teeth), at the lower-tier LA level. The findings suggested 

that an increased score of the index was associated with a 5% and 4.7% increase in 

percentages of d3mft and d3t, respectively. When multiple linear regression analyses 

were undertaken using domain scores, it was observed that the neighbourhood- and 

family-environment domains were significantly associated with both of the above-

mentioned variables. These models predicted that increased scores of the neighbourhood- 

and family-environment domains were associated with an increase of 1.3% and 6.3% in 

the percentage of d3mft and 1.2% and 6.4% in the percentage of d3t, respectively. 

However, the school-environment domain remained a statistically insignificant predictor 

of dental caries prevalence in both models. These findings confirm the feasibility of the 

index to capture the differences in dental caries prevalence at the lower-tier LA level.  

7.2.13 The index and paediatric dental treatment needs 

When the feasibility of the index and individual domains was investigated using the 

MSOA-level data on dental care provided to paediatric patients visiting the UPDA, the 

findings demonstrated that tooth extraction rates were significantly influenced by 

children’s age, school, and family environment (p<0.05), but not by gender or 
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neighbourhood conditions. This investigation highlighted the significance of school and 

home settings in tackling geographical inequalities in child dental health. The findings 

relating to the impact of age mirrored the national patterns (Public Health England, 

2020). The results relating to the school environment domain were in line with the 

previous study examining the impact of a single indicator of school effectiveness on tooth 

extractions in patients at the UPDA (Ganbavale et al., 2022). Whilst, the index scores 

were positively associated with tooth extraction rates, this relationship was statistically 

insignificant. While this finding could be indicative of the sensitivity of the relationships 

to small changes in the data, this was a local-level investigation involving a small sample 

of paediatric patients visiting the UPDA, which may have affected the p-value. 

Therefore, statistical trends were considered valuable in this instance (Thiese et al., 

2016).  

Interestingly, these analyses showed that an increased score of the family-environment 

domain lowered the chances of undergoing tooth extraction. Although NHS England 

provides free dental access to children (National Health Service, 2021), this could be 

only one of the factors influencing the regularity of children's dental visits. It is worth 

noting that, parental socioeconomic and work conditions can play a significant role in 

determining children’s dental attendance. This could be further worsened by the issues 

such as the limited capacity of NHS dental services and difficulties in finding a local 

dentist accepting NHS work. Therefore, the lower rates of tooth extractions in children 

could reflect unmet and un-estimated dental needs associated with poor dental care access 

as a consequence of poor socioeconomic conditions at the family level (Harris, 2016; 

Petti and Polimeni, 2011). Such poor dental care access could be impacting the receipt 

of regular dental health advice on limiting sugar consumption, thereby leading to higher 

sugar promotion at the family level. Therefore, these results indicate how poor 

socioeconomic conditions may contribute to increased sugar consumption by impacting 

dental care access. The findings of this investigation confirm the feasibility of the index 

in understanding links between area-level sugar promotion and advanced dental 

treatment needs in children at the MSOA level.  

7.2.14 Relevance and applicability of the key findings and methods beyond 

England 

As the testable framework was based on the research undertaken across the globe, it 

provides comprehensive knowledge about sugar-related socioenvironmental factors 
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affecting child dental health. Consequently, this framework can be utilized to examine 

the impacts of environmental sugar promotion on children living in countries other than 

England. Furthermore, the seven-step methodological programme (Twigg et al., 2006; 

Nardo et al., 2008; Richardson et al., 2010; Green et al., 2018; Ministry of Housing 

Communities and Local Government, 2019), employed for the development of the ISPE-

ACDH remain relevant and applicable to countries other than England. The methods such 

as data acquisition and review, selection of variables, data processing to calculate small-

area level indicators via data aggregation, GIS analysis, small-area synthetic estimation 

(Twigg et al., 2000), preliminary analyses including, PCA (Aitchison, 1983; Jollife and 

Cadima, 2016), and Cronbach’s alpha, normalization of indicators, and their aggregation 

into sub-domains, domains, and the index could be employed to develop bespoke indices 

(Nardo et al., 2008), to study the impacts of socio-environmental sugar promotion in 

different age groups living in different localities.  

However, it should be noted that the successful development of the ISPE-ACDH relied 

on the availability of suitable data (Nardo et al., 2008), and a consistent system to classify 

small geographies within England (Office for National Statistics, 2019). Whilst it was 

recognised that multiple surveys employed in the creation of the ISPE-ACDH contained 

data for the whole UK (described in Appendix 5.3), the classification systems for the 

small geographical areas differed across countries (Office for National Statistics, 2019). 

Scotland uses data zones and intermediate geographies to classify geographies which are 

equivalent to the LSOAs and MSOAs in England, respectively. Northern Ireland has 

introduced the LSOAs but not the MSOAs. Consequently, it is crucial to consider these 

issues while developing similar indices for countries other than England. Even so, the 

index creation methods are adaptable and can be employed to study area-level sugar 

promotion in other geographies as the IMD was extended to all countries of the UK after 

its initial development (Scottish-Government, 2016, Northern Ireland Statistics and 

Research Agency, 2017, Ministry of Housing Communities and Local Government, 

2019c, Welsh Government, 2019).  

While the findings of the feasibility analyses quantifying the impacts of area-level sugar 

promotion, as measured by the index, on excessive sugar consumption, dental caries 

prevalence, and tooth extractions could be relevant to the most developed countries, their 

validity in different countries needs to be confirmed through additional studies involving 

country-specific indices and feasibility examinations.   
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7.3 Strengths of the overall research  

Study one involving the creation of the testable framework of sugar promotion has four 

key strengths. First, the testable framework of sugar-related socio-environmental factors 

was comprehensive. The framework was designed to include various types of socio-

environmental factors including, physical, financial, material, political, and sociocultural 

factors. The inclusive nature of the framework is in line with the ANGELO framework 

developed to study environments impacting behaviours related to diet and physical 

activity (Swinburn et al., 1999). However, the focus of this testable framework remained 

on collating the modifiable factors. For example, while ‘ethnicity’ could be considered a 

‘cultural’ factor, it is non-modifiable. Thus, the inclusion of such a factor may not serve 

the purpose of this framework to support the creation of the index to inform public health 

planning. Also, it could be argued that the link between ethnicity and the health of the 

population groups remains largely confounded by their socio-economic conditions, 

rather than their food cultures.  

Second, the framework was developed using a robust methodology. Apart from a scoping 

review of the dental literature (Peters et al., 2020), an additional umbrella review of the 

obesity-related literature (Aromataris et al., 2020), was undertaken to design the 

framework. These structured reviews of the systematic reviews not only provided a 

comprehensive set of sugar-related socio-environmental factors, but the comparison of 

their findings also ensured that all identified and collated factors within the framework 

were reliable and valid. Third, the study population was limited to primary-school-age 

children. Although the availability of the literature exclusively exploring this age group 

was limited and studies investigating wider age groups were included within the 

structured reviews, consideration of the factors that are specific to this age group 

enhanced the reliability of the framework. Fourth, environmental settings (i.e., 

neighbourhood, school, and family), were used to categorise the socio-environmental 

factors within the framework. Whilst it was possible to classify the factors using the 

categories of the ANGELO framework, the use of environmental settings meant that the 

framework was easier to interpret, even for a layperson. The simplicity of the framework 

facilitated data identification for the factors in each environmental setting, thereby 

providing a solid foundation for the later stages of this overall research. 
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Study two comprising the development and validation of the multidimensional index has 

four main strengths. First, the development of the index allowed the examination of a 

complex and multidimensional issue of environmental sugar promotion. This tool 

enabled quantification of the collective influence of the socio-environmental factors on 

child dental health, thereby eliminating the need to separately assess the impact of each 

determinant. Second, this study made extensive usage of pre-existing, national-level data 

acquired from multiple resources. This minimized selection bias (Choi and Pak, 2005), 

and enhanced the generalizability of the study (Rosenberg et al., 2006; Johnston, 2017). 

Administrative and census datasets were employed to measure the factors related to 

parental socio-economic conditions including, children living in low income, universal 

credit, and unemployment. This averted recall, self-reporting, and social desirability 

biases (Callegaro, 2008; Althubaiti, 2016). The index was developed using data that were 

freely available for academic research purposes. Therefore, as opposed to expensive and 

time-consuming primary data collection methods such as questionnaire surveys or 

interviews, this study provided an inexpensive methodological approach to monitor area-

level sugar promotion through regular updating of the index (Nardo et al., 2008). 

Furthermore, the utilization of secondary data facilitated the investigation of a larger 

geographical area (Rosenberg et al., 2006; Johnston, 2017). Third, the most recent 

available data were employed for the index creation, which ensured that the findings were 

relevant to contemporary issues related to area-level sugar promotion.        

Fourth, the index was developed using robust conceptual and statistical methods adapted 

from four different studies (Twigg et al., 2000; Richardson et al., 2010; Green et al., 

2018; Ministry of Housing Communities and Local Government, 2019), and two 

frameworks of index creation  (Nardo et al., 2008; Allik et al., 2019). It employed a small-

area synthetic estimation technique, which enabled the development of a small-area level 

indicator on parental support by making maximum use of available national survey data. 

In addition, the index was validated at the sub-domain- and domain level to ensure it was 

methodologically sound and reliable. Individual domain scores were retained alongside 

the overall index scores in both the MSOA- and LA-level versions of the index, which 

allowed quantification of the relative impact of each environmental setting on child 

dental health. The index and domain scores were transformed to quintiles of sugar 

promotion to facilitate easier interpretation of the index, even for lay people. The index 

comprised variables such as ‘children living in absolute low income’, and ‘families 
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receiving universal credit’ that measured parental socio-economic conditions in the year 

2019-2020. This was the period of the covid-19 pandemic when the government placed 

restrictions on working conditions to tackle the virus's spread (The UK Government, 

2020; Institute for Government, 2021). Consequently, many individuals, especially 

manual workers were unable to work for several months and suffered financial losses. 

The inclusion of the above-mentioned indicators may have indirectly measured the 

impact of the covid-19 pandemic on area-level sugar promotion.  

Study three which assessed the feasibility of the index has seven major strengths. First, 

in addition to evaluating the feasibility of the index against outcomes related to dental 

caries, this study quantified the relative contribution of the index concerning free sugar 

intake as well. This ensured that the impact of the index was quantified against both key 

outcomes. Second, the use of pre-existing datasets meant that individual recall (Coughlin, 

1990), and selection biases (Choi and Pak, 2005), were averted in the study. Third, both 

the individual-level i.e., NDNS (2016-19) (Bates et al., 2020b), and UPDA (2008-12) 

data (Wanyonyi et al., 2017), as well as ecological data i.e., NDEP 2019 (Public Health 

England, 2020), were used for the analyses. Whilst ecological data analyses confirmed 

that the index was significant in contributing to the geographical inequalities in child 

dental health, individual-level data helped assess the feasibility of the index when the 

impacts of individual age and gender were controlled within the statistical models.  

Fourth, the samples from all datasets were limited to primary-school-age children only. 

This confirmed the usefulness of the index for this study population. The exclusion of 

secondary school-age children reduced the confounding bias (Skelly et al., 2012), which 

could have occurred due to different influencing factors such as peer pressure. Fifth, the 

multilevel models involving IGLS and MCMC estimations, were built to quantify and 

isolate the area-level impact of the index on child dental outcomes, where appropriate 

data were available. Sixth, whilst data on sugar intake outcomes were purchased, the 

relationship between the index and dental caries was tested by making utmost use of 

open-access data from the routine national dental survey (Public Health England, 2020), 

and electronic dental records of the patients visiting a primary dental setting in South-

East England (Wanyonyi et al., 2017). Seventh, the use of national and local data, 

published at different geographical levels, helped confirm the sensitivity of the index at 

the MSOA-, lower-tier LA-, and upper-tier LA levels.  
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7.4 Limitations of the overall research 

In study one (i.e., the creation of the testable framework of sugar promotion), the 

structured reviews of dental and obesity-related literature included systematic reviews 

and/or primary research undertaken across the globe. Although it could be argued that 

this research may have benefited from the inclusion of the studies undertaken exclusively 

in developed countries, no robust evidence was available to support the assumption that 

sugar-related socio-environmental factors could differ by the level of development of a 

country. Additionally, the researchers had less control over the countries of origin of the 

primary research studies included in systematic reviews. Therefore, keeping wider 

inclusion criteria was deemed appropriate. This is consistent with a key indication of the 

scoping review which is to map the existing evidence (Peters et al., 2020). Furthermore, 

the relevance of these factors for the children in England was tested during the 

development and feasibility analyses of the index.   

In study two, which included the development and validation of the multidimensional 

index, three main difficulties were encountered. First, the development of the indicators 

within the index relied on the availability of suitable data (Nardo et al., 2008). 

Consequently, it was not possible to calculate the indicators for the factors such as local 

interventions, characteristics of school-level interventions, the ratio of public to private 

schools, maternal work hours, maternal depressive symptoms, dental caries experiences 

among parents, and the number of siblings. Many of the excluded indicators would have 

been very similar in their geographical patterning and there would be high levels of 

multicollinearity in the resultant dataset.  The resultant index represented a parsimonious 

selection of 30 indicators which enabled collective examination of the majority of the 

factors identified in the testable framework of the sugar-promoting environment.  

Second, the use of secondary data could have introduced some ‘measurement bias’. The 

index employed administrative and census data wherever possible and the data on 

primary schools were collected by professional inspectors trained by the Ofsted (Office 

for Standards in Education, 2019). The positional accuracy of the locations of retail 

outlets and dental services within the POI data was achieved using specialised geocoding 

software (Ordnance Survey Limited, 2022). As of April 2019, the geographical 

coordinates of 86.22% of features within the POI data were positioned to the locations 

within the building footprint whereas, 13.66% were positioned within 10-metres of the 
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feature. Additionally, all acquired data were examined and any missing values and 

outliers were cleaned before calculating the indicators. Third, the index, being an area-

level tool, may not apply to each individual in the area. Therefore, it is possible that a 

child living in an area with a high level of sugar promotion does not buy sugary food 

from nearby retail outlets, regularly visits a dentist, attends an outstanding school, or 

belongs to a family of high socioeconomic background. This issue is known as an 

ecological fallacy, which occurs when the observations made at the ecological level (i.e., 

area level) are assumed to exist at the individual level. This impact of ecological fallacy 

is often reflected through the MAUP, as demonstrated in Robinson’s analyses (1956), 

(discussed in Section 7.2.11). Therefore, it is important to note that the index should not 

be used as a substitute for the individual-level correlations (Robinson, 1956). Instead, it 

should be employed as an adjunct to measure the contextual influences, and thereby 

facilitate wider public health planning as the emphasis of this index remains on 

measuring the average distribution of sugar-related socio-environmental factors that can 

affect the majority of the children in a particular area. 

Study three involving the assessment of the feasibility of the index had two data 

challenges. First, the NDEP 2019 data on dental caries prevalence in 5-year-olds (Public 

Health England, 2020), were acquired at the lower-tier LA level. Whilst the MSOA-level 

analyses may have been ideal, understanding the link between the index at the prevalence 

of dental caries across lower-tier LAs in England helped assess the feasibility of the index 

at the higher geographical level. Additionally, an analogous relationship was reflected 

through the analysis undertaken by employing an MSOA-level index and the UPDA data 

on paediatric dental treatment needs. Second, the datasets used for analysing the 

feasibility of the index did not offer comprehensive information. The NDEP 2019 survey 

(Public Health England, 2020), had no data on the oral health behaviours of children, 

whereas the UPDA data had no record of patients’ baseline oral health, or chief complaint 

(Wanyonyi et al., 2017). This constrained a deeper understanding of the causality of 

dental caries and tooth extractions. Nevertheless, these datasets contained invaluable 

information on children’s unmet dental needs and their area of residence, which helped 

confirm and quantify the impact of area-level sugar promotion as measured by the index 

on the geographical inequalities in child dental health.  
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8.0  Chapter Eight- Conclusions, Implications, and 

Recommendations 
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8.1 Conclusions 

This research demonstrates that the socioenvironmental factors impacting sugar and child 

dental health act across three environmental settings, neighbourhood, school, and family. 

Furthermore, the findings show that the sugar-promoting socio-environmental factors 

that influence dental caries among children, also contribute to childhood obesity. The 

socioenvironmental factors promoting sugars in the neighbourhood environment, thereby 

impacting child health are associated with sugar-selling retail outlets, dental services, 

surrounding conditions, and social and policy-related regulations in children’s areas of 

residence. The important socioenvironmental sugar-promoting factors within the school 

environment are linked to the internal and external school environment. Whilst the 

internal school environment mostly relates to the academic environment, staff and 

teachers’ support, and school-level strategies to curb sugar intake, the external school 

environment is mostly associated with the school deprivation and retail environment 

nearby school premises. When considered at the family level, the factors important for 

sugar promotion are closely linked to parental characteristics including, parental 

socioeconomic conditions, the level of support parents offer to their children, parental 

behaviours, attitudes, and characteristics. Accommodation conditions are also important 

as is overall family size and culture as measured by the support the family members offer 

to one another. 

The multidimensional index developed as part of this research to measure area-level 

sugar promotion demonstrates the existence of pockets of sugar promotion across 

England. These pockets are mainly concentrated in large cities and linked to the level of 

urbanisation and area deprivation. The areas that have the highest levels of sugar 

promotion on the national index are affected by socio-environmental elements from all 

key environmental settings i.e., neighbourhood, school, and family. Similarly, the areas 

that do well on the index, are tackling sugar promotion across all these settings. The study 

identifies a geographical pattern revealing that the small areas located in coastal areas 

have higher levels of socio-environmental sugar promotion as compared to those situated 

in non-coastal areas of England. When examined at the level of lower-tier local 

authorities, the index shows spatial patterns that mirror the patterns observed concerning 

dental caries prevalence through routine national surveys of children. These results reveal 

that the level of sugar promotion in the areas in northern England is higher as compared 

to those belonging to southern England. Similarly, the boroughs located in inner London 
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have higher degrees of sugar promotion than those in outer London. A distinct 

geographical pattern emerges whereby the clusters of sugar promotion have been 

observed across the country whereby the local authorities close to one another drastically 

differ in their level of sugar promotion. These patterns are mostly associated with 

locations of urban economic centres and also align with the social gradient observed 

concerning dental health inequalities. 

The predictive analyses demonstrate that the area-level sugar promotion, as measured by 

the newly developed index, is positively associated with free sugar intake in primary-

school-age children. The research provides robust evidence on the significant 

relationship between area-level sugar promotion, as measured by the index, and the 

prevalence of dental caries amongst 5-year-olds living across various local authorities in 

England. Further to this, the findings of predictive analyses undertaken using patient 

management data, suggest that school and family-level sugar promotion were the strong 

predictors of paediatric dental needs, determined by their receipt of tooth extraction 

treatment in a primary dental care service from South-East England.  

To summarise, this is the first research in dentistry, to uncover unexplored socio-

environmental contributors to free sugar consumption and dental health inequalities in 

children. Moreover, the work provides robust quantitative evidence on the distribution of 

these environmental influences across small areas of England, through the development 

of an exclusive multidimensional index. Further to this, this work confirms and quantifies 

the impact of area-level sugar promotion, as measured by the index of multiple contextual 

factors acting across the neighbourhood-, school-, and family environments, on the 

prevalence of dental caries amongst five-year-olds living across small geographies in 

England. The key contribution of this research is that it provides a robust prototype of a 

multidimensional index to monitor and address key socioenvironmental factors 

associated with sugars that significantly lead to geographical inequalities in child dental 

health through the application of targeted and locally relevant dental health promotion 

policies and interventions.    
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8.2 Future research 

8.2.1  

Future research should involve an examination of the relative contribution of the index 

to the free sugar intake and dental caries prevalence using national survey data acquired 

at the MSOA level.  

8.2.2  

The link between area-level sugar promotion as measured by the index and the outcomes 

related to childhood obesity (e.g., Body Mass Index), should be quantified using national 

data acquired at the small area level.   

8.2.3  

The influence of existing local-level oral health programmes on the geographical 

inequalities in child dental health needs to be investigated.  

8.2.4  

The relationship between area-level sugar promotion and the outcomes relating to sugary 

food purchases should be studied.   

8.2.5  

Future research may involve extending the geographical coverage of the index to the 

whole UK.  
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8.3 Implications for the dental services 

8.3.1  

This research demonstrates the potential ways to monitor area-level sugar promotion that 

impacts the dental treatment needs of paediatric patients visiting dental services in 

England to facilitate need-based care provision of NHS dental services to achieve 

optimum utilization of the staff skills and time (Wanyonyi et al., 2015; Ganbavale et al., 

2019).   

8.3.2  

This research provides a comprehensive and robust public health tool to quantify and 

monitor area-level inequalities in socioeconomic and work-related conditions of the 

families living across different neighbourhoods that influence dental access of the 

children despite the free dental care provision (National Health Service, 2021). Thus, this 

tool allows dental services to explore their patient base and create more opportunities to 

facilitate routine dental access for the most disadvantaged children and their working 

parents. 

8.3.3  

The research shows how the data from the electronic patient management systems could 

be utilized to model paediatric dental needs based on their individual and contextual 

circumstances. This approach could be useful for dental services to design and implement 

targeted oral health promotion programmes in their locality.  
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8.4 Recommendations for the policymakers  

8.4.1  

The index should be employed to monitor area-level sugar promotion across the country 

and apply a proportionate universalism approach in public health planning (Carey et al., 

2015; Kassebaum et al., 2017; Public Health England, 2019a). This could involve 

allocating additional funds for the areas with higher levels of sugar promotion to provide 

maximum support to address geographical inequalities in child dental health.      

8.4.2  

The MSOAs with high levels of sugar promotion should be targeted and prioritised to 

introduce new oral health promotion and sugar reduction programmes and strategies such 

as healthy eating programmes, accreditation schemes, and awards in childhood settings 

by the local authorities (Public Health England, 2018b). The existing programmes such 

as Smile4Life could be spread to additional local authorities where children would be 

able to access evidence-based guidance on a healthy diet, reduction of sugar intake, and 

oral health check-ups (Public Health England, 2017d). 

8.4.3  

At present, the regulations restrict promoting sugary foods in England by volume price 

(e.g., multibuy offers such as ‘buy one get one free’), and location of food products (e.g., 

store entrances, aisle ends and checkouts) (Department of Health and Social Care, 2022). 

However, these restrictions target only medium and large businesses (i.e., businesses 

with more than 50 employees, selling a single type of product, or having store sizes of 

more than 2000 square feet or online equivalents). The extension of these regulations to 

small-sized businesses needs to be considered. Moreover, there is no restriction on the 

number of licenses that can be offered for food businesses including, restaurants, cafes, 

and takeaways, by a given local authority (The UK Government, 2022). The local 

authorities should consider redesigning policies related to the number of licenses that can 

be offered to sugar-selling retail outlets based on their availability and accessibility across 

their territories. Furthermore, the local authorities should introduce programmes such as 

the ‘Shop Healthy NYC’ programme that target retailers, suppliers, distributors, and 

community members in high-need areas to increase access to healthier foods (The New 

York City Department of Health and Mental Hygiene and The New York City Center for 

Economic Opportunity, 2013). 

8.4.4  
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Careful consideration should be given to remove the barriers to affordable housing and 

facilitate equal distribution of local services. These strategies may include ensuring 

availability of the key local services such as post offices, primary schools, supermarkets, 

and NHS primary care services within the locality alongside, increasing the acceptance 

rate for housing assistance for homeless individuals, regulating housing rents within the 

locality, and tackling barriers to getting mortgages to improve housing affordability 

(Ministry of Housing Communities and Local Government, 2019a). 

8.4.5  

Urbanisation levels should be tackled through regular monitoring and sustainable local 

planning to provide increased and equal access to essential services such as food, 

education, healthcare, and public transportation.    

8.4.6  

The creation of equal opportunities, especially around the provision of healthy food 

(Public Health England et al., 2018), should be considered across all schools in England 

regardless of their type (i.e., private, or public) or deprivation status.  

8.4.7  

Schools should employ universal strategies that involve parents to promote healthy 

behaviours amongst children. These could involve implementing programmes such as 

‘Smart Choices’ that introduced a categorisation of food products based on a traffic light 

system in all aspects of food environments within and outside schools including, school 

breakfast and lunch programmes, vending machines, tuckshops, classroom activities, and 

school events, and reduced intake of unhealthy foods with high sugar content (Lee et al., 

2005; Queensland Government, 2020). 

8.4.8  

Schools, especially those located in areas with higher levels of school-level sugar 

promotion, should make use of their platform to raise awareness around free sugar 

consumption through classroom activities and parental meetings.       

8.4.9  

Stricter policies should be introduced to regulate sugar promotion around schools. This 

could include regulating the availability of sugar-selling retail outlets within a 1-

kilometre radius of schools, limiting sales of sugary food products during lunch times, 
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and introducing strategies around incorporating clear labels to inform the sugar content 

in the food products. 

8.4.10  

Variations in the socio-economic conditions of families with dependent children should 

be tackled through the creation of additional local jobs.    

8.4.11  

Localities with higher concentrations of families living in deprived or overcrowded 

accommodations should be targeted and supported with basic facilities to improve 

standards for health and safety.   

8.4.12  

The areas with higher levels of family-level sugar promotion should be targeted to launch 

local campaigns to raise awareness about sugar amongst parents and children in family 

hubs and community centres.    

8.4.13  

Increased availability and open accessibility to the data at the small area level could help 

ensure the progress of the research to tackle geographical inequalities in child dental 

health. Institutions including, academic institutions, government departments, private 

surveying organisations, and data repositories should acknowledge this issue, and 

facilitate access to the small-area data for research purposes. In addition, food retailers 

especially, large supermarket chains, should be encouraged to share their sales data for 

public health research.  
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Appendix 1.1 

Table A1.1 Number of Local Authorities in England by their type (Department for 

Levelling Up, Housing and Communities and Ministry of Housing, Communities and 

Local Government, 2016) 

LA type Number of LAs 

Two-tier  

County councils 24 

District councils 181 

Single tier 

Unitary authorities 58 

Metropolitan districts 36 

London boroughs 32 

City of London  1 

Isles of Scilly 1 

Total 333 
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Appendix 4.1 

Table A4.1 Keywords for the literature search for sugar-promoting environmental 

factors and obesity 

Level 1 Level 2 Level 3 Level 4 

1. obesity 

2. overweight 

3. fat* 

4. obese  

5. “unhealthy 

weight” 

6. “high 

BMI” 

7. adiposity 

1. sugar* 

2. "sugary food"  

3. “sugar 

consumption”  

4. “sugar 

intake” 

5. sweet*  

6. “fizzy 

drink*” 

7. “sugar 

sweetened 

beverage*” 

8. “flavoured 

milk” 

9. “sugary 

drink*” 

10. “sugary 

snack*” 

11. confectionary  

12. chocolate* 

13. candy  

14. “ice cream” 

15. Yoghurt 

16. “fromage 

frais” 

17. “breakfast 

cereals” 

18. “sweet 

spreads” 

19. “sauces” 

20. “biscuits” 

21. loll$  

22. sorbet*  

23. cake* 

24. croissant* 

25. pudding*  

 

1. “vending machine*” 

2. “retail market” 

3.  restaurants 

4. “food availability” 

5. “purchase 

behaviour”  

6. environment  

7. “environmental 

factor*” 

8. “socioenvironmental 

factor*”  

9. determinants  

10. “food environment” 

11. neighbourhood* 

12. “neighbourhood 

influence*”  

13. “influencing 

factor*”  

14. locality  

15. context*  

16. school*  

17. “primary school*” 

18. “childcare centre*” 

19. “daycare centre*” 

“school polic$” 

20. shop*  

21. “convenience 

store*” 

22. supermarket* 

23. famil$  

24. access  

25. availability 

26. distance* 

27. geography*  

28. region* 

29. “socioeconomic 

condition*” 

30. “geographic 

variation*” 

31. “distance from 

shop*”  

32. “density of shop*” 

 

1. “systematic 

review” 

2. meta-

analysis 

3. “meta-

synthesis” 
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Appendix 4.2 

Table A4.2 Keywords for the literature search for sugar-promoting environmental 

factors and dental caries 

Level 1 Level 2 Level 3 

1. “oral health” 

2. “dental health 

3. “dental disease*” 

4. “dental caries”  

5. “oral disease*” 

 

1. sugar*  

2. "sugary food" 

3. “sugar 

consumption” 

4. “sugar intake” 

5. sweet*  

6. “fizzy drink*” 

7. “sugar sweetened 

beverage*” 

8. “flavoured milk” 

9. “sugary drink*” 

10. “sugary snack*” 

11. Confectionary 

12. chocolate*  

13. candy  

14. “ice cream”  

15. yoghurt  

16. “fromage frais” 

17. “breakfast cereals” 

18. “sweet spreads” 

19. “sauces”  

20. “biscuits” 

21. loll$  

22. sorbet*  

23. cake*  

24. croissant*  

25. pudding*  

 

1. “vending machine*” 

2. “retail market” 

3. restaurants  

4. “food availability” 

5. “purchase behaviour” 

6. Environment 

7. “environmental 

factor*”  

8. “socioenvironmental 

factor*”  

9. determinants  

10. “food environment” 

11. neighbourhood* 

12. “neighbourhood 

influence*” 

13. “influencing factor*” 

14. locality  

15. context* 

16. school*  

17. “primary school*” 

18. “childcare centre*” 

19. “daycare centre*” 

20. “school polic$”  

21. shop*  

22. “convenience store*” 

23. supermarket*  

24. famil$  

25. access  

26. availability  

27. distance*  

28. geography*  

29. region* 

30. “socioeconomic 

condition*” 

31. “geographic 

variation*”  

32. “distance from shop*” 

33. “density of shop*” 
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Appendix 4.3 

Literature search for the umbrella review of obesity-related literature 

Filters applied 

1. English Language 

2. Full text (online and print) 

3. Academic journals  

Databases searched through EBSCO-host 

Oxford Reference, Artstor Digital Library - International Edition, HeinOnline, Henry 

Stewart Talks, Bloomsbury Collections, Scopus®, eArticle, OAPEN Library, 

Complementary Index, Supplemental Index, ABC-CLIO Social Studies Databases, 

School Edition, University Press Scholarship Online, Academic Search Ultimate, Arts & 

Humanities Citation Index, Science Citation Index Expanded, Social Sciences Citation 

Index, Marquis Biographies Online, SSOAR – Social Science Open Access Repository, 

R2 Digital Library, International Bibliography of Theatre & Dance with Full Text, 

CogPrints, RACO (Revistes Catalanes amb Accés Obert), Center for Research Libraries, 

APA PsycInfo, SocINDEX with Full Text, Environment Complete, Computers & 

Applied Sciences Complete, SciELO, Lan Publishing, IndianJournals.com, eBook Index, 

Adam Matthew Digital, Oxford Islamic Studies Online, McGraw-Hill Medical, Churchill 

Archive, Oxfam Policy & Practice, JoVE Science Education Database, SAGE Research 

Methods, AccessEngineering, Books at JSTOR, China/Asia On Demand, Publications 

New Zealand Metadata, Newnonmun – 뉴논문, British Library EThOS, Academic 

Search Index, Digital Access to Scholarship at Harvard (DASH), Naxos Music Library, 

ABC-CLIO Social Studies Databases, Academic Edition, USPTO Patent Applications, 

Research Starters, AccessScience, Knovel, Mintel Oxygen Reports, ScholarVox, 

Criminal Justice Abstracts with Full Text, Psychology and Behavioral Sciences 

Collection, Erudit, British Standards Online, Numérique Premium, IBISWorld, 

SPORTDiscus with Full Text, Drama Online, OnePetro, IEEE Xplore Digital Library, 

Emerald Insight, JoVE Journal, Springer Nature eBooks, Oxford Dictionary of National 

Biography, Airiti Library eBooks & Journals - 華藝線上圖書館, Library Catalogue, 

JSTOR Journals, SwePub, HyRead Journal, 19th Century British Pamphlets, Kanopy, 

ERIC, CINAHL, Regional Business News, Teacher Reference Center, MLA Directory 
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of Periodicals, MLA International Bibliography, EconLit, MEDLINE, Communication 

& Mass Media Complete, Library, Information Science & Technology Abstracts, 

Literary Reference Center, Film & Television Literature Index with Full Text, Historical 

Abstracts, Dentistry & Oral Sciences Source, GreenFILE, Art & Architecture Complete, 

European Views of the Americas: 1493 to 1750, eBook Collection (EBSCOhost), Art 

Index Retrospective (H.W. Wilson), LUNA Commons, RAMBI, ACLS Humanities 

Ebook, Oxford Biblical Studies Online, Sustainable Organization Library (SOL), 

RCAAP, British Library Document Supply Centre Inside Serials & Conference 

Proceedings, Government Printing Office Catalog, APA PsycArticles, APA PsycBooks, 

Oxford Scholarship Online, Oxford Handbooks Online, arXiv, Manuscriptorium Digital 

Library, Accessible Archives, Newswires, Hoover's Company Profiles, Alexander Street, 

Oxford Art Online, American National Biography Online, Grove Music Online, Archive 

of European Integration, Industry Studies Working Papers, Minority Health Archive, 

Aphasiology Archive, PhilSci Archive, Britannica Online, Directory of Open Access 

Journals, Persée, Business Source Complete, USPTO Patent Grants 

Content providers 

Academic Search Ultimate, Academic Search Index, MEDLINE, Complementary Index, 

Environment Complete, CINAHL, SPORTDiscus with Full Text, Scopus®, Science 

Citation Index Expanded, Directory of Open Access Journals, Social Sciences Citation 

Index, Research Starters, APA PsycInfo, British Library EThOS, SwePub, Psychology 

and Behavioral Sciences Collection, Supplemental Index, SocINDEX with Full Text, 

Dentistry & Oral Sciences Source, GreenFILE, RCAAP, Business Source Complete, 

Emerald Insight, Digital Access to Scholarship at Harvard (DASH), Teacher Reference 

Center, Communication & Mass Media Complete, British Library Document Supply 

Centre Inside Serials & Conference Proceedings, Computers & Applied Sciences 

Complete, SciELO, Springer Nature eBooks, JSTOR Journals, EconLit, Library, 

Information Science & Technology Abstracts 

Publishers  

oxford university press / usa, wiley-blackwell, biomed central, public library of science, 

cambridge university press, springer nature, taylor & francis ltd, american diabetes 

association, american society for nutrition, blackwell publishing, bmj publishing group, 

wiley, hindawi limited, academic press inc., mdpi, oxford university press, cambridge 
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univ press, nature publishing group, mdpi publishing, bmc, john wiley & sons, inc., 

lippincott williams & wilkins, bmj publishing group ltd, nature pub. Group, nutrition 

society by cabi publishing, springer,wolters kluwer india pvt ltd, american public health 

association, elsevier ltd, elsevier science, emerald publishing limited, public library of 

science (plos), swedish nutrition foundation, wiley on behalf of the british dietetic 

association ltd., informa healthcare, palgrave macmillan ltd., british medical association, 

european food safety authority, frontiers media s.a., mdpi ag, sage publications, ltd., 

steinkopff, academic press, american marketing association, canadian science 

publishing, dove medical press ltd., frontiers media s.a., lancet, public library science, 

routledge, sage publications inc., touch briefings, world health organization, adis, 

springer international, american academy of pediatric dentistry, american association of 

public health dentists, american medical association, australian traditional-medicine 

society, biomed central ltd., blackwell publishing inc., churchill livingstone, dove 

medical press, electronic physician, human kinetics publishers, inc., jmir publications, 

karger publishers, natl inst public health, pergamon press, shiraz university of medical 

sciences, bc decker, current science inc., dr. dietrich steinkopff verlag gmbh and co. kg, 

editorial unimar, lawrence Erlbaum, lund university: faculty of medicine, nlm (medline), 

nordic association of occupational safety and health (norosh), orebro university, shahid 

sadoughi university of medical sciences and health services, zhejiang univ sch medicine 
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Appendix 4.4 

Literature search for the scoping review of dental literature 

Filters applied 

1. English Language 

2. Full text (online and print) 

3. Academic journals 

Databases searched through EBSCO-host 

Oxford Reference, Artstor Digital Library - International Edition, HeinOnline, Henry 

Stewart Talks, Bloomsbury Collections, Scopus®, eArticle, OAPEN Library, 

Complementary Index, Supplemental Index, ABC-CLIO Social Studies Databases, 

School Edition, University Press Scholarship Online, Academic Search Ultimate, Arts & 

Humanities Citation Index, Science Citation Index Expanded, Social Sciences Citation 

Index, Marquis Biographies Online, SSOAR – Social Science Open Access Repository, 

R2 Digital Library, International Bibliography of Theatre & Dance with Full Text, 

CogPrints, RACO (Revistes Catalanes amb Accés Obert), Center for Research Libraries, 

APA PsycInfo, SocINDEX with Full Text, Environment Complete, Computers & 

Applied Sciences Complete, SciELO, Lan Publishing, IndianJournals.com, eBook Index, 

Adam Matthew Digital, Oxford Islamic Studies Online, McGraw-Hill Medical, Churchill 

Archive, Oxfam Policy & Practice, JoVE Science Education Database, SAGE Research 

Methods, AccessEngineering, Books at JSTOR, China/Asia On Demand, Publications 

New Zealand Metadata, Newnonmun – 뉴논문, British Library EThOS, Academic 

Search Index, Digital Access to Scholarship at Harvard (DASH), Naxos Music Library, 

ABC-CLIO Social Studies Databases, Academic Edition, USPTO Patent Applications, 

Research Starters, AccessScience, Knovel, Mintel Oxygen Reports, ScholarVox, 

Criminal Justice Abstracts with Full Text, Psychology and Behavioral Sciences 

Collection, Erudit, British Standards Online, Numérique Premium, IBISWorld, 

SPORTDiscus with Full Text, Drama Online, OnePetro, IEEE Xplore Digital Library, 

Emerald Insight, JoVE Journal, Springer Nature eBooks, Oxford Dictionary of National 

Biography, Airiti Library eBooks & Journals - 華藝線上圖書館, Library Catalogue, 

JSTOR Journals, SwePub, HyRead Journal, 19th Century British Pamphlets, Kanopy, 

ERIC, CINAHL, Regional Business News, Teacher Reference Center, MLA Directory 
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of Periodicals, MLA International Bibliography, EconLit, MEDLINE, Communication 

& Mass Media Complete, Library, Information Science & Technology Abstracts, 

Literary Reference Center, Film & Television Literature Index with Full Text, Historical 

Abstracts, Dentistry & Oral Sciences Source, GreenFILE, Art & Architecture Complete, 

European Views of the Americas: 1493 to 1750, eBook Collection (EBSCOhost), Art 

Index Retrospective (H.W. Wilson), LUNA Commons, RAMBI, ACLS Humanities 

Ebook, Oxford Biblical Studies Online, Sustainable Organization Library (SOL), 

RCAAP, British Library Document Supply Centre Inside Serials & Conference 

Proceedings, Government Printing Office Catalog, APA PsycArticles, APA PsycBooks, 

Oxford Scholarship Online, Oxford Handbooks Online, arXiv, Manuscriptorium Digital 

Library, Accessible Archives, Newswires, Hoover's Company Profiles, Alexander Street, 

Oxford Art Online, American National Biography Online, Grove Music Online, Archive 

of European Integration, Industry Studies Working Papers, Minority Health Archive, 

Aphasiology Archive, PhilSci Archive, Britannica Online, Directory of Open Access 

Journals, Persée, Business Source Complete, USPTO Patent Grants 

Content providers 

MEDLINE, Dentistry & Oral Sciences Source, Academic Search Ultimate, Academic 

Search Index, Complementary Index, CINAHL, Directory of Open Access Journals, 

Scopus®, Supplemental Index, Science Citation Index Expanded, Environment 

Complete, APA PsycInfo, SciELO, Regional Business News, RCAAP, Social Sciences 

Citation Index, SPORTDiscus with Full Text, SwePub, SocINDEX with Full Text, 

British Library EThOS, Psychology and Behavioral Sciences Collection, Business 

Source Complete, Criminal Justice Abstracts with Full Text, British Library Document 

Supply Centre Inside Serials & Conference Proceedings, Research Starters, Computers 

& Applied Sciences Complete, ERIC, JSTOR Journals, GreenFILE, Springer Nature 

eBooks, Teacher Reference Center, Emerald Insight, Airiti Library eBooks & Journals - 

華藝線上圖書館, Oxford Scholarship Online, Books at JSTOR, IEEE Xplore Digital 

Library, Library Catalogue, EconLit, Communication & Mass Media Complete, Library, 

Information Science & Technology Abstracts, Art & Architecture Complete, 

IndianJournals.com, Historical Abstracts, eBook Collection (EBSCOhost) 

Publishers 
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wiley-blackwell, biomed central, springer nature, elsevier b.v., karger ag, taylor & francis 

ltd., wolters kluwer india pvt ltd., quintessence publishing company inc., american 

academy of pediatric dentistry, sage publications inc., Elsevier, mdpi, american society 

for microbiology, oxford university press / usa, public library of science, bmc, american 

dental hygienists association, hindawi limited, wolters kluwer medknow publications, 

american public health association, cambridge university press, academic press 

inc..,wiley, nature publishing group, sociedade brasileira de pesquisa odontologica, 

springer, john wiley & sons, inc., knowledge bylanes, elsevier science, jcdr research & 

publications private limited, medknow publications, oxford university press, tehran 

university of medical sciences, brazilian oral research, pesquisa brasileira em 

odontopediatria e clinica integrada journal (brazil), association of indian pharmacist, 

world health organization, journal of clinical pediatric dentistry, bmj publishing group, 

blackwell munksgaard, frontiers media s.a., institute of medico-legal publications pvt 

ltd., brazilian journal of oral sciences., blackwell publishing, swedish nutrition 

foundation, lippincott williams & wilkins, mark allen holdings limited, nihon university 

school of dentistry, american dental association, informa healthcare, tabriz university of 

medical sciences, blackwell publishing inc., james cook university, rural health research 

unit, microbiology society, palgrave macmillan ltd., quintessence publishing co inc., 

shiraz university of medical sciences, taylor & francis as, central european journal of 

public health, emerald publishing limited, health services academy, f d i world dental 

press ltd, jmir publications inc., amaltea medical publishing house, dove medical press 

ltd, european food safety authority, oman medical specialty board, peerj inc, american 

psychological association, australian institute of family studies, institute of archaeology 

& ethnography (iaet sb ras), korean society of epidemiology, sociedade brasileira de 

pesquisa odontologica – sbpqo, amer acad pediatric dentistry, amer public health assoc 

inc., amer soc nutrition-asn., co-action publishing, ediciones doyma, s.l., faculdade de 

odontologia de piracicaba – unicamp, ieee, public library science, school of health 

sciences, umea universitet, who eastern mediterranean regional office 
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Appendix 4.5 

Table A4.3 Data review of the systematic reviews included in the umbrella review related to childhood obesity 

Title, author/s 

and year 

Aim and/or 

objectives  

Types of the 

studies 

included in 

the review 

Populations 

studied 

Results  Author's 

conclusions 

     Themes, sub-themes, and 

factors identified 

Parent-related 

mechanisms 

underlying the 

social gradient of 

childhood 

overweight and 

obesity: a 

systematic review  

 

P. Mech, M. 

Hooley, H. 

Skouteris and J. 

Williams  

 

2016 

 

(Mech et al., 

2016) 

A systematic 

review of 

relevant 

literature was 

conducted to 

investigate the 

mechanisms 

by which 

levels of 

Socio-

Economic 

Status (low, 

middle and 

high SES) are 

associated to 

childhood 

overweight 

and obesity 

(COWOB), 

by exploring 

mediation and 

interaction 

effects. 

Total 30 

studies 

included 

Cross-

sectional (n 

= 15), 

longitudinal 

(n = 12) and 

mixed 

designs (n = 

3)  

(20/30)- 

Studies 

assessing 

SES-

COWOB 

relationship, 

(9/30)- 

Reporting 

interaction 

effects, 

(1/30) 

 

Children 0-8 

years of age 

A. Child system factors 

(14/30)-  

Child’s TV viewing (5/5) 

affects, and early weaning 

of breastfeeding (3/3) 

mediates the SES-COWOB 

relationship  

Child sex interacts SES-

COWOB relationship (1/1), 

where low parental 

education and income 

mediate the SES-COWOB 

relationship differently for 

preschool girls and boys. 

Ambivalent results were 

found about the effects of 

birth weight, early rapid 

weight gain (6/10), and 

children’s eating behaviours 

(2/4).   

B. Parent system factors 

(14/30)- 

Strong evidence for the 

influence of parental weight 

status (10/11), and moderate 

Families from 

different SES 

groups have 

different risk and 

protective factors 

for 

COWOB.  

Prevention and 

intervention efforts 

may have 

improved efficacy 

if they are tailored 

to 

address specific 

risk factors within 

SES. 

The investigation 

of psychological 

processes as 

mediators of the 

relationship 

between 

overweight/obesity 

and SES is under-

I. Parent-related factors 

A. Parental socioeconomic 

conditions  

• Parental socioeconomic status  

B. Parental support 

• parenting style 

• psychological conditions 

• feeding style (permissive, 

authoritarian, neglecting) 

• involvement (e.g., childcare 

attendance) 

• long maternal working hours 

C Parental characteristics 

• weight status 

D. Parental behaviour and 

attitudes 

• Duration of TV viewing 

 

II. Neighbourhood environmental 

characteristics 

A. Surrounding conditions 

• Neighbourhood deprivation  
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evidence for the influence 

of long duration of maternal 

TV viewing (1/1) on the 

SES-COWOB relationship 

Ambivalent evidence about 

the mother’s age (1/2)  

Parental smoking (3/4), 

alcohol use (1/1), feeding 

styles (1/1) and maternal 

depression (1/1) do not 

mediate the SES-COWOB 

relationship. 

In low SES families- 

parental obesity (1/1), and 

maternal depressive 

symptoms (1/1) were 

important risk factors for 

childhood obesity.  

In high SES families 

parenting style was an 

important risk factor (4/4). 

C. Household system 

factors (9/30)- 

Moderate quality evidence 

suggested ethnicity (6/8), 

regular child-care 

attendance (1/1), and 

maternal working hours 

influence COWOB in low 

SES families.  

Single parent household (3), 

employment status (1) is not 

associated with COWOB. 

represented in the 

literature. 
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D. Social system factors 

(1/30)- 

Neighbourhood poverty was 

significantly associated with 

COWOB irrespective of the 

SES of families (1/1). 

Obesity in pre-

schoolers: 

behavioural 

correlates and 

directions for 

treatment 

 

Elizabeth S. Kuhl, 

Lisa M. Clifford 

and Lori J. Stark 

 

2012 

 

(Kuhl et al., 2012) 

 

The purpose 

of this review 

is to review 

the extant 

literature to 

identify 

lifestyle 

behaviours 

and 

theoretically 

based, 

empirically 

supported 

behaviour 

change 

strategies that 

show promise 

for effective 

weight 

management 

in already 

obese pre-

schoolers. 

• (49)- 

examining 

behavioural 

correlates of 

obesity-

Longitudinal 

(17), Cross-

sectional 

(27), focus 

group (3), 

intervention 

(2) 

• (9)- 

reporting 

about 

prevention 

programmes

- 

• RCT (8), 

Cross-

sectional 

quasi-

experimental 

study (1)  

Preschool 

children aged 

between 2 

and 5 years 

A. Child eating behaviours 

• SSB consumption is 

significantly associated 

with increased obesity 

risk (4) 

• Young children highly 

prefer sweet food (8) 

• Food familiarity is related 

to food preference (6) 

B. Parent feeding behaviours 

• Pressuring feeding 

practices (4) and an 

authoritarian feeding style 

(2) have been associated 

with lower child weight 

whereas restrictive 

feeding practices (6) and 

an indulgent feeding style 

(3), and parental food 

neo-phobia (1) have been 

associated with higher 

child weight. 

C. Child lifestyle 

• Linear association 

between high duration of 

• Being overweight 

and obese as a 

pre-schooler is 

associated with 

greater SSB 

intake, watching 

more television, 

having a 

television in a 

child’s bedroom, 

getting 

inadequate sleep, 

and low rates of 

physical activity. 

• Parental 

motivation and 

lifestyle changes 

to promote 

weight 

management may 

be compromised 

by family and 

ethnic norms, 

parents’ 

perception of 

I. Parent-related factors 

A. Parental behaviours and 

attitudes 

• Perceptions and attitudes 

about diet (e.g., food neo-

phobia)  

B. Parental Support 

• Feeding styles (restrictive, 

indulgent and uninvolved) 

• Involvement (e.g., childcare 

attendance) 

• Encouragement 

• Regulation of TV viewing 

C. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

 

II. Internal school environment   

A. School-level strategies  

• School-based interventions 

• School policies 

• Characteristics of school-

based interventions  
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• (4)- 

reporting 

about 

intervention 

programmes

- 

longitudinal 

and (3), 

RCT (1) 

 

TV viewing and higher 

SSB and snack intake (1) 

was found 

D. Prevention and 

intervention strategies 

• Prevention programs 

yielded significant 

changes in BMI measures 

compared to no treatment 

in four of eight studies but 

only two programs 

reported significant 

reductions in the 

prevalence of 

overweight/obesity in pre-

schoolers. 

• School prevention 

programmes involving 

health education for 

children, parents, family 

physicians and teachers 

were effective in obesity 

management but differed 

by SES where children of 

low SES showed a slight 

improvement compared to 

children of high SES (1) 

• Multi-setting, 

multicomponent 

community prevention 

programme educating 

healthcare providers, 

disseminating health 

their child’s 

weight, and 

parental 

willingness 

• Prevention 

programs have 

yielded modest 

success in 

slowing weight 

gain but may not 

be sufficient to 

address 

established 

obesity in pre-

schoolers. 

• Direct 

intervention to 

reduce 

established 

obesity has more 

consistent 

promise. 

• The application 

of innovative 

treatment 

research 

strategies such as 

MOST has the 

potential to 

advance the 

obesity treatment 

literature by 

identifying the 

III. Neighbourhood-level 

regulation 

A.  Neighbourhood-level 

strategies 

• Local interventions (e.g., 

education for health and 

childcare providers) 

• Local policies (e.g., 

implementing diet policies) 

 

IV. Overall family-related factors 

A. Family characteristics 

• Family environment 

• Supportive family 

environment 
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resource materials, 

implementing diet 

policies, and early 

childhood education 

centers was observed to 

be significantly effective 

in decreasing juice intakes 

and weight management 

(1)  

• Family-based behavioural 

interventions appear to be 

effective at decreasing 

daily caloric intake (3) 

• Decreasing the 

obesogenic environment 

of homes yielded positive 

outcomes in obesity 

management (2). 

• Only 10.5–29% of parents 

accurately identify their 

child as obese, with the 

lowest rates of accuracy 

occurring within minority 

and low-income families 

(3). 

 

behavioural 

correlates of 

obesity in pre-

schoolers as well 

as the most 

effective 

intervention 

strategies for 

weight 

management in 

this age group. 
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A Systematised 

Review of 

Primary School 

Whole Class Child 

Obesity 

Interventions: 

Effectiveness, 

Characteristics, 

and Strategies 

 

Elise C. Brown, 

Duncan S. 

Buchan, Julien S. 

Baker, Frank B. 

Wyatt, Danilo S. 

Bocalini and Lon 

Kilgore 

 

2016 

(Brown et al., 

2016) 

The primary 

aim of this 

review is to 

assess the 

effects of 

universal, 

school-based 

interventions 

with healthy 

eating (HE) 

and physical 

activity (PA) 

components 

for the 

prevention 

and treatment 

of obesity in 

primary 

school 

children. A 

secondary aim 

is to identify 

intervention 

characteristics 

and 

moderators 

that may 

contribute to 

effectiveness. 

• Total 17 

studies 

included  

• randomised 

controlled 

trials (RCTs) 

and non-

randomise 

controlled 

trials 

(NRCTs) 

with no-

intervention 

controls  

• Interventions 

were 

classified as 

educational, 

environment

al, physical, 

or a 

combination 

of three 

• Duration of 

the 

interventions 

varied from 

short-term 

(≤6 months), 

moderate-

term (>6 

months and 

≤12 

Primary 

school 

children  

A. Intervention 

characteristics 

Improvement in BMI was 

observed in studies with- 

• Interventions for ≥12 

months (5/7), between 6 

to 12 months (4/7) 

• Teacher-led interventions 

(7/12) 

• A significant change in 

BMI when a combination 

of environmental, 

educational, physical 

activity, and parental 

involvement strategies 

was used (8/11) 

• Ambiguous results for 

parent involvement and 

use of behavioural change 

theory 

B. Moderator variables 

• Two of the four studies 

measuring SSB intake 

reported improved BMI 

alongside decreased SSB 

intake (2/4) 

• Ambiguous results for the 

duration of TV viewing 

 

 

 

• Findings from 

this systematised 

review suggest 

that long-term 

initiatives that 

include a parental 

component and 

involve multiple 

environmental, 

educational, and 

physical 

strategies may be 

the most 

promising for 

improving indices 

of adiposity in 

elementary 

school aged 

children.  

• Future school-

based 

interventions 

designed to 

improve 

children’s weight 

status should 

focus efforts to 

increase PA, 

decrease 

sedentary 

behaviours, lower 

SSB intake, and 

increase fruit 

I. Internal school environment  

A. School-level strategies  

• School-based interventions 

(e.g., targeting SSB intake) 

• Characteristics of school-

based interventions (e.g., 

intervention duration, use of a 

combination of environmental, 

educational, physical activity, 

and parental involvement 

strategies) 

B. Staff/ Teacher’s support 

• Teacher’s involvement in 

pupil’s development 

 

II. Parent-related factors  

A. Parental support 

• Involvement 
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months), to 

long-term 

(>12 

months) 

intake, as well as 

BMI 

improvement. 

• Targeted 

moderators could 

include 

increasing PA, 

lowering SSB 

intake, and 

increasing fruit 

intake.  

A systematic 

review 

investigating 

interventions that 

can help reduce 

consumption of 

sugar-sweetened 

beverages in 

children leading to 

changes in body 

fatness  

 

Avery L. Bostock 

& F. McCullough 

 

2015 

 

(Avery et al., 

2015) 

This 

systematic 

review aims 

to clarify 

which 

interventions 

aimed at 

children help 

to reduce the 

consumption 

of SSBs and 

whether these 

interventions 

lead to 

subsequent 

changes in 

body fatness. 

A total of 8 

intervention 

control trials, 

≥6 months in 

duration, 

which aimed 

to reduce the 

consumption 

of SSBs in 

>100 children 

were included. 

Seven of the 

studies 

involved 

normal-weight 

children with 

one 

undertaken 

amongst 

overweight 

and obese 

children. 

children aged 

8–15 years 

 

 

A. School-based 

educational 

programmes- (5/8) 

studies 

• No change in BMI, but 

the reduction in SSB 

consumption (5/5)  

B. the school-based 

educational programme 

combined with 

environmental change 

(1/8) 

• Significant reduction of 

31% (P=0.04) in risk of 

being overweight when 

replacement drink was 

provided along with 

teacher-led health 

education (1/1) 

C. school-distributed drinks 

(1/8) 

• Based on 

evidence from the 

studies that have 

been completed 

in this field, 

school-based 

education 

programmes 

focused on 

reducing SSB 

consumption and 

incorporating 

follow-up 

modules may 

offer health 

professionals the 

best opportunities 

for implementing 

effective and 

sustainable 

interventions that 

are effective in 

I. Internal school environment  

A. School-level strategies 

• School-based interventions 

(e.g., theory-based education) 

• Characteristics of school-

based interventions (e.g., use 

of a combination of 

environmental, educational, 

and parental involvement 

strategies) 

B.  Supportive school 

environment 

• School facilities (e.g., 

availability of replacement 

drink, provision of 

replacement drink) 

C. Staff/teacher’s support 

• Teacher’s involvement in 

pupil’s development 
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The length of 

interventions 

ranged 

between 4 and 

18 months 

• A significant change in 

BMI z-score -0.13 

(P=0.001) and body fat 

measurements in 

children drinking non-

sugary drinks in 

comparison to the ones 

drinks SSBs (1/1) 

D. home-delivered drinks 

(1/8) 

• Significant reduction in 

both consumption of 

SSBs (88%, P=0.001) 

and BMI levels (-0.57, 

P= 0.045) after 12 

months follow up (1/1) 

both children and 

adolescents. 

• Changing the 

school 

environment to 

support such 

educational 

programmes 

could improve 

the effectiveness 

of these 

interventions. 

• There is a lack of 

relevant reported 

interventions 

carried out 

outside of the 

school 

environment. It 

should be noted 

that the school-

based evidence 

does, however, 

include certain 

aspects that may 

be reproducible 

and effective in 

other settings. 
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Do school-based 

food and nutrition 

policies improve 

diet and reduce 

obesity? 

 

Patricia Constante 

Jaime, Karen 

Lock 

 

2008 

 

(Jaime and Lock, 

2009) 

To review the 

effectiveness 

of school food 

and nutrition 

policies 

worldwide in 

improving the 

school food 

environment, 

students' 

dietary intake, 

and 

decreasing 

overweight 

and obesity. 

• Total of 18 

randomised 

and non-

randomised, 

controlled 

and non-

controlled 

trials and 

cross-

sectional 

studies 

carried out 

after the 

implementati

on of school-

based 

nutrition 

policies 

which had a 

non-exposed 

comparison 

group. 

• Included 

studies 

divided by 

types of 

nutrition 

policy- 

(nutrition 

guidelines 

n=9 studies, 

regulation of 

food and 

Pre-, primary 

and 

secondary 

school 

children aged 

2 to 18 years  

A. Nutrition guidelines 

studies (9/18) 

• The main messages of 

nutrition guidelines 

focussed on increasing 

the availability of fruit 

and vegetables and 

providing more lower-

fat school meals and 

snacks and did not 

report sugar-related 

influences. (9/18)  

• No difference in BMI 

(1/1) 

• Other results- a 

significant decline in fat 

content on the school 

menu (3/4), increase in 

fruit and vegetable 

availability (4/4), 

decline in fat intake 

(3/3), increase in fruit 

and vegetable intake 

(2/2) 

B. Regulation of food and 

beverage availability 

studies (2/18)- a 

restrictive nutrition 

policy to limit access to 

and availability of 

unhealthy foods from 

vending machines and 

• Evidence 

suggests that 

nutrition 

guidelines and 

price 

interventions 

focused on 

healthier foods 

are effective to 

improve the 

school food 

environment and 

students' dietary 

intake. 

• However, it is 

interesting that 

there was very 

little evidence, 

and a lack of 

consistent 

findings for the 

effectiveness of 

regulations of 

food and 

beverage 

availability; and 

there are 

currently few 

studies which 

have measured 

the impact of 

school food 

policies on BMI. 

I. Internal school environment  

A. School-level strategies 

• School policies (e.g., 

regulation of food and 

beverage availability in 

schools, restrictive nutrition 

policy) 

• School-based interventions 

(e.g., nutritional guidelines, 

price intervention) 

• Characteristics of school-

based interventions (e.g., use 

of a combination of 

environmental, educational, 

and parental involvement 

strategies) 

B. Supportive school 

environment  

• School facilities (e.g., 

availability of all sweet food 

and beverages in school, 

accessibility to all sweet foods 

and beverages) 
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beverage 

availability 

policy n=2 

studies, and 

price 

intervention 

n=8).  

• Included 

studies 

categorized 

as per 

settings- pre-

schools 

(n=1), 

primary 

(n=7) and 

secondary 

schools 

(n=10) based 

on children’s 

age. 

other food sold on the 

school campus 

• Significant but limited 

decrease in sales of 

SSBs (28%) (1/2) 

• Ice cream increased 

from 0.7% to 1.43% of 

perceptual sales 

(p≤0.001) (1/2) 

• No difference in SSB 

sales at follow-up. (1/2) 

C. Price intervention 

(8/18)- focused on 

incentives for healthy 

food 

• Only one RCT 

measuring SSB intake as 

its outcome, reported no 

SSB intake when a 

behavioural programme 

and a free fruit was 

offered as intervention. 

No significant 

difference was observed 

in groups with and 

without parental 

support. (1/1)   

• Other results- significant 

increases in the sale of 

low-fat food and 

vegetables (2/2), 

increase in fruit 

consumption (3/6) 
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Effectiveness of 

behavioural 

interventions to 

reduce the intake 

of sugar-

sweetened 

beverages in 

children and 

adolescents: a 

systematic review 

and meta-analysis 

 

Abir Abdel 

Rahman, Lamis 

Jomaa, Lara A. 

Kahale, Pauline 

Adair, and 

Cynthia Pine 

2017 

 

(Abdel Rahman et 

al., 2018) 

The aims of 

the present 

systematic 

review are as 

follows:  

(1) to explore 

the impact of 

educational 

and 

behavioural 

interventions 

to reduce the 

intake of 

SSBs among 

children and 

adolescents 

across 

different 

settings 

(school and 

non-school 

settings); and 

(2) to assess 

the effect of 

these 

interventions 

on change in 

body weight 

and other 

health 

outcomes, 

taking into 

consideration 

• Total 16 

randomised 

control trials 

included  

• 12 were 

school-based 

(8- included 

educational 

intervention 

only, 4- 

combined 

educational 

and 

environment

al 

interventions

)   

• 4 were 

community 

or home-

based – (1- 

educational 

intervention 

only, 3- 

combined 

educational 

and 

environment

al 

interventions

) 

• 7 school-

based 

Children 

aged 4 to 16 

years 

A. Change in SSB intake 

• Subgroup meta-analysis 

of 2 RCTs involving 

classroom educational 

sessions and 

environmental 

interventions- i.e., 

provision of water/ 

plastic water bottles, 

classroom activities and 

banners showed a trend 

toward a significant 

reduction in SSB intake 

in participants in school-

based interventions 

compared with control 

groups 

(MD, -26.53; 95%CI, -

53.72 to 0.66; P= 0.06). 

(2/2). 

B. Change in BMI 

• 11 RCTs reported a 

change in BMI  

• Meta-analysis of 2 trials 

involving reducing soda 

consumption in school 

as an only intervention 

did not show a 

significant change in 

BMI z scores between 

groups (P=0.27) (2/2)  

C. Effectiveness of 

interventions  

D. The quality of 

evidence from 

included trials 

was considered 

moderate. 

E. Findings from 

this systematic 

review indicate 

that behavioural 

interventions 

conducted in 

schools are 

possibly 

superior to no 

intervention in 

reducing SSB 

intake, although 

the evidence is 

still relatively 

modest. 

I. Internal school environment  

A. School-level strategies 

• School policy (e.g., targeting 

SSBs availability and 

accessibility) 

• School-based interventions 

(e.g., theory-based educational 

interventions for increasing 

confidence, developing 

knowledge and skills, role 

modelling, classroom 

activities, classroom banners, 

use of behaviour change 

theories such as Social 

Cognitive Theory and the 

Theory of Planned Behaviour, 

dissemination of educational 

materials for parents in the 

form of booklets, tip cards, 

and fact sheets that promote 

healthy eating 

• Characteristics of school-

based interventions (e.g., use 

of a combination of 

environmental, educational, 

and parental involvement 

strategies) 

B. Supportive school 

environment  

• School facilities (e.g., 

provision of replacement 

drinks, provision of water 

bottles, availability of all soft 
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which 

behavioural 

change 

techniques 

were included 

in these 

interventions.  

interventions 

involved 

parents 

• 3 included in 

the meta-

analysis for 

evaluating 

change in 

SSB intake- 

(2 were 

conducted in 

a school 

setting and 1 

in the home 

setting) 

 

• School-based trials with 

educational and 

environmental 

interventions showed a 

significant reduction in 

SSB intake (8/12) 

• One trial showed that 

intervention targeting 

the reduction in sodas 

was accompanied by an 

increase in powdered 

fruit-flavoured fruit 

juices.  

• A trial where milk was 

delivered to the home 

respectively, and a trial 

where theory-based 

education was provided 

at community centers 

showed a reduction in 

SSB intake.  

drinks, accessibility to all 

sugary drinks)  

C. Staff/teacher’s support 

• Teacher’s involvement in 

pupil’s development 

  

II. Parent-related factors  

A. Parent support 

• Involvement 

 

III. Neighbourhood-level 

regulation 

A. Neighbourhood-level 

strategies 

• Local interventions (e.g., 

theory-based education at 

community centers 

Environmental 

characteristics of 

early childhood 

education and care 

centres (ECEC) 

and young 

children’s weight 

status: A 

systematic review 

 

Zhiguang Zhanga, 

João R. Pereiraa, 

The aim of 

this 

systematic 

review was to 

summarize 

ECEC 

environmental 

correlates of 

weight status 

in children 

under the age 

of 6 years. 

• Total 8 

observationa

l studies 

included, 

published 

between 

2011 and 

2016 

• 3 

longitudinal, 

5 cross-

sectional 

Children 

aged 0 to 6 

years 

A. Physical environment 

• The availability of 

unhealthy food around 

ECEC settings (within a 

radius of 200 m) was 

negatively associated with 

weight status among girls 

(change in subscapular 

skinfold, p= 0.005) (1/1) 

• Null results about 

breakfast and lunch 

service style, presence 

• Altogether, 

twenty-two 

ECEC 

environmental 

characteristics 

were identified in 

this systematic 

review, among 

which six 

correlates of 

children's weight 

I. Internal school environment 

A. School-level strategies  

• School policy (e.g., type of 

food served, duration of TV 

viewing) 

B. Supportive school 

environment 

• School facilities (e.g., 

availability of unhealthy food 

within premises) 
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Eduarda Sousa-Sá, 

Anthony D. 

Okelya, Xiaoqi 

Fenga, Rute 

Santos 

 

2018 

 

(Zhang et al., 

2018) 

• ECEC 

settings 

investigated 

in the eight 

studies 

included 

kindergarten

s, daycare 

centres, 

preschools 

and Head 

start 

programmes, 

while no 

study 

focused on 

family-based 

ECEC 

centres. 

 

and location of vending 

machines (1/1)  

B. Political environment 

• High sugar and fat served 

in ECEC was positively 

associated with the 

overweight likelihood 

(p≤0.05) for all models 

adjusted for years of 

operation, programme 

size, director education, 

and teacher education)-  

Results of the model 

adjusted for teacher 

education, high sugar and 

high fat served were 

(OR:0.74,95%CI:0.62, 

0.88; p≤0.05) (1/1) 

• Two studies reported a 

positive association 

between the duration of 

TV viewing and weight 

status (2/2)   

• Null results about the 

beverages and water 

served in the ECEC (1/1), 

number of educators per 

child (1/1) and nutrition 

policies in ECEC (1/1) 

were observed 

C. Sociocultural environment 

• One study showed that the 

educator’s weight status 

status were 

determined. 

• To promote 

healthy weight in 

young children, 

ECEC settings 

are recommended 

to improve their 

active 

environments, 

reduce 

opportunities for 

sedentary 

behaviours and 

limit servings of 

high sugar and 

high-fat food, 

while educators 

could maintain 

normal weight 

and high physical 

activity levels.  

• At the same time, 

the strength of 

evidence from the 

studies reviewed 

is currently 

limited.  
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was positively associated 

(OR: 1.97; 

95%CI:1.01,3.83; 

p=0.047) whereas 

educator’s physical 

activity status was 

negatively associated 

(OR:2.32;95% 

CI:1.10,4.92; p=0.028) 

with risk of children being 

overweight (1/1)  

Effectiveness of 

school food 

environment 

policies on 

children’s dietary 

behaviours: A 

systematic review 

and meta-analysis 

 

Renata Micha, 

Dimitra 

Karageorgou, 

Ioanna 

Bakogianni, Eirini 

Trichia, Laurie P. 

Whitsel, Mary 

Story, Jose L. 

Peñalvo, Dariush 

Mozaffarian 

 

2018 

 

To 

systematically 

review and 

quantify the 

impact of 

school food 

environment 

policies on 

dietary habits, 

adiposity, and 

metabolic risk 

in children. 

• Total 91 

studies 

included   

• 39 

randomized 

and 52 

nonrandomiz

ed studies 

evaluating 1 

or more food 

environment 

policy 

strategy 

• Interventions 

included 

were- 

direct 

provision of 

healthful 

foods/bevera

ges (40), 

Children  A. Provision of healthful 

foods and beverages- 

     Either in the classroom or 

by increasing the 

availability of healthy 

foods in cafeterias, tuck 

shops or vending 

machines 

• A significant change in 

adiposity measures 

(overweight/obesity 

prevalence, odds of 

overweight and BMI z 

score) for interventions 

focussing on water 

provision (2/3) 

• No significant changes in 

adiposity measures when 

fruits and vegetables were 

provided with additional 

competitive beverages 

(4/4). 

• In conclusion, 

this systematic 

review and meta-

analysis 

demonstrates that 

specific school 

food environment 

policy 

interventions can 

improve targeted 

dietary 

behaviour, effects 

on adiposity and 

metabolic risk 

require further 

investigation.   

I. Internal school environment  

A. School level interventions 

• School policy (e.g., targeting 

all sugary food) 

B. Supportive school 

environment  

• School facilities (e.g., 

provision of replacement 

drink) 
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(Micha et al., 

2018) 

competitive 

food/beverag

e standards 

(29), and 

school meal 

standards 

(39) 

• 49 were 

multicompo

nent studies 

• Most studies 

were 

conducted in 

the US (N = 

55), 

followed by 

the UK (N = 

11), 

Netherlands 

(N = 7), 

Norway (N 

= 6), Canada 

(N = 3), 

South Korea 

(N = 2) and 

others (N = 

1 each). 

• Forty-seven 

intervention 

studies were 

in primary 

schools, 27 

in secondary 

B. Competitive food and 

beverage standards- 

Policies generally targeted 

SSBs and unhealthy 

snacks. Strategies 

included product-specific 

restrictions; standards on 

nutrients, calories, portion 

sizes; or both 

• Competitive 

food/beverage standards 

reduced sugar-sweetened 

beverage intake by 0.18 

servings/d (n = 3 (-0.31, -

0.05)); and unhealthy 

snacks by 0.17 servings/d 

(n = 2 (-0.22, -0.13)), 

without effects on total 

calories (n = 5; -79 kcal/d 

(-179, 21)). 

• No significant changes in 

the prevalence or odds 

ratios of childhood 

overweight (n = 6 and n = 

6 estimates, respectively), 

obesity (n = 10, n = 8), or 

overweight/obesity (n = 5, 

n = 2) as well as BMI (n = 

6) and BMI z-score (n = 

5) 

C. School meal standards- 

Policies on school meal 

(mainly lunch) standards 
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schools, 1 in 

preschool, 

and 13 in 

mixed 

schools; 1 

did not 

specify. 

 

generally targeted F&V, 

dietary fats, and sodium 

• Only 2/6 studies showed a 

decline in BMI percentile 

(-1.01, -1.62, -0.39) 

• No significant effect on 

total calories (n = 8; -38 

kcal/d (-137, 62). 

The influence of 

the food 

environment on 

overweight and 

obesity in young 

children: a 

systematic review 

 

George Osei-

Assibey, Smita 

Dick, Jennie 

Macdiarmid, Sean 

Semple, John J 

Reilly, Anne 

Ellaway, Hilary 

Cowie, Geraldine 

McNeill 

 

2012 

 

(Osei-Assibey et 

al., 2012) 

The aim of 

the present 

review was to 

examine the 

evidence for 

environmental 

influences on 

dietary 

determinants 

of obesity, 

focusing on 

younger 

children (birth 

to 8 years). 

• Total 35 

studies 

included 

published 

between 

1978 to 

2011, only 4 

were 

published 

before 2000  

• 25 

Intervention 

and 10 

longitudinal 

• 23 

conducted in 

the USA, 4 

in the 

Netherlands, 

1 in Sweden, 

4 in the UK 

and 3 in 

Germany 

Children (0 

to 8 years) 

A. The desire for highly 

palatable foods 

• A 4-year longitudinal 

study from the UK found 

that ‘junk food’ dietary 

pattern at the age of 3 

years was significantly 

associated with obesity at 

7 years in bivariate 

analysis (p<0.001), 

though this effect was 

attenuated in the final 

multivariate model 

(p=0.083) (1/1) 

B. Demand for easy-to-

prepare food and 

individual meals 

• 10-hour increase in 

maternal working hours in 

higher SES families is 

associated with the 

likelihood of the child 

being overweight (2/2)   

• The number of family 

meals per week is 

• This review has 

identified three 

areas in which the 

evidence is 

growing to 

support 

interventions on 

the food 

environment of 

young children, 

that is, reducing 

promotion of 

high-fat, high-

sugar foods, 

making smaller 

portion sizes 

available and 

providing 

alternatives to 

sugar-sweetened 

soft drinks.  

• These 

environment-

level 

interventions 

I. Parent-related factors 

A. Parental support 

• Long maternal working 

hours 

 

II. Overall family-related 

factors  

A. Family characteristics  

• Supportive family 

environment (e.g., routine 

about meals) 

 

III. Internal school environment  

A. School-level strategies 

• School policy  

• School-based interventions 

(e.g., incentives provision 

for healthy foods) 

B. Supportive school 

environment  

• School facilities (e.g., 

availability of sweet food 

products in school premises) 
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inversely associated with 

being overweight (1/1).   

C. Food Promotion 

• Exposure to TV 

commercials influences a 

child’s food preference 

(4/5) 

• A significant increase in 

energy intake is 

associated with exposure 

to unhealthy food adverts 

and food neophobia (1/1) 

• Branded packaging of 

unhealthy foods is 

associated with food 

preferences (2/2)    

D. Large portions 

• The portion size of food 

items influenced the 

amount of food consumed 

(4/4) and energy intake 

(1/1) 

• No association was found 

between parental feeding 

practices and energy 

intake (1/1)  

E. High-energy snack foods 

• Frequency (1/1) and 

amount (1/1) of snack 

foods were significantly 

associated with an 

increase in BMI and risk 

would support 

individual and 

family-level 

behaviour 

change. 

• More research is 

needed to 

strengthen the 

evidence on 

interventions in 

these areas, for 

example, on the 

optimal design 

and delivery of 

the interventions, 

and the impact on 

body weight and 

BMI rather than 

food intake.  

• For other areas, 

there was an 

absence of 

evidence which 

needs to be 

addressed. 

III. Neighbourhood 

environmental 

characteristics  

A. Retail outlets  

• Availability and accessibility 

to sugar-selling retail outlets 

(e.g., proximity to fast food 

outlets and convenience 

stores to a child’s home) 
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of being overweight in 

girls  

• High duration of TV 

viewing was related to an 

increase in the frequency 

of eating snacks (1/1)  

F. Sugar-sweetened soft 

drinks 

• 3 longitudinal and 2 

intervention studies 

showed that SSBs 

consumption was 

associated with obesity 

levels among children 

(5/5). 

G. Restaurants, fast food 

outlets and coffee bars 

• Increased frequency of 

eating fast food was 

associated with an 

increase in BMI z-score 

among girls (1/1). 

• Proximity to fast food 

outlets and convenience 

stores to a child’s home 

was directly linked to 

BMI percentile (1/1)  

H. School and nursery 

catering 

• 1 trial where children 

were encouraged using 

reward tokens to choose 

fruit and vegetables and 
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healthy drinks at school 

meals showed a reduction 

in BMI after 3 months, 

but the results were not 

sustained (1/1). 

• Alteration to the school 

meals through the 

promotion of healthy 

foods and elimination of 

all sweets and sweetened 

drinks resulted in a 

significant reduction in 

obesity (2/2) 

 

Reducing the 

volume, exposure 

and negative 

impacts of 

advertising for 

foods high in fat, 

sugar and salt to 

children: A 

systematic review 

of the 

evidence from 

statutory and self-

regulatory actions 

and 

educational 

measures 

 

Stephanie A. 

Chambers, Ruth 

Our aim was 

to identify 

and 

review the 

available 

evidence on 

1) the 

effectiveness 

of statutory 

and self-

regulatory 

actions 

to reduce the 

volume, 

exposure or 

other negative 

impacts of 

advertising 

• A total of 47 

publications 

were 

included: 19 

provided 

evidence for 

the results of 

statutory 

regulation, 

25 for self-

regulation, 

and 6 for 

educational 

approaches 

• Three 

studies 

provided 

evidence for 

more than 

Children 

(aged ≤ 18 

years) 

A. Statutory actions 

• Statutory regulation had 

produced successful 

outcomes in relation to 

the volume of or exposure 

to, 

• advertising for foods 

HFSS and purchasing of 

these foods (7/9 real-

world studies) 

• All models predicted that 

regulation would reduce 

the negative impacts of 

advertising for foods 

HFSS to children, 

including reducing BMI, 

overweight and 

consumption of these 

• The findings 

indicate the 

potential for 

statutory 

regulation. There 

is limited support 

for educational 

measures with 

parents and 

children. 

• Useful 

standardised 

outcomes could 

include 

consumption 

behaviour, health 

outcomes, 

advertising 

exposure, 

I. Neighbourhood level 

regulation  

A. Neighbourhood-level 

strategies 

• Local policies (e.g., statutory 

regulation of TV 

advertisements of sugary 

food products, 

• Local interventions (e.g., 

changing the advertising 

environment for healthier 

food choices, educational 

interventions for parents and 

children) 

 

II. Parent-related factors  

A. Parental support 

• Interaction quality (e.g., 

communication styles) 
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Freeman, Annie S. 

Anderson, Steve 

MacGillivray 

 

2015 

 

(Chambers et al., 

2015) 

for foods high 

in fat, sugar 

and salt 

(HFSS) to 

children, and 

2) the role of 

educational 

measures 

one 

approach 

• 7 modelling 

studies, 3 

cross-

sectional and 

9 

experimental 

or quasi-

experimental 

and 28 were 

of 

advertising 

content  

foods (7/7 modelling 

studies) 

• Changing the advertising 

environment encouraged 

healthier food choices 

(2/3 controlled 

experimental studies) 

B. Self-regulatory actions 

• Studies by academics/ 

governments/ advocacy 

groups’ representatives 

indicated that self-

regulation had reduced the 

volume of exposure to 

and expenditure on 

advertising for foods 

HFSS for the majority of 

outcome measures (7/18) 

• Studies by food industry 

representatives found that 

self-regulation had the 

desired impact for all of 

the outcomes reported 

(7/7) 

C. Educational actions 

• Educating children about 

advertising directly (1/1), 

parental communication 

styles (3/3), and parental 

encouragement (1/1) had 

a significant influence on 

reducing exposure or 

other negative impacts of 

advertising 

expenditure and 

valid nutrient 

criteria.  

• Particularly 

important is the 

recognition that 

change may be 

long-term and 

cumulative. 

• Whilst no single 

intervention can 

be expected to 

have a large 

impact on a 

child's risk of 

being overweight, 

at least in the 

short term, 

reducing the 

volume of, and 

children's 

exposure to, 

advertising of 

foods HFSS is a 

policy that can be 

justified as a 

precautionary 

measure, and one 

which serves to 

help change the 

social norms 

around dietary 

• regulation for TV viewing  

• Encouragement (e.g., 

choosing healthy food 

alternatives)   
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advertising for foods 

HFSS to children. 

 

 

 

behaviour and 

appropriate 

nutrition for 

children. 

The Relationship 

of the Local Food 

Environment with 

Obesity: A 

Systematic 

Review of 

Methods, Study 

Quality, and 

Results  

 

Laura K. Cobb, 

Lawrence J. 

Appel, Manuel 

Franco, Jessica C. 

Jones-Smith, 

Alana Nur, and 

Cheryl A.M. 

Anderson 

 

2015 

 

(Cobb et al., 2015) 

To examine 

the 

relationship 

between local 

food 

environments 

and obesity 

and assess the 

quality of 

studies 

reviewed. 

• Total 71 

studies 

representing 

65 cohorts 

included  

• 47 were 

limited to 

adults, 22 to 

children, one 

included 

both adults 

and children 

(separately), 

and one did 

not specify 

• 60 cross-

sectional, 11 

longitudinal 

• 7 were 

conducted in 

Canada; the 

other 64 

were in the 

US 

• Published 

between 

1990 and 

2013 

Children and 

adults 

I. Relationship between 

local food environment 

and obesity in adults- 

A. Food stores and 

restaurants- 

• Supermarket availability 

was more likely to be 

negatively associated with 

obesity (22 associations in 

10 studies) than positively 

(4 associations in 2 

studies); 72% of the 93 

associations were null. 

• Grocery store availability 

was more likely to be 

positively associated with 

obesity (14 associations in 

5 studies vs. 2 

associations in 1 study); 

83% of the 93 

associations were null. 

• Fast food restaurant 

availability was more 

likely to be positively 

associated with obesity 

(29 associations in 11 

studies vs. 6 associations 

• Despite a large 

number of 

studies, we found 

limited evidence 

for associations 

between local 

food 

environments and 

obesity. 

• The 

predominantly 

null associations 

should be 

interpreted 

cautiously due to 

the low quality of 

available studies. 

I. Neighbourhood environmental 

characteristics 

A. Retail outlets  

• Availability and accessibility 

of sugar-selling retail outlets 

(e.g., 1. proximity, density 

within administrative units, 

density within buffers of ≥1 

mile of- supermarkets, grocery 

stores, fast-food restaurants, 

convenience stores; 2. the 

relative amount of healthy and 

unhealthy food outlets in the 

neighbourhood measured 

using food environment 

indices- retail food 

environment index, physical 

food environment index, fast 

food ratio, proportion of 

unhealthy outlets, and net 

density food environment 

score.)   
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in 3 studies); 67% of 106 

associations were null. 

• Proximity to fast food 

restaurants was most 

likely to yield positive 

associations concerning 

obesity (40% of 

associations).   

• Associations between 

density measures within 

buffers of ≥ 1 mile and 

obesity were among the 

most likely to be 

significant and in the 

expected direction for 

both outlet types 

(supermarkets: 35%; fast 

food: 33%). 

• The density of 

supermarkets within 

administrative units was 

more likely to yield 

negative associations with 

obesity (37%) 

B. Food environment indices 

• 8 and 3 studies examined 

the relationship between 

food environment indices 

and obesity in adults and 

children respectively. 

• Those associations were 

more likely to be 

significant and in the 
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expected direction than 

associations with 

individual food outlet 

types.  

• Indices capturing relative 

measures of healthy and 

unhealthy outlets were 

more common than raw 

counts of unhealthy or 

healthy food outlets and 

more likely to see 

significant and expected 

results (31 associations; 

52% in the expected 

direction; 45% null). 

• The positive association 

between the retail food 

environment index, 

physical food 

environment index, fast 

food ratio, the proportion 

of unhealthy outlets, and 

obesity was observed as 

expected. 

The negative association 

between net density food 

environment score and 

obesity as expected was 

seen 

• Indices that combined 

healthy and unhealthy 

outlets showed 2 of the 5 

associations in the 



327 
 

expected direction; the 

rest were null.  

• Two other indices used 

only in studies in children 

(grocery store–to–

convenience ratio and fast 

food–to–full-service 

restaurant ratio) showed 

null associations 

C. Directly measured food 

availability 

• Equivocal results in 

studies using the 

NEMS-S availability 

index. 

• Snack food shelf space 

was found to be 

significantly associated 

with obesity (1/2) 

• The ratio of fruit and 

vegetable to snack food 

shelf space was 

significant in one study 

(1/1).  

• No studies using these 

measures were 

conducted in children 

II. Relationship between 

local food environment 

and obesity in children- 

• A positive association 

between convenience 
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store availability and 

obesity: 50% of the 14 

studies looking at this 

association found at 

least one positive 

association; no negative 

associations were found 

(82% of all associations 

were null). 

• Equivocal results for 

fast food outlets where 

positive associations 

between fast food 

availability and obesity 

outnumbered negative 

ones (17% positive vs. 

3% negative) and 80% 

of associations were 

null.  

• An equal number of 

studies found negative 

associations as found 

positive associations 

(three studies each).  

• In low-income 

populations, however, 

fast food availability 

was more consistently 

associated with obesity: 

12 of 19 associations 

(from 3 of 4 studies) 

were positive. 
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• No association with 

supermarket or grocery 

store availability as 

associations were null 

≥90% of the time.  

Improving food 

environments and 

tackling obesity: 

A realist 

systematic review 

of the policy 

success of 

regulatory 

interventions 

targeting 

population 

nutrition 

 

Jana Sisnowski, 

Jackie M. Street, 

Tracy Merlin 

 

2017 

 

(Sisnowski et al., 

2017) 

• To 

investigate 

the effect of 

“real-world” 

policies 

targeting 

different 

aspects of 

the food 

environment 

that shape 

individual 

and 

collective 

nutrition. 

• We were 

interested in 

assessing 

intermediate 

outcomes 

along the 

assumed 

causal 

pathway to 

“policy 

success”, in 

addition to 

the final 

• A total of 36 

publications 

included that 

reported the 

effect of 

statutory 

provisions 

aimed at 

reducing the 

consumption 

of energy-

dense foods 

and 

beverages in 

the general 

population 

• Published 

between 

2004 and 

31st October 

2015 

• The 36 

studies span 

six different 

types of 

interventions

: a majority 

(n = 19) 

Adults and 

children 

A. Menu labelling- 

• Changes in calorie value 

of purchases- 10 studies 

suggested that menu 

labelling using calories 

per item does not impact 

purchasing behaviour. 

However, 2 studies 

reported a differential 

post-implementation drop 

in average calories 

ordered. The first reported 

a 9% drop i.e., a reduction 

of 151 calories in the 

purchase, whereas the 

second showed a drop of 

6% to an average order of 

232 calories post-

implementation. 

• Reformulation by 

regulated chain 

restaurants- Following a 

county-level menu 

labelling regulation, the 

availability of healthier 

food items in the local 

restaurants increased by 

8% (1/1), and some 

• Results 

demonstrated that 

isolated 

regulatory 

interventions 

could improve 

intermediate 

outcomes but fail 

to affect 

consumption at 

clinically 

significant levels. 

• At this point in 

time, the policy 

examples 

discussed above 

primarily deliver 

proof of 

feasibility: the 

fact that they 

survived the 

policy-making 

process and have 

been mostly 

successful in 

reaching 

immediate 

program goals 

I. Neighbourhood-level 

regulation 

A. Neighbourhood-level 

strategies 

• Local policies (e.g., menu 

labelling by fast food 

restaurants, local policies for 

nutrition labelling) 

• Local interventions (e.g., 

subsidies for healthy foods, 

beverage availability, product 

reformulation, availability of 

alternative healthy beverages  
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outcome of 

changed 

consumption 

patterns. 

report on 

calorie 

posting on 

chain 

restaurant 

menus, 

followed by 

changes to 

food 

infrastructur

e (n = 5), 

subsidies for 

healthy food 

purchases (n 

= 5), 

taxation of 

unhealthy 

foods and 

beverages (n 

= 5), 

government 

food 

standards (n 

= 1), and 

nutrition 

labelling of 

products (n 

= 1) 

• 30 studies 

were 

conducted in 

the US. 

restaurants reduced the 

total calories by 5% in the 

food items sold.    

B. Subsidies for healthy 

foods  

• Studies reported a 

positive impact of 

subsidies in the form of 

food stamps on the sales 

of healthy foods (3/3) 

C. Procurement standards for 

public institutions 

• 27.8% (P<0.001) overall 

reduction in access to red-

coded, unhealthy 

beverages 2 years after 

the implementation of a 

city-level jurisdiction to 

improve the quality of the 

beverages available. 

• Access in vending 

machines decreased by 

28.9% (P<0.001) and in 

cafes/cafeterias by 20.4% 

(P = 0.02).  In addition, 

the average calories per 

beverage sold within 

access points decreased 

by 48.6 kcal post-

implementation. (1/1)  

D. Nutrition labelling of 

products 

should enhance 

the political 

palatability of 

such approaches 

even if, at the 

time of 

examination, 

there has been 

little 

demonstrated 

impact on risk 

factors and health 

outcomes.  

• Policy-makers 

should therefore 

not dismiss such 

recent policy 

experiments as 

failures but 

pursue the 

example of these 

jurisdictions as 

necessary 

building blocks 

for more stringent 

and 

comprehensive 

nutrition policy 

and obesity 

prevention 

regimes. 
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• One study assessing the 

quality of nutrition 

labelling reported that 

only 7% of 350 product 

samples matched the 

exact nutritional 

information given on the 

label in a laboratory test. 

(1/1) 

E. No results related to 

weight change are 

reported 

The effectiveness 

of lunchbox 

interventions on 

improving the 

foods and 

beverages packed 

and consumed by 

children at centre-

based care or 

school: a 

systematic review 

and meta-analysis 

 

Nicole Nathan, 

Lisa Janssen, 

Rachel 

Sutherland, 

Rebecca Kate 

Hodder, Charlotte 

E. L. Evans, 

Debbie Booth, Sze 

• The primary 

aim of the 

review was 

to assess the 

effectivenes

s of 

lunchbox 

intervention

s aiming to 

improve the 

foods and 

beverages 

packed and 

consumed 

by children 

attending 

centre-based 

care or 

school.  

• A secondary 

aim of the 

• Ten studies 

(centre-

based care 

n=4, school 

n= 6) were 

included of 

which eight 

were cluster 

randomised-

controlled 

trial designs 

and two 

were 

conducted 

using quasi-

experimental 

designs 

Children 

aged 3-14 

years 

A. Impact on BMI: 

• One study,(1/2) an obesity 

prevention intervention in 

centre-based care that 

included a range of 

strategies involving Food 

and nutrition policy, 

parent workshops and 

resources, consistent 

messages for children 

through puppets, stories, 

role plays, cooking, staff 

as role models and 

positive reinforcement, 

increase accessibility to 

water in addition to those 

targeting the content of 

student lunch-boxes, 

found a significant 

adjusted difference on 

BMI z-score (−0.15, SE 

• Improvements in 

foods such as 

sugary drinks and 

other sweet and 

savoury snacks 

are not consistent 

between studies. 

• Given the 

significant 

influence parents 

and caregivers 

have on the 

contents of 

children’s 

lunchboxes, 

interventions 

should continue 

to engage parents 

through active 

intervention 

strategies and 

I. Internal school environment  

A. School-level strategies 

• School policies (e.g., food and 

nutrition policy) 

• School-based interventions 

(e.g., parent workshops and 

resources, consistent messages 

for children through puppets, 

stories, role plays, cooking, 

staff as role models and 

positive reinforcement, in 

addition to those targeting the 

content of student lunchboxes) 

• Characteristics of school-

based interventions (e.g., Use 

of a combination of 

environmental, educational, 

and parental involvement 

strategies) 

B. Supportive school 

environment 
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Lin Yoong, 

Kathryn Reilly, 

Meghan Finch, 

and Luke 

Wolfenden 

 

2019 

 

 

review was 

to assess the 

effectivenes

s of these 

intervention

s on child 

adiposity 

(e.g. weight 

or BMI) or 

waist 

circumferen

ce. 

=0.07,p= 0.022) and waist 

circumference (−0.80 cm, 

SE = 0.35,p= 0.020) 

among children attending 

intervention services 

relative to control.  

 

B. Impact on sugary food 

intake 

• A standalone intervention 

involving a series of DVD 

episodes of the Food 

Dudes’ adventures, letters 

to students from Food 

Dudes, and rewards for 

tasting fruit and 

vegetables and then for 

consumption, the Food 

Dudes home pack showed 

no significant impact in 

intake on food products 

high in sugar (1/3) 

 

C. Impact on the nutritional 

content of foods and 

beverages provided from 

home.  

• One study (1/4) reported a 

significant impact of 

intervention involving 

Food and nutrition policy, 

parent workshops and 

resources, consistent 

report the reach 

of such strategies. 

• Future policies 

related to 

children’s packed 

lunches should 

aim to further 

increase the 

success of 

improving packed 

lunches through 

improvements in 

the food 

environment such 

as increasing the 

availability of 

healthy foods and 

reductions in the 

marketing of 

sweet foods and 

drinks and 

savoury snacks. 

• Future lunchbox 

interventions 

should aim to 

report on 

intervention 

effects by the 

socioeconomic 

status of children 

to ensure this is 

avoided.  

• School facilities (e.g., 

accessibility to water in 

centre-based care) 

C. Staff/ teacher’s support 

• Teacher’s involvement in 

pupil’s development 
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messages for children 

through puppets, stories, 

role plays, cooking, staff 

as role models and 

positive reinforcement, 

increase accessibility to 

water on the proportion of 

children that had 

lunchboxes with no 

energy-dense nutrient-

poor food items. 

• One study (1/3) in centre-

based care reported 

significant reductions in 

the provision of sugar-

sweetened drinks by 0.13 

serves (approximately 

46mls; 95% CI -0.27 to 

0.002; (p= 0.05)) 

• Given the limited 

number of studies 

that assessed 

child adiposity 

future more 

robust trials are 

required to 

investigate the 

potential impact 

of lunchbox 

interventions on 

child diet, weight 

and BMI. 
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Appendix 4.6 

Table A4.4 Data review of the systematic reviews included in the scoping review related to dental caries in children 

Title, author/s 

and year 

Aim and/or 

objectives  

Types of the 

studies 

included in the 

review 

Populatio

ns 

studied 

Results  Author's 

conclusions 

     Themes, sub-themes, and 

factors identified 

Parental 

influence and the 

development of 

dental caries in 

children aged 0–

6 years: A 

systematic 

review of the 

literature 

 

Merrilyn 

Hooley, Helen 

Skouteris, Cecile 

Boganin, Julie 

Satur, Nicky 

Kilpatrick 

 

2012 

  

The objective 

of this paper 

was to 

conduct a 

systematic 

review of the 

evidence for 

parental 

influences on 

the 

development 

of caries in 

children aged 

0–6 years. 

• Total 55 studies 

included  

• Longitudinal- 

7, case-control- 

1 and cross-

sectional- 47  

• Published 

between 2006 

and 2011  

• Conducted in 

North Europe 

(17), Asia (15), 

South America 

(7), North 

America (6), 

Africa (3), 

Australia (3), 

Canada (2) and 

the middle east 

(2) 

Children 

aged 0–6 

years 

 

A. Parental socio-

demographic factors 

• Economic status 

(18/20) such as being 

from low SES (3), 

and having a low 

family income (15) is 

associated with a 

high prevalence of 

dental caries.  

• Family employment 

(8/11) such as having 

fewer adults with 

jobs in the household 

(1), lower occupation 

level (3), parents not 

being in paid 

employment (1), 

father not being 

employed (1) and 

mothers’ or parents’ 

access to benefit card 

or pension (2) were 

associated with 

higher prevalence or 

• To date, most 

research has 

focused on the 

association 

between caries 

and socio-

demographic and 

feeding factors 

with few studies 

exploring parents’ 

attributes, 

attitudes, 

knowledge and 

beliefs, and none 

exploring possible 

pathways between 

the multiple layers 

of influences 

potentially 

accounting for 

how determinants 

of ECC operate 

and traverse 

individual, 

familial, 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., access to benefit, 

pension, income) 

• Occupation type 

• Parental employment status 

B. Parental support 

• Feeding style (e.g., nocturnal 

feeding) 

• psychological conditions- 

depression, anxiety 

• Parenting styles (e.g., 

permissive parenting style)  

• Parental aid (e.g., maintaining 

the child’s diet and dental 

health 

• Oral health literacy 

C. Parental behaviours and 

attitudes 

• Dental attendance  

• High consumption of sugary 

food  
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severity of dental 

caries.  

• Difficulty in 

accessing dental 

services due to 

financial hardship or 

geographical 

isolation or 

education/ 

information required 

by parents was 

associated with 

increased caries 

(2/2). 

• Single-parent 

families (3/3), higher 

birth order (4/4) and 

large family size 

(4/8) are linked to 

higher caries rates.  

• Parental education 

(9/9), father's 

education (4/4), and 

maternal education 

(13/13) were 

significantly 

associated with a 

higher risk for caries 

in children. Higher 

education of parents 

was associated with 

positive attitudes of 

parents towards 

community, and 

socio-cultural 

contexts. 

• Collaboration 

between 

Psychologists and 

Dentists may 

accelerate the 

identification and 

understanding of 

mechanisms that 

underlie risk 

associated with 

ECC. 

• Perceptions and attitudes 

about diet (e.g., preference for 

sugar-free medicine) 

• Perceptions and attitudes 

about dental health  

• Attitudes shaped by the 

experience during the last 

dental visit 

D. Parental characteristics  

• educational attainment 

• oral health status 

• Family status (single-parent 

family) 

E. Accommodation conditions 

• Household deprivation  

 

II. Overall family-related factors  

A. Family characteristics 

• Grandmothers’ role as a 

daytime caregiver 

• Family size  

 

III. Neighbourhood 

environmental characteristics 

A. Surrounding conditions 

• Neighbourhood deprivation 

• Level of urbanisation/ rurality 

B. Dental services  

• Availability and accessibility 

to dental services  
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controlling their 

child’s sugar intake 

than low-educated 

parents (1/1) 

• Being from a 

minority ethnicity 

(11/12) and 

immigrant (8/9) is 

associated with a 

higher risk of having 

caries. 

• Living conditions 

(9/9) such as living in 

a deprived household 

or neighbourhood 

(2), less developed 

area of low 

urbanisation (2), rural 

area (3), and high 

urbanisation (1) are 

associated with high 

risk for caries.  

B. Parental child-

feeding practices 

• Feeding practices 

including feeding 

with a bottle (4/7), 

nocturnal bottle 

feeding (10/11), 

nocturnal feeding of 

sweets (4/4) and 

SSBs (5/6) are 

related to caries. 
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• (21/26) studies 

showed that frequent 

consumption of sweet 

foods and drinks is 

linked to caries.  

C. Parental behaviours 

• Dental attendance (6) 

including missed 

dental appointments 

(1), fewer dental 

check-ups (1), attend 

dental treatment but 

not review (1), 

irregular dental visits 

(1), dislike of dentist 

(1), child behaviour 

problems in last visit 

(1) are associated 

with higher caries 

rates. 

D. Parental oral health 

(10/16) including 

high dental caries in 

parents/caregiver (4), 

parents reporting 

poor oral health (3) 

or missing teeth (1), 

higher level of sugar 

consumption and 

unhealthy snacks by 

parents (2) are 

associated with 

increased rates of 
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dental caries in 

children.  

E. Parental attributes 

• Parental 

psychological 

conditions (5/6) 

including depression 

(2), maternal anxiety 

(1), low sense of 

coherence and 

capacity for adaption 

to stress (1), and 

weak internal local of 

control (1) are 

associated with 

higher levels of 

caries. In addition, 

grandparents as 

daytime caregivers 

were linked to caries 

risk (1/1). Smoking 

in parents was found 

to be a risk factor 

(3/3) 

F. Parental attitudes, 

knowledge, and 

beliefs 

• Parental poor 

attitudes (6/6) 

including diet (1), 

oral health (1) and 

child’s dental needs 

(1) and parental 



339 
 

knowledge (5/5) 

including a 

preference for sugar-

free medicines (1), 

low expenditure on 

sugars (1) was 

associated with 

child’s dental health. 

Permissive parenting 

attitude (2/2) toward 

the child’s diet (1) 

was associated with 

dental caries 

incidence.  

Impact of 

parent-related 

factors on dental 

caries in the 

permanent 

dentition of 6–

12-year-old 

children: A 

systematic 

review 

 

Santhosh 

Kumar, Jyothi 

Tadakamadla, 

Jeroen Kroon, 

Newell W. 

Johnson 

 

2015 

To synthesise 

data from the 

literature on 

the effects of 

various 

parent-

related 

characteristic

s on dental 

caries in the 

permanent 

dentition of 

children. 

• Total 48 studies 

included 

• Cross-

sectional- 42, 

longitudinal- 2, 

experimental- 

1, cohort-1, 

retrospective- 

1, and one 

article 

presented data 

from previous 

studies. 

• Published 

between 2000 

and April 2015 

• Conducted in 

Brazil (10), 

Australia (3), 

Children 

aged 6 to 

12 years  

A. Socioeconomic status 

• Studies using a 

composite SES scale 

based on parents’ 

education and 

employment level 

showed that SES was 

inversely related to 

dental caries in 

children (5/5).  

• Family income- 

Overall, family 

income or some 

alternative indicators 

such as children with 

state aid insurance 

(1), and car 

ownership (2) were 

inversely associated 

• Most of the 

literature on 

determinants of 

dental caries has 

been limited to 

socio-economic 

and behavioural 

aspects. 

• We found few 

studies evaluating 

the effects of 

family 

environment and 

parental oral 

hygiene behaviour 

• Children 

belonging to lower 

socio-economic 

classes 

I. Parent-related factors  

A. Parental socioeconomic status 

• Parental socioeconomic status 

(e.g., income, children with 

state aid insurance, car 

ownership, children whose 

parents owned a home, 

children who received more 

pocket money) 

• Employment status 

• Occupation type 

B. Parental characteristics  

• Educational attainment 

C. Parental behaviours and 

attitudes  

• Dental attendance 

• Perceptions and attitudes 

about dental health 
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 India (3), Iran 

(2), Japan (2), 

Thailand (2), 

Greece (2), 

Russia (2), 

Norway (2), a 

collaboration 

across 

Germany and 

Ireland (3). The 

other 19 were 

single-country 

papers.  

with dental caries 

(9/20). Also, children 

receiving more 

pocket money (1), 

and children whose 

parents owned a 

home (1) had greater 

experience of caries. 

• Parents’ education- 

Education of both 

parents was inversely 

associated with caries 

experience among 

children (9/13). 

Ambiguous results 

about only maternal 

or paternal education 

were observed.    

• Parents’ occupation- 

(6/8) Parental 

employment status 

(4/5) and occupation 

type (i.e., lower or 

higher level) (2/3) 

were significantly 

associated with 

dental caries.   

B. Family environment 

• Ambiguous results 

about the effect of 

family size (2/4) and 

number of siblings 

(1/2) on dental caries. 

experienced more 

caries.  

• In more than half 

the studies, 

children of highly 

educated, 

professional and 

high-income 

parents were at 

lower risk for 

dental caries. 

• There were 

conflicting results 

from studies on 

the effect of 

variables related 

to family 

environment, 

parents’ oral 

hygiene behaviour 

and parent’s 

disease status on 

dental caries in 

their children. 

• Attitudes shaped by 

experience during the last 

dental visit 

 

II. Overall family-related factors  

A. Family characteristics  

• Family size 

• Number of siblings 
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• Family status (living 

with both/single 

parents) was not 

associated with 

dental caries (4/4). 

• Children born in a 

foreign country (1) or 

whose parents were 

migrants (1) showed 

a greater risk for 

caries.    

C. Parents’ oral health 

status and behaviour 

Parent’s self-

evaluated oral health, 

oral health problems 

in the past 2 years, 

and last dental 

attendance 

significantly 

influence dental 

caries in children 

(2/2).  

Is parental oral 

health literacy a 

predictor of 

children’s oral 

health 

outcomes? 

Systematic 

review of the 

literature 

 

To evaluate 

the scientific 

evidence 

concerning 

the 

association 

between 

parental 

OHL and 

children’s 

• Total 11 studies 

included  

• Cross-

sectional- 9, 

and cohort- 2. 

• Published 

between 2010 

to 2017 

Children 

aged from 

1 month 

to 11 

years  

A. Oral conditions 

• Children whose 

parents/caregivers 

had lower levels of 

OHL were more 

likely to have dental 

caries (4/5), this was 

significant even 

after controlling for 

confounders (3/3).  

• Low parental 

OHL was 

associated with 

dental caries 

among their 

children.  

• It is too soon to 

assume an 

association 

between OHL 

I. Parent-related factors  

A. Parental characteristics 

• Oral health literacy 
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Ramon Targino 

Firmino, 

Fernanda Morais 

Ferreira, 

Carolina Castro 

Martins, Ana 

Flavia Granville-

Garcia, Fabian 

Calixto Fraiz, 

Saul Martins 

Paiva 

 

2018 

 

 

oral health 

outcomes 
• Conducted in 

the US (8), 

China (1), 

Brazil (1) and 

Iran (1) 

• Conducted in 

schools, 

university 

clinics and 

community 

dental clinics 

• One study found 

adequate OHL of 

parents was 

associated with a 

higher number of 

filled teeth in 

children (1/1), 

whereas another 

study showed that 

low OHL was 

associated with a 

history of 

endodontic 

treatment (1/1). 

B. Oral healthcare-

related behaviours 

• Ambiguous results 

about the 

relationship between 

OHL level and 

dental attendance 

(1/2) 

C. Oral health 

behaviours 

• A significant 

association between 

low OHL of parents 

or caregivers and 

night bottle feeding 

(3/4) 

• No significant 

association was 

observed between 

and the 

remaining 

outcomes. 
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OHL and sugar 

consumption (2/2)  

D. Oral health 

perception-related 

behaviours 

• Only one study 

found that parents 

with low OHL were 

significantly more 

likely to have a 

negative perception 

of the child’s oral 

health (OR = 

1.44[1.02–2.05]), 

whereas the other 

two studies did not 

find statistically 

significant results 

(1/3) 

Contextual 

Social Inequities 

and Occurrence 

of Dental Caries 

in Adolescents: 

A Systematic 

Review 

 

Johnys Berton 

Medeiros da 

Nóbrega, 

Eugênia Lívia de 

Andrade Dantas, 

Julio Cesar 

This 

systematic 

review aimed 

to determine 

whether 

consistent 

evidence 

exists of the 

association 

between 

contextual 

social 

determinants 

and the 

• Total 4 studies 

including 

• All cross-

sectional 

• Published 

between 2002 

and 2011 

• Conducted in 

Brazil (2), 

Sweden (1) and 

Jordan (1). 

Children 

and 

Adolesce

nts aged 

between 2 

and 19 

years and 

adults 

aged 35 to 

44 years 

• A significant 

association between 

contextual 

socioeconomic factors 

and caries (4/4) 

• Two studies showed 

an association 

between lower social 

class and higher caries 

experience (2/2). One 

study showed that the 

children from the 

lowest SES cluster 

had higher caries 

• Despite the 

measurement of 

different social 

inequities such 

as social class 

and 

neighbourhood 

empowerment 

level, the articles 

showed a 

significant 

association 

between 

contextual 

I. Parent-related factors  

A. Parental socioeconomic 

conditions  

• Parental socioeconomic status 

 

II. Internal school environment  

A. Supportive school 

environment  

• School type (public or 

private) 

 

III. External school environment  

A. School location 

• School deprivation status 



344 
 

Campos 

Ferreira-Filho, 

Nayara Pereira 

Limão, Ana 

Carolina 

Rodrigues-de-

Melo, Ane 

Polline Lacerda 

Protásio, Ana 

Maria Gondim 

Valença, Bianca 

Marques 

Santiago 

 

 

2017 

 

 

occurrence of 

caries in 

adolescents. 

experience (49%) than 

those from the highest 

SES (15%) (1/1) 

while another showed 

that the adolescents 

belonging to lower 

social classes had 

higher caries 

experience (OR = 

1.48; CI 95%: 1.05–

2.08) compared to 

those from higher 

social class (1/1). 

• Two studies showed a 

significant inverse 

association between 

neighbourhood 

empowerment level 

and caries experience 

(2/2). 

Results of a study 

showed that 

adolescents from 

areas with lower 

levels of 

empowerment showed 

higher caries 

experience (OR = 

1.54; CI 95%: 1.09–

2.18) compared to 

those living in areas 

with greater 

empowerment (1/1) 

socioeconomic 

factors and 

caries. 

• The results of 

this review 

indicate that the 

scientific 

evidence that 

adolescents from 

areas of higher 

social inequity 

are at a higher 

risk of caries is 

still weak, 

especially 

considering the 

low number of 

existing 

publications, 

methodological 

vulnerabilities 

and risk of 

biases of studies. 

• Therefore, 

further studies 

should be 

developed in 

order to further 

investigate oral 

health 

determinants in 

adolescents, 

including 

IV. Neighbourhood 

environmental characteristics  

A. Surrounding conditions-  

• Neighbourhood empowerment 

level 

• Neighbourhood deprivation  
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and the other study 

showed that high 

caries experience was 

inversely associated 

with neighbourhood 

empowerment (OR = 

0.58; CI 95%: 0.33-

0.99) (1/1) 

• Two studies showed 

that children from low 

(attending schools 

located in 

disadvantaged areas 

or refugee camps) and 

average SES groups 

(attending public 

schools) had 

significantly higher 

levels of caries 

experience, and more 

untreated decayed 

teeth as compared to 

the children from high 

SES group (attending 

private schools in 

affluent areas). (2/2) 

• No relationship 

between individual 

social capital and 

caries experience 

(1/1) 

• A multivariate 

regression 

contextual 

determinants. 

• These are much 

more complex to 

analyse and are 

subject to many 

influences since 

they are directly 

connected with 

various aspects 

of daily 

interaction 

between people. 

• However, an 

improved 

understanding of 

contextual 

determinants of 

the oral health 

and disease 

process would 

facilitate 

planning and 

setting goals to 

improve the 

social equity of 

living conditions 

and general 

health of 

populations. 
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demonstrated that the 

contextual social 

group was the most 

important variable for 

caries (1/1)  

Determinants of 

dental caries in 

children in the 

Middle East and 

North Africa 

region: a 

systematic 

review based on 

literature 

published from 

2000 to 2019. 

 

Amal Elamin, 

Malin Garemo 

and Anzelle 

Mulder 

 

2021 

The aim was 

to review 

socio-

behavioural/c

ultural and 

socioeconom

ic 

determinants 

of dental 

caries in 

children 

residing in 

the Middle 

East and 

North Africa 

(MENA) 

region. 

• A total of 77 

studies were 

included in this 

review, of 

which 74 were 

cross-sectional, 

2 were 

longitudinal 

and one was a 

case-control 

study. Studies 

were from 14 

countries across 

the MENA 

region- Egypt 

(n = 4), Iran (n 

= 18), Iraq (n = 

2), Jordan (n = 

4), Kuwait (n = 

3), Lebanon (n 

= 1), Libya (n = 

2), Palestine (n 

= 2), Qatar (n = 

2), Saudi 

Arabia (n = 

14), Syria (n = 

4), Turkey (n = 

11), UAE (n = 

94,491 

children 

of ages 

between 

12 

months 

and 20 

years.   

• A majority of studies 

used the World Health 

Organization scoring 

system to assess 

dental caries.  

• The caries prevalence 

ranged between 

17.2% and 88.8%, 

early childhood caries 

between 3% and 57% 

and decayed missing 

filled teeth (dmft) 

varied between 0.6 

and 8.5 across the 

various age groups. 

• Increased age, low 

maternal education, 

low overall 

socioeconomic status, 

decreased frequency 

of tooth brushing, low 

parental involvement, 

poor oral habits, 

infant feeding 

practices and sugar 

consumption were 

among the most 

prevalent 

• Dental caries 

was found to be 

high among 

children in many 

of the studies 

published from 

MENA. The key 

determinants of 

dental caries 

were found to 

include factors 

related to child 

characteristics, 

family 

background, oral 

hygiene and 

infant feeding 

and eating 

habits. The high 

dental caries 

prevalence 

emphasises the 

need to address 

the prevailing 

modifiable 

socio-

behavioural and 

socioeconomic 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., low income, family 

affluent scale, lack of dental 

insurance, household income) 

• Employment status 

• Occupation type 

B. Parental characteristics 

• Educational attainment 

• Oral health status 

C. Parental support 

• Parental aid (e.g., dental 

visits- regular/irregular) 

• Oral health literacy 

• Feeding styles (e.g., nocturnal 

feeding, formula feeding) 

 

II. Overall-family-related factors  

A. Family characteristics  

• Family size 

• Number of siblings 

 

III. Neighbourhood 

environmental characteristics  

A. Surrounding conditions  

• Neighbourhood deprivation 
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8), and Yemen 

(n = 2) 

determinants for 

increased risk of 

caries in the reviewed 

studies. 

determinants by 

translating them 

into effective 

oral health 

prevention 

policies and 

programmes. 

• Level of urbanisation/ rurality 

 

IV. Internal school environment  

A. Supportive school 

environment  

• School type (public/ private) 
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Appendix 4.7 

Table A4.5 Data review of the primary research studies included in the scoping review related to dental caries in children 

Title, author/s 

and year 

Type of the 

study and 

location 

Aim and/or 

objectives 

Populations 

studied 

Results Author's 

conclusions 

Themes, sub-themes, and factors 

identified 

The relationship 

between 

parenting, family 

interaction and 

childhood 

dental caries: A 

case-control study 

 

M. de Jong-

Lenters, D. 

Duijster, M.A. 

Bruist, J. Thijssen, 

C. de Ruiter 

 

2014  

 

 

Case-control. 

 

Netherlands  

The aim of 

this case-

control study 

was to 

explore the 

relationship 

between 

parenting 

practices, 

parent-child 

interaction 

and childhood 

dental caries, 

using a 

sample of 5 - 

8-year-old 

children from  

Netherlands. 

• Cases 

(n=28): 

children with 

four or more 

decayed, 

missing or 

filled teeth 

recruited 

from a 

referral 

centre for 

paediatric 

dental care 

• Controls 

(n=26): 

Children 

with no 

caries 

recruited 

from a 

general 

dental 

practice 

 

• Controls had significantly 

higher scores on the 

dimensions of positive 

involvement (p < 0.001), 

encouragement (p < 

0.001), problem-solving (p 

< 0.001) and interpersonal 

atmosphere (p < 0.001), 

compared to cases. 

• Parents of controls were 

also less likely to show 

coercive behaviours (p= 

<0.001). 

• There was no significant 

difference in discipline 

between cases and controls 

(p=0.13).  

• The MANOVA showed a 

significant multivariate 

effect for the dental 

condition (case or control) 

on parenting practices and 

parent-child interaction 

F(7,46) = 8.56, (p < 0.001) 

• In conclusion, this 

case-control study 

found a significant 

relationship 

between parenting 

practices, parent-

child interaction 

quality and 

childhood dental 

caries.  

• High levels of 

coercion were 

associated with 

less parental 

involvement, such 

as lack of 

encouragement, 

positive affect and 

problem-solving. 

This combination 

of suboptimal 

parenting 

behaviours may 

denote a form of 

neglect. 

I. Parent-related factors  

A. Parental support 

• Involvement 

• Encouragement 

• Aid (Problem-solving)  

• Interpersonal atmosphere 

• Parenting styles 

• Interaction quality 
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• Parenting 

practices and 

parent-child 

interactions 

of the child's 

primary 

caregiver 

were 

observed 

using 

Structured 

Interaction 

Tasks and 

subsequently 

rated on 

seven 

different 

dimensions 

• Crude OR's in logistic 

regression show that 

higher scores on the 

dimensions positive 

involvement OR: 0.72 

(95% CI: 0.58-0.88), 

P=0.002, encouragement 

OR: 0.84 (95%CI: 0.77-

0.92), P= <0.001, problem-

solving OR: 0.89 (95%CI: 

0.85-0.94), P= <0.001, and 

interpersonal atmosphere 

OR: 0.74 (95%CI: 0.62-

0.88), P= 0.001, were 

associated with a 

decreased likelihood of 

being a case compared to a 

control, while higher 

scores for coercion OR: 

2.81 (95%CI: 1.25-6.31), 

P= 0.01,  increased the 

chances of being a case 

compared to a control  

• These associations 

remained statistically 

significant after adjustment 

for the mother's education 

level, tooth brushing 

frequency and the 

frequency of consuming 

sugary foods and drinks, 

except for coercion. 

• The study points 

to a need for 

further study into 

the possible causal 

association 

between 

ineffective 

parenting and 

dental caries. 

• Our findings 

suggest that 

parenting 

practices may be 

an important 

factor to consider 

in caries 

preventive 

programs. 
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Oral health and 

oral health-related 

behaviour in 

preschool 

children: evidence 

for a social 

gradient 

 

S. Van den 

Branden, S. Van 

den Broucke, R. 

Leroy, 

D. Declerck & K. 

Hoppenbrouwers 

 

2012 

 

 

Cross-

sectional. 

 

Germany 

The present 

study aimed 

to fully 

explore 

whether a 

social 

gradient is 

present in the 

oral health 

status of 

preschool 

children as 

well as in 

their reported 

oral health-

related 

behaviour. 

1,057 children 

born between 

October 2003 

and July 2004 

in Flanders, 

Belgium. 

 

Oral health 

examinations 

were 

performed by 

trained 

dentists when 

the children 

were 3 and 5 

years old 

(respectively, 

in 2007 and 

2009); data on 

dietary habits, 

oral hygiene 

habits and 

dental 

attendance of 

the children 

were obtained 

through 

structured 

questionnaires 

completed by 

the parents. 

• The proportion of children 

presenting with caries at 

age 3 varied considerably 

according to maternal 

education, ranging from 

less than 2% for children 

of mothers at a college 

level to 12% for their peers 

with mothers at the 

primary or lower 

secondary education level. 

• Compared to the reference 

group of mothers who had 

graduated from college 

[OR: 3.84 (95% CI: 1.08–

13.65), p<0.05], the 3-

year-old children with 

mothers' primary [OR: 

7.34 (95% CI: 1.64–

32.74), p<0.01] or 

secondary [OR: 4.27 (95% 

CI: 1.55–11.77), p<0.01] 

education had significantly 

higher chances of caries 

experience. 

• A social gradient in sugary 

drink consumption was 

observed among 5-year-

olds.  

• Chances of consuming in-

between sugary drinks 

were higher in 5-year-olds 

with mothers having 

• Already in very 

young children, a 

graded 

relationship is 

observed 

between socio-

economic 

position, oral 

health and 

related 

behaviours.  

• The results 

suggest that 

different 

approaches are 

required to 

promote oral 

health during 

early childhood 

depending on the 

mother’s 

educational 

background.  

• As children from 

the highest social 

group also have 

an increased 

caries risk, 

specific 

techniques may 

be needed. 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

B. Parental characteristics  

• Educational attainment 
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primary OR: 2.60 (95% 

CI: 1.28–5.28), p<0.01 and 

secondary education OR: 

1.75 (95% CI: 1.29–2.36), 

p<0.001 as compared to 

the children whose 

mothers had university 

level education. 

• For mothers who had only 

followed primary or 

secondary school, the odds 

of having visited the 

dentist within 6 months 

before the survey were 

significantly lower than 

those of the reference 

group both at ages 3 and 5.   

Oral Health 

Determinants and 

Caries Outcome 

among Non-

Privileged 

Children 

 

Joana C. 

Carvalho, Eduardo 

F. Silva, Elcio O. 

Vieira, Arnaud 

Pollaris, Alain 

Guillet, Heliana 

D. Mestrinho 

 

2014 

Multilevel 

modelling 

study of data 

from clinical 

examination 

for caries 

severity and 

activity, 

parent 

interviews 

and a 

questionnaire 

survey of 

head teachers 

of nurseries.   

 

The study 

aimed at 

identifying 

oral health 

determinants 

that are 

present in 

early 

childhood are 

amenable to 

change and 

for which 

there is 

evidence of 

their 

modulation of 

2,511 

Brazilian 1–5-

year-olds 

attending 

public nursery 

schools 

subsidized by 

the state 

government (n 

= 31). 

 

• According to the final 

multilevel model 

(generalized linear mixed 

model), d1efs>0 was 

significantly associated 

with parental practices 

such as breast-feeding on 

demand during the night 

[OR-1.7 (95%CI- 1.0 – 

2.8), p = 0.037], bottle-

feeding during the night on 

demand [OR-2.3 (95%CI-

1.5 – 3.3), P=0.000], not 

assisting the child in tooth 

brushing [OR-1.5 (95%CI-

1.2 – 1.9), P=0.000], 

• In conclusion, 

determinants 

related to parental 

negative practices 

and nursery 

policies 

significantly 

influenced 

children’s oral 

health.  

• Of particular 

interest was the 

identification of 

determinants 

considered 

amenable to 

I. Parent-related factors  

A. Parental characteristics 

• Educational attainment  

B. Parental support 

• Feeding styles (e.g., nocturnal 

feeding) 

• Aid (e.g., assisting the child in 

tooth brushing, visiting the 

dentist when experiencing 

troubles only) 

 

II. Internal school environment  

A. School-level strategies  

• School policies (e.g., oral 

health education) 



352 
 

  

Belgium and 

Brazil  

the rate of 

caries 

progression in 

a sample of 

non-

privileged 

children. 

visiting dentists when 

experiencing troubles only 

[OR- 7.7 (95%CI-5.0 – 

11.9), p=0.000]. 

• Intake of sugary products 

2–4 times daily at the 

nursery was associated 

with higher caries 

prevalence [OR- 2.2 

(95%CI-1.1 – 4.4), p = 

0.026]. 

• The likelihood of caries 

outcomes was associated 

with determinants related 

to nursery policies such as 

not promoting preventive 

oral health care for 

children of mothers with 4 

years of education or <4 

years of education [OR = 

2.14, (95% CI 1.34–3.42), 

p < 0.0015], and [OR = 

2.60, (95% CI 1.11–6.06), 

p = 0.0010], respectively). 

change in 

connection with 

nursery policies 

towards oral 

health. 

Low sugar 

nutrition policies 

and dental caries: 

A study of 

primary schools in 

South Auckland 

 

Simon Thornley, 

Roger Marshall, 

Non-

randomised 

community 

intervention 

trial 

 

Linear 

regression 

modelling of 

The study 

assessed 

whether a 

healthy food 

policy 

implemented 

in one school, 

Yendarra 

Primary 

• Children- 

(n=428)-8 to 

11 years old 

attending an 

intervention 

school in 

Yendarra 

Primary, 

situated in a 

• In a linear model, both the 

crude and the adjusted 

association between school 

attended and caries burden 

indicates that Yendarra 

students had 0.37 fewer 

affected teeth [(95% CI- 

−0.652 to −0.092), 

p=0.009], as compared to 

• The nutrition 

policy 

implemented in a 

school in the 

poorest region of 

South Auckland, 

which restricted 

sugary food and 

drink availability, 

I. Internal school environment  

A. School-level strategies 

• School policies 

• School-based interventions 

(e.g., restriction of sugar food 

and drinks)  
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Gary Reynolds, 

Pauline Koopu, 

Gerhard Sundborn 

and Grant 

Schofield 

 

2017 

 

 

data of the 

primary and 

adult teeth 

obtained 

between 2007 

and 2014 for 

children  

 

 

New Zealand 

situated in a 

socio-

economically 

deprived area 

of South 

Auckland, 

had improved 

student oral 

health by 

comparing 

dental caries 

levels with 

students of 

similar 

schools in the 

same region 

with no such 

policy. 

socio-

economicall

y deprived 

area of South 

Auckland 

• Compared 

with children 

(n=3385) 

from 8 

control 

public 

schools from 

surrounding 

areas 

 

other school children, after 

adjustment for 

confounders. 

• Maori students had a lower 

number of carious teeth 

[adjusted β coefficient: 

0.25; (95% CI- −0.463 to 

−0.027), p=0.028] than 

those of Pacific ethnicity. 

  

was associated 

with a marked 

positive effect on 

the oral health of 

students, 

compared to 

students in 

surrounding 

schools.  

• School nutrition 

policies, 

particularly those 

that seek to restrict 

sugar intake, can 

have marked 

positive effects on 

the oral health of 

students, and are 

likely to reduce 

healthcare costs 

associated with the 

treatment of dental 

caries. 

• We recommend 

that such policies 

are a useful means 

of improving child 

oral health. 

Do school break-

time policies 

influence child 

dental health and 

snacking 

A matched 

controlled 

prospective 

trial  

 

The aim of 

the two-year 

controlled 

trial was to 

evaluate the 

• 9-year-old 

children 

attending 

primary 

schools (year 

• In contrast to baseline 

results, sugar snack scores 

were similar at the follow-

up in children attending the 

The BBB break-

time policy did not 

achieve its health 

promotion goals of 

promoting child 

I. Internal school environment 

A. School-level strategies 

• School-based interventions 

(e.g., encouraging healthy 

food intake) 
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behaviours? An 

evaluation of a 

primary school 

programme 

 

R. Freeman and 

M. Oliver 

 

2009 

 

 

UK effectiveness 

of the 

‘Boosting 

Better Breaks’ 

(BBB) break-

time policy to 

reduce 

obvious decay 

experience 

and sugar 

snacking in a 

cohort of 

nine-year-old 

children 

attending 

intervention 

and control 

primary 

schools. 

 

 

5 children 

longitudinall

y followed 

till year 7)  

• 189 children 

from 

intervention 

schools and 

175 from 

control 

schools 

which were 

matched for 

socio-

economic 

status (SES), 

school 

location and 

co-education 

status 

• The BBB 

break-time 

policy 

dietary goals 

were a) 

promoting 

fruit and 

milk 

consumption

, b) 

encouraging 

the adoption 

of healthy 

intervention and the 

control group.  

• School intervention did not 

influence sugar snacks 

scores outside the school.  

• Decay into dentine at 

follow-up was predicted by 

school intervention status 

(p <0.05) and sugar 

snacking outside school 

and at home (p=0.02). 

dental health or 

encouraging 

children to adopt 

healthier dietary 

habits in school or 

in the wider 

environment in 

which they lived. 

 

II. External school environment   

A. Retail environment outside 

school 

• Presence of sugar-selling retail 

outlets outside school premises  

 

III. Overall family-related factors  

A. Family characteristics 

• Supportive family environment 
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snacks, and 

c) enabling 

schools to 

incorporate 

the BBB 

strategy into 

their overall 

healthy 

policies 

The potential 

impact of 

neighbourhood 

empowerment on 

dental caries 

among 

adolescents 

 

Pattussi MP, 

Hardy R, Sheiham 

A. 

 

2006 

 

 

Logistic 

multilevel 

modelling 

analysis of 

data from- (a) 

clinical 

examinations 

(WHO), (b) 

students’ 

questionnaires

, (c) parents’ 

questionnaires 

and (d) 

census. 

 

Data was 

hierarchically 

structured in 

two levels: 

students 

(sources ‘a’ 

and ‘b’) and 

neighbourhoo

d defined as 

The objective 

of this study 

was to 

investigate the 

association 

between 

neighbourhoo

d 

empowerment

, a scale of 

social capital, 

and oral 

health, 

assessed in 

terms of 

dental caries, 

in 

adolescents. 

1256, 14/15-

year-old 

students (born 

in 1987) from 

39 public 

schools in two 

cities of the 

Distrito 

Federal (DF), 

Brazil 

 

• High DMFT (DMFT > 

median, DMFT ≥3) rates 

were significantly lower in 

areas with higher levels of 

empowerment.  

• This relationship was 

independent of 

socioeconomic variables at 

the individual and area 

levels and of all other 

individual risk factor 

variables such as sex, 

fluoride, sugar 

consumption, tooth 

brushing and dental 

attendance [OR for low 

compared with high 

empowerment was [1.54 

(95% CI = 1.09–2.18), P = 

0.014].  

• The fully adjusted model 

showed that high sugar 

consumption (greater than 

or equal to four times per 

• Neighbourhood 

empowerment 

may play an 

important role in 

explaining 

inequalities in the 

levels of dental 

caries.  

• New perspectives 

are needed so that 

more effective 

interventions can 

be implemented 

using area-based 

perspectives. 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., social class) 

 

II. Neighbourhood environmental 

characteristics  

A. Surrounding conditions 

• Neighbourhood deprivation/ 

empowerment level 

 



356 
 

the catchment 

area of 

schools 

(sources ‘c’ 

and ‘d’) 

 

Brazil 

day) was significantly 

associated with high 

DMFT [1.63 (95%CI- 

1.22–2.18)]. 

• Other significant 

associations were observed 

for low socioeconomic 

class and dental attendance 

in the last year (No). 

Modifiable 

Factors Explain 

Socioeconomic 

Inequalities in 

Children’s Dental 

Caries 

 

M.A. Peres, X. Ju, 

M. Mittinty, A.J. 

Spencer, and L.G. 

Do 

 

2019 

 

Multilevel 

modelling of 

data from the 

National 

Child Oral 

Health Survey 

conducted in 

Australia 

between 2012 

and 2014. 

Data was 

collected from 

– a) clinical 

examinations 

for dmft and 

DMFT levels, 

b) parent’s 

questionnaire 

survey for 

sources of 

exposure to 

fluoride, 

dietary intake, 

child’s health, 

The aim of 

this article 

was to 

quantify 

socioeconomi

c inequalities 

in dental 

caries 

experience 

among 

Australian 

children and 

to identify 

factors that 

explain area-

level 

socioeconomi

c inequalities 

in children’s 

dental caries 

and  

24664 

children aged 

5 to 14 years 

attending 

primary and 

secondary 

schools  

• Children from most 

disadvantaged and 

intermediately 

disadvantaged areas had 

[1.96 (95% CI- 1.69–2.27)] 

and [1.45 (95% CI- 1.26–

1.68)] times higher mean 

dmfs and [1.53 (95%CI- 

1.36–1.72)] and [1.43 

(95% CI- 1.27–1.60)] 

times higher mean DMFS 

than those living in the 

most advantaged areas, 

respectively.  

• Water fluoridation status 

(33.6%), sugar 

consumption (22.1%), 

parental educational level 

(14.2%), and dental visit 

patterns (12.7%) were the 

main factors explaining 

area-level socioeconomic 

inequalities in dental caries 

in permanent dentition.  

The inverse area-

level 

socioeconomic 

inequality in dental 

caries was mainly 

explained by 

modifiable risk 

factors, such as 

lack of fluoridated 

water, high sugar 

consumption, and 

an unfavourable 

pattern of dental 

visits. 

Sugar intake is a 

common risk factor 

for caries and 

systemic diseases, 

such as obesity and 

diabetes, and 

should be faced by 

an integrated and 

multidisciplinary 

approach. 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., household income) 

B. Parental characteristics 

• Educational attainment 

C. Parental support 

• Aid (e.g., irregular dental 

visits) 

 

II. Neighbourhood environmental 

characteristics   

A. Surrounding conditions 

• Neighbourhood deprivation/ 

empowerment level 
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use and 

evaluation of 

dental 

services, 

birthplace, 

and household 

characteristics

.,  

c) Index of 

Relative 

Socioeconomi

c Advantage 

and 

Disadvantage 

(IRSAD) for 

economic and 

social 

conditions of 

people and 

households 

within an 

area, 

including both 

relative 

advantage and 

disadvantage 

measures,  

d) Index of 

Community 

Socio 

Educational 

Advantage 

(ICSEA) for 

• Among all the factors 

considered, the factors that 

contributed most in 

explaining inequalities in 

primary dental caries were 

dental visits (30.3%), sugar 

consumption (20.7%), 

household income 

(20.0%), and water 

fluoridation status (15.9%). 
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combined 

information 

about 

students’ 

household 

characteristics 

(such as 

parental 

occupation 

and level of 

education) 

and school 

area 

characteristics

, such as the 

proportion of 

indigenous 

and 

geographical 

location. 

 

Australia 

Social Conditions 

and High Levels 

of Dental Caries 

in Five-year-old 

Children in Brazil 

 

Marcia M. Dantas 

Cabral de Melo, 

Wayner Vieira de 

Souza, Maria 

Cristina Tavares, 

A case-

control study 

involving 

multivariate 

logistic 

regression 

analysis 

 

 

Brazil 

To identify 

factors 

associated 

with dental 

caries 

experience in 

at least four 

primary teeth 

in five-year-

old Brazilian 

children. 

Cases- 

(n=171)- 

5-year-old 

children who 

had a 

decayed, 

missing, and 

filled teeth 

[dmft] score ≥ 

4 

 

• In a fully adjusted model, 

after controlling for 

confounding variables, 

factors associated with a 

dmft score ≥ 4 were 

children living in 

households with at least six 

people [OR-2.92 (95%CI- 

1.41-6.05) P=0.004], 

residence in a poor area 

[OR- 1.82 (95%CI-1.15-

• Most factors 

associated with 

high levels of 

dental caries in 

five-year-old 

children were 

related to the 

social conditions 

in which they 

lived. 

I. Parent-related factors  

A. Parental support 

• Oral health literacy (e.g., the 

reason for the dental visit- 

treatment or prevention, sugar 

consumption between meals) 

B. Parental socioeconomic 

condition 

• Parental socioeconomic 

condition 

C. Parental characteristics 
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Maria Luiza 

Carvalho de Lima, 

Silvia Jamelli,                               

Geraldo Bosco 

Lindoso Couto 

 

2013 

 

 

Controls- (n= 

308)- 5-year-

olds who had 

a dmft score ≤ 

3 

 

The setting 

was public 

health 

services in 

Recife, Brazil   

 

2.87) P=0.01], caregiver’s 

low educational level [3.07 

(95%CI- 1.50-6.26) 

p=0.002]. 

• Children who consumed 

sweets between meals 

daily were approximately 

3.5 times more likely to 

have dmft scores greater 

than or equal to four than 

were those who consumed 

few or no sweets between 

meals [OR-3.48; (95% CI - 

1.38 to 8.81), p=0.008]. 

• Other significant 

associations were found 

with the reason for and use 

of oral health care seeking. 

• Going to the dentist for 

caries treatment presented 

[OR- 5.49; 95% CI: 3.12 to 

9.67], compared to 

children who visited the 

FHC for prevention and/or 

educational reasons. 

• Based on the 

results of this 

study, a dmft score 

greater than or 

equal to four in 

five-year-old 

children living in 

poor conditions in 

a large city in 

Brazil was 

influenced by: a. 

lower 

socioeconomic 

status; b. an 

overcrowded 

household; c. 

caregiver’s low 

educational level; 

d. seeking dental 

services only for 

emergency 

treatment; and e. a 

diet rich in 

sucrose. 

• Educational attainment 

II. Overall family-related factors  

A. Family environment 

• Family size 

 

III. Neighbourhood 

environmental characteristics  

A. Surrounding conditions 

• Neighbourhood deprivation/ 

empowerment level 

B. Dental services 

• Availability and accessibility 

of dental services   

  

 

The effect of 

social 

demographic 

factors, snack 

consumption and 

vending machine 

use on oral health 

Observational 

study  

To investigate 

the effect of 

socio-

economic 

status, sugar, 

snack 

consumption 

and vending 

60 children 

(34 girls and 

26 boys) aged 

5-16 years old 

recruited from 

a dental 

surgery in the 

• Children from social 

groups I and II consumed 

significantly less (P < 

0.05) sugar, 

confectionery, crisps and 

used a vending machine 

less often than children 

from other social groups. 

• Socio-economic 

status and access 

to vending 

machines were 

found to have a 

significant effect 

on sugar intakes, 

I. Parent-related factors  

A. Parent socioeconomic 

conditions 

• Parental socioeconomic status 

 

II. Internal school environment  

A. Supportive school environment 
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of children living 

in London 

 

M. Maliderou, S. 

Reeves and C. 

Noble 

 

2006 

 

 

machine use 

on the 

prevalence 

and severity 

of caries 

(DMF) in 

children 

Chelsea area 

of London 
• Children from Social 

groups I, II and III had 

significantly lower DMF 

scores.  

• The average DMF from 

social group I children 

was 0.5 (SD- 0.6), whilst 

group IV children had the 

greatest incidence and a 

DMF of 4.6 (SD- 0.8). 

• Significant correlations 

were identified between 

DMF and sugar, 

confectionery and crisp 

consumption and vending 

machine use, and a 

negative correlation 

between DMF and 

vegetable consumption. 

foods choices, and 

dental health.  

• The removal of 

vending machines 

from schools or at 

least installing 

‘healthy’ vending 

machines is 

recommended. 

• Health promotion 

programmes that 

account for social 

groups and 

snacking habits 

that are cost 

effective are 

required. 

• School facilities (e.g., access to 

vending machines with sugary 

foods) 

 

Association 

between 

grandparent co-

residence, 

socioeconomic 

status and dental 

caries among early 

school-aged 

children in Japan: 

A population-

based prospective 

study                                                                                                                                                                                       

Ayako Morita, 

Yusuke 

Prospective 

study- 

Questionnaire 

survey of 

caregivers of 

children and 

Multilevel 

Poisson 

regression 

analysis 

The present 

study uses the 

Adachi Child 

Health Impact 

of Living 

Difficulty (A-

CHILD) study 

data and 

examines the 

association of 

grandparent 

co-residence, 

parental 

socioeconomi

First-grade 

children (age 

6–7 years) N= 

3578 

• The percentage of dental 

caries experience was 

higher among children 

living with grandparents 

(48.9%) than among 

children living without 

grandparents (44.0%). 

The risk for caries, 

however, did not differ 

according to grandparent 

co-residence status when 

tooth type, child’s age 

and sex, and parental 

socio-economic status 

• The association 

between 

grandparent co-

residence and 

dental caries 

among early 

school-aged 

children in urban 

Japan was 

confounded by 

socioeconomic 

status. In 

conclusion, our 

findings indicate 

I. Parent-related factors  

A. Parent socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., household 

income                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

B. Parental characteristics 

• Educational attainment 
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Matsuyama, Aya 

isumi, Satomi Doi, 

Manami ochi & 

Takeo Fujiwara                                      

2019 

c status, and 

dental caries 

of children in 

a prospective 

cohort of 

first-grade 

Japanese 

children. 

and structure were 

adjusted (PR, 1.13; 

95%CI, 0.90, 1.42). Our 

results showed that the 

association between 

grandparent co-residence 

and dental caries 

experience was explained 

by parental SES, namely, 

low maternal education 

and low household 

income. The lower 

parental SES contributed 

to the reduced prevalence 

of parental control over 

snack intake, frequent 

tooth-brushing and tooth-

brushing supervision, the 

increased prevalence of 

daily sugar-sweetened 

beverage intake, and the 

increased risk of dental 

caries in the second 

grade. 

that grandparent 

co-residence 

reflects low 

maternal 

education and low 

income, which are 

associated with the 

increased risk of 

dental caries in the 

early school-age 

children in urban 

Japan. The current 

findings can be 

useful information 

to consider 

effective 

interventions to 

promote dental 

caries prevention 

among families 

raising elementary 

school age 

children. 

Increase in dental 

caries and change 

in the 

socioeconomic 

profile of families 

in a child cohort 

of the primary 

health care in 

Northeast Brazil 

A prospective 

analytical 

study; Brazil 

This study 

aimed to 

present the 

risk factors 

related to the 

increase in 

dental caries 

in the primary 

dentition 

The study 

compared data 

from two 

surveys on 

caries in 

primary 

dentition 

conducted in 

2006 (age: 

• The prevalence and mean 

dmft (18–36 months and 

5–7 years’= 28.6 and 

68.9%, mean = 1.01 and 

3.46, respectively) and 

variation in mean dmft 

changed significantly (p< 

0.005) with the education 

level and occupation of 

• Increases in caries 

were recorded 

despite the 

positive changes 

in the distribution 

of socioeconomic 

indicators of the 

families of the 

children who were 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., use of private dental 

services) 

• Employment status 
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Márcia Maria 

Dantas Cabral de 

Melo*, Wayner 

Vieira de 

Souza2and Paulo 

Sávio Angeiras de 

Goes  

 

2019 

identified 

between 2006 

and 2010 in 

this paediatric 

cohort; 

additionally, 

the role of 

changes in the 

family 

socioeconomi

c profile 

during a 

period where 

social and 

income 

transfer 

programmes 

were 

implemented 

in the country 

was 

evaluated. 

18–36 

months= 

1045) and 

2010 (age: 5–

7 years).  Data 

from the 

sample 

recruited and 

re-examined 

in 2010 (n= 

469) were 

analysed 

through 

multivariate 

analysis. 

the mother; the 

prevalence and mean 

dmft were lower for 

higher maternal 

education level and 

maternal participation in 

the labour market. The 

cumulative incidence and 

mean increase in dmft 

were 8.71% and 2.45, 

respectively. The final 

model of the multivariate 

analysis concerning the 

independent risk factors 

for the increase in caries 

in the total sample 

showed that the children 

whose mothers had less 

than 8 years of education 

had a higher risk of 

developing caries (RR = 

1.55 and95% CI 1.05–

2.01) compared to 

children of mothers with 

higher education levels. 

Common risk predictors 

for increases in caries 

were consumption of 

sweets (RR = 1.53, 95% 

CI 1.09–2.14) and 

attendance at public 

schools (RR = 1.49, 95% 

CI: 1.81–1.89). The use 

followed up. The 

variables that 

composed the risk 

model for the 

increase in caries 

suggest the 

persistence of 

problems with the 

effectiveness of 

intersectoral and 

health measures to 

control the disease 

in a population 

exposed to PHC 

programmes. In 

addition, it is 

paradoxical that 

the use of private 

services, 

commonly of 

restricted 

biomedical 

approach, has 

constituted a 

protective factor 

for the increase in 

caries in these 

children, who 

should have full 

use of the actions 

offered by the 

PHC in the study 

areas. 

• Occupation 

type                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

B. Parental characteristics 

• Educational attainment 

 

II. Internal school environment                                                        

A. Supportive school environment 

• school type                                            
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of private clinical 

services was a protective 

factor (RR = 0.68, 95% 

CI 0.54–0.87). 

Risk indicators for 

untreated dental 

decay among 

Indigenous 

Australian 

children  

 

Diep Hong Ha, 

Loc Giang Do, 

Kaye Roberts‐

Thomson, Lisa 

Jamieson    

                                            

Community 

Dentistry & Oral 

Epidemiology  

 

2019 

Secondary 

data analysis 

involving 

multivariable 

log‐Poisson 

regression 

modelling; 

Australia 

To investigate 

risk indicators 

for untreated 

dental decay 

among 

Indigenous 

Australian 

children using 

a national 

representative 

sample. 

Data were 

from the 

National 

Child Oral 

Health Study 

2012‐2014, 

which 

included a 

nationally 

representative 

sample of 

Indigenous 

Australian 

children aged 

5‐14 years. 

There were 

720 5‐ to 10‐

year‐old and 

736 8‐ to 14‐

year‐old 

Indigenous 

children 

• Indigenous children 

experienced a significant 

amount of untreated 

dental caries. Among 5‐ 

to 10‐year‐olds, % ds >0 

was 43.1 (95% CI: 36.8‐

49.6) and mean ds was 

3.4 (95% CI: 2.4‐4.4). 

Among 8‐ to 14‐year‐

olds, % DS >0 was 27.3 

(22.3‐32.9), while the 

mean DS was 0.8 (0.6‐

1.0). In multivariable 

modelling, risk indicators 

for % ds >0 among 5‐ to 

10‐year‐olds were low 

household income, 

commencing 

toothbrushing after 30 

months of age, 

consuming 2+ cups of 

SSB per day and not 

residing in fluoridated 

areas. Risk indicators for 

mean ds among 5‐ to 10‐

year‐olds included 

infrequent toothbrushing 

and consuming 2+ cups 

of SSB per day. Risk 

Indigenous 

Australian children 

experienced a 

significant amount 

of untreated dental 

caries. Risk 

indicators for 

untreated decay 

included 

demographic 

factors, 

socioeconomic 

factors, oral 

hygiene 

behaviours, dietary 

behaviours and 

environmental 

factors. 

I. Parent-related factors  

A. Parent socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., household 

income)                                                                                                                                                                                                                                                                                                                                                                                                                                                        

B. Parental characteristics 

• Educational attainment  

 

II. Neighbourhood environmental 

conditions 

A. Surrounding conditions                                                       

• Level of urbanisation/ rurality 

(e.g., residing outside the 

capital city) 
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indicators for % DS >0 

among 8‐ to 14‐year‐olds 

were low household 

income, while risk 

indicators for mean DS 

among 8‐ to 14‐year‐olds 

were residing in the non‐

capital city, low 

household income, 

consuming 2+ cups of 

SSB per day and not 

residing in fluoridated 

areas. 

Dental Caries 

Investigation in 

Children 

Controlled for an 

Educative and 

Preventive Oral 

Health 

Programme     

 

Leila Maria 

Cesário Pereira 

Pinto / Eliane 

Mara Cesário 

Pereira Maluf/ 

Luciana Tiemi 

Inagaki/ Fernanda 

Miori Pascon/ 

Regina Maria 

Puppin-Rontani/ 

This study 

was an 

analytic cross-

sectional oral 

health survey 

conducted 

over 9 

months. 

To evaluate 

the 

association of 

dental caries 

with 

behavioural, 

socioeconomi

c and cultural 

factors; and 

Streptococcus 

mutans (SM) 

levels in the 

saliva and 

oral hygiene 

index of 

children aged 

4 and 6 years 

old placed in 

an oral health 

programme. 

466 children 

aged 4 and 6 

years old 

• High SM levels were 

associated with dmft 

index, toothbrushing 

without parental 

assistance, deficient oral 

hygiene and ingestion of 

sweet foods. Deficient 

oral hygiene was found 

in children aged 4 years 

old and with three or 

more siblings. Dental 

caries was associated 

with low family income, 

deficient oral hygiene, 

sucrose ingestion by 

children younger than 

three years old, bottle-

feeding habit and low 

parental compliance 

(Parents’ difficulties to 

• High SM levels in 

saliva, deficient 

oral hygiene and 

high frequency of 

sucrose ingestion 

had an association 

with dental caries 

in children. 

Cultural, 

socioeconomic 

and behaviour 

factors indirectly 

influenced the 

onset of dental 

caries 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., household income)  

B. Parental support 

• Feeding styles 

• Aid (e.g., difficulty in 

following the recommendations 

on oral health prevention) 

 

II. Overall family-related factors  

A. Family characteristics 

• Number of siblings 
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Elerson Gaetti 

Jardim Junior  

2020 

follow the Preventive 

Programme’s 

recommendations, 

whether Parents follow 

the recommendations on 

sucrose intake before the 

child is 3 years old). 

Risk indicators of 

dental caries and 

gingivitis among 

10-11-year-old 

students in 

Yangon, 

Myanmar. 

Zar Chi Kyaw 

Myint, Takashi 

Zaitsu, Akiko 

Oshiro, Masayuki 

Ueno, Ko Ko Soe 

and Yoko 

Kawaguchi. 2020 

cross-

sectional 

study; 

Myanmar 

To obtain 

basic data on 

dental caries 

and gingival 

status of 

students in 

Myanmar, 

and to 

identify 

related risk 

indicators, 

including 

socioeconomi

c conditions 

and oral 

health 

behaviours 

and habits 

537 fifth-

grade students 

(10–11-year-

olds) 

• The dental caries 

prevalence was 68.5%, 

with a mean number of 

decayed teeth of 2.07+/-

2.15. No significant 

differences were found 

between the sexes in 

terms of dental caries and 

gingivitis. Oral hygiene 

was significantly poorer, 

and levels of bacteria in 

dental plaque were 

significantly higher in 

boys than in girls. Tooth 

brushing frequency, a 

daily habit of mouth 

rinsing, dental visit 

experience (visited in 

past 12 months- yes/no), 

consumption of sugary 

snacks and oral hygiene 

status were significantly 

associated with dental 

caries. 

• Myanmar students 

with mixed 

dentition had a 

high prevalence of 

dental caries and 

gingivitis, as well 

as poor oral 

hygiene, and 

inadequate oral 

healthcare habits. 

The 

socioeconomic 

condition 

(individual SES 

determined by if 

child visited dental 

clinic in the past 

12 months), oral 

hygiene status and 

oral health habits 

were risk 

indicators of 

dental caries and 

gingivitis. 

Cooperative 

efforts by school 

I. Parent-related factors  

A. Parental socioeconomic 

conditions 

• Parental socioeconomic status 

(e.g., if the child visited 

dental service in the last 12 

months)  
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authorities, 

teachers, health 

professionals and 

parents in school 

oral health 

promotion 

programmes 

would be essential 

for the 

improvement of 

the oral health 

status of Myanmar 

students 

School 

Interventions–

based Prevention 

of Early-

Childhood Aries 

among 3–5-year-

old children from 

very low 

socioeconomic 

status: Two-year 

randomized trial  

 

Srinivasan Raj 

Samuel, 

Shashidhar 

Acharya, Jeevika 

Chandrasekar 

Rao, 2020 

double-blind, 

three parallel 

arms 

randomised 

clinical trial; 

India; Schools 

selected from 

the frame 

were allocated 

into dedicated 

study, active 

and negative 

control 

groups, and 

then samples 

(schools) 

were selected 

randomly 

from each 

group 

To assess the 

effectiveness 

of school-

based 

interventions 

to prevent 

early 

childhood 

caries (ECC) 

among 

preschool 

children from 

very low 

socioeconomi

c background 

over a period 

of 2 years. 

children 

between the 

ages of 3–5 

years 

• Absolute caries risk 

reduction in the study 

group was 20 percent and 

12 percent when 

compared to active and 

negative controls after 2 

years. The mean caries 

increment in the study 

group was 0.4 for d1/d2, 

for the active control 

group was 0.9 and for the 

negative control was 0.8. 

The effect of 

interventions to prevent 

ECC in each group was 

calculated using Cohen’s 

d, and the study group 

had a score of 0.6 when 

compared with active 

controls and 0.9 in 

• In conclusion, 

prohibition of 

snacking in school 

(sugary 

drinks/solids), 

tooth brushing 

under teachers’ 

supervision and 

using a fluoridated 

toothpaste tandem 

with appropriate 

oral health 

education can be 

an effective tool in 

the control and 

prevention of ECC 

among socially 

disadvantaged 

children in a very 

I. Internal school environment 

A. Supportive school 

environment 

• School facilities (e.g., 

availability of sugary food in 

school premises) 

B. School-level strategies 

• School-based interventions 

C. Staff/ teacher’s support 

• Teacher’s involvement in 

pupil’s development (e.g., 

supervision of tooth brushing) 
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amounting to 

a total sample 

size of 140 

pupils in 

each.; 

Interventions: 

1. Oral health 

education to 

students and 

teachers by 

the Principal 

Investigator, 

flash card 

demonstration

s regarding 

healthy oral 

hygiene 

practices, 

distribution of 

oral health 

kit; 2. tooth 

brushing 

supervision 

by teachers; 3. 

prohibition of 

sugared 

snacks/candy 

(chocolates, 

anything 

made of table 

sugar or 

contained 

table sugar) in 

comparison to the 

negative control group. 

low-resource 

setting. 
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school 

premises, 

parents were 

informed in 

this regard in 

an official 

letter through 

their child, 

and children’s 

compliance 

towards sugar 

prohibition 

was evaluated 

by surprise 

squad 

evaluation of 

the child’s 

lunch 

randomly 

twice a week. 

Caries incidence 

of the first 

permanent molars 

according to the 

Caries Assessment 

Spectrum and 

Treatment 

(CAST) index and 

its determinants in 

children: a cohort 

study. 

Zeinab Mahboobi, 

Afsaneh 

Cohort study; 

Tehran, Iran. 

The purpose 

of the present 

study was to 

evaluate the 

caries 

incidence of 

the first 

permanent 

molars 

according to 

the CAST 

index in 7-to-

8-years old 

Two hundred 

and ninety 

schoolchildren 

aged 7–8 

years old 

selected 

through multi-

stage cluster 

random 

sampling 

• Two hundred and ninety 

schoolchildren aged 7–8 

years old were followed 

up for two years. All of 

them had complete data 

obtained via oral 

examination and 

questionnaires. The 

annual caries incidence 

rate was 0.16 and 53% 

(95% CI 47.4–58.9) of 

the children developed at 

least one new dental 

• This 2-year 

longitudinal study 

on 7- to 8-year-old 

children showed 

that caries 

incidence 

according to the 

CAST index was 

associated with 

socio-economic 

status and mother 

education but not 

associated with 

I. Neighbourhood environmental 

characteristics  

A. Surrounding conditions   

• Neighbourhood deprivation/ 

empowerment level 

 

II. Parent-related factors  

A. Parental characteristics 

• Educational attainment 
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Pakdaman, Reza 

Yazdani, Leila 

Azad bakht, 

Ahmad R. 

Shamshiri and 

Azadeh Babaei; 

2021 

children in a 

2-year cohort 

study and its 

socioeconomi

c, dietary, and 

oral health-

related 

determinants. 

caries (enamel or 

dentine) during two 

years. Multi-variate 

analysis revealed that the 

children of mothers with 

high school education or 

diploma (IRR = 1.47, 

95% CI 1.02–2.12; p 

=0.04) and those with 

low socio-economic 

status as measured by 

living in the non-affluent 

area (IRR =1.86, 95% CI 

1.27–2.73; p <   0.001) 

were more likely to 

develop caries. There 

was no significant 

association between 

gender, father’s 

educational level, child-

birth order, housing area 

per person, OHI-S score, 

oral health knowledge of 

parents, and sugary 

snacks consumption per 

day and caries increment 

at an individual level. 

having 2 or more 

sugary snack per 

day and oral 

hygiene status. In 

conclusion, the 

incidence of caries 

in the first 

permanent molars 

as measured by 

any increase in the 

number of caries 

from healthy to 

pre-morbidity, 

morbidity, serious 

morbidity and 

mortality stages 

was associated 

with low socio-

economic status 

and having no 

academic 

education of 

mothers. 

However, oral 

hygiene status as 

measured 

according to the 

OHI-S index and 

snacking was not 

associated with 

new caries 

development in 

permanent first 
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molars.  

Accordingly, it is 

recommended that 

oral health 

promotion 

programs targeting 

children from low 

socio-economic 

status and those 

with lower level of 

mother education 

be planned in 

future studies. 

Prevalence of 

dental caries and 

associated factors 

among school-

aged children in 

Tripoli, Libya: a 

cross-sectional 

study.  

Hosam Alraqiq, 

Ahmid Eddali and 

Reema Boufis. 

2021 

Cross-

sectional; 

Tripoli, Libya 

The study’s 

objective was 

to collect 

current data to 

determine the 

prevalence of 

dental caries 

and its 

associated 

factors among 

school-aged 

children in 

Tripoli. 

Specific aims 

were to (1) 

determine the 

prevalence of 

dental caries 

among first- 

and seventh-

The study 

used primary 

data collected 

from a 

convenience 

sample of 

1934 

participants 

comprising 

first-grade 

(aged   6–7   

years, n   =    

1000) and 

seventh-grade 

(aged 11–12 

years, n = 

934) children 

in Tripoli 

during their 

2019 school-

• Among 1000 first-grade 

children, 78.0% had 

decay in their primary 

teeth, with a mean dmft 

of 3.7. Among 934 

seventh-grade children, 

48.2% had caries in their 

permanent teeth, with a 

mean DMFT of 1.7. The 

most significant factors 

associated with caries 

prevalence were 

socioeconomic, such as 

screening site (first 

grade, p= 0.02; seventh 

grade, p <   0.001) and 

maternal employment 

(employed/homemaker) 

(seventh grade, p= 0.02), 

and behavioural, such as 

• In this study, a 

high prevalence of 

dental caries was 

found among first- 

and seventh-grade 

children in Tripoli, 

Libya. This high 

prevalence was   

significantly   

associated with   

socioeconomic 

factors, such as 

screening site and 

maternal 

employment, as 

well as 

behavioural 

factors, such as 

tooth-brushing 

duration, past 

I. Parent-related factors  

A. Parental socioeconomic 

condition 

• Employment status (e.g., 

maternal occupation status)  

 

II. Neighbourhood environmental 

conditions 

B. Surrounding conditions 

• Neighbourhood deprivation/ 

empowerment level  
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grade children 

in Tripoli and 

(2) examine 

the 

socioeconomi

c and 

behavioural 

factors 

associated 

with dental 

caries 

prevalence. 

entry health 

examinations. 

A 

convenience 

sample of 

first- and 

seventh-grade 

children was 

screened 

during the 

same time as, 

but 

independent 

from, their 

2019 school-

entry 

examinations 

in 2 

socioeconomi

cally diverse 

districts. Four 

community 

health centers 

were selected 

based on their 

geographic 

location and 

their 

participation 

in school-

entry 

examinations.  

Two centers 

toothbrushing duration 

(seventh grade, p= 0.01), 

past dental treatment 

(both grades, p <   0.001), 

and past emergency visit 

(both grades, p < 0.001). 

dental treatment, 

and past 

emergency visit. 

These findings can 

be used to 

evaluate current 

public health 

initiatives and 

inform future 

program and 

policy planning. 

The results may 

also provide a 

framework for 

ongoing and future 

public health 

surveillance 

efforts in Tripoli. 
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were located 

in the 

relatively low-

income 

district of Abu 

Saleem, and 2 

were located 

in the 

relatively 

high-income 

district of Hey 

al Andalus. A 

total of 500 

first- and 

seventh-grade 

children were 

screened at 

each health 

center, with 

the exception 

of 1 center, in 

which only 

434 children 

in seventh 

grade were 

screened. 

Caries Prevalence 

Associated with 

Oral Health-

Related 

Behaviours among 

Romanian 

Schoolchildren; 

Cross-

sectional 

epidemiologic

al survey, 

Romania; The 

Hurdle 

approach was 

This study 

aimed to 

evaluate 

caries 

prevalence 

and severity 

in 

11–14-year-

old 

schoolchildren 

residing in 

rural and 

urban areas of 

Romania (the 

• The mean and standard 

deviation (SD) for the 

dentinal caries index was 

4.96(5.33) Girls were 

more likely to have non-

zero restoration codes 

(β= 0.14, SE = 0.08, p< 

• The outcome of 

this research 

highlights that the 

presence of caries 

(dentinal caries 

index) in 

Romanian 

I. Parent-related factors  

A. Parental characteristics 

• Educational attainment  

 

II. Internal school environment  

A. School location 
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Sava-Rosianu R, 

Campus G, 

Matichescu A, 

Balean O, 

Dumitrache M, 

Lucaciu P, Daguci 

L, Calina Barlean 

M, Maricutoiu L, 

Postolache M, 

Dumitrescu R, 

Jumanca D, 

Galuscan A; 2021 

used to 

analyse the 

dataset, 

requiring two 

sets of 

analyses for 

each outcome 

variable: a 

multilevel 

binary model 

to predict 

prevalence, 

and a 

multilevel 

Poisson 

analysis using 

only non-zero 

values. 

schoolchildre

n residing in 

rural and 

urban areas of 

Romania and 

to correlate 

these with 

oral health-

related 

behaviours 

survey was 

conducted 

across 49 

schools) 

0.05).  Low education 

levels of each parent 

were also associated with 

the increased likelihood 

of having non-zero 

carious teeth surfaces 

(β=−0.23, SE = 0.06, p< 

0.01, for the father’s 

education level; β=−0.22, 

SE = 0.07, p< 0.01 for 

the mother’s education 

level) and non-zero 

restoration codes 

(β=−0.14, SE = 0.07, p< 

0.05 for the father’s 

education level; β=−0.18, 

SE = 0.06, p< 0.01 for 

the mother’s education 

level). Poisson regression 

analyses indicated that 

the high number of 

carious tooth surfaces 

was significantly 

associated with the 

father's education [−0.14 

* (0.06) [−0.26; −0.02]], 

and mothers education 

[−0.11 * (0.05) [−0.20; 

−0.02]]. The presence of 

cavities was predicted by 

the consumption of 

carbonated soft drinks 

(β= 0.19, SE = 0.07, p< 

schoolchildren is 

influenced by their 

socioeconomic 

background, as 

well as their 

specific 

consumption 

behaviours 

• School deprivation status 

(e.g., area deprivation at 

school location)  
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0.01), candies (β= 0.13, 

SE = 0.06, p< 0.01), 

sweetened milk (β= 0.12, 

SE = 0.06, p< 0.05), tea 

(β= 0.16, SE = 0.08, p< 

0.05), or cocoa (β= 0.13, 

SE = 0.06, p< 0.05). 

Furthermore, the non-

zero values of the 

dentinal caries index 

were more likely in rural 

schools (β=−0.37, SE = 

0.11, p< 0.01), and a 

negative association 

between the county 

development index and 

the fillings/restorations 

index (β=−0.01, SE = 

0.01, p< 0.05) was also 

established. 

The impact of 

different 

determinants on 

the dental caries 

experience of 

children living in 

Australia rural and 

urban areas; Diep 

H. Ha, Leonard A. 

Crocombe, 

Shahrukh Khan, 

Loc G. Do; 2021 

secondary 

data analysis 

involving 

bivariate to 

multivariable 

log-Poisson 

regression 

models with 

robust 

standard error 

estimation; 

Australia 

This study 

aimed to 

investigate 

factors 

attributable to 

the difference 

in child oral 

health 

between 

urban and 

rural areas in 

Australia 

Data were 

from the 

National 

Child Oral 

Health Study 

2012-14, a 

population-

based study of 

5- to 14-year-

old children, 

who 

underwent 

oral 

• Caries prevalence was 

higher in rural than in 

urban areas. In 

multivariable models, the 

reason for dental visit 

(for pain and other 

problems) and 

consumption of sugary 

beverages were 

consistently associated 

with caries prevalence 

and experience in both 

age groups. High 

• Factors at both 

community and 

individual levels 

attributed to the 

observed 

differences in 

child caries 

prevalence and 

experience 

between urban and 

rural areas. 

I. Neighbourhood environmental 

conditions  

A. Surrounding conditions 

• Level of urbanisation/ rurality 

 

II. Parent-related factors  

A. Parental socioeconomic 

conditions  

• Parental socioeconomic status 

(e.g., family income) 
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epidemiologic

al 

examinations 

by trained 

examiners. 

10581 five- to 

eight-year-old 

and 14041 

nine- to 

fourteen-year-

old children 

were included 

consumption of sugary 

beverages attributed to a 

higher primary and 

permanent dental caries 

experience in rural than 

in urban areas. Dental 

access was also attributed 

to the differences 

between the two areas. 

Low family income had a 

larger population impact 

on dental caries in both 

the primary and 

permanent dentitions 

among children in urban 

than in rural areas 

Association 

between dental 

caries risk 

indicators and 

various stages of 

caries in newly 

erupted permanent 

teeth; Ivana 

Stošović Kalezić*, 

Andrijana 

Cvetković*, 

Marko 

Stevanović*, 

Brankica 

Martinović*, 

Zoraida 

Milojković*, Raša 

a cross-

sectional 

study 

involving a 

parental 

questionnaire 

survey and 

children's oral 

examinations; 

The data 

obtained were 

analysed 

using the χ2or 

Fisher`s exact 

test and 

multinomial 

logistic 

The aim of 

this study was 

to assess the 

association 

between 

distinctive 

risk indicators 

and different 

stages of 

caries disease 

process in 

children. 

a sample (n= 

327) of school 

children ages 

7–11 

• Compared to caries-free 

subjects, the appearance 

of initial caries lesions 

was statistically 

significantly influenced 

by maternal education 

level (p = 0.021), 

paternal occupational 

status (p = 0.023), 

toothbrushing frequency 

(p < 0.001), and caries 

status of deciduous teeth 

(p = 0.027). Maternal 

educational level (p= 

0.026), paternal 

occupational status (p = 

0.003), sweets and snacks 

• Parental 

socioeconomic 

indicators and 

children’s 

behaviour related 

to oral health were 

involved in the 

changes from 

caries-free status 

to different caries 

stages. 

I.  Parent-related factors 

A. Parental characteristics 

• Educational attainment 

B. Parental socioeconomic 

conditions 

• Employment status 
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Mladenović†, 

Milan Živković*, 

Nadica 

Djordjević*, 

Mirjana Ivanović; 

2021 

regression; 

Serbia 

taking frequency (p = 

0.005), toothbrushing 

frequency (p < 0.001), 

and fluoridate dentifrice 

usage (p= 0.027) were 

associated with moderate 

caries lesions. Maternal 

educational level (p < 

0.001), sweets and snacks 

taking frequency (p = 

0.022) and toothbrushing 

frequency (p < 0.001) 

were associated with 

extensive caries lesions. 

Maternal educational 

level (p = 0.02) and 

brushing frequency (p < 

0.001) were statistically 

significantly associated 

with the highest 

prevalence of initial 

caries lesions. Maternal 

educational level (p = 

0.025), toothbrushing 

frequency (p < 0.001) 

and frequency of dental 

check-ups (p = 0.016) 

were statistically 

significantly associated 

with the highest 

prevalence of moderate 

caries lesions. 
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Knowledge 

Attitude and 

Practices of 

Parents towards 

Oral Health 

Maintenance 

among their 

Children and 

Correlation with 

Dental Caries 

Experience‑ A 

Cross‑sectional 

Study. 

Anand Nanasaheb 

Patil, Swati 

Ramesh Karkare1, 

Haridas Sopan 

Jadhav1, Saritha 

Sirikonda, Vishal 

Bhaidas 

Suryawanshi2, 

Saylee Narayan 

Patil; 2021 

Cross-

sectional 

involving A 

self‑designed 

pretested 

15‑item 

questionnaire 

survey to 

assess 

parent’s   

knowledge, 

attitude, and   

practice 

(KAP) and 

oral 

examinations 

of children; 

India 

The aim of 

this study is to 

assess 

parent’s 

knowledge, 

attitude, and 

practice 

(KAP) 

regarding 

their 

children’s oral 

health 

maintenance 

and its 

correlation 

with dental 

caries 

experience.   

504 parents of 

children aged 

5–10 years 

• Dental caries prevalence 

among children was 

61.1%. Good KAP was 

reported among 23% of 

the parents, 64% had fair, 

whereas 11.5% had poor 

KAP. One‑way ANOVA 

showed a significant 

difference (P = 0.04) in 

deft scores among 

parents having good, fair, 

and poor KAP. The 

highest deft score was 

found among children of 

parents with poor KAP. 

The DMFT scores did 

not show a significant 

difference between the 

KAP categories (P = 

0.76). 

• Better knowledge, 

positive attitude, 

and good oral 

health practices 

followed for 

children by the 

parents will reflect 

the good dental 

health status of 

their children. 

I. Parent-related factors 
A. Parental behaviours and 

attitudes 

• Perceptions and attitudes 

about dental health  

B. Parental support 

• Oral health literacy 

• Aid  

 

Examining the 

Relationship 

between Social 

and School 

Environment and 

Children’s Caries 

Experience Using 

Primary and 

Secondary Data: 

A Cluster 

cross-

sectional 

(ecological) 

and analytical 

study which 

used primary 

and secondary 

data of the 

municipality 

of 

The aim was 

to examine 

clustering 

patterns of 

socioeconomi

c and 

environmental 

characteristics 

of schools and 

their 

5,213 students 

(aged 2–11 

years) from 38 

public schools 

of 

Carapicuíba 

(SP, Brazil) 

• Two valid and reliable 

clusters were identified:  

cluster 1 (“advantaged 

group”),  characterized 

by 33 schools with the 

highest percentages of 

children without caries 

experience and located in 

regions with better 

socioenvironmental 

• The study draws 

attention to the 

relationship 

between 

socioeconomic 

and environmental 

indicators and 

caries experience, 

identifying least 

advantaged 

I. External school environment  

A. School location 

• School deprivation status 

(e.g., area deprivation in the 

location of the school) 
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Analysis; Juliana 

Neide Amatoa, b    

Ednalva Maria de 

Sousa 

EskenazicSimone 

Baccili Ribeirob    

Simone Lyz Pires 

Marcilio 

GuerrerobFernand

o Luiz Affonso 

Fonsecaa    Paula 

Midori Casteloa; 

 

2021 

Carapicuíba, 

state of São 

Paulo, Brazil; 

1. primary 

data provided 

information 

on dental 

outcomes, 2. 

secondary 

data 

comprised of 

demographic 

and school 

census data 

that provided 

information 

on 

socioeconomi

c and 

environmental 

characteristics 

of the 

territorial 

units and 

infrastructure 

of each 

school, 

respectively. 

Cluster 

analysis and 

ANOVA were 

applied to 

identify 

associations 

with caries 

experience of 

schoolchildre

n. 

indicators, and cluster  2  

(“least advantaged 

group”), characterized by 

5 schools with higher 

percentages of children 

with caries experience, 

lower percentages of 

households with sanitary 

sewer and water supply,  

higher 

residents/household ratio 

and higher percentages of 

families living with up to 

1 minimum wage. An 

increase in the odds of 

having caries experience 

for each per-cent of 

houses with well water 

and families which live 

with up to 1 minimum 

wage was observed. 

Variables significantly 

associated with caries 

experience: (Percent 

houses with well water, 

Percent houses with 

sanitary sewer, Number 

of residents per house, 

Percent household 

income <1 Brazilian min. 

wage, gender, dentition 

stage) 

regions and 

helping to design 

strategic health 

plans for this 

target population 
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schools with 

similar social 

and 

environmental 

aspects and 

children’s 

caries 

experience. A 

logistic 

regression 

model was 

used to 

ascertain the 

effects of 

cluster 

variables on 

the likelihood 

that 

participants 

have caries 

experience, 

controlling for 

the stage of 

dentition and 

sex. 

Determinants of 

dental caries 

among adolescent 

patients attending 

Hospitals in West 

Wollega Zone, 

Western Ethiopia: 

A case-control 

A hospital-

based 

unmatched 

case-control 

study design 

was 

conducted in 

West Wollega 

This study 

aimed to 

assess the 

determinants 

of dental 

caries among 

adolescent 

patients in the 

adolescents 

aged 10-19; A 

total of 133 

cases and 266 

controls 

participated in 

this study. 

• A total of 399 

adolescents were enrolled 

in this study, yielding a 

response rate of 100%. 

The study found that 

daily consumption of 

sugared coffee (AOR= 

2.91,95%CI:1.62,5.23), 

• In this study, 

drinking sugared 

coffee, daily 

consumption of 

bread, khat 

chewing, sugary 

food consumption, 

living in urban 

I. Neighbourhood environmental 

characteristics  

A. Surrounding conditions 

• Level of urbanization/ rurality 
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study; Guracho 

TT, Atomssa EM, 

Megersa OA, 

Tolossa T; 2021 

Zone, West 

Ethiopia. 

Multivariable 

binary logistic 

regression 

analysis was 

used to 

identify the 

determinants 

of dental 

caries at 

P<0.05 

west Wollega 

Zone, 

Western 

Ethiopia 

khat chewing (AOR= 

2.90,95%CI:1.46,3.15), 

daily consumption of 

bread (AOR= 

2.65,95%CI:1.44,4.89), 

daily consumption of 

sweet foods(AOR= 

2.04,95%CI:1.19,3.48), 

living in urban areas 

(AOR= 

1.86,95%CI:1.09,3.15), 

and daily tooth brushing 

using tooth-paste or stick 

(AOR= 

0.48;95%CI,0.28,0.81)we

resignificantlyassociated

withdentalcariesamongad

olescents 

areas, and daily 

tooth brushing 

using toothpaste 

were significantly 

associated with 

dental caries. 

Therefore, 

improving dietary 

and drinking 

habits and 

strengthening 

regular tooth 

brushing are 

important for 

reducing dental 

caries among 

adolescents 

Prevalence and 

sociobehavioural 

determinants of 

early childhood 

caries among 

5‑year‑old 

Portuguese 

children: a 

longitudinal study; 

J. L. Pereira1,2 · 

F. Caramelo3 · A. 

D. Soares2 · B. 

Cunha2 · A. M. 

Gil1 · A. L. 

Costa2,4; 2020 

An 

observational 

longitudinal 

study was 

conducted 

with a sample 

of 142 pre-

schoolers 

involving 

intraoral 

examinations 

at baseline 

and after 6 

months, A 

questionnaire 

To assess the 

prevalence of 

early 

childhood 

caries (ECC) 

and associated 

factors among 

a 5-year-old 

cohort. 

5-year-old 

children 

(n=142) 

• Baseline prevalence of 

ECC and severe ECC (S-

ECC) was 40.1% and 

11.3%, respectively. 

After 6 months ECC and 

S-ECC prevalence rates 

were 46.5%, and 13.2%, 

respectively. At both 

evaluations most caries 

lesions were untreated. 

Parental education and 

occupation were 

significantly associated 

with ECC. Behaviour 

variables found to be 

• The prevalence of 

ECC was very 

high, with most of 

the lesions left 

untreated. ECC 

experience was 

associated with 

participants’ 

socioeconomic 

background and 

several of the 

surveyed oral 

health-related 

behaviour 

variables. 

I.  Parent-related factors 

A. Parental socioeconomic 

conditions 

• Occupation type  

B. Parental characteristics 

• Educational attainment 

C. Parental support  

• Aid (e.g., tooth brushing with 

parental assistance, frequency 

of dental attendance) 



381 
 

 

 

 

on 

sociodemogra

phic variables 

and oral 

health-related 

behaviours for 

caregivers. 

Statistical 

analysis 

included 

descriptive 

statistics and 

computation 

of confidence 

intervals 

(95% 

confidence 

level) 

significantly associated 

with the disease 

comprised: establishing 

toothbrushing habits 

before the first year, 

toothbrushing twice daily 

and with parental 

assistance, frequency of 

dental visits, age at first 

dental visits, daily 

ingestion of sweets and 

the number of daily 

meals. 
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Appendix 5.1 

Figure A5.1 Lower-layer Super Output Areas (LSOAs) boundaries in England 

(UK Data Service and Edina Digimap, 2021) 
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Appendix 5.2  

Table A5.1 A list of all acquired datasets and their sources 
 

Datasets identified Data sources 

Children's Dental Health Survey (CDHS) 

2013 (Holmes et al., 2015a) 
• Office for National Statistics  

• UK Data Service (data hub) 

National Dental Epidemiological 

Programme (NDEP) 2019 (Public Health 

England, 2020) 

• Public Health England  

• The British Association for the 

Study of Community Dentistry (BASCD) 

National Diet and Nutrition Survey 

Rolling Programme (NDNS-RP)- 

2016/17 to 2018/2019  (Bates et al., 

2020a; Public Health England et al., 

2017) 

• National Centre for Social 

Research (NatCen) 

English Housing Survey (EHS) 2016-

2017 (Department for Communities and 

Local Government, 2018) 

• Ministry of Housing, Communities 

and Local Government 

Local Data Company Retail type, 

Vacancy and Address Data 2018 (Local 

Data Company) 

• Local Data Company (LDC) 

• Consumer Data Research Centre 

(CDRC) (data hub) 

Location of Dental Surgeries 2010 

(Office for National Statistics, 2010b) 
• Office for National Statistics 

(ONS) 

Points of Interest (POI) (Ordnance 

Survey Limited, 2022) 
• Ordnance Survey Ltd.  

• EDINA Digimap Service (data 

hub) 

Index of Multiple Deprivation 2019 

(Ministry of Housing Communities and 

Local Government, 2019c) 

• Ministry of Housing, Communities 

& Local Government 

Census 2011 population characteristics 

data (Office for National Statistics, 2016) 
• Office for National Statistics 

(ONS) 

School, Pupils and Their Characteristics 

2020 (Department for Education, 2020) 
• Department of Education 

School inspection reports (Office for 

Standards in Education, 2020) 
• Office for Standards in Education, 

Children's Services and Skills (Ofsted) 

School lunch take-up survey 2014 

(Wollny et al., 2015) 
• National Centre for Social 

Research (NatCen) 

Children living in poverty (Department of 

Work and Pensions, 2021) 
• Department for work and pensions 

(DWP) 

Families receiving universal credits 

(Department of Work and Pensions, 

2021) 

• Department for work and pensions 

(DWP) 

Mid-year population estimates (Office for 

National Statistics, 2020c) 
• Office for National Statistics 

(ONS) 

Census 2011 boundary data (UK Data 

Service and Edina Digimap, 2021) 
• Office for National Statistics 

(ONS) 

Understanding Society- The UK 

household longitudinal study (University 
• The Economic and Social Research 

Council (ESRC) 
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of Essex Institute for Social and 

Economic Research, 2021) 
• UK Data Service (data hub) 

Household income data- The effects of 

taxes and benefits on household income, 

disposable income estimate for the year 

2020 (Office for National Statistics, 

2020f) 

• Office for National Statistics 

(ONS) 
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Appendix 5.3 

Table A5.2 A review of all identified datasets 

Dataset identified Data topic Participa

nts/ 

sampling 

units 

Data collection 

methods 

Relevant variables 

available in the data  

Geographica

l coverage 

Geographical 

levels 

published 

within the 

data 

Year of 

latest 

data 

collectio

n  

Frequen

cy of 

data 

collectio

n 

Children's Dental 

Health Survey 

(CDHS) 2013 

(Holmes et al., 

2015a) 

Children’s oral 

health outcomes, 

behaviours, 

parent’s 

socioeconomic 

circumstances, 

and their support 

to maintain child 

oral health 

5, 8, 12, 

and 15-

year-old 

children  

Dental 

examinations in 

schools, 

Questionnaire 

survey of 

parents, Self-

completion 

questionnaires 

for 12- and 15-

year-olds 

Children’s age, 

gender, free school 

meals eligibility, 

dental caries 

prevalence, parents’ 

occupation (as per 

NS-SEC 

classification), 

parents’ family status, 

area deprivation in 

the area of residence 

(IMD quintile), and 

information on- 

whether or not they 

help a child to brush 

teeth, take them to the 

dentist, use sugar-free 

chewing gum.  

Wales, 

England, 

Northern 

Ireland 

Country, 

region, and 

pseudo-codes 

for primary 

sampling units 

i.e., local 

authorities  

2013-14 Once a 

decade 

National Dental 

Epidemiological 

Programme 

(NDEP) 2019 

(Public Health 

England, 2020) 

Prevalence and 

severity of 

dental caries 

5-year-old 

children 

Dental 

examinations in 

schools 

Number of children 

examined, percentage 

of children with any 

decay experience 

(i.e., d3mft), 

percentage of 

England Upper-tier and 

lower-tier local 

authority  

2019-20 Every 

two years 
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children with one or 

more obvious 

untreated dentinally 

decayed teeth (i.e., 

d3t) 

National Diet and 

Nutrition Survey 

Rolling 

Programme 

(NDNS-RP)- 

2016/17 to 

2018/19 (Bates et 

al., 2020a; Public 

Health England et 

al., 2017) 

Household and 

individual 

characteristics, 

shopping and 

eating out habits, 

school food 

provision, 

difficulty in 

chewing foods (a 

proxy for oral 

health), sugary 

food 

consumption 

Children 

aged 

between 

1.5 and 18 

years, and 

adults 

aged 18 

and over  

Interview, four-

day diet diary, 

physical 

measurements, 

blood and urine 

examination 

Age, gender, 

percentage of free 

sugar intake, house 

tenure, educational 

attainment, 

occupation as per NS-

SEC classification, 

ethnicity, household 

income, difficulty in 

chewing food, time of 

TV viewing and 

computer use, types 

of foods eaten and 

their quantities in 

grams, free school 

meal  

UK Country, 

region, (Note: 

Data at upper-

tier LA level 

needs to be 

purchased via a 

special request) 

2018-19 Annual  

English Housing 

Survey (EHS) 

2017 (Department 

for Communities 

and Local 

Government, 

2018) 

Information 

about people’s 

housing 

circumstances,  

English 

household

s 

Household 

interviews, 

physical 

inspections 

household 

characteristics and 

tenure, overcrowding, 

services in the home 

such as wall 

insulation, heating, 

and smoke alarm, 

satisfaction with 

neighbourhood 

condition 

England Country, 

region 

2017-18 Annual 

Local Data 

Company- Retail 

Neighbourhood 

environment 

Retail 

outlets 

Onsite data 

collection 

Shop name, shop use, 

retail type, full 

UK Postcodes  2018 Annual 
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type, Vacancy and 

Address Data 2018 

(Local Data 

Company) 

related to the 

retail outlets 

address including, 

postcode, latitude and 

longitude coordinate 

Location of Dental 

Surgeries (Office 

for National 

Statistics, 2010b) 

Neighbourhood 

environment 

related to dental 

services 

Dental 

services 

that offer 

only NHS 

or mixed 

(i.e., NHS 

and 

private) 

care 

Pooled data from 

Health and 

Social Care 

Information 

Centre (HSCIC) 

Service name, and 

address including 

postcode 

England Postcodes  2010 NA 

Points of Interest 

(POI)- Ordnance 

survey (Ordnance 

Survey Limited, 

2022) 

Neighbourhood 

environment 

related to retail 

outlets, dental 

services, and 

other sites such 

as monuments, 

parks, and 

tourist 

attractions. 

Retail 

outlets 

and dental 

services 

(NHS, 

private, 

and 

mixed) 

Onsite data 

collection, and 

pooled data from 

government 

sources, media 

platforms, 

geocoding, and 

3rd party data 

Information on sugar-

selling retail outlets 

(e.g., convenience 

stores), and dental 

services including, 

full address with 

postcode, latitude and 

longitude 

coordinates, contact 

information, type of 

retail outlet 

UK Postcodes 2019 monthly 

Index of Multiple 

Deprivation (IMD) 

2019 (Ministry of 

Housing 

Communities and 

Local 

Government, 

2019c) 

Neighbourhood 

socio-

environmental 

conditions 

related to 

people’s income, 

education, 

employment, 

health, crime, 

Househol

ds 

comprisin

g children 

and adults 

Pre-existing data 

pooled from 

multiple 

administrative 

sources e.g., 

census data 

IMD scores/ 

quintiles, 

scores/quintiles for 

barriers to housing 

and services,   

England Lower-layer 

Super Output 

Area, Middle-

layer Super 

Output Area 

2020 Annual  
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barriers to 

housing and 

services, living 

environment  

Census 2011 data 

(Office for 

National Statistics, 

2016) 

Family level 

sociodemographi

c and 

socioeconomic 

characteristics 

Individual

s of all 

ages  

Self-completion 

questionnaires 

area counts of 

individuals by 

occupation type (as 

per NS-SEC 

classification), 

educational 

qualifications, car 

availability, tenure; 

and area counts of 

households by the 

number of individuals 

per room, level of 

household 

deprivation, 

availability of central 

heating  

UK Lower-layer 

Super Output 

Area, Middle-

layer Super 

Output Area, 

ward 

2011 Once a 

decade 

School, Pupils and 

Their 

Characteristics 

2020 (Department 

for Education, 

2020) 

Pupil level 

socio-

demographic 

and socio-

economic 

characteristics, 

school meals 

policy 

Children 

attending 

nursery, 

primary 

and 

secondary 

schools 

School records School phase (e.g., 

primary), Number of 

children (by age and 

gender) eligible for 

free school meals per 

school, the total 

number of children 

per school 

England  School 

postcode 

2018-19 Annual 

Ofsted School 

inspection reports 

(Office for 

Standards in 

Education, 2020) 

Internal school 

environment 

Nursery, 

primary 

and 

secondary 

schools 

School records, 

physical 

inspection 

The overall school 

effectiveness score 

England  School 

postcode 

June 

2020 

monthly 
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School lunch take-

up survey (Wollny 

et al., 2015) 

Measurement of 

school lunch 

take-ups (free-

school meals, 

paid lunches), 

key drivers of 

take-up 

Primary, 

secondary, 

and 

special 

schools 

Self-reported 

online or 

telephone 

questionnaire 

survey of 

schools  

The proportion of 

pupils eligible for 

free school meals, 

school phase 

England  School 

postcode 

2013-14 NA 

Children living in 

poverty 

(Department of 

Work and 

Pensions, 2021) 

Number and 

proportions of 

children living in 

low-income 

families  

Children 

of all ages 

Pooled data from 

Registration and 

Population 

Interaction 

Database 

(RAPID) which 

provides a single 

coherent view of 

citizens' 

interactions with 

DWP and 

HMRC within a 

tax year  

Number of children 

living in absolute low 

income, number of 

children living in 

relative low income  

UK Country, 

region, 

Upper-tier and 

lower-tier local 

authority, 

Middle-layer 

Super Output 

Area, Lower-

layer Super 

Output Area, 

Census Output 

Area, 

Westminster 

Parliamentary 

Constituency 

ward 

2019-20 Monthly  

Families receiving 

universal credits 

(Department of 

Work and 

Pensions, 2021) 

Proportions of 

children 

belonging to 

families 

receiving 

government 

benefits  

Househol

ds 

Universal credit 

claims produced 

by the 

Department of 

Work and 

Pensions 

Number and 

characteristics of 

households on 

universal credit in an 

area including, 

average monthly 

award amount, family 

type, number of 

children in household 

by age, 

Great Britain Country, 

region, 

Upper-tier and 

lower-tier local 

authority, 

Middle-layer 

Super Output 

Area, Lower-

layer Super 

Output Area, 

2019-20 Monthly 
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Census Output 

Area, 

Westminster 

Parliamentary 

Constituency, 

ward 

Office of National 

Statistics (ONS) 

Mid-year 

population 

estimates 2019 

(Office for 

National Statistics, 

2020c) 

Numbers and 

sociodemographi

c characteristics 

of individuals 

living in small 

areas 

Individual

s of all 

ages 

Estimates made 

using 

administrative 

data on 

migration, and 

vital events such 

as birth, and 

death.  

Number of 

individuals in an area 

by age and gender 

England and 

Wales 

Middle-layer 

Super Output 

Area  

2020 Annual 

Census 2011 

boundary data 

(UK Data Service 

and Edina 

Digimap, 2021) 

Digitised 

boundaries of 

small areas in 

England  

Small 

areas  

NA Digitised boundaries 

of Middle-layer 

Super Output Areas 

UK Country, 

regions, local 

authorities, 

Middle-layer 

Super Output 

Area, Lower-

layer Super 

Output Area, 

Census Output 

Area, ward 

2011 Once a 

decade 

Understanding 

Society- The UK 

household 

longitudinal study 

(University of 

Essex Institute for 

Social and 

Economic 

Research, 2021) 

Sociodemograph

ic and 

socioeconomic 

characteristics of 

the individuals, 

their family and 

school life, civic 

participation, 

Children 

and adults 

of all ages 

in 

household

s 

Interviews, 

questionnaires 

(note: parents 

complete 

questionnaires 

for children up 

to the age of 10 

years) 

Age, gender, 

parenting styles, 

housing, car 

ownership, household 

income, educational 

qualifications, health 

service use, local 

neighbourhood 

UK local 

authorities, 

Census Output 

Area, 

Westminster 

Parliamentary 

Constituency, 

ward (Note: 

data requires 

2020 Annual 
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health 

behaviours 

condition and fear of 

crime 

special license 

access) 

Household income 

data- The effects 

of taxes and 

benefits on 

household income, 

disposable income 

estimate for the 

year 2020 (Office 

for National 

Statistics, 2020f) 

Socio-economic 

conditions of the 

individuals and 

households 

Individual

s of all 

ages  

Pooled 

administrative 

data  

Mean equivalised 

disposable income by 

quintile for all 

individuals in non-

retired households 

with children 

UK Country  2020 Annual 
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Appendix 5.4 

Table A5.3 The total number of different types of sugar-selling retail outlets 

found across England according to the Points of Interest data (September 2020) 

(Ordnance Survey and EDINA Digimap Ordnance Survey Service, 2020) 

Type of sugar-selling retail outlet Total number of 

outlets in England 

Bakeries 7434 

Cafes, snack bars, and tea rooms 31907 

Cash and carry 1008 

Confectioners 2540 

Convenience stores and independent supermarkets 46385 

delicatessens 2375 

Grocers, farm shops and pick your own 6335 

Fast food and takeaway outlets 44475 

Fast food delivery services 1460 

Markets 652 

Restaurants 28353 

Supermarket chains 6362 

Tea and coffee merchants 493 
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Appendix 5.5 

Table A5.4 Eight analytical categories of the National Statistics Socio-economic 

classification (NS-SEC) NS-SEC (Office for National Statistics, 2010a) 

NS-SEC category number Analytical category 

NS-SEC 1 Higher managerial, administrative and 

professional occupations 

NS-SEC 2 Lower managerial, administrative and 

professional occupations 

NS-SEC 3 Intermediate occupations 

NS-SEC 4 Small employers and own account workers 

NS-SEC 5 Lower supervisory and technical 

occupations 

NS-SEC 6 Semi-routine occupations 

NS-SEC 7 Routine occupations 

NS-SEC 8 Never worked and long-term unemployed 
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Appendix 5.6 

Table A5.5 Distribution of the variables of interest in the CDHS 2013 data 

Variables of interest (Total sample analysed = 2177) Frequency % 

Age- 5 years  673 30.900 

Age- 8 years 608 27.900 

Age- 12 years 497 22.800 

Age- 15 years 399 18.300 

Gender- Male 1078 49.500 

Gender- Female 1099 50.500 

Region- North-East 261 12.000 

Region- North-West 234 10.700 

Region- Yorkshire and the Humber 262 12.000 

Region- East Midlands 160 7.300 

Region- West Midlands 227 10.400 

Region- East of England 231 10.600 

Region- London 209 9.600 

Region- South-East 297 13.600 

Region- South-West 296 13.600 

IMD quintiles 3, 4, and 5 1185 54.400 

IMD quintiles 1 and 2 992 45.600 

Couple Family 1699 78.000 

Lone Parent 478 22.000 

Employed 2111 97.000 

Unemployed 66 3.000 

Whether responding adult takes a child to the dentist- Yes 2071 95.100 

Whether responding adult takes a child to the dentist- No 106 4.900 

Dental attendance of child- Regular check-ups 2001 91.900 

Dental attendance of child- When having trouble or never 

visited a dentist 

176 8.100 

Whether a parent used sugar-free chewing gum for their 

child in the last year- Mentioned 

473 21.700 

Whether a parent used sugar-free chewing gum for their 

child in the last year- Not Mentioned 

1704 78.300 
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Appendix 5.7 

Table A5.6 Logits derived for all combinations of the predictor variables 

using the results of the final multilevel model predicting overall parental 

support 

 

  

Variable combinations Logit 

IMD Quintile 1 and 2 (Most deprived area of residence) 0.958 

IMD Quintile 3, 4 and 5 (Least deprived area of residence) 0.000 

Couple*Employed -3.095 

Couple*Unemployed -3.327 

Lone Parent*Employed -3.098 

Lone Parent*Unemployed -1.424 
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Appendix 5.8 

Table A5.7 Residual values for all regions of England (as Logits) 

 

 

  

Region Residual 

London 0.099 

North-West -0.028 

Yorkshire and the Humber -0.102 

North-East -0.157 

West Midlands 0.072 

East Midlands 0.132 

South-East 0.021 

East of England -0.027 

South-West -0.019 
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Appendix 5.9 

Table A5.8 Levels of qualification used in census 2011 (Office for National 

Statistics, 2013) 

Level of qualification Brief description of the different 

qualification levels presented in census 

outputs 

No qualifications No formal qualifications 

Level 1 1-4 General Certificate of Secondary 

Education (GCSEs), Scottish Standard 

Grade or equivalent qualifications 

Level 2 5 or more GCSEs, Scottish Higher, Scottish 

Advanced Higher or equivalent 

qualifications 

Apprenticeship Apprenticeships (England, Wales and 

Northern Ireland only) 

Level 3 2 or more A-levels, Higher National 

Certificate (HNC), Higher National 

Diploma (HND), Scottish Vocational 

Qualifications (SVQs) level 4 or equivalent 

qualifications 

Level 4 or above First or higher degree, professional 

qualifications or other equivalent higher 

education qualifications 

Other qualifications Other vocational / work-related 

qualifications and non-UK / foreign 

qualifications (England, Wales and 

Northern Ireland only) 
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Appendix 5.10 

Assumptions for Principal Components Analyses as described by Nardo and 

the team (Nardo et al., 2008) 

1. The sample size i.e., the number of cases, should be more than 200, irrespective 

of the cases-to-variables ratio (Gorsuch, 1983). Additionally, the case-to-variables 

ratio should not be lower than 5:1 (Bryant and Yarnold, 1995).   

2. The inclusion of the indicators for the PCA is not arbitrary and is based on the 

results of the correlation matrix analyses of all relevant indicators (Kim and 

Mueller, 1978).  

3. No outliers are present in the data being analysed (Nardo et al., 2008). 

4. Any use of ordinal or dichotomous data could be used for the PCA, if the 

correlation between indicators is moderate (i.e., 0.7) or lower (Kim and Mueller, 

1978).  

5. The indicators share underlying clusters. PCA cannot generate valid 

dimensional components if no such clusters exist in the data (Nardo et al., 2008). 

6. A linear relationship exists between the variables as the PCA is based on the 

Pearson Correlation coefficients (Nardo et al., 2008).  

7. Too weak and too strong inter-correlations between indicators will lead to 

problems associated with multicollinearity. In such cases, the indicators need to be 

eliminated or combined beforehand (Nardo et al., 2008).   

8. The Kaiser-Meyer-Olkin (KMO) test of sampling adequacy quantifies the 

magnitude of variance in indicators caused due to underlying components (Kaiser 

and Rice, 1974). Its value ranges between 0 and 1 and should be more than 0.60 to 

proceed with the PCA, which suggests a higher variance. While it is recommended 

that the value should be more than 0.8 for getting reliable results, PCA would not 

be useful if it is below 0.50.  

9. Bartlett’s test of sphericity is used to examine the null hypothesis suggesting 

that the indicators are uncorrelated, the correlation matrix is an identity matrix, and 

therefore no structural differences exist in the data (Tobias and Carlson, 1969). The 

value below 0.05 suggests that this hypothesis should be rejected, indicating that 

the PCA could be useful to detect the underlying components.   
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Appendix 6.1 

Table A6.1 Classification of London boroughs into Inner and Outer London as 

per the Nomenclature of Territorial Units for Statistics (NUTS) 

Category of NUTS London boroughs 

Inner London - East Haringey and Islington 

Hackney and Newham 

Lambeth 

Lewisham and Southwark 

Tower hamlets 

Inner London - West Camden and the City of London 

Kensington & Chelsea and Hammersmith & Fulham 

Wandsworth 

Westminster 

Outer London – East and North-

East 

Barking & Dagenham and Havering 

Bexley and Greenwich 

Enfield 

Redbridge and Waltham Forest 

Outer London - South Bromley 

Croydon 

Merton, Kingston upon Thames and Sutton 

Outer London - West and North-

West 

Barnet 

Brent 

Ealing 

Harrow and Hillingdon 

Hounslow and Richmond upon Thames 
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Appendix 6.2 

A special request made to National Centre for Social Research to acquire NDNS-

RP data 

 

 

 

REQUEST FOR ADDITIONAL VARIABLES TO BE ADDED TO NATCEN 

SURVEY DATASETS 

Name of main contact for this application: Miss Suruchi Gajanan Ganbavale 

Institution of main contact for this application: University of Portsmouth Dental 

Academy 

Date of submitting this form to NatCen: 11.02.2022 

Your application may be delayed if you do not provide enough information about the 

objectives of your study. You can return this form by email as a word document or as 

a PDF. The form must include signatures. 

NatCen charges for non-archived data. Charges are on a rate per day basis with a 

minimum cost of £1,000. There is no charge for submitting this form.  You will be 

informed of charges after NatCen’s Data Release Panel has considered the 

application. The final charge will be discussed with the applicant who can then decide 

how to proceed.   

 

 

 

 

 

 

Office use only 

 

Applicant Contact person:       

Data Release Panel Rep:       

ID No:        

Date received by NatCen contact:       

Date presented to DRP:       
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1. Please give a full description of the purpose for which the data are being requested.  

For any applications for NHS Digital linked data, this must clearly demonstrate that 

the request is being made to support the provision of health and social care and the 

promotion of health, and applicants should indicate measurable benefits to health and/or 

social care, preferably with target dates. NHS Digital linked data cannot be released for 

solely commercial purposes.  

This request is made for the National Diet and Nutrition Survey (NDNS) Rolling 

Programme (RP) Survey years 9 to 11 (i.e., 2016 to 2019) at the Local Authority 

geographical level. There is no associated request for NHS Digital linked data. 

These data are required for educational purposes. They will be used as part of my PhD 

research work. As a part of this work, I have created a multidimensional Index of Sugar 

Promoting Environment (ISPE) to investigate unexplained socio-environmental 

contributors to the free sugar intake of children in England. This index has been 

developed in order to examine how sugar and social environment interact to contribute 

to poor health. I will be investigating free sugar consumption, dental caries, and obesity 

amongst 5-to-11-year-old children living across small geographical areas within 

England. 

The NDNS data will be used to evaluate the usability of the index in assessment of the 

spatial inequalities in sugar consumption and obesity prevalence. I am particularly 

interested in sociodemographic, socioeconomic, free sugar consumption, and Body 

Mass Index variables. The analyses will work alongside our completed analysis of the 

usability of the index in its association with dental caries in small geography for which 

we have used Public Health England’s National Dental Epidemiological Programme 

data. The analyses will involve completion of linear regression and multilevel 

modelling. For the assessment of the geographical inequalities, the outcome variables 

will be:  

1. Population weighted average of free sugar consumption (in grams) by people living 

in each local authority (i.e., individual sugar consumption variable will be aggregated at 

the local authority level for the analysis) 

2. Population weighted average of Body Mass Index (BMI) levels of children living in 

each local authority (i.e., individual BMI variable will be aggregated at the local 

authority level for the analysis)  

The NDNS data archived on the UK data service are published at the regional level. To 

understand the health inequalities at the small area level, I need access to these data at 

the local authority level.  

2. Who is funding the research? 

University of Portsmouth 

3. What survey/datasets are you requesting additional variables for? (Name of survey 

and survey years or name of administrative dataset) 

 

National Diet and Nutrition Survey (NDNS) Rolling Programme (RP) 
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Survey Years: 

A. 2016-17 (Survey Year 9) 

B. 2017-18 (Survey Year 10) 

C. 2018-2019 (Survey Year 11) 
 

4. What additional variables, not present on the archived data do you need for your 

analysis? (An explanation of why each variable is needed should be given - If the 

number of variables exceeds the number of rows in the table, please provide details 

on a separate sheet). Please specify whether you are requesting variables already 

held by NatCen as part of the survey dataset or linked administrative dataset or 

whether you are providing additional variables to be matched to the survey data.   

 

Variable name Reason for variable request 

Local Authority Names Local Authority Names (based on Census 2011) are 

required to examine the relationship between Index of 

Sugar Promoting Environmental (ISPE) and 

geographical inequalities in sugar consumption and 

BMI levels via linear regression analyses.  

Additionally, this variable will be used as a statistical 

level within multilevel models where local authority 

level impact of the Index on free sugar consumption 

and BMI levels will be further investigated.    

I would like to request for Local Authority Names 

based on Census 2011 administrative geographies. 

This variable is already held by NatCen as part of the 

linked administrative dataset.  
 

 

5. For each additional variable in turn please state: 

(a) The variable name and source of the variable (survey year, administrative 

dataset or external data source provided by user) 

(b) Whether the variable is continuous or categorical 

(c) If you wish to match additional variables to a NatCen dataset indicate how the 

new variable is to be matched to the survey dataset(s) (i.e., at what level: 

individual; household; geographical area etc.) 

If the number of variables exceeds the number of rows in the table, please provide 

details on a separate sheet 

(a) Variable name and 

source 

(b) Continuous or 

categorical (number of 

categories) 

(c) Level of matching 

Local Authority Names 

(based on Census 2011)  

This is a categorical 

variable.  

The variable is needed to 

be matched at an 

individual survey 

participant level. 
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6. Format of the data file required (SPSS, STATA, csv etc.) 

SPSS 

 

7. When is the data required by? (Please note that a minimum of one month’s notice is 

required for processing the request. Further time will be needed for producing the 

final data) 

11.03.2022 (or earlier)  

8. How long is the data needed for? (You will be required to securely delete the data 

after this period of time and provide a certificate of deletion as evidence) 

One month (until 11.04.2022) 

 

9. If the data is to be stored/used for longer than 1-year, please explain why. 

NA 

Agreement 

• Only the researchers named below will use the data provided. 

• The researcher named below will act as data custodian and will be responsible for 

ensuring that all other named researchers comply with the agreement. 

• The files will be used only for the analysis described in this document. 

• The data will be held at the organisation of the data custodian and will not be passed 

to other organisations.  The data will not be used to carry out analysis on behalf of 

other organisations. 

• The data will only be held on a password protected computer system with the data 

only accessible by the named researchers. 

• Once the analysis described in this document is completed all copies of the data 

will be destroyed (including temporary copies, CD’s, personal copies, derived 

datasets and all electronic copies) by the date given in Section 8 above. Datasets 

must be destroyed via secure deletion (to at least DOD7 level) and a certificate of 

deletion returned to the Data Release Panel as evidence the deletion has taken 

place.  

• We understand that any breach of these conditions will be reported to the sponsors 

of the survey and the sponsors of your research and may be reported to the 

disciplinary committee of your institution. 

Data Custodian2 

Name (CAPS): Miss Suruchi G Ganbavale 

Organisation: University of Portsmouth Dental Academy 

Position: PhD Candidate (final year)  

Address: University of Portsmouth Dental Academy 

 William Beatty Building 

 
2 If the applicant is a student, the Data Custodian must be his/her supervisor 
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 Hampshire Terrace, Portsmouth PO1 2QG 

Phone No:  

Email: 
UP879712@myport.ac.uk and 

suruchiganbavale@gmail.com  

Signed: 

 

Date: 03.02.2022 

 

Applicant (if not Data Custodian) 

Name (CAPS):       

Organisation:       

Position:       

Address:       

       

       

Phone No:       

Email:       

Signed:       Date:       

 

Named researchers 

Name (CAPS): Miss Suruchi G Ganbavale 

Organisation: University of Portsmouth Dental Academy 

Signed: 

 

Date: 03.02.2022 

 

Name (CAPS): Professor Chris Louca 

Organisation: University of Portsmouth Dental Academy 

Signed: 

 

Date: 04/02/2022 

 

mailto:UP879712@myport.ac.uk
mailto:suruchiganbavale@gmail.com
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Name (CAPS): Dr Kristina Wanyonyi Kay 

Organisation: Queen Mary University of London 

Signed: 

 

Date: 04/02/2022 

 

Name (CAPS): Professor Liz Twigg 

Organisation: University of Portsmouth  

Signed: 

 

Date: 08 February 

2022 

 

Name (CAPS):       

Organisation:       

Signed:       Date:       

 

NOTES: 

• Variable names: Please be specific about variable names.  For example, ‘age’ is 

not enough as there are often multiple age variables in a dataset – please use the 

precise variable name or describe it specifically.  Please list all additional variables 

required – don’t just describe them generally.  For administrative data sets if you 

cannot list every variable describe each variable type in detail. 

 

• Continuous variables - NatCen prefers to provide data to analysts after it has been 

combined into discrete categories (such as quintiles). If a continuous variable is 

required, some random noise will normally be added3. If this is not acceptable, 

please explain why. If you would like the data categorised in a particular way, 

please state how. 

 

• Aggregation of variables – Frequencies of new derived variables will be run to 

check for their level of disclosivity. If deemed too small for release, they will be 

aggregated into larger categories.  

• Low level geographic data - NatCen does not release data that allows low level 

geographies to be identified e.g., post code sector, ward, or SOA. If data matched 

at this level is requested, we will attempt to find an alternative way of enabling you 

 
3 By default, we add a random element of noise per case generated from a normal distribution 
with a mean of zero and a variance of 0.05*(total variance), where the ‘total variance' is the 
variance of the values in the sample. This means that the correlation between the true scores 
and the scores provided will be 0.975.  
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to do your analysis without providing data that identifies local areas to you. For 

instance, we can match your variable for you using low level geography and 

provide a dataset with your variable added.  Alternatively, detailed geographies can 

be accessed in our Data enclave (see below).  Geographic areas smaller than upper 

tier local authorities will not be released.  

• Variables not permitted for direct release – Direct personal identifiers (i.e., 

name, NI number etc.), direct low level geographic identifiers (i.e., address, post 

code, enumeration district, name of institution etc.), group/company membership 

(i.e. employer, name of school or professional organisation etc.) and full date 

variables (i.e. date of birth, date of interview etc.). 

 

• Data enclave – NatCen has a secure data enclave in the London office where 

sensitive or disclosive data such as lower-level geography variables or date 

variables can be accessed. Please contact NatCen for further details.  Some linked 

administrative data can also be accessed in this enclave 

 

• Health Survey for England data – requests for non-archived HSE data must go 

through an approval process with the data owners, NHS Digital, as well as 

NatCen’s own Data Release Panel. NatCen can advise on this process. 

 

• Linked administrative data – Where permission is being sought for access to 

administrative data linked to survey data, additional permission will be needed 

from the data owners.  This will require additional forms which the Data Release 

Panel will inform you about.  The timeframes for accessing this type of data will be 

longer as you will need to go through the permission process for the data owners 

and NatCen may need to obtain the data first. 
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Declaration of the Ethical Conduct of the Research 
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FORM UPR16 
Research Ethics Review Checklist 

Please include this completed form as an appendix to your thesis (see the 
Research Degrees Operational Handbook for more information 

 

Postgraduate Research Student (PGRS) Information Student ID: 
 

UP879712 

PGRS Name: 
 

Miss Suruchi Gajanan Ganbavale 

Department: 
 

Dental Academy First Supervisor: 
 

Professor Chris Louca 

Start Date: 
(or progression date for Prof Doc students) 

 

01.10.2019 

Study Mode and Route: Part-time 

Full-time 

MPhil 

PhD 

MD 

Professional Doctorate 

 

Title of Thesis: 
 

Capturing Sugar Promoting Environments and Understanding the Link with Child Dental 
Health Outcomes Through the Creation of a Multidimensional Index 

Thesis Word Count: 
(excluding ancillary data) 

 

57148 

 

 

UKRIO Finished Research Checklist: 
(If you would like to know more about the checklist, please see your Faculty or Departmental Ethics Committee rep or see the online 
version of the full checklist at: http://www.ukrio.org/what-we-do/code-of-practice-for-research/) 

a) Have all of your research and findings been reported accurately, honestly and 
within a reasonable time frame? 

YES 
NO 

b) Have all contributions to knowledge been acknowledged? YES 
NO 

c) Have you complied with all agreements relating to intellectual property, publication 
and authorship? 

YES 
NO 

d) Has your research data been retained in a secure and accessible form and will it 
remain so for the required duration? 

YES 
NO 

e) Does your research comply with all legal, ethical, and contractual requirements? YES 
NO 

 

Candidate Statement: 

I have considered the ethical dimensions of the above named research project, and have successfully 
obtained the necessary ethical approval(s) 

Ethical review number(s) from Faculty Ethics Committee (or from 
NRES/SCREC): 

 

 ETHICS-10161 

If you have not submitted your work for ethical review, and/or you have answered ‘No’ to one or more of 
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Although the Ethics Committee may have given your study a favourable opinion, the final responsibility for the ethical 
conduct of this work lies with the researcher(s). 
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